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AD50$Q€£§gBBEY/KAN | NDUSTRI AL PROCESS FOR PRODUCTI ON OF
HI ALI TY AROVATI C POLYCARBONATE Technical Field 5

The present invention relates to an industrial process
for the production of an aromatic pol ycarbonate. Mre
particularly, the present invention relates to a
IMDLESTRIAL PROCSES S| FORPRODWCETION OF HIGH-QUALITY
hi gh-qual ity high-performance aromatic pol ycarbonate
having excel | efARMATAL POLYCARBOMATEND nO
coloration stably for a prolonged period of 10 tine
froma dial kyl carbonate and an aronmatic di hydroxy -
compound. Background Art Aronatic pol ycarbonates are
widel v. used in many fields as engineering plastics
Tec"ﬂé?ﬁe‘n%'egacel | ent heat resistance, inpact resistance,
15 hr ansparency and so on. A variety of studies have
bedRecRFe$ ML menﬁl@nerei%tqsnt%a&wﬁs%té@lfmcas@dm the
such aromatic pol ycarbonates, and of these, an
produgtient at aal apenatisnpehwarbemateoc ddoreqrawinulphys feagpresent
and an aromatic di hydroxy conpound such as
invetignhiedatehydrapypbesy fppindastrid iy massipmducihgraed
to as "bisphenol 20 A") has been industrialized.

high*dm@m?ﬁ highpearfaimanesyairaatiensoMiddtbohaité having excellent

i nterfacial polycondensation process, for exanple

meckHeISBHATRs Y g SRR TURHNPH3; b i period of
ume Y758, 33 A1BA PSSR "B S e B T bt

apparatus is corroded by 25 chl ori ne-contai ni ng

conmpounds such as net hyl ene chloride and by-produced
hydr ogen chl ori de and sodi um chl ori de, separating out

- Backgrasssh Avb77/ KAN

Aromatic polycarbonates are widely used in many fields as
engineering plastics having excellent heat resistance, impact resistance,
transparency and so on. A variety of studies have been carried out
hitherto into processes for producing such aromatic polycarbonates, and
of these, an interfacial polycondensation process between phosgene and
an aromatic dihydroxy compound such as
2,2-bis(4-hydroxyphenyl)propane (hereinafter referred to as “bispheno!
A"} has been industrialized. However, there are many probiems with
this interfacial polycondensation process, for example toxic phosgene
must be used, methylene chloride, which has health and environmental
problems, must be used as a polymerization solvent in a large amount of
at least 10 times that of the polycarbonate, the apparatus is corroded by
chlorine-containing compounds such as methylene chloride and

by-produced hydrogen chloride and sodium chloride, separating out
1
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7§ﬂgh chlorinated inpurities such as sodi um
ADSOLﬁ?ng eNand nmet hyl ene chloride that have an adverse
effect on the polyner properties is difficult, and
treatment of a |arge anount of process wastewater
contai ning nethylene chloride, unreacted bi sphenol A
residaad chdodnated riaquasitiey. s\ichDast sediairhashlbside, and methylene
process for producing aromati ¢ pol ycarbonates from
chior?d@rmht halid ¥ AT Ve Rt o tle Palyer peopertiésss difficult,
[t process I n which, for _exanpl e, bi sphenol A and

and l{i’éaﬂﬂ@ﬂt Qﬁ %rﬁbﬁn? gt ﬂastewater containing

ransesteri ten state,

msrlzatlon S .C

metn i ERIB Bl aacﬁé@ @89&%@%3“ 5?8# E.Qt NRsTAY

This transesterifjcation reaction is an ui | j um

[ et [ OaRE kb oae @ PHRCEERTHT BrPUREIRa a B ag

| ow, and hence the polynerization will not ceed
polycanbenatescrone aspmatic shbydepxycompannds ?'?‘grﬁo

surface of the nolten matter. Unlike the i nterfaC| al
carbpnhesndansit procesoire yehichhdomexamp i deisphanot A and

advant ages such as a 15 solvent not being used, but on .
diphéh§l eafeonhte arkhallsielted teciranspsobiificationt imi asimolten state,

aromati c pol ycarbonates that once the pol ynerization

and Pﬁgym@"r&%qﬁcﬁﬁ’s E%rﬂe@leéﬂﬁwmﬁé(i'émmhhg byy-gredivcedphenol has

pol ymer 1 ncreases rapidly, and hence it becones

ves kBN HIRREE, SR ﬁ?fcﬁ%:%tﬁﬁ%asgﬁgssaﬁﬁoaz'gzﬁgs
cauifBriRIERRA, Sod e SR FBPRn Shstgnt i ow ane
nenqo ke cri A afionaupf DaLAIORRELhUPI T ﬁi‘%iﬂﬁé%ﬂ"fst femoved

pol ymer such as pol yan des or polyesters, nel
efficienityfrom the suetacecof dhel molieghmatien | Hrﬁlh%we interfacial
nol ecul ar wei ght state, for exanple at a

polypohdesrsatidn pmoﬁéssleyneeneh)pmceﬂi? has2advantagesssich as a
surface renewal becomes very difficult wusing ordinary

“solveht WdtNeeinde iBedl beft oenel othiedrhahe thergivas begmaeptbblem
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intrinsic to aromatic polycarbonates that once the polymerization has

proceeded to a certain extent the viscosity of the polymer increases
rapidly, and hence it becomes difficult to remove by-produced phenol and
so on out of the reaction system efficiently, whereby it becomes
impossible to substantially increase the polymerization degree. That is,
in the case of the aromatic polycarbonates, unlike in the case of molten
polycondensation to produce another condénsation polymer such as
polyamides or polyesters, the melt viscosity becomes extremely high
even in a low molecular weight state, for example at a polymerization
degree (n) of 15 to 20, and hence surface renewal becomes very difficult

using ordinary stirring. Removal of phenol from the polymer surface
2
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QJF;,?%R tantially stops occurring, and hence a
AOSO‘pr yIer E‘avi ng a polynerization degree required for a

product (n approxinmately 33 to 65) cannot be
produced. This is well known in the person skilled in
the art. As polynerization apparatuses for producing
thus §0Bsed AN GtdpRM de@rhegaand hehog polyrmentidving a
process, various polymerization . apparatuses are

ponyrlggﬁ%tioﬁ 858788 Teldtliftd Toy & Pr&@hcﬁgﬁ wmax&ma&gwse to 65)

yneri zaton apparatus having a stirrer is wde

cann [ R SONENET . T B RAR Y AoR! i L pRiseR' GRIERfy the art
s Rilystizedon ABRoiAtRRe 1" pio UG D aTpth e
si npl and hence the polynerization can be nade t

| mpl €, ) 0
polygarbesatestysiogesuch) a RN HOCESS, MAFIQUS polymerization
i ndustrial scale production, it is difficult to

appaeatisseare \kKnewoyve Aprooesshesingyatwarticad sdirringtanks type

by- produced as the polynerization proceeds as

mbolyrdeﬂzfdthﬂd apiparatusinhvingce stireeeis witdely knokrem Hawever,

the polynerization 15 rate is very |ow. Furthernore,

with §8thada WVrtiRas GMreinetdn i€ &y p&tp diyhidrizanisntapearatus, in the
pol yneri zati on apparatus,” a ratio of the liquid volune

t ' Areg ks - ; [
case| 5 SAERAIPYERN PrLafictBreRnesypRIRERIC AEERMEY id high, Aind
t he so-gall Liqul th_| [ . q LV
therg € afy a8 apfaqe s {5 ARRAratds, Bedtia SRS SHH hence' Bl
i ncrease the polynerization 20 dggree, because there
polymerizatiom qanbecmads fo iprorsed slitrisptiv, i JOBeUale N the case
o stirring tank, the polynerization takes place at a
of indugkidal peals predustione dhimditiiculbie wfficientiy ragmve out of the
than in the space in the upper portion of the
systein phengl thak js oiydphedueedfds thepdlymenipatiog plosesgds as
or the like is difficult. The large scale vertical

desciibeéd iabbveAnknd \Henewlthare iig theqproteap thabtive ;Itﬂymer'ization
thus only be used in the case of producing a

ate S SPRYIEH FIRUMROM 1 419106 Sfl Tl g fork tpe
polymerization apparatus, a ratio of the liquid volume to the evaporation
area is generally greater than in the case of a small scale, the state
being such that the so-called liquid depth is high. Consequg—zntly, even if
the degree of vacuum is increased so as to increase the polymerization
degree, because there is a high liquid dépth in the lower portion of the
stirring tank, the polymerization takes place at a higher pressure
corresponding to the liquid depth than in the space in the upper portion
of the stirring tank, and hence efficiently removihg phenol or the like is
difficult. The large scale vertical stirring tank type polymerization

apparatus can thus only be used in the case of producing a prepolymer.

To attain the required polymerization degree, a polymerization apparatus
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r subjecting this prepolymer to condensation
ADSOEQF?&QK%@@tIon is essential. Various neans have been
used for efficiently renoving phenol or the like from
t he hi gh-viscosity polynmer in order to solve the above
5 problem Mst of these neans have related to
for fdr‘i‘ﬁép‘é'u'b!jle&ﬂﬁ ﬂWQE‘ﬁé'p%ﬂm‘étr' tof b@ﬁdeﬁ@ﬁh%*ﬁﬂ@iﬁnb'ﬁ&raﬁhon is
have been desCribed a process wusing a screw type

meri zati on apparatus having a vent (see Patent
esseggéﬂrrent 1: Japanese Patent Publication No. S50-19600

rres ondi 0 Bri Pat 100 302
SR EIR B 44", Nl bebBwshd Top siriclenty sebowfia phenol or
truder (see Patent Docunent 2: Japanese Patent
the Iﬁf@ofr%lat therhigh-vissnsits podymes ip carCEﬁrot%g Ivgiithg above
thin filmevaporation type reactor such as a screw
probleyaporMost ofrthesecmedarnsihalive: related lto isvagriagothe see
Pat ent Docunent 3: Japanese Patent Publication No.

meclab®ical i rrinanrfiorsexoamiiphg theré).Have ble@nt dbscribed a process
3,888,826)). In addition, there has 15 been

usmgmegcfewatlybxe ﬁbﬁﬁh@s&%tmmhgwétwhra@uﬁgCaﬁvélnma(be@npatent
centrifugal thin film evaporator and

Docd?ﬁéh?olr!tﬁ Qhéé%ﬂ*a@ﬁtfpbﬁﬂcbl’la‘ﬁ N 'S’S@r‘l@ﬂ%orrespondmg

appar at us see at ent Docunen a anese Paten

to BAPRPAERHY N9, PF72080: Forkbads ifs"'ﬁ%i# HEHSERRE e twin

screyrSxfudesSecshate Rl DaGIaBb A JaRANERE Rt Bublsation No.
solved. That is, there_ are limtations on mechanica

852-36159)n@nd 2Prosess usirg athimefiliy evarROkatigRiMPe reactor
ultra-high nelt viscosity, and hence various problens

-suchrasa sepewoevapotatarsehagtemigifugal sbsfily evapooatari (see

25 pol ycar bonat es have renai ned unresolved. Wth the
Patentt @ecpmmes3edapanesieaPabest Patbiioaicard N 86305V48

these problens by raising the 4 A0501 VP77/ KAN
(corresponding to U.S. Patent No. 3,888,826)). in addition, there has
been specifically disclosed a process using a combination of a
centrifugal thin film evaporator and a horizontal biaxial stirring type
polymerization apparatus (see Patent Document 4: Japanese Patent
Application Laid-open No. H2-153923). These processes all have
carrying out mechanical stirring as the basis of the art, and hence there
are naturally limitations, and thus the above probiems have not been
solved.

That is, there are limitations on mechanical stirring itself in terms
of being able to handle ult.ra-high melt viscosity, and hence various
problems relating to the uiltra-high melt viscosity of aromatic
polycarbonates have remained unresolved. With fhe above processes,

it has been attempted to resolve these problems by raising the
4
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: re so as to lower the nmelt viscosity at | east
Aos01 PRFIRAN as t

That is, in these processes, the nolten
prepol yner is subjected to polynerization at a high
tenperature of around 300 C and under a hi gh vacuum
while trying to bring about surface renewal through

temp%é'é@'asﬁd 1SWRY: thE%eﬁ ﬁ‘é%'bsﬁ‘ﬂr hbiicasCENMRL. U“?Rat is, in

he nelt viscosity is still very h, and hence

noscEB160ka 5 FBUGRLSYMREER, REPPRSR P oyt foton =
« o pHERCLANTL S Alnd o 2 BB G R whie

ul ar wei ght fgrade product. Furtherpore, wt
trying Ff'e& ahautesurfagedieniawalt Hif%*brm%h@m(iﬂlaﬁtﬂfdmg'nbUt

propertles of the polyner obtained is |iable to occur

even @idhi® tehme@uredﬁeuaiefhgvtsmeitwia)atilfaveaf higin, and hence
tenperature of around 300 C, and noreover such

the edtenbbbsarfare vendetatrcanmdt be madephigter t Téwref ater¢hus
polynmer is also liable to occur due to air or foreign

limitalRiri€ bl BRKipddy i riZd g ey rérc ot cﬁ?@érmﬁéte@‘ thdtecan be
stirring apparatus. 15 There are thus still many

prodtﬁéég’% tt‘i’ie%% PJJ(‘! &8 ﬂr@&g\ﬂ[ glff’ib%‘ijt‘ch?P??duceda high

qua ity po ycar onat e st or a prolonge
moto B 5Bt e BTG BETP YN BB b,
dlscoﬂasaetéaﬁ Pge@ﬁ?ﬁﬁn:.gt;ﬁgmt.g’ggg%gf‘;{qgﬁé{goﬁiﬁa.ned is

flow type 20 pol ynerization apparatus is used
||able,\m (gpqqfed“gﬂpethq)f%@hgn@emg ca(med Qulgat g high temperature
pol yneri zation while being made to fall down under its
of around 3R0J3, andmogeodes ssicbhdiscolorationomdeteroration in
previously filed patent applications (see, for

propevtaglod theapelymepdsizred ifabléaenoesar lBuetd air or foreign
Application Laid-open No. H 8-225641, Patent Docunent

matté¥ lelﬂﬂﬁ?eﬁ?tl?r% aYa vl Sahl ?%rf—%*f%@pﬁ”rrwﬁ)g apparatus.
HB- 225643, Patent Docunent 7: apanese Paten

Ther@p%&gi\i%/%@#%ﬂ?abmns'ﬁ Eféi?t?l%ed%t 6Pde RS PFBRUCe a

high-quality polycarbonate stably for a prolonged period of time.

The present inventors have discovered that these preblems can be
completely solved by developing a process in which mechanical stirring
is not carried out, but rather a guide-contacting downflow type
polymerization apparatus is used in which the molten prepolymer is
subjected to polymerization while being made to fall down under its own
weight along guides such as wires, and have previously filed patent
applications (see, for example, Patent Document 5: Japanese Patent
Application Laid-open No. H 8-225641, Patent Document 6: Japanese
Patent Application Laid-open No. H8-225643, Patent Document 7:

Japanese Patent Application Laid-open No. H8-325373, Patent Document
159
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‘ 22650, Patent Docunent 9: Japanese Patent
A°5°€A¥E???{:’§‘tzf‘on Lai d-open No. H10-81741, Patent Docunent

10: Japanese Patent Application Laid-open No.
H10- 298279, Patent Docunent 11: WO 99136457, Patent
Docunent 12: WD 99/64492). However, with such 5

8: WOIoTLsm5), Pateat Myclinent ' JapaheserRatentsApptisation
of a specific industrial production process that

Laid-gE?W RS, N1950L 85744 ,h?’?atbgi Podutterti 1@ JaphAERE Patent

| X ycarbonate tlo be produced. Furthernore, to produce
Applibfiol FAR cheltNG H1832p B3 7 iBerliOdELMen TE740,
90/36 %0 Patant Smumerk Chan Selahy” AMlar Wi puch

as high-purity bisphenol A are mass-progduced -
procestrRst iene hashrer 410 disslppuse ¢y segaeation of agpecific
hi gh-purity diaryl carbonates cannot be procured in a
ind udtsial praduotioopranesstbasenablescaotless thanthian / hr of an
necessary to produce the high-purity diaryl 15
aromaaidpbaicirboirate 1 beepmdwsedr oduci ng the diaryl
carbonates, a process of reacting the aromatic

mFGFﬂfH%réﬂﬁ’ﬁ%‘ﬂ’ﬁcé’itrb aFsmatiRepBRcdrbonatssoym an

fromlong ago, and has al so been the subject of a
i S Bl 3 SRR e PRy By
cars54e P DAL IPA bR e of A fd o e
AronatibiRvHESKRREPBunTEcrcl a5 BlafAurgY RErtand! 4 qre

the production of the aromatic polycarbonates as |s.

masspsodusgshindwstriallys and cas eastl RersprHEedqbut the
inmpurities markedly inhibit the 25 polynerization

highrmadty diaiyl darbonadesas=mnot begicnunest ivoa asge amount on an
produci ng the aromatic pol ycarbonates which are

induseidl sdaut Itnist hiruphesesearpitogproduc® e NGR/pUAky diaryl

carbonates.

As a pfocess for producing the diaryl carbdnates, a process of
reacting the aromatic monohydroxy compounds with phosgene has been
known from long ago, and has also been the subject of a variety of
studies in recent years. However, this process has thé problem of using
phosgene, and in addition chlorinated impurities that are difficult to
separate out are present in the diary! carbonates produced using this
process, and hence the diaryl carbonates cannot be used as a starting
material for the production of the aromatic polycarbonates as is. The
reason for this is that such chlorinated impurities markedly inhibit the
polymerization reaction in the transesterification method for producing

the aromatic polycarbonates which are carried out in the presence of an
6 |
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smal | amount of a basic catalyst; for
A0501S§%‘rﬁe!@"yeven if such chlorinated inpurities are

present in an anmount of only 1 ppm the
pol yneri zation hardly proceeds at all. To make the
di aryl carbonates capable of being used as the

extrerﬁé%' il 'E?'{'lS[xhi"ofOJ P%s‘ié %‘&?S r bt E%hﬁﬁ‘lé SRIMesuch

ycar bona esone multi -st age

chlorifaLed ﬁ@ﬁu”fﬂﬁeap%r% éte@%@h@b%"ﬁﬁmﬁtﬁ@t’é 'd pBAT.
hot water, oil / water s r at

polymeization fiardiy Arosaeds At A mo ek e 1"%(@?@2@?8?933

due to hydrolysis loss and disti|latj on | 0ss &gr.'.n .

capalilhiof bejng aseshas ther startag Diaterialaka tianggslarificgtion
thus many problens in carrying out this process

meth®d crematt ipolyoarbonateius ttroablesnomne. moltitsiager separation /
hand, a process for producing aromatic carbonates

punfl&é‘fl@ﬁ%ﬁd@éﬁﬁﬁﬁ@lﬁtiﬁg thbrongheeashing with eediuté@queous
di al kyl carbonates and the aronmatic nonohydroxy

alkallf\%n?GHﬂ .a?uldahﬁi’ WS ojlHoWRMEF ,se‘i}mbtlﬁﬁ distillation and so

ranses cation reactions are all equilibrium

on is. tﬁ E)r:rq%d.h% ﬁﬁg#’ g'rgmthéreaﬁﬁ%c‘?ééﬁﬁg‘%dettB"ﬁW’rolySIS

lon rate Is

ence Ihe have. be

loss SRAqlsHIgtian aes e '&%ﬁﬁ‘?h%%éb?ﬁ‘ {ifj2akidn,process.
anmount s usi ng such a process. er al proposa s I

Thergare Hmmmweb#&mﬁd%%mﬂm s jiocess peppgmically
but nost of these have related to devel oprrent of a

on arcamdugkialt scalencrease the reaction rate. Many netal
conmpounds have been proposed as catalysts for this :
t yo@ tHe othas dsiret,id ipratess foeguiddutingoakanaatict parbonates
probl-em of the di sadvant ageous equili brium cannot be

throd@ﬁ@ﬂafr%bé’fefrﬁldét% ¥ adEvplsobe e anctiical iilky! sadbbnates and
there are very many issues to be resolved including

the #Bﬁ%ﬁ?%ggpiﬁiﬁfg‘ddﬁﬁbﬁﬁﬂst & RV kABWH.PI PrAgEVERrsuch

transesterification reactions are all equilibrium reactions. The

equilibrium is biased extremely toward the original system and the
reaction rate is slow, and hence there have been many difficulties in
producing aromatic carbonates industrially in large amounts using such a
process.

Several proposals have been made to improve on the above
difficulties, but most of these have related to development of a catalyst to
increase_the reaction rate. Many metal compounds have been proposed
as catalysts for this type of transesterification reaction. However, the
problem of the disadvantageous equilibrium cannot be resolved merely
by developing a catalyst, and hence there are very many issues to be

resolved including the reaction system in order to provide a process for
7
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[ ihWal production aimng for mass production.
A0501W2Mhave al so been nade to devise a reaction
systemso as to shift the equilibriumtoward the

product systemas nuch as possible, and thus inprove
the aromatic carbonate yield. For exanple, for the 5

indusFﬁéFbL@&‘u@ﬁbWeﬁ%ﬁigT;ﬁmﬂawbb@ﬁabﬁonnd phenol , there

ave been propose nmet hod i n whi ch net hanol

g;@g%&%gﬁ?%‘g% t%ﬁéart%jé‘ﬁtmhae & ablidecdt @dctin system so as

er wth an azeotrope-form ng agent

o s cFUTRPRSUNHYs 45 pIOBPRESalpicab igh st ossve
ant oG WSS RS PR o e

nmet hanol produced as a by-product is

r C (e ved kég %eri%nﬁ

reactiofs befwe e dimethybratheaste aadphepel pitarng haye hes
14: Japanese Patent Application Laid-Open No. .

prop&&éd Bafdhodc b whiphmiiethano! predupedeas anby-Rradual is
Moreover, a nethod has al so been proposed i n which,

distilled 0% BY alk@u@a?yaugethemmm ham adiesttropetfoomingl agent (see
I's provided on top of a reactor, an alcohol produced

Pate?ﬁ DbdnBhAYE! jd plah 88e  BAERIOAppicAHDAr RARI OpénTNom

€ reaction m xture, and at the sane ti nme unreacted

ss4-§575 1 PRh B ing PO BRF A paten SRl gh L Open

Japanese Pat ent
No. BS80S G LEEL ERER N8, 4T3 Rp(Ce BBt Wnich the
reacti on systens are basically batch st em or
methagal HoIcasy Seem BYRIOOHE! it Falieved Hicbping adsorbed onto 2
[imtation on how nuch the reaction rate }an b(i . ..
moleaulapséiave l{seegRatentDpoundent dpananese fiatentApplication
transesterification reaction, and hence the reaction
Laid:@peni Nost$58- 85636 Jeoarespdnding thik ShdtatarHolight410464)).
that a batch systemis preferable to a continuous
Mor%ﬂcﬁsérgﬁ ngéthtdtﬁh%s alsepbeenuptopssed innwhichmkusiegcaor

A0501 VP77/ KAN
apparatus in which a distiliation column is prpvided on top of a reactor,
an alcohol produced as a by-product in the reaction is separated off from
the feaction mixture, and at the same time unreacted starting material
that evaporates is separated off by distillation (see Patent Document 15:
Japanese Patent Application Laid-Open No. §56-123948 (corresponding
to U.S. Patent No. 4182726)).

However, these reaction systems are basically batch system or
switchover system. This is because there is a limitation on how much
the reaction rate can be improved through catalyst development for such
a transesterification reaction, and hence the reaction rate is still slow,

and thus it has been thought that a batch system is preferable to a

continuous system. Of these, a continuous stirring tank reactor (CSTR)
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in which a distillation colum is provided on
A0501f%% reactor has:- been proposed as a conti nuous
system but there are problens such as the reaction
rate being slow, and the gas-liquid interface in the
reactor being small based on the volune of the
| uthichta st 0 i@l eactor has
syste@oﬂ'w%ch a cﬁsﬂhﬂﬁo‘i‘l E%Rﬁﬁﬁ i€ [I?rtc}\iqgégr@“ﬂobr‘?f a reac

nversron hi'g ccordingly, itficu

been BipRgRgties o oriiniug SRt bt hsteoare Bapisme such as

prol onged period of ti nmeans_af, the_above
the reastiopdate mnsnﬂw-s%ﬂ&é%e%%ﬁ'%db@t%%&ev8?1 thedgagtor
econom cal industrial inplenentation is possible

.10,
beingTsmalt besed onvibe volimave! the dosidd dkigthys not possible to
distillation mnethods in which such a . )
maket trensesversidrchiglon raaxndinglys itis dificwtitoaitain the object
' continuous multi-stage distillation colum
of préd GEing@ e uromait ltarbomates wonthyudusly in dige amodnts
have been the first in the world to disclose that such

stablfl fof %@E%ﬁ%@ﬁérh@d ItRiMESh ¢ Theansssf the above elethods,

ranse on 15 reaction, for exanple a

and pERG.ieERES Hinaifiabds FEpBRrGa hetllé eedifoicatiidustrial
continyously fed, ,into the nulti-stage distillation

implergentation 3 RRSE\I8n is carried out continuously
inside the colum in which a catal yst i%'\.{)rssqe)tﬂ'i ti
whi he pasantventersihaxe developsd Jeactivegighiiatiog,,
boi | i ng poi nt conponent 20 contai ning al cohols | .
methpdsdircathieh sudly aptransestetification reaetianys carried out in a
wi t hdrawi ng a conmponent contai ni ng produced al kyl aryl

contipuidum afeti-Etaye distibationpooiuimon simulteneoushhwiteseparation
Pat ent Docunent 16: Japanese Patent Application

by disdilGit(SENanE: hathe Hetb the forst@Adhievwotlidste Idistiowe that such a
method in which alkyl aryl carbonates are

AR SSAr4R B Gedlt oy s FEaistbipisaon
each S5 mET TSNS A Ry g IPBIEP g e
carbonates and the aromatic hydroxy compounds are continuously fed
into the multi-stage distillation column, and reaction is carried out
continuously inside the column in which a catalyst is present, while
continuously withdrawing by distillation a low boiling point component
containing alcohols produced as a by-product, and continuously'
withdrawing a component containing produced alkyl aryl carbonates from
a lower portion of the column (see Patent Document 16: Japanese Patent
Application Laid-Open No. H3-291257), a reactive distillation method in
which alkyl aryl carbonates are continuously fed into a multi-stage

distillation column, and reaction is carried out continuously inside the

column in which a catalyst is present, while continuously withdrawing by
9
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I, SL ti on a | ow boiling point conmponent containing
AOWJ'&(%?%MN bonates produced as a by-product, and '

conti nuously w thdrawi ng a conponent contai ning

produced diaryl carbonates froma |ower portion of the

colum (see Patent Docunent 17: Japanese Patent
dlstlllé\ﬂaln' abwP Bolitn ¢ AIRD cbitnp EnbiAt L¥hiningr ¢rtkyearbonates

Iatlon met hod i n V\/nl ch these reactions are

produ& 45?;’%3:"9 RV&Hpgt LYRd ‘E‘Bg{ti 8H§I itHdravABg a component

urins, ence e diaryl “carbonates

contafh o RGO LRt L B ot

Pat ent _ Docunent, _18; Ja ane Jca

(see PateDbRIFHDSNL Naps qgesf?%f%@séenﬁﬁﬁb LNSP Open No.
91/ 09832, European Patent . 0461274, and

H4-9%58kna rmcte@ldmsmtlommeﬂw@aatwbtcmilla%w|f§f=\i66'ﬁ“5 are
met hod in which the dialkyl carbonates and the

carried @Rtisinigytwo>co ritonpous dsu ti- -stagel distillation columns, and
continuously fed into the nulti-stage distillation

hencé%%nar@ﬁ@a@bbhﬁ%g dreaproducsd chvtinudusiygwhilecefficiently
colum iS withdrawn froma side outlet provided 15 at

recycgfhsqq"lﬁ’? (fl gﬁrﬁgﬁﬂ%dte@pﬁbd@d@ﬂ @Bsh Byredecti(Bee Patent

and 1s introduced into a reactor
Doc é’ﬁgq?oofa%ii%%?. et Hoolicatigh Cad!Ober NiSHUO211038
(corr?Eé‘%“ 1o %@@%%9@% KaPegh atnd %ﬁerﬁ%ﬁzﬁ%d u.s.
ion is carried out in react nd the, 2
Patet N, PA1D265bI an qgeecbxﬁeqsﬂst%@g h‘&&lﬂ&&‘e e
Patent Application Laid-Open No. H4- 235951 Th

" dialkybaarbopatestand the @romatiody diooyosempraunds of @ehke are

inventors are the first to enable aromatic carbonates
continudisiprieduintd theontultiustage distillafibhocalumy, andda liquid that
processes in which the diaryl carbonates 25 are

flow@ﬂWQHréﬁgmm@cél@hhMb wRhdeaairefromsisngidevoutlet provided
continuous nulti-stage distillation colums based on

at art FRidH18\@alieSahaASU6ER BAYErMASt 40agd ofthe W¥tillation column,
and is introduced into a reactor provided outside the distillation column
so as to bring about reaction, and is then introduced back in through a
circulating inlet provided at a stage above the stage where the outlet is
provided, whereby reaction is carried out in both the reactor and the
distillation column (see Patent Document 19: Japaﬁese Patent
Application Laid-Open No. H4-235951).

These reactive distiliation methods proposed by the present
inventors are the first to enable aromatic carbonates to be produced
continuously and efficiently, and processes in which the diaryl carbonates
are produced from the dialky! carbonates using two continuous

multi-stage distillation columns based on the above disclosures have
10
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roposed thereafter (see, for exanple, Patent
AOSO‘B%?’E(M 0: Japanese Patent Application Laid-Qpen

No. H6-157424 (corresponding to European Patent No.
0582931, and U. S. Patent No. 5334742), Patent
Docunent 21: Japanese Patent Application Laid-COpen No.
e di beeunMEnt 20:
beendiaHiEE ehGAIEF 2R, T6R exanl o afentionel,

saroSSE oAb RREGEF L5 b AR S0 474 Lpebponcing t
curobgon S kel a8, i [P P B AR Batent

H9- 176094, Patent Document 25: WO 10 00/ 187%&&
Document &dpolapanese Ratentppplication kaisk&ian Ne. B 184058
Docunent 26: Japanese Patent Application Laid-Qpen
(corrbepoddingaé2Buy opéannBatent Nio. 05B2930| andol. Sy tatent No.
the present applicant has further proposed, as a
5344W4)0 P Afeait PBabhfsnth28h U pawes e Patent Applidtionileid-Open
to be produced stably for a prolonged period of tine

No. MbLheHY 6 Fﬂéte'rﬁfﬁscﬁméimﬁ_tzﬁf Japaiede/ Patbht Application
q 1 |

require a method I n ich high boiling point

. i gl ted AW 00 e ]

Laid{(3pEh. fo, T B24 S PRER BlodimERTAL pafesEmatin,

t he, cat al.ysf conmpon ' cyel.ed,( { .
ApplisinarkaiiiOnRg DA 118257 6088 St GeCuiriRe, o

Pat ent No. 0855384, and U_S. Patent . 22787) nd
00/18729 E@meap@a‘mmowtsmﬁa%nkﬁi ﬁggéeaggg%’t"af%t‘i@oc”mem

of a polyhydric aromatic hydroxy conpound in_the
26: Japanese RgtardnApplicational aid-QrenINa: 206(1-64285)t han

2.0 (see Patent Docunent 28: Japanese Patent

Aplmoalg rractive diiSiitatibo. sylterag/five (preseed mpplicant bas

Eur opean Patent No. 1016648, and U. S. Patent No.

furtfeASgrdPdsed FHEI APRETHGY thAE epitsiedthighly puestarombtice
ur pr oposed ea met hod in which 70 to 99 A)by)'/pvvei ght of

1 | 1 3. .
carb%?v?ciggst%r Q%‘Sﬂi‘g‘?@ f?ﬂg%g%“%tﬁa?ﬂ%?%ﬁﬂlﬁﬂ YERbUZEf tifke without a

large amount of a catalyst being required, a method in which high boiling

point material containing a catalyst component is reacted with an active
substance and then separated off, and the catalyst component is
recycled (see Patent Document 27: WO 97/11049 (corresponding to

European Patent No. 0855384, and U.S. Patent No. 5872275)), and a

method carried out while keeping a weight ratio of a polyhydric aromatic

hydroxy compound in the reaction system to a catalyst metal at not mpre
than 2.0 (see Patent Document 28: Japanese Patent Application
Laid-Open No. H11-92429 (corresponding to European Patent No.
1016648, and U.S. Patent No. 6262210)). Furthermore, the present
inventors have proposed a method in which 70 to 99 % by weight of

phenol produced as a by-product in a polymerization process is used as
11
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15

g material, and a di phenyl carbonate are
Aosmé\légwu& ng a react ive distillation nethod; this

d| phenyl carbonate can be used as a starting nmateri al
for polynerization to produce the aromatic
pol ycarbonates (see Patent Docunent 29: Japanese

a starﬁ)@fo(fﬂ{at%? C}r = c{ Q%Hé]’rﬂ Cndorie 4t ppodided using a

respon ropean Patent No. 0892001, an
L. 7 I f

reactiye gietqtion druidd S g %Wc%“gr% 18 galing 1688 as o
aromati G rbontes usi.n here ctl tion

starting{materia ?)"r BR &”Wé‘?’é sorﬁ’ gﬂ?’ﬁ'é\ﬁgtsoever
of a specific |grocess or 10 ag ar at us ena %WAE ti

polycprbanstesisen RatemdDacuraenta; Japanese atent ppphication
nor is there any description suggesting such a process

Laid-opeapNar H9<255T02 (eoargsponding teEsropaamPategiMNeng
hei ghts (H and H2: cn), dianeters (D1 and D2: cnm,

089200nbaind OF. SstRaemnt(No. &'TGHGZ)Q))and starting materi al
feeding rates (Q and @: kg / hr) for two reactive

di FIEde%tr' o alﬁof@hé%épﬁbﬁ%'r@&@_@uﬁﬁénw frdwehieh thei nl y

enyl car bonat e from dinethyl carbonate and

prodl%g@gq %f%%rﬁ%ﬂ%qﬁﬁs Birﬁjiiﬁe Jreaﬁ.‘l[;g/@ngls]thlét%n method
s prop el ot o BB RISt 61 PiglpLess o
appaggte;@_zén@b?g\gdfrﬁass proggcﬁo_n on an md&gﬁrgl é’gal]e ?e g. 5 ton /
hr), nor is there any description suggesting such a process or apparatus.
For example, the descriptions regarding heights (Hy and Hz: cm),
diameters (D4 and D.: cm), numbers of stages (nq and nz), and starting
material feeding rates (Q; and Qa: kg / hr) for two reactive distillation
columns disclosed for producing mainly diphenyl carbonate (DPC) from

dimethyl carbonate and phenol are as summarized in Table 1.

[Table 1]

12
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A0501%§Bg§ﬁ&} 0 86 600 25 20 31 27 28 600 - 20 66 600 - 20

ot her words, the biggest pairs of continuous
mul ti-stage distillation columms used when carryi ng
out this reaction using the reactive distillation
system are those disclosed by the present applicants
5 in Patent Docunent SEJ (gf.Eng (corresponding to
Eur opean Patent No. A , : S. Patent No.
5872275)) and Patent Docunent 28 (Japanese Patent
Appl ication Laid-Open No. H11-92429 (corresponding to

Pat en ) 01648 d at gnt PATENT
H'6 2?6 EHAS 7 1ﬁ7e frojf?nW‘able .

can bg seen , tlhe maxjDXDOUMENTS

HesS-—a re—dar—oud—eonditrons1o—fo T TTt HUU%%

600y ti253t hq0di $t 68 aili #90cdl uBSs ldi sc#dse 183

as@bpvegrepctionfargee Hi B062(0senmo [H2 $5600
C D2 =}25 cm nl 4 n2 = ondi tibn,
Pat ent Dbcuneni 22 ( apane i i

500.a) d-Speh 180. 4904@%6)‘%09 , 880 kg $0hr,| a8 p = R2

T N[ and §n ot ar phefy! car bopa
108, bakoatnae i hododdd dodhorbernaterst S0ttt
30¢r | vhich 140 ndt &8 droumt prdduckd o#8an | Bdushrial24
1200Ch! @0 13 AQPO1 iy 7/|KAddo O sebosure o6 | npemti op 27

Prpbl ens|to bejsolved by the inveption It | s an pbj ecé8

of lthe plesent {invention to proviHe a speclfic

6001 pcess fhao efabses fa s6oght qual i fy hR@h- ppr fa2r nhnce 29
aromati ¢ o pol ycarpbonate havi ng excellent mechani cal

PLAPE ?ﬁé? @l‘&nqﬂe gi'ggﬁtg%é’ﬁ*s% é@nﬁﬁushg%mﬁ stage

rla Yy I not less than

s A5t U PP ot B e

3000 hours nnre refer bly n
reactive distillation systepm are Xe lsclosed by the present applicants

o ol

cnp.6Dl = 21

in Patent Document 27 (WO 97/11049 (corresponding to European Patent
No. 0855384, and U.S. Patent No. 5872275)) and Patent Ijocument 28
(Japanese Patent A;ipﬁcation Laid-Open No. H11-92429 (corresponding
to European Patent No. 1016648, and U.S. Patent No. 6262210)). As
can be seen from Table 1, the maximum values of the various cond.itions
for the continuous multi-stage distillation columns_disclosed for the
above reaction are H; = 1200 cm, Hz = 600 cm, D4 = 20 cm, D2 = 25 cm,
ni = n2 = 50 {only this condition, Patent Document 22 (Japanese Patent
Application Laid-Open No. H9-40616)), Q4 = 86 kg / hr, and Q2 = 31 kg /
hr, and the amount of dipheny! carbonate produced has not exceeded
approximately 6.7 kg / hr, which is not an amount produced on an

industrial scale.

13
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I 5000 hours) from a dial kyl carbonate and an
A0501a\?§§§mdi hydroxy 10 conpound. Means for solving the

probl ens The present inventors have carried out
studies ained at discovering a specific process
enabl i ng the above object to be attained, and as a

Disclé%@"ﬁléfnﬂ\/@n&whed to the present invention. That is,

present | nvention provides: 1. an industrial
process for _the d j \gh-quality aromatic
pﬁ@i?&%%@? ﬁ%m?%%vaﬂp%?%ﬁg?pég‘pol ycarbonate is
conti nuously . produced froma di.al kyl carbpnate . an
kAT ORISGHPHIGe FiEsEmAn entR 1o pEELHE A S &F e
the steps of: 20 (1) continuously producing a diaryl

procass tuatesables ahigh-avaldy Agjr pectarmanee AAMIHG

aromati ¢ nonohydr oxy conpound as a starting material,

polycacbbnaie Usayingeexcellenhmethanioa) prapartigs and na
first continuous nmulti-stage distillation colum in

discolbistion teabalprold ucedoimisstrialbain w ygeuamoneecia.gn not less
and distillation sinultaneously in said first colum,

: : . y 'I I um
than ggﬁ# V:fg:?ttlﬁgfff&f E[}?’t‘o@&h?&d@péhbﬂ of Ginvefel WhbPiésSdhan

m xture containing a produced al cohol
1000811 OHRTREREREL 28o8 R, S0B0'Houfe iR reterably no
less Hhan a0 Shudenifigm.s gisRacAholfate. Fin s Arohffse dihydroxy

froma |lower portion of said first colum in a liquid
compeyid. continuously feeding said first colum high

boiling point reaction mxture into a second

coMeans for Batving the pgeble®si | | ati on col urm in which

a catalyst is present, carrying out reaction and

di $He pacsent nventorsdms warrieshout stedies stnednat

conti nuously w thdrawi ng a second col unm | ow boiling
discdPéfhg' 8affddific pote@seeiablinightig aboveodbjert tii bekgitained,

carbonate from an upper portion of
and as a result have reached to the present invention. That is, the
present invention provides:
1. an industrial process for the production of a high-quality arbmatic |
polycarbonate in which an aromatic polycarbonate is continuously
produced from a dialky! carbonate and an aromatic dihydroxy compound,
the process comprising the steps of:

(1) continuously producing a diaryi carbonate by taking the dialkyl
carbonate and the aromatic monohydroxy compound as a starting
material, continuously feeding the starting material into a first continuous
multi-stage distillation column in which a catalyst is present, carrying out
reaction and distillation simultaneously in said first column, continuously

withdrawing a first column low boiling point reaction mixture containing a

produced alcoho! from an upper portion of said first column in a gaseous
14



j nd columm in a gaseous form continuously
A0501®??2mng a 10 second col unmm hi gh boiling point

reaction m xture containing a produced diaryl
carbonate froma lower portion of said second col um
inaliquid form and continuously feeding the second

form, ;iaﬁeﬂg}i\é{agéj\})ﬂﬁiiimvmb% firseaD1uRTh Righ WoRliAgnpeinti r@ction

carbonate~into the first continuous
iR GE S AN o Ky ortin
of said ik 62iEBoa s FocT cEonfignBRafy SR Said first

: car bonate together so as to, prodyce an aromgtic ..
colunpa hjghrivailingeprint @agiepsnixtdre Iamapa;m@@o%nuous
aromati c 20 pol ycarbonate using a guide-contacting |
5 . multictagel distilateopaojumn mwhinh agsialisidsipresania cadrying out
nolten prepolynmer is made to fl ow down al ong surfaces
reactidn auidldsstilbaido s aithuttdneouphepobait seicongot g teming ed
while flowing down; and (I1V) circulating the aromatic

contiggggayﬁmmwwads@dom wblaAth IAR bailinigepolnt feaction

I'nto the diaryl carbonate production step (1) so

it G BE)E PO B @ o g orton o

I rst conti nuous

said FB6PR SOLn e aba SO, Bob MRy GreplrdpiHa
an i.nsjde dianeter D1 and havi

| : _
10 seconfealngniiBh hois: PaIMGteRmtion Sivture SontALRS 8 hrpduced

~ has a gas outlet having an inside di arretgr ‘gll l%(;n) fiLt .
diaryh cesposmie feogordewes PeHiIaR afpsrid seeend cojumpdn a liquid

colum near to the top, a liquid outlet having an
" form| asiddeontinoeusly déed{rgnthetsecdnd coluom tow baibdngnpoiit
" in a lower portion of the colum near to the bottom
reacBbnl @@dure containing the dialkyl carbonate into the first continuous
multi-stage distillation column;
15 (11) purifying said diaryl carbonate so as to obtain a high-purity
| diaryl carbonate;
(1) reacting. said aromatic dihydroxy compound and said
high-purity diaryl carbonate together so as to produce an aromatic
polycarbonate molten prepdlymer, and producing an aromatic
polycarbonate using a guide-contacting downflow type polymerization
apparatus in which said molten prepolymer is made to flow down along
surfaces of guides, and said moiten prepolymer is polymerized while
flowing down; and
(V) circulating the aromatic monohydroxy compound by-produced

in step (l11) back into the diary! carbonate production step (l) so as to

recycle the aromatic monohydroxy compound;
' 16
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'Iﬁfﬂ?ﬂ inlet provided in the upper portion and | or
A“"’“?Eﬁn??d e portion of 10 the colum bel ow said gas

outlet, and at |east one second inlet provided in the
m ddl e portion and / or the |ower portion of the
colum above said liquid outlet, wherein L1, D1, L1 |
DiwhéreinPl | dl11, and D1 / d12 respectively satisfy
the following fornulae (1) to (6): 1500 <_ L1 8000

’ i céu i
1o 8,058 By Shgoe i ot o

Gl HhARg Meyifidti i Ay 4 d
a strdgtlyfifafingh loyifidrieaLRBRCEIHIGH HVITY, 4 1gRbROL.. (cm) an
._cylindrical upk porti.o V] ; :

an ingils Alzmeter HhodnT cahCRpvid 88, Rye et ditn ubfyr 8FStages
wi th nunber of stages n erei nsjde, .and ha S

nq therrinsideaandghas a agﬁd%uaef gﬁ'e!f%g %hi“%'?ﬁ dkﬁ'%S??’g§1b4°m) at
the colum or in an upper portion of the 25 colum

a topnehithe cojtmn op inzan iupRer partier afthengolimnnaeat to the top,
di anmeter d22 (cm at a bottomof the colum or in _an

a liguiaventlpb haivingcdn ihsideodiametendq3 ¢crjeat acdatigon of the
VP77/ KAN bottom at |least one third inlet provided in

colurhREo M RPEM |0WEF poftiandof ths celuminddkear forttieobotfornhat least
columm bel ow said gas outlet, and at | east one fourth

one 1iFHt%|é‘t" ?l"“.’gﬂé‘% ih :tﬂé Up Y porlshiMNd 2nsk & middkeportion of

ower po on o e columm above the liquid outlet,

erej A / / . ided
the ﬁﬂgﬁﬁﬁe@@y%ﬁ bé]syoﬁ%t'%?ﬁi%lﬁgggﬂnn%sae (n%zuﬁlg@%ﬁow ©
in thh Fnldgigpponopgna 7 of the idWer BoHidn'8f the TWllniPkbove said
liquid outlet, wherein L4, D4, L1/ Dy, nq, D4 / d41, and D4 f dy2 respectively

satisfy the following formulae (1) to (6):

1500 < Ly < 8000 (1),
100 < Dy < 2000 2),
2<L,/D;<40 (3),
20 < nq < 120 - (4),
5 <Dy /dy <30 (5},
3<D,/d12520 : (6); and

(b) said second continuous multi-stage distillation coiumn
comprises a structure having a cylindrical trunk portion having a length
L, (cm) and an inside diameter Dz (cm), and having an internal with
number of stages n; thereinside, and has a gas outlet having an inside
diameter dz4 (cm) at a top of the column or in an upper portion of the
column near to the top, a liquid outlet having an inside diameter dz2 (cm)

at a bottom of the column or in an lower portion of the column near to the
' 16




< 80 (10), 10 2< D2/d21<_15 (11), 5 s D2/
AOSO']@EM (12); and (c) said guide-contacting downfl ow

type polynerization apparatus conprises: (1) an
apparatus having a nolten prepolymer receiving port, a
15 perforated plate, a polynerization reaction zone

botto a‘ﬁt%a%é%ﬁé?hirhyin@ét P%’Vhi‘i‘i@d iMeheaxppad peetioneand / or a
fom sal

perforated plate provided in a space
. asurrqunde Si
misci§ SRR Bk RS s5ig N Sy e oo
zone for feedi.ng.a nolten epol ' ' .
rourtr e iashTgH g, UL ogRIBRCHHIT gl g F8Wr portion of
pol ymeri zati on reaction zone, a_vacuym ven rovi ded
the colirgni aboye|theeliauig pot et cwdrarein %ﬁ'akz Z 4,252 / das,
pol ycarbonate di scharge port provided in a | owernpst
5 and [bof di.emespectivelysatiefythet tollawing formutaad?) dpdded)i

pol ycar bonat e di scharge punp connected to said

di schar ge500r< L, aM8@0® n: 25 (2) an in@rnal sectional

area A (m taken through a horizontal plane of the

side casy@gg & psaizhgp! yneri zation reg@)i on zone

sati sfi esotghe %17 “A0501° VP77/ KAN f ol Ié(g/)vl ng fornul a

(13), O'Z<5LA:I503%04613)’ (3) aratio tween said A
rha

(m and @ iAterhal sectional area B ) taken

t hr ough hori z | plane of the aro {\C

pol ycar biﬂgé‘%g&togcharge port sati sf in@;d)t' he foll ow ng

formula (14) 20 < AN B _< 1000 (14),,(4) the bottom
10 casing i 1!4 %Qi’d/ 9@1 ﬁ?i zation reacti on“z ne is

connected at an internal angle C () to the side casing

t her eabobes D2 / d32 < 30 ' (12); and

(c) said guide-contacting downflow type polymerization apparatus
comprises:
(1) an apparafus having a moiten prepolymer receiving port, a
15 perforated plate, a polymerization reaction zone having a plurality of
guides that extend downward from said perforated plate provided in a
space surrounded by said perforated plate, a side casing and a tapered
bottom casing, a molten prepol?mer feeding zone for feeding a molten
prepolymer via said perforated plate onto the guides in the
20 polymerization reaction zone, a vacuum vent provided in said
polymerization reaction zone, an aromatic polycarbonate discharge port
provided in a lowermost portion of the tapered.bottom casing, énd an |
aromatic polycarbonate discharge pump connected to said discharge port,
wherein:
25 (2) an internal sectional area A (mz) taken through a horizontal

plane of the side casing in said polymerization reaction zone satisfies the
17
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id angle C () satisfies the foll ow ng
A°5°¥\Wrﬁ|"g‘°‘éq 10 120 5 C 5 165 (15), (5) a length h

(cm of sald gui des satisfies the follow ng formul a
(16), 150 <_ h 5 5000 (16), and (6) a total external
surface area S (m of said guides satisfies the 15

follov(/ﬂléi @awﬂmég g}il a (17), 2 5 S <_ 50000 (17), 2. the

cess acc ng to item1, wherein not less than 1

ton I hr omati c pol ycar bonatg4ys produced,
. the pp (?Sél%gggrdl ng toitemlI or @ )vvhereln sai d

i o A R AT S e

_formula (19), 1 di2/ 18) . 1 d21 /..d22.5
(m )Aakenethgséasés% baniat plageanl the @rarn?te%&o'xcgﬁgé?l“e
wherein L1, D1, L1/ 25 D1, nl, D1 / dl11, and D1 /
dischrye pprtsaatisfuelsSthec&hltleuws‘Oﬁmlﬂa (dddge

distillation colum satisfy respectively 2000 < L1 <_
6000, 15Q0<< ADLB<g 1000, 18 A0501 VP77(HHN 3:5
L / D, 530, 305n, 5100, 85D,/d"<_ 25, and 55 D,/d12518,

anga} the Dottém badihg P sali@ polfierizatioP2eactzih Zone is
sai d second continuous nulti-stage distillation

oI DL I 2t e,

wherdqlni?sgﬁ3 ﬁgi%@?‘%@@%ﬁ%géﬂé’@?&@@%%!19951’Y’@s&ny/ one
2 [ [ [

mJI il leQt a@é) —o‘gl Iq?{at |Sgn coI L?r:] ggtnlt swgrespect ively

2505L 5 5000, 200 <

800
(5) a length h (cm) of said gundes satisfies the following formula

(16),

150 < h £ 5000 | (16), and

(6) a total external surface area S (m?) of said guides satisfies the

following formula (17),

2 < S < 50000 (17,

2. the process according to item 1, wherein not less than 1 ton / hr of

the aromatic polycarbonate is produced,

" 3. the process according to item 1 or 2, wherein said d4 and said d4

satisfy the following formula (18), and said dz21 and said d»2 satisfy the

following formula (19),
1<dy2/dy1 <5 (18)
1<dz21/d2<6 (19),

4. the process according to any one of items 1 to 3, wherein Ly, Dy, Ly /

D4, nq, D1/ dy4, and Dy / dy2 for said first contin‘uous mulii-stage

distillation column satisfy respectively 2000 < Ly < 6000, 150 < Dy
18

< 1000,
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q_15,40 : _ n, 590, 10 :_ D,/d"_25,and 75D,
ADSOT?gﬁ'?g@Nm and L2, D2, L2 / D2, n2, D2 I d2,, and D2
| d22 for said second continuous multi-stage
distillation colum satisfy respectively 2500 < L2 <_
5000, 200 <_D2<_800,5 :_L2/D2:_15,20 :

3 < LP7DP% 38D3092.1, 1016008 %< 0P/ d,£2225, ad@ 56 Dihedsz < 18,
process according to any one of itens 1 to 5, wherein
and L%?g[?%'ﬂltza{ ?f%ﬁ?%%%%%ﬁa%ﬁ@ QEWOH& 81 $4icF5888nd continuous

sal second continuous

ot lebi b3 ot SB150) $SBpBERRRLF 2000 5 1 55990, 150

<0, GtdBbn3cRita £ e Ml dubas SRk b dzt < 137'aho 7 < D

distillation colum conprises a plate type
fd22&i2%jllation colum 20 having a tray as said
internal, and said second continuous nulti-stage
5. tHespiddeds accootlinghte any onesohiteinss i1l taadi, ovhetgionk1, D1, L1/
havi ng both a packing and a tray as said internal, 8.
D4, nkhe o asesEnd @O/ dijhdot @aid €insb cantihuods multi-stage of
said trays in said first continuous nulti-stage
distiﬂjélif'élh'éo%hﬂ{‘ 3%?1;-#?%@ & cERigly SBUUL R <c5000NPDG < D4 < 800,
multi-stage distiflation colum is a sieve tray having
a Shev [ a 0 [ <
5 < DT at% ¥ ey Ko 80e SLEIT I T3S, i P BEP g < 15,

rocess ~accot di

*ana 071500 AL B3 490 4 0P BB B ddhd Bhpucus

9, wherein a craoss-section area er o ol e of
multEatage desllatiap salumhn S atlye aspactily 4508 = Ledp 5090, 200
11. the process according to item6 or 7, wherein said
< D2se860d 5 <oz ¥ Rods1 Huli < fagdSUi s Pedtdon<cthuand 9 < D2/

- conprises a distillation colunmm having, as said

d>; d B0ernal, the packing in the upper portion of the

colum, and the tray in the |lower portion of the
6. @ pidcess according to any one of items 1 to 5, wherein each of
said first continuous multi-stage distillation column and said second
continuous multi-stage distillation column comprises a distillation column
having a tray and / or a packing as said internal,
7. the process according to item 6, wherein said first continuous
multi-stage distillation column comprises a plate type distillation column
having a tray as said internal, and said second continuous multi-stage
distillation column comprises a distillation column having both a packing
and a tray as said internal,
8. the procéss according to item 6 or 7, wherein each of said trays in

said first continuous multi-stage distillation column and said second

continuous multi-stage distillation column is a sieve tray having a sieve

portion and a downcomer portion,
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rocess according to any one of items 6 to 11,
A0501\1Aﬁlgr72|n§Al$he 10 packing as said internal in said second

continuous multi-stage distillation colum is one or
a plurality of sets of structured packings, 13. the
process according to item 12, wherein said structured

9. tihagtoeess Aceardingetwiténs @twharein said sisvedrmy has 100 to
distillation colum is at |east one type selected

fi t he,2 i bt f Mel | apak, Genpak, 15
1000 Higs i girfgﬂrégﬁéb'd?ﬁoﬁ, p nmp

no- pac Fl exi pac, a Sul zer packing, a Goodroll
k h S )
10. RS RIas dpobTdlr Witsh £ 6,9, inRrBfE & ofidsectanal area
car bopat ur,if.i cation .st.ep (LL) i [L t
per oecRpI4 o iSAIC Si6ve 118y Jdbca rane, phT Al 658 5 B
itenms 1 to 14, wherein_the side 20 casing.in the
1. foe\proGess AGROFEIRG t Hera f of dhpvheseimsald ise&and,
portion wth an inside dianmeter D (cnm) and a |length L
contiguous mhdtitstageedistdiation cedumiy coppptipessa &éﬁhﬁ@géﬂ column
to a lower portion of the side casing, is conical,

havirgy)das kaidiintémrale therpackihicim thee upper padionaf the coiumn,
portion of said conical casing, is cylindrical wth

and the tr%?' HEtRE A6RRT pérticivbf theeceium®, L 25 and d
satisfy the followng formulae (20), (21), (22) and

12, 58 p7pothe AR ) greof el 6 To 1 unerap e
pack {5 ks 4 IR ERTE AN BTl iyl geanation
conub S bRa 5 it berche She ekl BIRIRCCS

13. Hbeptacesaacearding 1o iem 13. wherein Shid structured packing
in said second continuous multi-stage distillation co!ufnn is at least one
type selected from the group consisting of Mella.pak, Gempak, |
féchno-pack, Flexipac, a Sulzer packing, a Goodroll packing, and
Glitschgrid,

14. the process according to any one of items 1 to 13, wherein the
diaryl carbonate purification step (Il) is carried out by distillation,

15. the process according to any one of items 1 to 14, wherein the side
casing in the polymerization reaction zone comprises a cylindrical portion
with an inside diameter D (cm) and a length L (cm), the tapered bottom
casing, which is connected to a lower portion of the side casing, is
conical, and the discharge port, which is in a lowermost portion of said

conical casing, is cylindrical with an inside diameter d (cm), wherein D, L

and d satisfy the following formuiae (20), (21), (22) and (23),

100 < D < 1800 (20),
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epol yner cannot enter therein, with an
A0501&{32?mi aneter r (cm), 10 wherein r satisfies the

following formula (25), 0.1 < r < 1 (25), 18. the
process according to any one of itenms | to 17, wherein
the polynerization is carried out using a plurality
of -sai d W ger gatact i ng  downfl ow tygeqpol yneri zati on
appar at u"g(?sglrig}k"é t oget her, 15 19. tﬁe grocess

accordi oknitens | to 18, [ he

pIuraliﬂgsgg%tﬁzféﬁége-contacting do&ﬂ??Zh?Pype

pol yneri zatpqQn_  appar es according Claim 18

conprisé1rmg8ﬁ%ﬂy F?%#éon apparatu§g§)being a first

ui de- cont acti ng downfl ow type | yner,i zati.on . .

16. g\apaﬁwwsfaa&car@@@oma@m qbbcohfieis Hgfijmf"f%m’i?p%a'd h

pol yneri zati on 20 apﬁgratus, wherein in a process in
satisfies dheafg@dwing formuten (24hree is increased in this

order, a total external surface area SI (nR2) of the

gui des ia08at ¢h £i2500 gui de- cont acti ng @#nfl ow t ype
pol yneri zati on apparatus and a total external surface

17. 3he3PpBcddP hacebrilify toidifsone shitémsciotsl 16, wherein one of
gui de- contacti ng downfl ow type pol ynmerization

said ggﬁéggy:cy;mr%{l o?rgalib@eshsb'ewhﬂa Bt & be28lchthat the

A0501" VP77/ KAN 20. a

hi gh- |t ' -ho ) ad
moitdp HFeBbfyingh, RIRL efERNERIR ML o] BHRIRE dlardgter r (cm),
accordi ng..t o any e of Ltens | 19. 21. the
Wherﬁi‘@ﬁ-%‘é&'?? fgﬁoﬁpqw'%f?f@avlﬁ)&%sb according to item
20, having a content of alkali netal and / or
al kal i neOe‘grft h<rdtal conpounds 5 in a ? e of from
0.1 to 0.01 ppmin ternms of netallic elenents therein,
18. atie proeksgacapdirgtocinyenensfdtamsnt tobh, whereimdhe
hi gh-qual ity aromatic pol ycarbonate according to item
poly@@ri¥aiidn isheimi@doutusingia photalityr obsaid guide repntacting
mai n chain thereof partially

downflow type polymerization apparatuses linked together,

19. the process according any one of items 1 to 18, wherein the
plurality of the guide-contacting downflow type polymerization
apparatuses according to Claim 18 comprise two polymerization
apparatuses being a first guide-contacting downfiow type pblymerization
apparatus and a second guide-contacting downflow type polymerization
apparatus, wherein in a process in which a polymerization degree is

increased in this order, a total external surface area S1 (m?) of the

- guides in said first guide-contacting downflow type polymerization

apparatus and a total external surface area 52 (m?) of the guides in said
second guide-contacting downflow type polymerization apparatus satisfy
the following formula (26),

1<81/62<20 (26),
- 21
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{,ﬁ;}g t hrough foreign |inkages such as an ester
AOSO‘FI @gﬂ'?;'r a ether 10 |linkage, and having a content of

the foreign Iinkage in a range of from 0.05 to 0.5
nol % based on carbonate |inkage. Advantageous Effect
of Invention According to the present invention, it

20. 'éaﬁié}?-ﬁihélit?%\(ﬁhaﬁct@dtycarbﬁn\dtémrpmmm ity arhamount of not
aronati c polycarbonate fromthe dial kyl carbonate and

less %P% " QUFRY iHr 5V kW e ProtEyTReEBdingY te anyyone olitente 1 to 19.

rocess according to the present i nvention which

21, SBEcheRal 3 o BBPatD secdia tsgnomnaos

ums eac havi ng a
. i fied st t : N i fvilng:.t i
navisg So a4 efdidndd 4 MKt Bofl e compounds
bonate; (I11] b I dugi t. .
in a pgeafep 0. Lieh 01 Garen Sefnace! mPtalimPIen e saherein

. polynerization apparatus having a specified structure
and éreatogemtoatentpotpotynere dbasi hdPlrom the aromatic
di hydroxy conpound and the high-purity diaryl

22. caidANghju#ly 4iomatiecyolyoeaybonate canerdingdoaitemn 29 or 21,
nonohydr oxy conpound into the step (1), a high-quality

' ' ol BBFSEN 8t Malviitg RPMaiar Cleaiat théwrmofpartially
bemg;ég%l gﬁh%g{]a%i cal 22 AOSOT';VPW/ KAN properties and

bra n@@g@éﬁ@ﬂuﬂ%@f&@géqmlgﬁg?é QHIP A 50 Hsteplimkdderlor a ether

ton | hr at a fast

. | ' t.i Le. i i
ikl S5 Tl ent R Fors G e 3 A apgessefrom
produced st

\ bly for apholog%qd eriod of time of, for
0.05¢ctaa RpP dnolietbagrd on cAzRoba - preferably not
| ess than 3000 hours, nore preferably not |ess than

5000 hours, with little variation in nolecular weight.

The present invention thus provides a process that
Advantageess &ffet! ehineéhtions as an industrial process

for the production of a high-quality aromatic

pol X686 KIIRGL® the present invention, it has been discovered that,
when producing the aromatic polycarbonate from the dialkyl carbonate
and the aromatic dihydroxy compound, by carrying out the process
according to the present invention which comprises the steps; {)]
producing a diary! carbonate using two reactive distillation columns each
having a specified structure; {ll) purifying the diaryl carbonate so as to
obtain a high-purity diaryl carbonate; (ll) subsequently producing an
aromatic polycarbonate using a guide-contacting downflow type
polymerization apparatus having a specified structure from a molten
prepolymer obtained from the aromatic dihydroxy compound and the
high-purity diaryl carbonate: and (IV) recycling by-produced aromatic

monchydroxy compound into the step (1), a high-quality and

high-performance aromatic polycarbonate having excellent mechanical
22
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hafyDescription of Drawngs FIG | illustrates a
A°5°1i‘2'?1‘2?r@f'% view of a first conti nuous reactive

distillation colum preferable for carrying out the

present invention, the distillation colum having

internals provided in a trunk portion thereof; 15 FIG
propettich! 4%d T digceriativn cawibvvprbdacedcondar dnd ustrialsscale of

reactive distillation colum preferable for carrying

not 1624t tHAME 1P{ES ¢ Hr AN 4Rt Polyhlizalioh ifatal | Mogebuen it has
Ravi ng provi decf, In a trunk portion thereof, internals -

vosn SRBS1S14 ot HPSEH Rl P pOvgaveppaeg atrve
oo S TR L IMEREC I Bharmnie,nog o

I on

columm and the second caonti ngous bs ctive ferabl

than 2080i hours oprei@rably noideasHas BRPORQHES.Molespieterably

- carrying out the present invention, FIG 4 )

not lédd tisam £080 dcise with ditUeevadatiandgisi molesHiarcweight. The
downfl ow 25 type pol ynerization apparatus preferable

presdnt ind@ntit mgh astpidwides as pnocess\that ianhiexed exceldzt effects
VP77/KAN FIG 5 illustrates a schematic view of a

as a i d§s R FEddaus foMiRé Produbionpef wnitigh-afuality aromatic
apparatus having a cylindrical side casing and a

r bottom casing preferable for carrying out the
po|yé§j§§g§1‘ier nvention. 5 Description of Reference

Nurmerals (In Figures 1, 2 and 3) 1: gas outlet, 2:
liquid outlet, 3 and 4: inlet, 5 end plate, L, and

. L2: Ie,n_?,th Of.[irunk ortion, D1 and D2: inside
Briefdpggefiptiosy of Liaw ion (cm), dil and d21: inside

di ameter of gas outlet (cm, dl12 and_d22: 10 inside .
di MGt drillsistrates @ sthematicoview ed A first sontinnqus, seactive

mul ti-stage o
distillation column preferable for carrying out the present invention, the

distillation column having internals provided in a trunk portion thereof;

FIG. 2 illustrate a schematic view of a second continuous reactive
distillation column preferable for carrying out the present invention, the
distillation column having provided, in a trunk portion thereof, internals
comprising a structured packing in an upper portion and a sieve tray in a
lower portion;

FIG. 3 illustrates a schematic view of an apparatus comprising the
first continuous reactive distillation column and the second continuous
reactive distillation column linked together preferable for carrying out the
present invention;

FIG. 4 illustrates a schematic view of a guide-contacting downflow

type polymerization apparatus preferable for carrying out the present

invention; and

23
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1oL!',F i k@ﬂi on col umm, 201: second conti nuous
A050 nu ?:ﬂ stage distillation colum, 11, 12, and 21:

inlet, 13 and 23: colunnm top gas outlet, 14, 24, 18,

and 28: heat exchanger, 17 and 27: col umm bottom

liquid outlet, 16 and 26: colum top conponent

oWt|®t5 iBlistrerbsm sbhetmatic vipanefin guBlexeontactingtdewnflow

second continuous nulti-stage distillation colum. (In

bAHheTiZathel! appatati® Heking Ryl iticalesidevéagingoand a
type gt:)%r Iorat eda?pate, 3: nol enwprepol ynmer feeding
NE ntfbim B4 : yZght S\t i) pFe8ent idvention.
taperégcﬁagﬁvrg%t%ﬂﬁg érregrerg%wczéefo%rlz%a bg ate di sgharge port,
8: aromatic 20 pol ycarbonate di scharge punp, 9: inert
gas feeding port which is used according to need, 10:
si de casi ng _of the_ pol %malgsl zation reaction zone, 11:
Descf@d!é?'éd’fb%?f%rrﬁﬂ%bﬁﬁ" f@%he pol yneri zation reaction
zone, 12: outlet of aromatic pol ycarbonate. 25 Best
(In Figwres 8¢ 2candy8hg Qut the Invention In the follow ng,
the present invention is described in detail. 24
1: gadDBQtietP7 72 Khjjuid cuitietpr 3 amd daveinlebn, 5t iengd platest epls and
(1) of continuously producing a diaryl carbonate on )
L,: |@Rgthdfstrind poeaba, f romandliDy:kinsider dmmaeterand taunk portion
aromati ¢ nonohydr oxy conpound is carried out. The
di gy kYl feftr POPa4rRsiId&S8fhrhBiSE V¥ dals iduttecqompoundds, and dza:
(cm)fegégsgr%fdgd&ﬁy E\g’r%eral formul a (97); 5 RaO%O(Ra (27)
.. whet ej n yl up icaatthudus Mnulti-stage
'ns'dgaﬁbiw%éggnéf,eHéﬁﬁa‘#@g}cf%%roﬂ{)ﬂha\ﬁﬁg c3 to 10 g
. ..car.bon atons, or aral kyl . gr . ing g setillati
d‘St'ﬁﬁ{'BBn celymn, g 'esseo'?a/rﬁé icﬁ’gﬁUﬂgg%?k?ﬁ"é‘r%E sgtl:%h"a“on
as nethyl, ethyl, propyl (isoners), allyl . butyl

columnsondils)! 2. rapd - (ifﬁsierg)'o’, apg één?ﬂ‘“%ﬁ"sb% s outlet, 14,
hexyl (isomers), heptyl (isomers),_octyl (isoners), .

24, t9ngnd @Bs dreatsexchirrger.( | éaneng)éahgoYumn bo%m liquid outlet,
cycl ohexyl net hyl ; alicyclic groups such as

16 and 26: column top component outlet, 31: column bottom component

outlet of the second continuous multi-stage distillation column.
(In Figures 4 and 5)
1: molten prepolymer receiving port, 2: perforated plate, 3: molten

prepolymer feeding zone, 4: guide, 5: polymerization reaction zone,

- 6: vacuum vent, 7: aromatic polycarbdnate discharge port, 8: aromatic

polycarbonate discharge pump, 9: inert gas feeding port which is used
according to need, 10: side casing of the polymerization reaction zone,
11: tapered bottom casing of the polymerization reaction zone, 12:

outlet of aromatic polycarbonate.

Best Mode for Carrying Out the Invention

In the following, the present invention is described in detail.
24
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ﬁ{Qﬁyl’ cycl obutyl, cyclopentyl, cyclohexyl and
A°5°ﬁ¥572 eptyl; and aral kyl groups such as benzyl
phenet hyl (isoners), phenyl propyl (isoners),
phenyl butyl (isoners) and nethyl benzyl (isomers). .
These 15 al kyl groups, alicyclic groups and aral kyl ]
griaure preseet awsition] Gdstyi a lstept{heof caindinuarsiysproducing
such as | ower al kyl groups, |ower al koxy groups,

a diaPNEWrBHPARSoR 'a k) @GS O6Ble friath mRdistkgbcaosbbniate and an
unsaturated bonds. Exanples of dial kyl carbonates

aromgﬁéi@%%@%gx?ﬁ\gﬁmi%%a‘#iﬁﬁtam. CTHROARIRYl carbonate

y i propyl carbonate (isoners),
dial lyl .carbonate i hut I _ [ .
used ghexteh (535 iAo hEdEBREpe b LY bEnsrap fEfilta 27);
(i soners i carbonate (isoners) di hept yl
car bonatéa@i%sfgﬁ’ﬁis), di octyl carbonat e(z(7i)sorrers), _
di nonayl car bonatep_éi somners), di_dec%/I car bonat e
wherein &ierepreseinigAampakyharowsp havingat &0 ) epebeneatams, an
carbonate, dicycl oheptyl carbonate, dibenzyl ]
alicy che yroaipeh ading 8net N9l carrdromdomy,i soanranalkyl group having 6
di (phenyl propyl) carbonate 25 A0501 VP77/KAN
to 10( EaEEH Btontk.( pEs@yh pldsy bf RAaiiuindeealikiys groupk, such as
di (chl orobenzyl) carbonate (isoners),

methggl,gang% Pb\‘ﬁgyﬁas;onﬁéf onah, butPNEESers), butenyl (isomers),

oxym car Bonat'e, di { met hoxyet hyl)
o LS T s 4 ORI b5 4091 omer), rom
I e S R e

is an al kyl group havi ng not e than four cgarbon
cvcl%nrmylaﬁucmhuwbnmﬂmnegﬁxﬂhﬁv Qbﬁ’%{? &mdf gycloheptyl; and
particularly preferable one is dinmethyl carbonate.
aralkyrgsoups suthias peszal aphengithyk{isomesdn ah@nylpropyl
particularly preferable ones are dial kyl carbonates
(isomeeslygqevenylbatgl tisensersyt amd irabtlyylbenzyb{isomeng).a These
hal ogen, for :

alkyl groups, alicyclic groups and aralkyl groups may be substituted with

other substituents such as lower alkyl groups, lower atkoxy groups,
cyano groups or halogen étoms, and may also contain unsaturated
bonds.

Examples of dialkyl cafbonates having such an R® include
dimethy! carbonate, diethy! carbonate, dipropyl carbonate (isomers),
diallyl carbonate, dibutenyl carbonate (isomers), dibutyl carbonate
(isomers), dipenty! carbonate (isomers), dihexyl carbonate (isomers),
dihepty! carbonate (isomers), dioctyl carbonate (isomers), dinonyl
carbonate (isomers), didecyl carbonate (isomers), dicyclopentyl
carbonate, dicyclohexyl carbonate, dicycloheptyl carbonate, dibenzyl

carbonate, diphenethyl carbonate (isomers), di(phenylpropyl) carbonate
25
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xg{g;} ﬁfgpes produced from an al kyl ene-car bonat e
A°5°zu st a{n lally not containing a hal ogen and an al cohol

substantially not containing a halogen. 15 The
aromati ¢ nonohydr oxy conpound used in step (1) is a
conmpound represented by follow ng general fornula

(isome®), dT{lsianrﬁus@mmgl) é@ﬂ);ﬁi@l@ﬁgﬁmhﬁ chigrebenayhd

i s not ted, So long as the hydrogy group is

g U bR Ul s A A S
' / 20 _ !

dimaiRRnRED SBEHE. YRRt RaF kafhonatdisdmers),
i rae BpiShaets (NSRBREL s BRoPpBefia) Saimiy -
. tetranet hyl phenol (isoners), ethylphenol (isoners),
(isompetsly| phenol (isomers), butyiphenol (isoners), 25

di et hyl phenol (isoners), nethylethyl phenol (isoners),

nmeOfythesepdialkyhcarbosates spnedi prefeyablyeused in the present
(isoners), 26 A0501 VP77/ KAN net hyl but yi phenol

invektisnnere Hialkghicarbbaates inswhivts R® iseayigikghgroup having not
(i soners) and cycl ohexyl phenol (isoners); various

morétkan Yelle el b ot fo s aABLAGKYORBEIRING iSRERSGenadtdm. A
et hoxyphenol (isoners); aryl al kyl phenois such as

part ST SR OBl OTRE iy SRR MOTBGRb o
oret PSP SAPRNRER B o MRRFEGTOYRHIL 8 are ciaiy
oot AR5, 6 SRR SUos RSl BTSRRI S petpgen, for
plurality may be used. O these aromati c nonohydr ox
example enssupiedueadsSram aar aliyens carppnaie wlé%éntlaﬁv not
i nvention are aromati c nonohydroxy conpounds in which
containihg 8 tmiogemmnidcagraiuphmwuh@tantially not containing a
halogen.

The aromatic monbhydroxy compound used in step (l) is a
compound represented by following general formula (28). The type of
the aromatic monohydroxy compound is not limited, so long as the
hydroxyl group is directly bonded to the aromatic group;

Ar*OH " formula (28)
wherein Ar® represents an aromatic group having 5 to 30 carbon atoms.
Examples of aromatic monohydroxy compounds having such an Ard
include phenol; various alkylphenols such as cresol (isomers), xylenol
(isomers), trimethylphenol (isomers), tetramethylphenol (isomers),
ethylphenol (isomers), propyiphenol (isomers), butylphenol (isomers),

diethylphenol (isomers), methylethylphenol (isomers),

methylpropyiphenol (isomers), dipropylphenol (isomers),
26
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atons. Phenol is particularly preferable.
A0501,]\)2P2M of these aromatic nonohydroxy conpounds,

ones substantially not containing a halogen are
preferably used in the present invention. The diaryl
15 carbonate in the present invention is thus

meth*lﬁ%ﬂiﬁ)%rfgl Q\xptr%%wkamy 3(|§oﬁ%r%?9ﬁéﬁwiheno!

erel n each of Ara“and Ar4

Goomelf ENEYRIS RO REH T REEgL P06 ANRa3BASA o o
aromati c nd i,n each Ara .and Ar

metneyaharo (e Hgod o afbetlsitodiiheld ueiﬁwwenois
anot her substituent that oes not have an ad

such@foebenwlpltqwlpb@mldrsomsrﬂemrah’@é apalferﬁ (ENF"WS
an al kyl group having I to 10 carbon atons, an al koxy

substituted naphtingist ard hetecoramaticnmore ptoxy gﬁﬁlﬂ@uﬂﬂs such
phenoxy group, a vinyl 27 A0501 VP77/KAN group, a

as hydfeRgpgiidife (ﬁ@oﬁﬁr@b bBydrexycoumarite (gyoomprspandt r o
group, or the Ara and Ar4 may be the sane as

ferent . Typi cal exanpl es of each
hydr%tﬁ@%ﬁfé 1s<a’méi-§)

monoval ent aromatic groups Ara and Ar4 include

B AR
o miALFELAL ) AR a2 0 Wl G oy
comﬁ%g%?@w%?gr%gogg i&s‘;‘é’l' ||n?j.vlmp§l.n % f@géﬁligvéhtiohbare%omatic
monohydroxy compounds in which Ar® is an aromatic group having 6 to
10 carbon atoms. Phenol is particularly preferable. Moreover, of these
aromatic monohydroxy compounds, ones substantially not containing a
halogen are preferably used in the present invention. The diaryl

carbonate in the present invention is thus represented by following

formula 1 as a general formula;

A r’-—‘OCO“A.!"

wherein each of Ar® and Ar? is a monovalent aromatic group.

Each of Ar® and Ar* represents a monovalent carbocyclic or
heterocyclic aromatic group, and in each of Ar® and Ar*, one or more of
the hydrogen atoms may be substituted with another éubstituent that
does not have an adverse effect on the reaction, for example a halogen
atom, an alkyl group having 1 to 10 carbon atoms, an alkoxy group
having 1 to 10 carbon atoms, a phenyl group, a phenoxy group, a vinyl

27
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ﬁHE A particularly preferable diaryl carbonate

AOSO“&BZE{% ally substituted 10 di phenyl carbonate
represented by following formula 3: (R )p R' )qg
wherein each of RO and R1D i ndependently represents a

hydrogen atom an al kyl group having 1 to 10 carbon

' grou;ﬁté’lfé'gﬁrﬁﬁp%ﬁﬁxhngéw groupoah damidé@roaphan nitrorgroup, or

cyc group having 5 to 10 carbon atons in the 15

ng fart | Shé fnsthedf op différent.
the mlr(é arﬁ?ﬁ%gaeﬁ“ ?’E‘aﬁqng% Siﬂﬁﬁgtshe case that pis 2 or

4

Typich exahplad of ACH, of §n6 ipbFicylehf sBfahe ¢rBbs Affdand Ar

different to one another, 28 A050 / ;
incluge PR aui o RARILAY AsESHet F?bDXF’g'ﬁY'K@“#‘ﬁmggd a pyridy!

carbonate such as unsubstit ut eg hen car@ona{. %rf
group. | Gvash af thesegmaypbe iithstitute wpt%hgn 19731803 'EV

such as ditolyl carbonate or di-t-butyl phenyl
substitudnt(s) @s abpvet erRitgferabiplexamples 9%%“4“ ofreranmart

5 the sinplest structure, being particularly
lncluﬂbeﬂﬁfsﬁ)bﬁoumm?.dtlbwﬂngrfplrmtﬂarbonate may be used
alone; or a plurality may be used in conbination. A
nmolar ratio of the dialkyl carbonate to the aronati c
monohydr oxy conpound used in the staGHpg material in

step (I) is prefe ablylnaran off from0.1 to 10.
de this r Hymount ei3H, starting
‘@erl al re based on edpet er m ned anount
of e desired di aryI carbonate prodyggg becones high,
which is not efficient, and nnreover much energy is

required to recover the star ? gal . For such
reasons He above nolar-ratifo I's preferably in a

off fr, 0.5to ly fromO.8
@G@e'pref@—ﬁm &%?
CH. CH, C ,

A particularly preferable diaryl carbonate is optionally substituted

diphenyl! carbonate represented by following formula 3:

(R')p@_ ﬁ @R‘a)q
ocoO

wherein each of R® and R'® independently represents a hydrogen atom,

an alkyl group having 1 to 10 carbon atoms, an alkoxy group having 1 to
10 carbon atoms, a cycloalkyl group having 5 to 10 carbon atoms in the
ring thereof, or a phenyl group, and each of p and q is an integer from 1
to 5; in the case that p is 2 or more, the R?'s 'may be different to one

another, and in the case that q is 2 or more, the R'®s may be different to

one another.
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esent invention, not less than 1 ton / hr of
AOSO‘{ F{gt}:}' ic polycarbonate is continuously produced,
and for this, not less than approxinmately 0.85 ton /

hr of high-purity diaryl carbonate nust be

conti nuously produced. In step (lI), the m ni mrum anount

°MHE§\£E§?§E! cﬁa?ﬂ! E‘Ql‘l%‘ﬂﬁfﬁﬁza ietfichediary! carbonate

con is thus genera 15 Pton / hr,
| y. . f ton/ hr,
such FELsERatitated difflehyl oariBhate d £1akeY YT CTE (7

ton,/ hr) to,b rqoduced. Il.n a re e

aroupraubstibias “wehey Ao Bl B AlR M SAUG S Gy

~ 25 The di al kyl carbonate_an the.aéomafi c _Jhonohydr XY h

di-t-hutyhpheay! oatkonate ke psegratlg. dipReNY| cRADAPELS, Wich has
may each be of high purity, or 29 A0501 VP77/KAN rmé/

the simpleshstiunture obping particolady areferakie. colng guch diaryl
conpounds or reaction by-products produced in the

carbbhatd eaptieanuses aldre - ot agplurality imapntieoused impoamkination.
/ or the second continuous nulti-stage distillation

colaUiibial PatiBCoC A% dRalkiyl Birbonate i tapiranbatdti méoohydroxy
the starting 5 material, besides fresh dial kyl

comA LGN FENHD, IGHALIB tep P rgnmy i range
ot rBEEE] LR, OIS ar BLANBh o if e esm g

continuous, nulti-stage distillation,calum

matqial ERGIING REsREY Harerete Al S pliht 3 dne dfkired

In the process 10 of the present ipvention, columm to
diarylogesnate poadusedihagomasohiamovhicly ipaateicient.and.
m xture fromthe second continuous nulti-stage )
morelosei Muth energyiisregueiredda recovercthe startingrnatesial. For
mul ti-stage distillation colum. In this case, the
sucls £6988nsotheabove woldmatimismorapreferablysnua esamge of from
be fed into the first continuous nulti-stage -

0.5 £ 8t iydtahbea prefepabyfram i058 1o 3 aktilrmevatpeierably from 1 to
conmponents t hereof have been

2.

In the present invention, not less than 1 ton / hr of the aromatic

. polycarbonate is continuously produced, and for this, not less than

approximately 0.85 ton / hr of high-purity diaryl carbonate must be
continuously produced. In step (l), the minimum amount of the aromatic
monohydsoxy compound fed in continuously is thus generally 15 P ton /
hr, preferably 13 P ton / hr, more preferably 10 P ton/hr, based on the
amount of the aromatic polycarbonate (P ton / hr) to be produced. Ina
more preferable case, this amount can be made to be less than 8 P ton /
hr. |

The dialkyl carbonate and the aromatic monohydroxy compound

used as the starting material in step (I) may each be of high purity, or
‘ 29



e out. Accordingly, in the present invention,
AOSOWP?ﬁwi npl enented industrially, it is preferable

for the starting naterial fed into the first
continuous multi-stage distillation colum to contain
any of an al cohol, an 20 al kyl aryl carbonate, the

' I I Ml t , :
may g’?g{%\ibn@m&eﬁf@@@o@mé ot exdmpl& RSy ¢ ifcompoults or

ther containing small amunts of

reactfifbvaRadifts BoBherd i HR6HS) RURBIERU hift:stage
distilfzdfar, sBidme’ Spcl b inenearth Gordimans Sihli-stage dstiyation
used. In the present invention, 25 in the case, f?r
colureRanindhepcapeort ndustsal Hnpiemsntatiomotor e starting
di phenyl carbonate using a starting materi al

mateciant biesides dresh djalkyb@asbboate/ asmmatie snanehydroxy
t he di al kyl carbonate and phenol as the aronmatic

- compBurahnéwalyyinteeeoced.inté the neaeitiorablystémr, it s salso preferable
starting material to contain nethanol, and nethyl

to usBN@rkycaavoahte aHd flokhaarhatié MeRahgdrowyi edmdiotind
the reaction products, and the starting material may

reco@;éﬂretcpﬁrorﬁ tﬁ%nﬁ?éng?ﬁgﬂﬁhho%%rﬁlﬁ-e&faﬁ?ﬁhf‘ati@ﬁe‘dﬁdhmn and /

sal1cylate an sal a ‘are reaction
by- products... and hi i) OOt QY- Ry cts
or th Sl Eeaitfiens litRteaB st atio BN, Sin.the process
nmonohydr.oxy c ound, use in step (1) contajn.an
of the RISFENE IRYRARIAN 59 WBRIBR P BPantscEons fitutind & low
L (I11) of the present invention. This by-produced .
boiling paint ¢eastionymistyrectippo tha saeandeantinypus dauBistage
into step (1) through step (IV). The diaryl carbonate
distilbahoo celuimn strepfed Jnticsthebfissh edntimusughmulti-stage distillation
“transesterification reaction between the dialkyl
columd. bomatitisagds é hehe Fecovmireblummlow bhbiiting pointoezttion

I ncl uded under this :
mixture may be fed into the first continuous multi-stage distillation
column as is, or after some of the components thereof have been
separated out.

Accordingly, in the present invention, which is implemented
industrially, it is preferable for the starting material fed into the first
continuous multi-stage distillation column to contain any of an alcohol, an

alkyl aryl carbonate, the diaryl carbonate, an alkyl aryl ether, and so on.
| The starting material further containing small amounts of high boiling
point by-products such as Fries rearrangement products of the alkyl aryl
carbonate and diaryl carbonate which are the products, derivatives
thereof, and so on can also be preferably used. In the present invention,
in the case, for example, of producing methylphenyl carbonéte and

diphenyl carbonate using a starting material containing dimethyl
30
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{0 rification are a reaction in which one or
A0501G%$2§§§&@he al koxy groups of the dial kyl carbonate is
/| are exchanged with the aryloxy group of the
aromat i ¢ nonohydroxy conpound and an al cohol is
elimnated, and a reaction in which two nol ecul es of

carboneda& theadiglk gloc @vriste2@ndr phenel asr thec anopratix
into the diaryl carbonate and the dial kyl carbonate

monoWg?ng %;{gf Lﬁﬁﬁtifrié‘yréféfélﬂerﬁﬁciﬂié@thhﬁﬁgbﬁhYEﬁﬁl to

_ roportionation reaction. In step (1), in
contalfl ingh3hotdhd MPHIAReyr Safiindls nd lpmenpreaonate,
., ,the cond continuo nul ti-Stage disti (o
whict Bge S Dia a5k AHeeliael by e Yialid 4@l tiftner
contarS ATAIEaBIUT of 5156l PR TIGath 8F g eliovate,
A0501 VP77/ KAN carbonate obtained in step (l) does not
whick ameaieactionlbygproducts, |andiidghHeitiag pointpby tRieducds 5
starting material when industrially producing the

derivadotrgredrgaal. ycar bonate in the present invention. The
reason for this is that if a halogen is present in

t hey fiharhi e, 'TRbeE 0¥l thieos rd M@ tiROETRs hydo xgncompeumd rused
a small anount of less than 1 ppm then this my

in stegMpd | L Gaty kOcohPound By rstuced in
in st R Eohfiin A0 R 6E MBRChETbLI oYt Bg ey
se eteriorati, f th i , .
step §ET Sn&i disedit iRt i nES P THct a®matic .y
catal yst used in,the first, coptinuo t s S8,
monahediPpaEPiPouRd BBk erirchaed RackdBis B4 Hhfon
. multi-stage distillation colum in step (I), for

step {Réhpl e, a netal - containi ng conpound sel ected fromthe

foll owi ng conpounds can be used: <Lead conpounds> | ead

oxTtesdmaryh casbbhate R0z uned Mhsbdap ()15 pbiainad thiagh

such as PbS and Pb2S;
transesterification reaction between the dialkyl carbonate and the
aromatic monohydroxy compound. Included under this
transesterification are a reaction in which one or both of the alkoxy
groups of the dialkyl carbonate is / are exchanged with the aryloxy group
of the aromatic monohydroxy compounAd and an alcohol is eliminated,
and a reaction in which two molecules of the alkyl aryl carbonate
produced are converted into the diaryl carbonate and the dialkyl
carbonate through a transesterification reaction therebetween, i.e. a
disproportionation reaction. In step (l), in the first continuous
multi-stage distillation column, the alkyl aryl carbonate is mainly obtained,
and in the second continuous multi-stage distillation column, the diaryl

carbonate and the dialkyl carbonate are mainly obtained through the

disproportionation reaction of the alkyl aryl carbonate. The diaryl
31
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roxi des such as Pb(CH) 2 and Pb202( OH) 2;
A0501p‘?§2%% such as Na2Pb®2, K2Pb®2, NaHPbO2 and KHPbQR;

pl unbat es such as Na2Pb(O3, Na2H2PbO4, K2Pb(B,
K2[ Pb(OH) 51, K4PbO4, Ca2PbO4 and CaPb03; 20 | ead
carbonates and basic salts thereof such as PbCO3 and

carbo%%qg%tg{%\éﬁ]é'hzm %@}dgﬁgt??ss.ﬂ Qﬁfﬂlﬁ @Wa‘l’égeﬁ@t all, and

car s and er eof such

henc%ﬂéoﬁﬁ%ﬁéﬁ3%%%@%%9%r|EPM@QI%%dUGmQ the

Ph3PbBr, 25 Ph3Ph (.or Ph6Pb2 PbOH
arom@ﬂﬁd?%hv.?aehonéie éﬁéﬁﬁspﬁe%ﬁ“}/f" FHe EREBBA for this is
represents a phenyl group) 32 A0501 VP77/
that iflakbalogen is presenddndhe ?wmn&t@f@déﬁééﬁ&spgb’{ﬂe&?at'°“
Pb(OCH3) 2, (CH3O Pb(OPh) and Pb(OPh)2; |ead alloys
even dnch sasaPamunt Rf-leas thared, ppo, Sheathisynay. ""Pléﬁﬁe the
m neral s such as gal ena and zi nc bl ende; and hydrates

polyreérizatioir heé@ﬁdncﬂlm@wnﬂfedm@ostahlefmdqctm aif the aromatic
conpounds> sal ts and conpl exes of copper famly netals

B5f2theCgrop6tiés of, or
POW%P%&%?S%&G%%%ME%%?U%eate L20u,  (CHBO) 20U,

oo lon OapSploE AERRRIPREII S i 1 aca
R BBl Y 3PS R R APe bR Hrag bisatin

columgngﬁgx)eg? Eﬂ@ E%@%g@&@@zﬁg %ﬁl?%tage Sci?stllﬁafioﬂccolumn in
step (1), for example, a metai-containing cqmpound selected from the
following compounds can be used:
<Lead compounds>

lead oxides such as PbO, PbO; and Pb30y;

lead sulfides such as PbS and Pb;S;

lead hydroxides such as Pb(OH)z and Pb2O2(OH)2;

plumbites such as Na;PbO;, K.PbO3z, NaHPbO; and KHPbO;;

plumbates such as Na;PbOs, NaH2PbOs, K2PbO3;, K2[Pb{OH)sl,
K4PbOy4, CazPb0O4 and CaPbOs3;

‘lead carbonates and basic salts thereof such as PbCO3 and
2PbCO3 Pb(OH)2;

lead salts of organic acids, and carbonates and. basic salts thereof,
such as Pb(OCOCH;)z, Pb(OCOCH;3)4 and Pb(OCOCH;)2-PbO-3H20,

organolead compounds such as BusPb, PhsPb, BusPbCl, PhaPbBr,
PhsPb (or PhgPbz), BusPbOH and PhyPbO (wherein Bu represents a butyl

group, and Ph represents a phenyl group);
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< ] conpl exes> cadm um conpl exes such as
A0501d§?227$€§pi; <lron famly nmetal conpounds> conpl exes of

iron famly nmetals such as Fe(C, oH6) (CO5, Fe(CO S5,

20 Fe(C4HB) (CO 3, Co(nesitylene)2, (PEt2Ph)2,

CoC5F5(CO) 7, N -n-C5HS5NO and ferrocene; <Zirconi um

C‘Hmbﬁgﬁe?d %:Urﬁi&hHH’s%’i@'a%ﬁxﬂé@ﬂ asmpdands shionds

zi rconobcene; ew s acid type conmpounds> 25 lew s
ds ( o oot . nsiti o Pb-Na,

Po(of e il GEhAARH PHIDPART5aRATs Fych 5.7

FeX3 and (wherei n,, X 33 A0501 VP77/ KAN represents
Pb-Ca, ﬁ&'@@erﬁgi’%ma%ﬁi Fgﬁ'&lbxy group, an al koxy group or

an aryloxy group); and <O gano-tin gomgounds ;

orlganlommﬁr%b@ugzicﬁs Qaéﬁnasaf(%%'}%gie%éﬁ?,"ﬂghydfates of

( C2HS) 3Sn0CsH5, Bu3Sn000CH3, Ph3SnOCOCHS,
such Bea8nf@apaud)ds; Bu2Sn( OCOC11H23) 2, Ph3SnOCH3,

(C2H5) 3SnOPh, Bu2Sn(OCH3) 2, Bu2Sn( OC2Hb) 2,

<Cop§te?r8na(rﬁﬁ’ IrRet@heSmpduRde> (C2H5) 3SnOH, Ph3SnCOH,
u2sSnQ, (C8H17)2SnO, Bu2sSnCl 2 and BuSnQ(OH). Each of

t hesRs GHAICEPhSISFdE BE coppdr famny ahesdlsl suell ds€iu®l, CuCly,
the 10 nulti-stage distillation colum, or may be a

cunE s Eanbi, fitoAdsEag Eoppseabate. BuCu.
(CHERabI ATH O RE TR Bidlate, BuGrHae! gy BFERET CACHa)sln
and Kooy eilnHRRe N ASah TR ToSaBRARE Y 120 oAt Flstate
Iigan(ija)g bonate, or may have
<Alkali metal complexes>

alkali metal complexes such as Li(acac) and LiN(C4He)2;
<Zinc complexes>

zinc complexes such as Zn(acac)z;
<Cadmium complexes>

cadmium complexes such as Cd(acac)z;
<iron family metal compounds>

complexes of iron family metals such as Fe(C10Hs)(CO)s, Fe(CO)s,
Fe(C4He)(CO)3, Co{mesitylene),, (PEt,Ph)z2, CoCsF5(CO)7, Ni-n-CsHsNO
and ferrocene;
<Zirconium complexes>

zirconium complexes such as Zr(acac)s and zirconocene;
<Lewis acid type compounds>

lewis acids and Lewis acid-forming transition metal compounds

such as AlXs3, TiXa, TiXs, VOX3, VXs, ZnX2, FeX; and SnX4 (wherein X
33 |



A050PSPTHikRINect ed to heating treatnment with the starting
material or products prior to the reaction. In the

case of carrying out step (1) with a soluble catal yst
that dissolves in the reaction system the catalyst
is preferably one having a 20 high solubility in the
representsi ®hdlbgendatomean heetmac groupc amdatkaxys group or an
Exanpl es of preferable catalysts in this sense include
and Pb(OPh)2; TiCl4, Ti(Ow)4,
aryle(ﬁ?/e%oiﬁi()g.%!’)?%’ (MeO) 2Ti (OPh) 2, (MO 3Ti (OPh) and

<orsbi et e 2 o0 T
R T AN
(GRS i S SR L W80 GALHE BRsnibeocHy)

oSSR B T S B oL TP

continuous nulti-stage distill-ation columm used in
Bu,STt(€XC M) ) 2, BugB nE@PhA2 sPheSn(OE Hiadai (6§ 24ds0yBnfdii PhsSnOH,
trunk portion having a length 5 L, (cm and an inside

Bu;SHEMCEH P ,Sw0) Buy8hthvand BuSh@(@Hpl w th nunmber
of stages ni thereinside, and has a gas outlet having

Eachi®f itﬁékéecafﬁlggﬁ fiaybe( @0l cata gt Fixdd énsideltie or

In an upper portion of the colum ™ near to the top, a

to muiEbE APBTERIAY & eI e S SEIGR A a2
ar to.the 10,bottom at |east one first inlet

di Cf| um Hg‘e t
issglves Hethe 1eacliqlhs¥ptelrtion and / or a middle
portion af the colymm bel ow t he, gas outl et and at
e RAch o8 theseonataifPLEORRRAGBE MY A8 SAWSELhAG esn
and / or the lower portion of the colum above the
reacteduwidhan larganipeampound piesant im the rgactign gygtam such
and D, / d12 nust satisfy the follow ng fornulae (1)
as anoaliphatiespiaholgltiye ardomaie roohdhydsosy ¢dmpound, the alky!
16 aryl carbonate, the diaryl carbonate or the dialkyl carbonate, or may have
been subjected to heating treatment with the starting material or products
prior to the reaction.
In the case of carrying out step (I) with a soluble catalyst that
dissolves in the reaction system, the catalyst is preferably one having a
20 high solubility in the reaction liquid under the reaction conditions.
Examples of preferable catalysts in this sense include PbO, Pb(OH); and
Pb(OPh); TiCly, Ti(OMe)s, (MeO)Ti(OPh)s, (MeO)2Ti(OPh)z,
(MeO)s;Ti(OPh) and Ti(OPh),; SnCls, Sn(OPh)4, BuzSnO and
BuzSn(OPh);; FeCl;, Fe(OH)s and Fe(OPh)s; and such catalysts that

25 have been treated with phenol, the reaction liquid or the like.” The

catalyst used in the first continuous multi-stage distillation column and
34
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< 2000 (2), 2_<<L,/D,< 40 (3), 20 <_nj s
A“‘”i‘%ﬁws < DL1 d" 530 (5, and 20 3 < Di 7 d,2
5 20 (6). Moreover, the second continuous nulti-stage
distillation columm wused in step (I) conprises a
structure having a cylindrical trunk portion having a
the c%ﬁa’l?é‘f‘ used fMhérdcdhd Bantinub s aiti-Sade distidation column
aving an internal with nunber of stages n2

may %?%%i 05 F‘S?‘g'c‘*n? tégft)tﬁeg?érg%ﬁfb%“@s havi ng an i nsi de

anet er atop the columm or in an

upper .. portiqn of I : HOHI
ouf pedR ooy duPstaBa A3t Rar GRiuiRn deed i gter ()
c at a bottomof the cpolum or i I r | Qn
compsisana sguete Reting & erangbees ik AeriR nRdlg &length
inlet provided in the upper ortiqn and / ar am'ddl%
Li (cporandraminside diamatebBioereheand haxingen 1nternalwit
| east one fourth inlet provided in the mddle portion |,
numbedof stagebanq theneibside,tand has angas aullst aving apcinside
[iquid outlet, wherein L2, D2, L2 / D2, n2, D2/ d21,

diametér B2, [cAd2atEtopsef tisé xedlberf orlinvamu prempoeion f the
to (1 respectively: 1500 <_ L2 <_ 8000 (7), 100 <

(12) _ _ _
| i idéOdfaméter dy
couf 5478 $8 1o JQ1g utofaing o et s (o

at a béﬁ{%ﬁﬁuﬁﬁ%gbﬁ@ﬂﬁ&gﬁ&gﬂiﬁgy ipllél?{iﬁﬁ &hehd icotmn near to the

: _ ation columm and the
bottosr%?%qqe%%?tcgn%u irst PrHleI( 'p’r%b?@eed in the upper portion and / or a

middie portion of the column below the gas outlet, and at least one
second inlet provided in the middle portion and / or the lower portion of
the column above the liguid outlet, wherein L1, Dy, L1/ Dy, N4, D4 / dys,

and D; / d4> must satisfy the following formulae (1) to (6) respectively:

1500 < L < 8000 (),
100 < Dy < 2000 (2),
2<Ly/Di<40 @),
20 < nq <120 (4),
5<Dy/dy1 <30 ' (5), and
3<D¢/di2<20 (6).

Moreover, the second continuous multi-stage distillation column
used in step (1) comprises a structure having a cylindrical trunk portion
having a length L, (cm) and an inside diameter D, (cm), and having an
internal with number of stages n; thereinside, and has a gas outlet
having an inside diameter d¢ (cm) at a top of the column or in an upper.

portion of the column near to the top, a liquid outlet having an inside
35



i St t,i on colum that sinultaneously satisfy the
A05°1g¥§32} mul ae (1) to (12), the diaryl carbonate can
be produced fromthe dial kyl carbonate and the

aromat i ¢ nonohydr oxy conpound on an industrial scale
of not | ess than approximately 0.85 ton / hr,

| ta ARG Wwer parti f the
dtamé’f ecfzi mg%gndb%?g)hmmhﬂ%mﬂnymg{ébly forrlai[i ene

colunglag‘téjﬂgfﬁj Wgﬁ’roce%?er NELY tlieHet n{r?é tﬁ?f il &t g%w'd%iﬁlﬁ PRE upper

y not 1ess t an 3000 hours, nore

T
portighant,Ld é%@é&?ﬁ%‘t@”a’?%&%&?ﬁn béﬁﬁarm 'BUtleh, and
at leasts obeJouytn inipARVIdRY (s Buddle 5o ﬁ@haﬁéde%gin% lower

invention is not clear, but this is supposed to be (N:?
5 portioo of theoophanneakovedhebliquishouslesuwh@iein die D2, L2 7 D2, n2,
conditions of the fornmulae (1) to 36 A0501 VP77/KAN
D, / d42)amd ©LHdb} nedst Patibéy shedollowgag foomuine (7) to (12)
respective factors for the continuous nulti-stage
respﬁéﬁﬁéw ation colums used in step (lI) are described
If L, (cn) or L2 (cm is less than 1500, then

the conve Fabogt 3 n%‘qwe gfses and hence igz)yi s not

possi bl e desired productlon anount .
Mor eover the equi prrent cggt while
securi ng1ph —k[i’o%vgé)@ﬁon enabling the Uesired

producti gn arm t tq be attained, L, a(% L2 nust each
10 be made £osde @ﬂgrrﬂroe t han 8000. More‘'freferable

ranges for L, and L2 (cn) are res éjlvely 2000

<_Li 5 4608 F&nﬁ b 2000 < L2 < 6000 'th 2500 :5

L, <_ 5000 and 2500 5 L2 <_ 5000 bei ng nor e
preferabl26< D /Gy (Mp or D2 (cn) is Iél taigh 100,
then it is not possible to attain the desired
product i gn<appuid,, dM30eover, to keep dowR).t he

equi pnent cost while attaining the desired production

amitiﬂfas BeediisB3véPedutiat 47 isheg MREirst dontimssushan
. More preferable ranges for
15 multi-stage distillation column and the second continuous multi-stage
distillaﬁon column that simultaneously satisfy the above formulae (1) to
(12), the diary! carbonate can be produced from the dialkyl carbonate
and the aromatic monohydroxy compound on an industrial scale of not
less than approximately 0.85 ton / hr, preferably not less than 1 ton / hr,
20 with high selectivity and high productivity stably for a prolonged period of
time, for example not iess than 2000 hours, preferably not less than 3000
hours, more preferably not less than 5000 hours. The reason why it has
become possible to produce such an aromatic carbonate on an industrial
scale with such excellent effects by implementing the process of the

present invention is not clear, but this is s_upposed to be due to a

composite effect brought about when the conditions of the formulae (1) to
36
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D2 (cm) are respectively 150 < D, 5 1000 and
Aot EZARANS 1000, with 200 5 D, <_ 800 and 200 <_ D2

<_ 800 being yet nore preferable. Note that for the
first continuous nulti-stage distillation colum and
the second continuous nmulti-stage distillation

' (12) SR WBmbifRed ON@ratefdblandiges P6r the respeictiventactoos dor the

ranges, each of the columms may have the same inside

iflLBust il i ioRYdiLAThs Beedin ke hey¥escribed
contlgggﬁoﬁulilh@?gg’ﬁlégﬁpﬂ%%ﬁi ns?gfah di anet er rra@ltgl ffer
bel for different portions. For exanple, for each of the
€I0Wont i nuous nul t i -stage distillation colums, the

i nsi de, di ameter ,of the uppgr r.tion,of .he I . Ay

bolfdre (¢ Qhbn (chy s less, @@'Pﬁﬁm-%ﬁé‘ f'h% cGverBidH

di aneter of the |ower portion of the columm., If Li, / ..
decrgases amd hemre i iscRat ppssiblegio gitadn éF'et Hgﬁ"ﬁ@‘, PEqliction

stable 37 A0501 VP77/ KAN ogerati_on becomes difficult,
amount. paMdredvar, tofkaep domn the lequipprent cgstarhile seeamfing the

40, then the pressure difference between the top and

conveesictrealbling the!dusirée production gmeaunt tmbehattaéned, Ly and
prol onged stabl e operation becones difficult.

L, miYRE RAH bel MaRRE P ROEHIEAS YhaA 8000 caMotdpreferable
tenperature i n the |l ower portion of the columm, and

angBEF & Bond A1 TP B L s

erabl e

200 Z85% 48hgt i TS £ 3 B SR ZEELLY ¥odnb vo

5< L2/ D2< 15being vyet nore preferable. 10 If ni is
more giefera€20, then the conversion decreases and it is

not possible to attain the desired grod_uc_ti on armurg
f olf Dhe(am) & Rofemivsulessnthan 190 dbem Hiis nat pegsidle to

colum. Mbreover, to keep down the equi pnment cost
attainhtHe deairad pyoduetiomamainin Maseongr: te keep dewn the
production anmount to be attained, ni nust be nmade to

cauBmER, ST YRS USRI B fecegy tiom amouneaDurand D
must each be made to be less than 2000. More preferable ranges for D,
(cm) and Dz (cm) are respectively 150 <D < 41000 and 150 < D, < 1000,
with 200 < D, < 800 and 200 < D, < 800 being yet more preferable.

Note that for the first continuous muiti-stage distillation column and the
second continuous multi-stage distillation column, so long as D4 and D;
are within the above ranges, eaf:h of the columns may have the same
inside diameter from the upper portion thereof to the lower portion
thereof, or the inside diameter may differ for different portions. For
example, for each of the continuous multi-stage distillation columns, the
inside diameter of the upper portion of the column may be smaller than,

or larger than, the inside diameter of the lower portion of the column,

If Ly / D4 or Lo / D2 is less than 2 or greater than 40, then stable
37



hetween the top and bottom of the col um becones too
AOSO1/RA{/KADhd hence prol onged stable operation of the
first continuous nulti-stage distillation colum

becomes difficult. Moreover, it becones necessary to
increase the tenperature in the |ower portion of the '
| u id j b j i t
operaifb PRogiis ifiGuTy: T RpiRatan WL O L3 DEE Greater
A npre eferable r e for. ni.l 0 j LN
than 49, Bian the Bissrne,dfEkrantie. Bpriperbiite Popartd hottdpof the

n2 is less than 10, then the conversi on,decr eases,.and
column biesarmes feegreal.:andiente Proianasd siahie oReratiAh

anmount for the second 25 continuous nulti-stage
becomiest diffiatlton Mareover\Mrhasamest beRespam A :pﬁgease the
equi pnment cost while securing the conversion enabling
tempéhgtudtesinr ik BGwae phirtidR7 af Khel qoiuthret aod hemceside ngactions
attai ned, n2 nust be made to be not nore than 80.

becomé [iBBleMbcéir, Wringingl aBbat & Heorédsetinathe belectivity.
pressure difference between the top and bottom of the

More%njéa:fgij?gﬁecggﬁgﬁg%rQ.rFF‘bé and Lhenes aps %Q?G@ﬂvétfﬂlb' €Ly / Dy

€ second continudous nulti-stage 5

distillati col ik fi t reque [ i
< 30 Bihtes TadeBs A TR bl Bttt andBLETALY Dy § 15 being
| ower perti?n of the colum, and hence side reactions

yet mpgeoRreeiarable- to occur, bringing about a decrease in
the selectivity. A nore preferable rapge for n2 is. 1g
< Ifrer is lass thapiGothen ihe SonupTsipR Sekieargsand it 1S not
preferable. 10 If D1 / dll is less than 5., then the,
possisjel foratiaindhe desiredepradustion amprndfer thedfitsiicpplinuous
distillation colum becones high. Mreover, Ilarge
multRERigY dislillgtispovsluranporMateovek tockeepydownedeegquipment
the outside of the system and hence stable operation

cost Whild@dduriig 1AB EanpeisioABRabihgaheddesireldapraduction
col um becones difficult. If DL / d" is greater 15

| amogggg@% atffifeldNh 9tk b AUPOIE Ve Mot oredthat ™m0t

Furthermore, if ny is greater than 120, then the pressure difference
between the top and bottom of the column becomes too great, and hence
prolonged stable operation of the first continuous multi-stage distillation
column becomes difficult. Moreover, it becomes necessary to increase
the temperature in the lower portion qf the column, and hence side
reactions become liable to occur, bringing about a decrease in the
selectivity. A more preferable range for nq is 30 < niy £ 100, with 40 < ny
< 90 being yet more preferable. |

Moreover, if n, is less than 10, then the conversion decreases and
it is not possible to attain the desired production amount for the second
continuous multi-stage distillation column. Moreover, to keep down the

equipment cost while securing the conversion enabling the desired
| 38
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A050{j€)faﬁ | ow, and hence stabl e operation becones
T T , and noreover a decrease in the conversion

i s brought about. A nore preferable range for D1 /

dil is 8 < D1 / dl1l <_ 25, with 10 5 D1 / d1l1 <_ 20

being yet nore preferable. Furthermore, if D2/ d21 is
prodl&¥SndiRBuAt thNsE atthindel, afiilistbe GRaHef tor behsot Ansredthan

continuous multi-stage distillation colum becones

80. TF&finheM QY?fépéggﬁﬁ‘étaggf’i‘ﬁéﬁ 0] ggég?HétPr%%@QﬁBe@ﬁﬁerence

are readily he out sl t he system and

betw%%ﬂgﬁ%ﬁféﬁgrﬁq i AT 8%%;‘?%%?@9@62%% gan ang hence
D 1 1 .
prol%uﬂsbﬁé%blaipgrﬁggﬁarmé@% ﬁ%’%&&ﬁﬁ@&“ﬁéﬂ%ﬁeﬁﬁy'?@ﬂe

and hence stable operation becones difficult, and
distillatienanlumnibecssaes idiffieritc o Nereevesr. ibhesprnes necessary to
VP77/ KAN i s brought about. A nore preferable range for
incre@ded thig teimpdratur®in the2lbwer partiontef the<cobamn,dend hence
10 being yet nore preferable. If D, / dl2 is |less than

side Jeatliohst becefs Hablé t6astéchQrbringing abbut @deicnease in the
mul ti-stage distillation colum becones high.

selef A7) oA I AR el LBt S 20 <
50 byl ved WG HHETeEBIR "5 °7°412% s greater than 20,
h he fl h h | i guid .

o o Ry bR Bt angn fie cdififubogt (8 the first
becones |jable to occur, bringing about cRrrosi gﬁ of
continuo s pakki-gbaoe disti Hation,ceEnALPecoMEsnIGN . pMQreaver,

is 55D / dl2 518, with 7 < D / dl2 15 being

, et .
largeramaopnis of gaseous comepabests arepeadilyypeleasead o tt%&no utside

5, then the equi pnent cost for the second continuous

of thaubysteahaandihenickel siabde opetation nddbeclirdti gontinuous

Moreover, the liquid w thdrawal anobunt becones

multi-StageVvdisYilitith casmhepeeoniad déffinat.at [foD, Jfdf1hs greater
second continuous 15. multi-stage distillation colum

thanP86°TRentthle §astbus! dohpdnettiwithd?a®@ mount becomes

relatively low, and hence stable operation becomes difficult, and '
moreover a decrease in the conversion is brought about. A more
preferable range for Dy / dy4 is 8 < Dy / dyy < 25, with 10 < D4 / dy1 <20

being yet more preferable. Furthermore, if D2 / dz1 is less than 2, then

the equipment cost for the second continuous muiti-stage distillation

column becomes high. Moreover, large amounts of gaseous
components are readily released to the outside of the system, and hence
stable operation of the second continuous multi-stage distillation column
becomes difficult. If D, / d2q is greater than 15, then the gaseous

component withdrawal amount becomes relatively low, and hence stable

operation becomes difficult, and moreover a decrease in the conversion
39
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' then the flow rate through the liquid outlet
A°5°£\%9@§?‘Hg becones excessively fast, and hence

erosi on becones liable to occur, bringing about
corrosion of the apparatus. A nore preferable range
for D2 / d22 is 7 < D2 | d22 < 25, with 95 D2 |

is brcﬂé@hﬁaggu?e' 20 il BPéﬁerEb‘Pé %ﬂ@erorZD]; Fud 1hi%r50't.;.®2 1dz <

een found t In step (I urt
2 iR e 19@g%two@éyﬁ%t.f:'f'yomgg
tﬂ% cggz gegsat{é) 5 éﬁ%ndﬂ‘\% ﬂﬂﬁ%’f‘% Jgoésﬁ)forgﬂg\% fitst

oper ation” for

e maa s that
contipgousemutirstags ﬂrﬁ&i&ﬁ)@n Gplymp e %gﬁase@ﬂ’ﬁ%"er the
the 40 A0501 VP771KAN operating conditions wth

liquid Matlud rayvak Roweumtgberopes nglativelyi kigheran @enq%??me
not | ess than 1000 hours, preferably not |ess than
operaflon dbthe firstrocoatimedies abukti-stage elistilationscolurmppecomes
and a predeterm ned anount of the diaryl carbonate
dlfflcQﬂf‘ bE Pt gdcEd yhddternian 20nithenthehfiowsedtecthnaugh the
characteristic feature for step (1) is that the

quunt@I d’ﬂt)’ét Egﬁgﬂ og b‘f?&%m*é% 8% CELsRG Iy Fabt Yan@hence erosion

onge Ime wth high select|V|ty and

wocciobt e, BESHEHeltg i obESISH e Bpghrilus. A

mor psptaraliedANga b3k Bire Bo 1SBe (11§ dia S Al WD (s D1 / diz <

case that L1, D1, .

15 bedng ied Ff‘ioll'gtpf@(ﬁﬁfﬁ‘h‘@@usFHﬂmqrf%?'E?géfi%ﬂ Lz |'%5)P8ﬁ thih 5,
col um satisfy respectively 2000 5 L, 5 6000, 150 5

then: thel eq@ipm@htisost, g:rsme;eecnnd cqobnuegsmudltli%tzseaﬁbs’“”3’1'0“
55D, /d12518, and L2, D2, L2 / D2, n2, D2 / d21, and

colubh betdméerhighe srdmedveonthmthiqmﬂd MthdraWai;tadgeunt becomes
distillation colum satisfy respectively 2000 5 L2:5,

relafiP8Rs higl®, and hence stable operation of the second continuous
multi-stage distillation column becomes difficult. If Dz / d22 is greater
than 30, then the flow rate through the liquid outlet and piping becomes

excessively fast, and hence erosion becomes liable to occur, bringing

about corrosion of the apparatus. A more preferable range for D2 / dz2

is 7 < D,/ daos < 25, with 9 < D2 / d22 € 20 being yet more preferable.

Furthermore, it has been found that in step (1) it is further
preferabie for dqq and d2 to satisfy the following formula (18), and for daq
and d;; to satisfy the following formula (19).

1<dy2/dyy <5 (18), and
1<dz1/d22<86 (19).
The term “prolonged stable operation” for step (I) means that

operation can be carried out continuously in a steady state based on the
o 40
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35L2/D2530 155 n2 5 60, 2.5 5 D2 /
,A0501D§El>%gﬁ%l’u

and 7 :_ D2 | d22 25, not less than 2 ton |
hr, preferably not less than 2.5 ton / hr, nore
preferably not less than 3 ton / hr of the diaryl
carbonate can be produced. 20 Furthernore, another
operatify aeirRfitibhisCwithahorftoddingstelpgging o pipingi erosien or the
- case that L1, D1, L1/ D, nl, D, / dil1, and D, | di2

i ! PdiSprefierab ﬁm ldsstthdraB000 hours,
like fégﬁgmsggttﬁny1pg?pgggl ve?y 2500 W L, : 5000, 200

more:[ﬁrq[?eﬁlzlysg%%éss%néh#o@e [Si@'f $ ﬁ‘z@ §g%gﬁﬁerﬁgne@?ﬁ1ount

of the i iaibenae bah papﬂfwr%ﬁ'éw?'i'% rffintaihidg, ghon

respectively 2500 : L2 : 5000, 200 5 D2 800, 55 L2
selegliviity.5 10, 20 : _n2 5 50 3: D2/ 41 A0501 VP77/KAN

d21 s 10, and 9 < D2 / d22:5 20, not |ess thaﬂﬁ?, ton
/" Arghanastteristic, femture fos stepait) 3s shabihe diaryhgaebonate can
preferably not less than 4 ton / hr of the diaryl

be pradlssdistabhy foeapparionged Fedotsef tiene with higbrselestivity
di ary) carbonate in step (lI) is based on the 5

and ﬁit‘h”ﬁthl h m@uéﬁony SfoeleEs tleasteton rhistprefétablyanot less
hi gh selectivity not | ess than 95% can generally

' thah @ tod 7%r. "MOMBreover,
thanpk;éreg%téra 'ln)e/rﬂ% ﬁéﬁﬁlgnﬁ%%ﬁach of the first

anot§3EBYHVEHTo LG 5 1OLBLog G 1€ el Mo dgha et 0.

col um used

TS SR CT e iy RN

dista{ughéh?ééw%S;ét?é&réé?ééét??%m #8680 s 2006 58Pusp+ < 1000,
where gas and liquid are actually brought into

3 < cphiack 30t BOona1andiliierB SPDeflendab:ééZ%xang@§ Dofl gdipes 18,

tray include a bubble-cap tray, a sieve tray, a valve
and 152, 4 215 Deouny, €3 ¥ dw, t any, Da /Skpefdrrthe seapndacontinuous

Maxfrac tray, or the like. Preferable
multi-stage distillation column satisfy respectively 2000 < L, < 6000, 150
<Dy;<1000,3<L,/D,<30,15<n,560,25<D2/d><12,and7 <Dz
/ d2; < 25, not less than 2 ton / hr, preferably not less than 2.5 ton / hr,
more preferably not less than 3 ton / hr of the diaryl carbonate can be
produced.

Furthermore, another characteristic feature for step (1) is that in

the case that L, D4, Ly / D1, ny, Dy / dqq, and D4 / dy2 for the first

- continuous multi-stage distillation column satisfy respectively 2500 < L4 <

5000, 200 < D4 <800, 5<Ly/ Dy <15, 40 <nq <90, 10 <D,/ d4y <25,
and 7 <Dy /dy2 <15, and Ly, D3, L2/ D2, ng, D, / d24, and D2 / dz: for the
second continuous multi-stage distillation column satisfy respectively

2500 < L, < 5000, 200 <D, <800,5<L2/D2<10,20<nz<50,3<Dz/
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ﬁgﬁl f the packing include a random packi ng such
A050‘§S a ﬂgé%ﬁl g ring, a Lessing ring, a Pall ring, a
Berl saddle, a Intalox saddle, a D xon packing, a
McMahon packing or Heli-Pak, or a structured packing
such as Nb!lapak, Gempak, Techno-pack, Flexipac, a
da siﬂbzghdp@%m@lﬁ dé‘% copgr Abt 1€8s RAGK Bohr/ B, prefegably not
nu S

ti-stage distillation columm having both a tray
i PR e A Y | foh £aP of e
less {54, 55 RIE/ Rrp BiorehBreRTSBl, ol lebS AL S P R0 o ot
. he (nternal' used | present invention neans the
d'aryL&ﬁﬁth@Itet%n#agnﬁu%%@' case of the tray, and the
t heorejical ..nu r st.ages _in the, case,of
pabRErpeipgtiviy” Jor SheAigrvt rarhanars 18 518b (7' based on the
di stillation colum having both the tra ?Ttiﬁn an? -
aromatic pwnebydpaxk sompennd Heasiedi ndn sian, (Dnashigh selpgtivity
of the nunber 42 A0501 VP77/KAN of tray and the

of natHessethiaral95% an genesallydse attainesh greferablyhaot jiess than
continuous nulti-stage distillation colum, a

97% /! AfSYig Eﬁef’éra\myefottlbssatlﬁaw 9808y carbonate is produced
fromthe dial kyl carbonate and the aromatic

O RQIRH b M e CRAFELA BT MES G Ym ART 4t g eSd iBRiatictneblwnn and the
has an extrenely | ow equilibriumconstant, and the

secorn%a%hﬁ?\ua:fﬁgretiﬂzi-%a%’éed?éy\‘gléé‘ﬁglﬁgrfélhnli‘ﬂ%mm step (1)

di'scover € I'1'Tation colum
havi,ng. the tray as. the.inter [ i.C r
prefeARRrbME ridsY aldishitaio, FpMnel Gafiq A tpliad / or a
distillation colu used in.the reactive.distillatiqn.
packing s dhe Inde il s cEim dermninteintadl” Hed it g prepsnt
. distillation colum, it is mainly a dispro ortionatio&w L
inveptiao: means thegantsyn therdistidlatiom solumuwhare gas and liquid
This reaction also has a | ow equilibrium constant,
are actlallysboougbddhtocontaet witheoneoanpthérns Beeferable examples

di scovered that a distillation colum having both the

of theatrgynthadlndet Abiiisle-eaptthay, atsisval traiys apvalver tralye aas
the second continuous nulti-stage distillation colum

courﬁ%gﬂ%gg# I,gég;svde;f‘e;\gféefﬁav,% Madtrhentrafubt RREMKe:, Preferable
examples of the packing include a random packing such as a Raschig
ring, a Lessing ring, a Pall ring, a Berl saddle, a Intalox saddle, a Dixon
packing, a McMahon packing or Heli-Pak, or a structured packing such as
Mellapak, Gempalk, Téchno-pack, Flexipac, a Sulzer packing, a Goodroll
packing or Glitschgrid. A multi-stage distiilation column having both a
tray portion and a hortion packed with the packing can also be used.
Furthermore, the term “number of stages n of the internal” used in the
present invention means the number of the tray in the case of the tray,
and the theoretical number of stages in the case of the packing. In the

case of the multi-stage distillation column having both the tray portion

and the portion packed with the packing, n is thus the sum of the number
42



10

15

20

25

t Istillation colum having the packing
AO501iQ§%M in the upper portion thereof and the tray

installed in the | ower portion thereof is preferable
as the second continuous nulti-stage distillation
colum. It has been discovered that the packing in the

of tra?%‘ipéﬁgfbﬁdﬂéﬁ%lrﬂﬂrhbgi?téfgﬁ_a%%sdi stillation colum

S prefe y structured packing, and that of

3G i RRER Bl hiyBadtsebbivation coumn,

i scovered that,

as each .o aid tra i nstall J ' :
react{@in{i e TR AR HBANE R adond Thom the dialky!

second continuous nmulti-stage distillation col,u
carbanatecand dpenaromatic monsydrox SopIPehRg naliy dsedrs.

portion is particularly good in ternms of the .
This reactionrsis prbextresnelyelawraniibibriim constaptnandothe reaction

It has also 43 A0501 VP77/ KAN been di scovered that
rate i@aslovei &NE Hamye It hberbben dissoveoced thet woplateotypel es

/| m2 in the sieve portion. A nore preferable nunber of

- ' BV the 989 dwltke interhal)ietpamicularly
dm“"ﬁiﬁﬁ%?gﬁ ﬁom 150 to 800 holes I n2. 5 Mreover, it

pref%}gﬁé@%ntﬁjé §78Y ehptinriis H‘ﬁltﬁ%@e hstillatioh esrmpaised in

each sieve tray I1s preferably in a range of

fromaQ.5 .cnp. ra r 1 ' Iti-stage
the rgpBIvE.diskialidil”; Mgt Jh H8l GEecnd ctras s aRdit-stag
. .preferably from0.9.to 3 anP. Further e, 1.
distilfptien el Rde ainl 3HEpeopaRIGRATER deastis dr I atky
sieve tray has from 100 to 1000 10 hohﬁes [ n2 in t{lﬁ
aryl cadhenats thahocehss + hd hisgeacdian alsphas a Jopepaydfigrium
isin arange of from0.5 to 5 cnR2. It has been shown
constant, apdaidiow reacticiboate.cofvien 8as it basheen fisraygted that
mul ti-stage distillation colums, the object of the
a distIReeh doATH havisgbdih thé packingrama teasitrgy ashthe internal
carrying out step (lI), the diaryl carbonate is :

= PEIBH4SIA e e R MoLTR LV atags dishlnn ol
used in the reactive distillation. Furthermore, it has been discovered
that a distillation column having the packing instélled in the upper portion
thereof and the tray instailed in the lower portion thereof is preferable as
the second continuous multi-stage distillation column. It has been
discovered that the packing in the second continuous multi-stage
distillation column is preferably structured packing, and that of structured
packing, Mellapak is particularly preferable.

Furthermore, it has been discovered that, as each of said tréy
installed in the first continuous multi-stage distillation column and the
second continuous multi-stage distillation column, a sieve tray having a

sieve portion and a downcomer portion is particularly good in terms of

the relationship between performance and equipment cost. It has also
43 '
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rmnoh%/gr&ﬁ(y conpound as the starting material into the

AOS0f MR inuous nulti-stage distillation colum in
which a catalyst is present, carrying out reaction
and distillation sinmultaneously in the first columm,
continuously wthdrawing a first colum |ow boiling

it (i . . .
moer?flsloySHES 1) Shth 1B 0RT P8 R B AP o0 10,1000
for. t. i t hd i f kSt .
nole 73RS thbCE Ry RoiaHe, Thindte BFGTe/aa i bRy SPhUIES is
from{ 140 5400 tiaml WY & &iMare ATGIAAtyAT LAY §o 00 Rotes 1
feeding the first columm high boiling point reaction
m~. m xture into the second continuous nulti-stage 25

distillation colum in which a catalyst is present,

caMotienyery it hasdheéen dissdversdithebtthercroissiseationad larea per
in the second columm, continuously 44 A0501 VP77/ KAN

hole Wt S8ERWiBUedrag a8 preTarably iy :_l@m'q?' ®d fPEIN0.5 ¢68 icoaf?. A
m xture containing a produced dialkyl carbonate from

ai hing" . :
mord BrRAElDIE U s S Lol SRR PRI TR fronfpiIe R Bm”. ve!

bai LLng point r t,i ] Xt u L0

morg Brplfaety he 67 1 | oFErbfEIib (8 Mad bt Bfspovered
¢col um i.n iquid fqorm..and .  continuousl eedi h

that {01 RAruSh (hrly PoaraiabIpiG St Eram i Ras r§FE 100 € G000
contai ning the dialkyl carbonate into the first .

holegdniy rificthe siene ipostioge and the ciossnseelianal akga per hole is in
mentioned earlier, the starting material may-contain

a range af fronol0s5 tohé crhRy| lahgs baeh@twndhatihe adding|the
10 carbonate that are reaction products, and reaction

abowy conaitiohs tautiie 2ontimuchk yhuli-gtage lddstiHation gblumns, the
boi li ng point conpounds. Considering the equipnent

objeR GfAPR! present Rl dtioA G dlel Sftantéd Pb T iceailyon i n
ot her processes, when actually inplenenting the

PSR, bENTRATEE SO B artd chfodhgle e eepuitiqusiy
proaluscecé)g’gloggrqﬁhuousiy feeding the dialkyl carbonate and the aromatic
monohydroxy compound as the starting material into the first continuous
multi-stage distillation column in which a catalyst is presenf, carrying out
reaction and distillation simultaneously in the first column, continuously
withdrawing a first column low boiling point reaction mixture containing a
produced alcohol from an upper portion of the first column in a gaseous
form, continuously withdrawing a first column high boiling point reaction
mixture cdntaining a produced alkyl aryl carbonate from a lower portion
of the first column in a liguid form, continuously feeding the first column
high boiling point reaction mixture into the second continuous muiti-stage

distillation column in which a catalyst is present, carrying out reaction

and distillation simultaneously in the second column, COntinuousiy
44
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1), mhen‘continuously feedi ng the dialkyl
AO501IC§P§%§§?‘& and the aromatic nonohydroxy conpound as

the starting material into the first continuous
mul ti-stage distillation colum, this starting.
material may be fed into the first distillation
- N r' s r H
withd Byl 3 SeRar Sl AW BEling p SriTEsRfor Rkeire
ositions in_the,u r rii,Qneor t i.ddl [
contdfitig, 2 Prod it ARG cafRindd B alf uPpt ot of dpe
in the upper portion g; the first distil bati on col um, d
second gajumidn gaasecus o, ceptinyaysly wigdraving 4 secon
containing a large proportion of the  aromatic :
columﬁvuiubo%wgmannaac o8 mieturereentaining aprefuced diaryl
colum in a 25 liquid formfroman inlet provided in
carbdatel o @ dowiesrpartiarhef the ssecemdtdalimn om acbinuidh form, and
and feed a starting material containing a large 45
contifdoUk [YRé&ding! thecdecsndtodtlimméowi bbHirg paimboreaction
into the first distillation colum in a gaseous form
mixh;rire?g?t)ﬁf‘a'!nri‘hﬁltf]h@ Swlﬁgﬂ?bfbér‘i‘é*té W LS Firspeontindvus

I st ation ohurm_ above the liquid outlet in
mult A LIPS0 tmh s A8 PidnyShed Lanle ptnErdt4Ming®
matef{3! Fa; SOBAR AT olS: RhE AP ALY Brfi¥hafi Hnd the diary!

portion of the first continpuous multi:stage

carbgnate [that ase @AGheN ipéog{éstﬁ.i ﬁﬂédﬁ%ﬁtf%?%%ﬁi’@%%ts such as
second continuous nulti-stage distillation colum. |

an alkorl @ryi iegheirrand dighhoilingrpoisit cempssings.r eg@nsidering the
m xture is 10 preferably fed into the second )

equighsnt aati costréquined foa deppradidroandapurificatiomin other
gaseous formfrominlet(s) provided in one or a

procBkyes! iiye Afadtesilly pmglementing theppregent inventiohhiadustrially,
i ddl e portion of the second distillation colum

m
it is E?éfé’i‘gtﬂglésftg:?ﬁh‘é%{ﬁ{ing”nfah&ri%’RSrc@ﬁfa‘ih%Qﬁ am@unts of such

econ ation col um. Moreover, in the case of
comﬁlggpgl as the second distillation colum, a 15

[ isl'ati on colum havi ng the packing portion in the

UDQErst%%rEli)?nwl'gehnerc%%ftinuously feeding the dialkyl carbonate and
the aromatic monohydroxy compound as the starting material into the
first continuous multi-stage distillation column, this starting material may
be fed into the first distillation column in a liquid form and / or a gaseous
form from inlet(s) provided in one or a plurality of positions in the upper
portion or the middie portion of the first distitlation column below the gas
outlet in the upper portion of the first distillation column. 1tis also
preferable to feed a starting material containing a large proportion of the
aromatic monohydroxy compound into the first distillation column in a

liquid form from an inlet provided in the upper portion of the first

distillation column, and feed a starting material containing a large
45



ay portion in the [ ower portion thereof,
AOSO@E&?&D?@L& preferable enbodi nent of the present

invention, it is preferable for at | east one position
where an inlet is provided to be between the packing
portion and the tray portion. Moreover, in the case

propéftidn dfahRA8ldIRgP cafiPnate imto’the firstldistillafionadsludin in a
structured packings, it is preferable for an inlet to

gaseggs 1 ggﬂlﬁdaﬁﬁn%t%ﬁdgﬁtiwm i&ﬁe?‘ﬁ(olﬁ')ti%fn of the first

ructur packi ngs.” Moreover, 1n-step y IS al SO

._.pr.ef erahl carr r : natJ : ;
distilfifof @ik Br e fud s in JZ 184S hdttion of the first
. L‘;@ of .each of the first continuous nulti-stage
distillation | GdUMY» col unm and the 25 second conti nuous
mul ti-stage distillation colum, and then returnin .
soMoreoveti in stepdhbrihe first eatumppaighybpiling, peint E%actlon
respective 46 A0501 VP77/KAN distillation colum. In
mixturte socdasiming thef alkyl raayl carbonalte dantinuewslyi withgeawn from
multi-stage distillation colum is in a range of from
the 18wle? gortiom dfahecfifstconiahuoubonulfiestageodistiltatiomealamn is
multi-stage distillation colum is in a range of from

cont Muél?oﬂa% itbefhel 8BLYnkr &ohAn A8 usOmultitstag ePdRitRIARb

rom57°0.1 to 2. For the first continuous nulti-stage
colufiE!  Hefk! e et i nigf 631G Qo 3bon Mickire i

referabl e .enbodi nent. .. k.n I )., e. met .
prefiah e BB serond WRsieffon byt Babitorm and s or
continuous nultj-stage distillation colu be any. .
a gaggoNsdloT™ fram injel(ehesovinad ifena ol 3 alurality afppgttions in
that is insoluble in the reaction liquid, it is
the ypeeepastiont of thedniddlal pertian dfdhe seaonddigtiliation column
colum by, for exanple, being installed on stages
belownthe@ashoutietin thenuppeoypontidn of thegecend distiatiom column.
colum or being installed in the formof a packing. In
Morédeer GasthedtageCtt akiRj, 49ahelseconhd adistilation sdbhmhnpa

material or the reaction 15 liquid, it .is preferable

distiggltifg‘?nﬁgom}ﬁncﬁé@irﬁgsfhé PaRKiRg gortidn fh the!uFdéPPortion thereof
and the tray portion in the lower portion thereof, which is a preferable
embodiment of the present invention, it is preferable for at least one
position wher_e an inlet is provided to be between the packing portion and
the tray portion. Moreover, in the case that the packings comprise a
plurality of sets of structured packings, it is preferable for an inlet to be
installed in a space between the sets of structured packings.

Moreover, in step (I), if is also preferabie to carry out a reflux
operation of condensing the gaseous component withdrawn from the top
of each of the first continuous multi-stage distillation column and the

second continuous multi-stage distillation column, and then returning

some of this component into the upper portion of the respective
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from ah(EOSItlon above the m ddl e portlon of the first
AOS0HMEAVIKAN on colum. In this case, a catalyst

sol uti on obtained by dissolving the catalyst in the
starting material or reaction |iquid my be introduced
into the colum together with the starting rraterial

s bl IRAGR ST NG I4TR 4 e captpuous

anmount

of the catal yst sed i.n.the first
multipgags SretiEueR GalNEn &f 16K cAnORPE ﬁsﬁ@éﬁ%ﬁ@ and a reflux
i nvention varies depending on the of cat
ratnodgedhetmmwwrﬁnwowdpulh%ﬂgecS#ISFI et'&thwaé'" is in a
mat eri al conpounds, and reaction conditions such as
rangéhsf froaci0.on tbeﬁﬁepaeter@bdvidr@meor&&&@|53ri11;§’rf@sB(ﬁf@fab|V from
The 25 anobunt of the catalyst is generally in a range

0.1 tefzf r @Hr0Hfist eoRfindous matigttagendistidtativon dolumn, not
0.0005 to 10 % by weight, nore preferably from 47

9% ut’E1h Patlofo(Pye . WM rathgscd) ds dlse a
carrﬁ@? %u st Zﬁ I}‘?ﬂu%g&gtéartl ng( mat eri al . l\/brec))ver in
St thod of making the catal yst be present
pref?ﬁﬁﬂﬁ éi‘?@éﬁ%‘ continuous multi-stage distillation

EZ{IE gp B%/‘?WQCLQ? rpgiqr}gtsg\f%&%gﬁl taé]e tpg'%sen’t in the

reactlonl|qU|d it is eferable for th catal St.lo
firstigorRinuais mulistage distillation cokgpn dpayhe gthod. In

installed on stages inside the second contlnuo

the caseithat dhe ctitalyst ist aolid thahioingrluble indhe reaction liquid,
the formof a packing. In the case of a catal yst that

it is grefeiatde fon theecatalyst by berfixedi inside theecobuonily, for
liquid, it is preferable to feed the catalyst into the

exaﬂa 16 £B81KY Hh&tdlld Rbnostaasds msitieothenfipsts tontin s enulti-stage
e mddl'e portion of the second distillation columm.

dlst||ll'?-1tfdﬂ ﬁoﬁ?ﬁl of“‘b%?ﬁ lingtal$@d YhitAR Rthioned h)(:kmg In the

he cataryst 1n the starting materi al

casg énggqt 'ﬁ?g?abﬁ?#h?ﬁ@é%lt&é K m?er | giﬁ@trﬁaféﬁagek ltﬁ@ reaction

arting ne
t.roduce t.0 m fr r

liquidhat 35 refeisbie i fesd the saEThionib thF fRet 4HeBigfign column

used in the second continuous, multi- talgset e es
from a position above the middle portion of the distillation column.
In this case, a catalyst solution obtained by dissolving the catalyst in the
starting material or reaction liquid may be introduced into the column
together with the starting material, or may be introduced into the column
from a different inlet to the starting material. The amount of the catalyst
used in the first continuous multi-stage distillation column in the present

invention varies depending on the type of catalyst used, the types and

proportions of the starting material compounds, and reaction conditions

such as the reaction temperature and the reaction pressure. The

amount of the catalyst is generally in a range of from 0.0001 to 30 % by

weight, preferably from 0.0005 to 10 % by weight, more preferably from
47
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&Ezﬁml on colum in the present invention varies

A0S01 D ' on the type of catalyst used, the types and
proportions of the starting material conpounds, and
reaction conditions such as the reaction tenperature

and the reaction pressure. The anount of the catalyst

0.001,§ S0 4K, KA SOl URBHLSE NS stardhgmaterio

fer % isgAat

RS EBET oabr [0 e dnatie br K AE  catsiyftb B present
t he cat,al yst. used i fir

in theypep RS BHinUataHAlicFian éatﬁf’a?&c‘eﬁ“&%i@"{%%%‘eagﬁv
second conti nuous 25 nultl-sta e S tion c

methady 88 thecagadhat ter patalyet Eoa serd that is dnsafipidin the
sane. More preferably, the sane catalyst s used, in

reacttomt liquid, Aa?.onre;renble\mocunemaéalwsftu to batfixgdinpiderdhe
one that dissolves in the reaction liquid in both

colun@@'byﬂfar dxarmpie, beieg indialical ohystagiis ndidedthensegond
hi gh boiling point reaction mxture in the first

contnﬁﬁBhb%Qu‘l‘ﬁ éﬁ?g d Rt Gh Sc!dlhhﬂrt bPheing installed in the form of

gener al | rawn fromthe | ower portion of the

a paélhﬁﬁt qnd{r?é' lals@ gf’% Eé’faLl'{J@t H%e&%%lf ol¥e§ intthe atdrting

car bonate and so on, nto the second

e T BT 1P 440 18 it o e
soco3LBrbin coBuEY ot L R5URSH b T i o e

The reaction tinmes for the transesterificat
secondadistiiatiomcolemmut In thisseape( a)%taév%ﬁehué%&hta'"ed by
equate to the average residence tines of the reaction
dissdiving deeicatahest i the sdartimyooateriak or seggtion liquid may be

distillation colum and the second conti nuous

introfukbkld- Mtaak edtbsiimhaidgetheelwith thBastarting: meterial, or may be
reaction tinmes varies depending on the formof the

isol LB Blte e Sluif of) o derentanlarms o staeungatora.
The amount of the catalyst used in the second continuous multi-stage
distillation column in the present invention varies depending on the type
of catalyst used, the types and proportions of the starting material
compounds, ahd reaction conditions such as t'he reaction temperature
and the reaction pressure. The amount of the catalyst is generally in a
range of from 0.0001 to 30 % by weight, preferably from 0.0005 to 10 %
by weight, more breferably from 0.001 to 1 % by weight, based on the
fotal mass of the starting material. '

In step (1), the catalyst used in the first continuous multi-stage
distiliation column and the catalyst used in the second continuous

muiti-stage distillation column may be the same or different, but are

preferably the same. More preferably, the same catalyst is used in both
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[ fed into the columm, the type and anount of
AO5OWE%Q?‘§WSL the reaction conditions, and so on. The

reaction tinme in each of the first continuous
mul ti-stage distillation colum and the second
continuous nulti-stage distillation colum is

L] Mg . . ey
colundT8 Cihls 1‘!3@]%%5%&% ofe th 2 €Vives iHOthDréaetien liquid in

pref erab to 5 hours, nore preferably from

, 3 : i itRat i
both ghyiniiss, s s cdp, 1 GataRigtdiREERey fn the it bbfing
. .dependi ng on the t .of the.st [ Lak: atiliati
pointgsgipradn (ute aHBTHR L SRISHALE AT sFoEstination
catal yst. This 25 reaction tenﬁerature IS gnﬁrQJQ(in
coluranrigrgenerally grithdawe feemcthe lower Rﬁfémg tRedy
increase the reaction tenperature so as to increase
distiltateor Tolabm tugetherwithethe adkyl ary cathanaie and speon, and
reaction tenperature is too high, then side reactions
fed ihes the decdn @ contimmus niuwti-siagedistiiatioot¢calunon as is; this
by- products such as an al kyl aryl ether increases,

is a plifeiable WINBBHIMABNE. Nute tHuts if Aesessarpemorecef te
tenperature in the first continuous 5 nmulti-stage

catafysF qar B B ddled Mt B o et T e e

. aore preferably from 180 to 250C. The reaction
d‘s““%ﬁﬁgrﬁ?mni n the second conti nuous nulti-stage

distillatign colum_varies dependi n th o) .

thiha perfignidmen i e traRRRIRIC ATk, ranbtiBia rgsied out
) and anmount of the catalyst. This reaction tenperature f th
in step {pmseaconsidergdrismaauate tpoihe ayeradedgsidepce dimes of the

preferable to increase the reaction tenperature so as
reaction liquids én tthe firstaaantimuo us anulvadage distiligtion column and

reaction tenperature is too high, then side reactions
the $conE domtbthaolis maltisstagerdistitiation potulot i dnach abthese

by- products such as an alkyl aryl ether, and Fries
reacti® tinhg€Rities depending on the form of the internal in that
distillation column and the number of stages, the amount of the starting
material fed into the column, the type and amount of the catalyst, the
reaction conditions, and so on. The reaction time in each of the first
continuous muiti—étage distillation column and the second continuous
multi-stage distillation column is generally in a range of from 0.01 to 10
hours, preferably from 0.05 to 5 hours, more preferably from 0.1 to 3
hours.

The reaction temperature in the first co_ntinuous multi-stage

distillation column varies depending on the type of the starting material
compounds used, and the type and amount of the catalyst. This

reaction temperature is generally in a range of from 100 to 350°C. |Itis

preferable to increase the reaction temperature so as to increase the
49




-pgﬂt—m(g of the starting material conpounds and the
Aosopro uce Ndi aryl carbonate, and derivatives thereof

i ncreases, which is undesirable. For this reason, the
reaction tenperature in the second conti nuous
mul ti-stage distillation colum is preferably in a
reactiomgatef Howeddd if dh20re2ffion tenperatiies ddltpof high, ihen
to 260C, yet nore preferably from180 to 250C
side \PABOYAE bdd¥mecRabiePto IRUTUIEr eahiislel préduction of
continuous multi-stage distillation colum varies

by-priehfdd! W%sté‘rznécll(?ﬁg?\féloéﬂ?eﬂrﬁfr@a% s'?‘%%ﬁ?"dhaist undesirable.

compounds used nposition of the starting
terial h Cl.i . ‘ he
For tffs agan, Mg s8ackERlle Bpes 8RR B the RS teifiiioudny
be at any.of .a reduced,pressure,, normal pressure
5 multizgisgie SIMIAARN G S i rERe TRy S & Tandie B Ltan, 130 to
the top of the colum is generally in a range of from
280°C, move prederatly fyeat db8ota 2605f, 108 merecrretpgabhbfrom 180
preferably from 2x105 to 5x106 Pa. The reaction

to 250°€ssure in the second continuous nulti-stage 5
di stillation colum varies dependi ng on the type of

t hhet psddtign TBkfré @ture dnihensscoadtantintbes multi-stage
conposition of the starting nmaterial, the reaction

distil\ﬁﬁﬁﬁﬁ%l'ﬁhﬁn viltfe S BependiR® 68 dRBGYpRNbF INEWarting material
multi-stage distillation Colum nmay be at any of "a

10 compIHEETALESTHA A B ekl SRR of Hie FABNAL eChis

essure. ress e col'um is 10
reachFBriathbbradich b 8o b i fahehaPhH S g 55 101s
protar b i sea e b b SRR AR i SHEs the

distillation colums may be used. In this case, the
reactiost rateat i dowayarmiktheyepstiomtempesatiineeis 1ap séghethen
in parallel, or in a 15 conbination of series and
side paaaiticris brooave diablatot becsgdamndexampilepsoduction of

15 by-products such as an alkyl aryl ether, and Fries fearrangement
products of the starting material compounds and the produced diaryl
carbonate, and derivatives thereof increases, which is undesirable. For
this reason, the reaction temperature in the second continuous
multi-stage distillation column is preferably in a range of from 130 to

20 280°C, more preferably from 150 to 260°C, yet more preferably from 180
to 250°C. |

Moreover, the reactibn pressure in the first continuous multi-stage
distiilation column varies depending on the type of the starting material
compounds used and the composition of the starting material, the

25 reaction temperature, and so on. The first continuous multi-stage

distillation column may be at any of a reduced pressure, normal pressure,
50 '
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_ AOSOWE’%{KSAIQge distillation colum in step (1), a

ralrty of distillation colums may be used. In
this case, the distillation colums may be |inked
together in series, in parallel, or in a conbination
of series and parallel. 20 The material constituting
or anSRSplied pressurest TRElpreseuse Bt the 6T thd ebldmatison
colum and the second continuous multi-stage

et Lal U : " : | v ;
genefdiff | sctaiie TR 01730 2210 . rfpPaBR Fidin 10T to 10
steel. Jn. .terns o0 ] it/ f the aromatic
Pa»"EQFbBH%#%?b%¥$H%%%é§H§t&8#?%!@ teel is preferable. 25
The second col umm hi gh ilin int .reaction i xture
ol TEaaLOp B eneNtadn Ahermeahd shatiniiris SHubl-SHas
_ _second continuous 51 A0501 VP77/KAN mul ti-stage .
distiligtion cplumenvadesnsepanding @n the dypeiof ’@h%ﬁté%nm&gate"al
the diaryl carbonate as a mmin conmponent thereof, but

comppareisauspdabed thentaempositioneat thel sdaryng angterial, the
carbonate, a small anount of unreacted starting

reactitii ¢ehleradupaphhdagd wr. oThe gécond|corgtimobas multi-stage
by- products and so on, and 5 noreover in the case that

distilBatisHeateRtH tn Pl Bt lary of L fed@ted MAYsAIreS ndrihal pressure,

catal yst conmponent. It I's thus necessary to carry ou
T . ot ( e . .
or arfaBUlipt Siadilte, °; Fhel didssufie AL Boprof ik Edk 1o
ojnt_reaction pixture., In.step (11 n I QCESS 6
genefglilint FERuRtaG M G gk Bl PirBEPL 3SR LFE o 10
can be obtained from 1Q thi §ffpcond col um hi gh boiling
Pa, merepretarablyframes!d” ©dfpiR&  include distillation
and / or recrystallization and so on. |t has been
di Asdher ficst pantingousheudti-stagendistiltation goluam ipstep (1), a
it is particularly preferable to carry out step (11)
plurality of disdiillation aolomns oeesbe Fsed hedndibds dase,Hbe
present invention, it has been discovered that 15 it
distiligtibnrddiamng ehay Bd tinked igutherlih seriagdopt parallel, or in a

distillation separation
combination of series and parallel. Moreover, as the second continuous
muiti-stage distillation column in step (1), a plurality of distillation
columns may be used. In this case, the distillation columns may be
linked together in series, in parallel, or in a combination of series and
parallel. |

The material constituting each of the first continuous multi-stage

distillation column and the second continuous muliti-stage distillation
column used in step (I} is generally a metallic material such as carbon
steel ér stainless steel. In terms of the quality of the aromatic
carbonates produced, stainless steel is breferabie.

The second column high boiling point reaction mixture

continuously withdrawn from the lower portion of the second continuous
b1
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r L,n which two distillation colums (a high
Aosmg@?ﬁ@ oint material separating colum, and a

di aryl carbonate purifying colum having a side cut
outlet) are used, separation is carried out
continuously in the high boiling point nmateri al

multi-%?é’g‘é&liiisﬂﬂa%HdJEBldthinaaqqlﬁunfdm if Gtep"@Nthaddthe diaryl
avrng as a

mal N conponent ereof the diaryl

carbonate._ unr | y AeTol N TN antains
carbogﬁéﬁa%ﬁomﬂmo?g@ ?’i'a??itgtées?g?'t Pﬁggrrat erltlgl ?%g]g a

col bot t om conponent _hayvi ' [ ;
unreadtefl KV arbeArbaRatm 2 aroall g st o UpFFAF et Starting

by-products and so on and /[ or a.catalyst c onent ,
matetiak 2 snaal ampudiohigh beiiing tn?énﬂi%gﬁﬁb%ﬁ"r'?ﬁ‘gngﬁgi% on, and

25 material separating colum is continuously f;? into, .
morebher dh dhel case tbatta=hopwgeneayscatatyst idsadp Alapicrntains

Is carried out continuously in the diary) 52 A0501_
this CHUAR/ADbmpdmantt e itusithysnyecessary totaarryca a purification

conponents, i.e. a colum top conponent, a side cut

' A HighLpribo disrp carbomate, frohe the second

step ﬁ?gﬁggg?ﬁ?‘yﬁgl@aryl Qc;t?mboﬁgt eﬂt?ei ng obtained as the

.co;u@hﬂﬁgﬁuégﬂeﬂﬁggbﬁﬁ{er%gﬁﬁhﬂer@%e. | Yni sty eNyr ahyprovess may

ottom 5 conponent fromthe

hi gh_bqi lin i_ng. S j { Qe i rom
be ugsdoapdng gadpe NG pElty FEFYELhFafigle CRrf Be htained f
distillation colum_.and /. or the secaop ont j
the segond splganghigh boiling paipf (rACHR ﬁﬁﬁ@b’%- EXditples
catal yst conponent in st e{) f.l)._ Mor eover, the, col um
includepdisittatientand / @n racsyatalfigation 8pA82 - i Hyhiag been
colum generally contains a small 10 anount of the
discoverad tiat hohtitese aindthe presentidnveation, vhic particularly
the colum top conponent as is or after carrying out
preférdife & shrdy aut etep (Hparsingoa distitlaticroprdcessng
poi nt components containing in said colunmm top

CORRRRSEEmBTE Nth FREIRs P! iHVBntiMEt tasabkenl distiovered that
anot her colum bottom conponent is returned into the

t
1 By ARGE 19O, TR 1 15 A 2 S slsscpatation
process in which two distillation columns (a high boiling point material
separating column, and a diaryl carbonate purifying column having a side
cut outlet) are. used, separation is carried out continuously in the high
boiling point material separating columh into a column top component
having as a main component thereof the diaryl carbonate, unreacted alkyl
aryl carbonate, and a small amount of unreacted starting material, and a
coiumn botiom component having as a main component thereof a small
amount of high boiling point by-products and so on and / or a catalyst
component, the column top component from the high boiling point

méterial separating column is continuously fed into-the diaryl carbonate

purifying column, and separation is carried out continuously in the diary!
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recovered as high-purity diaryl car boﬁate is

Aosméﬁbﬁﬁﬁgferabl e. In step (11), a high-purity diaryl

carbonate of purity generally not 1|ess than 99.9%
preferably not |ess than 99.99% is obtained. The

content of high boiling point by-products therein is
carboﬂﬁf@rpqh f%]i%tcdmﬁﬁ\ ot frire el @8 mppome piss fics .adl goluoin top
nore tha

ppm nore preferably not nore than 10

compﬁﬁ%},{@{sﬁ@&e %ta.it‘,é‘aﬁn Y dHEESFHY 4 B¥RIthhBbttbiieconfpdneat, the

an not containing a hal ogen are

. eneral |y used, and C ' nt.

nigh-iG. BlAH PP ORI s oGPl RaRe, SO¥ Elt compBRe
than 0.1 ppm  preferably. not re than b

prarthepnprel isRrefgr @Kl% gﬂr g?'pﬂ'b .soﬁé?d]o? tgge%of(q?'f\ﬁ)bottom

is carried out. This is a step of reacti an 53 b

compoasat fuenrihe\Righ haiting m«pwdmtwm%{ﬂ%%ﬁ&'vﬂ’&‘ to be
high-purity diaryl carbonate together so as to

circulpted ussclaintr thefirst pongirardus meltiretags distillatippesolumn
and, producing an aromatic pol ycarbonate using a

and /Bt B seebnd toatindewsl nuititsyagepdistitaticatdadumn and reused
apparatus in which the nolten prepolynmer 5 is nade to

D pd! i _ ofMevede6r, thedcbhamnoidpesomponent
as °32?@§5| ynepain%quﬁ;gr%ﬁ%d while flowng down. The

rom B8 Thh) ML pORFRONT LG pinaiy Coaing ansmal
amouLAbifs dablhearaliiis ghehheril BB 0d YRR with the
cotubrion oritont 55 b s S BER ey PIBHE,
Ar 2 independently represents a bivalent 15, . .
sepacatibnoykcthe low beiliagoppint coanangnts geetaining ingajd; gelumn
70 carbon atons,
top component using another column, some or all of said another column
bottom component is returnéd into the high boiling point matter
separafing column and / or the diaryl carbonate purifying column, so as
to be recovered as high-purity diaryl carbonate is also preferable.

In step (i1}, a high-purity diaryl carbonate of purity generally not
less than 99.9%, preferably not less than 99.99%, is obtained. The
content of high boiling point by-products therein is generally not more
than 100 ppm, preferably not more than 50 ppm, more preferably not
more than 10 ppm. Moreover, in the present invention, the starting
material and catalyst not containing a halogen are generally used, and
hence the halogen content of the high-purity diaryl carbonate obtained is
not more than 0.1 ppm, preferably not more than 10 ppb, more preferably

not more than 1 ppb.

Next, step (111) is carried out. This is a step of reacting an
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resents a bival ent al kane group having 1 to
A0501W?(1H@ﬁ at ons. In each of the bivalent aromatic

groups Ar' and Ar2, one or a plurality of the hydrogen
atons may be substituted with another substituent
that does not have an adverse effect on the reaction,

aromaGé &ﬁy&?‘é‘@'c%rﬂpbahﬂgﬁﬂdath@m!gi'npﬁrkﬁ digrpLpataonate 1
to 10 CTarbon atoms, an al koxy group having 1 to 10

togetﬁéf Qﬁnag%g‘}roo"’hég‘%'?ybr&h%i% RB ViboHatedheMen prepolymer,

, a cyano group, ester group, an ami de

anc s8530Ring o RGP BB At Beimd oI eBtacting

rou

n aronmat i oyp havin it
downflowg 1R AalyMe4aiden SRRALS %@éﬁ" 358#5?{3"25?&%”'“6’
or sul fur aton(s) Each of the Aval ent %rormt{
is magheotq§low dowa alpng susfacesrekguides.,and
VP77/ KAN exanpl e, a group such as optional I y
prepalyheai twpetymberzﬁldemmlla)ﬂpmngl dgwnsubst i t ut ed
bi phenyl ene, or optionally substituted pyridyl ene.

HeTke arowatitidinytisory compbond asedbovsteprtidl)bisvalaompound
al kane group Y is, for exanple, an organic group 5

Frmula; CHS RLRB R -C
reprefs%‘?{téaetﬁ‘g%%ﬂlé/rafl‘?bh?l‘ﬂiﬂ%_e@‘)m(erel n each of R, R2, R3,

and R4 | Qlja d@pitly represents a hydr n atom an
al kyl group haV|ng | to 10 carbon ato an al koxy

toyp 10 havin C t a cycl oal kyl
Wheféf%éﬁ fmﬁﬁa%gt%bg‘ga%gﬂiﬁﬁ%)g rﬁa‘iﬁ’t he ring

thereof a carbocyclic aronptic u 0

caf Bgnbivadent Aromalic Eﬁ@”P%F 5P egqnpa:;ﬁg,a %gﬁgéhop‘é one

aral kyl group having 6 to 10 carbon atons,
represstesehysgemeralifogmuler AR to 11, R5 and R6 are

~Ar'-Y- Ar’- (30)

wherein each of Ar' and Ar? independently represents a bivalent
carbocyclic or heterocyclic aromatic group having 5 to 70 carbon atoms,
and Y represents a bivalent alkane group having 1 to 30 carbon atoms.
In each of the bivalent aromatic groups Ar' and Ar?, one or a
plurality of the hydrogen atoms may be substituted with another
substituent that does not have an adverse effect on the reaction, for
examplie a halogen atom, an alkyl group having 1 to 10 carbon atoms, an
alkoxy group having 1 to 10 carbon atoms, a phenyl! group, a phenoxy
group, a vinyl group, a cyano group, an ester group, an amide group, a
nitro group, or the like. A preferable specific exampie of a heterocyclic
aromatic group is an aromatic group having one or a plurality of
ring-forming nitrogen atom(s), oxygen atom(s), and / or sulfur atom(s).

Each of the bivalent aromatic groups Ar' and Ar? may represent, for
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A050T0P9SHEMyserarately for each X, each independently
representing a 15 hydrogen atomor an al kyl group

having 1 to 6 carbon atons, and each X represents a
carbon atom Mreover, in each of Rl, R2, R3, R4, R5,
and R6, one or nore of the hydrogen atons may be

exa shi gregs sichhasrsptienalip wutistituesd plenylboes optionally
ave an adverse effect on the reaction, for exanple a

i i i i OoNn Here,

subs@@g%@ﬁﬁgﬁ{%lgﬁ&,%rkdétlehﬁlhig S tpitédt gyﬂnayféﬁ@

Ooxy group having 1 to 10 cafbon atons,

subsfyBIRFBHTe g RLFBRIY, 91000, 21 L WP e

group, .or the |ike. Exampl,es of such bi val .

ar'gh%tt?‘gab‘?'bbﬁ‘ﬁ"%ﬂéo RotdSi ﬁor 55%/5[(‘)@(?1 EU%‘??B%RI\F group

followng formula; (R)n (R7)4 61H6- CHs , CIl R )m
represigated by, foowingforyla: ( cH3 O (R )n IHo ,~ ( =)t

(RA)n -07 (R)M(R)p (RA)n C C Fa CH, CH CH,

CH, -CH wherein each of R7 and RB i ndependently

represents a hydrogen atom a

CH4 - K3 RS
| N o — 7

C C—C C —~ (X)k\ '

| Lo 7 §

CH, > »

wherein each of R', R?, R?, and R* independently represents a hydrogen
atom, an alkyl group having 1 to 10 carbon atoms, an alkoxy group
having 1 to 10 carbon atoms, a cycloalkyl group having 5 to 10 carbon
atoms in the ring thereof, a carbocyclic aromatic group having 5 to 10
carbon atoms in the ring thereof, or a carbocyclic aralky! group having 6
to 10 carbon atoms, k represents an integer from 3 to 11, R% and R® are
selected separately for each X, each independently representing a
hyd'rogen atom or an alkyl group having 1 to 6 carbon atoms, and eac.h X
represents a carbon atom. Moreover, in each of R', R?, R%, R* R’ and
R®, one or more of the hydrogen atoms may be substituted with another
substituent that does not have an adverse effect on the reaction, for
example a halogen atom, an alkyl group having 1 to 10 carbon atoms, an
alkoxy group having 1 to 10 carbon atoms, a phenyl group, a phenoxy
group, a vinyl group, a cyano group, an ester group, an amide group, a
nitro group, or the like.

Examples of such a bivalent aromatic group Ar are shown in
b5



, tom an alkyl group having 1 to 10 carbon
A““Q%ﬁ%ﬂ al koxy 5 group having 1 to 10 carbon atons,

a cycl oal kyl group having 5 to 10 carbon atons in the
ring thereof, or a phenyl group, and each of mand n
is an integer from1l1l to 4; in the case that mis in a
om2 to 4, 56 A0501 VP77/KAN the R7's may
follo@ﬁ@gﬁoﬁé%r?re as or different to one another, and in the
case that nis in arange of from2 to 4, the R8s
may (ge)j he sane(ms)or different(R'9gone anof R,
Furtlernore, th I'val ent ar omat.ljc, group Ar y be one

5 Se d e follown < r2
wh Aﬁﬁén 2 are define a I\-/Ie, Zis a
single bond or a bivalent group such -0-, -CO1
-S-, -Sz-, -SO, -COO, or -CON(R)- erein R is
defi ned as above. 10 Exanpl es of such a bi val ent
arorf®")g qrHYp fR'jre shown in Hg fERMal a; 57
A050L VP77 KAN 7)2 1)n ~S SO 03- ( )m
(B@. MO -@a

oA "

CH,

(R (IIH (R*)

O3

(R")y TF. (R*) (R")q (R*)h
—@-—T @c-@—
CF, /E}-CH.
cH, CH,

( ’),@ (R'h

wherein each of R” and R? 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, a cycloalkyl group having 5 to 10
carbon atoms in the ring thereof, or a phenyl group, and each of m and n

is an integer from 1 to 4; in the case that m is in a range of from 2 to 4,

b6
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R7 R8, mand n are defined as before.
AOSO{%#gﬁ? speci fic exanpl es of the bival ent

aromatic group Ar include unsubstituted or
substituted phenyl ene, unsubstituted or 5 substituted
napht hyl ene, and unsubstituted or substituted

the Rg{%inq *lwthé 48 4% ?frecm(frﬁm%'&ﬂe alitthedChnd in the case

c d|hy roxy conpoun be used, or a

l.ur, t L I
that B4 L4BR/of B Zia A Bl ATBEFUSS s g or
... In the resenﬁgalnventlon the aromati c di hydroxy

d'ffe'?ﬁmpf&ﬂ @O lused together with a 10 trival ent

aromatic trihydroxy conmpound fqr |ntro uci n

br BHEarmare. éeupvalgnt GHYMALEgrouprs Wmﬁgrp%or"fnge

such as not to inpair the object 58 A0501 VP77/ KAN of
reprasentedcbyrthe folbowing)fomnudai o bet ween the aronmatic

di hydroxy conmpound and the high-purity diaryl

car bonat eArdeB—iMr’step (111) varies depending on the

type of the aromatic di hydroxy conpound and the diary)

wher%ﬁhb@ﬂaéﬁdwz%édéfme@ae aB8de! hadnzligresingls bond or a
tenperature and ot her polynerlzatlon condi ti ons, but

| ed f
bivafeff Sti suER A2 RF, AR y.From 0 8% B "

preferabl 0 based on 1 no
_Cogﬁlﬁaﬂ "lﬁﬁﬁ[‘cR %?&?W @osn%éogg The prepol yner in
armlten st at e .nafte refercred to
TATPIRS G5 AT @ bpAia Gk asoras radrilyafE shown in
di hydroxy conpound and the diary) carbonate in step
following)forguile; partial |y pol ynerized nolten nateria
produced fromthe aromatic di hydroxy conpound and the
diaryl carbonate having a | ower polynerization degree
than the aromatic pol ycarbonate having the desired

pol yneri zation degree, and may of 15 course be an

ol i goner. The nolten prepolynmer used in step (I111) may
be

87



‘ ' t hrough any publicly known process. For
ADso@Z%W@,%the nolten prepol yner can be produced by

stirring a nolten m xture contai ning predeterm ned
anmounts of the aromatic di hydroxy conpound and the

di aryl carbonate under normal pressure and / or a-
reduced pressure at a 20 tenperature in a range of

( om a&g;)oxi mately 120 Mmately 280 C using
18 or Dlurality of t stirring tank(s),

l e ving aronma )y~ conpound
- pr ed through the“— — A process in which
a plurality of the vertical stirring tanks |inked

together in series are used, and the polymerization
(gegr ee i @I progressi vl ) ncreadBihso as to

Qrt i nuo y produce the -a%: ten ol ymer having the
_@m_g merizatio @ 2B 0 icularly 59
\ 01 V KAN preferabte. In step (I11), the nolten
prepolyner is continuously fed. into a
gui de-cont acti ng downfl ow type pol yneri zation

aratus, (g as to conf mgousl y (&*dduce. an aromatic

["ycar bon having a d red 5 pegkxmerization
g.o’l@ide;conta@ _ ype

yner i zat¥dn appar at us a pol ywefi zati on appar at us

in which the prepolymer is subjected to

pol ymeri zation while being nade to fall down in a

nolten state along the g%kﬂgs, and igsguch that not
2 &

KBDs than 1 & hr of aromat i d .pol ycar bonat e
edn, be produ 10 The e- t downf | ow type
(@ : ‘SE’ | Ppar at u‘s@aéggz an appar at us

lavi ng a nolten prepolyner receiving port, a

perforated plate, a polynerization reaction zone
having a plurality of guides that extend downward

t peghpratged pl ateqnr oviRfdg £ a (RBaspace
gédet j%t heﬁpe r ajled e, Sj casi ng and
ed { gii}—oc co ‘f

H,

a
: C
wherein R7, R®, m and n are defined as before.

Furthermore, specific examples of the bivalent aromatic group Ar
include unsubstituted or substituted phenylene, unsubstituted or

5 substituted naphthylene, and unsubstituted or substituted pyridy!en_e.

In the present invention, one such aromatic dihydroxy compound
may be used, or a plurality may be used. A typical example of the
aromatic dihydroxy compound is bisphenol A. Moreover, in the present
invention, the aromatic dihydroxy compound may be used together with a

10 trivalent aromatic trihydroxy compound for introducing a branched

structure so long as this is within a range such as not to impair the object
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gpgq sing, a nolten prepolynmer feeding zone for
AOSOfee i?]%‘& he nolten prepolyner via the perforated

plate onto the guides in the polynerization reaction
zone, a vacuumvent provided in the polynerization
reaction zone, an aromatic pol ycarbonate di scharge

of th@(prrésgh@\mqleﬂtmn a | owernost 20 portion of the tapered
bottom casi ng, and an aromati c pol ycarbonat e

d'AQBﬁng?Bﬁd%noﬂiﬁqﬁ% tidIfVdiY LB Bhﬂﬁnﬁ’f%tand the

wher ei n an 1 nterna | sectional "area A (nR) taken

high-RUr B atyBRIEEAAR usRefibstin (1D} Phffe, °§§bﬁﬁﬁﬁ%%the
13 0.7 < A5 300 ' .

type Bisﬁéa{q‘m ik Fhyrdnicdmpoitd, andithe laf ' GrbBnate which

60 A0501 VP77/ KAN ( mzz taken through a hori zont al
are useshanf thae alysneatizatigs irmapsrature apdQihargpolygserization
satisfies the followng fornula (14), 20 5 A/ B <
conditimus,( buf the diarykcatenate isogeoersliyiused intyeange of from
pol yneri zation reaction zone 5 is connected at an

0.9 torz.6rmall, preferably iram 0185 $0 & O0camai hhdrecpesfevably from 0.98
wherein the angle C () satisfies the follow ng fornul a

to 1.5 3Rbl, Bdfed dn Lm0 He ardmatic H@Iﬁ‘?&l’b*‘y cemMp®indhe
gwdes satisfies the followwng formula (16), 10 150

TR ?%g?ﬂ@%m %”6’1 fn 314t ﬂ‘neﬁé‘ah%"ffé%' retBH AL o as the

e gui es satisfres t ovm ng

"mol%%ﬁwaﬁaffr@; azgﬁocﬁmiﬁo&ﬁ%@%m&‘wwﬁﬂ compound

and ﬁ]o ?q]arg( ona e Se{;% mns’cfe%r (ﬁl)prrn(gaonnsgparpa[ly polymenzed molten

material produced from the aromafic dihydroxy compound and the diaryl
carbonate having a lower polymerization degree than the aromatic
polycarbonate having the desired polymerization degree, and may of

course be an oligomer. The molten prepolymer used in step (llf) may be

-obtained through any publicly known process. For example, the molten

prepolymer can be produced by stirring a molten mixture containing
predetermined amounts of the aromatic dihydroxy compound and the
diaryl carbonate under normal pressure and / or a reduced pressure at a
temperature in a range of from approximately 120 °C to approximately
280 °C using one or a plurality of the vertical stirring tank(s), while
removing aromatic monochydroxy compound by-produced through the
reaction. A process in which a plurality of the vertical stirring tanks
linked together in series are used, and the polymerization degree is
progressively increased so as to continuously produce the molten

prepolymer having the required polymerization degree is particularly
59



r weight in an anpbunt on an industrial scale-
ADSO"%ﬁMSS than I ton / hr, a polynerization

apparatus satisfying various conditions is required;
in the present invention, these conditions have been
di scovered. (In the present invention, "no variation

feldbigp! ecul ar wei ght” means that 20 the variation in
pre tibe nunber average nol ecul ar weight is not nore than

200. ' j : X
oonyatebb Uiy ReRSRer BYEREher IS BOMBTRUSY fad Into o
i od of tj i th i at i '
quidehgoniaciag dampllomtih sdindbr i BhHibdatny sas to
nmore than 100. 25 I\/bre,spe<iifi al | he.i nternal d
contineeusbhprodues a0 @mpmatik oo Vﬁ?@%@{h;fea AYIng shigsire

plane (plane a-a') of the side casing 10 in the -
polynpetigationzdegose. 6T lmwldvmmvngegéwrﬁﬂpwdﬂ@es as
shown in the schematic view of FIG 4 nust satisfy the
polynabryatibor apparafi® is bf pélyirsetiezatiorhapparatumin whichtthe
desired production anount cannot be attained.

heOV & subfedldditd Merizdtencvhide beingnmade te fall down
prep:ﬁ‘gepl ng ggvm?ethe eqlﬂﬁent cost, A nust be nade to be

in a rﬁ%ﬁtl%}fggan%h?[%n?(me ild'e:a‘ér, A P secht tHat' Rot Reetharn ton /

nternal sectional area B (nR) taken

t.hrough a. hori tal b4 of the
hr OfJBSrﬁ??@a‘ﬁoPﬁ@oaﬁ%gﬁé{gégﬁ'ﬁE’laefgg"%%??a? nmust satisfy

t he above, formyla .(14). 10 A [ B nu L Sf Wt

abbbe Surarentaahgowatiom tyns REknidiedisn FFparatus

nmelt viscosity containing the produced aronatic
mustpbey car bonate or ‘aromatic pol ycarbonate prepol yner of

i ncreased pol ynerization degree can be di scharged

wi {hpan apparatysahdving comaltem prapohemgidecejving pRrk a

mol ten matter. 15 Furthernore, the tapered bottom
perforatitgplate] a pbiymetizationzeeaction zone having a plurality of
guides that extend downward from the perforated plate provided in a
space surrounded by the perforated plate, a side casing and a tapered
bottom casing, a molten prepolymer feeding zone for feeding the molten
prepolymer via the perforated plate onto the guides in the polymerization
reaction zone, a vacuum vent provided in the polymerization reaction
zone, an aromatic polycarbonate discharge port provided in a lowermost
portion of the tapered bottom casing, and an aromatic polycarbonate
discharge pump connected to the discharge port, wherein:

(2) an internal sectional area A (m?) taken through a horizontal

plane of the side casing in the polymerization reaction zone satisfies the
following formula (13),

0.7 <A <300 (13),

(3) a ratio between the A (m?) and an internal sectional area B
60
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15

re [ zone 5 is provided at an internal angle C ()
AOSO&};E%{Z@?&,*I% casing 10 thereabove, wherein the angle C

(0) must satisfy the above forrmula (15). To keep down
the equi pnment cost, Cis preferably as close as 20
possi ble to 900, but to nove the nolten matter of high

(m?) @Jén Yﬁﬁﬂ)@ %poﬁ%@ﬁéf‘ké%é'?ﬁ @%h&tﬁ?buwm{?{ae

ar one ycarbona prepol ynmer of i ncrease

.. polynerizat,. on degr [ the |ower
dischgtgl B tteatieies Be RIS ot LA 7 ot
bri ngi ng about a reduction in the qual i t)y of this
mol ten nmtfef /! B sdd0G&atisfy the abo d4)25 formil a
(15). Furthernore, the length h (cm of each of th?_
guiddhestapaned bptiggaczasipgrinde palymefization jgaction zone
formula (16). It is undesirable for h to be shorter

is cohheoted 2 amintsimaé argle €hE) dol theesideachsingdheceabpve,
the nolten prepolynmer cannot be increased

whergifl thei figleyC @)&atisfeey ehetfodiowingatcremulian(t )y
pol yneri zati on degree may becone greater than

appr oxi @ésl‘ié%t%?tg 5 terns of the nue"qtga)g aver age

nmol ecul ar —wel is undesirable for h to Dbe

I 0 ' . . di .
el 9115008 1) (o B TGRIAAE BT X 10 1BNORING felhula
top and the bottom of each guide 4 beconmes too great,

(16).and hence the variation in the pol ymeri zati on degree

beconmes greater than approxi mately 300 (|.n SO cases
greater B8ns10<PBPBxi mately 500) in ('éé)rr@'bget he

nunber average nol ecul ar wei ght, = and_hence vari ati_o?,

ar (8pa fatat pater@lesurfacecaread tnohaf ithe guides satisfies the

pol ycar bonat e obtai ned. Note that the variation in the
follopdhy rfermaddi(di7), degree being great in the present

i nvention nmeans, for exanple, the case of variation

such thatp therespao difference of noretrhan

approximately 15 200 in terns of the nunber average

MheCHtG§ud€PRigh-quality high-performance aromatic
polycarbonate stably for a prolonged period of time with no variation in
molecular weight in an amoun.t on an industrial scale of not less than 1
ton / hr, a polymerization apparatus satisfying various conditions is
required; in the present invention, these conditions have been discovered.
(In the present invention, “no variation in molecular weight” means that
the variation in the number average molecular weight is not more than
200.) In the present invention, the aromatic polycarbonate can be
produced stably for a prolonged period of'time with variation in molecular
weight being preferably no more than 150, more prefera_bly'no't more than
100. |

More specifically, the internal sectional area A (m?) taken through

a horizontal plane (plane a-a’) of the side casing 10 in the polymerization
61
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the total external surface area S (nR) of
Aosmtﬁeyzﬁ{‘%@s 4 nust satisfy formula (16). If Sis'|ess

than 2 n2, then the desired production anbunt cannot
be attained. Mdreover, to attain such a production
anount whil e keeping down the equi pment cost, and to

' | SclrepiRRId VRSw of FIG! 4 nustdatisfy the
reactﬁﬂ'l ggnn@o?aérr%rse t ﬁ?}h q28000 . It has been di scovered

abov%ﬁﬁ&wiﬂ?ﬁ Pon QSpEEASESCSPLﬁFE ancousl y sati Sfyi ng ¢ he
4 g8 15l e i e Py 6 mount canm
aromat i cyg;al ycar bonat e havi

excelet nechani cal
be atfpiwal-t | Moraayaro teastaRos ue i o PEQH usbop, Smaunt ﬁ"sn
63 A0501 VP77/ KAN anmount of not |less than 1 ton / hr
keeping down shereguipseent ¢ost, Aimussbenmade dgbe fiat more than
several thousand hours, for exanple not |ess than
300 m2000 hours, stably with no variation in the

nol ecul ar weight. In the case that these conditions

ar pupMiershord | REPAB o std &l ife(n’packl the internal sedtional
as the 5 desi'red productlon anmount not bei ng obt ai ned,

areaB \(ﬁ{zt)atta'k%'ﬁ tH¥ on@é(leﬁl%ﬁﬁa (plafa'bab’)vef the avbmatic

han "appr oxi ter OO arising, stable

oy HAUCH Bl QTN Sl 008 i (1)

reason

poRy LB BrtfeRGa.hel AbBYRr %&éféiﬁﬁiﬁﬁﬁtfhés h% molten matter
excel |l ent effects in step (halél s not cl ear

of highi meilt viagasitegontaining e pi TG RGE FiRlyarbonate or
reasons described above, a conposite effect arises

aronvatéo pdigcathorate pnelpolxmsr afdneseasadpolymedzatipnedegree
it is supposed that this is because if the guides

can bavdisghidrgeld withouwtfemesiagea deteiridration ihthelpualitysof this
formul ae (16) and (17) are used, then the nolten

moltBheR@tger can be

Furthermore, the tapered bottom casing 11 in the polymerization
reaction zone 5 is provided at an internal angle C (°) to the side casing
10 thereabove, wherein the angle C (°) must satisfy the above formula
(15).

To keep down the equipment cost, C is preferably as close as
possible to 90°, but to move the molten matter of high melt viscosity
containing the aromatic polycarbonate or aromatic polycarbonate
prepolymer of increased polymerization degree falling down from the
lower ends of guides 4 to the discharge port 7 without bringing about a
reduction in the quality of this molten matter, C must satisfy the above

formula (15).

Furthermore, the length h (cm) of each of the guides 4 must
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0 (Zzed at a relatively |low tenperature, and a
Aosoﬁﬁk’é%éunt of the high-quality aromatic
pol ycar bonat e havi ng a desired nol ecul ar wei ght can

be produced; noreover, the tapered bottom casing
satisfying the above fornmula (15) nmakes it possible

 satis ﬁﬁ‘)?@?ﬁ)&emgiﬁ%ﬁkeﬂ is0iniB8irdd It Fodth dME Ehotter than

-qual ity aromati c pol ycarbonate

fallin wn from "l reac j
150 ogf, sk JRER, ep Bolytiafi4atieh, Hpdrpaioy 1Y rieB B ebolymer

aromati c pol ycarponate can be reduced, No t. ot
cannebBENNCEGRSEE SY !ﬁiﬁ@ﬁl’yoﬁ MATEOY&ls g%ﬁgyaéﬁ'e'ighg

only be established through prol onged operation u ig .
polymeezatiogedegsee may beepme gateju ﬁP,PfQHH“%e@o @0 in
‘ W t hout saying that the cost of the production |
termegditheenuniteraverage impleaular weighdr tlhag undasipable for h to

taken into 64 A0501 VP77/ KAN consi deration. Another

be lofgedthael 5000 oresinteitheenthioxifferehee intthe mplt yiscosity of
cost of the industrial production equipnment can be

the n'é&(;ﬁé!ﬁ%ir_ olyhtefBetWeeAUndetd Mt the botewnl bdwaichpguide 4

yneri zation apparatus satisfying the above

beco&rﬁ%{ﬂ:égg 2 ) ar‘dlﬁ)anc@me vﬁﬂ@ti&f‘? Qﬂ@pol?gf@{l%gﬁon degree

mensi ons, angles and so on
ui de- cont acting downf.l o y ' '
becofins areatendean pRiimately FOE0D EEe 32588 grapter than
above, but nore preferable ranges are as _fqlloyws. .
apprasimalet SPRHIE tBERFeOT e (HANBRT AvATRCE.EIGBRUI S Heiant,
A (nR2) taken through the horizontal plane of fhe side
and bescegvariation auspsi ipnthe preperties aftthehatematis 0.8 5
A5 250, with 1 5 A5 200 being yet nore preferable. |
polybdrsmvate obtaimes .pr bodedhiad thengariation rethealymerization

between A (n2) and the internal sectional area B (nR)
degrbékséiﬁg;@@éﬁh ih thehwrd et inlvepitiore meAns héomexample, the case

pol ycarbonat e di scharge port is 25 < A/ B 5 900,
of validfioAlsdeh Rhat AhBr&is Whifheiditbe oF MBié thanl spphiximately
200 in terms of the number average molecular weight.

Furthermore, the total external surface area S (m?) of the guides 4
must satisfy formula (16). [f S is less than 2 m2, then the desired
production amount cannot be attained. Moreover, to attain such a
production amount while keeping down the equipment cost, and to
eliminate variation in properties, S must be made to be not more than
50000 m”.

It has been discovered that by using the guide-contacting
downflow type polymerization apparatus simultaneously satisfying the
above formulae (13), (14), (15), (16) and (17), surprisingly, the
high-quality high-performance aromatic polycarbonate having excellent

mechanical properties and no discoloration can be produced in an
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a nore préferable range for the internal
AO50{X?E?Z)"§,&W) of the tapered bottomcasing in the

pol ynmeri zation reaction zone to the side casing
t hereabove is 125 < C < 160, with 135 5 C5 165
being yet nore preferable. Note that in the case of

amoutit &F ﬁﬁ?ilér@é ¥ b{i;‘/’f g?ﬁilrlgr fdeaddrdlshyedr héAbdonf tade &T not

us: ng a plurali gui de-contacting downflow type
s A BBUSFALLEOWEERR TG Tor RIS RE188: diP5.006 hours.
stabi§RBR6 87 ork o the SaleSTIarwelREPoF A8 nd toigthese

required length h (cnm) of each of the guides varies
conditipng akernel siBuiappously stisiigdePobIEMS ORSirRNGh as the
the -starting material prepolymer, the polynerization
5 desirednpeydiictien aniopnd sl keinghobtainest aoseiatienindye number
pol yneri zati on degree and anount of the aromatic

averagé ynslidmular eveightpsfep@rentiran apiprogimetelyd200i anising; stable
pol yneri zati on apparatus, but a nore preferable range

prodi&tiéAthat bBi ?%%ibm téy 25006 Holrs2Ti0diseiot@ratédn bheing'

nore preferab is particularly preferable for

satisfy the 5 followng formula (24); 400 < h 5
p’°"§§803%§‘3'§'. Moreover, the required total external

surface area of e ' l S0 [ it :
7 aEh5 Cetsn vy Tt hed pe@mptBbSSThB RopLAILER, tHe' dromatic
range is 4 < S < 40000, with 10 5 S 30000 bej et
10 polygahonater en A dndusliial scals %ﬁ%ﬁpyhp‘%?%'?%%fjswﬁgﬁ%é“ step

is 15 S5 20000. In the present inventjon, the "to{ al

(111) isxnet sleas hubthisdscsurposed tgubadhatelhaddiiopdoathe
surface area of the guides with which the nolten

reaspnspbéscrbedoabave sa cdrapositeeffgcd anges whexdhgl above
in the case of the guide such as a pipe, this neans

condifiénsldfcaeentinedol Fbe examples itfis tdupposed thae this is

surface area 15 of the surface inside the pipe over
becallief ¥ {He gt &8 hdViREANE RIgH QT F4LE area satisfying the above
15 formulae (16) and (17) are used, then the molten prepolymer can be
polymerized at a relatively low temperature, and a large amount of the
high-quality aromatic polycarbonate having a desired molecular weight
can be produced; moreover, the tapered bottom casing satisfying the
above formula (15) makes it possible to shorten the time taken for the
20 iarge amount of the produced the high-quality arom.atic polycarbonate
falling down from the guides to reach the discharge port, whereby the
heat history of th.e produced aromatic polycarbonate can be reduced.
Note that this technology for production on an industrial scale can
only be established through p'rolonged operation using the large-scale

25 production equipment, and it goes without saying that the cost of the

production equipment here is an important factor that must be taken into
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I‘W not being included. In the guide-contacting
AOSO@O fﬁlgm ype pol ynerization apparatus used in step

(111), the shape of the inside section taken through
the horizontal plane of the side casing in the
pol ymeri zation reaction zone 20 may be any shape, for

consRiIé3R|ch.POAIRRRYE effétt B tB8Ipresenitiiavbation fPthat the
is generally carried out with the pol ynerization

equiﬁr‘?\%‘fﬁi&:fhtz@lnﬁ? i) ﬁétﬁa{ﬁ%@@&i@ﬁ %‘i@ﬂ?ﬁneﬁﬂ@aheﬁéere@%ed by

shape 1s acceptable so long as t educed pressure

osin e B85 880 Ml Vi ol ECRigh e
satis R S5 i 1, U5, ! R SRRERAT),

case, it is preferable for the tapered conical bottom
caRanges requedafiodinvensioo anglescand $ amdor e,
portion of the cylindrical side casing, with the

guideydontactiong deammflowdype polymenizadicdi sppargtuparsed in step
being provided in the |owernost portion of this

(1) haveesaseurridéd idttovdebay mod peeferabiéirangeds aréeas
side casing to have an inside dianmeter D (cn) and a .

folloWaNIt R rhoté& Preferatile Fé@\ﬁ%@%ﬁ' hBe dhe&itAiI0se 6196 hal aréave (m?)
d (cny, D L

an inside dianeter and d preferably

takefighirBLgn e hriZaRplagorle g cagiie ja¥Re 27 |
/[ D.<-.30 (22). d 10. h -, 20, < h.+ .300 .
POlYIRTIZANSR BRI PRECARAT S S AEON STt RAS a0 bBing vet
apparatus, a nore preferable range for D (cm is 150
mOfQPféf%faiéeo, with 200 <- D <_ 1200 being yet nore

preferable. Mreover, a nore preferable range for D/

d iMosaveDa mpre prefariable rangenfor thecratio hriweepd (m°)

nore preferable. 15 Mreover, .a nore preferabl e range
and the ibtérnalisedtional aréa B {m)3akent through<the horizontal plane
of the aromatic polycarbonate discharge portis 25 <A/ B < 900, with 30
<A/ B < 800 being yet more preferable.

Moreover, a more preferable range for the internal angle C (°) of
the tapered bottom casing in the polymerization reaction zone to the side
casing thereabove is 125 < C < 160, with 135 < C < 165 being yet more
preferable. Note that in the case of progressively increasing the
polymerization degree using a plurality of guide-contacting downflow type
polymerization apparatuses, taking the angles for the guide-contacting
downflow type polymerization apparatuses to be C1, C2, C3 ...
respectively, it is preferable tomake C1<C2<C3 < ...

Moreover, the required length h (cm) of each of the guides varies

with factors such as the polymerization degreé of the starting material

prepolymer, the polymerization temperature and pressure, and the
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D 5 20 being yet nore preferable. Mreover, a nore
A0501N@?E’We range for L (cm) is h - 10 5 L<_ h + 250,

with h :5 L<_ h + 200 being yet nore preferable. The
preci se reason why the high-quality high-performnce
20 aromatic polycarbonate having excel l ent nechani cal

polyn&rr%eg}t me %gwllrﬁt?hggl% aﬁcﬁﬁrﬁ% gt ﬁln %&ﬁiﬁtl@h&gﬁgﬂggﬁag& or
oo Ui 8 R SO a5 o

but is thought to be as follows. Tha a

more tpreférabjei tangeris 200 sgh 0wl With 9sh 55%05‘9 beqﬂg yet
pol ymeri zati on process used in step (11 Iz

more fireféraiglenat Hrisapartidulany prefesablefor & QaaaﬁllséﬁYnthﬁe
receiving port 1 via the feeding zone 3 and the 67

fouovﬁgg%r\»{ﬂ]ww perforated plate 2 to the guides 4, and
then has the poI ynerization degree thereof increased

V\hlleflmx? WE@ ong the guides. Kblgctive
i nt ernal |rr| ng and surface renewal of the nolten

P {l@\%ﬂeégﬁ] {g'reg ﬁgapLﬂeﬁdtot gtsex‘"l‘ér dé‘leﬁﬁ%b%nafﬁéa@)kmrof the

e QUI us 5 renoval
., phenol or,the s _carr f t
guiddy8ive, yRfins ot s RUth Y, Y, B b et Rtkrable
viscosity increases as ri zation, proceeds
rangeigl 4 EnBes ﬁ@@%hwghohof%&ép%éwﬁeb?'r'&w%R‘%’M’%‘?’Fb'e
material to the guides increases, and thus the anou n{
A padicuinely preferablerangesisutk < & §a20000; adnithe presen
toward the bottom of the 10 guide. This nmeans that th

e
inverntbsn dﬂmétéumnémabsmﬂmapeamﬂty\eegu:#e" meangithe, total
i.e. the polynerization reaction tine, increases.

surfdﬂé’ 8P¥8of tHe Guidiés With avh iwhetted ynolte nviegolyheewscdotacts
under its own weight while betng supported on the

wne g A0 AP BnBta A 140 dane ol e vt a0 o
this @%C{}fﬁﬁ%g{q%%c% %hbﬁihé‘edtﬂgfdé bfifhe piid dhdslifdte area
of the surface inside the pipe over. which the molten prepolymer does not
flow down not being included.

In the guide-contacting downflow type polymerization apparatus
used in step (lil), the shapé of the inside section taken through the
horizontal plane of the side casing in the polymerization reaction zone
may be any shape, for example polygonal, elliptical or circuiar.

Operation is generaily carried out with the polymerization reaction zone
under a reduced pressure, and hence any shape is a«c,ceptable so long as
this reduced press.ure can be withstood, but the circular shape or the
shape close thereto is preferable. The side casing in the polymerization

reaction zone in the present invention is thus preferably cylindrical. In

this case, it is preferable for the tapered conical bottom casing to be
66



: i Lbl,e with prior nechanical stirring type
AO501ng’?Mgati on apparatuses, can thus be attai ned
easily. This is one of the excellent characteristic

features of the polynerization apparatus used in step
(I'11). The only reason that the anount of the nolten

conn%ﬂeg? %[1Eg%%yprg&ioﬁ%f%{gguhamﬁﬁ?gi éhgihgi, Iviith @he

rization ow a m por on of

condgER st AR B s 1 v
loweRGFhEoapReS! HIESGHBM. BRI o TaKIGe B FljRLLEI portion of

supported at the same height on each of the guides., 25
the sideeasing tothavedn é?ﬁlﬁ'ﬁtaﬁ"aﬁt% Dcsme & f,'enéfi '-%Cm)v
: onto the guides from the top thereof, and hence
5 and takingrtheedischargefporiciochave anlinsistte diameter gb(oamiol, L and
VP77/ KAN degree having approximately the sanme nelt
d prefesably satispnthedellswingdormulden20))t(@ 1)hé2Rpana(23);
portion of the casing fromthe | ower ends of the

guides. {hat<iF< fgppnti c pol ycar bonat @ mf
approxi mately the sane polynerization degree produced

while flgw he gui des collectsgpgq, 5 the
t aper ed E\(I)'%f{tgrlnng'r (lson of the casing, Qn hence

aronmati c o] ycarb te with no vari at|j [ | ecul ar
wei ght cgngéxc/g‘htgﬁ@ousl y produced. tI##bs aﬂ'gdna)mot her
excell ent characterjstic feature of th

pol yrer i Batridth<dpgahat 39Qsed in the pf%%)ent

i nvention. The aromatic polycarbonate collected in

t hE or d4per gdidmoostapting %wo%lqméveasmlgm%";etlon apparatus,
conti nuously w thdrawn through the discharge port 7 bE

a maedpreferablerganpenford (emt) iss 15i0es Benhdb8I0, with 200 < D <
continuously pelletized via an extruder. 1In this

1200cBetng 3@t hiorepredfefalsie. a Moreidviezea mateapreferable range for
weat her proofi ng agent may be added in the extruder.

D/ d{%gp%[ﬁ gfcfkelisphﬂﬂ?w aphe @md%érg{y 76t merdprafdrable.

ol ymeri zati on apparatus us instep (Ill) is

MordSVEL A o e br&ididbié $3nQe for L/ D is 0.6 <L/ D < 25, with 0.7 <
L/ D < 20 being yet more preferable. Moreover, a more preferable
range for L (cm)is h—- 10 s L < h + 250, with h <L < h + 200 being yet
more preferable.

The precise reason why the high-quality high-performance
aromatic polycarbonate Having excellent mechanical properties with no
discoloration can be produced stably with no variation in molecular
weight for a prolonged period of time on an industrial scale with a fast
polymerization rate in step (lll) is not clear, but is thought fo be as
follows. That is, according to the guide-éontacting downflow type
polymerization process used in step (lll), the starting material molten

prepolymer is led from the receiving port 1 via the feeding zone 3 and the
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AN es, a corrugated plate, and a plate that is
A°5°1t\4§151&@{!| in a mddle portion thereof; the shape of

the perforated plate is generally selected from
shapes such as circular, oval, triangular, and
pol ygonal . The shape of each of the holes in the

perfoéb&%&ioéfgt%% Rb3¥he bgi & HAY theharaedhdpoiypiedhation

s circular, ¥oval, triangular, slit-shaped,

deg re%gbxg%'oq‘lt iﬁ\ﬁﬁ%ﬁg?t Wwhi l%hﬂ%ﬁpg-r&?wﬁeﬁhin?ﬂ{e gl[l.ﬁfaeﬁf Effective

I'S dgeneralfy 1n a range rom
. 0.01.tp 100 cn¥ referably f.r :
'“terr@dﬁ]ti"c!m%ﬁﬂppﬁPE%%B?QeW%rﬂfd?‘? %qge'i%iég? "%Slerga%riengamed
bet ween holes, specifjcally the distgnce between I
out agdheemolten pgepelvney fiows J%Wgea'eﬂgz% SbHﬁﬁst 8“%’38"?5
mm preferably from25 to 100 nm The holes in tBe
remopal bbpdteroippathe dike isecaoried oubeffgstivelw: whergBydhe
the perforated plate, 69 A0501 VP77/KAN or

polyneéiigation yeboeodat adgsbeatenst Aheemelh viswogity inceaasnes as
pl ate. Mreover, the holes may be tapered. The

the pb%@?&'étidh 8 caddde i hatsidethel adidsiantforee of the flowing
pol ynmeri zation apparatus used in step (I11) nmeans a

dowﬂgﬁﬁf&%@riﬁa@tﬁé (ﬁ'ﬂga}‘e& ineeehdbsOand fHud Hee | ARBUNtIOT the

I on perpen ullar to a horizontal section

ot 41145k 15, BHERARTO5 T BBl et M gty e

IS ratio
.. is nerally i range .of from10 1, ,
guidey efq- 'ﬁﬁﬁ?a%ﬁo&%d%gﬁﬁ&% mﬂf‘e ogﬁgﬁe'%gﬁt%qﬁg’mpowmer on
horizontal section is generally selected from sfmges
the guida, €. dhecpplymepization reagtandimes d05Feases: reover,
pol ygonal , and star-shaped. The shape of this sectjon

for theyn benopspoiymenwhioh flaws down Hadesrits ewn weight while
di rection. Moreover, each of the guides may be

bein§ dupporiEdchn ahet deideyi thessurfadecare s ipegl wnitiweight is very
single thin rod, a single thin pipe nmade to be such

high! Eﬁﬁ ﬁEﬁc%ﬁﬁacermwaﬂs gapnet &t efficienelyei ninayease of
the Iike, or a plurality of such guides may be

molg‘@g{@tgggg%ﬁhg%uﬂe?@%nhg@gfgsgy.ﬁérrﬂtﬁdﬂ,nwawwbeen
impossible with prior mechanical stirring type polymerization apparatuses,
can thus be attained easily. This is one of the excellent characteristic
features of the polymerization apparatus used in step (ll).

The only reason that the amount of the molten matter stuck to the
guides increases in the latter half of the polymerization below a middie
portion of each of the guides is the adhesive holding force, which
corresponds to the melt viscosity, and hence approximately the same
amount of the molten matter having approximately the same melt

viscosity is supported at the same height on each of the guides.

Meanwhile, the molten material is continuously fed onto the guides from

the top thereof, and hence molten material of increased polymerization
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=l structure, or a punching plate-like
AO50£§?§E¥%§@. The surface of each guide may be snoot h,
or may  be uneven, and may have projections or the

like in places. Preferable guides are cylindrical ones
such as wres or thin rods, thin pipes as described

i ¥ ' u mtinususly fall
degr%{)‘l”\‘éﬁnrg‘;a?buld fh &bl eh 8 s reUmieit 9Rscowity pemtitutusly falls

at e- gui de structures. The guides may thensel ves

downgﬁ't\ef@ttﬁeggﬁiﬂ?ggtp;@q{qi‘? of {h8 %al}iﬁgufl?gm tRE IBWHELEREE fthe

erein, es not having such
., a heating source therein_ are rikcul ar I
guiddy nedhalds, areratic paiyCafignd® bl aPrlmBiEN iy s5me
of the prepol yner or ar t.ic 25 polycarbgnate .gn the .
polyr@@fiﬂé&@rbﬂegﬁeeg@;w%&ecr while féw*&& dgin.the rﬂj“ges collects in
- downfl ow type pol ynerization apparatus 70 AO0501
the taperedkhvotiomdportionoftheseasingvandhence@arematien| es
production of the high-quality aromatic polycarbonate

polycarbioreatenditht noalardatiba ini malecutaroveighbdaotbecontinuously
anount, prolonged stable production, etc.), a

prod@8&hi CUriiG! i aRbEhEr aikkellewt dharactstistic featane offthe
type in which a plurality of guides 5 each having the

poly@%gf?raﬁg%@a‘ﬂﬁaera?ﬁs%ééﬂ!i‘n ‘tgé Yestrithin ebitith.2S The aromatic

. . ove are joined together at suitable
polyggipqiRte, tOHBEIE o thE BRATRACHS!tEh, pEHBRA oF theRReing is
contaunySSifrdoreBia Bie hotharte RAbY BY.4 iSbgraing

or_a thin pipe as described above ar% fixed 10
pump g hdris thienygenanalycantinuousyspelligtizedevia, pn exirHder.

bottom of the guides at suitable vertical intervals,

In thisrcasearad ditivescsvah as a stabdlizer end arweatheproofingragent
a three-di nensional guide structure in which a

may [Heladddd/in thesexthudesh- | i ke guide structures are
arranged in front of and behind one another and

1 P S s o i orvar e g P
polyhf92afibn d PP datud 994G/ step (111} is generally selected from a
flat plates, a corrugated plate, and a plate that is thickened in a middle
portion thereof; the shape of the perforated plate is generally selected
from shapes such as circular, oval, triangular, and polygonal. The
shape of each of the holes in the perforated plate is generally selected
from shapes such as circular, oval, triangular, slit-shaped, polygonal, and
star-shaped. The sectional area of each of the holes is generally in a
range of from 0.01 to 100 cm?, preferably from 0.05 to 10 cm?,
pariicularly preferably from 0.1 to 5 cm?. The spacing between holes,
specifically the distance between hole centers, is generally in a range of

from 1 to 500 mm, preferably from 25 to 100 mm. The holes in the

perforated plate may be holes that penetrate through the perforated plate,
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| Le-gymli ke three-di nensional guide structure in
A°5°mgﬁﬂéﬁb'| urality of guides each having the formof a

wire or athinrod or a thin pipe as described above
are fixed together in front of and behind, and |eft
and right of, one another using transverse supports

' I I | I I
or alnBUYERY RS naithe s} 1A the pRFITATell Plate.  Moreover,
ver se s are not only useful for keeping

the h%h%Q?“$E§V%?§B§§% en the guides approxi mately
c tgnt,  buf .are al so useful for increasi t he i
olBeaauidese iy theguidesEoptacting APHnTIgd: e Bplymarization
form ng a three-di mensional structure. Th?usgp ths )
appafatpsoused imstepibinmeansap membsrfae eaghyet whjghthe ratio
different material. For the guide-contacting downflow
of the ypaghvlig ree dicedtiam peppendicsiar tdla Aosizo Vel Bection welative
the case that each guide is cylindrical, or has the

to thé averalgeaidngih bhtlke dutebPevigherynal thie howizontal section is
prepol yner cannot enter therein, with an outside

i t i ; s b heo ftal '

very JGHE! o AT is aherenyaly ¥ emide bt Troineg ol 1 0001000,

prefe}SbITRdAe5b A3 POg dih MOHRNSAEBROLY HRE Hitizd it TN is
prepol ymer Tl ows dbwn the guirdes, and al so have a ,
functiagn . of .hol di t he ten prepo _

generdfly s¢i8s1ed 08ty SBARES SR S oftGRRE MWL kdbpduigr, pavare,
to the | ymeri zation actjon tipp.. As describe

polygepgk a stytﬂé-smwgri The s aBPo‘Eggb@, S%%OW?V%G constant,
viscosity of the nolten 10 prepol yner pro%ressively

or mayaysén thentengthcdireptionol dMegeoves aaahtafcthegyighes may
hel d progressively increase. For a given nelt

be hullewosi Eacht bftheguides ahayhee reobiraglepwineg |/ singlecthin rod, a
by the guides varies with the external surface area

singlef tHiRepipe ARSde itotbe isichhthataire Aloltyhiprépictpnercannot enter
pi pe-shaped guides, wth the outside dianeter. 15

therégg% gsg\éﬁesuka? U Pasrdingt & saeni guides RAlY BRré3mbiAed using
a method such as twisting together. Moreover, the guides may form a
mesh-like structure, or a punching plate-like structure. The surface of
each guide may be smooth, or may be uneven, and may have projections
or the like in places. Preferable guides are cylindrical ones such as
wires or thin rods, thin pipes as described above, mesh-like guide
structures, and punching plate-like guide structures.

The guides méy themselves have a heating source such as a
heating medium or an electrical heater therein, but guides not having
such a heating source therein are particularly preferable since then there
is no risk of thermal deterioration of the prepolymer or aromatic

polycarbonate on the surface of the guides.

in the guide-contacting downflow type polymerization apparatus
70



10

16

20

25

used in the present invention nust be strong enough to
A0SO MRTTVIKANhei r own wei ght plus the weight of the ‘

nol ten prepol yner being held. For this reason, the

t hi ckness of the guides is inportant, and in the case

of cylindrical or pipe-shaped guides, the above

formula (25) is preferahly, 20 satisfied. Lf r ig |less
Usedtlﬁaﬂi‘ﬁbPI?S?HEFF‘{E'E)‘]'%HgEE"éha%‘i‘%gtf’ﬁepﬁ‘?&wﬁ{"a@c%fné%e

difficult in ternms of the strength, whereas if r is
high-guuadityrandaraatic pelysarbapatearjtie dinduskigkscale fneterms of

very heavy, and hence there are problens such as
prodietibngamouritk prolonged istable groductione etctaia pagticutarly

to hold the guides in the polynerization apparatus,
prefetab | BLestrubaI® isSone 3Pal typechs whiohmplsralityr ef guides

the amount of the nolten prepolynmer held is too high,

r | pe ffinVAld 8FiPthinn as described
each! fi3irtd g@ejg{@rhtabggwg SHE R AR ® ncreas?%dgf For

h r - _
abovlséugbe_ ggﬁ‘sﬂoc[]io%gg'@rr_ 5‘, ggﬁ%@ﬂ%%ﬁt{%@gﬁ@%g% Using -ttansverse
f bl e. f bl terial f t-h [ '
supris Siapcifieston gt aplom giihEolflas, CERLERS Sre metal
s Bare e ovbioh el s B3R g the
polymeric materials, and so on. Stainless steel is
formpaf &i wireaol @ Hrinfrodadr @ thinbpige 86, deseribed Akpve re fixed

gui des may be subjected to any of various treatnents

togetite NeeHI§ dransveiseasupparisnfrorhithientnp padbekoattom of the
treatnment, acid washing, or washing with phenol. 10

guidEBEAE s AItapNe veaticht iRirvhidl fort égample ihtervadsiinianahge of
rel ati onship between the guides and the perforated

fron'rgbjftgezﬂb %ﬂ?%&ﬁﬂg‘&-ﬂﬂﬁhn%ﬁéﬁ%i{egpm Rtr@UYESA Whfch a plurality

es an esInt orated plate so | ong
as, t he lten.pre c | i
of s gEepatke HbGHTuTEAfk BRI IR L 4T A behind
be in contact, w one another, or not in 15 n .
one gnafheiangopingd togefsoneie tatisyitsefhpofi8 af Shitable
limtation, it is i .
vertical intervals, for example intervals in a range of from 1 to 200 cm, or
a jungle-gym-like three-dimensional guide structure in which a plurality of
guides each having the form of a wire or a thin rod or a thin pipe as

described above are fixed together in front of and behihd, and left and

right of, one aﬁother using transverse supports at suitable vertical

- intervals, for example intervals in a range of from 1 to 200 cm. The

‘transverse supports are not only useful for keeping the intervals between

the guides approximately constant, but are also useful for increasing the
overall strength of flat or curved guides, or guides forming a
three-dimensional structure. The supports may be of the éame material
as the .guides, or a different material.

For the guide-contacting downflow type polymerization apparatus,
71



10

15

20

25

r e to install the guides in correspondence
Aosoﬁn{/ﬁﬁ(@gkhol es in the perforated plate. The reason

for this is that design may then be carried out such
that the nolten prepotynmer falling down fromthe
perforated plate contacts the guides in suitable

in the?%?fs%: ‘ﬁh:]tgegﬁgc%%ibgésr?gﬁﬁ&ﬁbﬁl,z& g)é%”‘me?foﬁﬁ of a pipe made

| : : e correspondence with the holes
to be R oal S HBIER,BLfb Bt thingt S e et Lin an
outsifheipmaty slem;s swradaraeinertisiesdbh GIRGLMY Tordilfa c25);

penetrates through the vicinity of a nearly central
portion @ft £ hsl & in the perfora&@-pl ate; (2) a 25

nmet hod in which the upper end of each guide is fixed

t oThepguides pabmaier polymerizationpptthe maoenaprapelymer as
the perforated plate, and the guides 73 A0501

the nYSItéhlgve 7619 s ofiodar devah théajuidesh and déspéae atfesiction
through a hole in the perforated plate; and (3) a

' ' f f6P9 Oértantpediodiof timel i XBhis
of h%‘ﬁgh%%%ﬁgg‘-gﬁow‘g&perforatI;ed pl ate. Exanpl es of

nola 8181485 B840 SPLAB VR i ¥imBecng Fecrbec

avoB 0 ol il Sk o e moten

i ght the |iquid head, d th [ ich,.th
orepait s Scshee N HelS5as A BER A Aol i na the

a punp or the like and is thus extruded fromthe .
amopst heldipogressively ipcseasabl & orargiyensmslt vispagity, the
whi ch a predeterm ned anount of the starting materi al
amoumi tofrther rdtenmprepiotymed hieldoby ftbef gaidesgvaues with the
pol ymeri zati on apparatus under a pressure using a

extet§8Ms0pfEbe ardatdfethe haid®s [ es. in ¢hel oase ofeydirdrical or
onto the guides via the perforated plate flows down

pipeZh el A e o eI The e,
ggk@ﬁﬁﬁ\géﬁct%iengugé)wﬁﬁgfﬁlfé’aoﬁ\ RRE YWY hiéiz&flon apparatus
used in the present invention must be strong enough to support their own

weight plus the weight of the molten prepolymer being held. For this
reason, the thickness of the guides is imﬁortant, and in the case of
cylindrical or pipe-shaped guides, the above formula (25) is preferably
satisfied. If r is less than 0.1, then prolonged stable operation becomes
difficult in terms of the strength, whereas if r is greater than 1, then the
guides themselves become very heavy, and hence there are probiems
such as having to make the perforated plate very thick so as to hold the
guides in the polymerization apparatus, and moreover there is an

increase in parts where the amount of the moiten prepoiymer held is too

high, resultihg in problems such as variation in the molecular weight
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i ng been heated to a predet er m ned
Aomﬁgf)?mati on tenperature. It is thus preferable for
a jacket or the like to be installed on an outer wall

of the guide-contacting downflow type polynerization
apparatus, and to carry out heating to a

i t eFFrnGisch $8RSbRLY enidrerprsfierabde rangentpr2is 0.15 < r
mcreﬁggﬁjm or 1-t he |i ke through thepj acket , thug heati ng or

< 0.8"Qifh Y. L9 & :be.geﬂeéjﬁgg@gﬂg&aeggréf&amét en prepol ymer,

t he ‘prepol yre the perforated plate,
?anﬁiﬁi%%éﬁ’%thﬂ@ﬁﬁﬁﬁéié%‘i&ﬁg‘n’% PRE %%%%‘Eﬁrfgéﬁ hihals
i . I 111 .
such A D15 SIRPbICATRO N8t eh NEAENaY, L Ra b alium:  om

the aromatic di hydroxy conpound and the 74, AOS%)l .
chroniwyy, ldMminainy, apgr ottiar alloxs < highly: heat-sesistant polymeric
pol ynmeri zation in the guide-contacting downflow type

matepiaiymandzeciam aStairdess steehds partisudatlypreferable.
aromati c pol ycarbonate is generally in a range of from

More?¥er0 sudfdtds o*fkthEV%n ideac pEybegs ibjedtedpin anyr oz uarious
apparatus used in the 5 present invention, efficient

treatRE3CEs MY alySsGeh 'd£BIMihg 2HANGAPREB IV ation ere@iment,
stirring, and hence the polynerization reaction can be

acid e eir gb ﬁ%{%@ﬁpg:}w—ﬂpgﬂ#@ﬁﬁwel y low tenperature. A

e re nperature is thus in a range of
fr 100 to 290C. ..o ferahl il O :
w TReleaie shnparticias EhRafich® dn tisnBoriatd) HfigHopship
ultra-high viscosity polyner,.which reactor is a . .
betwes, L IGHEPS FofHe PSHbraled Blateor dhe; Rogiiibral relationship
general |y been necessar% to stir faor a cﬁrial ongeci
betwear the sfuidescand thenhgles inthe aerfaraied,piate-8Q lppgnas the
300 C wunder a high vacuum of not nore than 133 Pa. .
moltybrpepolymer bas. contadicnd o idsiwenttheaguides.el Thg ayides
~ due to leaking in of air, and ingress of 15 foreign ]
and mgét;%nfotélféulphat% Aidy bens sdafdctswith. ohevavetherwiormot in
t he _
contact with one another. Although there is no such limitation, it is
preferable to install the guides in correspondence with the holes in the
perforated plate. The reason for this is that design may then be carried
out such that the molten prepoiymer falling down from the perforated
plate contacts the guides in suitable positions. Specific preferable
examples of installing the guides in correspondence with the holes in the
perforated plate include: (1) a method in which the upper end of each

guide is fixed to an upper inner wall of the polymerization apparatus, and

the guides are provided such that each guide penetrates through the

vicinity of a nearly central portion of a hole in the perforated plate; (2) a

method in which the upper end of each guide is fixed to a peripheral

portion at an upper end of a hole in the perforated plate, and the guides
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hgation apparatus used in the present
A°5°W\mﬁ'? because there is no nechanical stirring,
there is no such stirring seal, and hence there is

very little leaking in of air and so on. Furthernore,
anot her characteristic feature of the present

are prBY¥RIEd StchStd a&ﬁ%ytﬂ@byﬂéhbiﬁﬂtbgﬁhraﬂpﬁaa Héle in the

carried out a equat el at a tenperature | ower

. t

peﬁ@%ﬁ%@ﬁi'%a%“ﬁo ) ethdst i Wtch iR ehd “FS%%%EP“‘“

. rutrah It s is another big

1S f'xﬁgctloo*he |"W r?g%g‘(?séFEf%égi%& rﬁ%géjce a high-quality
aromatlc pol carbonte W|th no di oIor tlono
deE¥amplas ohthe metrds fet making. offeniprsRpiygrer pass
25 Moreover, even if the conventional horl zont al

througrathmpenforahacgpthpeandefmwmloworamrtg theigytides include a
viscosity polynmer is used, producing an aromatic 75

methaRb HL wWiEh/ tikeNmudter mbpo&ymewfisrm&bwedvicsﬁow dpwn dbecugh
or above is inpossible due to the ultra-high

its oWhS\ﬂr@&h ht oPfthENeq@idonBatC avl “Civethodtie, whidh whemohien
gui de-contacting downfl ow type pol-ynerization

prepBRAAERHES E?&Qshﬂa ta:eg:lte‘?f fHtol lg§ﬁi;q h%hm‘i)VSF‘ tRenikd and is

vi'scosity §rade aromatic ycar e 5 can

o AL 9 i AR 40 one o
o e e R AR BB B

nol ecul ar_ wei ght up tao a high vi SCOSIt rade, can
is fegrlaagdbe feﬁdlagu zone &f theppgl Y}HQFB’&UQ'%/ paratus M‘EF%‘f a

the present 10 invention. In step (111), as the
presporgraaingaa ifeadr pump, mncbrtheaeﬁ@ molteamrepolymer thus led
nonohydr oxy conpound i s produced, but this is renpoved

ontof thergulides ndacheopefpsated plats élows dewreadongrtheaguides
can be increased. A nmethod in which an inert gas that

undésﬁﬁgﬁ %\ighn\{?téir/@lan TPHE ahofedf Pﬁépo%éh@s Heneradlyi @ontinuously
gen, argon, i um “carbon di oxide or a

fed Inf¥&he guide-contacting downflow type polymerization apparatus
after having been heated to a predetermined polymerization temperature.
It is thus preferable for a jacke.t or the like to be installed on an outer
wall of the guide-contacting downflow type polymerization apparatus, and
to carry out heating to a predetermined temperature by passing a heating
medium or the like through the jacket, thus heating or maintaining the
temperature of the molten prepolymer, the prepolymer feed'ing zone and
the perforated plate, and maintaining the temperature of the
polymerization reaction zone, the side casing and the tapered bottom
casing.

tn step (IHl), the temperature of the reaction in which the molten

prepolymer obtained from the aromatic dihydroxy compound and the
74
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n gas is introduced into the polynerization
AOSOEéﬁ?ﬁZ?&@E and the aromatic nonohydroxy conpound
produced is entrained by this gas and thus renoved, a

method in which the reaction is carried out under a
reduced pressure or the like is thus preferably used.
diaryNca?bBakitd §5 s ubjeéfedRbNod Balmbeha&mﬁm tHe net hods
e

are used together can al so preferably used. In

guidé—%t?cgiﬁﬁsﬂo%‘?f&? itgggopaﬁﬁ'ﬁeLigagig)mﬁgpﬁ?aﬁlé 8098s to

anoun e | ner s into t I zat1 on

proa B3I Afor Bl SRS Hettle ISBRGARL LT 408e % rom 80 to

fficient. 25 Furtherporg, a nmethqod j.n which the .
350 e (HOWEVES: 365088 Fnthe malymenZatop: SpBArAEs psed in the
advance before the nolten prepolyner is fed into 76 ]
presgobinvemtignkafficientgudacedienawahip aammied vt gpeompanying

pol yneri zati on apparatus, and then the nolten
interpatgbirrimgr, amd hegcenthe palymerizatbeo readtiorecannbé gnade to
subjected to the polynerization is also preferable. A

proceedf &1 abletativaht iow tenepstataren tAprefenatdei ratdtion
apparatus in 5 step (I11) varies depending on the

temperaturd s TRUSGH! R TanBedbt FIImI1G0 t872700%C Cmore preferably

pol ycarbonate to be produced, the polynerization

fromg 589b%PHec.  ARGS] I?(?tl'i%BH‘(ali Hiati?ﬁl Qﬂf‘t‘gn?:tggeﬁgéﬂo%for

produci ng’ t he ar onma pol ycar bona

| ten. prepgpl r _prodyced fro L. sphengl, A,. an
ultragRigtE iR, By m® WHIRR eatfobis 3 fiRkePtishH e
nol ecul.ar 10 wei ght _of |ess tlg?ﬂ g 000, the reaqiti on
polypiesézatienapparatupa i Hasoane Bé esn PRERSAALY g stir for a
3,000 Pa, and in the case of a nunber average o
prolenged period \afi time ah aahigh temgreratyre of oot lessithaw@00 °C
the reaction pressure is preferably in a range of
undér arhigh vact0fm BA ndtrmoke thase 138 Ranulereowerribdsms not
nol ecul ar wei ght greater than 10,000, the reaction

beempasibR t6 aldid\RIiRIWING duet tmaikih?am 80@iRaand ingress of
particularly preferably In a range o
foreign matter, through a stirring shaft seal. However, with the
polymerization apparatus used in the present inven_tion, because there is
no mechanical stirring, there is no such stirring seal, and hence there is
very little leaking in of air and so on. Furthermore, another
characteristic feature of the present inventioh is that the polymerization
can be carried out adequately at a temperature lower by approximately
20 to 50 °C than in thg case of the conventional horizontal biaxial stirring
type reactor for ultra-high viscosity polymer. This is another big factor
in it being possible to produce a high-quality aromatic polycarbonate with
no discoloration or deterioration in properties in the present invention.

Moreover, even if the conventional horizontal biaxial stirring type

reactor for ultra-high viscosity polymer is used, producing an aromatic
75
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fr o 250 Pa. \Wen carrying out step (Il11), an
A0501ay§2?g§{3%upol ycarbonate having a desired

pol ynerizati on degree can be produced using only one
such gui de-contacting downfl ow type pol yneri zati on
apparatus, but depending 20 on the polynerization

poiycgﬂ%ﬁﬁtiﬁfof:rﬂﬁd'i@hf Gt PO YA®E otSaBo0E iklitnpessible due to

mat eri a e produced anount of the aromatic

the ugf&%‘i@ﬁwggbgygcﬁfﬂwé%ﬁ%a ?@Ikgg}ﬁé‘n | CBufwith the

ur a gur de-cont a downfT’ow t ype

 ouidefRoRIRRSE AR g B eipd o BanRRR LR updd dihe

may be preferable. |n 25 this case, quides, and
presentinveatiafbreven ghbigh Wsepsity grade,dromalin Peisahenate
degree of the prepolyner or aromatic pol ycarbonate to
can bgepppducedceasidy. 7 Thadse 1 witly theguigescentactingdpvefiow
for each of the polynerizati on apparatuses
type potimedizaltion apparetasi@dczording he thespresent inventionnthe
which the first guide-contacting downflow type

aromBeicYpElicaboMataBra all Uraddiefroes endisigrddeceaving ang
downf | ow type pol yneri zati on apparatus, the third 5

relatidglf FORAERLIR BTN O LA TpM Ve o e 2y b
proa R ARG HaraciePlic BaTS of B giBeent

. taking the total external surface areas of the guides
Inveniigessed by the pol ynerizati on apparatuses to be Si,

S2, S3, S4 ... respectively, .the system can be 10 made,.
t oimstemdHIL.ras the polygerizatign.reagtion proceegs, afpsmatic
the polynerization tenperature nmay be the sanme in
monalaydrady chmpeeng ierprostucad, dpphthisuiscismeved from the
alternatively may be progressively increased.

reacffontdyesten ewhigrebyotheesactio h catercess beeinmredsed. A method
progressively reduced in the polynerization

n WESAUSHEEaSk L Ak oo e Bluerssaiéeron i

reaction such as nitrogen, argon, helium, carbon dioxide or a lower
hydrocarbon gas is introduced into the polymerization apparatus, and the
arbmatic monohydroxy compound produced is entrained by this gas and
thus removed, a method in which the reaction is carried out under a
reduced pressure or the like is thus preferably used. Alternatively, a
method in which these two methods are used together can also be
preferably used. In such a case, there is no need to introduce a large
amount of the inert gas into the polymerization apparatus, but'rather just
enough to maintain an inert gas atmosphere inside the apparatus is
sufficient.

Furthermore, a method in which the inert gas is absorbed into the

molten prepolymer in advance before the molten prepolymer is fed into
76
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t.he rizati on degree using two polynerization
AO501aY)BZ?MEs, i.e. the first guide-contacting downfl ow
type polynerization apparatus and the second
gui de- contacti ng downfl ow type pol ynmerization
apparatus, it is preferable to use guides such that
i € f izalbn28pphrafids, and then
the ghitfe tc%@%cﬁﬁg ???Jnﬂ%% t?ﬁérﬁ?@gﬁﬁz P )

guides | st pol on apparatus and the
tofal external _sur.fac I { |kl

the matéh pFhe ges YR the i s, Bt bl heteiAas dubjected
pol yneri zat i on ,agaﬁar at u saél?sfy the followi ng fornula

to thg pgjymerizafjondp alse RIEIGIaB. 1 S1 / S2 i s |ess than
1, then problens arise such as variation jn . the .
noA prafaratie tpaction PFeSEHES 48 meapobfraﬁsweém@maéaws in
production 78 A0501 VP77/ KAN becomes difficult, and it

step Hepovarigsddépending bo thie type and caetenutanaeight of the
production anmount, whereas if S1 / S2 is greater than

aromf&@ic pORptdridtevto batprofuddd; the peiymeeizatjomtemperature,

| om ng down the guides in the second polynerization

and SPBH BUSiPeRe RS ) foh exdifiphs, bEPHbHuRIMptheTa@mMaticS

such'as the residence tinme of the nolten prepol yner

beca i g 4 L6l A
polycH A 1M thSdnelia plengREr Bretbiob ront bigphenol A
ight. For_such r.easaons, _a fer [

and diRshyl sandiate. if ecgaef I 2 T BeE AR g Hfecufar
. hr of the aromatic pol ycarbonate 10 is proguced. .bu
weight @dissst tharmpdheP; &%ﬁaﬁyenoszgﬁ%m ’eﬁ%/-a&?%dﬁcée&ange
in the polynerization reaction is_discharged out of
of framed 08yter 31900 HRa nanddn the-pasgret amumbes averagg molecular
the polynerization apparatus in an anount greater -
weighbdn 4 range/ ohfroniti 080t 00000héhe melactioHPERIS YIRS
fed into the polynerization apparatus thus varies 15
preféM9dnna rahdd6f PGS0 taBA0Palegirdheheaseiofandiurhber

pol yireri zati on _ )
average molecular weight greater than 10,000, the reaction pressure is
preferably not more than 300 Pa, particularly preferably in a range of
from 20 to 250 Pa.

When carrying out step (lll),- an aromatic polycarbonate having a
desired polymerization degree can be produced using 6nly’one such
guide-contacting downflow type polymerization apparatus, but depending
on the polymerization degree of the molten prepolymer used as the
starting material, the produced amount of the aromatic polycarbonate,
and so on, a system in which a plurality of sﬁch guide-contacting
downflow type polymerization apparatuses are linked together so that the
polymerization degree is progressively increased may be preferable. In

this case, guides and reaction conditions suitable for the polymerization

degree of the prepolymer or aromatic polycarbonate to be produced are
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degree of the aromatic pol ycarbonate to be produced,

A0501, 7i7éK©E|neraIIy in arange of from1.01 to 1.5 ton |
hr per 1 ton | hr of the aromatic polycarbonate to be
produced. The reaction in which the aromatic

pol ycarbonate is produced from -20 the aromatic

di I enfi ; | p
prefefppli a8eR1E T oA e poliher-atigi apparatuseer
.. byt y he carried out,.in __the pre \
indivigially; Foa SXamble ol 17 et o Z°SEafmdh, Ifct théshrst

_rate. There are _no particu‘ ar limtations o Su&.‘% 8econd
guide-gontastingiewnflaw typepolyiReHzatioaPpPREatHS

question. Exanples of 25 the catal yst include alkal,.
guid ersrcritaatio gatiewiniflasy dxpenp aitrae rigpdionapparatits, thethird

['ithium hydroxi de, sodi um hydroxi de, potassium
guidéxbrtaictin (ed Owaelaw Lype7pohonhetization BpRangtusxih fourth

al kali metal salts, alkaline earth netal salts and

guid SLE8 kAN dBWeW typal p6lyihebizativraagparatasiumare used so
hydri des such as lithium alum num hydride, sodium

y i H 1 Ly
B S a5q ¥ L apesh ey s cisesaikin th tta

hydri des such as

T e

0 such
as lithium oxi.d sadi um__et hoxi '
APPATBINERF B PAIKh B2veidi Sdnct APRRAPHYED I FEpfr Ean be
aryl oxi des such as |ithium phenoxide, sodium
madpHenbgei siech thgh&st an2phénbri 84, 2and LMErepver; theg
NaO Ar-ONa (wherein Ar represents an 10 aryl %roup);
polymiecizationtteimpe tataireaniaycb e dhensameain eaginet the; d
salts such as lithiumacetate, calciumacetate and
polypfski Zatibaragpacatusies; orcaltponativebumiaymbezpragreasively
zinc acetate and zi nc phenoxi de; boron conpounds such

i I OfF @rthdemdie! ithedsolyméndationbpredsuret magbley|
mcr%%?gtﬂe’ rﬁ‘?ftggt??l boratg,%?riphenyl bgrate, and

pro RN SRR AT RERIFEI R ppparatones

In this sense, in the case, for example, of progressively increasing
the polymerization degree using two polymerizaltion apparatuses, i.e. the
first guide-contactihg downflow type polymerization apparatus and the
second gu.ide—f:ontacting downflow type polymerization apparatu.s, it is
preferablie to use guides such that the total external surface area S1 (m?)
of thé guides in the first polymerization apparatus and the total external
surface area S2 (m?) of the guides in the second guide-contacting
downflow type polymerization apparatus satisfy the following formula
(26);

1<81/82<20 (26).
If S1/ S2 is less than 1, then problems arise _s_uch_ as variation in

the molecular weight increasing so that prolonged stable production
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r Led by (RIRZR3R4) PB( RLR2ZR3R4) (wherein R1, R2,
AOSO1§§BZﬁ@6ﬂM are. defined as above); silicon conpounds
such as silicon oxide, sodium silicate,
tetraal kyl silicon conpounds , tetraarylsilicon
conmpounds and di phenyl - et hyl - et hoxysi | i con; germani um

becorﬁ%@p@i‘fﬂﬁﬁitst?‘i'fu fSh&eb ARy UdfABuRtodsbtalAr apredBtermined

tetrachl ori ger mani um et hoxi de and ger mani um
[
prod R i Gunt, GpEFIRELE 017198 S rbpler bl 20) mie thiTow

%P@Degﬁﬂﬁiah?w“e‘?doﬁ?m%ﬁﬁgiv @émﬁp%aagmezémghgzﬁcond |
o LaBE RGN BecsEi Rl e SChe il

carbonate, and | ead and organol ead al koxi des

such asytheiresidense dimefthema:okeR b rep dyimead; lha¢9mm9 Shmt S0
amoni um salts, 80 A0501 VP77/KAN quat er nary

that lprbmﬂmasmmfﬁauﬁstoaotitamaanramnyahcmiyqafbtanam of the
anti nony conpounds such as antinony oxi de and

requit8li fiBlycdeetweRjhiTenBaneweh reagongda mocd mreferable range
nmanganese acetate, manganese carbonate and nanganese

is 1. %)Qrgt]e, gbi L um conpounds such as titanium oxide, and
trtaniruma OXI des and titanium aryl oxi des; and

71 PE BTl GRS LR, fin / i GTANE HOMAE potycarbonate

s pr'eﬁeceat B it ee therataR oo Lot d "

urality may be used in conbipati.on

by- pmduq@ t!héh@apalm@rl?@t@éhé%ﬁ@"éafbé‘Pgafﬂgan?'ét Piﬁﬁs
of from10-10 to 1 % by \NEltg preferably from 10-9

system, theimulten peepatymeadmeup bﬁeﬁ&ﬂol@lwﬂtﬁrpoimﬂ%?tlon
10-2 % by wei ght, based on the starting nateri al

apparatuisitin @n dinydnbygyeatapthawl .1 ton ¢ the. cablee @mokiat ] the
transesterification nmethod, the polynerization

mo!téﬁt;ﬁ'é{ﬁil HFedfd B Mo the fpdl?mdﬁmlv@ﬁ Fppuraitus thus varies

pol ycar bonat e, and often has an adverse effect on the
depdtdihgEonRhePEblyRerization degree thereof and the polymerization
degree of the aromatic polycarbonate to be produced, but is generally in
a range of from 1.01 to 1.5 ton / hr per 1 ton / hr of the aromatic
polycarbonate to be produced.

The reaction in which the aromatic 'polycarbonate is produced from
the aromatic dihydroxy compound and the diaryl carbonate in step (ll1) |
can be carried out without adding a catalyst, but may be carried out in
the presence of a catalyst as required so as to increase the
polymerization rate. There are no particular limitations on such a
catalyst, which may be any used in the field in question. Examples of

the catalyst include alkali metal and alkaline earth metal hydroxides such

as lithium hydroxide, sodium hydroxide, potassium hydroxide and calcium
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A0501 VP79/ikANS preferable to reduce the anmpbunt used of the
catal yst as nuch as possible. According to the process
of the present invention, the polynerization can be
carried out efficiently, and hence the anount used of
the catalyst can be made low. This is one of the

hydrodtideaciilealishetalRalteanlicalineledrtie rpetalesalts mnehquaternary
enabling the high-quality aromatic polycarbonate to

amm ORI UOSHES bf IHRIE andealinitiithi BydAdeki fiéiftasolithiam
the material of the guide-contacting downflow type

alum %;Wﬁ%ﬁ?b; %%g?ﬁa Bﬁ?b‘ﬁy?@@epéﬁﬁ tréﬁ%@hgférﬁﬁﬁhium

eria generally seletted from

vorofFAeH: FAYTTER S0 AKSRe ARk rEARPARIAR gucn o
a5 i S IR BB oA i

material may be subjected to a.n}/'_of vari ous i
atkaline gertihraetal alkoxides pushicas Jihjpum majhoxigg ngodium
passivation treatnent, acid washing, or washing with
ethoxidenahd Gilzimmenethbxile; alkelemetahdral alkalkine |garthgnetal
are particularly preferable. 5 1n step (I111), when
aryloRides Gutth tkdithigarplieaoxide@dsddiumgphbaoxide, magnesium
pol ymerization in the guide-contacting downflow type
phendXid8CaheRL i ODAr-TIReaAd Na0RAr2O SR pRReREiPAriRpresents an
aromat I'c nonohydroxy conpound by-produced in the
[.00k LS L ' ' i Lri
aryl GERG); BT S B ol SRl fnitdl Wilc dbif saits such
JLhus recovered., Ln 10 t present ,.i t an,
as lith i, pee i Graisl dry Ree s TARS SRR B Aue’Bing o
circylating the aronpfic nonohydrox onpound N
compgURHsHeH as Aing 8148, 7INCoREKIate; anfIng; BligRoxide; boron
carbonate production step (1) nust be carried out. In
compoundgsach As bpoonaxida, posteasid,r sediuniberaie tgmethyl
the Dby-produced aromati c nonohydroxy conpound or as
borateictribstyldesidiee tdiphehgt bofrate t Andsammonimdserates
possi bl e, and circul ating back and thus

represented by (R'R2R®*R*)NB(R'R2R’R*) and phosphonium borates

represented by (R'R?R®*R*)PB(R'R?R3*R*) (wherein R, R?, R?® and R* are
defined as above); silicon compounds such as silicon oxide, sodium
silicate, tetraalkylsilicon compounds , tetraarylsilicon compounds and
diphenyl-ethyl-ethoxysilicon; germanium compounds such as germanium
oxide, germanium tetrachloride, germanium ethoxide and germanium
phenoxide; tin compounds such as tin oxide, dialkyltin oxides, dialkyltin
carboxylates, tin acetate, tin compounds in which alkoXy groups or
aryloxy groups are bonded to tin such as ethyltin tributoxide, and
organot.in compounds; lead compounds, such as lead oxide, lead acetate,

lead carbonate, basic lead carbonate, and lead and organclead alkoxides

and aryloxides; onium compounds such as quaternary ammonium salts,
80




r I this aromati ¢ nonohydroxy conpound is
A0501i\?§21?m. The by-produced aronmati c nonohydroxy
compound by-produced in step (I1l) and recovered in

the present invention generally contains sone diary)
carbonate but still has high purity, and hence can be

quate‘ébéﬁﬁ%ﬂp@?ﬁ@r&%ﬂg@ngnﬂh&ugié‘mﬁr arduniahe salts; antimony

thus reused as is. In the

comp@%gﬁkgf‘aiﬁtg@mwidgaﬁp"%‘ﬁigofbrﬂ Byatare) manganese
Int

anount I'S containe
' e recovered aronmatic ohydr g il
compgiiatds SHEE ¥ aRaRBSeR SCRIR. SBRRERg eSS Retdihatd 2
by further carrying out distillatjon B?fo.re id d
mangsnese Horage: Hiariusneonep oY NAs SUGR xR Mydg. A0
into the diaryl carbonate production step (1) for
titaniurustkosizies0aad NaTInRARITiexidesand ZEsPpidmbesmpounds
produced by inplenmenting the system of the present
such gy givcioenu na catatkenexitcamium rexides aitcahibm adkoxigiesgand
formula: 0 -"EEOCOAT 3- 5 wherein Ar is defined

aryloggtilé’éif Sh8- zifcBATUhadatylaceraier abl e aromatic

ycarbonate 1s one containing not |less than 85 nol %

f i f :
e 8 iy e oy v Carimy e

_ rep O Moreover, a
usod 3 hATLrERY Rl LT oRGRHER, ST Bufoameiba o
the dstaf S ubbrau SIS R e RBRChL o RE19E 1 % by
weight, preferably from 107° to 10~" % by weight, more preferably from
1078 to 1072 % by weight, based on the starting material aromatic
dihydroxy compound. In the case of the melt transesterification method,
the polymerization catalyst used remains in the product afomatic
polycarbonate, and often has an adverse effect on the polymer properties.
It is thus preferable to reduce the amoﬁnt used of the catalyst as much
as possible. According to the process of the present invention, thé
polymerization can be carried out efficiently, and hence the amount used
of the catalyst can be made tow. This is one of the characteristic
features of the present invention enabling the high-quality aromatic
polycarbonate to be produced.

There are no particular limitations on the material of the
guide-contacting downflow type polymerization apparatus and piping
used in step (1), but this material is generally selected from metals such

as stainless steel, carbon steel, hastelloy, nickel, titanium, chromium,

and other alloys, highly heat-resistant polymeric materials, and so on.
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6 15 wherein Ar5 is the sane as Ar 3 or
A05OWEJIJ i bed above. There are no particul ar

limtations on the ratio of hydroxy groups to aryl
carbonate groups, but this ratio is generally in a
range of from 95:5 to 5:95, preferably from90:10 to

| More&ge? héTQ[l?TefHeeB?rtﬁgl Maftéﬂ\%lhl Cﬂ@%e 5abpébtdd tdany of various

ycarbonate in he proportion o

treatnﬁgﬁ% r%ﬁsﬁgf;%%%gr 74#3{“&@%&{}@%@%19%% traatment,
acid IOartlgaIelzél’rl\r)i)zgg{yeferaBF %‘e{rﬁg a;#@é Leéspg%ﬁ fﬁ?@é’f e‘etnd a

i nvention may have a main chain thereof partially 5
glasshlining adetpadigyiarkyr preferabikages such as ester

|'i nkages or ether |inkages. The anpunt of such foreign

| i rkatms (11$), gwhengpioducing thenpeepolymeansodoburing the

mol % preferably fromO0.01 to 1 nol % nore preferably

polyﬁéﬁﬁa@rcﬁﬁlﬂ oh 8. quitel-contdeitng duwhfiewc tyme patlymerization
I i nkages. Such an anount of foreign |inkages is

appa?ﬁiﬁ&bé ‘?af%l fth gh?'&ﬁﬁ@b%lﬁ@tﬁﬂ mehdhed ddx@mcdmpound

aracteri uring nelt nolding can be inproved

oy-o {8 L1 A4S QOB BRSPS I

relativel | ow

te rature,, and, a [ I
gasegir frianeBdcan BEnarddnted ks fBRh %ﬁd%‘c%&%‘%"efed In
~also be shortened, contributing to ener
the pigsen IDNENWOIN; 3y arematic mpBRRYALOXY GriipAlfig eycling
produced by inplenmenting the process of the prese
step|(rhVéemtfl(Unclhlattng/th@rﬂr&ﬂh%tlﬁﬂvoF‘ﬁ‘bNF’WXE§°’PP°§'&%BV produced
possible to produce an aromatic pol ycarbonate :
in stepntiH) riagk t@Othe diarylprarbainatekpiodustion sdap (1) sust be

al kaline earth netal conpounds in ternms of the
carried out. In an industrial production process, recovering all of the
by-produced aromatic monohydrdxy compound or as much-as possible
thereof with as little loss as possible, and circulating back and thus
reusing this aromatic monohydroky compoun.d is important. The
by-produced aromatic monohydroxy compound by-produced in step (1l
and recovered in the present invention generally contains some diary|
carbonate but still has high purity, and hence can be circulated back into
the diaryl carbonate production step (I) and thus reused as is. In the
case that a small amount of aromatic dihydroxy compound or a trace
amount of oligomer is dontained in the recovered aromatic monohydroxy
compound, it is preferable to remove this high boiling point material by

further carrying out distillation before circulating the aromatic

monohydroxy compound back into the diaryl carbonate production step

() for reuse.
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Ic elements therein. This content is preferably
Ao50ﬁ£’2%‘é‘ﬁ§e of from20 0.005 to 0.5 ppm nore

preferably from0.01 to 0.1 ppm In the case that the
content of such netallic elenments is not nore than I

ppm preferably not nore than 0.5 ppm nore

prﬁgrﬁgw?ﬁc ;ocgpgiahﬁaﬁé?e PrédDeedWy spteAidwAg the system

t he propertiie e product aromatlc pol ycarbonat e,

*of g ReRBREShHS5BH RS o R HE ST HEPGL/SRURBHESY foloi

aromati c pol ycarbonate produced by inplenenting the
form@ya: Ao0501 VP77/ KAN process of the present invention is

particularly preferably one produced using the

aromat igg di hydroxy conpound and the diaryl carbonate

each (r;gt cont ai ni..ng a hal ogen, the hal ogen content
I

gegs_r y,bging not nore than 10 ppb. According to
t he RAg e present invention, even an 5

aromati c pol ycarbonate havi ng a hal ogen content of not

nor e, than b e_preferably not nore than 1 ppb,
Wher@é‘?}%ﬁe' 9%ﬁ0§§d?sﬁ°ﬁ%nce a product having very high
| t

qual i ty, can be obt ai ped. is clear fromthe .
L cArpAticulasop akedabie aromatie Aoty tRE SHate i ong coptaining
present invention, it is because the sgecc'{ Ei eélg .
not lpss ivan 85tmeieiof e epeat ynit sepreseated by tollpwing formula
pol ycar bonat e can be produced stably for a prol onged
out agfeail dHeafepgeateunitsh no variation in ol ecul ar wei ght.
Exanples 15 Following is a nore detail ed description
. of the présent invention through Exanpl es. However,
resent ppmention is not limted to the follow ng

he'p
appl e Nu er\age nol ecul ar wei ght (M):
BL@— ' out by a gel perneation
chronat p ) jrethod using

eh..ay
y
CHs

Moreover, a terminal group of the aromatic polycarbonate .
produced by implementing the process of the present invention is

generally a hydroxy group or an aryl carbonate group represented by

following formula;

o]
i

—QOCOATS
wherein Ar® is the same as Ar® or Ar* described above.
There are no particular limitations on the ratio of hydroxy groups
to aryl carbonate groups, but this ratio is generally in a range of from
95:5 to 5:95, preferably from 90:10 to 10:80, more preferably from 80:20

to 20:80. An aromatic polycarbonate in which the proportion of phenyl
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‘processpéthewp e by ention may Nay e 2 B

ydrofuran as a transporting solvent, and the
AWOﬁ‘?FFEZi erage nol ecul ar weight (WMh) was determ ned
usi ng a converted nol ecul ar weight calibration curve
given by the follow ng fornula obtai ned using
st andar d nonodi sperse pol ystyrene; MPc = 0.3591
carbd\‘l’a%hgﬁﬁ&@%mlsﬁ oiHe M¥ininl groupsSis hot 1@ssthian 60 mol% is

t he ar rratl c polycarbonate, and MPS

pam@a%méf%aéﬁf o cular wel gt of (he 85 fosos

yStyrene. Color: Using an injection

d| n | ne

th §0s aRacpofhte s1adlcka By ik ief ke dpe
fromthe ar omat i C poI carbonate at a Céﬁ?}d?‘;ﬁlﬂr%’a @r’ually
The color tone of the test piece obtai ned was
brancieed thedugh fareignidinkagas Ruchacestap!inkagas or ether

(Commi ssion Internationale de |'Eclairage 1976 L*a*b*
Iinka?e@gf aMe drheuytldfosuels fobeigmolinkages isygeneraly valagange of

ensil e elongation: Using an injection nolding

from TRO05 R 2t%1§@dﬁfﬁ@£b fy A@nY Caolomat emei%, more preferably
i nj ecti on-nol at a cylinder tenperature of 290 C

from; ?)5‘5‘ ! ﬁ rﬁ@lmfr%g gﬁ tR8 &arbUitatecnfkhges! ongatham

test piece obtai ned was

amovaf‘g*‘Sﬁ9@'9&&@5E%g%%”%mgéﬁ'ead*‘%lﬁ@%"’?’“*’E"W*'“‘He

ng the net
bed W97/ 32 th | kal.
charagrerietigs 4luriag ealt mpldine et ts ey Rd Wl eflfer
and the hal ogen content vvas sured u |
polyavarapkaReftiasmbeing mersenatdp mgzsa{11§ 5'?¢ P%fe"e" ata

conti nuously produci ng di phen car bonate -
relatively low temperature, and a molded article having excellent

performance can be produced. The moliding cycle can also be
shortened, contributing to energy saving during the molding.

The aromatic polycarbonate produced by |mplement|ng the
process of the present invention hardly contains any impurities, it bein'g
possible to produce an aromatic polycarbonate containing 0.001 to 1 ppm
of alkali metal and / or alkaline earth metal compounds in terms of the

metallic elements therein. This content is preferably in a range of from

0.005 to 0.5 ppm, more preferably from 0.01 to 0.1 ppm. In the case

that the content of such metallic elements is not more than 1 ppm,
preferably not more than 0.5 ppm, more preferably 0.1 ppm, there are no
adverse effects on the properties of the product aromatic polycarbonate,
and hence the aromatic polycarbonate produced through the present
invention is of high quality.

The aromatic polycarbonate produced by implementing the
: 84
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<Fj I ntinuous nulti-stage distillation colum 101>
Aomk%ﬁ'ﬁ%&ous mul ti-stage distillation colum as shown

in FIG 1 having L1 = 3300 cm DL =500 cm L1/ D =
6.6, nl =80, DL / d" =17, and D, / di12 =9 was
used. In this Exanple, sieve trays each having a 25

proceds vY th ﬁélé St ﬁL\%ﬁ‘ttRﬁ{ ;é‘?a@tﬁﬁ.!éﬂ?éﬁf%ﬁﬁoﬂé%%ced

and a nu es of approxi ma m were

wsing 858 Rl b SHRBAG coRfa BTN P E8gate ench

contjnuous multi-st di stillation, colum,.as shown |

not containingiaNalgaes, theielagan sentsahgenarally hetsy ot ore
6.2, n2 =30, D2/ d21 = 3.85, and D2 / d22 = 11.1

than vids ppbed. Acaording tocting IRFocess: abthamiesend inygption, sven an
5 of Mellapak (11 theoretical stages in total) were

aromiatit polpcarbondte hapimg apbatagen candest of aatrapsedhan 5 ppb,
havi ng a cross-sectional area per hole of

more2pPéfaralay ¢lot rhode tABnanbpb Noahdse gfroldaicesl, ind hence a
approximately 250 / n2 were used in the |ower

prodagghiﬂagmﬁig‘fﬁq%ﬁw Idzit bengbédinBdpheny! car bonat e

y “carrying out reactive distillation

O LRI e HiIEG, BB BRtsly WAL, the process
of tngh AR R RLAbT IS sl 1he| ey BBLFRE 1A fon

material 1 containing phenol and di nethyl caybonate in
appargtys.igiysed thaf theargmatic nglaﬁﬁéﬁﬂvﬁp% &a&oﬁst%m_ﬂe‘i‘?%d

was introduced continuously in a liqujd format a
stably tor agprolongsd period of tim@with npyariation éa melegular

the first continuous nulti-stage distillation colum
weighll. On the other hand, a starting material 2

cont ai ni ng di met hyl carbonate and phenol in a weight

rati o of dinmethyl carbonate / phenol 3.6 was 20

i ntroduced continuously in a gaseous format a flow

Exaﬁ'n"btlés"f 50 ton / hr

Following is a more detailed description of the present invention
through Examples. However, the present invention is not limited to the
following Examples.

Number average molecular weight (Mn): Measurement was carried
out by a gel permeation chromatography (GPC) method using
tetrahydrofuran as a transporting solvent, and the number average
molecular weight (Mn) was determined using a converted molecular
weight calibration curve given by the following formula obtained using
standard monodisperse polystyrene;

Mec = 0.3591 Mps' 0388
wherein Mpc represenfs the molecular weight of the aromatic

polycarbonate, and Mps represents the molecular weight of the
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‘W?"i‘l(h wer inlet 12 of the first continuous
AOSO‘!ml ti'-'st gge distillation columm 101. The nolar ratio

for the starting materials introduced into the first
continuous multi-stage distillation columm 101 was
di met hyl carbonate / phenol = 1.35. The starting

pQWszQﬁéal s substantially did not contain 25 hal ogens
(outside the detection limt for the ion

;zcgj%t;%%ﬂ%g@s G il
wion 558,585 £ e i BB Yy mota
rom SER S HobG3 e Bl 2 an

carried out continuousl under the conditions of

‘a mold ipmpenaterarofi$@ “Bot t Sheoeolafdong pféhed@ﬁ.mas&sobtamed

mul ti-stage distillation colum 101 of 225 C, a
was presssuned im@accloedanpeovithhthe @ likhA B fmethod (Eoramission
reflux ratio of 0. Afirst colum |ow boiling point

Interhatioinale deé iRdlairee 4076ng* ot hBiayrami ntidyellowness being
car bonate, phenol and so on was continuously w t hdrawn

given %ye‘trgé‘%@%’élué‘ ormfromthe top 13 of the first
co um, was passed through a heat 10 exchanger 14, and

ouie \e“"tsﬁ!%déﬂig}gﬁ%ﬁo ﬁi&hangnﬁct Af'nh%‘ldm@rméﬁﬂfmé‘nthe

1 rst col

arorrbq(;lér‘:1 &gggﬂg%%@ a%ﬁ%}ﬁ?}lo&\ure ﬁ%ﬂtﬁ thgagf@ém’émperature of
200 ShraR A ESIA WTORGFATE Bf OB 1Cqu; the dpRsliedrangation (%) of

bottom17 of the first colurm 15 A stabl e steady :
the Z2amumvihdclaiteat pigceohipinad was sneapured ﬂatacmdﬂﬁ—fse with

hi gh boiling point reaction mxture was thus then fed
ASThbEX838l0usly as is into the second continuous

mul ti-stage distillation colum 201 at a flow rate of

66 Awamoliht DT FBYSigH ﬁhkbp&sﬂ%@rm@asmbetu%g the method
install ed between the Mel'l apak and the sieve trays.

liHUWNVO atie& LAl earth metal content
descﬁuhf?él_igt ageéglfésztﬁ?aﬁ%n coﬁ?gﬁnﬁ?@m cont ai ned 18.
was Measured using an ICP method, and the halogen content was

measured using an ion chromatography method.

Example 1:
(1) Step (l) of continuously producing diphenyl carbonate
<First continuous multi-stage distillation column 101>

A continuous multi-stage distillation column as shown in FIG. 1
having Ly = 3300 cm, D; = 500 cm, Ly / Dy = 6.6, ny = 80, Dy / dy1 = 17,
and Dy / d12 = 9 was used. In this Example, sieve trays each having a
cross-sectional area per hole of approximately 1.5 cm? and a number of

holes of approximately 250 / m? were used as the internals.
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nmet hyl phenyl carbonate and 0.8 % by wei ght
AOSON?F%?M)/ carbonate. Reactive distillation was

carried out continuously in the second continuous
mul ti-stage distillation columm 201 under the
conditions of a tenperature at the bottom of the

<SecSHHLE6hﬁ’ﬁuaﬂig%u@t|2§ap%9§f§!ﬂl%wdn fgagu 20 > he col um
of 3x104 Pa, and a reflux ratio of O0.3. It was

2235E:o*?n'tﬁw&d’uégngﬁ!&gggai&%gs?ﬁhﬁﬁ% ééﬁirﬁno.i’@fsﬁdm ARG, 2

oo ours 1KAN second col um | ow
navingpl 5 it S4B P 5 BB £RE S % iy 30y P2y o1 = 3.85,
and [Shznol C-O\Aﬁg lgﬁg%nsuqo S| ¥n6 th%&%@n%{ r'gqr:% 36%1@?83@30 two sets

being 55.6 ton / hr, and a second col ym. high .boil i g
of Malmhtﬁ 1 dhedretical stagesdaricdahi wefesnﬁtaﬂg Wstlh@wt‘ per
of methyl phenyl carbonate and 55.6 % by wei ght of
porticin phadysievar trayst eashshaving awossyseglienal argafpephole of
the bottom 27 of the second colum. The second columm

appro@manilyi na emi*nandeasiunvbemof tholesveisapproximatedyy250 / m?
fed into the first continuous nulti-stage

weredu§éd ihahlerbwért ?@gt,g,g; fromthe inlet 11. At 10 this

t he anount T fresh di nethyl carbonate and
I into the first continuous
<Re4§ﬁﬂ$ﬁ%¥§wﬁﬁ |st|IIat|on colum 101 were adjusted so
as_to, nai ta| abov

S DEnERY[ karOahate MFY ProACRRLOY A 7t SRR Bkt

taking into conS|derat|on oSition and_ano
distilatioRisiagoan arRPAFAIUSHR w&! ieh ﬁE ?ﬁﬁithféﬁevf’aﬁ Té‘l"‘n'stage

m xture. It was found that the anpbunt of dl% g/ s
distidatinorealurpn ddit end the sesend.agntinupus,multihstage distillation

selectivity for the di phenyl carbonate based on the
columme20H weae teuh nectedBtogtheroag shaventindtlas3 oper at i on
was carried out under these conditions. The anounts

e 8" B "
a wdigHt fatio of phenol / dimethyl carbonate = 1.9 was introduced
continuously in a liquid form at a flow rate of 50 ton / hr from an upper
inlet 11 of the first continuous multi-stage distillation column' 101. On
the other hand, a starting material 2 containing dime_thyl carbonate and
phénol in a weight ratio of dimethyl carbonate / phenaol = 3.6 was
introduced continuously in a gaseous form at a flow rate of 50 ton / hr
from a lower inlet 12 of the first continuous muiti-stage distillation column
101. The molar ratio for the starting materials introduced into the first
continuous multi-stage distillation column 101 was dir_nethyl carbonate /
phenol = 1.35. The starting materials substantially did not contain

halogens (outside the detection limit for the ion chromatography, i.e. not

more than 1 ppb). Pb(OPh); as a catalyst was introduced from the
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A050i§/}9tﬁﬁéﬁﬁat he_ di phenyl carbonate contained in the

terial) were 5.74 ton, 5.75 ton, 5.74 ton,
5.74 ton, and 5.75 ton respectively, and the
selectivities were 98% 98% 98% 98% and 98%
respectively, and hence the operation was very

oopef NCH1 R0 ot HERORLETR AAGRGEL SR T 1
sy RoResh ol i oL e A

|I|ngl point reaction mxtuyre, wthdrawn fromth

apprextmaielyt 100 Lpme orldeashvendisliiation was sgeried ou
distillation colum was continuously fed into a hig

contipsidusly yuden thatconditiopsrof ardgnpeaturs ai m@wmoof the
cm inside dianeter 340 cm 30 stages), and

first doatinluoals mMultiestagedisttifatioh colomnudikiof 225 RCq a pressure
tenperature at the bottom of the colum of 206 C, a

at th@ft%iﬁaf %hétcdin?nﬁ Qﬁ' mw*ﬁpacahuna reflu3sRtidPaf @nd Afirst

ratio of 0.6. A colum top conponent

colu@?{‘fd\ﬂ%lﬁhﬁ r[ldlreaé’t‘ﬁlcfﬁ At life cb?ﬁaﬁ'ﬁ\rll\ghﬁeﬁhﬂhol dimethyl
ol l'rng pol it

ter separating colum

carnGERETHRLNSY Yy Ao B 3w, A4l s Sy papeous

oA 3005 B EaBb B B TR noo

outlet installed therebelow, 5 stages ?el ow si de ?
exchangen §4, pnd wa sgwithgraygy %r?aﬂ@“bﬂ?tﬁ‘? mft dendnhr from an

distillation was carried out continuously with a .
outlatetPer ddnrtheavthérchaotd; anfitst odlump highubniliig prantreaction

pressure at the top of the colum of 5000 Pa, and a

mixtleé ldontabiing ﬁfeth%/ﬁph'ﬂmjl arbonaté, dimethyl casbbnate ephenol,
conti nuously wthdrawn fromthe side cut outlet was

diphBal lca¥bohhie, e%%%’%ﬁ%&% oh&lvﬁﬁeébﬁﬁﬁhﬁﬂblv\@ﬁthdrawn in

not nore than' 1 ppb e high-purity di phenyl

a liabti HBPA' £ofPLALNSGHbM 17 5t YRY R coffimrenporari 1y

ten's e Iha orage tank.
A stable steady state was attained after 24 hours. The first

'column high boiling point reaction mixture was thus then fed continuously

as is into the second continuous multi-stage distillation column 201 at a
flow rate of 66 ton / hr from a starting material inlet 21 installed between
the Mellapék and the sieve trays. The liquid fed into the second
continuous multi-stage distillation column 201 contained 18.2 % by
weight of methyl phenyl carbonate and 0.8 % by weight of diphenyl
carbonate. Reactive distillation was carried o_ut continuously in the
second continuous multi-'s;tage distillation column 201 under the
conditions of a temperature at the bottom of the column of 210°C, a
pressure at the top of the column of 3x10* Pa, and a reflux ratio of 0.3.

It was possible to attain stable steady state operation after 24 hours. A
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( (1'11) of producing high-quality polycarbonate .
AosmA\;é?rZ{'{}ngol ycar bonat e production was carried out

using a guide-contacting downflow type pol ynerization
apparatus as shown in FIG 5. The material of the
pol ymeri zation apparatus was all stainless 25 steel.
seconTJ‘go‘Pt?nLr%H'FtS\lv i'Iiﬂﬁ. ﬁﬂﬁﬁrﬂé@tiéﬁ%ﬁ(tﬁb’é icethiithgCasi Roby
a ta cofi ca

an pere bottom portion, and was such

weiathf alimsgtu f3rifha anicgs And TGN GRENGF Rad -
contiBb B8l 90 L E55 7R o, do A SRS now

inert gas feedin ort was provided in a |

ng 9 wer . . .
rate aforniautior 26nbeind bAchitont] bR Aps:a secondalimphiahpoiling
vent 6 was 5 provided in an u&oer portion. There was a

pointjreaciioro mixbere coataiming 384 Yo byyweightiof srethyl phenyl

apparatus, heating being carried out using a heating

carbdirstieuandAB5 & Oty wellght oérdiphang| marbenape apas oentinuously
(nunber average nolecul ar weight Mh = 4,000) produced

withdra@WR BicRNRRObotiofM 2 7 BE tAE deddnd Wolusrdi PTéeySecond
carbonate produced in the steps (1) and (I1) (nolar

d
ty lad | . j NQ; =
cotur g BB P rPagRBinfatirs ailodtiustt roafis tne
. feedin ort a o t LeRo!
st {FERUBA° Kbt RsBL BETUENSR ool T PR e,
. reaction zone 5 vja the perforate late 2 .in the
this 3R, Hbe 20T GHS bR et s btnale afd Bnonsl newly fed
. pol ¥_rreri zation while flow ng down al ongI t he u{ des 4. .
into theefisst gaptinuausomultizstags distidatiofeoluay 121 yemeadjusted
via the vacuum vent 6. Produced aromatic i
so a®bdymaimkintthecabeve mpmpesitipas ahdamountpof therstarting
of the polynerization apparatus fromthe | ower ends of
matelrl3d 1 Gridithe Stafting tnhtevial 2| takind int@oonside Maton the

rate of 5.5 ton / hr froma 20 discharge port 7 by a
complb SitfAH SndPaRBThBof itd sdtaind kel@piiw ®oiliRg point reaction
mixture. It was found that. the amount of diphenyl carbonate produced
per hour was 5.74 ton. The selectivity for the diphenyl carbonate based
on the phenol reacted was 98%.

Prolonged continuous operation.wascarried out under these
conditions. The amounts of diphenyl carbonate produced per hour after
500 hours, 2000 hours, 4000 hours, 5000 hours, and 6000 hours
(excluding the diphenyl carbonate contained in the starting material)
were 5.74 ton, 5.75 ton, 5.74 ton, 5.74 ton, and 5.75 ton respectively,
and the selectivities were 98%, 98%, 98%, 98%, and 98% respectively,

and hence the operation was very stable. Moreover, the aromatic

carbonates produced substantially did not contain halogens (not more

than 1 ppb).
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pol ycarbonate residing in the bottom portion
A°5°€é{§ﬁ}é§§'ﬂ constant. The nunber average nol ecul ar

wei ght Mh of the aromatic pol ycarbonate w t hdrawn
froman outlet 12 after 50 hours from 25 conmencenent
of operation was 10,500, and the aromatic

3 2
(2) sﬁi gn?bbmfamﬂgamgm eloweiweﬁﬁr@mnaé ).

over, the tensi ngati on was 91 A0501

o4 ST ol A bk bt sbBBIBAOIRA( e wihdrawn
rom B8R0k ec e Ao MR Peton g
was GepEoUSD, b0t SN DYIkG8 Palp! g'gg“e%%ﬁ%’csﬁo"fé'%&m“m“

respecti vel and hence operation was stable.

(length d%Q0 cmo{qmdewﬂm%tqu Qcem, 39 s?&g%&)o\ﬁé\%idsta\“atioﬂ was

content of alkali netal and | or al kaline earth netal
carried mstucoistinfio0shy with @ tEmpepature atthe hfttomeof the column
metallic elenents therein, and a chl ori ne content of

of 20@0@cmar Srddiiirel aPPhe (topt 61 tite Hollhth @$13B00 ¢a | andtg reflux
Moreover, the 10 content of foreign |inkages was 0.12

ratio gt @.61° K%dﬁuﬁﬁ)toﬁd@&ngo\ﬁerﬂf coRGNGbUBY Withdkdwn from the

nmonohydr oxy conpou henol sol ution containing .

on ol g S 480 o e o uouel
r ecov red i.n

fod aprni olgnamq%f ey CRAEP Rl U ?&81“@;#"?%81 having an

9 st D st |
side Gt iRt (RDaLN2200 0, Msider dameten 58ﬁecrsot1f?§ﬁias?s above

the colum of 185 C, a pressure at the top of
inletcdBustages bebgera, inlahana siste gt oattiet l@st@llgd thﬁéﬁblelow 5
recovered fromthe top of the colum was tenporarily
stages reddw side catloutéet). t Hantihree djatyd carbonatetpurifyipg column,
(1). 20 D phenyl carbonate recovered froma side cut

disti@fohefakd#rridif ditdbntinuously with a temperature at the bottom
of the column of 213 °C, a pressure at the top of the column of 5000 Pa,
and a reflux ratio of 1.5. The purity of diphenyl carbonate continuously
withdrawn from the side cut outlet was not less than 99.999%, and the
halogen content was not more than 1 ppb.

The high-purity diphenyl carbonate obtained in this way was
temporarily stored in a molten state in a storage tank.
(3) Step (1I1) of producing high-quality polycarbonate

Aromatic polycarbonate production was carried out using a
guide-contacting downflow type polymerization apparatus as shown in
FIG. 5. The material of the polymerization apparatus was all stainless
steel. The polymerization apparatus had a cylindrical casing and a

tapered conical bottom portion, and was such that L = 1,000 cm, h = 900
' 90
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Dol Li oint matter separating colum of step (I1),
Aosoé\aejﬁﬂ%%ﬁrecovered in the formof high-purity

di phenyl carbonate. Exanple 2: 25 (1) Step (1) of
conti nuously produci ng di phenyl carbonate Reactive
distillation was carried out under the foll ow ng

anghhi QRS 4 22 1AVE7 | 891G fFATE RIMRETR mer
cm. [gls ﬁ%bﬁgfra e ‘_}Lé%iﬂ’stcartfér’}gﬁrl\rhéﬁgr}gal t2|i";(acont ai ni ng pety
, nol_ an i-met hyl r.b - el af [
fed irp &8I FEGHMY Rt 1.PRs TRHButeq utEidly bR hrfbrated
continyqusly in a.liquid format a flow rate of .
plate (0p uigdpad « ndn e 85 Befing rrt Sas ploiaetlin a lower
_continuous nultji-stage distillatign colum 101.
porthm@fdhﬁepohaﬁe,rlzat&rhappagam-e?n&aZa@é&%i%‘ was
di met hyl carbonate and phenol in a weight ratio of
providedeinhgh wppeppatrtioh. phEhere was @ jeaketi on theuewiside of the
continuously in a gaseous format a flow rate of 43
polyrh@rization appamtls heating ity ¢arnédtdwet Gsirg a heating
continuous nulti-stage distillation 10 columm' 101. The

medi ar ratio for the starting materials introduced into
the first continuous nulti-stage distillation colum

10 i h _
L e T
h i d q . e .
moleffil<nuRiabEly = %086 REbaRERE YRR bispfErorB 2Bl s
nigh Sy B oo A T hE S T Aad G (moter
colum 101 such that a concentratjon thereof in the
ratioredativertol bignhenluh & A05hppdohelthas 36 QK Wasncontinuously
Reactive distillation was carried out continuously

fed intolar feadidigt zone dframt hepteedimgepart 1 Hay lBofeetnpsfmphe The
first continuous nmulti-stage distillation colum 101

molt@h 1&%@6!3{&\6&’5 eflsichewals ¢detidQouspy 6édtinko @poiymefization
9x105 Pa and a reflux ratio of 0. Afirst colum | ow

reacﬁ?h&ﬂgﬁa%gg{r gﬁgﬁgé;ifei‘afﬂ'd(blﬁt‘é 2GRt e body iRl tdn apparatus,
was subjected to polymerization while flowing down along the guides 4.
The polymerization reaction zone 5 was held at 80 Pa via the vacuum
vent 6. Produced aromatic polycarbonate entering the tapered bottom
portion 11 of the polymerization apparatus ffom the lower ends of the
guides 4 was continuously withdrawn at a flow rate of 5.5 ton / hr from a
discharge port 7 by a discharging pump 8 such that the amount of the
aromatic polycarbonate residing in the bottom portion was nearly
constant.

The number average molecular weight Mn of the aromatic
polycarbonate withdrawn from.an outlet 12 after 50 hours from

commencement of operation was 10,500, and the aromatic polycarbonate

had é good color tone (b* = 3.2). Moreover, the tensile elongation was
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d so on was continuously withdrawn in a
A0501g E?eg}us ormfromthe top 13 of the first colum, was
passed t hrough the heat exchanger 14, and was
w thdrawn at a flowrate of 43 ton / hr fromthe
outlet 16. On 25 the other hand, a first columm high

98%. boThéNgalReisnbf MREHI Bie Hrvimaic pulytarbongtewithdrawn from
phenyl carbonate, dinethyl carbonate, phenol, 93

the o@ﬂéﬁé VEREr O HdReeo geh%’,n_sbb, hbties CRIGO0 Howrsd 23000

s continuously withdrawn in a liquid formfrom

nourd, 088 DBTL3, 42008l S 800 ndy b, SORncoment o

* operdlh i, BB . 5505 6 8oR. Y5801 585 4,800, o, 0,

nmul ti-stage distillation colum 201 at a,  flow rate of

and Uh506hrespectively, and bence ageratien; WRs; €91
install ed between the Ml | apak and the sieve trays.
THEhéiapoimatiecpdlycarbosate gcoduceshas theuabaupthad @mgentent
distillation colum 201 contained 20.7 % by wei ght of

of alKEli hyétaihany !/ crahkeiate eanth inétalodnmpeugids of 0.04 to 0.05
di phenyl 10 carbonate. Reactive distillation was

ppm FtéHAY SUthe PhétdIHeusibynédnts! firereircand awhlovimeusontent of
multi-stage distillation colum 201 under conditions

not nfbre f‘héﬁ@%&#j‘ %@tﬁ?gé&ﬁ?@?ﬁb%ﬁ%ntlhﬁiﬁﬂ WiBrebven e

a pressure e colum of "2x104 Pa, and
I rati 0. I [ t ttai
conndpl 5 K38 Recbhed Basd 2R BPTIMBR0 2 & Lecond
I 15 | 0i | i j nt t 1 Xt
@) SieniiMhatampistingmEmatom At 4o RB W e one

columm, and a second col um high boiling ?C}f{ng .
re&oph@ﬂomsfamh@nmﬂtﬁlmnggaeemx%%yelwé@ o diphenyl
phenyl carbonate and 60.8 % by wei ght of di phenyl
carbonabematd aviraceoatriowrduet bisphénpldvby-producrg ostem(ll)
27 of the second colum. The second col unm | ow 20
and becdveedo A ligedd foan wasteotimasusbnfédintslayphedol
into the first continuous nulti-stage distillation

purifghg'Ed1dHn (feHgthhe500! @h, dside! didthéter 270 cm, 9 stages).

Distillation was carried out continuously with a temperature at the bottom
of the column of 185 °C, a pressure at the top of the column of 2000 Pa,
and a reflux ratio of 0.9. Phenol recovered from the top of the column
was temporarily stored in a tank, and then recycled back into step (l).

Diphenyl carbonate recovered from a side cut was fed into the high

boiling point matter separating column of step (ll), and. thus recovered in

the form of high-purity diphenyl carbonate.

Example 2:
(1) Step (1) of continuously producing diphenyl carbonate

Reactive distillation was carried out under the following conditions
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' anmounts of fresh dinethyl carbonate and
AO50H(§S{Z{IE:E§\M y fed into the first continuous
nmul ti-stage distillation colum 101 were adjusted so
as to maintain the above conpositions and anounts of
the starting 25 material 1 and the starting nmateri al
. i ' ' ] conposi tion and
usmgﬁtﬁ%%%?rﬁ? 4%&sagg§§éd£®g%*m%€v%oi ling point reaction
94, AQ501 VP77/[ KAN mi X . 0 . ;
b anakensl Tspalinig pERAIA diftihiT €arbonate in
4.03 ton. The selectivity for the di phenyl carbonat
a weighidatioef tnrtewe/néfmpya)s't gaArkeRaty 7, P'gr %ﬂaéntjbt&ﬁ deed
continuous operation was carried out under these 5
contipopdisly dns liguéd daominat adflow ratengf 40k0svhafeom, Kir deper
per hour after 500 hours, 1000 hours, and 2000 hours
inlet vidr ef thé@Jirsbcomimbusmukirdtage4istibatioaspelitmael§l. On
and the selectivities based on the reacted phenol were
the R hafd, andaRing mabedai 2etyntainihd dimethpkecarbonate and
operation was very stable. Mreover, the aromatic
y 4 athpNbhfbbiath § pHemslt= @0t ek
phe"ﬁ’gl'ﬁ%ﬂééﬁgt’%ﬁ%%rcgﬂtdﬁ@?&?ppb). (2) Stpg%(ll) of

intro@ﬁ%ﬁbgégﬁuﬁhggﬁﬁgmtay g d5BREY o R AU #io gge;r?}f'z@%.ton ! hr

t he¥same process as In

rom{e FRe ey B SR A bt S B ARS

1, an 15 aromati c pol ycarponate nolten prepol r .

columiuiBdr albednelamnraiieifar thﬁe?'@rﬂmﬂhm@tgﬁﬁg‘gjn%g‘é&?@é’dmm
from bi sphenol A and the high-purit di phenyl g

the fhmttnmztﬁreupusduuli&srtagewstl?l@é@r( cplums 5) phwasdlimethyl
ratio relative to bisphenol A = 1.05) was

carboeaté Tushehyl et 87t o Thieestamtitig g tenials substantially did not
feeding port | by the feed punp. Polynerization was

contggi& #aﬁsﬂehb (Ut tNe Wstedtio Nt ifer ptod ioardlmmahatography,
g the sanme process as in Exanple 1, except that

i.e. AOEMBARSEER 1 Bpble B MIPh)Z als &L dtaREt WasaAbdduced from
the upper inlet 11 of the first continuous muiti-stage distillation column
101 such that a concentration thereof in the reaction liquid would be
approximately 250 ppm. Reactive distiliation was carried out
continuously under conditions of a temperature at the bottom of the first
continuous muilti-stage distillation column 101 of 235°C, a pressure at the
top of the column of 9x10° Pa and a reflux ratio of 0. A first column low
boiling point reaction mixture containing methanol, dimethyl carbonate,
phenol and so on was continuously withdrawn in a gaseous form from the
top 13 of the first column, was passed through the heat exchanger 14,
and was withdrawn at a flow rate of 43 ton / hr from the outlet 16. On

the other hand, a first column high boiling point reaction mixture

containing methyl phenyl carbonate, dimethyl carbonate, phenol,
93
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at 100 Pa. The values of M1 for the aromatic
AOSOWﬁZ*EB‘nate di scharged froma di scharge port 12

after 50 hours, 100 hours, 500 hours, 1,000 hours,

2,000 hours, 3,000 hours, 4,000 hours, and 5,000 hours

25 from comencenent of operation were 7,600, 7,600,
diphehyi%arbo e, thebeitalydt GRd. sd P Was8dnliné@usly withdrawn in

respectively, and hence operation was stable. 95 A0501

a quu;@??cfrﬁﬁglrdometh%r Pgﬁl{drﬁ O‘If”P Y GREDRAA SolResluced as the

ove a con al kal'i metal and / or alkaline
eajt tal, cqnpqunds t . kLNt ;
rb stabl Ate SOVERENe Wb attine Lafle 24 Pelsy PRETIR!
of not npre than 1 outsi de of the dgtectiqn .
columnnhigh being paint fﬁggg°g‘o'ﬁ'ﬂ’é%’eo‘ﬁ'aﬁotnhéﬁsgﬁ"?ri‘ ﬁﬁﬁg“e%"""”‘“‘s'y
was 0.08 to 0.1 nmol % (4) Step (1V) of recyclin ,
as isdndothecseonndyenntiyueysrpuHirstage dissilatian coligmn 201 at a
using the sanme process as in Exanple 1. Exanple 3: 10
flow (dfe SfefD (b /dir from ithecstairfingr maderiag inledhizhynstalled
carbonate Reactive distillation was carried out under

. betwiele® {Ife IMeilaparaed thensievesirags. t ehs dinpuidpieal mtosthes

in Exanmple | except that the cross-sectional area per
second SoRtintRts ﬁ{ulfihﬂ EYistillaisni dblufen 2¥ePBBNtained 20.7 %

contrnuous nmulti-stadge distillation colum 201 was

oy W B RG], ARPR A Shi e o615 Wetpfeof ippeny

onate’'in
i ght ti f,. | [ di hyl L = 1.7 ‘
carbphgtSaudtaechufdRIBRlY WRSER e CPRRtFug s i the
sccart} Sokisaaunlthaage fisiatPEctotsth Ho Lhrilar (gaaitions o
On 20 the other hand, a starting material 2 contai ni n?
a teniperabyte ahtherkoomaf thresiumn of IRSYht arpfessupe at the

di met hyl carbonate / phenol = 3.5 was introduced )
top 6btiié Bedualry of 12:a1 (faPagumd ar reflux aafiboof Odi.e df was possible
ton / hr

to attain stable steady state operation after 24 hours. A second column
low boiling point reaction mixture was continuously withdrawn from the
top 23 of the second column, and a second column high boiling point
reaction mixture containing 36.2 % by weight of methyl phenyl carbonate
and 60.8 % rby weight of diphenyl carbonate was continuously withdrawn
from the bottom 27 of the second column. The second column low
boiling point reaction mixture was continuously fed into the first
continuous mulﬁ-stage distillation column 101 from .the iniet 11. At this
time, the amounts of freéh dimethyl carbonate and phenol newly fed into
the first continuous multi-stage distiliation column 101 were adjusted so
as to maintain the above compositions and amounts of the starting
material 1 and the starting material 2, taking into consideration the

composition and amount of the second column low boiling point reaction
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fromh&etgl ower inlet 12 of the first continuous
A0S01WP (T ge distillation colum 101. The nolar ratio

for the starting materials introduced into 25 the
first continuous nulti-stage distillation colum 101
was di nethyl carbonate / phenol = 1.44. The starting

_ Ceri . .
mixtuf 1t Y. FEUARA oy afHi i G d Eh e Calburdtibroduced
[ h h -N .
per hoft A 308 B a: Shostefitity Rt e HihiniP eprbonate based
inlet 11 of the fi rgtn}:onti nuous nulti-stage .
on thgighenehieastebMAH?7/¥91 such that a concentration

thereof in the reaction liquid would be 5
afprajengedecontinuigusepREAtien Wagi GanrehouHRger these
carried out continuously under conditions of a

conditomer aThiecamonits bbdiphenyl catbénata preducedupes hour after
mul ti-stage distillation colum 101 of 220C, a

500 HE @SS UR0Rthddys, did 2000 heueslwere df03Xb0S5 £83atuh,zand 4.04
reflux ratio of 0. Afirst colum low boiling point
e

ton r%ﬁé‘ %ﬂg?'f %ﬂ'gﬁeﬁﬁl‘e@tmﬁés Hided dn tide TehlYéd phenol were

and so on was conti nuously

r o8 ’ or, _ o wialte
97%rb1 3 S8 1 RN i< hERice the oBRrAfichl waittvery
14, .and was w thdrawn.at a, fl t ;
stablf, o MEREouar Hhe sonhe pafoapAtes HigUiost shBRtanfiblly id
hi gh_boi ling point reactjon m xture containing nethyl
not qmaaw hedegenst Motgnesethanch, te, phenol, 15
di phenyl carbonate, the catalyst and so on was
(2) Stept(ihuoliebtainingdrighnpurity diphgoylicrsbanat®m t he
bottom 17 of the first colum. A stable steady state
VaF hi¢ was edireiicideou 4shogthe Samef pracess @suim Eagnple 1.
boiling point reaction mxture was thus then fed

3) Stept{INyBisprod@éinigshigh-quiaie pdrisonateuous
(3) rruPtcl -zt azlbe di st in:glsat%ﬁ coI)l,JSr’r:nﬁ!Il 01 at a 20 flow rate

! Firb 2 pimd T A g ok pEimgle 1. an
sror b8l ERoRE mAT AU B el Fioeuiar
weight Mn = 3,500) produced from bisphenol A and the high-purity
diphenyl carbonate produced in the steps () and (1) (molar ratio relative
to bisphenol A = 1.05) was continuously fed into the feeding zone 3 from
the feeding port 1 by the feed pump. Polymerization was carried out to
produce an aromatic polycarbonate using the same process as in

Example 1, except that the pressure in the polymerization reaction zone
was held at 100 Pa. The values of Mn for the aromatic polycarbonate
discharged from a discharge port 12 after 50 hours, 100 hours, 500 hours,
1,000 hours, 2,000 hours, 3,000 hours, 4,000 hours, and 5,000 hours
from commencement of operation were 7,600, 7,600, 7,650, 7,600, 7,650,

7,650, 7,600, and 7,600 respectively, and hence operation was stable.
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[ of methyl phenyl carbonate and 0.5 % by
A050{&Pgﬁ{"g€$' di phenyl carbonate. Reactive distillation

was carried out continuously in the 25 second
continuous multi-stage distillation columm 201 under
the conditions of a tenperature at the bottom of the

fgg’:‘%% rtﬁmgﬁgﬁ)uol cg?g%ﬁg@ grUBZIEbH% Rhesabbeediad kecontent

L I . 5x104 Pa, andareflgx rati o of

A4 | i i

of sl aplel A1 35S il Ll BB Y it 1o 0 04
oo B b S it e SR AR 3 e B Bontent of

~colum 5 high boiling point reaction, mxtur
not mayiet than g ppb. Eutside ofithe: dexemwrmrtiheﬁﬁweover. the
carbonate and 59.5 % by wei ght of di Phenyl carbonat e
contemtsof foreignuinkagesiwasa@B to a1 thel%ot t om 27 of the
second colum. The second columm | ow boiling point
(4) St&RIVyofTedy¢liagiaomatic monaiydiey compoumd fir st
continuous nulti-stage distillation colum 101 from

t _h?h'i%lﬁeés tardiéd ot hBirﬁllﬁ&ﬁsamé POBEREYE asoh Exasiple 1.

di met car bonat e and enol newly fed into the
first continuous nulti-stage distillation colum 101
were adjusted so as to nmaintain the above conpositions

E an%gr_munts of the starting material 1 and the
Xampl ing material 2, taking into consideration the

conposi tion and anmpunt of the second col.umm | ow 15
(1) SEPHIngT SANHNUUED: BipdHSing dIPTENYLEaHITARIE nat t he
amount of di phenyl carbonate produced per hour was .
7. Peadiive metlﬁeﬁeetwastqamﬁd o um%ﬁwfoﬁamaaa%nd'twns
based on the reacted phenol was 98% Prol onged
using dhei sames apparatusasvimsExamplked 1 @xceplothat these
condi tions. The anmounts of di phenyl carbonate produced

crosPHedtiviaphires gpe?théwoh@Hd\ of QA8 sievestragsdn2MEsecond
hours were 7.28 ton, 7.29 ton, and 7.29 ton

contrrﬁf&@Q%Mﬁi-m?eé%ibhﬁa%lneébiu/rhhi 201hgasdnadet ftebe

react ed phenol were 98% 98% and 98% respectively,

apprdXimIRRRF 1L B Mper ation vas very

A starting material 1 containing phenol and dimethyl carbonate in
a'weight ratio of phenol / dimethyl carbonate = 1.7 was introduced
continuously in a liquid form at a flow rate of 86 ton / hr from the upper
inlet 11 of the first continuous muiti-stage distillation column 101. On
the other ha_nd, a starting material 2 containing dimethyl carbonate and
phenol in a weight ratio of dimethy! carbonate / phenol = 3.5 was
introduced continuously in a gaseous form at a flow rate of 90 ton / hr

from the lower inlet 12 of the first continuous multi-stage distillation

column 101. The molar ratio for the starting materials introduced into

the first continuous multi-stage distiliation column 101 was dimethyl

carbonate / phenol = 1.44. The starting materials substantially did not
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‘l}{breover, the aromati c carbonates produced
A050%M5’317M ally did not contain hal ogens (not nore than

| ppb). 25 (2) Step (I1) of obtaining high-purity
di phenyl carbonate This was carried out using the sane
process as in Exanple 1. 98 A0501 VP771KAN (3) Step

contaéh'ﬂglg&mna ) piifi‘ thie08a tBIib A YirRR! £9¢ 2h BT Ehﬁéﬁfﬁbg%phy

ch roducti on was carried out using a

i.e. n&%?f%b&ﬁg% L@W‘?ﬁ‘m%ﬁa par%ﬁ%gym ﬁﬁﬂbﬂ%ibggfrom

Ses as snown
were arran

h .

Wﬂe‘%nmm&&%cg@gﬁﬁw@h@taﬁ a4l afiboséstimn
steel. The first guide-contacting downflo

101 putlytbat aconeentigtiomtbereekinthe reagtiod Wuqéﬁfwme

a tapered conical bottomportion, and was such that L
apprsxﬁﬁﬁteim1$101>pﬁﬁo dReabtiveddiatilatiah waxocsaniied eut
1500, and S = 750 nR2. The second pol yneri zati on

contﬁmﬂ{sﬁwl{md’@ﬁcbhﬂtﬂ@waﬁ&a asniperatore mtrtheabottom of the first
apparatus used in Exanple 1. An aromatic pol ycarbonate

contfls G pRIIERSlAAE i iHABH SYRIAND TRNT2YT, up@¥siie at the

Fom enol A and the

top ctq"ltgﬂlheaﬁgfl tﬁgt %ﬁ?'p%%{,@@%&} a{?f(qg't’iﬁeg pn tRan%ttQRﬂumn low

Irore Ive to |spheno

R A it

tion
apparatus by the feed The nolt.en prepo

phengli @ndmoeowaﬁn@manyof%w withdrawa iga ﬁ?é%%iﬁm?‘aﬂn from the
reaction zone via the perforated plate 2 in the fir

top pdlofrthei fiest coluppameasipassed thigugh the hea texchanger 14,
pol ymeri zation while flowng down along the guides 4.

and Wss pathydenwa aiti @floweaate af 82rtenaf ht frorithe optlet 16. Oon
pol ynmeri zati on apparatus was held at a pressure of 800

the 5ther Rahbe a ﬁ?ﬂuémmﬁﬁth!@h Boiliwg poinbresetibnrmixture
mol ten prepol ymer of increased 'polynerization degree

contalHilf Ity Piedip! 4 cHatee i diftethyl caPbBAte, phenol,
diphenyl carbonate, the catalyst and so on was continuously withdrawn in
a liquid form from the bottom 17 of the first column.

A stable steady state was attained after 24 hours. The first
column high boiling point reaction mixture was thus then fed continuously
as is into the second continuous multi-stage distillation column 201 at a
flow rate of 94 ton / hr from the start'ing material inlet 21 installed
between the Mellapak and the sieve trays. The liquid fed into the
second continuous multi-stage distillation column 201 contained 16.0 %
by weight of methy! phenyl carbonate and 0.5 % by weight of diphenyl
carbonate. Reactive distillation was carried out continuously in the

second continuous multi-stage distillation column 201 under the

conditions of a temperature at the bottom of the column of 215°C, a
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j the tapered bottom portion 11 of the
AOSOﬁSAP?j@?Rya“ on apparatus fromthe bottom end of the
gui des 4 was continuously withdrawn at a 25 constant

flowrate fromthe discharge port 7 by the discharging
punp 8 such that the anmobunt of the aromatic

presdifle/ GERBNBHCo MR RbIBRRPBINATES 1039 A0BRY ALt Natio of 0.4.

¥ | nlg I n e bottom port Ion was nearly cons ant .

1t wab e A6 . 8 BV s AL P i s, A
| ' ' . b f eed . _Th

secoB AR ToW ReShRAEE A B beoh BB b on (R ERYy

ol ymeri zation 5 reaction zone via the perforated
witth1a'3Nle fromrthertor &b adl thel seeend Aalymn, gaﬁr%ﬁéﬁw\ﬂa@‘“m"
subj ected to pol ynerization while flow ng down al ong
high tbdlingupoliedt ré.action puidyuee coataininge3eH ¥n byoweiaht pfanethyl
second polynerization apparatus was held at a

pheryi&sfbion a2t #0d 50 6 % byeweightuof diphenyl carlbonatal was
aromati ¢ pol ycarbonate entering the tapered bottom 10

conmﬁjdL}Qgevmhaframﬁfrwqaé Pettsie 272 6f the suusnidicetufrmm The
the Tower ends of the guides 4 was continuously

socclf IR Bl bl 498 Pacis il ieohiimoysy oo

t

. he .ampunt of the aronati wearho eshai i ;

into {hE f3t cntaneuS M ALE Steaf PRUYERARBI b oI T fm fhe intet
aver age nol ecul ar wei ght of the.aromatjc

1. Bk Jok BHR: thavamauRtn of feesk iMaIyEFarbSpate and phenol
second pol ynerization apparatus after 50 hours [rom

newhofadinttive fost sentinueis maltirstage distilatiofecolumn 101
aromatic polycarbonate had a good color tone (b* =

were adjustedisecasrto madntainsihecabbyrgeompositionscand graounts of
val ues of M1 for the 20 aromati c pol ycarbonate

the ¥drfivg@waterizin 1 ndothé etadtthgimhatedl Bptakinglitto
hours, 500 hours, 1,000 hours, 2,000 hours, 3,000

con%ﬁ?‘ég%grog\i ﬁ%_ﬂ c\%@?‘%ﬁ?ﬁd&l’g %n@lgﬁfs%%muéﬁ the @éd‘cﬂ’fﬂ%m@ﬁ‘ﬁmow |
boiling point reaction mixture. It was found that the amount of diphenyl
carbonate produced per hour was 7.28 ton. The selectivity for the
diphenyl! carbonate based on the reacted phenol was 98%.

Prolonged continuous operation was carried out under these
conditions.  The amounts of.diphenyl carbonate produced per hour after
500 hours, 1000 hours, and 2000 hours were 7.28 ton, 7.29 ton, and 7.29
ton respectively, and the éelectivities based on the reacted phenol were
98%, 98%, and 98% respectively, and hence the operation was very
stable. Moreover, the aromatic carbonates produced substantially did
not contain halogéns (not more than 1 ppb).

(2) Step (i1) of obtaining high-purity diphenyl carbonate

This was carried out using the same process as in Example 1.
93



10

15

20

25

11,500, 11,550, 11,500, 11,500, 11,550, and 11,500
A0501 ¥BgéMANel y, and hence operation was.stable. 25 The
aromati ¢ pol ycarbonate produced as the above had a
content of alkali nmetal and /.or al kaline earth netal
conpounds of 0.03 to O. 05 100 A0501 VP77/KAN ppmin

ter of ,Lthe netal lic nd a chlorine
(3) S'@%?@MOBPWHUF Ing, hig ‘? éngﬁr?dh egof t he
detection limt). Mreover, the conten r ek
| iametioBe s arbanat et g ﬁaébe?{ Qpeiied a
recycling aromati c nonohydr oxy conpoun ({*l . Thi vvaaL t
polymerizatioroappasatius imavhis VﬂP(ﬂ!-HQ§ &gn apt%rsfmn ow type
I ndustrial Applicability Accordi n&to t he present
polymarigatiom appaeatusss msoshownairs pé 5 werpragasgethin series.
enabl es a high-quality high-perfornmance aromatic 10
The rﬁ%‘t&ﬁ%’l e en ihegpelyinktigatiore apparatises oyas @ikstainless
and no discoloration to be produced industrially in a

steel ar'ﬁﬁe%%% (1% Hon Jlﬁfiﬁ:wﬁﬂéw ﬂyﬁ@rpdl?(hfénzatdlbhy

for perio tinme .g. not l|ess than

eonal S B IR CEEP IR PR SRS mporon
ons 35 AL ERB5 ie H 0SD QBTS20

trial
process for the production of , val i
150 p e Borafenin dme egans, BRBITET LA ARDRIBLSY NS the
conti nuously produced froma di aI kyl carbonate and an

samerastthé polymyrizationcappaiatys yused gnoE¥agRIgnpri si ng
the steps of:

An aromatic polycarbonate molten prepolymer (number average

molecular weight Mn = 2,500) produced from bisphenol A and the

high-purity diphenyl carbonate produced in the steps (1) énd (1) (molar
raﬁo relative to bisphenol A = 1.06) was continuously fed into the feeding
zone 3 from the feeding port 1 of the first polymerization apparatus by
the feed pump. The molten prepolymer, which was continuously fed into
the polymeriza.tidn reaction zone via the perforated plate 2 in the first
polymerization apparaius, was subjected to polymerization while flowing
down along the guides 4. The polyrﬁerization reaction zone of the first
polymeriz.ation apparatus was held at a pressure of 800 Pa via the
vacuum vent 6. Aromatic polycarbonate molten prepolymer of increased
polymerization degree (number average molecular weight Mn = 5,500)
entering the tapered bottom portion 11 of the polymerization apparatus
from the bottom end of the guides 4 was continudusly withdrawn at a
constant flow rate from the discharge port 7 by the discharging pump 8

such that the amount of the aromatic polycarbonate molten prepolymer
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lhuously producing a diaryl carbonate by
AOSD{%@?{*NQ di al kyl carbonate and the aromatic
nonohydr oxy conpound as a starting material,
continuously feeding the starting material into a
first continuous to nulti-stage distillation colum in

resid%‘?ﬁ.tﬁe?lﬁ{;ﬁbﬁEldrﬁow\ﬁé@ﬁear@rédﬁé‘&rgyt Thidg2kidifdn

distiTlation simultaneously 1n said first colum,

prop GG HBLE gL YRSt i 4B Roh 5 P 8 e

port 4k ssBBRd PabimPRastior spparaiius B2 dee afimey,  The

hi gh boiling point reaction 15 m xture containing a, ..
molten paepedymery which i wasasyHingousinied |!6Wa¥h®m|v%lﬁf'6$t'°“
said first colum in a liquid form continuously
reactierdiong via thei petforatediplate ghinbthe segopa polymecizatipn
m xture into a second continuous nulti-stage

appatafis, waki subjedtadrnto poiyrehizatioat ahike flowippgedewn, along the
carrying out reaction and distillation sinultaneously

guidéd 432l W*h%%@fﬂpéﬂhﬁ'ﬁ!@m Fda&96hi ZBINSI DFthe $866AYI Ng a
second colum | ow boiling point reaction mxture

polyr&%?{zf’dgnmﬁ%p%ségagﬂg‘iﬁéjs Heahky! aGirdsditktof 56MPaVidPIY vacuum

Second colum I'n a gaseous form
ont jnuqusly, wi t hdc.aw ng. a . second I ' Ll
vent 501" PPOQZeH Aok bR aRRERE ol e gty B8ttom
.carbonate froma |ower partj.on of said second, col umm
portipR 11 |qtdieisesond, ReVaRer 28 Pimaaeerﬁﬂf%@’&rﬂghﬁh'l@wef ends of
second colum | ow boiling point reaction mxture
the gudes diwas aantinuously withsisasrn at & How,gate péd ton / hr from
conti nuous 102 A0501 VP77/KAN nulti-stage

the disshargatport Zdyuthe disdhamgingf pump Basuchlithalthe amount of
carbonate sous to obtain a high-purity diaryl

the @rdmatialPolycarbbnaegtbstingpirftive wottom poltyon was nearly
conmpound and said 5 high-purity diaryl carbonate

cons‘tgﬁ?_t her so as to produce an aromatic polycarbonate
nol ten prepol yner, and produci ng an aromatic

The number average molecular weight Mn of the aromatic
polycarbonate withdrawn from the outlet 12 of the second polymerization
apparatus after 50 hours from commencement of operation was 11,500,
and the aromatic r;olycarbonate had a good color tone (b* = 3.2).
Moreover, the tensile elongation was 99%. The values of Mn for the
aromatic polycarbonate withdrawn from the outlet 12 after 80 hours, 100
hours, 500 hours, 1,000 hours, 2,000 hours, 3,000 hours, 4,000 hours,
and 5,000 hours from commencement of operation were 11,500, 11,550,
11,500, 11,550, 11,500, 11,500, 11,550, and 11,500 respectively, and
hence operation was stable. |

The aromatic polycarbonate produced as the above had a content

of alkali metal and / or alkaline earth metal compounds of 0.03 to 0.05
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| A0561p\95¥9ﬁ{‘gqmat e using a guide-contacting downflow type
po

yhmerization apparatus in which said nolten
prepol yner is made to flow down al ong surfaces of
-gui des, and said nolten prepolyner is polynerized
while 10 flowi ng down; and (IV) circulating the
ppm W M4 of Theoiatalily etementsdheyein,caind e chlorineepontent of
(1'11) back into the diaryl carbonate production step

not mork ks é\ﬂb (oRfA¥de otf?giaadé’téﬂtidn Neaie)y dMxseover, the

compound; erein: 15 said first continuous
[ td S ' I bses a structure
contefif A iR 1fHiHdes Mg B S b RS  enath L
cm,.and, an inside diapeter D, [ g an
(4) St bP" sBPrelRaiomAlE, HhnnyeffBky SRSHld Y 20
has a gas outl|et having aqy%nside di aneter d" écn%1qt 1
a this wastearried aHt WsiNgthe SR PIPsESSAs P krampie 1.
colum near to the top, 20 a liquid outlet having an
inside dianmeter dl12 (cn) at a bottomof the colum or
in a lower portion of the columm near to the bottom

Industridi gsplicalgityi rst inlet provided in the upper
portion and / or a middle portion of the columm bel ow

sapdcanding'to the pYubedit inkesitiometheteordpiavide a specific
provided “In the mddle portion and / or the | ower

proc%%é ?E?E eﬂatﬂ%ﬁ §ﬁli§'%@§ﬁﬁfhﬁ%ﬁ$/&gﬂﬂ1§g%% %FHTQE&
polyqaipRTiEys fating s8] ak kBt rdyieg i g,
discgosétjgﬁ?t%gp;égr’w L{Z%é‘ Ii@é%?r‘ga)ll)g %ﬁﬁl%zr%fga%ﬁnﬁ%g(.dﬂot less
than 1 ton / hr) stably for a prolonged period of time (e.g. not less than

1000 hours, preferably not less than 3000 hours, more preferably not

less than 5000 hours) from a dialkyl carb_onate and an aromatic dihydroxy

compound.
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| L gh.second continuous nulti-stage distillation
AosotSPTRAY

onprises a structure having a cylindrica
trunk portion having a length L2 (cm. and an inside
di aneter D2 (cn), and having an internal with 10
nunmber of stages n2 thereinside, and has a gas outl et

having an inside dianmeteAdas(cm at a top of the
colum or in an upper portion of the colum near to

We cl hﬁ :t op, a liquid outlet having an inside dianeter d22

at a bottomof the columm or in an | ower portion

of ,the cplum near to the t . t LRl

infet profi '@é’d‘%%ﬂatl Péoﬁsﬁérfgggb%néﬁgilﬁ%ﬁﬁﬁoorfogq-i‘g“ §élatity

m ddl e portion of the colum belqgw said S ou{l et,
aromati¢ pelycarbonate inr wivieh amesema P&’éﬁcg ARGl e

portion and / or the lower portion of the colum .
contiabiows|y tprodupedi fram| 2 djaliyyé carhonate gnd ap arepatip

D2 / d2i, and D2 / d22 respectively satisfy the
dihydrdxyosbntpdundytiee process ¢dmprisifgihe stepsofo0o (7),

20 100 5 D2 5 2000 (8), 2<_L2/D2<_40 (9), 10 5n25

809§@ntin859§§d3t§d&5ir{glé) didrybcBPbondee by sikiag2the dialky!

and”25 (c) said guide-contacting downfl ow type

carb@%% ?% %oﬁ‘ﬁ@ﬂ&%k&ﬁohﬁgﬁﬁk' Eompbth 8804 starting

an appar at us ving a nolten prepol yner
| Vi t f . iez.ak i .
matd SRR hae fEb LS batel OGRS St cominuous
LS5 SR B e ATA S BREAEt B GrBEHBding out
casing and a tapered 5 bottom casing, .a nol hlen ti l
reactioepangndistilladinmgimenianensusiydai %@%af‘ﬁ%'i gaiimn, continuously

prepolyner via said perforated plate onto the guides . .
withdrawireg a first column low boiling point reaction mixture containing a

produced alcohol from an upper portion of said first column in a gaseous
form, continuously withdrawing a first column high boiling point reaction

mixture containing a produced alkyl aryl carbonate from a lower portion

" of said first column in a liquid form, continuously feeding said first

column high boiling point reaction mixture into a second continuous
multi-stage distillation column in which a catalyst is present, carrying out
reaction and distillation simultaneously in said second column,
continuously withdrawing a second column low boiling point reaction
mixture containing a produced dialkyl carbonate from an upper portion of
said second coiumn in a gaseous form, continuously withdrawing a
second column high boiling point reaction mixture containing a produced
diaryl carbonate from a lower portion of said second column in a liquid
form, and continuously feeding the second column low boiling point

reaction mixture containing the dialkyl carbonate into the first continuous
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A0501POPY7RKARAt i on reaction zone, a vacuum vent provided
in said polynerization reaction zone, an aromatic
pol ycar bonat e di scharge port provided in a | owernost
portion of the tapered bottom casing, and an 10
aromati c pol ycarbonate di scharge punp connected to
muiti=tadeddistHatien polemn;wherein: (2) an internal
sectional area A (m taken through a horizontal plane
of(Inhpusifyingceaiddiany) sairb opaitgren iasata obtaimaathigh-purity
zone satisfies the following formula (13), 15 0.7 :

diarvPeaflongis) . (3) aratio betvveen said A (n2) and an
yﬁg er nal s%ectl onal area B (m taken through a

'Q“ﬁ;}?&?tb’@r ?asat I'ST1 es the I'c‘[bl(PQ:'o‘fﬁﬁbQﬁﬂaéﬁd said

owi ng formula (14),

B: . . 100 4
high-pyirtiy; didss] $Ape DAY SREPLIY b SBEFARL QY Aol B
I I h _
polycatbanate maliamprepeel andr Lcﬁeﬁ@s' 2 aa%ﬂﬁéﬂ‘g‘”e’
formula (15), 120 : C 5 165 (15), | engt (I n?
polyasrboaiategustngs as@vida-peata%fénscﬂq’w 2 %IV"E%I Zation
(16), 150 5 h :_ 5000 (16), and 105 A0501 VP77/ KAN

appaffjus it whicresaid o lten frepse lymer © nadevto dlgw dpwaeaalong

satisfies the following formula (17), 2 < S 50000

surfdce® of Jideshany saib maeltenrpliepplymdl i polymenieed while

not less than 1 ton | hr of the aronatic

I erogﬁ,ge i's produced. 3. The process according to
row@@ 48 or 2, wherein said dll

(IV) circulating the aromatic monohydroxy compound by-produced
in step (111) back into the diaryl carbonate production step (1) so as to
recycle the aromatic monohydroxy compound;

wherein:

(a) said first continuous multi-stage distiliation column comprises
a structure having a cylindrical trunk portion having a length L (cm) and
an inside diameter D, (cm), and having an internal with number of stages
ns thereinside, and has a gas outlet having an inside diameter dy1 (cm) at
a top of the column or in an upper portion of the column near to the top,
a liquid outlet having an inside diameter dy2 {(cm) at a bottom of the
column or in a lower portion of the column near to the bottom, at least
one first inlet provided in the upper portion and / or a middie portiqn of
the column below said gas outlet, and at least one second inlet provided
in the middle portion and / or the lower portion of the column above said
liquid dutlet, wherein Ly, D4, Ly / D4, ny, Dy / dyq, and Dy / d42 respectively

satisfy the following formulae (1) to (6):
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FAnd12 satisfy the followng formula (18), and
AOSO@QF’&!?MNand said d22 10 satisfy the follow ng

formula (19), 1 5 d12 / d11 55 (18) 1 _<d21/d22<_6
(19). 4. The process according to any one of Clains 1
to 3, wherein 15 L1, D1, L1 | D1, nl1, D1 / d11, and
D1 / d121500 S&i&k Boogk continuous mMYj - stage

distillation colum satisfy respectively 2000 < L1 5

6000, 150n05Phs 40Qf@<_L1/ D1530, 30! 5 (2),
5100, 8 5@39d11 175, ané$55D1 | d12 < fs) and L2, D2,

L2 | / and D2 / d22 f said second
contlnuo%§ II?QIP gage distillation cgarm satisfy
respecti 20 L2 20

6000, 150%55% 6932%L2/02< 30, 155n2<_6d4):

2.55D2/d21< 12 and_?< D2/ d22<_25. 5. ﬁ-/gmhe process
accordi ng i@m’n?mﬁ@%f Clains 1 to 4, (Rherein L1
D1, L1/ D1, n1, D1 / di1l1, and D1 / dl12 for said first
cont i nuo@ss P Aokt i< 20age distillation(®o@lh sati sfy

respectively 2500 < L1 5 5000, 200

D1¢p)868icb SetbRts46nHAT0LEIM Ut stByeddistiliion crmpmn
106 A0501 VP771 KAN d12 5 15, and L2, D2, L2 / D2, n2,

com;mséscb?%trmdr@%dwﬁa?afcqﬂlrﬁﬁichiaeunhqmﬂmﬂ hawving a length
mul ti-stage distillation colum satisfy respectively"

3R 4 e SR ) Y0 i e

numge?mq}ag%r Oégiﬁegsﬁﬁgf@é ngnhohé‘@é gﬁ% Shtist ﬁ'a'Wn érP inside

ald Tirst confinuous nulti- t age

diamiatpe s 50 af & 190 51DR GOl Se""ﬁlp?ﬁs@ébg*’%?twn of the

distillation colum havin tr and./ o
colug agag tonthe tep, atinuid ou?leil hav%%g an m5|dre i lfer %22 (cm)

at a bottom of the column or in an lower portion of the column near to the
bottom, at least one third inlet provided in the upper portion and / or a
middle portion of the column below said gas outiet, and at least one
fourth inlet provided in the middlé portion and / or the lower portion of
the column above the liquid outlet, wherein Lz, D2, L2 / D2, ng, D2/ da,

and D; / dj; respectively satisfy the following formulae (7) to (12):

1500 < L2 < 8000 - (7)),

100 < Dz < 2000 (8).
2<L,/D2<40 (9),

10 < n2 < 80 - (10),
2<Dy/d21 <15 (11),

5 <Dz/dz < 30 ‘ (12); and

(c) said guide-contacting downflow type polymerization apparatus

comprises:
104



10

15

20

25

Aos07vPTraceKocess according to Claim6, wherein said
first continuous nulti-stage distillation columm
conprises a plate type distillation colum having a
tray as said internal, and said second continuous
mul ti-stage distillation colum conprises a |, .

di (stt)i an @ppaTatos naving Aamolenoprepelymekrageivingport, a
tray as said internal. 8. The process according to -
perfofhfédipfaty, 4 polyaierizationiredctiorazaner having asplurality of
first continuous nulti-stage distillation colum and
guidé@;tﬁat SREENE FWhWHHAUE oV Iskid Perfsratest pldtet provided in a

co

um IS a sieve tray having a 20 sieve portion and

[ rd.i:aqn : i 84 d
spac, AFH85EE. 8 $4 s tordlbe RIS sMS iing 4ad sagure

i n sai.d _sieve .portion. . 3 '
bottas) fanigdoe Srolfih a B olfme} Jeetfia Mt 5r fEEaiy Bniditen
hol e of said sieve tray is, in range .of fro 107
prepahsoer Via saidpedosated 9‘%@9“?‘1@??&“@#&&@9 -
according to Caim6 or 7, wherein said, K second.
polymentzatiouseaotion genge ajvacut myeph Pc!'@f“tﬁﬁlgdﬂniﬁ'ids es a
distillation 5 colum having, as said internal, the
polymetidatipn mebktiorppenepan avomatia pelyearhenatgndisaharge port
tray in the |lower portion of the colum. 12. The

provii&E 882 RAREFfici pertiny ofthedap@rednsotton caking, and an
wherein the packing as said internal in said second
i is &k aeife Yurhp| dorinsdterbtosaidsdiseharge port,
arongé’ﬂ% WSF?T?‘??% tds‘et S g?é?t r u%t ured packings. 13.

whe-&\f\‘ process according to Claim12, wherein said
uctured packing in said second continuous

T80 5 RS A B, e o £ gz
plangggﬁgmsigg%?jé%a&ﬁgar %)éilyﬁqa%’riz%t%]rll teac |%%k.izgﬂe atisfies the
following formula (13),

0.7 <A< 300 o (13),

(3) a ratio between said A (m?) and an internal sectional area B
(m?) taken through a horizontal plane of the aromatic polycarbonate
discharge port satisfies the following formula (14),

 20<A/B <1000 (14),

(4) the tapered bottom casing in said polymerization reaction zone
is connected at an internal angle C (°) to the side casing thereabove,
wherein said angle C (°) satisfies the following formula (15),

120 C < 165 (15),
(5) a length h (cm) of said guides satisfies the following formula

(16),

150 < h < 5000 _ (16), and
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AOS01/P7FAANI d. 14. The process according to any one of
Clains 1 to 13, 20 wherein the diaryl carbonate
purification step (I1) is carried out by
distillation. 15. The process according to any one of
Cains | to 14, wherein the side a3|n
pd6) r:tetaliedernaksurtace aﬁéac%rfm gld sy*des satisfies the
cylindrical portion with an inside dianeter D (cm and

followdnigefayinhiula (tW),, t he tapered bottom casing, which is
connected to a lower portion of the 108 A0501
VP77 KAN &4 8e<®&30Q. is conical, and (7. di scharge
port, which is in a |owernost portion of said conical
casing, is cylindrical with an inside dianeter d
(cm, wherein D, L and d satisfy the foll ow ng

<%>”” ! aﬁéév%ﬁ&#%%ﬁf%?%nnga&ﬁ,dg%@01 o Aciebe0han

5h+300 ccordlng to any

ton / B IR ipRATe pplygarbap feer%opiéﬁﬁ%ﬁgsat at1os the
following fornmula (24), 400 < h 5 2500 (24). 17. The
process according to any one of Clains 1 to 16, 15
wherein one of said guides is cylindrical, or
pi pe- shapbe pracessiaccording tadHaimal am2, Mhergin said di
prepol yner cannot enter therein, with an outside

and saidndjesatisfgthe fohleveng forsmnias(‘t&)s ame sfadt|doai agd said d2:
formula (25), 0.1 5r 51 (25). 20 18. The process

satisAf ¢he dollowipgafornema Ofo)l aims 1 to 17, wherein the
pol ymerization is carried out using a pI urality of

sald  1<dy/dyys5 (18)
1<dz1/ds256 (19)
4, The process according to any one of Claims 1 to 3, wherein

Ly, D1, Ly / D4, ny, Dy / d44, and D4 / dy2 for said first continuous
muliti-stage distiliation column satisfy respectively 2000 < L, < 6000, 150
<Dy <1000, 3 <Ly /Dy <30, 30 <ny <100, 8 <Dy /dy <25, and 5 < Dy
{dy2 £ 18, and Ly, D3, Lo/ D2, ne, D2/ daq, and D2 / d2; for said second
continuous multi-stage distillation column satisfy respec'ti.vely 2000 < Lz <
6000, 150 < D; £1000,3 <L,/ D><30,15<n;<60,25<Dy/dz1 <12,
and 7 < D2/ daz <25,

5. The process according to any one of Claims 1 to 4, wherein
Ly, D4, L1/ Dyq, n4, Dy / dyy, and D4 / dq2 for said first continuous
multi-stage distillation column 'satisfy respectively 2500 < L4 < 5000, 200

<Dy<800,5<L4/D1<15,40<n;1<90,10<D¢/d4y1 <25, and 7 <D,/
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AO050 H MRF/EAN acti ng downfl ow type pol yneri zation
apparatuses |linked together. 25 19. The process
according any one of Clains | to 18, wherein the
plurality of the guide-contacting downflow type

pol ymeri zation 109 A0501 VP77/ KAN appar at u .
diz <a‘t@oﬁﬂidnbz,t B20lai/ P28 z0Reri dzs. taRkA ;ggi {fee ?9%\??&’1 second

apparatuses being a first gui de-contacti ng downfl ow
continypeispoiyltiesiage: distillaliparcolumasatisiygespectively 2500 < Lz <
gui de-contacti ng downfl ow type pol ymerization
5000200 & Ds.< 809,68 g L)/ Dprot®s20i 8 mhi&0,a8 < D2 / dzy < 10,
pol ynmeri zation degree is 5 increased.in this order, a

and & gjz FHEfan‘b. surface area S1 (m of the guides in
sald first guide-contacting downfl ow type

pol yneri zati on apparatus and a total external surface
area S2 (m of the guides in said second

23 o at o NPl &g Bcor s ’F%&ﬁ A% YR R8RS 1 go 5. wherein
eachpraf seid saﬁitceﬁw@m@mtﬁn %ﬁaﬁ[%ypnn%?fqr@gsamw'd

ton /_ hr by the process according to any one of
secomdafsﬁﬁtmmsmulwtage dirdillgancRIumy comnppeses a distillation
pol ycar bonate according to claim 20, having a content
columin haking antray andd or arpatking ae said: intemal,
conpounds in a range of fromO0.1 to 0.01 ppmin terns
of netallic elenents therein, and a hal ogen content
of not nore than | ppb. 20 22. The high-quality

ar gmat i ¢ THY peaELedHcordsRg donaiditn @, alherei Saidfirst

bei ng an aromatic pol ycarbonate having a mai n chain
f e u f | ‘
contilIfg ¢ muRPStade qif,ﬁﬂggghogogd}m EOmiptisiPa piatkagpe
distillation column having a tray as said internal, and said second
continuous multi-stage distillation column comprises a distillation column

having both a packing and a tray as said internal.

8. The process according to Claim 6 or 7, wherein each of
said trays in said first continuous multi-stage distillation column and said
second continuous multi-stage distitlation column is a sieve tray having a

sieve portion and a downcomer portion.

9. The process according to Claim 8, wherein said sieve tray

has 100 to 1000 holes / m? in said sieve portion.

10. The proces's according to Ciaim 8 or 9, wherein a

cross-sectional area per one hole of said sieve tray is in a range of from
' 107
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A050VREZ7/KANkage, and having a content of the foreign

linkage in a range of 25 from0.05 to 0.5 nol % based
on carbonate |inkage. 110

0.5 to 5 cm?.

11. The process according to Claim 6 or 7, wherein said
second continuous multi-stage distillation column comprises a distillation -
column having, as said internal, the packing in the upper portion of the

column, and the tray in the lower portion of the column.

12. The process according to any one of Claims 6 to 11,
wherein the packing as said internal in said second continuous

multi-stage distillation column is one or a plurality of sets of structured

packings.

13. The process according to Claim 12, wherein said structured
packing in said second continuous multi-stage distillation column is at
least one type selected from the group consisting of Mellapak, Gempak,

Techno-pack, Flexipac, a Sulzer packing, a Goodroll packing, and

Glitschgrid.

14. The process according to any one of Claims 1 to 13,

wherein the diaryl carbonate purification step (ll) is carried out by

distillation.

15. The process according to any one of Claims 1 to 14,
wherein the side casing in the polymerization reaction zone comprises a
cylindrical portion with an. inside diameter D (cm) and a length L {(cm),

the tapered bottom casing, which is connected to a lower portion of the
108
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side casing, is conical, and the discharge port, which is in a lowermost
portion of said conical casing, is cylindrical with an inside diameter d

(cm), wherein D, L and d satisfy the following formulae (20), (21), (22)

and (23),
100 < D < 1800 (20),
5<D/d<50 (21),
0.5<L/D<30 (22), and
h—20<L<h+ 300 o (23).
16. The process according to any one of Claims 1 to 15,

wherein said h satisfies the following formula (24),

400 < h < 2500 (24).

17. The process according to any one of Claims 1 to 16,
_wherein one of said guides is cylindrical, or pipe-shaped and made to be
such that the molten prepolymer cannot enter therein, with an outside
diameter r (cm), wherein r satisfies the following formula (25),

0.1<r<1 (25).

18. The process according to any one of Claims 1 to 17,
wherein the polymerization is carried out using a plurality of said

guide-contacting downfiow type polymerization apparatuses linked

together.

19. The process according any one of Claims 1 to 18, wherein

the plurality of the guide-contacting downflow type polymerization
109
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apparatuses according to Claim 18 comprise two polymerization
apparatuses being a first guide-contacting downfiow type polymerization
apparatus and a secbnd guide—contacting downflow type polymerization
apparatus, wherein in é process in which a polymerization degree is
increased in this order, a total external surface area S1 (m?) of the
gﬁides in said first guide-contacting downflow type polymerization
apparatus and a total external surface area 52 (m?) of the guides in said
second guide-contacting downflow type polymerization apparatus satisfy
the following formula (26), |

1<81/82<20 ‘ (26). .

20. A high-quality aromatic polycarbonate produced in an

amount of not less than 1 ton / hr by the process according to any one of

Claims 1 to 19.

21. The high-quality aromatic polycarbonate according to claim
20, having a content of alkali metal and / or alkaline earth metal
compounds in a range of from 0.1 to 0.01 ppm in terms of metallic

elem'ents therein, and a halogen content of not more than 1 ppb.

22. The high-quality aromatic polycarbonate according to claim
20 or 21, being an aromatic polycarbonate having a main chain thereof
partially branched through foreign linkages such as an ester linkage or a
ether linkage, and having a content of the foreign linkage in a range of

from 0.05 to 0.5 mol% based on carbonate linkage.
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