PROCESS FOR | NDUSTRI ALLY PRODUCI NG HI GH QUALI TY
AROVATI C POLYCARBONATE Techni cal Field The present
invention relates to an industrial process for the
production of an aronmatic pol ycarbonate. Mre
particularly, the present invention relates to a
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Background Art

Aromatic polycarbonates are widely used in many fieids 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 carbonates, and of
these, an interfacial condensation polymerization process between
phosgene and aromatic dihydroxy compounds such as
2,2-bis(4-hydroxyphenyl)propane (hereinafter referred to as “bisphenol
A") has been industrialized. However, there are many problems with
this interfacial condensation polymerization process, for example toxic
phosgene must be used, methylene chloride, which has health and
environmental problems, must be used as a polymerization solventin a
large amount of at ieast 10 timeé that of the polycarbonate, the

apparatus is corroded by chlorine-containing compounds such as
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chloride and nethyl ene chloride that have an adverse
effect on the polyner properties is difficult, and
treatment of a | arge anobunt of process wastewater
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efficiently from the surface of the molten matter. Unlike the interfacial
condensation polymerization process, the melt process has advantages
such as a solvent not being used, but on the other hand there has been a
problem intrinsic to the 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 polymerization 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 condensation polymerization
to producé another condensation polymer such as a polyamide or a

polyester, the melt viscosity becomes extremely high even in a low
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stirring. Renoval of phenol fromthe polyner surface
thus substantially stops occurring, and hence a

pol ymer having a polymerization degree required for a
product (n approximtely 35 to 65) cannot be produced.
This is well known in the person skilled in the art.
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system phenol that is by-produced as the polymerization proceeds as
described above, and hence there is the problem that the polymerization
rate is very low. Furthermore, for a large scale vertical stirring tank type
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. Consequently, even if
the degree of vacuum is increased so as to increase the polymerization
degree, because there is a high liquid depth 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 removing phenol or the like is
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To attain the required polynerization degree, a
pol yneri zati on apparatus for further subjecting this
prepol yner to condensation polynerization is
essential . Various nmeans have been used for
efficiently renoving phenol or the like froma
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esséNotiah2- 36159), and a process using a thin film
evaporation type reactor such as a screw evaporator

or \Pa G805 mkbadd hhlebdbh SIS FFREIRBE ré’ﬁ{tﬁﬂhg phenol or
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unresolved. 4 Wth the above processes, it is
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evaﬁolldtbpoer a centrifugal thin film evaporator (see Patent Document 3:
Japanese Patent Publication No. 53-5718 (corresponding to U.S. Patent
No. 3,888,8286)), and furthermore there has been specifically disclosed a
process using a combination of a centrifugal thin film evaporator and a
horizontal biaxial stirring type po&ymerizatibn apparatus (see Patent
Document 4: Japanese Patent Application Laid-open No. 2-153923).
These proceéses all have carrying out mechanical stirring as the basis of
the art, and hence there are naturally limitations, and thus the above
problems have not bee_n solved. That is, there are Iimitat‘ions on
mechanical stirring itself in terms of being able to handle ultra-high melt

viscosity, and hence various problems relating to the uitra-high melt

viscosity of the aromatic polycarbonates have remained unresoived.
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That is, in these processes, the nolten prepolyner is
subjected to polynerization at a high tenperature of
around 300 C and under a high vacuumwhile trying to
bring about surface renewal through mechanica
stirring, but even at this tenperature the nelt
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There are thus still many problems to be solved in order to produce the
high-quality polycarbonate stably for a prolonged period of time.

The present inventors have discovered that these problems 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. 8-225641, Patent Document 6: Japanese

Patent Application Laid-open No. 8-225643, Patent Document 7:
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Lai d-open No. 10-81741, Patent Docunent 10: Japanese
Pat ent Application Laid-open No. 10-298279, Patent
Docunment 11: WO 99/36457, Patent Document 12: WO
99/ 64492). However, with such processes, there has
been no di scl osure or suggestion of a specific
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scale. It is thus necessary to produce the high-purity diphenyl
carbonate.

As a process for producing the diphenyi carbonate, a process of
reacting a phenol 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 the problem of using phosgene, and in addition
chlorinated impurities that are difficult to separate out are present in the
diphenyl carbonate produced using this process, and hence the diphenyl
carbonate cannot be used as a starting material for the production of an
aromatic polycarbonate as is. The reason for this is that such
chlorinated impurities nﬁarkedly inhibit the polymerization reaction in the

transesterification method for producing the aromatic polycarbonate
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present in an anount of only 1 ppm the polynerization
hardly proceeds at all. To nmake the di phenyl
carbonat e capabl e of being used as the starting
material of .a transesterification nmethod aromatic

pol ycarbonate, a troublesome multi-stage separation /
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scalehere are very many issues to be 7 resol ved including
the reaction systemin order to provide a process for
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carbonates through transesterification reactions between the dialkyl
carbonate and the phenol is also known. However, such
transesterification reactions are all equilibrium reactions. The
equilibrium is biased extremely toward the original system and the
reaction rate is slow, énd hence there have been many difficulties in
producing aromatic carbonates industrially in large amounts using such a
process.

Several proposais have been made to improve on the above
difficulties, but most of these have related to development of a catalyst fo
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 merély

by developing a catalyst, and hence there are very many issues to be
i



Attenpts have al so been made to devise a reaction
systemso as to shift the equilibriumtoward the
product system as nuch as possible, and thus inprove
the aromatic carbonate yield. For exanple, for the
reacti on between di nethyl carbonate and phenol, there
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Pat ent No. 4252737)), and a nethod in which the .

to shift the@quitibtradoaard the produst systeanasdnush asipppsible,
adsorbed onto a nol ecul ar sieve (see Patent Docunent

and 1HusJiapprese tiataromapipl darbioinate Yield- QFer ewample, for the
58- 185536 (corresponding to U S. Patent No. 410464)).

readiyitBtivech BRhBENyhaarisd st ard phenoscthdre havetbeen
using an apparatus in which a distillation colum is

pméHﬁé’yé_l LHARCLCM Whigh RaFShol pRodabealsd abpdsterilicisis

product 1n the reaction IS separated oft from
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U.S. Patent No. 4182726)). However, these react.ion .
54-45Ti2 (Gosiasnpndien 1 Wabt Gayasn k alentshppisaten Laid-Open
system This is because there is a limtation on how

No. fid8063 handddcsi Batent Naah252737)).card a melhgsd in which the
cat al yst devel opnent for such a transesterification

methaaol ippoduged asnceytprodeeicis emoaee by bstinkgl adsorped onto a
and thus it has been thought that a batch systemis

mol8EelAT sikhe (sbé FatedttD dyaieritys4 elapheskePatent Application
continuous stirring tank reactor (CSTR) systemin

Laidﬁ’giadg{}g M.ggsuéessewc%quohairpg Pyiges PAERPNY,. 410464)).
Moreover, a method has also been proposed in which, using an
apparatus in which a distillation column is provided on top of a reactor,
an alcohol produced as a by-product in the reaction is separated off from
the reaction 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
8



been proposed as a continuous system but there are

probl ens such as the reaction rate being slow and

the gas-liquid interface in the reactor being snal

based on the volunme of the liquid. It is thus not
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transesterification reaction, for exanple, a reactive
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X ontainjng an alcohol produced as a by-product, and

'mpéfﬁﬁinﬁ%tiggl'if' W%ﬁ'@ﬁ)%wi ng a conponent containing a
produced al kyl phenyl carbonate froma |ower portion
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rea&ifs Aik¥hatidhPP&cm is useful for such a transesterification
reaction, for example, a reactive distillation method in which a dialkyl
carbonate and an aromatic hydroxy compound are continuously fed into a
multi-stage distlillation 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 an
alcohol produced as a by-product, and continuously withdrawing a
component containing a produced alkyl phenyl carbonate from a lower
portion of the column (see Patent Document 16: Japanese Patent
Application Laid-Open No. 3-281257), a reactive distillation method in

which an alkyl phenyl carbonate is continuously fed intc a multi-stage

distillation column, and reaction is carried out continuously inside the
9



produced as a by-product, and continuously w thdraw ng
a conponent containing a produced di phenyl carbonate
froma lower portion of the colum (see Patent
Docunent 17: Japanese Patent Application Laid-Open
No. 4-9358), a reactive distillation nethod in which

comﬁf"ﬁ obEGE % PaRafRE of BresBhty fhule sRAtRURAETR WtH@Yawing by

henyl carbonate is produced cont i uously
distliqen iy beiipg PRNECempaRAnteeBiIRINg & diaIkil cagbonate
a by-product (see Patent Docunment 18: Japanese Patent
prodyeed as Roby iprogiutie @ idocontinepredy withe rawpush @ agmpenent
WO 91/09832, European Patent No. 0461274, and U. S.
confzinemy aNproddéeacdiphe rayldcar brogeeate f\rendiastdweapiomtion of the
nmet hod in which a dialkyl carbonate and an aromatic

coldiifl' @ee PERAYDbLAImER 17 keapaheseoRhténoApbyickeibn
into a nulti-stage distillation colum, and a |iquid

Lat&s ih%seeﬁ'r@ 4d93@s§/ ggg%lbttw@dm'nwoh%mﬁag .avwméwrtrhése

out a mddle stage an

e AT 88 4, A1 P shma@%dd'swanon

distilla so.as to brin actlon

colufpis; 8rchbance: A HRDER Y SacbORates i Uedd Eomtiiqusly while
inl et provided at a st age above the stage where the

effigigntlyt TQ%YCﬂH‘!ﬂ/|ad€tﬁ|th§ﬁélb9"a'é%@tfPQHCﬁ§ 38,3 bydpmRAust(see
both the reactor and the distillation colum (see

Patent Eracuoeoter: JapaveparRaterfaApplicatiop Laid-iGmen No.
Lai d- Open No. 4-235951). These reactive distillation

4-2 1038 ds oprepeerdiny td WG90 883 2, iverdpaan HatariteNo. 0461274,
first to enable the aromatic carbonates to be produced

andcgng| Peaeht Wangd2¢00eB)pnahi. a #BEcBvecEBIRRatidh Whetiod in
t he di phenyl car bonat € Is produced fromthe dialkyl

whr&ﬁra{oﬁf‘?ﬁ(?l ‘é%'rBB ta'rPHPb’ﬁlaﬁ HH>X§ pound or the like

di st i on co unns ased on ove di scl osures

are W3¥fin BSSAVPIAP G a HETFAthEE ¥ O BIGHH,Sand 2 tquid

that flows down through the column is withdrawn from a side outlet
provided at a middle stage and / or a lowermost stage of the distillation
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 ét 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: Japanese Patent
Application Laid-Open No. 4-235951).

These reactive distiliation methods proposed by the present
inventors are the first to enable the aromatic carbonates to be produced
continuously and efficiently, and processes in which the diphenyl

carbonate is produced from the dialkyl carbonate using two continuous
10



Japanese Patent Application Laid-Open No. 6-157424
(corresponding to European Patent No. 0582931, and
U S. Patent No. 5334742), Patent Docunent 21:

Japanese Patent Application Laid-Open No. 6-184058
(correspondi ng to European Patent No. 0582930, and

multﬁésj'gﬁ cgesgﬂ[%ﬁ?n)&g%ﬂﬁg{%gﬁe@t Sﬁtt BOSH%Etdé%R%Lires have

Pat ent Docunment 23: Japapese Pat ent | i.cation
been HIGRGSAA KB enten £3580 %ﬁ#am'@rﬁpem '393&5'&%%20
Patent  Application Laid-Qp . 9-176094, Pate
Japanesadnater: Amllgatlmheld@@eﬂ é%%oﬁd1ﬁ§4?6l @%respondmg to
Pat ent No. 6093842), Patent Docunment 26: Japanese
EurdlpeantP &gt Nat 058293 8 anenUN. Pzient o356 34Xy Patent
reactive distillation systens, the present applicants

Dochavent fzurUfaep"arréwm@ntanq:wummd_auuaowraucess -184058
hi ghly pure aromatic carbonates to be produced stably

(corfé?épénef Qa@gr@ﬁééﬁqaé’tfeﬁt'ﬂs W5gImA0 2anbanos. P@éﬁt No.

a catal yst belng required, amethodln whi ch hi gh

ss4B ) AR Bl B Rt ApBtaugg Lo open

h d |
No. 5 gﬁéﬁﬁ%é@d‘pﬁwﬁ&téﬁenﬁm 3} F%‘}Fmﬁ@“égtw“
di E Pat t . 0855384
LaidsCemilens- 202285 PatealDoaument 2, Hanonsss Batont
whi | e keeping the weight ratio of a
Apphipakian Lol ipsn NonBolna0eq, tﬁ@twaﬁppum%rytsaémwg §0/18720

‘ catal yst netal at not nore than 2.0 (see Patent
(corbesponding@o UapaRatenPiicenb09pBrR}aPadant Do cu et 26:
No. 11-92429 (corresponding to European Patent No.

Jap3dRdseBatemindpplicatidy Eaid®peh 2932 200)1-6B@3S)er nor e,
the present inventors have proposed a nmethod in which

70 Aﬁuﬁﬁ%gﬁh%' @*&ttllfgtltﬂhg%kemjsl tﬁboﬁmtaﬁpﬁllcants have

by- produ pol yneri zation process is used as a

furtﬁélah'i'bggsgﬁt earg Ql meAgd thR AL B3 Rl e BromiHRd
carbonates to be produced stably for a prolonged period of time 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 the weight ratio of a polyhydric
aromatic hydroxy compound in the reaction system to a catalyst metal at
not more than 2.0 (see Patent Document 28: Japanese Patent Application
Laid-Open No. 11-92429 (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
11



distillation nmethod; this di phenyl carbonate can be
used as a starting material for polynerization to
produce an aromatic pol ycarbonate (see Patent
Docunent 29: Japanese Patent Application Laid-open No.
9- 255772 (correspondi ng to European Patent No.

892001 nd U S . Patent 9) ) Y [
prodyiseg s adie-nipdyetiR S Pallis e proge iR hed 4s 2
roducti on of ar tic carhonates. using areact.ve )
starging: Matariadnand ARheny! %@8}%@*@, i REpduPedgsing a reactive
~disclosure whatsoever of a specific process or _
dististiommethodibthisgdighenyhcarbeonals ean be usedsasiastarting
scale (e.g. 1 ton/ hr), nor is there any description
materigd dot ipujymerizatipn doepsoduca@ranaomatic palyexthgate (see
the descriptions regarding heights (H and H2: cm,

PatéhIRicURenP2 RndhpEnes8)R atunthpplichtivnapatd-operaib.
n2), and starting material feeding rates (Q and Q:

9-25&%2%@3@%@%@%%%@@% IFd et N§ODBYID01, and U.S.

. Cl ng I nl'y di phenyl carbonate

Patg N $2876008EL Y 1 "Table © 12 TABLE 1 i DL ni Q1

23 Hewexa, aneall o thesespaol 3ri dPesBests it €0

5 50 0.6 400 8 50 0.6 22 100,4 - 1.4 200 4 - 0.8 23 :
prodetion nf aromatic oarkonates using teaetive distliatiosomsthod is
prongsed, there is no disclosure whatsoever of a specific process or
apparatus enabling mass production on an industrial scale (e.g. 1 ton /
hr), nor is there any description suggesting such a process or apparatus.
For example, the descriptions regarding heights (H1 and Hz: cm),
diameters (D1 and Dz: cm), numbers of stages (n4 and nz), and starting
material feeding rates (Q and Q2: 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

i2



28 600 - 20 66 600 - 20 22 29 |In other words, the

bi ggest pairs of continuous nulti-stage distillation

col ums used when carrying out this reaction using the

reactive distillation systemare those disclosed by

the present applicants in Patent Docunent 27 (V\D

97/ 11049 (correspondi Pat ent .

0855384, and U. S. Pat gi-mlﬁEﬂ )) and Patent

Docunent 28 (Japanese Patent Application Laid-Open

No. 11-92429 (corresponding to European Pat ent No.

qmo—UmP Rat NO. | 62022[L0) T, Ca 8] 3

ii‘em fsbm TaM e 1,5!h mh&i Pes 5'F t hp \r%’ri )gg%ﬁnﬁEJTs
condlitiond for t.he o i -I--—G-t-a”ﬂ \
600s{i 125t i| or2@oljunds t he2@bovk 28eagt i on18

e|Hb g& 1200 ch F 2Q0ggM P2p% 2P CM
98¢ 28 | &'E;l% ~4b I 298¢ 0% 2P CM 21

L 50 (gnly this condition Docunmept 22
icatio Lald%géﬁ%s

(Japanese|Pat ent] Appl
s48- #0656) ). %8l ; Jagy .| arel 2 = 86 kg|/ 0.6r] and22

—progucyt—aroT edrptrepytcar bomarg 1 POt
1E§c=9d d lappro i nhftolly i°°7 r 4 bt which cd:\h:f an 23
rigl

3e0oyunt 5pr ¢dusted . >cal @5 13| Diost| psur e24
1200 11 MYeT4g O FQG'ZI b0 e%‘s RETRREE 27
inventionjto prqvide specific ocessthat enabl es

a high-quality 4gnd hi gh- perfarmanca aromati g

6@ ycaLbonatsy hdvi gg excedd ept Lmecpani le pfoparties 29
arre--1To c-scotoratTon o—be-produced—TTaustTiatt Yy !

| arge anobunt (e.g. not less than 1 ton / hr) stably

for a prolonged period of tine (e.g. not |ess than

1000 hours, preferably not Iessh(Hhan 3000 hour
or che0dBey WS [1besbiagast=paas RIS pInHaHS It sip0e
carbonate and an aromatic di hydrox conpound.

distillation columns used when carrying ouf this reaction using the

reactive distillation system are those disclosed by the present applicants
in Patent Document 27 (WO 87/11049 (corresponding to European Patent
No. 0855384, and U.S. Patent No. 5872275)) and Patent Document 28
(Japanese Patent Application Laid-Open No. 11-92429 (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 conditions for
the continuous multi-stage distillation columns disclosed for the above
reaction are Hy = 1200 cm, H, =600 cm, Dy =20 ¢cm, D, =25 ¢cm, ny = n
= 50 (only this condition, Patent Document 22 (Japanese Patent
Applicétion Laid-Open No. H9-40616)), Qq = 86 kg / hr, and Q2 = 31 kg /
hr, and an produced amount of the diphenyl carbonate has not exceeded
approximately 6.7 kg / hr, which is not an amount produced on an

industrial scale.

13



The present inventors have carried out studies ained
at discovering a specific process enabling the above
object to be attained, and as a result have reached
to the present invention. That is, according to the
first aspect of the present invention, there are
provides: 1. an industrial process for the production
of a high- quallty aromati c pol ycarbonate in which an
car bonate is continuously produced from
D'Scjoaf-'é?@lﬁ@a ¥RaY@Nand an aromati ¢ di hydroxy
conpaund, the process conprjsing, the steps, of &
contiif A objest Qﬂlﬁaﬁrﬁj"%%tp’ﬁ‘é’ﬂﬂ '%F‘bdﬂﬁ’?’éd%)? pRRCiie
the dialkyl carbonate and a phenol as a starting
processtihat enabhes rrubighsgudlitydand high-pesiormanearspmatic
into a first continuous nulti-stage distillation
polyearbomate avieky exbellepemeechanidall yripersiesr ardmo
carrying out reaction and distillation sinultaneously

dlsddﬁoﬁﬂlé‘nftbrﬁé rﬁ'@'d%éd PRGNS by a MirgRdameulit @.g. not less
first col urm 'ow boiling point reaction m xture

tharf 9" V” ?bg{)f’&uﬁeﬂrcﬂbﬁggﬁl feh%"&‘ i RE. Qohbt ?8ss than

of sal d m'n a ase form contTnuously

ool A QSIEb et 424 Tha ShaE I e v
s b Shch B S b P inyarony

col um hi gh boiling point reactl on mxture into a
comibidl. conti nuous nulti-stage distillation colum in

which a catalyst is present, carrying out reaction

andT bespriddeatti iovesitots haveooaried outastidesainedlatm,

conti nuously withdrawi ng a second col unm | ow boi ling
discpaiering @aspecific protese @vabhingithe abpvedsiedt dodbddttained,

carbonate from an upper portion of said second colum

and'é‘s & Q@Qﬂ@%\f@f@acﬁéatﬂdﬂﬂwyrés%t e amtiog. 2 THEEmd
col um high boiling point reaction m xture containing

acc@rtﬂb g&cgﬂ% f%%{?u%%cgccgf f}%@}rgséhf’nﬁ@eﬁﬂ&ﬁf tREré 438 Pfovides:
1. an industrial process for the production of a high-quality aromatic
polycarbonate in which an aromatic polycarbonate is continuously
produced from a dialky! carbonate and an aromatic dihydroxy compound,
the process comprising the steps of:

(I} continuously producing a diphenyl carbonate by taking the
dialkyl carbonate and a phenol as a stérting material, continuously
feeding the starting material into a first continuous multi-stage distillation
column in which a homogeneous 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 alcohol from an upper portion of said first column in a gaseous

form, continuously withdrawing a first column high boiling point reaction
14



form and continuously feeding the second col um | ow
boiling point reaction mxture containing the dialkyl
carbonate into the first continuous multi-stage
distillation colum; (I1) purifying the diphenyl
carbonate by continuously introducing the second
: u ian
mixffte S tHiAh e 4 B OduERY HIbERE mhd%f’é%ﬁaﬁg‘:ﬁ%.‘*ﬁa Ioer

porti'&'??c{rl%dsﬁf’iat%rﬁpﬁﬁ'nuﬂ&taﬁsﬁo"’* ESBMHES™ Yepping, said

conponent . AT cont ai ni ng the. dip hen¥ carbonat e
flrstawaluanedngnnbet!trtmm%ﬁ%ﬁ AR MEERLIATRIHFOCRE Sontinuous

catal yst, and then continuously introducing said

multiestage digtillatiporeaiunT inwhick aigatahyst sapresant carrying out
purifying colum B having a side cut outlet, and

reactoon iand distyl lationysingulbahesasdy it isand kaeccmd;tdollumn,on
into three conponents being a colum top conponent BT,

conﬁn ué'u@W WthE& AR Bt s 60 A8kl up®h VoW b@ttt@p@@ﬁpwammn
B, so as to obtain a high-purity diphenyl carbonate

mlxﬂ?ret E‘Snﬁdlﬂg-lné QHBQQH%aIINI' SaAry ateCfragn e {If upper portion of

aromatic p onate by reacting said arona

saladégéghgi( oﬁ%@ﬂqgg y deosl?é ‘#oh’bg%o%t” Jduglb{p\nﬁmlr?wmg a

er SO as pro UCG arn aromna

rbon en sald
secﬁ Ao Tighrio it PoE Bty78 fRIAED grproduced
es by u3|n? a gui de- contactln domnflo
dlpfrﬂnxlrﬁarbzcmat@q ropha lWer Pestia o rwtcgiwn in a liquid
nol t en prepolynEr mhlle fl ow ng domn and (1V)
form eandi ¢ontinuphehofeeding thalsedangd shéumin kyw hajtingepoint
in step (Il11) back into the di phenyl carbonate

reactionlunixtone stoarta(iing treedéalkyl daaposatd ihto she first continuous
continuous multi-stage distillation colunn conprises

mulf-StagecHidtAldWsh Eblansy! i ndrical trunk portion having
a length L1 (cm and

() purifying the diphenyl carbonate by continuously introducing
the second column high boiling point reaction mixture containing the
diphenyl carbonate into a high boiling point material separating column A,
and continuously carrying out separation by distillation into a column top
component At containing the diphenyl carbonate and a column bottom
component Ag containing the catalyst, and then continuously introducing
said column top component At into a dipheny! carbonate purifying column
B having a side cut outlet, and continuously carrying out separation by
distillation into three components being a column top component By, a
side cut component Bs and a column bottom componeﬁt Bg, so as to
obtain a high-purity diphenyl carbonate as the side cut component;

(I1) producing the aromatic polycarbonate by reacting said

aromatic dihydroxy compound and said high-purity diphenyl carbonate
15



an inside dianeter D1 (cm, and having an interna

W th nunber of stages nl thereinside, and conprises a
gas outlet having an inside dianeter dl11 (cn) at a
top of the columm or in an upper portion of the colum
near to the top, a liquid outlet having an inside

' I t
togqq‘a%ifsoﬁkﬁff%R‘é@?%ea@éqﬁh‘n%?wwWﬁéf%é’ﬁeg%m'vmef
| east _one first inlet pr.ovided e u
and ga1d/maiten pranelyTper RS GRde D i gL Db, lrraces of
_gas outlet, and at |east one, sec i nl et rovided in
guichto by uming o idgrcaniB#tiBs Aol typemalfieizetien”
colum above said liquid outlet, wherein L1, D1, L1/
appatatusl, SCDBS/tQ:ipDIymMIZBlSaICH]IZOHGESRf@ﬁQle%Ir w@tlllesflywmg
the following fornmulae (1) to (6); 1500< L1< 8000 (1),
dowhQGrg D1 < 2000 (2), 2<_L1/D1< 40 (3), 20 <_nl <
120 (4), 55 D1 / d11 < 30 (5), and 3 D1 / d12 5 20

( 6)§|v3,6re4;*9):|m@l g ﬁ?@ﬁaﬂbg%}wmmu@ phleinol Byrgeoduced in step

'Nati"on Col um nprises a structure having a

(1) DA Hif Bhe i néﬁ%n@%g%{ﬁﬁfaﬁé’ gBduckRiftep (p; (cm and

havi ng an | nt'ér nal
W|th Tgn‘oer of stages n2 thereinside, and conprises a
gas 88{ Bt havi ng an inside dianmeter d21 (cm at a

E:SIO %@Zfl%’t{aggﬁg%@% %rhlflgﬁer rttbf&ﬁ@{}iq@ng}p comprises

i nsi de di aneter d22 n')#Er at a bottom of the columm
a structuredh@vinget Mm'éﬂcah unk oRftiaedayipg aHsnlséhtlon(cm) and

at least one third inlet provided in the upper portion
an insitlé diametemRd(em)panidhaving laa tndeonal wathowusaber of stages
gas outlet, and at | east one fourth inlet provided in
ni théﬁeimksddié,eandrtbmpm la gasteléohavinpEn inside diameter dy,
(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 d42 (cm) at a bottom of
the column or in a iower portion of the column near to the bottom, at
least one first inlet provided in the upper portion and / or a middle portion
of the column below said gas outlet, and at ieast one second inlet
provided in the middie portion and / or the lower portion of the column

above said liquid outlet, wherein L4, D1, L1 / D1, nq, D1 / dyy, and Dy / dy2

respectively satisfy the following formulae (1) to (8);

1500 < Ly < 8000 (1),
100 < Dy < 2000 2),
2 < L4/ Dy <40 (3),
20 <nq <120 (4),
5 <Dy / diy < 30 (5), and
3 <Dy /dp <20 - (8);
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the columm above said liquid outlet, wherein L2, D2,
L2 / D2, n2, D2 / d21, and D2 / d22 respectively
satisfy the following formulae (7) to (12); 1500 <_ L2
< 8000 (7), 100 <_ D2 <_ 2000 (8), 2<L2/D2<_40 (9),
10 < n2 < 80 (10), 2 < D2/ d21 5 15 (11), and 5

< [ d22 30 (,12):..(c h boili ol nt
a8 sl 3pgent 4N tbRbE WU ShaR HistiRfgh Tolumn
mul ti-stage distillation cglum haV|n a leng 51 LA
conxmme%radsgwctur%mé"agmén mqlchwn RRrtipfhaying a length
internal with nunber of stages nA thereinside,
L, (atorand aminsile diametes &5 65m) ¢ Bod baving Ag indemakwith
(13) to (15); 800LA3000 (13), 100 DA 1000 (14), and
nuntebohitaged i, {Heéneindideanand asmgirigesnsl gasuduttettlkaving an
purifying colum B is a continuous nulti-stage

insidbsdi 'rhéférocﬂm S&Mggathé“fbﬁgoﬁtﬂé%@ﬂﬁﬁﬁoéqmar@%pﬁr portion of

I NS di anet , having an i nternal
the tc%‘?uﬁ‘n'rrﬁ'eg‘? tohlz'lvé F@pgé I'(i: 'ﬁgﬂﬁﬁet tl@l Bg{%@gﬁs?a?g?aﬁfeter doz

nl, et and, t he c | umm botto Vi
(om) Btk batferror RS Tyt 95|'na%%w%?ﬂamléfﬂgf?ﬁ?”&"'u%" near to
nu nber of stages nB2 of he intern et ween
the Battam, 2t Igagtane Shiag inlg! emv'é{eogw ?%H-H%#?ef Pogklaae%ﬂd /or
ne3 of the internal below the side cut outlet 82, and
a middle: ppritonted the colugasbabwmaid g wtiﬁﬁs)anwrleaﬁt one
LB, Ds, nsi, nB2, nB3, and nB satisfy the follow ng
fourﬂbriniéiaprcﬁ\]jﬂ)ect i (Iﬁ!&)middle portion and / or the lower portion of

the column above said liquid outlet, wherein Lz, D2, Lz / D3, nz, D2/ d2y,

and D, / dj2 respectively satisfy the following formulae (7) to (12);

1500 < L, < 8000 (7}
100 < D; < 2000 (8),
2<L;/D;<540 ' (9},
10 < n, < 80 (10),
2<Dy/dp <15 (11), and
5 <Dy /dy <30 (12);

(c¢) said high boiling point material separating column A is a
continuous multi-stage distillation column having a length La {cm) and an
inside diameter DA (cm), and having an internal with number of stages na

thereinside, wherein La, Da, and na satisfy the following formulae (13) to

(15);
800 < La < 3000 (13),
100 < Da < 1000 (14), and
20 < na < 100 (15),

17



1000 < LB 5000 (16), 100<DB1000 (17), 5 < nBl <_ 20
(18), 12<nB2<40 (19), 3<_nB315 (20),and 20:5 nB570

(21); (d) said guide-contacting downfl ow type

pol ymeri zati on apparatus conprises: (1) an apparatus

havi ng a nDIten prepolyner receiving port, a

per f or,at ed a .
haveng e Sietidiy oot e FBEiRRTBR cpntinuous
omthe perforate ate row o

mulewmamﬂwl@n@%e& hadlng e 3@@9 1 L (RhE &hchgnaifgide

a tapered bottomcasing, a nolten prepolyner feedi (tg
diameter Ehr(&mé,dhaglngw@mmtﬁénaf prefingide, bavingan inlet B1 at a

perforated plate onto the guides in the polynerization
middemstage afothe calwanyemd enside cut derdlétnB2Heetween said inlet

pol yneri zation reaction zone, an aronmatic

- B1 8RR BeNAhA KbE6RAr A6dARaVinG AUhsssk b staheveidost the
18 portion of the tapered bottom caS| ng, and an

inte?tfl]gl"?b'o%epﬂ{é’ PR Bt un%éPB?rsgﬁ 208f‘ﬂ$ét|ﬁ€ertrﬁel between

I scharge port, er el ernal secti onal

o AT ﬁaﬂib:%rc Fafdgagind i e
mez%; LBe 'a,c‘?%ecﬁweaﬁec%utifﬁtdégm s i ouBBBeb 27 4B no -

B ( taken-t hrough a_hori zontal plane of the
NB1 4r Baatt Bsﬂol"yhﬁf%@n'ase%h dwange. Npor BNdaRs %t@JYttH@ following
formula (23), 20 <_ A/ B <_ 1000 (23),
formulae (16) to (21);

1000 < Lg < 5000 (16),
100 < Dg £ 10060 (17),
5 < ngs <20 (18),
12 < ng2 < 40 (19),
3<ng3<15 (20), and
20<ng <70 (21);

(d) said guide-contacting downflow type polymerization apparatus
comprises:

(1) an apparatus having a molten prepolymer receiving port, a
perforated plate, a polymerization reaction 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 pilate 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
18



(4) the tapered bottomcasing in the polynerization
reaction zone 1is connected at an internal angle C ()
to the side casing thereabove, wherein the angle C ()
satisfies the formula (24), 120<_C< 165 (24), (5) a

l ength h (cm. of each guide satisfies the formula

) 50. < < 0.{28)., 6
portigriof dr&-fasierey hpt i sasing, A ey pfmefipoRiitiiiate
. formula (26), 2 < <.50000 (26 2..the process

dischargedp Heh somsms‘? Pt She oAt 08 eRefeiEn T e

of the aromatic polycarbonate is produced, 3. tq$ )

pr od2dsan deternal reationakaraa 4 (M) ipkeaithredph -hopigontal

said d12 satisfy the fornula (27), and said d21 and
plarsaiod tHasidat casing e therpnlymeri2alionrafiction @ena satisfies the

(27); and 1 d21 / d22 6 (28), 19 4. the process
fonﬁ@ﬁ;wz%yg to any one of itens 1 to 3, wherein L1, DI,

L1 / i, nl, D1 / dl11, and D1 / d12 for said first

continuoug +m¢l Ai-ghpge distillation c n satisfy
respectivel y 2000 <_ Li <_ 6000, 150 <0(| DQ <_ 1000, 3

55 (b Bl vefpefly (ot dffpiohnopsBlypritaea p (m

D2./ d2 and D2 / d22 for i d_secand [.nyo .
takey thoudh goharizentebbians o Dimat il Bl At discharge

2000 < L2 5. 6000 &g < D21000, 3<_L2/ D2<_30, 15<n2<_
porigaatisfigs the fprmule (284 7< D2 /d2225, 5. the process

according to any one of itens 1 to 4, wherein L1, DI,

L1 / D1,281% AD}{B/ScnﬂQOand D1 / d12 fo2Xaid first

conti nuous multi-stage

(4) the tapered bottom casing in the polymerization reaction zone

is connected at an internal angle C (°) to the side casing thereabove,
wherein the angle C (°) satisfies the forhula (24},
120 < C < 165 (24),
(5) a length h (cm) of each guide satisfies the formula (25),
150 < h £ 5000 (25), and
(6) a total external surface area S (m?) of said guide satisfies the
formula (26),
2 <$ < 50000 (26),
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 d¢; and said d42
satisfy the formula (27), and said d;; and said dj, satisfy the formula
(28);
1<dyp/dy1 £5 (27}; and

1<dz1/dz2£6 (28),
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distillation colum satisfy respectively 2500 <_ L1 <_
5000, 200 <_ D1 < 800, 5< L, / D <_ 15, 40 < nl
< 90, 10 < D1/ dl11 < 25, and 7 < D1 / d12 <- 15,
and L2, D2, L2 | D2, n2, D2 / d21, and D2 / d22 for
sai d second continuous multi-st age distillation

o S RPN, ok S s RerdiL, 0, L
0 BhetiP bt o 4 thesblf ANEEEBRGEI HOR Mg

continuous nulti-stage distillation colum and said

distdkadionl codomn sasisfy reispiectivedy 2000 < Lats 680861 LA 5 B1 < 1000,

~adistillation colum having a tray and / or a
3 < pacdkDpg 89,30 ¢ npketd| 8 .01 hel(poBSsanat ot Mnduo < 18,
item 6, wherein said first continuous nulti-stage

andCL?tIDL' B i/ A, CAL,UDD /i ;12 adDs £ dpefel shid Isaldort continuous
umm having the'tray as said internal, and said

mulﬁe%gﬂe AR ﬁl'lé‘HBH Jiuht s%ﬁ%@?ga@?%fdtide%'m@% o 6600 150

ation c um havi ng t he packi ng and

< 0} E2108D, 4 L4 11 2%, B 4 15 PBRCOES 20551 A% 9, ana 7 <

conéhnuous mul ti-stage distillation colum and said
/ dag d continuous nulti-stage distillation colum is
a sieve tray having a sieve porjjion and a6 downcaone
5. pgbetprcess apﬁ@fﬁﬂtﬂ:&@@%@ﬁﬁa?ﬁ&%n%ﬂs WORERIS; b, D1, L1/
each sieve tray has 100 to 1000 holes / nR2 in said
D1, siteld hdrt,iamd DO/ dihdopisaid Jrshcontinurus snuttestager

9, wherein a cross-sectional area per hole of each
distilatyen tocMnirs siatisdy respectively @800 & Lp<55000, 200 <tBe < 800,
process according to item6 or 7, wherein said second

o< ST DR21R, M ntiogg, MELID] P g 08, WL 1Dy < 15
andPBEKDRILL T BhenyPBsT @9 Wi D7/ HDS f6PLHINN seddhd BBntinuous
multi-stage distillation column satisfy respectively 2500 < L, < 5000, 200
<D;<800,5<L/D2<15,20<n2<50,3<Dy/d21<10,and 9 <D/
daz < 20,

6. the process 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 is a distillation column having a
tray and / or a packing as said internal,

7. the process according to item 8, wherein said first continuous
multi-stage distillation column is a plate type distillation column having
the tray as said internal, and said second continuous multi-stage
distillation column is a diétiliation column having both the packing and

the tray as said internal,

8. the process according to item 6 or 7, wherein each tray in said first
20



tray in the |l ower portion of the columm, 12. the
process according to any one of itens 6 to 11, wherein
said packing of said internal in said second
continuous multi-stage distillation colum is one or
a plurality of sets of structured packings, 13. the

conBhRORSS mRERE dﬁé’tll‘l%ﬁﬂhlgolu\mﬁra?ﬁd‘ sie s%tcrdhcd doffinuous

aCkI ng In Sal second conti nuous nulti - tage

mulﬁ%ﬁﬁd%@%ﬁ@aﬁ% o 4575k g4 oron and

Techno- pacﬁ Fl exi pac, a Sul zer packing, a Goodroll
downcames PAItPN.G it schgrid, 14. the process accor di ng
to any one of itens 1 to 13, wherein each of sai

9. Hhghperesn@qsardingniediem 8swbﬂr@un RAGLBIANE Araahhaas 100 to
sai d di phenyl carbonate purifying colum Bis a

1008i bolds &mdin saideieevorjientray and/or a packing as
said internal, 15. the process according to item 14,

10. mktareeprowesiaucﬁrraahg 26 ie@h8air 9saibreigla bpodsaectional area
point material separating colum A and said di phenyl

per %IB%‘ﬁéScHUél'efv)é' ﬂ_ﬁxc@,' W8 rande PrPRCEIf % FamFo.
e process according to item-15 wherein the packing

'Sma PRAHE YL BREK 0% ¢tor F2acaf SuRE Sulaid o

f OUp Cconsi
Jechno- pa Sul acki Goqd .
conﬂaew%%@ﬁa%% 9&%‘#?@0 B 5 2, BEktu B8 Meflhipn paving.

one of ens 1 to 16, vvherel n, the SI

as saj pdeymal it the PRRKInELET b6 WRARI porigniof fh% f‘\kﬁ"?‘h and the

an inside dianeter D (cm and a length L (cm, the
trayt ipthedowertpoiticsioddheveeltmins  connected to the

| ower portion of the side casing, is conical, and the
12. ditbehpraee poraccordimd to sanyn onee of dtgen s to fdr, twberein said

sai d conical bottom casing, is cylindrical with an
packitg &f sHian@ternal incsdid weeobaidcontihuad shulti-stage distillation
column is one or a plurality of sets of structured packings,
13. the process according to item 12, wherein the structured packing in
said second continuous multi-stage distiliation column is at least one
type selected from the group consisting of Mellapak, Gempalk,
Techno-pack, Flexipac, a Sulzer packing, a Goodroll packing, and
Glitschgrid,
14. the process according to any one of items 1 to 13, wherein each of
said high boiling point material separating column A and said diphenyl
carbonate purifying column B is a distillation column having a tray and/or
a packing as said internal,
16. the process according to item 14, wherein the internal of each of

said high boiling point material separating column A and said diphenyl

carbonate purifying column B is the packing,
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satisfy the follow ng fornmulae (29), (30), (31) and
(32); 100<_D<_1800 (29), 5 < D/ d <_ 50 (30),
0.5< L/D30 (31), and h-20Lh+300 (32), 18. the process
according to any one of itens 1 to 17, wherein said h
satisfies the fornmula (33); 400 < h <_ 2500 (33), 19.

16, AReBERSER BEERHAIRDS A SN G Rheld 488 pdfintis 3
e B AW g B @ﬁzeg'mﬁ G hsisting of

wher ei fies the
Melligak. Bempak TrobaosPackoFIFFpats % SylEAE FACKAGHE Goodrol
to 19, wherein the polynerization is carried out
pacl&mmgamd\&btsqmred .of said guide-contacting downflow
type pol yneri zati on apparatuses |inked together, 22
17. 2xhet o quacassoadiog th mnyt onengf dems dnto 16t cwlzerein, the side
wherein the plurality of the guide-contacting

casi kivev gl Oz atieni reictivh apPwy B ugHAdrieat widh noh Twside
i P
item 17 corrprl se two polynerization apparatuses being

diardetdi DStcr YRy ‘éqg‘nﬁ%'lﬂ%lﬁg"\@ﬁéq g@f@ﬁ @Q{tbﬁ?rc'a%@ﬁg OWhich is

appar at us and second é-contacti ng downfl ow type
conREAEF Ak ARrPBBrAbHSor WESIEL Rdiog B e5Feel ln the
d'scglarassp?ff Hghie & ﬂ*@dﬁﬁf?f%ﬁfﬁ@é?ﬁﬁ@n M fospiia pottom
ynerization apparatus and a total , external surlsaie
casngfgedsggy (ﬂﬁ”%? Wil g0i 'd‘éédﬁrﬂ@a"%lteé'éé&ﬁﬁ") whéerein and d

gui de-cont acti ng downfl ow ty nmerization
satishpthefajowing Soymidae (28), (30) (3%/) and (32);
100 < D <1800 (29),
5<D/dx<50 (30),
0.5<L/Dx<30 (31), and
h-20<L<h+ 300 (32),

18. the process according to any one of items 1 to 17, wherein said h
satisfies the formula (33);

400 < h £ 2500 (33),
19. the process according to any one of items 1 to 18, wherein each
guide is cylindrical, or pipe-shaped and made to be such that the moiten
prepolymer cannot enter therein, with an outside diameter r (cm),
wherein r satisfies the formula (34);

0.1<rs<1 (34),
20. the process according to any one of items 1 to 19, wherein the
polymerization is carried out using two or more of said guide-contacting

downflow type polymerization apparatuses linked together,
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formula (35); 1 < S1/ S2 <_ 20 (35). In addition,
according to the second aspect of the present

i nvention, there are provided: 22. a high-quality
aromati c pol ycarbonate produced in an anmount of not
less than 1 ton / hr, which is produced by the process

=155 et il bbbt 228 dfngrelp pgrey
of tﬁek%wdﬁeceﬁre#fﬁ&i@? veflubtite. q"ﬁ*rtiewi%%noﬁpw%ua%
pmin_terns of mstalllc elenents therein

accandurw F@\I"@j@n T GRMepLiseftwip P aiymerization wraéu%ﬂﬁemg a

hi gh-quality aromatic pol ycarbonate according to item
firspguide 2yntabtinggd awndlamdype polyyearizatiancapparatusand a
mai n chain thereof partially branched through a

secbadeggitd-icoiragetingcd ownfipvartypetmslymaetagtioor appaeates,
I'i nkage, and having a content of said foreign |inkage

whérgif iﬁaé‘%?oeésylﬁ%hfb@% p8lyinerizatibroasgdelns 1ncreased in

carbonate |inkages. 23 Advantageous Effects of the

this ﬁ?’c?éﬁ, 'OePfkgl!atl é?&ér#&?g Fia20Y é§d31 EFHZ& GW”Q{% Q'E.l?él’ §iR%aid first

ycar onate rom car onate

gw?%ecod}"asi %&vﬁ}fﬂqﬂé%%xﬁfﬂyrﬁ?ﬁ%éﬂ%n BegafBISHH Bt
extGielifcactiag Si(mherithe avEles [epid Seihs cacr

haV|ngaspeC|f|ed structure; (I1) purify .
guide matpcting domaflowtypei pglymearigatisd apngraguﬁ gatisfy the

mat eri al separating colum A and a di phenyl carbonate
formpula {$6pg col um B each having a specified structure

so as to obtain a high-purity diphenyl carbonate from

the di pheny sprigmat 20 (111) subsequent (35).

In addition, according to the second aspect of the present

invention, there are provided:
22. a high-quality aromatic polycarbonate produced in an amount of not
less than 1 ton / hr, which is produced by the process according to any of
items 1 to 21,
23. the high-quality aromatic polycarbonate according to item 22,
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 elements therein,
and a halogen content of not more than 1 ppb,
24. the high-quality aromatic polycarbonate according to item 22 or 23,
being an aromatic polycarbonate having a main chain thereof partially
branched through a foreign linkage including an ester linkage or an ether

linkage, and having a content of said foreign linkage in a range of from

0.05 to 0.5 mol% based on carbonate linkages.
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produci ng an aromati c pol ycarbonate by using a
gui de-contacting downflow type pol ynerization
apparatus having a specified structure from a nolten
prepol yner obtained froman aronmatic di hydroxy
compound and the high-purity diphenyl carbonate; and
(I'V) recycling by-produced phenol into the step (1),
a high-quality high-performance aromatic
pol.ycar bon cellent mechani cal properties
Adv H&¥H8°”&. e%:@lcé?’e?tf E’};\ roduced on an i ndustri al
scal e of not |ess than 1 ton at
pol lfritas ?eﬁﬁ'bﬁ"$%\Q\é‘3r%|“é6'§ﬁe‘ﬁ’heﬂtp'f%u%‘88nﬂ'tﬁ aEenatig
that a high-quality aromati c pol ycarbonate can be
polynrarbwnatesirap yhealiatkyiptalbonaie aeditbe aromiatic dihydroxy
for exanple not |ess than 2000 hours, preferably not
compasisnd hby i@ mentiag the proceésrawqrdmg tbethe phawent
5000 hours, with little variation in nolecular

mvemwﬁtwmﬁheceﬁﬁmgés itAesteip@nof:t IV prodavinie s a.mi@mss

t hat achi eves excellent effects as an industri al

cart%r?&?es%smg 5@5%&?@}&%@!!9@0@\ Ebﬂﬂnﬁgaéééﬁ rﬁ’a[\ﬂgpté %fecified

pol ycar bomat scriptron of Draw ngs
S \Vi . r a \Y -
stru&?gf’%- ﬁE& PR, e SighBhud @?Fsﬁgﬂérbﬁ’;ﬁ%%%ﬁﬁqh Boiling
. pres invention, th distillation colum havi
poirtatRtial Sralie CATumit Adne & IR RO a&pusifying
is a schematic drawi ng of the second continuous .
coluympclBieach diamingl aspesitied whiuptwecs a1 abtain a/high-purity
out the present invention, the distillation colum
diphevyingatravaetrom the diphenycaibonatee(tdf subseguents
conprising structured packings in an upper portion and

prodileing anagromatic pbhwarbperdiedry using =3 gusde- cunitetinige
vi ew of the apparatus conprising the first continuous

oIS BTSSP kg spdcihed i fom
a mBIRPpAObE1YREr S¥tAYHEW fA3th 4R%romatic dihydroxy compound and
the high-purity diphenyl carbonate; and (IV) recycling by-produced
phenol into the step (I), a high-quality high-performance aromatic
polycarbonate having excellent mechanical properties and no
discoloration can be produced on an industrial scale of not less than 1
ton / hr at a fast polymerization rate. Moreover, it has been discovered
that a high-quality aromatic polycarbonate can be produced stably for a
prolonged period of time of, for example not less than 2000 hours,
preferably not less than 3000 hours, more preferably not less than 5000
hours, with little variation in molecular weight. The present invention

thus provides a process that achieves excellent effects as an industrial

process for the production of a high-quality aromatic polycarbonate.
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present invention;, FIG 4 is a schematic view of the
apparatus conprising a high boiling point nateri al
separating colum A and a di phenyl carbonate
purifying columm B |Iinked together preferable for
carrying out the present invention; FIG 5 is a
gU|de contacting downflow type
Brlegclﬁgﬁg Pglgt\ﬂ §ﬁllj)'f|§6'g:a§[ us preferable for carrying out
the ent i ent on;. and schematic .view
{ ENE dPce sahrme 'Pn\g%mft}‘sﬁ'ﬁip@ﬁ%w%r B
paratus having a cylindrical  side casing and
dlsttl REolypin ereferatig fior sanryin e oustheapresent tm{e"ttﬁ?e" the
present invention. Description of Reference Nunerals
dlstlllratrmlgmodsn'nn having iatemals prawvidedlista teunkipprtivn thereof;
outlet, 3: inlet, 4: inlet, 5 end plate, L1 and L2:
| enBi®. fista lsrdhmﬁatlk:OdlraMngabd tPe:secondeatitimes es rehctive
trunk portion, dl11 and d21: inside dianmeter of gas

dlstmﬁt'l@ﬁ dcﬂmnn bQéferfdtﬂétfo?Qfﬁr'r?ﬁ?'%uterbt;brééé}glemventlon the

distillation colum, 201: secO conti nuous

dlstm*.:}t n%%ggﬁm %??lhéorﬂio gg':ﬂé‘aﬁr{"truﬁ Paf’ﬂoqzmeﬁof ,ipternals

confilfsing sitfitkyre §aihas 14 4P Jiefrsr SOHIGR 1% 5%8ke teays in

31: colum . bottom conponent outlet of the second
low@bROIH@Sus mul ti-stage distillation colum, In Figure
4 Al and Bl: inlet, 62: outlet, 11: columm bot t om
conbHaedtiscatschernatichvigw bbithergpparatusnaesmrising the first
separating colum A, 13 and 23: columm top gas
continuloats, redaicti?d digBilatidn aotliria: ahd dheesebandargntinuaus
25: reflux
reactive distillation column linked together preferable for carrying out the
present invention;

FIG. 4 is a schematic view of the apparatus comprising a high
boiling point material separating column A and a diphenyl carbonate
purifying column B linked together préferable for carrying out the present
invention;

FIG. 6 is a schematic view of the guide-contacting downflow type
polymerization apparatus preferable for carrying out the present
invention; and

FIG. 6 is a schematic view of the guide-contacting downflow type
polymerization apparatus having a cylindrical side casing and a tapered

bottom casing preferable for carrying out the present invention.

Description of Reference Numerals

In Figures 1, 2 and 3
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liquid inlet, 16: colum top conponent outlet of high
boiling point naterial separating colum A 17 and
27: colum bottomIliquid outlet, 26: columm top
conponent outl et of di phenyl carbonate purifying
colum B, 31: col unm bottom conponent outlet of

di phe cgr bonat.e ifyin qu [

1 gea?ﬁ%ﬁéh L TRURY ullEh ety MIES bifhantet, puPr Rpfgfate, Lsand
colum B In Figures 5 and | ten r .

L2: leagdhve ity undy portzonperﬁ-opgpeézpﬁr&lge QParﬁEf@%m?trunk portion,
prepol yner feeding zone, 4: guide, 5. polynerization

di4 andajmomnam}ee;ilameteamlgﬁs/@mlttl,etﬂcrm} omaﬂric first continuous
pol ycar bonat e di scharge port, 8: aromatic

muipadtager distilation sianye p@dd,: secomriondioaudesdingi-stage
port which is used according to need, 10: side casing

dist®fatid1e cRMFEr | 18t HON 4re@Qti:gRIgioNel 3 drld 23Aapssietn top gas
bottom casi ng of the polymerization reaction zone, 12:

outl P 0"”4' &4 0?8@{{9&@8 21 ¥§Eﬁ?ﬁ§@tre 1ae§hd'\@?|ecfo@umn bottom

h Qut the I'nvention Wing is a detail

o FEGEHA %%pst%-%gs@ﬁmw%eﬁﬁemgbu@ra 338
ot 8 AL e A L 0 ciottion

di al kyl carbonate used in step (I) is a compound
columapr esented by the general formula (36); RaOCOORa

(36) wherein Ra represents an al kyl group having | to
In Figureadbon atons, an alicyclic group having 3 to 10

carbon atons, or an aral kyl group having 6 to 10
A1 and B atlets. BXaopties, ofl tRzadlominubetairkydogpomentsactiet of

as methyl, ethyl, propyl (isomers), allyl, butyl
high bedlieg Poinbwhaterial 6paRANg column A, 13 and 23: column top
gas outlet, 14, 24, 18, 28, and 38; heat exchanger, 15 and 25: reflux
liquid inlet, 16: column top component outlet of high boiling point
material separating column A, 17 and 27: column bottom liquid outlet,
26: column top component outlet of diphenyl carbonate purifying
column B, 31: column bottom component outlet of diphenyl carbonate
purifying column B, 33: side cut component outlet of diphenyl carbonate
purifying column B
In Figures 5 and 6
1: molten prepolymer receiving port, 2: perforated plate, 3: molten
prepolymer feeding zone, 4: guide, 5. polymerization reaction zone,
6: vacuum vent, 7: aromatic polycarbonate 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:
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pentyl (isoners), hexyl (isomers), heptyl (isomers),
octyl (isoners), nonyl (isoners), decyl (isoners) and
cycl ohexyl net hyl ; alicyclic groups such as
cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycl oheptyl; and aral kyl groups such as benzyl,
et S r yl propyl (isoners),
outl%ﬂ?ﬁﬁ%%mﬁéﬁ&ﬁ%ﬁ‘gyﬁgﬁg nmet hyl benzyl (isomners).
These al kyl groups, alicyclic groups and aral kyl
groups may be substituted with other substituents
such as | ower al kyl groups, |ower al koxy groups, ‘
BestﬁéﬂdedbﬁdéﬁfﬁmﬂﬂéDBgéhedﬂUﬁ@ﬁ"ﬁhd may al so contain
unsaturated bonds. Exanples of dial kyl carbonates
havF ojowing isma Betailedudescdphierhef tkarresand, indeatiofn.
carbonate, dipropyl carbonate (isoners), diphenyl

carfpotteé prediehttintehtionr, Fieet a tepo(Brasd) conliihubyisly producing
carbonate 27 (isoners), dipentyl carbonate (isoners),

a di?h'&‘?ﬁ'ceﬁﬁbﬁ%ﬁét@n Ers R Strial $dd18Pfrvim @2HRARY! Barbonate and
I soners), d I

i octyl carbonate (isoners), dinony

a Pfﬁ{;,)@{’sg%ﬁrr(iéﬁom s), didecyl carbonate (isoners),

enty carbonat e, dicycl ohexyl carbonate,

di | ohept yi bonat ib I t
i phERH IR SR BIRITE HPeOEr S1eP i) Bran bpgyRe represented
carbonate _(isomers di (phenyl butyl) carbonate

by thesganeEesa! formula B8benzyl) carbonate (isomers),

di (et hox Qenz B car bonate (i soners),
di (et hoxén&@& Rtar bonate, di (et hoxyetyl )

carbonate (isoners), di(chloroethyl) carbonate
whefeao R sp megkrdis(ay alkygl gydYip deakiogal do {0 sambog) at@mns, an
t hese di al kyl carbonates, ones preferably used in the

alicpeR6Yroup REOMg GNtan® dardiylateaidospaesaralkyhigtbupshaving 6
I's an al kyl group having not nore than four carbon

R R i i
metiQY COMFNI: pPhpy! (isomers), allyl, butyl (isomers), butenyl (isomers),
pentyl (isomers), hexyl (isomers), heptyl (isomers), octyl (isomers), nonyl
(isomers), decyl {isomers) and cyclohexylmethyl; alicyclic groups such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl; and
aratkyl groups such as benzyl, phenethyl (isomers), phenylpropyl
(isomers), phenylbutyl (isomers) and methylbenzyl (isomers). These
alkyl groups, alicyclic groups and aralkyl groups may be substituted with
other substituents such as lower alkyl groups, lower alkoxy groups,
cyano groups or halogen atoms, and may also contain unsaturated
bonds.

Examples of dialkyl carbonates having such an R? include

dimethyl carbonate, diethyl carbonate, dipropy! carbonate (isomers),

diphenyl carbonate, dibutenyl carbonate (isomers), dibutyl carbonate
27



preferabl e dialkyl carbonates, particularly preferable
ones are dial kyl carbonates produced in a state
substantially not containing a hal ogen, for exanple
ones produced from an al kyl ene carbonate substantially
not containing a halogen and an al cohol substantially

oo BT G 0 LR e

ng nmpound in ich a hydrox
dineRiyb eery OpaNadiEamess pHaItY b FaUROHRIS (HaMEEHe dinoay]
a substituted phenol in which the phenyl group is
carbomate (isoeters): [dideayt carkonate digymprshrdicyaopantdxy
group(s) may be used. PhCH (37) The phenol used in |
carlidweatw, edieyiclomaryit carb em 2fesr diclyy | cheptyaarbonateoeibenzyl
28 not contain a hal ogen. The di phenyl carbonate

carﬁ@rﬁﬂe’,ecﬂtptr@ﬁéthyh%arabaﬁgmé (Inswm@trs ndiFgE Ot&%pr(ﬂﬂﬂ; carbonate

represented by general formula (38

(:soH;Pér%r) "i’ﬂ]rfbrﬂglbhlﬂ !)déﬂﬂﬁﬂat%a{lgeﬂ?él%gtﬂ qé?ﬁopt?@@ﬁhyl)

use tar material I n st

carfiff Pt A DBl B i 9 en@ ﬁdﬁ e

remai ni n lative to re etermn unt , of

d“"b%‘éﬂ’%“%ﬂb\ﬂg thiaysn i Eh SRR THcAERag st éﬁ*omefs)
which is not efficient, and noreogver nuch ener

di(chief@ethy X areenate (isenefsr anﬁgdl&ﬁveﬂpgihylmarg@mte

reasons, the above nolar ratio is nore preferably in
(isomersige of from0.5 to 5 yet nore preferably from

0.8 to 3, still nore preferably froml to 2. In the

pr eS¢ thesevéiilkphcaripdnatess dhas preferablyhused infthe present

aromatic pol ycarbonate is continuously produced, and
invedrition Riré. diddkyl 88Fbdhates in which R? is an alkyl group having not
more than four carbon atoms and not containing a halogen atom. A
particularly preferable one is dimethyl carbonate. Moreover, of
preferable dialkyl carbonates, particularly preferable ones are dialkyl
carbonates produced in a state substantially not containing a halogen, for
example ones produced from an alkylene carbonate substantially not
containing a halogen and an alcohol substantially not containing a
halogen.

The phenol used in step (1) is one represented by following
general formula (37), being a compound in which a hydroxyl group is
directly bonded to a phenyl group (Ph). In some cases, a substituted
phenol in which the phenyl group is substituted with lower alkyl group(s)
or lower alkoxy group(s) may be used.

PhOH (37)

The phenol used in the present invention preferably substantially does
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approximately 0.85 ton / hr of high-purity diphenyl
carbonate nust be continuously produced. In step (1),
the m ni mrum anount of the phenol fed in continuously
is thus generally 15 P ton / hr, preferably 13 P ton /
hr, nore preferably 10 P ton / hr, based on the

f romati ¢ pol ycarbonate (P ton / hr) to
not ggﬂg%hdgc!}e%lggleﬁ‘ a nore preferable case, this anmount

carHisatiEhs sﬁa pﬁégﬁn@i%we?ea&qu p e, Brasetl) neditfdp is thus

in step each be of h| h purity, or may contain
Onedﬁiﬁ’éﬁséﬂ l!PrVdgeneﬂ'@l QB HIA %y contai n conpounds or
reaction by-products produced in a first continuous
mul ti-st d@eOLBGQRhati on col um and / dR8&. second
continuous nulti-stage distillation colum, described

bel Avwolar tdtfo edthe dxlk{l cachshaiesato ithpl pelmenbauiseml, in the
for the starting material, besides fresh dialkyl

starfingoRtk fialif sQBﬁnG? .Qweraquﬁugeranlge ef #m 0.1 to 10.

redction system it Is also preferable to use dial kyl

Outgﬁfebﬂﬂgtl%ﬁgd (heoﬁ @@Hf’bftu‘?fr?%‘éi@&’ stéf lﬁgtrﬁ‘étéhéﬁemalnmg

eot ' hGog age drs ation co and /

sl S BB SRS A corvonate
orod S e 3B, BT AR RGBS A Lot M

continuous nmulti-stage distillation colum are fe

energy s reguiredto cepevande startingsnagerial st |qufa$||16'f'| reasons,
colum. Here, the second col umm | ow boiling point

the abawei molat xatjoeisnmy)reuere"fedabtyt in ahrarfge <f feom OnBidass, yet
mul ti-stage distillation colum as is, or after sone

morefpitdferabparoentcs Btﬂmese@tuuhmc&ebpmﬂmabw ftoan Dyd.2.
Accordingly, in the present invention, which is

| MRefA bPEsehPinvé Atidh! Y\aot'lbsbsth@fnefl b trfeF tHh@romatic
starting material fed into the first continuous
polyﬁgrbhn%tté‘qg Britindibaklypr&@Lbgn, kAT tHil, AdX 186sahan
al'cohol”, "an
approximately 0.85 ton / hr of high-purity dipheny! carbonate must be
continuously produced.

In step (1), the minimum amount of the phenol 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. In a more preferable case, this amount can be
made to be less than 8 P ton / hr.

The dialkyl carbonate and the phenol used in the starting material
in step (1) may each be of high purity, or may contain other compounds,
for example may contain compounds or reaction by-products produced in

a first continuous multi-stage distiilation column and / or a second

continuous multi-stage distillation column, described below. In the case
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al kyl phenyl carbonate, the di phenyl carbonate, an

al kyl phenyl ether, and so on. A starting nateri al
further containing small anounts of high boiling
poi nt by-products such as Fries rearrangenent products
of the al kyl phenyl carbonate and di phenyl carbonate

ot S oSSt R B TR s e
crkgY S50 SRt A nGanind S IR e R Ean gyotem

a starting material containing dinethyl carbonate as
it istalgodpeafeyablatodise dialkyl @ﬂgggaﬂte @rgﬁlafemenak regpyered
phenol, it is preferable for this starting material to
frone dhedirstreddtamobus raodtirséapgl dishidiatiorc aobaoma andr/dor the
di phenyl carbonate, which are the reaction products,

secoid ddwetinliaubi mnmttaﬁbadiigmwt_fan icodumannt ki thepadcess
amounts of ani sole, phenyl salicylate and nethyl

accﬁf’%iin%y{d"iﬁeéﬂ‘gs%'htqgseﬁ@iogﬁaéﬁlh% g pRESAHPSnentansbnstituting a

h~boi I'i n ol nt -products derived therefrom

Iowﬁfd&ﬁ@[é@@' Qe@ﬁfoprﬁ@ni&'i‘&%é;?l%mljt&c‘ézggcbﬂdsé&ﬁ’t(ift{:f))usorpulti-stage

enol -pro I'n 'step

. the. present invention. This.. - prod d phepo Shiiatillati

distytifh Sty Agded tite Bechrgh SORARLEEH BLAl%ta8E tistination
The di phenyl carbonate produced in step (L) is,. .

colypPai riéar%t%@wcqndaﬁgﬁsm@r'iow osiling Fg%'i’\ﬁé@ﬁcﬁ'l?é‘ mixture may
di al kyl carbonate and the phenol. Included under this

be fedaitdesther firstaontinuaus multiagtagendistibalien elanpp as is, or
both of the al koxy groups of the dial kyl carbonate is

after sumeeal ttaegeanpohbntééhephehbayedreen separadegdheubl
and an al cohol is elimnated, and a reaction in which

t woAgBbegIHgg, M thEprRlsleyit inkenyionc awhivmisimptsmesded
are converted into the di phenyl carbonate and the

| indl?éetg[:étiwé 3 ??E e%mgéggmiqhg Starid Aiterial ifedlin2 the first
, 1. e. proportionation
continuous multi-stage distillation column to contain any of an alcohol, an
alkyl phenyl carbonate, the diphenyl carbonate, an alkyl phenyl ether,
and so on. A starting material further containing small arﬁounts of high
boiling point by-products such as Fries rearrangement products of the
alkyl phenyl carbonate and diphenyl carbonate which are the products,
derivatives thereof, and so on can also be preferably used. I[n the
present invention, in the case, for example, of producing methyl phenyl
carbonate and diphenyl carbonate using a starting material containing
dimethyl carbonate as the dialkyl carbonate and unsubstituted phenol as
the phenol, it is preferable for this starting material to contain methanol,
and methyl phenyl carbonate and diphenyl carbonate, which are the

reaction products, and the starting material may further contain small

amounts of anisole, phenyl salicylate and methyl salicylate, which are
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reaction. In step (1), in the first continuous
multi-stage distillation colum, the al kyl phenyl
carbonate is mainly obtained, and in the second
continuous multi-stage distillation colum, the

di phenyl carbonate and the dial kyl carbonate are

readllu Y APOALERE 4PATHER ARSI BBIAPEYL Al g e
rbonate obtained in step (I) does not contain a

c
therﬁg'i%ﬂen at all, and hence is inportant as a starting

mat eri al when industrially producing the aromatic,

pol feethesmare, mast I theekbanol weest inatemkd sensits of the

for this is that if a halogen is present in the
phesohbyi-producediial stepr (Heofpthe meeseat invention. i nlais

smal | anmpbunt of less than 1 ppm then this may inpede
by-grod uved/ pRientdtmast becsitcutated baskiimeditep d) thfcugh step

producti on of the aromatic pol ycarbonate, or cause a
(rvydeterioration of the properties of, or discoloration

of, the 31 aromatic pol ycarbonate produced. As a

Cat‘ff}.%f&aipi%%ﬁ'@li rb'&%aftjegﬁrt/o%iﬁw%qégmi id obltaffed through

di s col urm an e sec cont i nuous

mul ti-stage distillatjon.c [ R f
trangsherifbatiopbaivesh iy Ratlro2E d tnefisnot.

fal l.ow ng coppounds can _be used: <Lead conpounds> | ead
InclydpdcindaE A o ARG et UHCRH TS84 ToRGHANSA Tieh onE or both

such as PbS and Pb2S; |ead hydroxides such as Pb(O—PjZ .
of theyallkpry royps, op thatsliedy | canbanatraispbare exahanged with the

NaHPbQ2 and KHPb(Q2; plunbates such as Na2Pb(B, _
pheha2i2Rind) ok2RBGShe K3[ RCdCRH G31cohid e @im TeedtRidOAaché@ reaction

CaPb(3; | ead carbonates and basic salts thereof such
in whsciPWE3 nesie cul&d GPIRe( &2 pheny! carbonate produced are
converted into the diphenyl 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 phenyl carbonate is mainly obtained, and in the second
continuous multi-stage distillation column, the diphenyl carbonate and
the dialkyl carbonate are mainly obtained through the disproportionation
reaction of the alkyl pheny! carbonate. The diphenyl carbonate obtained
in step (1) does not contain a halogen at all, and hence is important as a
starting material when industrially producing the aromatic polycarbonate
in the present invention. The reason for this is that if a halogen is
present in the starting material for the polymerization even in a small
amount of iess than 1 ppm, then this may impede the polymerization

reaction, thus impeding stable production of the aromatic polycarbonate,

or cause a deterioration of the properties of, or discoloration of, the
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| ead salts of organic acids, and carbonates and basic
salts thereof, such as Pb(OCOCH3)2, Pb(OCOCH3)4 and
Pb( OCOCH3) 2PbQO. 3H2O, or ganol ead conpounds such as
Bu4Pb, Ph4Pb, Bu3PbC , Ph3PbBr, Ph3Pb (or Ph6Pb2),
Bu3PbOH and Ph3PbO (wherein Bu represents a butyl

aroﬁ QH,DBOW g)rraqgr Qﬁu phenyl group); al koxyl ead

aryl'o conmpounds such as

- LN TR
m neral s such as gal ena and zi nc bl ende; qﬁd’ipgpgﬁtgglumn in

colypnsand /| eathe sesamdisontiagayseMyltins1ag

conmpounds> sal ts and conpl exes of copper famly neta
steps (bh fas egaonplecucinzetalspomiseningcgenpound, sedgcred from the
Cu(QAc) 2, Cu(acac)2, copper ol eate, Bu2Cu, (CHSO) 2Cu,

follAgM@PB comyBoundsl ot bg asede, AgC6HECI (4,
[AUC-C-C(CH3)3]n and [Cu(C7H8)Cl 14 (wherein acac

<Lel’aﬁpé§ﬁﬁj‘ﬁ|§n@@> acetyl acetone chelate |I|igand); <Al kali
nmet al conpl exes> al kali netal conpl exes such as

Li ( bxidds IS'M%E&)BO PEONCF@ED L¥PS> zi nc

conpl exes such as Zn(acad)?2; “<Cadm um conpl ]f:xes|>
cad a%mégé%@oﬁ%rggg’sgﬂéqseg%zf am<lI ;opret glms >s/uch
@z&&m& < beban 2 QB AR AP HizcstEno

and ferrocene;
plumbites such as NazPbO;, K:PbO,, NaHPbO, and KHPbO3;

plumbates such as NazPbOj3, NaH;PbOy4, KoPbO3s, K2{Pb(OH)e],
K4PbO4, Ca;Pb0O4 and CaPbOs3;

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

lead salts of organic acids, and carbonates and basic salts thereof,
such as Pb(OCOCH3;)2, Pb(OCOCH3)4 and Pb(OCOCHs)z-PbO-SH;:O;

organolead compounds such as BuyPb, PhsPb, BusPbCl, Ph3;PbBr,
Ph3;Pb (or PhgPb3), BusPbOH and Ph;PbO (whérein Bu represents a butyl
group, and Ph represents a phenyl group);

alkoxylead compounds and aryloxylead compounds such as
Pb{OCHa3)2, (CH30)Pb(OPh) and Pb(OPh);;

lead alloys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn and Pb-Sb;

lead minerals such as galena and zinc blende; and

hydrates of such iead compounds;
<Copper family metai compounds>

salts and complexes of copper family metals such as CuCl, CuCl3,
32




<Zi r coni um conpl exes> zi rconi um conpl exes such as
Zr(acac)4 and zirconocene; <Lewis acid type
compounds> Lewi s acids and Lewi s acid-form ng
transition netal conpounds such as Al X3, Ti X3, Ti X4,
VOX3, VX5, ZnX2, FeX3 and SnX4 (wherein X represents

cueh, BUSEET A1 LIRS, Bfdtactt SUBEEY ceate. BliCu.
(BB BT RS e it TRV BRI 1Auc=C-o(CHa)ln
Bu2Sn( QOOCH3) 2, . Bu2Sn(000C>>H23) 2, Ph3Sn ,
and(t@@ﬁw@h (whetpincarsrTepraseats @ aspsylacetone chelate
Bu2Sn( OPh) 2, Ph2Sn( OCH3) 2, (C2H5) 3SnOH, Ph3SnOH, 33
ligadd2SnO, (C8H17)2SnO, Bu2Snd 2 and BuSnQ(OH). Each of
t hese catal ysts nust be a sol uble catal yst that

<Allcals soetedscompléresreact i on system (a honpbgeneous
catal yst). Each of these catal yst conponents may of

COUs k@ INAMEaPe@mples@d Stchi 48 Lalhcd®)eahd 1GONIUHY) ;
present in the reaction system such 'as an aliphatic

<7i L. phenol, the aromatic pol ycarbonate, the
Z'%%ﬁ’gﬁéﬁe carbonate or the dial kyl carbonate, or may

have. be | ect t ' treatment with the
sta 'Pi%nggﬁghgglse"g?h &%ogﬁiéégg)ﬁ’or to the reaction.
The, cat al sti used in step (1) is preferably one having
<Cadmiyn cQBPl@Xe$Ty in the reaction liquid under the
reaction conditions. Exanples of preferable catal ysts
i n ¢adBiYBhseMplexeses wel asph(ddarcacind Po( OPh) 2;
Tid4, Ti(Ow)4, (MOTi (0OPh)3, (MO 2Ti (COPh) 2,
<Iron\VEeOnBYi heba) campodnderPh) 4; SnCl4, Sn(OPh)4, Bu2SnO
and Bu2Sn(OPh)2; FeCl 3, Fe(OH) 3
complexes of iron family metals such as Fe(C1oHsg)(CO)s, Fe(CO)s,
Fe{C4Hs)(CO)s, Co(mesitylene),, (PEt2Ph)z, CoCsF5(CO)7, Ni-n-CsHsNO
and ferrocene; .
<Zirconium complexes>
zirconium complexes such as Zr{(acac)4 and zirconocene,
<Lewis acid type compounds>
Lewis acids and Lewis acid-forming transition metal compounds
such as AlXs, TiXs, TiXs, VOX3, VX5, ZnX2, FeXs; and SnX,s (wherein X
represents a halogen atom, an acetoxy group, an alkoxy group or an
aryloxy group); and
<Qrgano-tin compounds>
organo-tin compounds such as (CH3)3SnOCOCH;,
(C2Hs5)3SNOCOCsHs, BusSnOCOCH3, Ph3SnOCOCH;, BuzSn(OCOCHS3),,
BUQSH(OCOCﬁHza)z, PhsSI‘IOCHs, (CzH5)3SI’IOPh, BUzSI‘I(OCHg)Q,

BUQSH(OCZHs)z, BUzSﬂ(OPh)z, thSﬂ(OCH:g)z, (Csz)sShOH, Ph3SnOH,
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and Fe(OPh)3; and such catal ysts that have been
treated with phenol, the reaction |liquid or the Iike.
The catal yst used in the first continuous nulti-stage
distillation colum and the catal yst used in the
second continuous nulti-stage distillation colum may

o0 TR B S yshOIEL The e

con I - st I"at T on ‘col 'Um used in

te | C ri,se tryc V) [ [ :
Eact} fhhgte GRS Myt HE G A ERARRR it Ffisciges in the

di.aneter. Di éﬁ_@ and havin ipt? nals with nunber of
reagtiggewystem far Wﬁgffé‘,e%‘ﬁ‘:%é% Y$ i;as out| et having an

i nside dianmeter dl11 (cm at a top of the colum or in

an Bpséropthesesatalysicemponerisanay: of caursghave been

liquid outlet having an inside dianeter dl12 (cm at a

reatted erith ah ohgascic compound paekendrin gbet feactodntgustem such
columm near to the bottom at 34 |east one first

as anlatip ity ideshon thieephppet, th airomatic polpeatbomais ethe
portion -of the colum below the gas outlet, and at

dipﬂ:@ﬁﬂ; caft?oﬁsffg\%ha' &lalkPr exisissaid) dhmdy Adhve PEEH Sbjected

and or the r portion of the columm ™ above the

o A4 S Y 30 b Rl o sl e

rﬁsplectivel y; 1500< L1< 8000 (1) 100 <_ D1 <_ 2000
reagyon. o5) 1/ p1540 (3)  20< nl< 120 (4) 5 :5 D1/ d11l 5
30 (5) and 3<D1/d12< 20 26)) I\/breovE[ji t he, second . ..
confnRueatalnal used: kyElep {b)iis REafeRall aRs hayig ahigh
step () conprises a structure having a cylindrical
solybilitk indhei ractienlisid urdet the Teaskiorapangitionsi gExamples
diameter D2 (cm), and having
of preferable catalysts in this sense include PbO, Pb(OH), and Pb(OPh)z;
TiCls, Ti(OMe)s, (MeO)Ti(OPh);, (MeO),Ti(OPh);, (MeO)sTi{(OPh) and
Ti(OPh)4; SnCls, Sn(OPh}4, Bu:SnO and Bu,Sn(OPh)2; FeCls;, Fe(OH)s
and Fe(OPh)s; and such catalysts that have been treated with phenol, the
reaction liquid or the like. The catalyst used in the first continuous
multi-stage distillation column and the catalyst used in the second
continuous multi-stage distillation column may be the same as one
another, or different.

The first continuous multi-stage distillation column used in step (l)
comprises a structure having a cylindrical trunk portion having a length
L1 (cm) and an inside diameter D (cm), and having internals with number
of stages n, thereinside, and has a gas outlet having an inside diameter
d¢1 (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 dy; (cm) at a bottom

of the column or in a lower portion of the column near to the bottom, at
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internals with nunber of stages n2 thereinside, and
has a gas outlet having an inside dianmeter d21 (cm
at a top of the colum or in an upper portion of the
colum near to the top, a liquid outlet having an
inside dianeter d22 (cm at a bottom of the colum or

sk BT B RRBH e GOBUEDARGD SR 1B, 9B portion

ortion and/ or m ddl e portion of the columm belo
of thacayammbeiew, thegas Sufleheand & leahtdng gagond et
provided in the mddle portion and/or the | ower
provided; bhthe noiddlepertiomisode’/ ordhe; lQwer pariien ofuthe ephumn
L2, D2, L2 / D2, n2, D2/ d21, and D2 / d22 nust
abosatthsf liquitk oudtratyvaesigin o D42+ V Bpeet,iDel/yd1 1800 By / di2
L2 < 8000 (7) 100 <_ D2 <_ 2000 (8) 2< L2/D2540 (9)
mustEdstynire Borhiie (7) Sol8) /redpectively: (11) and
55D2/ d22<_30 (12). It has been discovered that by

usi ng the1gbng qu,gtsi us multi-st aggq istillation
colum and the second continuous nulti-stage

distillat] u t sinul taneousl y;,satisfy the
formul ae J{Q? ’§?1(%qmt he di phenyl car(bzgnate can be
pr oduced rorthlj dig kyl carbonate and,.t he phenol on
an i ndustfisF1dcHr & not | ess than ap(&r)oxi mat el y
0.85 ton _/ hr, preferably not less than 1 ton / hr,
with hi gh28ef 8¢t Viddy and high producti®ity stably
for a prolonged period of tine, for exanple not |ess

t han 20005 olts/ dpr sf3 abl y not | ess t H&} @090 hours,
nore preferably not |ess than 5000 hours. The reason

why it ha3 $&gohdpes2Oble to produce ($ych an
aromati ¢ carbonate on an industrial scale with such

excilldresieef fiassecond BBhtRGRUS e UIties rges dstilbatidhecolumn

present invention is
used in step (I) comprises a structure having a cylindrical trunk portion
having a length Lz (cm) and an inside diameter D, (cm), and having
internals 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
diameter d2; (cm) at a bottom of the column or in a 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 the gas outlet, and at
least one fourth inlet provided in the middle portion and/or the lower

portion of the column above the liquid outlet, wherein L,, D2, L2 / D2, ngz,

D, / d24, and D / d22 must satisfy the formulae (7) to (12) respectively;

1500 < L, < 8000 (7)
100 < D, < 2000 (8)
2 <L,/ D;<40 (9)
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not clear, but this is supposed to be due to a
conposite effect brought about when the conditions of
formulae (1) to (12) are conbined. Preferable ranges
for the respective factors for the continuous
mul ti-stage distillation colums used in step (1) are
descri bedsRel ow. _Ifa L1 (cn) or L2 (cm j&yyl ess than
1500, themefggzé% &%rsion decr eases angﬁpence it is
not possifple .jo,attai p.the desired produgction, anmount.
Mor eover , t%[%%éazﬁ<! 5t he equi pnent co )mﬁvﬁe
securing the_conversion enabling the déﬁired
producti of flwhez2 & B8 attained, L, an 2).2 nust each
be made to be not nore than 8000. Mre preferable
randdsas brean disegvenad trai bijusing the piset coatipurnd
< L, < 6000 and 2000 5 L2 :5 6000, with 2500 5 L
multiss R0 distil|266A oluthnh 2D 6ife sEcund epntimraus multi-stage
preferable. 36 If D, (cm or D2 (cm) is less than 100,
distiiRftion lcdlaniPthapsihbltanedusiytsdtistythalesimerhe (1) to (12),
producti on anount. Moreover, to keep down the
' | t ¢y efid BhIRyPLaFbbABte and
the 3%hBRYT LaFOshal/cah BE' Ziiid hofiofls Bk peurbyRate an
000. Le f ' :
the PRI 10N arl By P ¥ Gl "of AR TEsq yfifn b (@Y ni5D.85 ton
1000, with 2QQ s < ,800 and 20Q D2 < 800,.bein .
/ hryBreresAbiY nad leSsiharr daon P & Plese Rarivity ot Hion
disti]lation colum and the secong conti nuous
produetivity sigblyifer a pralongeshpemied o timpg facexample ot less
are within the above ranges, each of the colums nay
tham200Q hewanprefersibdy nntalessethan FAQhbouwspe mMyis: preferably
thereof to the |ower portion thereof, or the inside

not teésethan 5000diddier. f Thediddsorenthpdr hasrtsecdime possible to
exanpl e, for each of the continuous nulti-stage

roshetl ot yucatfoneisstihamtse Saiénts sk
exc%?étﬂﬁéeff%?ﬁhw hin 181 lftinly AAB SFo s BE theVYesititiine@ntion is
not clear, but this is supposed to be due to a composite effect brought
about when the conditions of formulae (1) to (12) are combined.
Preferable ranges for the respective factors for the continuous
multi-stage distillation columns used in step (l) are described below.

If Ly (ecm) or L; {cm) is less than 1500, then the conversion
decreases and hence it is not possible to attain the desired production
amount. Moreover, to keep down the equipment cost while securing the
conversion enabling the desired production amount to be attained, Ly and
L. must each be made to be not more than 8000. More preferable
ranges for Ly (cm) and L; (cm) are respectively 2000 < Ly < 6000 and
2000 < L2 £ 6000, with 2500 < L, < 5000 and 2500 < L; < 5000 being yet

more preferable.
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If L1/ D or L2/ D2 is less than 2 or greater than
40, then stable operation becones difficult. In
particular, if Li / DO or L2 / D2 is greater than 40,
then the pressure difference between the top and
bottom of the colum becones too great, and hence

oo RTErD 005 0PRSS IFGATTAOCHAAATEN ppt possivre to

attalibibe rtised A RIS AERBHBt | MPteQtFT, 48 Fooh FHin fhe

about a decrease in the sel ect | Vity More preferable
equipingesd gast while attaiipgthe d@?'r@f%pf‘ég‘é@t’!?ﬂv%m@t( D, and D,
L1/ D < 30 and 3< L2/D2< _30,with 5sL, /D, 515 and
musie2¢iDbe madeitade yait nmore thaer 20861 e. Miofrerfreferablss ranges
than 20, then the conversion decreases and it i s not

for DQS(&hbj antoDal(bainatdeedpective!prigduethor a000nanHo150 < D, <
the first continuous 37 nulti-stage distillation

10090'vYWW 200<eoy & BoboahEePOQW‘@ztb%tﬁﬂ%'eﬁ’lﬂ'grvet ﬁu%?b preferable.

e securing the conversion enabling t desired

pr oﬁuﬁhgmrs@ irélgauggna[f;@tﬁgg 334ty BB RAFah the

nmore 't han

sec{)aﬁ b 08 A staBecH s L%@F?Z%ﬁm%é E@?,ﬂ %%3’1 and D,

hence oIon ed stableoer on of the first

are djthimtita 339886 caCB P HF (CHUMAER (7Y hanifie same
diffi cult I\/breover it becones necessary to increase

msndﬁedlamt&ra&rgn'eﬂnﬁ uprer pretiopdhereaf e t%mlwumrtlon
and hence side reactions becone liable to occur,

therewif n gir th ealneid e ad ideve Easmaiynd iffer foret diarenttportomaor e For
preferable range for ni is 30 <_ nl1 <_ 100, with 40 <

exaftiplesfoP@auti aﬂtuetcdmﬁueu@ugfmu&biseaghfmue@mamon tohdmns, the
is less than 10, then the conversion decreases and it

nsige 8in RISyl Ly BOMIUNSINNE 8 ROBMLbErmaterthan,
or 18igdd {1, L FidEdidMERAY EF thé JolafiPp §ATEN td?ethe column.

If Ly / Dqorla/D;is less than 2 or greater than 40, then stable
operation becomes difficult. In particular, if L1/ Dy or Lz / Ds is greater
than 40, then the pressure difference between the top and bottom of the
column becomes too great, and hence prolonged stable operation
becomes difficult. Moreover, it becomes necessary to increase the
temperature in the lower portion of the column, and hence side reactions
become liable to occur, bringing about a decrease in the selectivity.
More preferable ranges for Ly / Dy and L, / Dy are respectively 3 < Ly / D;
<30and 3<Ly/D,<30,with5§<L,/Dy<15and 5 <L,/ D; < 15 being
yet more preferable.

If ny is less than 20, then the conversion decreases and it is not

possible to attain the desired production amount for the first continuous
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equi pnent cost while securing the conversion enabling
the desired production anount to be attained, n2 nust
be made to be not nore than 80. Furthernore, if n2is
greater than 80, then the pressure difference between
the top and bottom of the col unm becones too great,

mulﬁ”éjctalﬁ%”&%tllpét‘i’ R nh 2P o é’ft'terk@% p [dRvE theEquipment

contirnuous mul t1-st age di st atl on um becones

cos WUl Y S ST I8 e 8 AR s

d b | i, abl
amatg) Ag aUalIow GohuaLES Radte Lb% agsﬁﬁ??eﬁwéhn%%%-

preferabl e range for n2 is Wit h ? < n2
Furthergmo s ifig 1 yl@tgmt@rﬁmwaﬁh éhenfthmpreﬁaqre diffgeance
than 5, then the equi pnment cost for the first
betweemtinmaotcap arid bosteamenfdihst icoluminohecomes tde gead, and hence
hi gh. Moreover, 38 |arge anounts of gaseous

prol@ﬂ@@wgfﬁﬁleabpersﬁdmdf thed giastdontinuval oritidstage disillation
system and hence stable operation of the first

t ék‘,’?’ﬁ% st eir] [t éO0mEY HEBeBSAPYRE increase
Co“'gﬁpftlscu t thbb" dﬁ@rgbgréater t han 30, et heﬁynt |

the gé?'ﬁ@%ﬁt WRQEEton%pﬂé?@baWthﬁﬁﬂ d hence side

rel ['ow,” "an | e operati on becones

ult, and eover a,dec h '
readtions Hagamariael®}s e Bmdéﬁﬁ a0t pge ) Th e
dllis 8 s D1 / dil < P __6)1/d1]1< 2({
selagdivity.ye more E:freefﬁé?ﬁlﬁ éanﬂﬁrplﬁé‘ﬁn@ré Mo 10QMith40 < ns
: | ess than 2, then the equipnment cost for the second
< QQngwismtheriﬁagbi&jl stillation colum becomnes
hi gh. Moreover, |arge anounts of gaseous conponents
ar eMogadivey, rfem@eeswlss thahel ®utheni¢hefcaneersyenarcraases and
hence stable operation of the second conti nuous

it isTAbt postHge 1@ attalih aheode siobdnprodestiom amotht dot theldecond
D2 / d21 is greater than 15, then the gaseous

congﬁi glgﬁ@gugi%%@@%mmaﬁtc&aws Métedveclty kédp down the
equipment cost while securing the conversion enabling the desired
production amount to be attained, n, must be made to be not more than
80. Furthermore, if n2 is greater than 80, then the pressure difference
between the top and bottom of the column becomes too great, and hence
prolonged stable operation of the second continuous multi-stage
distiliation column becomes difficult. Moreover, it becomes necessary to
increase the temperature in the lower portion of thé column, and hence
side reactions become liable to occur, bringing about a decrease in the
selectivity. A more preferable range for ny is 15 < ny < 60, with 20 < njy <
50 being yet more preferabie.

If Dy / dyq is less than 5, then the equipment cost for the first

confinuous multi-stage distillation column becomes high. Moreover,
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operation becones difficult, and noreover a decrease
in the conversion is brought about. A nore preferable
range for D2 / d21 is 5 < D2/ d21 < 12, with 3 s D2
/ d21 < 10 being yet nore preferable. If DL / d12 is
| ess than 3, then the equi pnent cost for the first

arof RO bR S P RSP T BESBEER 1o outsie

rel atively high, and,hepce stahle eration of.the
of the Seteh ant R strblk ageraron of 156 sl g U6us
becomes difficult. If DL / dl12 is_greater than 20,
multiretaaen digtillationteolumn harcames qifieul. odf IRy / Sag is greater
pi pi ng becones excessively fast, and hence erosion
thah&drtben thdgasenux componéngmithdizoval aorowsi becemes
the apparatus. A nore preferable range for D1 / dl12

relativedy fowDard thbhce sfdblewbpbration B¥cdmeB2difficlilt, adig
yet nore preferable. Furthernore, if D2 / d22 is |ess

morkldddroa ddtrbage ﬁﬁ&@%@rﬁﬁ@ﬁhrﬁ%‘brb%@ﬁt@oé@ﬁonﬂ more

continuous nulti-stage distillation colum becones

i ' t eyl i Qui { thdra a be
p"e’lr?eéggg? \l}/lghgghﬁ{grhl,j‘gn%”h%n%gs Qh@ﬁ& %’S%?a i%mnhgf_f[zg?%” <20
. second continuyo mul £j-stage distid| atio
beinE yaTInOEF AreleiEbiely Ebrthed§o e, Sh na P s ig5¥ 3 an 2. then
then the flow rate through the liquid outlef and. ..., ..
the GRIREIQCBRES Folthe SeCANd, CORLNUCHEIMHY sstage digtjllation
becomes |iable to occur, bringing about corrosion of
colume kgpamaubigh mMergpvgrlage amayats af gpseous?
is 75 D2/ d22 5 25, with 9 5 D2 / d22 < 20 being
compainaemiscape eeadilyl releBsedhtry the @utsidéad thecsysi@mdand hence

that in step (I) it is further preferable for the d"

stalfladopbeatidr dfotratiesbyd benfinuouisamdii)stageddistillatien column
d21 and the d22 to satisfy the fornmula (28); 1 5 di2 /

bec8mes difflciil. andD,Y &,,d&lgte 8t tharP 1628henTife Gals®ous

"prol onged stabl e operation” for step (1) means that
component withdrawal amount 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 / d2;is 8 < D2/ dz¢ <
12, with 3 < Dz / dz1 < 10 being yet more preferable.

If Dy / dy2 is less than 3, then the equipment cost for the first
continuous multi-stage distillation column becomes high. Moreover, the
liguid withdrawal amount becomes relatively high, and hence stable
operation of the first continuous multi-stage distillation column becomes
difficult. |If D¢ / d¢2 is greater than 20, then the flow rate through the
liquid outlet and piping becomes excessively fast, and hence erosion
becomes liabie to occur, bringing about corrosion of the apparatus. A
more preferable range for D¢/ d2is 5 <Dy /d12< 18, with 7 <Dy /dy2 <

15 being yet more preferable. Furthermore, if D; / d22 is less than 5,
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operation can be carried out continuously in a steady
state based on the operating conditions with no

fl oodi ng, clogging of piping, erosion or the |ike for
not | ess than 1000 hours, preferably not |ess than
3000 hours, nore preferably not |ess than 5000 hours,

ther?‘fﬁ’eaetﬁ)u @‘i’ﬁéﬁ{ gb\%ﬁﬁ:?@ﬁé@ céid té&ﬁ%ﬁ@@%ﬁuﬁ?@?@@éfcﬁxtiIlation

an be’ produce e naln al nin ecti vl

col G ke M08 HEDHALl WA Bpount becomes

r ol onged perjod of tj W th sel ectivity a

relafively Bahg Rnst Bange: stabjedpaetiva.as thesesongicsniipuous
referably not less than 2 ton / hr, nore preferably

mulﬁostaﬁgistﬁéa]tlent@iumn hecomescdifieyitandf e / dz2 is greater
characteristic feature for step (1) is that in the

tharc 3k thiemt the flow rate thraighrthe Dyuid dutietaand Pipinglb2comes
for the first continuous 40 nmulti-stage distillation

excessivaly Fakt, SéMdHﬁé@@étem@idn Heé¥bmesUlable 6@ cukdBringing
D 1000 3 D1 5 30, 30 : _ nl1 5 100, 8

woff g n 0B i] A9 B por 612

is 7201 MUY ?%%Wbagq%d" st 2068150 T IpBRE ibYerghle.
anﬁgvfthersbor/e b3 osen Rty ZoatihatenFhit i fither
prefer aha 261 Jhactinand 52%%&5 satia y therformuil Ffomyand for the

car bonate can be produced. Furthernore, another

d2+ ghdrthe dmimaﬂti%‘attuheef@r@nuta €28K1) is that in the
case that L1, D1, L1/ D1, nl1l, D / di1l1, and D1 / di12
for the filr§d12¢aht,imﬁous mul ti - st age df2s#)i &hdti on

colum satisfy respectively 2500 5 L1 : 5000, 200 5
DL : _ 8001 iSd'zq_/ldlzzls BL :_ 15, 40 :_ n](g@ 90, 10 : D1
/ d11 : 25, and : D1 / di2 : and L2, D2, L2

i e R S
opef&H8RLdN 8¢V carried out continuously in a steady state based on the
operating conditions with no flooding, clogging of piping, erosion or the
like for not less than 1000 hours, preferably not less than 3000 hours,
more preferably not less than 5000 hours, and a predetermined amount
of the diphenyl carbonate can be produced while maintaining high
selectivity.

A characteristic feature for step (1} is that the diphenyl carbonate
can be produced stably for a prolonged period of time with high
selectivity and with a high productivity of not less than 1 ton / hr,
preferably not less than 2 ton / hr, more preferably not less than 3 ton /

hr. “Moreover, another characteristic feature for step (l) is that in the

case that Ly, Dy, L1 / Dy, ny, Dy / dqq, and D¢ / d42 for the first continuous
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2500 < L2 <_ 5000, 200 : D2 5800, 5: L2/ D25

10, 20 : n2:5 50, 3 : D2 / d21 : 10, “and 9 5 D2 /

d22 : 20, not less than 3 ton / hr, preferably not
less than 3.5 ton / hr, nore preferably not | ess than
4 ton / hr of the di phenyl carbonate can be produced.
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second continuous multi-stage distillation colum used
continusuepmulti-stagepdigtilatiny coldmn satisfy seseectively 2000 < Lo <
havi ng trays and/or packings as the internal. The
6000erB0 kNDe<naD00YEd lLn/ De<s@BRstbt< inrgvgm,ﬁ.ﬁ*rﬁa[as! da1 £ 12,
the 41 parts in the distillation colum where gas and

andlmuoq /aa%xaczwahbwéwmah 2 t&hq ﬁpng@éra\anoMﬁess than 2.5
anot her anples of the trays inclu bubbl e- cap

ton W@um@ré P ferabdy not I‘é@'sVﬁlatrf aVtord/ ‘hfPLtSF fh"é Hwhéhw,

erfr tray, a Maxfrac tray, or the lik

ng include an irregular packlng

cartgt%jﬁ%m gggoéﬁsd}%dgﬁ%ilﬁng a LeSSI ng ring, a Pall ring, a

Ber ddl e, an_ Intal ox sad

VENEHER ST PG h e i?#ac REer S ingnat in

such as Mel | apak, Genpak, no k; Fle
the casgethataewi Ry, La/cBod'ﬁo|P1d Wi ﬁg‘Pﬂﬁb nai‘&ﬁ@?%'wt

The multi-stage distillation colum having both a tr&db
contioupiusnmanti-stage distiilatieraplumm spdisiy ngspeshivaly @ <L

used. Furthernore, the term "nunber of stages n of

5000h@00keDnat 800s&l<iiny ! 1Dy <pt®s40t<imvedil, ot ey die< 23,
nunber of trays in the case of the tray, and the

andtheopgt/ 83 <MEPERJAL, SIDAJES /i, thE DavedAf ammtPn0d2; for the
In the case of the rrultl-stage distillation colum

secBAY EOnfiRLBUShA Ul BtaBRr distMaATBh tefumn satisfy respectively
2500 <L, < 5000,200<D;<800,5<L,/D2<10,20<n2<50,3<D,/
dz; < 10, and 9 < D2/ d22 < 20, not less than 3 ton / hr, preferably not
less than 3.5 ton / hr, more preferably not less than 4 ton / hr of the
diphenyl carbonate can be produced.

The “selectivity” for the dipheny! carbonate in step (l) is based on
the phenol reacted. In step (I}, a high selectivity of not less than 95%
can generally be attained, preferably not less than 97%, more preferably
not less than 98%. |

Each of the first continuous multi-stage distillation column and the
second continuous multi-stage distillation column used in step (l) is

preferably a distillation column having trays and/or packings as the

internal. The term “internal” used in the present invention means the
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portion packed wth packings, n is thus the sumof the
nunber of trays and the theoretical nunber of stages.
In step (I), in the first continuous nulti-stage
distillation colum, a reaction in which the alkyl
phenyl carbonate is produced fromthe dialkyl

parﬁ%iéwbﬂ?é‘tdiataﬂéﬂbﬁc‘ﬁﬁwqw [&dam A EH Lokl sPe AFtpRLS brougnt

reactlonratels sl he ce it ha
intogeRiRARL WHh pRe ang) re th R @%.qfﬂé&q E’m'éomﬁmde a

having trays as the internal is particularly

bubplefeatablay, & siene trasta yalve trayisa qnurtterﬂpwgbray a Superfrac
distillation colum used in the reactive distillation.

trayMar Rhasdrac trayt betsediked cEBxamplassofithe ipatkigg include an
distillation colum, it is mainly a

irre gLt Qﬁékidgﬁﬁﬁbhoé‘s @R%tgdrﬂgcﬁnghﬁ leé&singotiagyla Pall ring, a
carbonate that occurs. This reaction also has a | ow

Bergséﬁh'é%,rhﬁﬂ ?ggﬁ{)@%mé‘“g le%rPWabﬁffF% er\llcﬁ?ar'ié‘ﬁ $acking or

een discovered'tha distillation
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|| i,n
Glitspbgrigher Thermiudh-stagecdistiliation spdumishaving ba t%éfav
| ower portion thereof is preferable as the second
portiontamdi@upomtibni packed widﬁs:tat’.tkiagsd:arwlmrbe Liselths
been di scovered that the packings in the second
Furtiostmo e uthenté trm-“‘siuagbedioft stalgetsi profcitleuinteanal” used in the
preferably structured packings, and that of

preséht i ¥é ®Go R af klaM@sthdRlunibak of trapaiif ithel edde of the tray, and
preferable. Furthermore, it has been discovered that,

the fl‘ﬁe‘é?éhcﬁf nuPSoéf BYStab §t|?1' 1!%0%1@3%‘!3 Bekiig. In the case of

conti nuous rrultl-stae |st| tion co umm and t
e SFEHEL545 48 \*ﬁﬂ%&o?‘:é!ue@éa%%}'ﬁfihbmﬁb BB o
porﬁght;i)ggkéé v&?ﬁtpac mgsy ngPsoﬂws tltmgrsqjsm of the number of trays
and the theoretical number of stages.

In step (1), in the first continuous multi-stage distillation column, a
reaction in which the alkyl phenyi carﬁonate is produced from the dialkyl
carbonate and the phenol mainly occurs. This reaction has an
extremely low equilibrium constant, and the reaction rate is slow, and
hence it has been discovered that a plate type distillation column having
trays as the internal is particularly preferable as the first continuous
multi-stage distillation column used in the reactive distillation. Moreover,
in the second continuous multi-stage distillation column, it is mainly a
disproportionation reaction of the alkyl phenyl carbonate that occurs.

This reaction also has a low equilibrium constant, and a slow reaction
42



the rel ationshi p between performance and equi pnent
cost. It has also been discovered that each sieve
tray preferably has 100 to 1000 holes / nR2 in the
sieve portion. A nore preferable nunber of holes is
120 to 900 holes / n2, yet nore preferably 150 to 800
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yet nore preferably 0.9 to 3 cnR2, Furthernp
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Furttierimore hi¢ hesebeepodis aovereddthatea adlistiflationt columnahawing the
per hole is in a range of fromO.5 to 5 cnR2. It has
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e dia car ona e an

stlt ting the rtin
secgBfl oo @ugo e didaeedithlte C&AU%zﬂ BhR AreRhabiy
-t he cat al IS presen carr out react
strugtyceq |pag H9§1 Anck ﬁmfe}%schﬁﬁ Crké't‘gEoM)ﬁ‘—HP '(‘j is
continuously w thdraw ng a flrst colum | ow boiling
pariieularly psefer@blei xt ure containing a produced al cohol
froman upper portion of the first columm in a gaseous
f or Frurtharim oneg ui$ Ihasvbeledr disiooyeaedd treat, asl eashhofythe trays
boi ling point reaction mxture containing a produced

instal leyl inptteanYirst eobeimicud hautastayerdistinatioancofurhheand the
first colum in a liquid form continuously feeding

secbhfl ébnfihuobs! M'ﬁ‘i‘tlmtﬁﬁebﬁlétm&l&?'dﬁluﬁﬁﬁcé ispevEItrayHaving a
Into the second continuous nulti -stage distillation

sievﬁé’h%’?ﬂoh”aﬁ‘@'fﬁ w}fzf&?hlbgﬁér‘nd %?ﬁ@f.llaﬁgrg{cﬁdd]gn t8Hhs of

ctron and di's Simu eous e second
the ?eiaLhonshlp between performance and equipment cost. It has also

been discovered that each sieve tray preferably has 100 to 1000 holes /
m? in the sieve portion. A more preferable number of holes is 120 to
900 holes / m?, yet more preferably 150 to 800 holes / m?.

Moreover, it has been discovered that the cross-sectional area per
hole of each sieve tray is preferably in a range of from 0.5 to 5 cm?. A
more preferable cross-sectional area per hole is 0.7 to 4 cm?, yet more
.preferably 0.9 to 3 em?. Furthermore, it has been discovered thét it is
particularly preferable if each sieve tray has 100 to 1000 holes / m? in
the sieve portion, and the cross-sectional area per hole is in a range of
from 0.5 to 5 cm?. It has been shown that by adding the above

conditions to the continuous multi-stage distillation columns, the object of
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conti nuously wi thdrawi ng a second col unm | ow boi ling
point reaction mxture containing a produced dial kyl
carbonate from an upper portion of the second col um
in a gaseous form continuously w thdrawi ng a second
col um hi gh boiling point reaction m xture containing
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reacti on by-products such as an al kyl phenyl ether and
disthiztho® @diufth PeiwhichoigatslysCos preeentgchheging out reaction
equi pnent and cost 44 required for separation and
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npl enenti ng the prese invention industrially,
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compounds
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first continuous rrultl-stfage distillati .
forn negntinsausly wikbdrawingdy i felumidhyg ol mg } §oint reaction
distillation colum in a liquid formand / or a
mixtrecoantdioing fa preoduaediglkyl phenvdsarbenaie fspnya lower
plurality of positions in the upper portion or the
portibddfetipo firsboobdmnhie &iliguiddics | ¢antinnocstiyfeedéigthe first
the gas outlet in the upper portion of the first

colutht higrabbdiing Pdinhrehttiba misturpriaterthbl setondfamitinuous
the starting material containing a |arge proportion of

multi h@ta‘ﬂ(}??%tnl‘l i8n &8t A iatwRicH thé %b't@ﬁrs‘i%%ééhta carrying
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era conanln roportion o

conhnuous?yWlthggév*\arf)nngataesé%gd ccﬁumn low boiling point reaction

mixture containing a produced dialkyl carbonate from an upper portion of
the second column in a gaseous form, continuously withdrawing a second
column high boiling point reaction mixture containing a produced
diphenyl carbonate from.a lower portion of the 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
multi-stage distiflation column.

As mentioned earlier, the starting material may contain the alcohol,
the alkyl phenyl carbonate and the diphenyl carbonate that are reaction
products, and reaction by-products such as an alkyl phenyl ether and

high boiling point compounds. Considering the equipment and cost
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first distillation colum in a gaseous formfrom an
inlet provided in the |ower portion of the first
distillation colum above the liquid outlet in the

| ower portion of the first distillation colum.
Moreover, in step (1), the first colunn hi gh boi ling
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m xture is preferably fed into the second distillation
col lnvstep (&), whendcontinppusly feeding gae sialkyl srarbonate and
inlet(s) provided in one or a plurality of positions

the iphgre cppetityting ithe starting merteriall ipto thedirst comtinuous
second distillation colum below the gas outlet in

mulhhetagw@msﬁnahbﬁrh@lfurﬁﬁetmecgmnﬁ@ figteridl ahaprbe fed into the
col unm. Mbreover, .in the case of usi ng, as the second
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ng portion in er portion thereo
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it is preferable for an inlet to be installed in a

feed gheestastingematheiad stanteiningt aUerge qiropaskiongef the phenol into
Moreover, in step (1), it is also preferable to carry

the dirst alistiftation opkmhiiana ofquidrfdens frogn tdre inled provided in the
conmponent withdrawn fromthe top of each of the first

up pePTP b B THe! fir it digeil BitRdr coRinen aivd feBdahe sfating
second continuous nmulti-stage distillation colum, and

madShe SR GRS, Flof it BTIARSMAIk SalfsnikPito the
first distitlation column in a gaseous form from an iniet provided in the
lower portion of the first distillation column above the liquid outlet in the
lower portion of the first distillation co.lumn.

Moreover, in step (1), the first column high boiling point reaction
mixture containing the alkyl phenyl carbonate continuously withdrawn
from the lower portion of the first continuous multi-stage distillation
cofumn is continuously fed into the second continuous multi-stage
distillation column. Here, the first column high boiling point reaction
mixture is preferably fed into the second 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 central portion of the second

distillation column below the gas outlet in the upper portion of the second
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In this case, the reflux ratio for the first
continuous nulti-stage distillation colum is in a
range of fromO to 10, and the reflux ratio for the
second continuous nulti-stage distillation colum is
in a range of fromO 01 to 10, preferably from0.08
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distillation colum may be any nethod. It is
whigh é§ ex pive fe tab | € exrd bioliémeattad fy the ipresenbhdénvénton, it is
distillation colum froma position above the m ddle

prefeeable®fopfattibast ionyd pdisitioh lvalhé e anciiletis provided to be
case, a catalyst solution obtained by dissolving the

betwaba! the Rb%kiﬁ’@ rfioh Qﬁd%teewa@l p@Ft:éﬁaCtMSFbJ)\llélH' fﬁhthe case

may be 1 ntroduced into 46the col um together wth
N
tha%hﬁr&?rﬁ%& g:rdé'ﬁbpgrggn %’ﬁty {J{' 'é%ﬁ%%g?%tw&ﬁ]reﬁ Fackings, it is

terial. The a t of e catal
prefAthBlé 35 aM AL Thhe i %&@ bR B gt of
esent invention varies depending on the type of
3"'-'85‘1”&@&3%%93 the types and proportions of the
starting material conpounds, and reaction conditions
sucMozeoves, iestep 4N, titip@lee nrefarablento castt pyh a reflux
pressure. The anount of the catalyst is generally in
opeeatiangef cbHntieasiry @He lgase@0s ¥orhponeindwithgraiver fxbiny the top
fromO0.0005 to 10 % by wei ght, nore preferably from

of e@chOaf tive ¥irkt Bontm wbls nhalpdtagetdistiliatiadln oBRIMAfahbehe
starting nmaterial. Mreover, in step (l), the nethod

sec@hdEEhHIAUbS rﬁ@.wét&geb@.sﬁnﬁamﬁ cdlimiMeaS@IABH returning

continuous multi-stagé distillation colum may be any

sonf@eb'f‘gglo Egrﬁeﬁ‘gnéﬁﬁﬁmtto:‘fg{ae(:Hb ecraﬁg}t)/%ﬁ c:|f3lh%’t%qls‘uﬂaill'c‘fi’\t column.
In thl%rcstagg &"\’lete ar|e¥l‘7’.|x ratio ?o gchrsrfséodn lﬁﬂgus multi-stage distillation
column is in a range of from 0 to 10, and the reflux ratio for the second
continuous multi-stage distillation column is in a range of from 0.01 to 10,
preferably from 0.08 to 5, more preferably from 0.1 to 2. For the first
continuous multi-stage distillation column, not carrying out such a reflux
operation (i.e. reflux ratio = 0) is also a preferable embodiment.

In step (1), the method of making the homogeneous catalyst be
present in the first continuous muiti-stage distillation column may be any
method. It is preferable to feed the catalyst into the first distillation
column from a position above the middle portion of the first distillation

column. In this case, a catalyst solution obtained by dissolving the

catalyst in the starting material or reaction liquid may be introduced into
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colum by, for exanple, being installed on stages

i nside the second continuous nulti-stage distillation
colum or being installed in the formof a packing.
In the case of a catalyst that dissolves in the
starting material or the reaction liquid, it is

e Bl 0 A ol A gy i

portion_of the  second distillatjon colu
the Rl T A giffecpiutnieh tetths. PAdting mAEsAl v nﬂ‘? Ff’émunt of

catalyst in the starting material or reaction |ig

the cajalyst usad @lddbedflrsitmehaueulsummll'tltﬁjégﬁ’eﬂl&mtﬁht'@lhéio'umn in
starting material, or may be introduced into the

the poksent finventiod ﬁértieerrlepehding on tree dypetdfngatalyst used, the
material. The anobunt of the catal yst used in the

typ &€ &R0 peOPb HIGRs DB btfittRUe malietidll dGrhipou e, uamd ireaction
the present invention varies depending on the type of

conﬁﬁﬁ@ﬁg%tudf'?sg A F‘e%é’t‘?@ﬁ t%’hqufmgtéﬁ@%hgfréanﬁlon pressure.

starting materi ounds reaction

T RAIAEOE SUERAVATS GETRHAE A HEFRGHI LD 0001 o 30
o GRTGHE Pt SAPR 0B, A8S Bl o prteraoy

nore preferably fromO0.001 to 1 % by wei ght, g sed on,
from 1 00otar! #abY WeidiHe basad ythatatalanass ok il stasting

the catalyst used in the first continuous multi-stage
mateirsli | | ati on col um and the catal yst used in the

second continuous nulti-stage distillation colum may

be Murevams, in sdéepf(d),cthie niethoal of npalking td watakyst be present

same. More preferably, the same catalyst is used in

in thetdecaitd Wodinddus nfakipky é%e kiktilation EORIMHA B2y besany
in the reaction liquid |n oth colums. In this case,

metheRl. Cafkye lcdlie HoaY %thb%.s@?id Rk 1s°ﬁ'lsﬂiluble in the

reaction mxture int conti nuous nulti-stage
T R fzf% Ckbayht P B SHE the
colum%eby,e%rwe;(grntp e, %eK:XQ |P1 ?Qﬂed Gh %?ggaég |ﬁgpdes?he second
‘continuous multi-stage distillation column or being installed in the form of
a packing. In the case of a catalyst that dissolves in the starting
material or the reaction liquid, it is preferable to feed the catalyst into the
second distillation column from a position above the central portion of the |
second distillation column. In this case, a catalyst sofution obtained by
dissolving the catalyst in the starting materiat 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 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
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and fed into the second continuous multi-stage
distillation colum as is; this is a preferable
enbodi ment. |f necessary, nore of the catalyst can be
new y added into the second continuous mnulti-stage
distillation colum. The reaction tines for the

conf AR RIS R ot

of . the reactio ui ds i.n ont i nuou
andii§ 7o SEUGE RAASaUTEn: | he MGt ﬁ@*@@@iﬁa generaﬁly ina
. continuous nulti-stage dlstlllatlon columm, Eac 0
rangaedefrome 0087 ta 3Bs% byiweighipdrafamiy fram po@ﬂpéfm 10 %

the internals in that distillation colum and the
by weiditl, mbre tpagéeratilyefrano0nd0dftot hdbshyumeight, based an the
fed into the colum, the type and anount -of the

totaqahélsssdftHéWGtarl‘tﬁ'ﬁg?hi@lfermndltlOnS and so on. The
reaction tinme in each of the first 48 conti nuous

mul |4 536 89%), dhgl bhtaysPlsed H’{T\Ehé”fﬁsl R ntRAGs multi-stage

conti nuous * mul tl-stgge distillation colum is
I 1
aisQFFEF S 34008 Hraly OB p e ocktt Gonipusus
Th t t t i f
mul?bﬁta%auét'ﬁﬁ{'{on coigns Hayle BETGARE ”{’ﬁﬂhﬁ'eﬁ\?ﬁ% Bithre
dependi ng on the type of the tin rrate
pret@fﬁmrtag s, aMorenerafgsad b SAME GRLast is used in both

catalyst. This reaction tenperature is generally in
colurmge this catalysobeaingasne. thet digsolyes i eéeta@tion liqwd in

increase the reaction tenperature so as to increase
bothhmlunmaest | bm thig easEoubeczatalyst dissodwediionthe high boiling

tenperature is too high, then side reactions becone

poiht pPPAELIOA MPRUIre ihdtheefkiagPptontinadust muiticdtage distillation
by- products such as an al kyl phenyl ether increases,

collfiirCly géne\r'ﬁﬂgwﬁgaké’wn':ﬁbrﬁ bhé 168RTOPortid® Jfahe fipst

tenperature I rst continuous multi-stage

distiiSfibh! LAt $85EMe ! Wil $hE"ARYY phend 'AtBBndte’ 408 so on,
and fed into the second continuous multi-stage distillation column as is;
this is a preferable embodiment. If necessary, more of the catalyst can
be newly added into the second continuous multi-stage distillation
column.

| The reaction times for the transesterification reactions carried out
in step (1) are considered to equate to the average residence times of the
reaction liquids in the first continuous multi-stage distillation column and
the second continuous multi-stage distillation column. Each of these
reaction times varies depending on the form of the internals 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
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130 to 280C, nore preferably from 150 to 260C, yet
nore preferably from 180 to 250C. The reaction
tenperature in the second continuous nulti-stage

di stillation colum varies depending on the type of
the starting materi al conpounds used, and the type

conf RGBT <l o 4 S s

mutfeiege iR 4 i‘a?ezenfsg%fe&f%% ol getAg§ afffof 081 to 10

reaction tenperature is too hi then si de react] ons
houpscpreferably éram Quto & BPUéﬁaﬁ‘ﬁ?f@ prefaradlyfrom 0.1 1o 3

by- products such as an al kyl phenyl ether, and Fries
hourarrangenent products of the starting materi al
conpounds and the produced di phenyl carbonate, and

derTHatieergidmeerpernataredsdhe Etcdontinuodssinudtiistage
For 49 this reason, the reaction tenperature in the

dlstﬁPé?tPéW c%frmﬁrn%lr'fes gubeinrdihg%n dhettybleabf PRe GthriiRgimaterial
preferably |narange of from1130 td 280C, nore

r y ¥
00"%“?@%& SRS, AP BN aftyior i Shaft ThR
rst _continuous distil n 0@ .
reaqtio derRRiARgs AP HALY o Boratoe Pl ATt Ba0C. s
fc unds used and the conpasition of the starti
pre @dgg 40 Increase PP PRIRGAIUSR F LGSR ! “ﬁfgase the
first continuous nulti-stage distillation colum
reagiiontrasey dioweveduifcthereastios, tempﬁﬁat%ee@smhlgib.rthen
an applied pressure. The pressure at the top of the .
sidecotactions beeorrenlinple ho o ecurgdone xample produchirnogf

Pa, preferably from 105 to 107 Pa, nore preferably
by-prioau s Ik asSXh0skiyh phEreyIrethedriinereasesmhich ishe

second continuous nulti-stage distillation colum _
und¥adirable deREHdiNia hddit, thePeelttibRcteThpeFafites fHé dirst
continuous multi-stage distillation column is preferably in a range of from
130 to 280°C, more preferably from 150 to 260°C, yet more preferably
from 180 to 250°C.

The reaction temperature in the second continuous 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
reaction rate. However, if the reaction temperature is too high, then
side reactions become liable to occur, for example production of
by-products such as an alkyl phenyl ether, and Fries rearrangement

products of the starting material compounds and the produced diphenyl

carbonate, and derivatives thereof increases, which is undesirable. For
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conmpounds used and the conposition of the starting
material, the reaction tenperature, and so on. The
second continuous multi-stage distillation colum may
be at any of a reduced pressure, normal pressure, or
an applied pressure. The pressure at the top of the

: [ ¥ VA ) 7
this 3¥a4h, the FFRESh LrfeiLigln e SEEBIR Cohindtlis
N 5 10,105 . as_t '
mulfisSRaR ATt goR et f IEFPRIRYFEg 8o PR fromy 130 to
), a plurality of distil]atiqn _colums nma used
ZBOFQ{tmpsecpﬁé?fal{IM rams 350 i 26 &|mﬁq@%§y3£§eﬁrﬁﬁﬁk&f°m 180
together in series, in parallel, or in a conbination
to 2600°€sri es and parallel. Mreover, as the second
continuous nulti-stage distillation colum in step )
(1) Mcxepiverathe yeattioni pressuns omthelfinstcantinbeus dadlti-stage
In this case, the distillation colums 50 may be

distiliatked dolgaimearies depeadingromaheltyple obthe rstarting material
conbi nation of series and parallel. The materi al

nat i ¢ ) i o
co%ﬁlﬂéé&aﬁﬂcﬁéﬁoméﬁoﬁ of QAL SYaPHRgMtErigl affe

ation colum a he second conti nuous

rea@i’i’&ﬁit'e?ﬁ@tgfeatﬁir?t iraln!oal;b . Pﬁh%rﬁtsegniiﬂu%tﬁon{dlii-%{sa&e
general 'y "a nmetallic material such as carbon stee
. Lnlesg steel. In terns of the | i 0 he
dist]} ik (S0 B Fonk itk =5 AL EL A TSPOPRAAte S s hiarmal pressure,
referabl e. The secgnd colum high bailin oi nt .

or AneABPIIGH RTSSIHIE. cORE PRSRUTE AF tRAAR-OT Himaaiumn is

| ower portion of the second conginuous mul ti-stage 7
gengrallylinaa irangeodfifrom 0.4 1o guil@ tRanpraferadly fromag” to 10

t he di phenyl carbonate as a main conponent thereof,

Pa, bnore pradidrablgnfrom 2id 0di ohBrYI0° Rar bonate, general |y
al so contains the catal yst conponent, unreacted

TSt ke sobemi gt
distRYathé QLA LA PErEE depBndihY By theWyRQ bf Bie RABPing material
compounds used and the composition of the starting material, the
reaction temperature, and so on. The second continuous multi-stage
distillation column may be at any of a reduced pressure, normal pressure,
or an applied pressure. The pressure at the top of the column is
generally in a range of from 0.1 to 2x107 Pa, preferably from 10° to 10°
Pa, more preferably from 5x10% to 10° Pa.

Furthermore, as the first continuous multi-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. Moreover, as the second

continuous multi-stage distillation column in step (l), a plurality of

distillation columns may be used. In this case, the distillation columns
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such as an al kyl phenyl ether, and high boiling point

by- products such as Fries rearrangenent products of

t he al kyl phenyl carbonate and di phenyl carbonate and
derivatives thereof, and degeneration products of the
di phenyl carbonate. For exanple, in the case of

duci [ l. . carbon ' h t
may b Eﬁ%ﬁﬁlt%gé’e*fﬁﬁé e T EatE I of I ombRahRR 6f series
sal i ate, phenyl salicylate, xanthone, phenyl
andpa ﬁﬂﬁybenzoate
1- phenoxycar bonyl - 2- phenoxycar boxy- phenyl eng,
on ahe maderial canstidutingonaph- of tiridirst caﬁam&%multl stage
amount of high boiling point by-products thought to
distiltatpondrcdadn anal e fseconet coadintiaus mudlti-stage distillation
reacti on by-products is generally also contained. It

colurpnt hyed nacsepa(ly it Qamerallyyat metallid fiateriadrsistrems carbon
(I'l') for obtaining a high-purity di phenyl carbonate

stedl’ eﬂkwﬁté%@ieepol vrmshh%f e *agadutpgofpm@hrbmw on

m xture. In step (Il), processes that could be used
h | arbonate from

carhfhafet Brt ekl HER8 et i ﬂ&%*%%’é?éam. on i xt ur e

i nc for ,ex til atl and

rect e seefhacs A robb it b8 Hactip T raipture

invention, it has been  discovered that arr .
congingoualy withdrawa Wom thedewsi peoier ofit ¥ gﬁa%%tmuous

Furthernore, in the present invention, it ha
mumrst&g@dewhtlahpnbgolusm!ngntaublwdtfplrlratn éhetédl)uhﬂ§ tlhﬁ: diphenyl

step (I1), i.e. a high boiling point materi al
carisepatataisng mainconponedt dhdrpokriywt tnatditaor to the diphenyl

purifying colum B having a side cut outlet, the

carbbﬁﬁt@ugehhrﬁlllwmgwcorﬁt@WQﬂﬁb%@@lybﬁcOhtpmn@m unreacted
efficiently with a high yield as a side cut

staﬁmq)?ﬁ‘ﬂétnal' '?hétzﬂRy g'h)enflfl?ar%%‘?fé'té GRIdIBY- ;S‘l*dHUcts As the

I Ng POl nt reac n mxture 1s continuousl Yy

by-pfld gttécﬁﬂe'ré]g e b AﬂJoQﬂl QI 4V pg'ﬁqaﬁ@és{!c@g boifing point

separ a |ng ¢ Separation’is ca
suc Oe?é 'ar}‘u% ﬁgﬁ% etﬁ:é)rl YAy thC’Eh boiling point by-products such as

Fries rearrangement products of the alkyl phenyi carbonate and diphenyl
carbonate and derivatives thereof, and degeneration products of the
diphenyl carbonate. For example, in the case of producing diphenyl
carbonate using dimethyl carbonate and phenol as the starting material,
anisole, methy! salicylate, pheny! salicylate, xanthone, phenyl
methoxybenzoate, 1-phenoxycarbonyl-2-phenoxycarboxy-phenylene, and
so on are present as reaction by-products, and a small amount of high
boiling point by-products thought to be produced through further reaction
of these reaction by-products is generally also contained.

It is thus necessary to carry out a purification step (ll) for

obtaining a high-purity diphenyl carbonate from the second column high
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conponent AT containing the Bi phenyl carbonate and a
columm bottom conponent AB containing catalyst, the
colum top component AT is then continuously

i ntroduced into the di phenyl carbonate purifying
colum B having the side cut outlet, and separation

- i St i ' ri ni. | '

woilflg Hgiht AHUAR.FBe" L), Bp (ITPLAUELSEY thgh opta be usee
side cut conponent Bs, .and a, colum hottom conponent

for 3htinisd theRSHPLe Y PR PehAIEd BE P BHcHTA golumn

. continuously as the side cut conponent Bs in an . .

highheiliegdroinbirepstion mixturesinglyde; far exarapla.aBisfillatian and /
less than 1 ton / hr. To achieve this, the high

or rborystadlipation, but afadlesecdpathe prngseot imvemtiand it has been
di phenyl carbonate purifying colum B-nust be used in

dis condyieniath atnca ayirg hﬂit@te]ﬁ(ilef usimg sadistitlationysrocess is
multi-stage distillation colum having a specified

preferabté Ur Furbitedfieré P He G e¥Bhtinde IR, | fha¥belen
reaction mxture obtained fromstep (1) generally

dis Rid éob#&ﬁgﬁzwg’?%gﬁmioﬂfcwﬁﬁéﬁ eé’ﬁé'pl(ltl)o,ni.?. a high

carpbonate, a alrn no [ han

boilffo ieiff Bl Sene e G661 B i RuCERHinate

the hi boi Ling point materjal separating colum. A is
purifging pELmAHA AR AISHCF L SuYSto e tuaRysWHLY Bipheny!
anmount varying dependi ng on the diphenyl carbonate
carkepatscan| geiéﬂg@ned@ﬂfwmﬁv%ahw highutipkt s agide cut
than approximately 2 ton / hr of the reaction m xture
componért. separation and purification. The high boiling
poi nt material separating colum A used in step (11)

nust Irbetep ¢HN} thw@sgtond colginaghigh slilihgtpsint gebetion mixture
having a length LA (cn) and an inside dianeter DA

Ryt KLt P Wi NP, Fitaml paratin
coldith! R"aAY {05 FH 76n (¢ BadrRd b2 continuously into a column top
component Ar containing the diphenyl carbonate and a column bottom
component Ag containing catalyst, the column top component At is then
continuously introduced into the diphenyl carbonate purifying column B_
having the side cut outlet, and separation by distiliation is carried r'o.ut
continuously into three components, i.e. a column top component B, a
side cut component Bs, and a coiumn bottom component Bg, the
high-purity diphenyl carbonate being obtained continuously as the side
cut component Bs in an amount of not less than 0.85 ton / hr, preferably
not less than 1 ton / hr. To achieve this, the high boiling point materail
separating column A and the diphenyl carbonate purifying column B must

be used in combination, each being made to be a continuous multi-stage

distillation column having a specified structure.
52



800 <_ LA s 3000 (13) 100<_DA1000 (14) and

20<_nA<100 (15). Moreover, the diphenyl carbonate

purifying colum B used in step (Il) nust be a

continuous nulti-stage distillation colum having a

Iength LB (cm) and an inside dianmeter DB (cnm, having

nal s th reinside,, avi n et 131 at
i ddng SSeHBagToILRaN dt o ERkPaiA aeea%tu?nauwa{e qptained

b meen the inlet Bl and the colum bottom and havi ng
from 48er ( pigenarailyscantains 2@ .do; 9 sy weighi ot the diplagny

B1, nunber of stages ns2 of the internals between the
carbthnete,1anddneincaetosmbl@inmotolﬁ%ethmj temidhr of the high-purity

stages nB3 of the internals below the side cut outlet
dipti¥Enylacdrizot atel thenanbeunobdf thageactBn( minburercoB?inuously

nB3), wherein LB, DB, nBl, nl132, nB3, and 53 nB

| i i
lntrﬁghg%ggnft?gh@’\hg% b'@ﬁ‘lllﬁ@lﬁmh@?néf'eﬁr)ait geﬁaﬂétlné%lﬂu(fnn )A is not

'68%8"?@%959 el 153 ¢ .BE%gégr'éﬁf "#"% fHfiBunt VatyjdP degending
on %\"' htﬂgﬁ"’@a%#@%% td Bont8RD" RiisidafBraly radiisdsiSi subiect

- I Sf y|n al | ese ndltlons t he hi gh-purit
morg; Toxmatabe dan bor Hioind e hon mimuIs e the
scal e of not | ess t han 1 ton/ hr stably for a
sepgfaliongred gunidgatient i ne, for exanple not less than
2000 hours, preferably not |less than 3000 hours, nore
pr eT beahigy boilingpoinhamatesddiosdparating rafuniie A used in step
di phenyl carbonate-contai ning reaction mxture (the
(H) must be a continuous multi-stage distillation column having a length

La (cm} and an inside diameter D (cm), and having internals with
number of stages na thereinside, wherein La, Da, and np satisfy the

following formulae (13) to (15);

800 < La < 3000 (13)
100 < Da < 1000 (14) and
20 < npa <100 (15).

Moreover, the diphenyl carbonate purifying column B used in step
(I1) must be a continuous multi-stage distillation column having a length
Le (cm) and an inside diameter Dg (cm), having internals thereinside,
having an inlet B1 at a middie stage of the column, and a side cut outlet
B2 between the inlet B1 and the column bottom, and having number of
stages ngy of the internals above the inlet B1, number of stages ng; of
the internals between the inlet B1 and the side cut outlet B2, number of
stages ngs of the internals below the side cut outlet B2, and a tota!

number of stages ng (= ng1 + Nz + np3), wherein Lg, Dg, ng1, Ne2, Ng3, and
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second colum high boiling point reaction m xture from
step (1)) that has been obtained through
transesterification with the dial kyl carbonate and

the phenol as the starting material in the presence of
a honogeneous catalyst. The reason why it has becone

' Lo h L GR-sUF 5 di phenyl

Ns %ﬁ%ﬁﬁ@@ﬁ@ﬂ%ﬁg[@tﬁ?%ﬂ@gz}pe{évj)%{h such excel | ent
effects by _inplenment] t he process acc ing to the
pr esent i?ﬂ@@ﬁfﬁjﬂa ﬁség(ﬂgt clear, but th @ S supposed
to be due to a conposite effect brought about when
t he condi 1P8ns Ré <t h80Por nul ae (13) to (PA) are
conbi ned. Preferable ranges for the respective
factors abe<agsce 20ed below. It is undefl8lable for LA
(cm to be less than 800, since then the height over
whi ch i nt ¢pnalng,cagobe installed in the(+ggh boiling
point material separating columm A becones linted

and henceathe sepgmation 54 efficiency dagy gages.
Mor eover, to Keep down the equi pnent cost while

attai ni ngahhe .desiged separation effici , LA rnust
be made t%bb% nr‘?‘o‘tg 7Irdramre t han 3000. A nDEZ;LF%referabl e

2B e ittause Miathystind e ktah horfih gettinateria

than 100, then it is not possjble to attain the
sepgEalingCHuRRA PBE thioGirReni| sateenale nlstiying solvmn B
. equi pnment cost _while attaining the desired production
SImuﬂﬁumquabA satisfying ef these canditionse theahiglodarrity diphenyl
nore preferable range for DA (cn) is 200 < DA <_
carlsonatenicain B8P rodiuned ondsn ibdiusgriabscabe ofmeff essbtlean 1 ton /
If nAis less than 20, then the separation efficiency

hr stabhebsea prdonpedcgetiod detimedfdy ghanmpletyotkswthde 2000
attai ned. Moreover, to keep down the equi pnent cost

hout! P?ei%rb%ilﬁidlﬁ (8 @RSl 8B 0SRBArS! hteChfdf&rBBHY notéss than
must be made to be not nmore than 100. Furthernore, if

500@@1{.{3\25% ﬁﬁgﬁ:tggtiﬁﬁ(ﬂ:‘e}%ﬁéggﬁa@@%?ﬁ%&ﬁ&?ﬁH{ge rdaEtisheRifture (the
second column high boiling point reaction mixture from step (I}) that has
been obtained through transesterification with the dialky! carbonate and
the phenol as the starting material in the presence of a homogeneous
catalyst. The reason why it has become possible to produce the
‘high-purity diphenyl carbonate on an industrial scale with such excellent
effects by implementing the process according to the present invention is
not clear, but this is supposed to be due to a composite effect brought
about when the conditions of the formulae (13) to (21) are combined.
Preferable ranges for the respective factors are described below.

It is undesirable for La (cm) to be less than 800, since the-n the

height over which internals can be instalied in the high boiling point

material separating column A becomes limited and hence the separation
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col um becones too great, and hence prol onged stable
operation of the high boiling point nmateri al
separating colum A becones difficult. Moreover, it
beconmes necessary to increase the tenperature in the

| ower portion of the columm, and hence side reactions

oTrigEBRTTapbBadete Miftdnvers tatess JHRRHE A fiRfleRE st while
nA < 60 pein et nore preferable, As distillatiqn

attallongr 1H eS0T SROARYRMBII¢ kA CYola st it made 1B be not
separating colum Ain step (Il), it is preferable for

morg tEnu@® bt t Somorerpraferable range fios im(em)dagt0@R < La <
from185 to 280C, and a column top pressure PA to be

25000 vaith a1 230 of LA ro20000beiny ¥@d0foRa. preferablendesi rabl e
for TAto be less than 185C, since then the colum top

pr esDf §ciisis ess tieginicldld, eh iteiscrot puispilpiet td attain the
mai ntai ni ng a hi gh vacuum nust be 55 used, and

des!’l‘%ﬁee}"@ﬂ u&ﬁSBlengi nt NAB?%S@éF‘,Std Re&bZ@owhbiHO¥@uipent cost

ndesira or TAto be greater than 280C, since

L h hj i [ - e e

whilg B, B ¥ eiauR¥idl gt BF MUSEUESads to be
TAis fro tg 240C, wih from 195 to 230C bein

not JapTG than Ul Shors protelable danas o7 B (SI0F I BO0 < Da <
| ess than 1000 Pa, since then |arge_ equi pnent

600 b i2RP £ Biagh 498 being yesdneke mrafaEableust be used.
Moreover, it is undesirable for PA to be greater than
200000 pis lesndbaned, ther thessepacation eftigiancy degreases and
nmust be i ncreased and hence production of by-products

hencecthensesired higle puréiyecabhet bengttaimed PA Mardowen, 2000eep
to 15000 Pa, with from 3000 to 13000 Pa bei ng yet

dowiPtife AHIPNIOHE cobt wisilaRdesinieg ibef desirBd(sapatatibr efficiency,
| ess than 1000, since then the "“height over which

S HERdStolte SAAblEER 109, bR orater
thars AR, A 1158 TIrELE0FY difference between the top and bottom of the
column becomes too great, and hence prolonged stable operation of the
high boiling point material separating column A becomes difficult.
Moreover, it becomes necessary to increase the temperature in the lower
portion of the column, and hence side reactions become liable to occur,
which is undesirable. A more preferable range for na is 30 < na <70,
with 35 < na < 60 being yet more preferable.

As distillation conditions for the high boiling point material
separating column A in step (ll), it is preferable for a column bottom
temperature Ta to be in a range of from 185 to 280°C, and a column top
pressure Pa to be in a range of from 1000 to 20000 Pa. It is undesirable

for Ta to be less than 185°C, since then the column top pressure must be

reduced, and hence equipment for maintaining a high vacuum must be
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decreases. Moreover, to keep down the equi pnent cost
while attaining the desired separation efficiency, LB
nmust be nmade to be not nore than 5000. A nore
preferable range for LB (cn is 1500 5 LB <_ 3000,
with 1700 <_ LB <_ 2500 being yet nore preferable. If

useds tagrd;me \geg:tl o8 u%eﬁthﬁ%réés& |H°§:Z€°SSM|@Jr§oV@r it is

pr oducti on anount reover to

B S S A A o
by-BRsuctBate Proguced duribadne arsilatians iﬁ?h@feﬁ{%@'e

preferable. If nBis |ess than 20 “then the sggaratlon
range fiogiTenis ficn 192 te A405C, with frgwn| 9% der23L beigg yet more

hence the desired high purity cannot be attained.
prefdrabbeer, to keep down the equi pnent cost while
attaining the 56 desired separation efficiency, nB

nusft iseunadsirabiddondt, t@be [dwntivdn 1000 Pwrsince, thdn large
nB is greater than 70, then the pressure difference

equ ﬁ'\‘&ﬁ%ﬁé@hﬁg% Aigh Wétﬁfﬁ\qfo bé%ﬁﬂhwmea%gﬂ?oé Q8ed.
eat and pr ol onged st abl e operation of the

Mor%cﬁ}féﬁgﬂ ku/gggﬂra%lgtf %‘P@ KL GYahtd} tHGT 200 Pa, since then

reove cones necessary to 1 ncredse
the,. . temperature in the | qwer rtio f 0
the iGN RBlhFalibel ARt HE TR S ally hgﬁe&ﬁmuctm" of
whi ch is undesirable. A nore_preferable L forn
by-products ingeegsss. A Mok pLef EabiSsangs o & Patisrom 2000 to
preferable Furthermore, it has been discovered that
15008 Bist, avith tfremd380Pcl® ABGROLBAI beingiyshengre paefeinhle.
stably for a prolonged period of tine, nBl, nB2, and

nB3ltngstintbesirabliddor dnpgeeam’ te L bm&s&thal 1(100<S|mmtben the
40, and 3 <_nB3 <_ 15 respectively. Mre preferable

Pl T mepdfrcapte slern o dobemd et
purfyRERBIu SR BOHSESMRYY [ifité® and hence the separation efficiency
decreases. Moreover, to keep down the equipment cost while attaining
the desired separation efficiency, Lg must be made to be not more than
5000. A more preferable range for Lg (cm) is 1500 < Lg < 3000, with
1700 < Lg < 2500 being yet more preferable.

If Dg (cm) is {ess than 100, then it is not possible to attain the
desired production amount. Moreover, to keep down the equipment cost
while attaining the desired production amount, Dg must be made to be
not more than 1000. A more preferable range for Dg (cm) is 150 < Dg <
500, with 200 < Dg < 400 being yet more preferable.

If ng is less than 20, then the separation efficiency for the column

as a whole decreases and hence the desired high purity cannot be

attained. Moreover, to keep down the equipment cost while attaining the
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colum B in step (Il), it is preferable for the colum
bottom tenperature TB to be in a range of from 185 to
280C, and a colunn top pressure PB to be in a range

of from 1000 to 20000 Pa. It is undesirable for TB to
be |less than 185C, since then the colum top pressure

sos i R SEA B s BRI il (R Ao han o
BTSSR BBk I b bblte dfezence

then high boiling EQ?I nt by-products are produced

betweeimthe hepdnrd iHattemonf the ealumy bespates tpargieatoand hence
TBis 190 to 240C, with 195 to 230C being yet nore

projurejed abable bperationdetthediphtayl RBrbonbée ipyyifyingrcolumn B
1000 Pa, since then large equipnent enabling a high

bectasey Mifffclie. MM pisoVEd ibeicopee s Trebesddnyetay incredse the
undesirable for PB to be greater than 20000 Pa, since

tem&:‘?—.ﬁ‘%téﬁe ihene %Méﬂ ﬁbh@@ntcﬁ% abHiRnMatid BencecsrRis edactions

hence pro UCtI 0 by- products increases. A nore
S 0t

bechirfs MecbBEeEs Shich pIdAR (A bR dheeabte range

For, t hi gh i nt rial
for RadAcEs ironedk prerMItNcal boRare Shub st WGt coptin EretéPle.

| ong asDAandDBareV\/lthln t he above, ranges, .each . .
Furthetmereolt/ms bagn daseoyered hat {9 objain the fssifeq %W'p“f'ty
- the upper portion thereof to the |ower portion
diphenykoarbonate r$éabmf@eamf&lﬁngedmrl@ﬂf%tlmm Ng1, Nez, and

di fferent portions. For exanple, for each of the

ne3an0bt beolss the I raingeisafes digstd RDatida gl s, anted < ng3 < 15
inside dianeter of the upper portion of the colum

resﬁéﬁtlbélySWHMtﬁre bhefaradle rhfgeesraiddns fd1e<iTsi t2 < ng; < 30,
di aneter of the | ower portion of the colum. Each of

€c he ling point material separating colum A
andt@ WB% g:aphenyl carbonate purifying colum B used in

Ztng%oﬁ BL%E&I f.—ﬁl@n c%nsc! Fle n%tn dg:‘tﬁhiﬁﬁ]bﬁﬂvbgﬂaéﬁé‘ﬁés purifying
column B in step (!I), it is preferable for the column bottom temperature
Te to be in a range of from 185 to 280°C, and a column top pressure Pg
to be in a range of from 1000 to 20000 Pa. It is undesirable for Tg to be
less than 185°C, since then the column top pressure must be reduced,
and hence equipment for maintaining a high vacuum must be used, and
moreover the equipment increases in size. Moreover, it is undesirable
for Tg to be greater than 280°C, since then high boiling point by-products
are produced during the distillation. A more preferabie range for Tg is
190 to 240°C, with 195 to 230°C being yet more preferable.

It is undesirable for Pg to be less than 1000 Pa, since then large

equipment enabling a high vacuum to be maintained must be used.

Moreover, it is undesirable for Pg to be greater than 20000 Pa, since then
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term"internal"” used in the present invention neans a
part in the distillation columm where gas and |iquid
are actually brought into contact wth one another.
As the tray, ones as described in the section on step
(1) are preferable. Mreover, the term "nunber of

e AT SHoPy 95 PSR Brguction o
oy-RrgdigtsAngredaedn: A RleRs matrerBliE fatas FRE Bn&seﬁﬁy 2000 to

and_furthernore_structured packings are ref er abl
1500QcBa, with o). 30RGr 6018000 Panbeingunt ahare Peptaratis

t he di phenyl carbonate purifying colum B preferably

hasF padherhjghaboiliteg ipaint materigirsepatating gelums Avapd the

one set or a plurality of sets of structured packings.
dipHéwylht gfbdvate parifping cotatini Bn soi ddng ascbatamd dyslaye within

withdrawn 58 fromthe bottom of the second reactive

the @'bﬁi\lé F@hges @%'dh”ﬁf ohe JABNNS maphal the admheaiiRside
.05 to 2°% by weight of the dialkyl carbonate, 1 to

h Qp 0
dmrﬁ%t%/i? Eﬁﬁrﬂﬁh&ngpﬁg Fﬂﬁtl@?@@ﬁ%rec& }t‘Lylg\A\glé’éﬁ%/ ﬁgﬁir?mel‘gof, or
| kvl phenyl b f
the ﬁ*f#&@fae@%ﬁ%%ﬁi?i'&aﬁsi LRl ﬁ?‘a PPhr Sxaite, for
eachio e cardiniadd Batiskage Rl Haygﬁtlﬁta apy e WRsflid
wi t hdrawn colum bottomliquid is prefera bI
diameter afidhel ypper pastips ehile wedummymayibe ﬁg\aﬂtﬁrnthan or
mat eri al separating colum A of step (I1). The
largesthasi, ttheninsfid e ndianeetsri ohthe owes panticrs ofldhenciohugnn.

on the conditions of the transesterificati on between

t heEdichl &f/ the drigarssitingngointheatbeiadisepgdratingeolntn A and
anmount of the catalyst, and so on, but so long as the

the H’iﬁ‘ﬁéﬁ?t earbbAateé %rwlﬁ@rddlamrpw udedein &P (ANis a
conditions, a reaction mxture of approximtely

distARNFE Ao I G RVIAG Tra¢E f1/8 PG Hgs as the internal. The
term “internai” used in the present invention means a part in the
distillation column where gas and liquid are actually brought into contact
with one another. As the tray, ones as described in the section on step
(I) are preferable. Moreover, the term “number of stages of the internal”
has the same meaning as defined above.

It has been discovered that for step (l1), the high boiling point
material separating column A preferably has the packings as the internal,
and furthermore structured packings are preferable as these packings.
Moreover, it has been discovered that the diphenyl carbonate purifying
column B preferably has packings as the internal, particuiarly preferably
one set or a plurality of sets of structured packings.

The high boiling point reaction mixture continuously withdrawn
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and hence the conposition of the reaction m xture fed
into the high boiling point material separating

colum A is approximtely constant. Nevertheless, in
step (I1), so long as the conposition of the reaction
mxture is wthin the above range, then even if this

oS U A R A O

t ff
gengrafydiant Eéf?%cd ﬁée”‘:%eé Ei«s\g%s R En%fd'%wg'pqagsgm@te 1to
i nventi on. ste when coontl nuousl y feedi n% %
20 %obumemhtt@iﬁne dPLhQﬁOk Ooftbttee2 chy aveigtitiof,an alkyl phenyl

distillation colum of step (lI) into the high boiling
ethemi 10 tosdf b dy weighttifithecalkyhphenylncartmmaten %ﬁ@c&ﬁ % by
liquid my be fed in as aliquid frominlet(s)

weighbvifdhe dipheeylotarbaniateal0.1ytoob %pbgiweiytd dehigh doiling
m ddl e portion of the separating colum A, or it is

pouﬁ' E&&%ﬁ&&em 0.0@1 fteesl b ey, Q\Fél?ﬁ'ﬁ diahleoaataigst, dand hence

the second reactive distil ion colum into the

thlsst‘?cf’ﬁﬁﬂﬁk[]?. Wl’t’f‘?&‘r'ﬁvﬂ'cﬁ:lﬁrﬂﬁlﬂe atmgﬁ; P?Sf@rra%tl ”9

r‘oma condui t provi ortio

confipgusie Teucands hiabp ol olEBei gbﬁq&h?ﬂ%%ﬁ#*n%qmg

t he hi grh boiling point material separating colum A
coluymp A LTRteMhg on the amount of the high-purity
di phenyl carbonate to be produced, the caoncentration
of The eompasjtioncef Humaeactien mixtsgcyagasrigpapding on the
the separation conditions for the separating colum
condjtiams ofcthenframsesterificaticn between thas diabeyl carbonate and
approximately 2 ton / hr, preferably not |ess than

the PNy A| l‘lﬁé&'ypeﬁahdnar‘ndvnt ofthiee cptafystabhy soton ebsat so long
than approximately 10 ton / hr. The high boiling point

as th%aﬁta'q%'és%ﬁ*ﬁ‘érﬁ%cfr{ ?&Tbh?ﬁeﬂeﬁﬁﬂﬁnﬁ%@%df{@tant condlt:ons a

distillation co d continuously into the high

rea?@bé?rﬁ%@?{am A C%*lﬁin%tﬁg%ﬁt'aggé@htiﬁ thohTan be produced,
and hence the composition of the reaction mixture fed into the high
boiling point material separating column A is approximately constant.
Nevertheless, in step (li), so long as the composition of the reaction
mixture is within the above range, then even if this composition
fluctuates somewhat, the separation can still be carried out with
approximately the same separation efficiency. This is one of the
characteristic features of step (ll} of the present invention.

In step (Il), when continuously feeding the column bottom liquid
from the second reactive distillation column of step (l) into the high
boiling point material separating column A, this column bottom liquid may

be fed in as a liquid from inlet(s) provided in one or a plurality of

positions below a middle portion of the separating column A, or it is also
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cont ai ni ng nost of the di phenyl carbonate and nost of
conpounds having a |lower boiling point than the

di phenyl carbonate such as unreacted starting
material, an al kyl phenyl ether and the al kyl phenyl
carbonate, and a columm bottom conponent (AB)

pre@?%j’%%?%g@ﬂhé:?oﬂaﬁﬁ bgrtr@urﬁp c@.fiidl trB% ?ﬁ%@e?ond reactive

s i AR TR 4 s e

Such organic nmaterial in the oI umm bot t om conponent
separatjRg LUy A fr@m@ 3 ﬁO@ﬂ%bPW\ﬁl@Q%ét cataweggportion of the
conmponent and thus maintaining a liquid state. Al or
rebaibee oT hehamavrutuodh the tccdumo medtemtliqwil) from jhasetond

reused by being circulated back into the first

reacteee idivtilidtion tbAlimarfetbintenttmntigh doiting peintnMaterial
reactive distillation colum of step (Il) as is as a

sepél‘é‘lﬂﬁgsécﬂb'rﬁh Pl hfids Géﬁbh@”n?cbrﬁ@Iﬁé'é’tﬁbuﬁ‘t"ﬂﬂ'h%nhlgh -purity
but 1h sone cases the catalyst may be recycled after

dipH¥ P19 S GRAT S tb Tbe og} @?ﬁ@&gﬂ%%dfébé rathaoF?ﬁé"tﬂ? enyl

recovery process, en reuse elng circula

cariiste i gt otk tikfirey e bBber %ﬂ5b°¢‘?}ﬁ‘?@“@r€€%e

I is a chara terlstlc feature of t hat
SephFALRGEQIPMN theb B4 15H DB Ltto'ﬁp%%ﬁfa'émwgﬁ %ﬁ & s
having a hi gher boiling point than the i phe
appe@xlmaalu %ﬂen /abl'.plh@f%fabbf nefilass, thﬁ@qanaﬁ@xmatﬂyﬁ ton / hr,
net hoxybenzoat e and
morg- ptefiesabbaniodigks Zhgineappycrinatelyph@tghenler. are
al nost conpletely separated off as the col um bottom

conpheetnigh boRing pdihe réagtiohomlixtigepoont thatsedond reactive
separating colum A, it being easy to nake the

dlstHFé”ﬂ&'i‘tcdlbﬁfr??éd'dbﬁt'i‘rﬁ.:@ﬁ’élgmhtboﬂlecﬁiﬁWWFmé‘H&mlﬁnatenal

generally not nore than m preferably not nore

oo R CRIEE) A PSSR 10 e S SRR

con aiﬁﬁng?ﬁgs %f'{ﬁ cﬂ%hen Ccoallr onat%paﬁarmgsF%tf c(o'ﬂi)ounds
having a lower boiling point than the diphenyl carbonate such as
unreacted starting material, an alkyl phenyl ether and the alkyl phenyl
carbonate, and a column bottom component (Ag) containing the catalysi,
high boiling point by-products and a small amount of the diphenyi
carbonate. The column bottom component (Ag) may contain a small
amount of the alkyl phenyl carbonate. Such organic material in the
column bottom component ptays a useful role in dissolving the catalyst
component and thus maintaining a liquid state. All or some of the
column bottom component (Ag) is generally reused by being circulated
back into the first reactive distillation column and / or the second reactive

distillation column of step (ll) as is as a transesterification reaction
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hardly contain any such high boiling point

by- products, nost of the diphenyl carbonate in the
reaction mxture introduced into the high boiling

poi nt material separating colum A can be w t hdrawn
fromthe top of the colum. In step (I11), not |ess

cat%{}g{]g%(y reE eﬁggﬁﬁﬁ%eﬁfe%2ﬁ$@%§?%%$ be recycled after

car bonate in the reaction m xture continuously
beinghsgpraiated Jromothe Rg9psinMatesinA Ca&%’ﬁé&dﬁpﬁdew process,
colum A can be withdrawn fromthe top of the co
andntegorveused by being aiyculated ek d@tﬁéﬁ’d@rﬁtfsbﬁeﬂﬁﬁve distillation
conposition of the high boiling point reaction

columntame /foothé becommbreactinetdistillditxti columanot stepr(l).
fed into the separating colum A in general 90 to 97

W% nfustdﬂ%Hdr%wnsﬁewaﬂupélsifystfe@:d(lllﬁth@t nﬂﬁte;ﬁll(ﬂl)lfth)é catalyst
drawn fromthe top of the colum as the colum

corrgﬁpn ﬂae&‘rfd:févwwé\uﬁg .ah\ef’@tﬁﬁumgnﬁemﬂwmm

ravvn rom ott the colu

dipifs ﬂﬁa&o@%@ﬁﬁﬂpﬁ"?%}sr‘x‘??a'@ﬂ%ﬁéﬂmﬁ*%@% pReryTE,
metbfsdherinateiaha tohesosaibefivir phenspdimitadBlonyiene

phenyl ether, 20 to 40 % ¥ ht of the al kyl
are @nmat campiataly separated: off 8\colygmypotipm; gemponent
di phenyl carbonate; the content of high boiling point
(As)bin phehighsboiing: peiat matestalrseparating zodu , it being easy
preferably not nore than 100 ppm nore preferably not

to m@ke theago v ntpihereofdhehe( tojumhhiop ebmponant GAtpbe
the high boiling point material separating colum A

genb%?alli? rfot e Warl OO Epﬂil ﬁfbf'é@ab Abembtey thaam 00 Gom,
to 5, nore preferably rom0.1 to . As stated above,

morf:eh é’f‘éﬁ‘ﬁm ﬁﬁré%'&'ﬁnSb ho"PRNE né@?rh?lé%ractenstic

|nuous dr awn fro the top

o498 e PRI STy pomponernt o

hardly contain any such high boiling point by-products, most of the
diphenyl carbonate in the reaction mixture introduced into the high
boiling point material separating column A can be withdrawn from the top
of the column. In step (Il), not less than 95%, preferably not less than
96%, more preferably not less than 98%, of the diphenyl carbonate in the
reaction mixture continuousiy fed into the high boiling point material
separating column A can be withdrawn from the top of the column.
Moreover, in step (il), although dependent on the composition of the high
boiling point reaction mixture from the second reactive distillation column
fed into the separating column A, in general 90 to 97 w% of the liquid
continuously fed in is continuously withdrawn from the top of the column

as the column top component (At), with 10 to 3 w% being continuously
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hi gh boiling point reaction m xture fromthe second
reactive distillation columm fed into the separating
colum A. This colum top conmponent (AT) is
continuously fed as is into the diphenyl carbonate
purifying colum B fromthe inlet Bl provided at a

withsiiueh 5 el B R b8fumBoas Thsthfn 'fottom,
cont R Pt onco Wt 15 S 1

having a | ower boiling point than that of the
genarahe iy D5ctr hotkabye weighti ekthe diakkyl carbenatep 1 to 10 % by

conmponent (AT) fromthe separating colum A fed into
weigheopthefpheago!, @i0dnto B.6r% bypweightusf gnvalkiytiphenyl ether, 20

fromthe top of the purifying colum B as the colum

to 400%, 59@@@ of B¢ .alrpH ﬁewwldarbmamé ahd 5Quicd80s% by
cont i nuou W t hdravvn rom t he bottom of the

wel@gf B?Xh@gdlfﬂ’l' m % neé\%n {Tﬁé' &%ﬂttopﬁldmﬁo‘i’hﬁ&%bﬂnt

onate 1s e colum top ~ conponént

BT S WY | f
by-Blisthe o SFBEA, P83 SBre inak, 28 $EE. rsferghly not more
nate fed in. The ph rbo nthe
tha’&g(ﬁ)rrﬂpf%’pn"&fﬁpBF?efﬁtranTf‘q?ﬁ%%jsﬁf‘egsaﬁmand t hus
recovered using another distil]ati on col.umm
seph atamgllr)héh%cselﬁlm tafio Tepipeuah pamng Pomt material
Alternatively, a nethod in which this dljlo
sepasatipgataluinsn fejmimmetange ofsfrome 0cO den Qopt‘efﬁ‘rab‘y from 0.08
conmponent fromthis other distillation colum, and is
to 5, haore ereferaislybfroheiony toeBurned into the high
boiling point material separating colum A and / or

t headi 15@8Y | ab 696 P& M BURE Iofithe €6lumn tBp sompenent (Ar)
preferable. The col utm bottom conponent (BB) contains

con&h%o%s‘?{?e\r?ﬁfhd Hoﬂ?agﬁthéﬁg oFfWé'hlgg%B;ﬂm‘g poiiOmaterial

ng’ poi nt products ¢ centrat

ser BERTE 1 1 B Seko AP 5726 o n
higl"\\?\,:b[odﬁ él Ct%rtbr%%% ﬁ)n' rr1mtx ure romh%oéégyn P L dgsB(Eif\)Iation
column fed into the separating column A. This column top component
(A7) is continuously fed as ié inte the diphenyl carbonate purifying
column B from the inlet B1 provided at a middle stage of thé purifying
column B, and is continuously separated into three components, i.e. a
column top component (Bt), a side cut component (Bs), and a column
bottom component (Bg). All of components having a lower boiling point
than that of the diphenyl carbonate contained in the column top
component (A7) from the separating column A fed into the purifying
column B are continuously withdrawn from the top of the purifying column
B as the column top component (By), and a small amount of liquid is

continuously withdrawn from the bottom of the purifying column B. A
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fromthe bottomof the purifying colum B can be kept
very low This anpunt is generally fromO0.05 to 0.5%
based on the di phenyl carbonate fed in. The
hi gh-purity di phenyl carbonate is continuously
wi thdrawn from the side cut outlet B2 at a flow rate
- t ) ; e I
smfﬂ a Qﬁgﬁngl‘gg&'}’hﬁﬁ” JharBo}lattg is %c%‘ﬁtamﬂﬂ fnefﬁ’é’ﬁ)abrllﬁg\tn top

ess nore preferably not |ess t
ton [ . hg;, this anmu I o)
conmpfngnt Mk S TUBL AHETAY Baffl SN0 3% mreferpbly
into the purifying col.u B., Th urjt f. th .
fromi bR, afcthendipheayibeathenatededin. cHhgdigheny!
(Bs) in step (Il) is generally not |ess than 99.9%
carpepate inithe columedeopt com penad/Brvises ppafatashpyt @and thus
| ess than 99.999% The contents of high boiling point
recovpred Ustsgiandthe rhdighi ladidn ¢odi mimefor sépacatibgrifieecolumn top
obt ai ned when carrying out step (1) and step (I1) wth

contph OREAY (BrFar h%t&h%tﬁl@%,pﬁﬁﬁekhaﬂ ihh@hidtathisndipheny!
material are not nore than 30 ppm preferably not

car?@bﬁﬁh‘é‘%e&r&?@ﬂ IR HELRIGRIY pBoloricmpbaRnt PEM this

enyl "salicylate, not nore than 30 ppm

othﬁtﬁif{iﬁgh%nﬁ)l#ﬁﬁ €ahlaik ten Pﬁg%vﬁgéc? i/ BE%@S%%{T}]F% into the

or “Xant hone, e t'han

nioRFUR R R i ThafBFS) SBRRed B b0 58 EP ik ey
car%hgtém@%ﬁ&r&gﬁ{ﬁfgfgg' ggteﬁr}o,ﬂrbﬁpgraljhéocﬁﬂmn bottom

1- phenoxycar bonyl - 2- phenoxycar boxy- phenyl ene.

compopent(Bs} tontainmithe slipbanybrarbesatei gndpaigmal amount of
poi nt by-products is not nore than 100 ppm

highrsfitingbp gintdsy-prod uichawosepinatet te auproximatelyat few
nore than 10 ppm Moreover, in the present invention,

2L { e avitbiand et oy, (0wl toamunt o
the diphenyl carbonate in the column bottom component (Bg) withdrawn
from the bottom of the purifying column B can be kept very low. This
amount is generally from 0.05 to 0.5%, based on the diphenyl carbonate
fed in.

The high-purity diphenyl carbonate is continuously withdrawn from
the side cut outlet B2 at a flow rate of generally not less than 1 ton / hr,
preferably not less than 3 ton / hr, more preferably not less than 5 ton /
hr; this amount generally corresponds to approximately 80 to 96% of the
diphenyl carbonate fed into the purifying column B.

The purity of the diphenyl carbonate obtained as the side cut

component (Bs) in step (It) is generally not less than 99.9%, preferably

not less than 99.99%, more preferably not less than 99.999%. The

contents of high boiling point impurities in the high-purity diphenyl
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hal ogen content of the di phenyl carbonate obtained is
not nore than 0.1 ppm preferably not nore than 10
ppb, nore preferably not nore than 1 ppb (outside the
detection limt for the ion chromatography). In step
(I'l), the reflux ratio for the di phenyl carbonate

cartifialel bBfoirt, W%%ce?f%ﬂgﬁgéég"%p 3pEBRER Al §rikP gimethy!
ial contlt t he, hi hb0|I|n [

cartippafs amiebsngé Akt st 9 B mat P8 dfiane30 pom.
urify % columm B, and other 1liq ontactin art

pre éalm ot HBOER dBaR 10 IR iIBAre Qreg¢1@QV|r§Ptame§t§1 cs? ppm
mat eri al such as carbon steel or stainless steel. In

for pkeny| salichtategut mprefthare 38i ppemprefarablyanet more than 10
produced, stainless steel is preferable. Next, step

ppn(,| morei preferabhdnotimonditisans! ppsh dprofanthaok, mptamore than
64 aromati c di hydroxy conmpound and the high-purity

30 b girelfe et ROREE odePBeAMEID gpnasmaepp@mabwﬂnot more than
aromati c pol ycarbonate nolten prepol ymer,

1 pﬁ}h?ﬂ)g blﬁ‘@nggpfént‘ig’\'@y M%arakfquﬁb? rHéhé‘@hQn 30 ppm,

cont ow fype pol ynmeri zat| on

e
prefBRI L “355%3*1% 19l 1781 ﬁ%*’é%%?ﬂ? "*mﬂaf? {fish 5 ppm
repo rrerl |zedV\/n|I Wi n dovvn
for ﬁﬂﬁﬁ%@ en ooy e %emaw PRamdeng) T iMbrgoyer, the
npound represent ed [y the fol |l ow ng general formula
tota( wptenbo/f\rth@ﬁe( hgh bojling Raint Pycpogdugls (sspptJrare tBan 100
bi val ent aromatic group. The bival ent aromatic group
ppmirpiefepabliynabimere dhaox@0npipan, onere pepferabiy ewtoporadhan 10
foll owi ng general forrmula (40); -Ar'-Y- Are- (40),
ppmiherein each of Ar' and Ar 2 independently represents
a bival ent ‘

Moreover, in the present invention, the starting material and
catalyst not containing a halogen are generally used, and hence the
halogen content of the diphenyl carbonate obtained is not more than 0.1
ppm, preferably not more than 10 ppb, more preferably not more than 1
ppb (outside the detection limit for the ion chromatography).

In step (lI), the reflux ratio for the diphenyl carbonate purifying
column B is in a range of from 0.01 to 10, preferably from 0.1 to 8, more
preferably from 0.5 to 5.

The material constituting the high boiling point material separating
column A, the diphenyl carbonate purifying column B, and other
liquid-contacting parts used in the present invention is generaliy a
metallic material such as carbon steel or stainless steel. In terms of the

quality of the diphenyl carbonate produced, stainless steel is preferable.

Next, step (Ill) is carried out. This is a step of reacting an
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carbocyclic or heterocyclic aromatic group having 5 to
70 carbon atons, and Y represents a bival ent al kyl ene
group having 1 to 30 carbon atonms. I n each of the

bi val ent aromatic groups Art and Ar2, one or a
plurality of the hydrogen atons may be substituted

ol B0k S IAT e 8 B EDIRED sespapet

om an al kyl group havin to 10crbo ato
togihengo Gioi Aradties an & oroatis A Car Bhg mltky Srepolymer,
roup, a phenoxy roup, a vinyl group, a cyano groy
andalhr@%lﬂ‘élmggﬁﬁtﬁfmaﬁ? srﬂ@wcgnrbepata usingra gg+'€§p°0'g ﬁég
- like. A preferable specific exanple of a heterocyclic
dovanféomst typegpolymeesizaticar apparatys oopvhioh the onelten prepolymer
plurality of ring-formng nitrogen aton(s), oxygen

is nPd @81t6)flo@ndownoalany buifeaieTos)guidescanef thdienolten
bi val ent aromatic groups Ar' and Ar 2 may represent,

pre%ﬁ%ﬁ?r < HH r\;?ner"i‘z %Iﬁ’llé“ffcr\evfﬁ% Riinal 1y substituted

ene, ti1on subst | ed bi phenyl ene, or

Op“l' Al | ym3Y BIGH %q‘yblv n"ﬁﬂgl'ﬁ(s ﬁ'lstéb'gﬂtlvéljgnéémpound

are ef ned aboVv ene

rep S RAehRY e W St °”‘?&g"%%§?%5%e"q ok 1714

/| R6 CH3 erei ach of R,

independeh‘f\%]y F‘e@r"gsents a hydrogen at gﬂ?) an al kyl

group havi n% to 10 carbon atons, an al koxy group
10

In fnemuuﬂ@ (890 emesent%ltaohwaIan&wpmwlgfgu@up havi ng

5to 10 carbon atonms in the ring thereof, a

car bheybivialeat amamaiigrgwoper/iisngrEfemtﬂly, femewample, one

atons in the ring thereof, or a carbocyclic aralkyl
repEsBitdtRbynheSfollowing general formula (40);

~Ar'-Y- Ar?- (40),
wherein each of Ar' and Ar? independently represents a bivalent
carbocyclic or heterocyclic aromatic group having 5 to 70 carbon atoms,
and Y répresents a bivalent alkylene 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
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. A preferable specific example 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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to 10 carbon atons. k represents an integer from3 to
11, R5 and R6 are selected separately for each X
each i ndependently representing a hydrogen atom or an
al kyl group having | to 6 carbon atons, and each X
represents a carbon atom Moreover, in each of Rl, R2,

oxffesh o Wl gD AARIES b A, g
ool e T DI e, o

carbon atons al koxy group having 1 to 10 carbon
SUbﬁt'b%"tsaapﬁéiﬁﬂn%(ﬂ V& phenoxy group, a Vinyl
group, a cyano group, an ester group, an am de group,
a Therbivalenpalkyleneegrdwp.Y Bafqr examipleuan arganic group
- bivalent aromatic group Ar are shown in follow ng

repfegented bFo(lBwiag(fSrmulaR )m (R )n CH H-- (() CH,
(R)n C~Ha { ~~tt {R)MHa { ~)n CHI 0 ya ~H |

(R
RYM(R ~C ~ Ha O R' R'
TntCH( I) C(F )|21H &H %A)E ({ ' ﬁ Fg
(|: o (X

/\___./ \RS

wherein each of R', R?, R?, and R*independently represents a hydrogen

i T
l RZ RY
CH 3 3 3

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 aralkyl 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
hydrogen atom or an alky! group having 1 to 6 carbon atoms, and each 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 alky! 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

following formula:
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O wherein each of R7 and R8 i ndependently represents a
hydrogen atom a hal ogen atom an al kyl group havi ng
1 to 10 carbon atons, an al koxy group having 1 to 10
carbon atons, a cycloal kyl group having 5 to 10

carbon atoms in the ring thereof, or a phenyl group,
and each of mand n is an |nteger froml to 4; in the

case Itrqh mis in(gr);ange of froM{R"%0 4, tﬁ'D?.?' S

may b e sane r different te anot hpd—~ and in
t he ~that in a rangef R (tn} he
R8" s beCH}e as or diff anot her .
Furthernore, the bivalent aromatic groul may be one

represent'ed by the following formula; -Ar-2z- Are

vvherel n Ar'' and Ar 2 are defined above

-COO-, or -
s of suc
fol |l owi ng
as-a- 4s024 IflCOﬁl -{{ )}-CONH-{~ )r-
H2 ( 9)n O? C H OH868 wherein R7, m and n are
defi ned above. Furthernore, specific exanples of the

bi val ent. aromati c group Ar include unsubstltut ed or

subst(RU].edTym,en}(Sl)@ unsubsti t uf Bldor I

(R")q TF, (R")q (R")q (R*)

O--

* CH,

(R")a. (R*h

CH:"CH:

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 cycioalkyl 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,

the R”’s may be the same as or different to one another, and in the case
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substi tuted napht hyl ene, and unsubstituted or
substituted pyridylene. In the present invention, one
such aromatic di hydroxy conpound nay be used, or a
plurality may be used. A typical exanple of the
aromati ¢ di hydroxy conpound is bi sphenol A. Moreover,

thaticlgrir%ri‘ﬁ é’?ﬁﬁggtof h‘?)‘hgr% kO, th'éeR.arsﬁﬁPéa%BedHB’Q.%W as or

ound nay be use ogether wit aromatic
. [ r oynd for introducing a branched
d'ffég{efﬁ%:(tgﬁﬁgs%?%eﬁg as this is wthin a range such as
not_tag, inmpair the opject, of the. present inventiaon.
TheFiesMRsE,dBR BHAISD APt BYRTEAT CRpAMENEnd
the high-purity di phenyl carbonate used in step (I11)
represeindeddey dhai fiedlomingntormylas of the aromatic
di hydroxy conpound and the di phenyl carbonate wused,
and t he peAylwef+2afi-on tenperature and ot her
pol yneri zation conditions, but the di phenyl carbonate
-whergirgantraald Artisad definegrapové] and Zrisaa simgke bbnir oma
0.9to 2.5 nol, preferably fromO0.95 to 2.0 nol, nore
bivatréﬁfrgrrahbys%wgaso-@ﬁ-,wcbé gl twesd, asd—mic @b, ey

aromati ¢ di hydroxy compound. The prepolymer in a
_ N 1ei.nal r ed to as the "nolten
Cdgﬁte%anyée&ﬁbfeﬁgdu'ge%éﬁﬁ%% %‘E’]g{léf omati ¢ di hydroxy
compound , and. t he, di phenyl .carbonate in step. (| .
redngantnteRant $U5k1 Biratans SRR A0k ol Pifars Shbeayin
fromithe aromatic di hydroxy conpound and the di phenyl
follqwingofRfMaUIBvi ng a | ower pol ymeri zation degree than
the aromatic polycarbonate having the desired

pol yneri zati on degree, ang,,nmay OER ourse be an

dR' JponekR* he nolten pre ru in step (111) 69
e, be odai ned t hrough LK§§2>Knomn process.
(ﬁ?-@ the nolten pg‘?y can be produced by

rring a nolten mxture containing predetern ned
amounts of the aromatic di hydroxy conpound

(R')y (R*) . (R)y (R*),
—@—.s-@ S0

( 1)’ ( ')n ' {R)y ( .]n ]
@sof@— . —é—co—(g i}—

o (R*)y (R (R,
R "cH, B®*h o 0. (Rl cH, ('}
;—-(Eii)—-og—(: :}-!lo—@—;
: CH,

CH,
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and the di phenyl carbonate under normal pressure and /
or a reduced pressure at a tenperature in a range of
fromapproximately 120 Cto approxi mately 280 C using
one or a plurality of vertical stirring tank(s),

whi | e renovi ng phenol by-produced through the

whelBff R OTR® ArPRAEER SarkdelthibilaBobbur al i ty of vertical
stirrirndg tanks Tinke ogether I'n series are used,
and-t h ol ymer i zati.on [ r, i e .
ncF U drE et s AR §f SR Riqmgtio group Ar
. .prepolyner havinpg a require ol ynerization degree is
mclaaetmeﬁuastlw@rcbgér%msg!tumgét'g?ﬁ\flﬁ'\%:,u'?wéb%ie gd or
prepolymer is continuously fed into a . .
subgﬁtw@%o%hv@@omdl wiswhplityedy aesubstiteted pyridylene.
apparatus, so as to continuously produce an aronmatic
pol ltt tiné praisemaniveatio ndee adichparymatia diliydraggeeepound
The gui de-contacting downfl ow type polynerization

may2BReali8&HS orsa § | ItyEmiazab e s edpasatysican exampld bé the
prepol yner is subjeCted to polynerization while being

aroffBic Hﬁ\icﬁwﬁewpé@n&i%&ﬁﬂeﬁﬁtﬁﬁ ahpie Ak rd98 thaNPresent

I'S suc at ‘'not l'ess than 1°ton / hr of the aromatic
_ Lvea . . _
invel gl BT O bl S0 BV BEGRY S mp UG s R e 44 tpBRther with
apparatus.of .a type having.a no]ten prepolyner
an SBHBRRnG My BS it b 185 TRiredl a8 bYABFhd, stspoture so
reaction zone having a plurality,  of guides Bg?t
long ascthisdewvithin & rangerugicasopat & impaie the RRigsy ofthe
a space surrounded by the perforated plate, a side
presast myvamtion. t apered bottom casing, a nolten
prepol yner feeding zone for feeding the nolten

pr ePaleyretio \betwiden plee farom 2tic plibydrony @drhpogaiddanditihe
t he pol ynerization 70 reacti on zone, a vacuum vent

highputitgedip Henylec @@ onetd aabdon sRAC{(liPNvardiegedepsnding on the
aromat'i ¢ pol ycarbonat e di scharge port provided in a

typ%%‘fﬁcﬁ?ﬁéﬁrg@%ﬁ 90 / grg:‘goﬁﬂﬂ:ﬁjﬁ@' A 1R FipReAF catHonate
used, and the polymerization temperature and other polymerization
conditions, but the diphenyl carbonate is generally used in a proportion
in a range of from 0.9 to 2.5 mal, preferably from 0.95 to 2.0 mdl, more
preferably from 0.98 to 1.5 mol, based on 1 mol of the aromatic
dihydroxy compound.

The prepolymer in a molten state (hereinafter referred to as the
“molten prepolymer”) produced from the aromatic dihydroxy compound
and the diphenyl carbonate in step (Ill) means partially polymerized
molten material produced from the aromatic dihydroxy compound and the
diphenyl 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 (1)
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di scharge punp connected to the discharge port,
wherein: (2) an internal sectional area A (nR) taken
through a horizontal plane of the side casing in the
pol yneri zation reaction zone satisfies the formula
(22); 0.7 <_ A < 300 (22), (3) aratio betvveen A (nR)

mayﬁgg 86t .iﬂfeﬁr % Cﬁbﬂg?ubﬁé kﬁ’ogﬂzéroé tF’B’r"é‘ﬁaé‘nﬁ)Ie the

rzonta ar o car nat e
i schar ort S :
moigm RPRETwmBs (et Bog U?ﬂﬁe%aé'?‘é&%b%ffﬁémeeam'ﬁai "
he O| ymsrl zation reactl on zone te at an
contamemwregﬁéeemmsl arpounts sqfotéleca@'ﬁl@ ndl 'Bﬁg’&?‘éf compound
wherein the angle C () satisfies the fornmula (24),
andmdmmeaﬂscamgnateﬁynalelrm@rtrnahp(esr;uvtﬁ agakh osfa reduced

gui des satisfies the formula (25), 150 < h <_ 5000

predsinje atredtdiipedatiotenin axtaa'igmlofsfmofmappaomansteglm 120 °C to
the guides satisfies the formula (26), 2 5 S <_ 50000

apptadfimately m@dﬂﬁﬁs%@'cﬂfé av p‘lﬁrrdﬂtgfbipeéft%a‘ﬂa@ﬁﬁmg tank(s),
- aromati c” pol ycarbonate stably for a prol onged period

whif¥f rddiBRing gﬂ'lé‘r?olvﬁ ﬁ\‘dcﬂfbé tI‘TR%@%H'tﬁé R cdin i N ABBrocess in

anount on |ndus riral sca l'ess than 1

whidf Y Bigra9 4 IR @ﬂuﬁeﬁﬂ?h&%m@e:&n;t%m@& fehs are
t.hese, condi tions, h V en di scovered. .71 te that
useﬁh@n& Efg%mo VRSN Saarerm i BYPEREsSVA dhEredsed 'sd as to

means t hat the variation in the nunmber
conavypaigséy IPducean meltgmn prepabtmenhiayingsregdired, ¢ he

present invention, the aromatic Pol ycar bonat e
polymerization degree is particularly preferable.

In step (II1), the molten prepoiymer is continuously fed into a
guide-contacting downflow type polymerization apparatus, so as to
continuously produce an aromatic polycarbonate having a desired
polymerization degree. The guide-contacting downflow type
polymerization apparatus is a polymerization apparatus in which the
prepolymer is subjected to polymerization while being made to flow down
in a molten state along guides, and is such that not less than 1 ton / hr of
the aromatic polycarbonate can be produced. The guide-contacting
downflow type polymerization apparatus must be:

(1) an apparatus of a type having a molten prepolymer receiving
port, a perforated plate, a polymerization reaction 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
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can be produced stably for a prolonged period of tine
W th variation in the nunber average nol ecul ar wei ght
bei ng preferably not nore than 150, nore preferably
not nore than 100. More specifically, the interna
sectional area A (nR) taken through a horizontal

s PUERSARL SBSalb Shof R AR HIRcfeld ior

4 nust sati sf he above fornula (22). 1f Ais.les
zongndh gromatic PRLYCANAG fEFAaa EoTLRraHBsH in 8 fyyermost

be attained. Moreover, to attain such a production
portigp e thehtapered datigmieaning 2 rg@pAcamatis polycaiRgnate

be made to be not nore than 300 n2. Furthernore, the
disctunige pameeonmdsted tnthe lddschatgegiordewthededn. area

B (n2) taken through a horizontal plane (plane b-b")

of @rpantintermyll ysetibnankeedis ¢hd) dgakporthroughst horizontal
satisfy the above fornula (23). A/ B nust satisfy the

plaP® Af&heosidd éa%grﬁ i 2hkhgblyirherizatiotnre 48 6h i Bndfsatisfies the

hi gh nmelt visco y containing the produced aronmatic
fornqﬁleygé‘ﬁ onate or aromati c pol ycarbonate prepol ynmer of
I'ncreased polynerization degree can be di scharged

wi t hout c [ pinthe quality o his nolten

matter. Fﬁﬁﬁ-g&%ﬁg{&t he tapered bottorr{ 3ing 11 in

pol rization, reaction,zone 5 i.s proyided. at an 2

i nt éﬁau%%gst@e@@}\tw%mn an igtanna) sergichalfrea B (m?)

t her eabove, wherein the angle C () nust satisfy the
takemdheowgh mihgrizontal pranreeith afcmitie palyerrioratg discharge

Cis preferably as close as 72 possible to 90, but to

portreatisfies the fermota €28)] of high nelt viscosity
containing the aromati c pol ycarbonate or aromatic

pol ycar bopate A ppegofgo®er of increased @gdynerization
degree falling down fromthe

(4) the tapered bottom casing in the polymerization reaction zone
is connected at an internal angle C (°) to the side casing thereabove,
wherein the angle C (°) satisfies the formula (24),

120 < C < 165 (24),
(5) a length h (cm) of each of the guides satisfies the formula (25),
150 < h £ 5000 (25), and

(6) a total external surface area S (m?) of the guides satisfies the
formula (26},

| 2 < S < 50000 (26).

To produce a high-quality high-performance aromatic
polycarbonate stably for a prolonged period of time with no variation in
molecular weight in an amount on an industrial scale of not less than 1
ton/hr, a polymerization apparatus satisfying various conditions is

reqguired; in the present invention, these conditions have been discovered.
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| oner ends of guides 4 to the discharge port 7 w thout
bringi ng about a reduction in the quality of this
nolten matter, C nust satisfy the above fornula (24).
Furthernore, the length h (cn) of each of the guides 4
must satisfy the above formula (25). It is

ot Mo b ke LG SHCChS B oot eiont

prepol ymer cannot be increased sufficien
medns daabihe HaNAUPRINNE RUMRST BYRIARE ry&ﬁ?%\ﬂ'a&e\yﬁ&ht is not
may beconme greater than approximately 200 in terns
mornehtham 204, alretbgepnesieadunyentisinhthe atomtmm@éxr%m@ate
for h to be longer than 5000 cm since then the
candbé fproenced stalhly forl & proscogedyperfiodtdfetime wath variation in
prepol yner between the top and the bottom of each

the GiirfiBer RRENERR hiSle@UeR! weﬂglﬁlt esi6g prefevablyahotmore than 150,
the pol yneri Zati on degree econes greater than

mm%ogfélfgr%ﬁfl%tg@%réltﬂﬁpq@ocases greater than

r oxi mat'e in terns of the nunber average

a [ A
proﬁﬁq*@. GBI, A eRE ¥RCBhaT hBE A ntdi¥h through
hat the variatio olymeri zat i qn
a hodrfplalralans (NS or89enf srﬂpagﬁ'é LR ORGSR Yﬁ}ef'zqaﬁgn
exanpl e, the case of variation such thag@t&i isa ..
reagtionFened a5 FRAWN INaNQSENEMAHEiPW 0bF 1 4 Bt satisfy the
t he nunber average nol ecul ar weight. Furthernore, the
abowvet tormewdae(2@). surface area S (n2) of the guides 4
nmust satisfy the above formula (26). If Sis less than

2 n# Atisdesstaandest net] thverdtive idesieed prodesticot abeount cannot
attai ned. Mdreover, to attain such a production

be affaiied WhiNISr&s@P, e SRa¥M shehed prodridiioraimoant while
73 elinmnate variation in properties, S must be nade

ceohfaf 450, Rl ork 0, et e BaEnbecserste than
300 m?,

Furthermbre, the ratio between A (m?) and the internal sectional
area B (m?) taken through a horizontal plane (plane b-b’) of aromatic
polycarbonate discharge port 7 must satisfy the above formula (23).

A / B must satisfy the above formula (23) so that the molten
material of high melt viscosity containing the produced aromatic
polycarbonate or aromatic polycarbonate prepolymer of increased
polymerization degree can be discharged without causing a drop in the
quality of this molten matter.

Furthermore, the tapered bottom casing 11 in peolymerization
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

(24). To keep down the equipment cost, C is preferably as close as
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type polynerization apparatus sinultaneously
satisfying the formulae (22), (23), (24), (25) and
(26), surprisingly, a high-quality and

hi gh- perf ormance aronati c pol ycarbonate havi ng
excel | ent nmechani cal properties and no di scol oration

C e pduc in_an anmount,, of not. ; ton L.
posiBledd 8070 BEETgeRofe ch mSlarifBr pigh TRy M cosity

several thousand hours, for exanple not |ess ttp)an
contaiping bararomaiisl Rolycanbapate 41 argmaticpelycarbonate

nmol ecul ar weight. In the case that these conditions
prepolymanofshotdased polymerizational gree frlding dowur frarprHhe

as the desired production anmount not being obtai ned,

loweér eadisadbf guidss t4heo nheluischaegageortdndthbal breigihg abbout a
nore than approxi mately 200 arising, stable

red PEREHGh 2 §aRIIPRITZNPOFSORER rhattel, Wehliousatishy the above
di scoloration being prone to occur. The reason why it

forrid gfg)grre possi bl e to produce the aromatic
pol'ycartonate on an industrial scale with such

excel lent effects | e I i.S..N . u
i EurEReiorss dn, ISR 4ehix bf gali Bhifie SliHgd 4 must
.reasons described a , conmposi te effect arises
satigho e b FRIMulnAeB)ondt 1§ URGERHaRS faich S5 sherter than
it is supposed that this is_  because if the guides o
150remmi, sgneethgin the patymerization degresyot Hae raplgnaarepolymer
(25) and (26) are used, then the nolten prepol yner can
canhet pa imeneiased] safficiendlyatand: hyotexwerctie variatign amdhe
| arge anount of high-quality aromatic polycarbonate

polymErizatdrideigred malyebetamevgrgte cthamapproximetdly 200 in
nor eover, the tapered bottom casing satisfying the

term®'ofithe n(AfberBlEPagéd MOkt BRE WeigHIOr tighs iidédifBble for h to
taken for the |arge anount of 74 the produced

ve ISR 500 4RSI IR S LA AN ViStosity of
the giﬁﬁsﬂi ;?rtéaﬁfﬁgﬁ{ert Bgtwgreﬁdtlﬁ%efjopa%%raamg b%qllé/r%aﬁpg'%%%eguide
becomes too great, and hence the variation in the polymerization degree
becomes greater than approximately 300 (in some cases greater than
approximately 500) in terms of the number average molecular weight,
and hence variation arises in the properties of the aromatic
polycarbonate obtained. Note that the variation in the polymerization
degree being great in the present invention means, for example, the case
of variation such that there is a difference of more than approximately
200 in terms of the number average molecular weight.

Furthermore, the total external surface area S (m?) of the guides 4
must satisfy the above formula (26). If S is less than 2 m?, then the

desired production amount cannot be attained. Moreover, to attain such

a production amount while keeping down the equipment cost, and to
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Note that this art for production on an industria
scale can only be established through prol onged
operation using | arge-scal e production equipnent, and
it goes without saying that the cost of the production
equi pnent here is an inportant factor that nust be

o\ SHAERINAF088, STEVEKR i P e

Efu%trlal producti on equi pnent can be reduced by
5009 fY-t he gui de-contacti ng downfl ow type
nerization apparatus satisfying the fornmul
( 2zft haspeen discoyeryd dhat pysslm%ﬁg%ldﬁe&em@atmardownf'ow
di mensions, angles and so on for the guide-contacting
typel palyerizatien papyatatusas inoultappausi vis atisévinghthe égrmulae
(I'11) have been described above, but nore preferable

(22),BB)s (249, €35) fawld (26), d\lmlangﬂﬁfarmghequahgeahdr
the internal sectional area A (n2) taken through a

hi gl*ﬂ-‘?ﬁériféﬂh@ndé' aremakic pelyd#i®d oirfteNlalihg BRcellent mechanical
pol yneri zati on reaction zone is 0.8 <~ A5 250, with

proéo%@ée} e?&)ﬁ@&ﬂo}’ﬂl f‘@&égé& in&h %?HSDnt%fdnot less

€ range O tIO et ween

el ¥ 158587y arpzﬁogerS'feez'B%aeﬁaén AR sovers
tho ARt T e st Saptih e it o

preferable range for the internal angle C () of the
vartaatm & thetmele eulariyeight: nel g mase thabihasaeonditions are

zone to the side casing thereabove is 125 < C s 160,
notwittuliBtesusly satistisdpgiroglgms qocar spckf as 4beedesised

that in the case of progressively increasing the 75

proaubumramtumnndegem? whtagned pawatiatipnoin the number average
gui de-cont acti ng do | ow type polynerization

oSRASELIERL dohont 1 SRPLORAAIoN D0 areng. tabl
pro8ORALA H3EDEiRg Wossinidfor 43000 hours, or discoloration being
prone to occur.

The reason why it has become possible to produce the aromatic
polycarbonate on an industrial scale with such excellent effects in step
(111) is not clear, but this is supposed to be that, in addition to the
reasons described above, a composite effect arises when the above
conditions are combined. For example, it is supposed that this is
because if the guides having a high surface area satisfying the formulae
(25) and (26) are used, then the molten prepolymer can be polymerized
at a relatively low temperature, and a large amount of high-quality
aromatic polycarbonate having a desired molecular weight can be

produced; morecver, the tapered bottom casing satisfying the formula

(24) makes it possible to shorten the time taken for the large amount of
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respectively, it is preferable to make C1 < C2 <_ C3
<_.... Mreover, the required length h (cm of each
of the guides varies wth factors such as the
pol ynmeri zati on degree of the starting materi al
prepol yner, the polynerization tenperature and

thefp[{g)%yﬁoeg;ap?@ﬁ-og@ggpg B BbIA RS, ﬁ.{rﬁngr@mh fibm the
guifleSaparageht *ﬂ% GSEnBlad Fre Mnereenblith Hiaptihigtappgf the

with 250 < <2500 bei ng yet nore preferable. It
prodycsarafwaéw pohicarbonate %m be feddgefsfy the

formula (33); 400 < h <_ 2500 (33). Mreover, the

reqblotedtrtaittdnlis et éonproductiareonram isdasjrial‘ schke can only be

gui des also varies with factors such as the above, but

estglnshel! thrauger prolphgiedl apkeationgesiny farge-Scale $96daction
with 10 5 S 5 30000 being yet nore preferable. A

equ‘i’ BfrieritulAd 1t gé@fs%ﬁﬁbﬁt@%‘w ?'thajefthé cost 8PERE. pr'dHuctlon

the pr esent nventi on otal external surf ace

eqLﬁéﬁlaerﬂfhéF? |§t%hnd@ﬁpoﬁﬂ:fancgﬁftﬁgf ‘ﬂjlu bEASkeH

e gw dées” w en prep ymer con acts
i n the ca e of

n flow n
conifratioH', " Araten e 8o E & erarashnCiby S o5 T ALAE
outside of t surface area, of the surface
equmm%ﬂ ¢t BF b’égdgglds%\mﬁl:Hf?ﬂECHﬁﬂt%ﬂU'PdFEB&% eqiauced by
.not flow down not being included. In the
usingithe- geideacontactingriownfloypdype polymerizatian apparatus
apparatus wused in step (I11), the shape of the inside
satiséyinigothe daemulde (@8H, 623 hof24)o(LH) adir(@60f t he side
casing in the polynerization reaction zone 76 may be

any Ramepss réquiredafgy @imehyonél angldd phidcab o for the
circular. Operation is generally carried out with the

ouBELTEirg Q6N e’ POR mUTHBNch BopaNs used Iy sten
(Iil) have been described above, but more preferable ranges are as
follows. A more preferable range for the internal sectional.area A (m?)
taken through a horizontal plane of the side casing in the polymerization
reaction zone is 0.8 < A < 250, with 1 <A < 200 being yet more
preferable.

Moreover, a more preferable range for the ratio between A (m?)
and the internal sectional area B (m?) taken through a horizontal plane of
the aromatic polycarbonate discharge port is 256 < A/ B < 900, with 30 <
A/ B < 800 being yet more preferable.

Moreover, a more preferable range for the internal angie 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
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this reduced pressure can be wi thstood, but a circular
shape or a shape close thereto is preferable. The
side casing in the polynerization reaction zone in
the present invention is thus preferably cylindrical.
In this case, it is preferable for the tapered

pol%?k%oﬁfﬁ%?ﬁ#% Eg%llfﬁ'ali %ﬂﬁ@-&8nf&h&t?f‘ﬂ§rdownflow type

i ndrj cal aro pol.ycarhonat e d| e_port

polBERE Iy ARER TR RS, FARIAG ﬁlfs@n,%?% h 18 g fide-contacting

bott om casi nlg Taki ng the cyl | ndri cal portl Qn % t he
down fiaw dypienpolinpeization appiadatusesdedie & {.chy 4nd -a

length L (cm, and taking the discharge port to have
respaciivelyidt i pmef@rrabje(tonmm{a; Q1 an02 9 Gl eferabl y

satisfy the followng formulae (29), (30), (31) and

( 32Morkd¥er, the reqldd (€9gth h (cmpPof each oBthe3glides varies

0.5: L/D:-30 (31) and h - 20 L :_ h + 300 (32), For

with PEcIgs a9 Ais2aid PDIpmetiae h gy re@ BfeRéZitarOng material
apparat us, a nore preferable range for D (cm is 150

r
prepoler, P Beil iz i 1o Al SIA BrUE U fna e
/
memﬁilzatmﬁgar%e aw@ %\Vf@“&n'* ﬁb 8%3@ é& i r%%ae‘te or
preeefmehgom pﬁeﬂgceﬂe#%mme %vm&a“ankﬁﬁ%ﬂatus but
preferable range for L (cm is h - 10
gengrallyra moxe preferabiegangenis ¢o0 <rmse3998f éw&lm?e‘m ﬁhé < 2500
preci se reason why the high-quality and
beimg yietraoierpmedecable? attosepadiquaylyap tefeaabledor gto satisfy
excel I ent mechani cal properties with no discoloration
the farmixda(B8@Juced stably with no variation in nol ecul ar
wei ght for a prolonged period of time on an industrial
scale withop £apk 2500 (33).

Moreover, the required total external surface area S (m?) of the
guides also varies with factors such as the above, but generally a more
preferable range is 4 < § < 40000, with 10 < § < 30000 being yet more
preferabié. A particularly preferable range is 15 < § <20000. In the
present invention, the “total external surface area of the guides” means
the total surface area of the guides with which the molten prepolymer
contacts when flowing down; for example, in the case of a guide such as
a pipe, this means the surface area of the outside of the pipe, the
surface 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 (lll), the shape of the inside section taken through a

horizontal plane of the side casing in the polymerization reaction zone
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pol ynmeri zation rate in step (I1l) is not clear, but is
thought to be as follows. That is, according to the
gui de-cont acti ng downfl ow type pol ynerization process
used in step (I1l), the starting material nolten
prepolynmer is led fromthe receiving port 1 via the
feedin one 3.and the, perfaorated .t h
may,GBR8Y shahe (afe<amp e bgofiay pRIRiGarof gijdlar
t hereof increased while flow ng,down al on_% |t;he ?ui dtes.
Operation is/genefalycarriad outwiththesppiyperizatiamreagtion zone
the nolten prepolymer are carried out as the nolten
undpr epoégusedipraasutewand begcehsnywshrpe iamreaantable so long as
renoval of phenol or the like is carried out
thisalddrddd pirgs sube oy behwithgtb ydebut & cincupaosbage at aashape
fast rate. The nelt viscosity increases as the

cloé@Wﬁiféthi%t b%‘fe‘?éﬁ?@.edﬁiheﬂﬁ!fﬂé‘%%%ﬁwg? he tadhpsiyanefigation
of the flowmng down nelt material to the guides

resdOBEEAOE 18 HUD AT SinlreBlat cpgaisl. o
oA P SRR 5 b ek i i o oo

pol rization reaction_ tine, increases, MNoreover,
conpgeteddoralowerH AR e gy IR LS s GRS it 8

own weight while being supported on the guide, th )
cylisdricat @ramatiparolyapibopatmhdischargs, ot Qﬁ,'“QerONé‘E%Q in the

surface renewal is carried out efficiently. Increase .
lowefmosb| porticar ofehighbotton eadiagt erTaking téfe cylindrical portion of

pol ymeri zation, which has been inpossible with prior

the @@éaﬁsﬁﬁg o havergntinpRiediymmter & (om)appdratersgth L (cm),
can thus be attained easily. This is one of the

bokH D, L and
andg?(ﬁlg}r\rget!ﬁ'é 8[&1’!‘%‘8@ b8t fo hasa! Hhahsiie diameter d (cml), an

rization apparatus used in step (I11 The only

).
d p%@fﬁ@l%%?ﬁgiﬁhé%‘i‘l‘&w% fdt“rﬁweﬂl‘lég fzeb)'m(%%p', 3‘}31?%1‘3((32);

i nCreases tn r’'hal

pol yneri zat.i.on be m ddl e portion each of the
gui des | sqbﬁeszﬁl'%egy\9§ hol di ng force, V\%gc)h
corresponds to the It viscosity, and hence

appr oxi naﬁépit%ssnﬁe {h(ﬂ

0.5<L/D<30 (31) and
h-20<L<h+300 (32),
For the guide-contacting downflow type polymerization apparatus,

a more preferabte range for D (cm) is 150 < D < 1500, with 200 <D <
1200 being yet more preferable. Moreover, a more preferable range for
D/dis6<D/d<45, with7 <D /d < 40 being yet more preferable.
Moreover, a more preferable range 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<L <h + 250, withh <L <h + 200 being yet
more preferable.

The precise reason why the high-quality and high-performance
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amount of the nolten material having approximately the
sane nelt wviscosity is supported at the sane hei ght
on each of the guides. Meanwhile, the nolten nmateri al
is continuously fed onto the guides from the top

t hereof, and hence nolten material of increased

BTG R B SEEFA 10 9T win

ottom porti of the casm the 1o
disqalerafanaean b arofuced sttty i e dasiHii Timofecular
.approximately the sane poI ymerization degree produced
We'ﬂj‘)ﬁ ifer @ prplonaeshperind glittrae eaianesdustiialisraleayiinea fast
bottom portion of the casing, and hence aromatic
polyley tzatbomaaee W tstepo(1aris atdtoslear, tuitds thaughditghbe as
can be continuously produced. This is another

follewee! | ERAt ¢hoaecbRiingtictieguide-odntdting downflow type
pol ymeri zati on apparatus used in the present

p0|¥lﬁl\§$mét%h 38350784 Gn 18 Hﬂ benatRafhbanbesriaN molten

& tapered bottom porton e casing is
preéBQ}hgﬁqg%ﬁ f%%g_p@g’@c E\Q?ILQQB?H;E \géﬁ@'rég e%?dlﬁ’lg Yoke¥ and the
perfiimtefsiéte 2 RS the o dftas 1 200 daveéafeég’r%%b%ﬁ%%ﬁ""

agent nay be added in_the extruder he p rfor .
degﬁestf@erﬁ nacg%aa@ddmtaélqumnalpwp@e SURdES.  Effective
irrerlzatlon apparatus used in step (II1) is
lntegea sdirripgsandcs wifatediarngwal obﬂbee@o!f@m pIRROBUmer are carried
pl ates, and plates that are thickened in a mddle
outm:sth@nnbhenepfepmllymemﬂpwsoﬁoWrea;bengdhetgdiq:esa,tandéhus
generally selected from shapes such as circular,

rem®4all, oft phaRaliorrthealike 18! ool outhsffe stively, Qﬁh@ﬁéﬁy e
the holes in the perforated plate is generally

polfﬁ'e‘?ﬁaﬁfor?%rBE%@c&hQPESfa%‘{%tés CrRé& Yhalt: w%@bntg mcreases as

riangul ar, slit-shaped, polygonal, and star shaped

the%gﬁ?&ﬁiﬁﬂeh rdted ,Oﬁlﬁﬁ Wéllb%@?prgoéﬁﬁe (f:‘ﬁf«fb'f)fhe flowing

fange ~of pr e era
down meft ma?erlgFto the guides increases, and thus the amount of the

molten materia! stuck to each guide increases toward the bottom of the
guide. This means that the residence time of the molten prepolymer on
the guide, i.e. the polymerization reaction time, increases. Moreover,

for the molten prepolymer, which flows down under its own weight while
being supported on the guide, the surface area per unit weight is very
high, and hence surface renewal is carried out efficiently. Increase of
molecular weight in the latter half of polymerization, which has been
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 material stuck to
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particularly preferably from0.1 to 5 cnR. The spacing
bet ween hol es, specifically the distance between hol e
centers, is generally in arange of from1l to 500 mm
preferably from25 to 100 nm The holes in the
perforated plate nmay be hol es that penetrate through

T e I B
il 5orTBh SERE"EE b ioeRe B e o g force, whi

apparatus used in step (11 Iﬂ)F i ndi cate nenbers f(}){r each
corigspends te thermalbvissosibe dnddianss apripxEBatel the same
perpendi cular to a horizontal section relative to the
amauwrt afjéheanglteromatesiad havingeapprexignately the same melt
hori zontal section is very high. This ratio is

vis @ity & byipiported aitgheofafmemelght onleddnd, dohe guides.
preferably from50 to 100, 000. The shape of the

MedidvhfiRNttAk RfdrPhateriISRecahtiMudelstf fed dritomimhguedes from
such as circular, oval, triangular, square,

the ﬁgbytg%qgmgggﬁt ALAtaSHaRRY mHter ?cﬁ:irftgﬁgtglﬁﬂ §6Rirh&fization

, OF may vary, in

direction. regver i :
deghtpiicay Man eRPEpRiatey S e, Shals fusl ISP soiftinyously falls
single thin rod, a single, thin, pipe e fa b h
doviata Hes RIS pPEFONHane arRsto BierBrihe el s of the
‘the like, or a plurality of such gui des mgy be
guidesbi rTereatusai,rﬂjoraahﬁtnﬂiacglufeﬁnaget%%mprr@(l?rt?@r@ﬂhéh? same
Moreover, the guides may forma nesh-like structure, )
polymeaizatichidegneleapecd i ked swhiletflowingdown thgcguisies collects in
each guide may be snooth, or nmay be uneven, and may
the taperaddbebhoporiioh dhthe idesing, pinackencerafamabice
gul des are cylindrical ones such as 80 wires or thin

ot i XS HIPRS sarfeci P ibores gl CaebgLsodinucusly
progg%ggﬁi deRidRY ah'?ﬁﬁﬁ?'e‘k%%lié&ﬁtecﬁafhe&b}i%@icsféﬁt@ﬁe%ﬁfhe
polymerization apparatus used in the present invention. The aromatic
polycarbonate collected in the tapered bottom portion of the casing is
continuously withdrawn through the discharge port 7 by a discharging
pump 8, and is then generally continuousiy pelletized via an extruder.

In this case, additives such as a stabilizer and a weatherproofing agent
may be added in the extruder.

The perforated plate in the guide-contacting downflow type
polymerization apparatus used in step (lll) is generally selected from flat
piates, corrugated plates, and plates that are 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
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heati ng medi umor an electrical heater therein, but

gui des not having such a heating source therein are
particularly preferable since then there is no risk
of thermal deterioration of the prepolynmer or aronmatic
pol ycarbonate on the surface of the guides. In the

fronqtﬁﬁ?p é"%%t bg%@lﬁ?' 8Vl yﬁ%%b&ﬁféll?%ﬁb% polygonal, and

ara use resen I on

star §B§S pfgﬁéc%%c nfp]lgafl\ %Eﬁ%@ tc{}! %$CI§:6§: {g.tez’ Ihﬁf%g?é msq%or}erally in a
é‘éﬁr“ o TS e opRS ekl o B SHE L M85

pe i n whi ch a plurality of gujdes each havi n? t he
parhoularbv paeierablyfram Qi htedy cm -a_Thenspagiicabetween holes,
descri bed above are joined together at suitable
specticaltpthedistamtes betivern hmhe\cmfrﬁersstmgenmaﬂrydm atrange of
top to the bottomof the guides. Exanples are

frorAep o |5 B N, GreféFalsiyUirem 2% whi1old mml urthé tholes in the
gui des each havi ng the formof a wire or a. thin rod

per%ra@e&%i%t@'rﬁﬁg% FR1ekithed FORNRats entbugH thieopetfrated plate,

using transverse supports fromthe top to the bottom

o Al AN PR b AGHSE el Moreove

th I ee- di rre€3|tonal uide structure in which a pl ural [ ty
e(;'fo €GcHaYeRh F‘Pﬁéeaui de structures are arranged in
front of and behind one another, an ed .t oget

usi RE& ragesr I8 @@pgerd%-%ﬁntgeimabge nflow ity °ﬁfmer'zat'0n

intervals, for exanple intervals in a range of fro

appasa® used oy step J(Utﬁblr@dl@?ﬁﬁlm&@bﬁfse'éofdeﬁﬁhsq’ﬁ)mh'cr‘ fhe ratio
gui de structure in which a plurality of guides each

of theviengjthhe 4 directiom pgrpendicalamicarborizontal séatipnprelative
as described above are fixed together in front of and

to thehavdsagdfehgitt ofMHeSdutdrgbéripherpns o thaizostiaisection is

transverse supports at suitable vertical intervals;

verﬁr‘?ﬁgﬁxa“ﬂl\% &Y eﬁwér‘%\@r frﬁ%gl%ﬁefoerFbﬂa ﬂgft%o@ 00,000,

transverse supports e not onl Yy usef ul

pre@%l{?%é&esbnﬁoei 53', @.et 9fd' shape of the horizontal section is

generally selected from shapes such as circular, oval, triangular, square,
polygonal, and star-shaped. The shape of this section may be constant,
or may vary, in the length direction. Moreover, each of the guides may
be hollow.

Each of the guides may be a single wire, a single thin rod, a single
thin pipe made to be such that the molten prepolymer cannot enter
therein, or the like, or a plurality of such guides may be combined 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
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t he gui des approxi mately constant, but are al so useful
for increasing the overall strength of flat or curved
gui des, or guides formng a three-dinmensional
structure. The supports may be of the same nateri al

as the guides, or a different material. For the

w1r%b§%§?ﬁgba hﬂﬂhg?&éea%(wﬁ%eea%# églﬁgbz‘?ﬁégﬂ like guide
StruGlUres nanaL A GBI %‘&BE?%@F%%?{H&?U%’? o therein,

with an outside dianeter r pr ef er abl
sat T&E guider May |tbwrriﬁﬁlw@ﬁrmmae @3h?at'@918Qur¥e such as a
(34). The gui des pronote pol ynerization of the molten

he afimap oigaieim a an ledectilicahhpatpotyerainf bodguidas pakhaving
gui des, and al so have a function of holding the

suchDA skt @ Y ureer tHerein axer paitic Warlyopgreferabbe sifbeshen there
holding tinme is related to the polynerization reaction

is nid A8k dBtHERGAl HEE’enéF‘é’NSn éf&ﬁé‘?r@ﬁbwmér Hta@matic

proceeds, the nelt viscosity of the nolten prepolyner

Vit the holding tine
ol e FERE SR RUFRRE of HIE JIBBES. | 1C cace. For &
giv | t Vi Scosi th
o o bt RSuidsShiAdtnb JTrwBERYL} 8L A ffon apparatus
external surface area of { n th ase
usegk in:ihe Riesest ipventiope wh&ﬁ%gnag?%%gfoamﬁ' gf the
_outside dianeter. Moreover, the EU|des |nstalled in
high+euaidlyyatomadic palygardonate ondbe industeapssadp(in terms of
i nvention must be strong enough to support their own
prodeiction amount)eretoghedostattie produetionr, eplel e particudarly
hel d. For this reason, the thickness of the guides is

preféRlbaglider 8t uctuid és Qﬁ@oefa B8 ey iwhichcalplarality of guides
pi pe-shaped guides, the fornula (34) is preferably

ead‘hahgﬂr&g?@he folrrd of & WSS ot 2 th % Aod U?@tlﬁfrpbﬁi@%% described

| e 'Operation beconmes difficult in terns of the

abos&}er g?@ iBind§§b§8tn e at duitalIEN &tiddlARtdrvaiSUsihBetransverse
supports from the top to the bottom of the guides. Examples are
mesh-like guide structures 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 using transverse supports from the top to the bottom of the
guides at suitable vertical intervals, for example intervals in a range of
from 1 to 200 cm, a three-dimensional guide structure in which a plurality
of such mesh-like guide structures are arranged in front of and behind
one another and joined together using transverse supports at suitable
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 behind, and left and
&1



t hensel ves becone very heavy, and hence there are
probl ens such as having to nmake the perforated plate
very thick so as to hold the guides in the

pol yneri zati on apparatus, and noreover there is an
increase in parts where the anount of the nolten

figfggp?ﬁ%k%i"ébfzg%ia@ré‘*?ﬂﬂg%r%%%?%'P@)ﬁ?gah{hfiﬁ%‘?@aﬁ.%?a'

integVals, 4T xXaip I GRS 12 & (2 REB OLT8 M boFAG U e, The

preferable. A preferable material for the guides is
iransversel swpparisrarg motanly usetuldor kagpingsthe intgrvals between
carbon steel, hastelloy, nickel, titanium chrom um
the gjuidesappeoxinatedy carisiast, biylharg dleat usefulsioarincreasing the
polyneric materials, and so on. Stainless steel is
ovePall tgteah §tH v ATA 6F abreed Jdidesy &r, gsiddsafeamifg ahe
gui des nay be subjected to any of various treatnents

thrett dipehsiohd] SH mtggﬁp' qtﬂé‘r%uvkﬂgd‘rié‘%afﬂfébﬁhboé‘ame material

treatnent, aci I ng, O shing with phenol.

ere. p ' LiplL.tati ons on the positional
as t;ﬁe éﬁu’%‘{’éhﬁga @gt%%ﬂg%ﬁéég]ﬁ?'des and the perforated
pl aLe t he, positional rel ati.onshi bet ween el
oui s ShrcdVi Roni8Sfne: deRbRN Mibe PoviTeNzs By apparatus,
. .as the nolten prepolyner can contact and fl ow down .
in thecasia that eprd guldris cyhindrica p@r’ﬁ'!ﬁ%ﬂé@ form gt fepipe made
be in contact with one another, or not in contact
to bg sucbribadtbenmolton prepghy mesreannohentectherein, with an
limtation, it is preferable to install the guides in
outsider digroetencdcm), it prefenabbssatisfies theefoélbowirg formula (34);
pl ate. The reason for this is that design may then be
carried @uf spehqthat the nolten prepo{34per falling
down fromthe perforated 83 plate contacts the guides

in FHEt gmqee@a?%h%&&spo@ﬁﬁéh&bﬁow sf Qﬁéhh%lte%ﬁf?ﬂ#gﬁfmer as

of inst I ng the guides in correspondence wit

the Wﬁ@%ptﬁr%é@yﬁtgé ?Iﬁé\ﬁstaﬁgf}nmegﬁﬁ Juige¥9%nd Bsé HR@%unction
of holding the molten prepolymer for a certain period of time. This
holding time is related to the polymerization reaction time. As described
above, as the polymerization proceeds, the melt viscosity of the molten
prepolymer progreésively increases, and hence the holding time and the
amount held progressively increase. For a given melt viscosity, the
amount of the molten prepolymer held by the guides varies with the
external surface area of the guides, i.e. in the case of cylindrical or
pipe-shaped guides, with the outside diameter.

Moreover, the guides installed in the polymerization 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 important, and in the case of
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guide is fixed to an upper inner wall of the
pol yneri zati on 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 nethod in which the upper end

. gui.de k.S L . j I t o fi
oy iRt Pt shaped Blidde R FoMELE GeEie PrRfafip satisfied.
uides, are.proyided such that .each guide penetrates:e: .
it fiesinanso et Resioiad Btatia g8l atiSnNiEsa s ditticutt in
met hod in which the upper, end of each guide, is fixed
terms afhthe,strangthe Whetars ffof ivoseatehihdl 1,thafihe atdes
met hods for making the nolten prepol yner pass through
themselpes fhecnme peew beavy, ansdhWhaowe Hieregateprobiemms such as
are a nethod in which the nolten prepolyner is

having tvatake fHeopetforatedrplagd verysthivk seeaghto hold ke guides in
liquid head, and a nethod in which the nolten

the ﬁfcﬁ?ﬁlé/ﬂi@étibﬁsa;}%ﬁﬁﬁ%fs‘? AP e dva Biereld BE iackEEBe in parts
or the like and is thus extruded fromthe perforated

o . . . : o
whalfe o UB{ S ReeraIPRre ool helliechociniah, resulting i
I [ .ed into edi ' .

proflsfRs ok as fatiBhiartit i e bR PE s belgBging o g For such

unp, ‘and then the lten epo) t hus ~gnt
reaB B8, 3 Mo pERlenabrRaRs ol IS0 dl 3 Khs dhwilofle < r< 0.6
the guides wunder its own weight. The nolten
be“ﬂ)@é’@gl mese prefgeableal |y continuously fed into the

gui de-cont acti ng downfl ow type pol ynmeri zati on

appér pueferabfe enatexialntp riddengbide $ds ttnen splectedefromauetals

pol ymeri zation tenperature. It is thus generally

suchr & astahileststezl] sakiednwteehehbstalidy miekiehstitd niean on
an outer wall of the guide-contacting downfl ow type

chroflidAEr AKMhHiIim84mPBtiét HAoyaNhigRIyCRERY-redistaprtpdlgmeric
to a predeterm ned tenperature by passing a heating

maUTLAG LB SR ol i BNt
MoFer}ﬁ/éJrf %%?Hggé of the guides may be subjected to any of various
treatments as necessary such as plating, lining, passivation treatment,
acid washing, or washing with phenol.

There are no particular limitations on the positional relationship
between the guides and the perforated plate or the positional relationship
between the guides and the holes in the perforated piate so long as the
moiten prepolymer can contact and flow down the guides. The guides
and the perforated plate may be in contact with one another, or not in
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 prepolymer falling down from the perforated
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feedi ng zone and the perforated plate, and maintaining
the tenperature of the polynerization reaction zone,
the side casing and the tapered bottom casing. In
step (Il1l), the tenperature of the reaction in which
the nolten prepolyner obtained fromthe aromatic

i Y F@Pfl’sﬁ@ﬁ%ﬁﬁ%‘?’%ﬁ pisrravi

id f
exa ang CE 8t"g%\l\g‘r'J Fl'?é %ﬂnﬁééégtﬁo‘ﬁabaﬁhﬁong jgs in the

enerallyln range of from80 tq 350 C
perfaxre dinlgte dﬂﬁhéiﬁpo(‘B/)n%rmﬁﬂwféﬁna*ﬂb&‘r‘htﬂﬂj@ URRRS Pﬂdt%éeaCh

present invention, efficient surface renewal is
guideis ifbcebtd ar oppermiyineg waltef the polymerizgtiem@ppaiedus, and
the pol ynerization reaction can be nade to proceed at

the guigbatanebyolidled elhrthiatreach guidkepabbtrateadhroogh the
tenperature is thus in a range of from 100 to 290C,

wmﬁﬁgXI P eﬁ@éﬁ?'dsnt“rép H18nter 8 Wle IWfI’ﬂe @Je‘?@é#a&@ﬂt dlate; (2) a

stirfing typ reactlonfor ultra-h

met‘ﬁ' W#cﬁoﬂryﬂéga\i‘g%rﬁ@ orfI gdlaeaiscl‘i’i‘&?%' é’rb@npheral

yheri zation a generally be

essary to stir,f t ol Q {i .
porﬁpana B nBet e, pf ool e it RSB e 4 heyuides
vacuuym Qf not nore than 133 Pa. Mreo i.t has
are tFH@H'%gsﬁ'{ﬁ"éthét g\a&hdgylgzq pRNIrates fbfqt@kﬁn@ﬂ%"bfhe
air, and ingress of foreign matter, throug
perfs:traltedrfyaiaaands(a%)l a metiadrin whigh the uqmryﬁﬁﬁh oheash guide
apparatus used in the present invention, because there
is fixed twthedhadersidestf the pgriadaded plateo such stirrer
seal, and hence there is very little |leaking in of

ai fE&@@nﬁFstBf nrgtHdus fior eakingt thes nBolteh gy repiady medri pass
feature of the present invention is that the

th rdlf&h('i‘ﬁé' &@i‘fb?&‘ted: %‘i‘ai*éeaﬁarﬂbﬁdd 8in agmq@hel Juidlesdare a

tenperature | ower "by approxi mately o 50 Cthan in

metﬁ?ﬁ ﬁ?ﬁ\gﬂﬁi’) 1 nFORY R Brie Y i isZ8MbHe Pt X down through

its own weight or the liquid head, and a method in which the molten
prepolymer has pressure applied thereto using a pump or the like and is
thus extruded from the perforated plate. A preferable method is one in
which a predetermined amount of the starting material molten prepolymer
is fed into the feeding zone of the polymerization apparatus under
pressure using a feed pump, and then the molten prepolymer thus led
onto the guides via the perforated plate flows down along the guides
under its own weight. The molten prepolymer is generally continuously
fed into the guide-contacting downflow type polymerization apparatus
after having been heated to a predetermined polymerization temperature.
It is thus generally preferable for a jacket or the like to be installed on an

outer wall of the guide-contacting downflow type polymerization
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type reactor for ultra-high viscosity polynmer. This is
another big factor in it being possible to produce
the high-quality aromati c pol ycarbonate wth no

di scol oration or deterioration in properties in the
present invention. Mreover, even if the conventiona

n I e

appafehdEna i t@ &t ot b%ﬁ% P prageRA i gmperature by
ar omat a bonat Lum Vi SGOosSi

pas§iiti @ heatRgadiRet dudhgo e b gkt a%ykﬁqsiﬂgﬁfheafmg or
of the arormtl c pol ycar bonat e, but with t

maigiaigdng dheatempgrabises phiheypeltes ym@webﬁthe prepolymer
apparatus used in the present invention, even a high

feedingczoneyand dbe pechosated mdayez,aabdrraaéntaiamg)éhe temperature
produced easily. That is, wth the guide-contacting

of tlevpdlyeverizatie np@aotion zelneynthapphieicasing ethd thé tapered
present invention, aromatic polycarbonates of all

bott®mdassihgom a di sk grade having a relatively |ow
nol ecul ai wei ght up to a high viscosity grade can be

pr oﬂ-ﬁﬁ?é?'p E(Tlh}f'tﬂesteﬁﬂ %‘n‘aﬁ.nkél Sfﬁﬂér%ﬁcﬁ c'hﬁﬁ %{ﬁﬁ:‘ﬁt tH& moiten

nven
Pfe'EﬁW% bahfey 68 'onﬁ??ﬁ‘éﬁ §é’ef%fr?’§y§9§mf9\xﬁ§”ae'ﬁ‘$’the
d'pié'fv'n%ﬂ C@ﬁpq e pubfesed t haoymetizanes o et on

the reaction such as nitrogen, argon, helium carbon
gul@mrtiacbngadpmwwﬁupscmh@negagtnosl ARPAsAtE 80 ASd0

the polynerization apparatus, and the phenol produced
prodgcertheaa o abic phl;&:ar@ma&edst@eeer&lﬁp\mcﬂ rangetdfoftrom 80 to

in which the reaction is carried out under a reduced

350pt@ssHewesker! Becbrding to thepoiveieriabtivnuappardus used in the
Al ternatively, a nethod in which these two nethods are

preseedihRAMbR! efficie it siftfRee er?fe%éipié’cﬁﬁ‘?éd dut §é'68rrﬂ)any|ng
case, there 1s no need to introduce a |large anount

intetA51 508fihg9%hd RbRcENthd BV FAtiON reaction can be made to
proceed at a relatively low temperature. A preferable reaction
tempe.rature is thus in a range of from 100 to 280°C, more preferably
from 150 to 270°C. W.ith a horizontal biaxial stirring type reaction for
ultra-high viscosity polymer, which reactor is a conventionalr
polymerization apparatus, it has generally been necessary to stir for a
prolonged period of time at a high temperature of not less than 300 °C
under a high vacuum of not more than 133 Pa. Moreover, it has not
been possible to avoid yellowing due to leaking in of air, and ingress of
foreign matter, through a stirring shaft seal. However, with the
polymerization apparatus used in the present invention, because there is
no mechanical stirring, there is no such stirrer seal, and hence there is

very little leaking in of airand so on. Furthermore, another
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apparatus, but rather just enough to maintain an inert
gas atnosphere inside the apparatus is sufficient.
Furthernore, a nethod in which the inert gas is
absorbed into the nolten prepolynmer in advance before
the nolten prepolyner is fed into the
Lder |rBY f i | gedt fymerization
cha BTt FEGhIBTRERNE reber RRVBRLLIFIS st it polvmeriz
inert gas absarbed therejn i ' ;
can i GrefiEsEHb AIRAUAISTY Bt iSuialetils Towel Hy'Gpproximately
reaction pressure in th ol yneri zati on_apparatus.in -
20 tgy 56 °@ Khanuarthes caspertiitg BNYarsayaknaHgomsr LRl stirring
wei ght of the aromatic polycarbonate_to be produced,
type neaptoryfsr ilteaihightysgesityupelymand Ibisis anather higefactor
case, for exanple, of producing an aromatic
in itoséireppbesiile fo protiheentlet higipopiality mromatidueelycarbenate
bi sphenol A and di phenyl carbonate, in the case of a

with HBDETs cRYEFRUEN 1 @618rPbratieh Ghtprofpdreies inhtire préeent
the reaction pressure is preferably in a range of

invdA9on 400 to 3,000 Pa, and in the case of a number
average nol ecular weight in a range of from5,000 to

10, [ ti p [ RYPR .
12, §Yep . 525 4ReREBRRLARahe SELSHA diahlafuiring ype
verage ol ecul ar. wei ght greater tha . .
reagl@gcﬁqdﬂha- égtarVéspgsﬂgr ymen gp pgg@,?ﬂ?gﬁ%%%&%r’\ aromatic
particularly preferably in a range of from20 to,250
polygarbamnatecel meadiyn yiscesily @rade of @p%ﬁfmgossnbﬁe due to
pol ycarbonate having the desired pol ){)rreri zation
the adtraebighaniseositpofidbe asmationpo!yoasbonate, but with the
gui de-contacti ng downfl ow type pol ynmerization

guidemrstesingodbwidmadype Ba@lymetization appairatus ased in the
degree of the nolten prepolynmer used as the starting

ProSShC L NIONE R ebeme o 1 A polycarbonat
canPb¥ BHoduced ea%nl). IUrKet FROWAR NP guide-contacting downflow
type polymerization apparatus used in the present invention, aromatic
polycarbonates of all grades from a disk grade having a relatively low
moiecular weight up to a high viscosity grade can be produced. This is
also a big characteristic feature of the present'invention.

In step (l11), as the polymerization reaction proceeds, phenol is
produced, but this is removed from the reaction system, whereby the
reaction rate can be increased. A method in which an inert gas that
does not have an adverse effect on the reaction such as nitrogen, argon,
helium, carbon dioxide or a lower hydrocarbon gas is introduced into the

polymerization apparatus, and the phenol 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.
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downfl ow type pol yneri zati on apparatuses are |inked
together so that the polynerization degree is
progressively increased nmay be preferable. In this
case, guides and reaction conditions suitable for the
pol yneri zation degree of the prepolyner or aromatic

pol ycar bonate, t o, be ed are
Alterpatiggly, %@?H@of,!)awﬁ@\qq‘z s34 tg Risihpedoate Us¥l tgether

i ndi vi dual l.y. For exanp in the case of syst emdp
cansenbe ﬁreﬁetablguu%@d codﬂa%ﬂ%ga aa%ar thare yﬁ 0 need to

pol ynmeri zati on apparatus, a second guide-contacting
intraduoé | a¥atgeanpouginef ithetinent g@saindo e polymedgization

gui de- contacti ng downfl ow type pol ynmerization

appapatusitbist ratHerllish erpugle-toanbistaingnlineft gastatpeosphere
pol yneri zati on apparatus ... are used so that the

mer@'ﬂﬁ'@?éPEQFh% fegueRcientpr ogr essivel y increased,
t aki ng e total external surface areas of the guides

DOS?ggﬁ]%gAnPa(rg he Rl ih chﬂnthé‘ﬂ?éftfﬁé@% difsfbedlinto the

respecti vel st enY can be

moiln HigPohemes an Shvie ﬁ?%%?Sthﬁaw%ﬁgemfe?g&@‘eef%% into
eac ation a

O L R,

Furt hernore, the ynerization pressure may

the m@ﬁeewwlym@dgasmg the naepfogyﬁeab%&h%therem is subjected
apparatuses. In this sense, in the case, for exanple,

to thé polygrezatiehyisi mksroepaefregablm pol yneri zati on degree
usi ng two pol ynerization apparatuses, i.e. the first

gui Aepregstasty ﬂ@adﬁmfm@sshuaeinpﬂia/tﬁbﬂym"m:on apparatus in
‘apparatus and the second guide-contacting downfl ow

step YAP) PaleEeaEE8hd ?Hipﬂﬁé‘tttﬂﬁe and irfioRE@ilar aeRyhtt 6f the

use gui des such thal the to external surface area

TP S PR NPT e
andlg 8 B Aokl gﬁﬁ%?%mﬁié G SBbREIAG B AL
polg;gérbonatg f5rom the molten prepolymer produced from bisphenol A
and diphenyl carbonate, in the case of a number average molecular
weighf of less than 5,000, the reaction pressure is preferably in a range
of from 400 to 3,000 Pa, and in the case of a number average molecular
weight in a range of from 5,000 to 10,000, the reaction pressure is
preferably in a range of from 50 to 500 Pa. In the case of a number
average molecular weight greater than 10,000, the reaction pressure is
- preferably less than 300 Pa, particularly preferably in a range of from 20
to 250 Pa.

When carrying out step (lil), the aromatic polycarbonate having

the desired polymerization degree can be produced using only one such

guide-contacting downflow type polymerization apparatus, but depending
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1< S1/ S2<_ 20 (35). If S1/ S2 is less than 1,
then problens arise such as variation in the

nol ecul ar wei ght i ncreasing so that prolonged stable
producti on beconmes difficult, and it becones
difficult to obtain a predeterm ned production

on (ebplumprgesan dasee el The nPLER SianSIPet ws ety the
t he U|des |n t he second pol ynerizati on par
stars@@on’e%temadh harmrodsiced agupunt,ph Sheraromate bdbisasgonate,

the residence tine of the nolten prepol yner beconi ng
ands$n, sd syisdem in whicbn pluralitycef supg @ide-gontacting
aromati c pol ycarbonate of the required nolecul ar
dowﬂl@httypéopobytmbr:zeamnapparab:sees)raeédlraibeé togetdket so that the
.5 81 /S2< 15. In step (111), not less than 1 ton /

polWﬁe@F‘zatthﬁ degaki ie PRIy l‘“e%rs@@@gf fcreaseidogipetle préferable. In

because the phenol by produced in the pol ynerization

thlsrcea?scé §Uldés %'n%cg@égﬁ %ncﬂftlotﬁsesiﬁ?ﬁb%”fo?'@ﬁerﬁ’éﬁ/ﬁﬁ‘enzatlon

mer nust Into the ymeri zat1 on

deggﬁgw p'{ﬁggﬂﬁﬁ{;@@ sﬂfdﬁ?hﬁepﬁiﬁgmrﬂ)ﬁb%rﬂs/tohﬁe pro¥ficed are
|on hu var i dependi on_the
pre%aﬁﬁi diihted iogRen dhihe: @ﬁ&l@i%&&ﬂ%@qaaﬁon
ree of the aromatic oI ycar bonate to be duce?l
mdlul;?uaiéy gefi®r #Xgmphe ain élhgé:atﬁe of greystemiip whscli' Ghlirst
hr per 1 ton / hr of the aromatic polycarbonate to be
gu|q:em|rteatinﬂqdomﬁmwypenpmmarizaéiom appairatus, a second
pol ycarbonate is produced from the aromatic di hydroxy
guidesgontadtiagdd b fibwitgpel pobmberiaatiomappapafud, & thiran
be carried out w thout adding a catal yst, but may be

guidélddrite chiny davﬁﬁld\hﬁtypbeﬁélw&eﬁfza@loﬁﬁhﬁbﬁétlﬁs% a fourth
requl red sOo as to i ncrease t'he p0| ynerli zation rate.

' gmd;ré;gﬁ?'lt E'ﬁn\%deﬁmﬂd‘w}&'t eﬁﬁ%flgﬁﬁltoﬁi;a?Pﬁ?g . are used so
thatqfheg'tp'o?)'?me@%wsﬁsdegjree is progressively increased, taking the total
external surface areas of the guides possessed by the polymerization
apparatuses to be S1, S2, S3, S4 ... respectively, the system can be
made to be such that $1>822>832>S54 > ....

Mofeover, the polymerization temperature may be the same in
each of the polymerization apparatuses, or aliernatively may be
progressively increased. Furthermore, the polymerization pressure may
be progressively reduced in the polymerization apparatuses. In this
sense, in the case, for exampie, of progressively increasing the
polymerization degree using two polymerization apparatuses, i.e. the first
guide-contacting downflow type polymerization apparatus and the second

guide-contacting downflow type polymerization apparatus, it is preferable

- to use guides such that the total external surface area S1 (m?) of the
' 88



the catalyst include alkali netal and al kaline earth
nmet al hydr oxi des such as lithium hydroxide, sodium
hydr oxi de, potassi um hydroxi de and cal ci um hydroxi de;
al kali metal salts, alkaline earth netal salts and
quaternary ammonium salts of boron and al um num

guidis i SR B Ch @V i 2ntiBh, ARHALAE, AHrEr o FttBinal surface
ared S AR b e, Ser o e H P A 0 Gl e
al kali metal and alkaline earth netal al koxides such
polymerizatianmapparsii e satisdyithe faltowingiéormula 488)um
nmet hoxi de; al kali netal and al kaline earth netal

aryl oxi de$ s@&h/ &2 ki 206i um phenoxi de, s@b)um
phenoxi de, magnesi um phenoxi de, and Li O Ar-CLi and

If SNyYBAisQuas( W @i, th&h probilesestariss suahyhs rariglion in the
al kali nmetal and al kaline earth netal organic acid

mol&&ljar Wé‘iﬁht ﬂ?cr‘ééﬁh?@@‘iﬁéﬁ&%l&%&d WihBfehRbAuatidn becomes
SO conpounds s e

I um benhzoate; zin ch as zi nc oxi de,

diffiéyi‘ng aﬁ?&ﬁ@l}g?gg, &‘dﬁ‘ﬁic‘lﬂ?@{?@ﬁgin %%Pé‘%@ﬁﬁ?ﬁ%?@#ﬁﬂtion

oron o’ oric acrd, 'sodium borate

amm:ﬁhﬁ}%g i{ gg P gggis:gé%%t%hﬁ{gr% Z%C,)rt%te%’ thaé]?low rate of the
R R2R3R4) NB( R R2ZR3R4) and. phosphonj um bor at es e e

m°'§%‘br¥’é§9ﬂ%@%ﬂ?%ﬂ@@§' FBBFFQV&&RH) w('ﬁﬁ&‘“é?'?p Ro’lyp@’nzatlon
R3 and R4 are defined as above); silicon conpounds

apparatusbesiomesrhighi @énd esdr uasust prafkiems arise such as the
tetraal kyl silicon conpounds , tetraarylsilicon

residempeutidse afdhedimaitety prepbiymer teegmining wino r eonthrtuin
conmpounds such as germani um oxi de, germani um

becbfié@difiuides dtaimnhenaImaticdsofargenataiofmhe required
phenoxi de; tin conmpounds such as tin oxide, dialkyltin

. e S | . Pt
mol@¥LtsS welihat. Wghrbl.gﬁ?@égeﬁlé,%tﬁforet belTé‘?Sb?é ?ang'gnis 1.5 <

conpounds®in OXy grolps or aryloxy grou

opded to tin such as ethyltin tributoxide, and
S1 g$§a%o?€'n conpounds; | ead conmpounds, such as |ead

oxi Pnesulagat?llﬁc% }eeSS than 1 ton / hr of the aromatic polycarbonate
is produced; but because the pheno!l by-produced in the polymerization
reaction is discharged out of the system, the molten prepolymer must be
fed into the polymerization apparatus in an amount greater than 1 ton / hr.
The amount of the molten prepolymer fed into the polymerization
apparatus thus varies depending on the polymerization 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 diphenyl carbonate in step (lll)

can be carried out without adding a catalyst, but may be carried out in
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| ead carbonate, basic |ead carbonate, and | ead and

or ganol ead al koxi des and aryl oxi des; oni um conpounds
such as quaternary ammonium salts, quaternary
phosphoni um salts and quaternary arsoni umsalts;

anti nony conpounds such as antinony oxi de and

: a . ngs
the YR B & Pafuly ST A NAIT e ORI IS iTtTasE the oo
borate;:..titani umconmpounds such,.as,titanj ym oxide, apd
POIY ML FANP IR ddd RIEs fih Pan GRIA T U ata o s, o suBa
zj rconi. um conpounds such as. zirconium acetate,
cata|yst oM highoriayebe ANy ysedhin i@ fieldsinaAbestpy; oxFyamples of
and zirconium acetyl acetone. In the case of using such
thexatal ysiyncludaecalkatimedabiapst alalinge earfemetal hydroxides such
plurality of the catalysts nay be used in conbination.

as [Tt urmuhydnbxite ds odliurh ehydrodisiet pictagsiendiydrosadecared calcium
froma range of from 10-10 to 1 % by wei ght,

hydioRide aBlRaif hfsal @adtd, calk@iihe”e AVt Rictal saMe’ 8nd quaternary
preferably from10-8 to 10-2 % by wei ght, based on the

amﬁﬁﬂﬁhb?%a’ﬁ%t &t P%'ronaémlh&iﬁhm Wﬂfﬂ’d@%&?ﬁntﬁﬁéltﬂ idirme

case the nelt transesterification netho

[ on_ ca .
aluBARYAT PV BRI caf B ot € At et A< g bR lum
effect, on . the | yer operties, It js thus
borghyigias aika) wisdal and: & Kfm carth dreldl hvilides ych as
...as much as possible. According to the process of the
lithprradeydriday sadiem, hydedsoapdetaisigmonydedenalkalirmedal and
out efficiently, and hence the anount used of the
alkalinalganthonetakaiaoddesvsuadinias lithiune methaxide, sodium
characteristic features of the present invention

etheridd iamgl thkium grethmiidey adkalimhetalpphd clkhtinet eatih metal
be produced. 91 There are no particular limtations on

aryld¥deBt sliclasofitiilitn plidriiscigenisyediufo phewdKige, #gnesium
pol ymeri zation apparatus and conduits used in step
phe(rld)!ifie, @H%L%%F—%thﬁh NS AN & YwH et 8¢ fdF¥8sents an
metal s’ suc
aryl group); alkali metal and alkaline earth metal organic acid salts such
as lithium acetate, calcium acetate and sodium benzoate; zinc
compounds such as zinc oxide, zinc acetate and zinc phenoxide; boron
compounds such as boron oxide, boric acid, sodium borate, trimethyl
borate, tributyl borate, triphenyl borate, and ammonium borates
represented by (R'TRZ2R*R*)NB(R'R?R3R*) and phosphonium borates
represented by (R'"R?ZR*’R*)PB(R'R2R®*R*) (wherein R', R?, R® and R* are
defined as above); silicon compounds such as silicon oxide, sodium
silicate, tetraalkylsilicon compounds , tetraaryisilicon compounds and
diphenyl-ethyl-ethoxysilicon; germanium compounds such as germanium

oxide, germanium tetrachloride, germanium ethoxide and germanium

phenoxide; tin compounds such as tin oxide, dialkyitin oxides, dialkyltin
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as stainless steel, carbon steel, hastell oy, nickel,
titanium chromum and other alloys, highly

heat -resi stant polyneric materials, and so on.

Mor eover, the surface of the material may be subjected
to any of various treatnents as necessary such as

cartfl)alfs i RtaREE] SOLAAAETh Ihio afofl BF8lpgcr
aryIBKigroug.ArR Hne Adecin e, Br b Triepklde, and

pol ymeri zation in the guide-contactjng downfl ow type
orgmﬁymecrorzmmds;alggﬁlr G0 MPOUNdSy @'éclarﬁﬁjfﬁg@fo&'ﬁl%’ 185d acetate,
phenol by-produced in the reaction is generally .
lead: carbanats) basic lehdwarbonatgassdueadamd argantlead alkoxides
condensed into a liquid formand thus recovered. In
andté‘l@l@kﬁfﬁ]toﬁirmﬂrﬁdmﬁouadrshsuoh ag qaatérmarysaapmenigm salts,
of ‘circulating the phenol by-produced in step (I11)

quapé‘l%rgi &ﬁssf)_ﬁ@n%rﬁh@aué #i7d kerakenanoavss hiumssaps;(ahtimony
must be carried out. In an industrial production

con&&fﬂrﬁ@%suf&c%e&bﬁ@ t onc%é %‘ﬁﬁ?&hﬂhﬁ’ﬁh‘f%‘Eet@i@;nﬁiariﬁanese

as possi ereo as l1ttle loss as
ossi bl e, an circulatin ' j

confivaiae Rudgs Fahbhras 59T, HBngAfhdparoanate and

by-prodyced in ste I11) and recovegred,in the .
mangauese Rofadai #@ﬂnﬁﬂﬁéﬁpy SPRG W fan|YRepyide. and
_carbonate but still has high purity, and hence can be
titariune @ lkosidemeand titanium adyfmﬁﬁrs: afy} BhrQNAUmM compounds

production step (lI) and thus reused as is. In the case
suchhad zirconiam azebate, zifcanirmtoxidei ity @lsexidesoand

a trace amount of oligonmer is contained in the

arylosedes! addprigoohiumtacstypaeétoredl e to renove this
hi gh boiling point material by further carrying out

di Sf khatd4ye BeliRgWuGH BCuhRIVEY dhe snehtdigek may be
_ into the diphenyl carbonate production step (1) for

uselﬁﬁp g%glpf%lgfyfﬁgiigéso?g?nwﬁgbrﬂ%tI:?e RIS¥H' ¢ EoMbination. The
amount used of the catalyst is generally selected from a range of from
107"° to 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 aromatic polycarbonate, and often has an adverse effect on
the polymer properties. It is thus preferable to reduce the amount used
of the catalyst as much as possible. According to the process of the
present invention, the potymerizatibn can be carried out efficiently, and
hence the amount used of the catalyst can be made low. This is one of

the characteristic features of the present invention enabling the

high-quality aromatic polycarbonate to be produced.
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of the present invention has a repeat unit represented
by followng formula: 0 --E-O COATr +-- wherein Ar
is defined as before. A particularly preferable
aromati c pol ycarbonate is one containing not |ess
than 85 nol % of the repeat unit represented by

LR AR Uy Tl biceh SREChatBl T e
RS RS SR TER Tl consr

hydroxy groups and / or phenyl carbonate groups
usegunssiietm 4, mwnmlsmab@ma{ is geaesally sm@,céegrféo%meta!s such
particular limtations on the ratio of hydroxy groups
as staiplessystesl; canhoe stemiphaste!lsybsidkels titaphemychromium,
carbonate groups), but this ratio is generally in a

andfé\ﬂ&ﬁ‘ aflo§s OMPHlyShé at-re8hstant Yoty maric hateridle, Hhd eo on.
:90, nore preferably from80:20 to 20: 80. An

Mor%ro‘?f@?'t ke yEa"dof %:%ﬂér%'srﬁ%g: I??ut I:g%[éd QB8 iy of various

phenyl "carbonaté groups phenyl

s HEREA AN R AT B, T PHER g ment
I d d i npl i h
o PEATE B SOV ARHETY VNP (LS et SIRIULRTS Gehhy IREGL aNd 2
mai n chain thereof partially branched through foreign
glags Haa@@@r@uearta@uléglyepreferﬁtbi@es or ether |inkages.

The amount of such foreign Iinkages is
In step (1), when producing the prepolymer, and during the

polymerization in the guide-contacting downflow type polymerization
apparatus, a large amount of the phenol by-produced in the reaction is

generaily continuously withdrawn in a gaseous form, and condensed into

a liquid form and thus recovered. in the present invention, a phenol
recycling step (IV) of circulating the phenol by-produced in stép (111) back
into the dipheny! carbonate production step (I) must be carried out. In
an industrial production process, recovering all of the by-produced
phenol or as much as possible thereof with as littie loss as possible, and
circulating back and thus reusing this phenol is important. The
by-produced phenol by-produced in step (lll) and recovered in the
present invention generally contains some diphenyl carbonate but still
has high purity, and hence can be circulated back into the diphenyl
carbonate production step (1) and thus reused as is. In the case that a
small amount of aromatic dihydroxy compound or a trace amount of
oligomer is contained in the recovered phenol, it is preferable to remove

this high boiling point material by further carrying out distillation before
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generally in a range of from0.005 to 2 nol %
preferably from0.01 to 1 nol% nore preferably from
0.05 to 0.5 nol % based on the carbonate |inkages.
Such an anount of foreign |linkages is suitable for
preci Si on nol di ng since the flow characteristics

ire 48,5, BB A Mg o, ERRBHeb Al BHBgGcton step

fcarr| ed out even at a relatively |ow tenperature, and
(1) fRrfOUSEY article having excel | ent performance can be
produced. The nol ding cycle can al so be shortened
contlihiebato m@ticopeliesarp onatengr aiiced byhénpigmeRdindrtke system
aromati ¢ pol ycarbonate produced by inplenenting the
of theqersss rdcinwvedition has agepestamitirepeasentedaryifgllowing
contains any inpurities, it being possible to produce
forrB0i#r omati ¢ pol ycarbonate containing 0.001 to 1 ppm
of alkali netal and / or alkaline earth netal :
conmpounds in terns of the netallic elenents therein.
This corfPent is preferably in a range of from 0.005
to 0.5 ppm nore preferably from0.01 to 0.1 ppm In
t he —{o@s€ OhAt rthe content of such netallic elenents
is not nore than 1 ppm preferably not nore than 0.5
ppm nore preferably 0.1 ppm there are no adverse
wheaidirAsisndefimedaspeefiares of the aromatic
pol ycar bonate product, and hence the aromatic

pol hcﬁéh%\@ltaﬁflypbﬁém@%lé Rirongdtit hﬁJIP&Qﬂ@@haté & @md eontaining
is of high quality. The aromatic pol ycarbonate

notRESEUREH BY M%W%GBF?ﬁé%tp‘e'ﬁ umit ?ngg?éﬁféﬂ @iy”fbllé\mir@ formula

present invention 1s particularl erably “one
aromati c di hydroxy conpound and the
OUtgﬂgﬁggﬁg &%%Q%bﬁnﬁs each not containing a hal ogen, the
hal ogen content generally being not nore than 10 ppb.

'Accdbding to process of the present invention,
an aronma ol yqar bonat e havi ng a hal ogen
@ﬁé nat than 5 ppb, nore preferably not

PO,
CHs

Moreover, terminal groups of the aromatic polycarbonate produced
.by implementing the process according to the present invention are
generally hydroxy groups and / or phenyl carbonate groups (or
substituted phenyl carbonate groups).

There are no particular limitations on the ratio of hydroxy groups
to phenyt carbonate groups (or substituted phenyl carbonate groups), but
this ratio is generally in a range of from 95:5 to 5:95, preferably from
80:10 to 10:90, more preferably from 80:20 to 20:80. An aromatic
polycarbonate in which the proportion of phenyl carbonate groups (or
substituted pheny! carbonate groups) among the terminal groups is not
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produced, and hence a product having very high quality
can be obtained. It is clear fromthe Exanples,

descri bed below, that in the process according to the
present invention, it is because the specified

pol yneri zation apparatus is used that the aromatic

|93§%gﬁ§@w¢pﬁ igmﬁpcnuc;aﬂgdﬁgﬁérgb?gl y for a prolonged

onin m)l ecul ar wei ght.
| es Fall ow i re d de t
Che | DEcRmatin BRI ohAR i Eh s MBHLBLIRY fie
pr esent |nvent| onis not |limted to the fol | ow ng
PYOQ%%Q%” 'M&Beﬁheai?é?%@%t Hyertiparmay; have @main Pchain
Measurement was carried out by a gel perneation
thersafopactiajiy birancted) threughiferdigy inkages susttuasrestes
a transporting solvent, and the nunber average

linkeglescot athaeilipiktaged) Th@sadmLmtmbhedchsﬁomgi@ linkages is
converted nol ecul ar wei ght calibration curve given by

genegilyahl #wahge 6f M PIOE 6P HRd MY, pisidably from 0.01 to 1
nmonodi sperse ~ pol ystyrene; MPc = 0. 3591 MPS 1. 0388

mo!%‘eFerr% MRsteraB a)??ﬁﬂhso fdb?té“?iwggwo@f%wsla%td Sﬁ thiéecarbonate

omati ¢ pol ycar bonat €, and represents f

cul { n Ig;
Imk%@e% ﬁ[lcﬁ'e%rg% ﬁ[’ﬁl&t}g. fﬁgg@m%?@ydees Fseﬁa{t%%é% f%prec:smn
t hi kness 2 mmtest
molmﬂﬂ Singedhy tokoeRaractarisiies Busia rieliangkiheoran oo

a cylinder tenperature of 290 C and a rml d

1mpf@\ﬁ9@r\uttbpat&thgo polymes BERRRrtiesbedpgiwersengd ymalding can
obt ai ned was neasured in accordance with the CIELAB .

be catried oqutoever dtom relative lyalove temperatur&candrageoidders article
L*a*b* Di agran), the yell owness being

having excellent performance can be produced. The molding cycle can

also be shortened, contributing to energy saving during the molding.

The aromatic polycarbonate produced by implementing the
process according to the present invention hardly contains any impurities,
it being 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 aromatic polycarbonate product,
and hence the aromatic polycarbonate produced through the present
invention is of high quality.

The aromatic polycarbonate produced by implementing the

process according to the present invention is particularly preferably one
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given by the b* value. Tensile elongation: Using an

i njection nolding machine, the aromatic pol ycarbonate
was i njection-nolded at a cylinder tenperature of 290
C and a nold tenperature of 90 C. The tensile

el ongation (% of the 3.2 mmthick test piece

prog TR i SR e dInRBESH | TR HLDR A he Bifheny

nmet hod described in W97/32916, the alkali netal /
caripRafs s ihnok GRIEIN G dHIOGET theBalearndiarnest generally
I CP net hod, and the hal ogen content was mneasured
beinging @eredhahi&nppbgr afgmom;nsom th prpcess: of the present
Step (1) of continuously producing di phenyl carbonate
inverHiiont evem anuaromatikct pekcagbodiatei havinigoa ralogen ¢0htent of
A continuous nulti-stage distillation colum as shown

notimofe ¢hah 5 y nirdré preféPRbymoPnaré@hanm ppb,/cdh e
6.6, n1 =80, D1 / dl11 = 17, and D, / dl12 = was

prod86dd, 'dhd RiehdexaPoiuct R ging d¥py @ﬁ%ﬁi tliiét{‘w;/cﬁnSb%r?thained.

cross-sectional area per hol e f approx

and Qi NPfERGr ¢ g tﬂ@'ﬁa@@lé@@ﬁ%ﬁ%pﬂ}éﬁ YefoW thABiNGhE process

used as the internals. cond cont i nuous
nmul.ti-stage distillation.colym ,201> A cpntinuouys
accqfting To 388 piesqnt veltian {1R ecaysaihesReditios
having |2 = 3100 cm, D2 =500 ¢cm L2 / D2 = 6.2, n2 =
polyjperizationy zpparatys is used that thearomatie pplycaseanate can be
this Exanple, as the internals, tw sets of Mllapak
producedmiabdy ifeala prolgngadc pesicd pftine witht ao | wriationha
upper portion, and sieve trays each having a
molecosar sexightnal area per hole of approximtely 1.3
cnm2 and a nunber of holes of approximtely 250 / nR
were used in. the | ower portion.

Examples
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;

Mpc = 0.3591 Mpg'-0388
wherein Mpc represents the molecular weight of the aromatic

polycarbonate, and Mps represents the molecular weight of the
95



<Reactive distillation> D phenyl carbonate was
produced by carrying out reactive distillation using
an apparatus in which the first continuous nulti-stage
distillation colum 101 and the second conti nuous
mul ti-stage distillation colum 201 were connected
r as showmn in FIG 3. A starting material 1
poliﬁﬂﬁ'aﬁ% ng phenol and di rret hyl car bonate in a weight
ratio of phenol | carb
- Colfr; DstatAr ddingtial fRelHing Bacry ?daf'mﬁavg’@ g widih 50
rate of 50 ton / hr from an upp er i nl et
mmi x thicknes duduBmMigst pracRWaS §9.n|tmtquﬁIydapmd 1foqm the
On the other hand, a starting material 2 containing
arogiatic pplycarimmatecatadcybhdaoitemperaturegiof 290i°6 efnd a mold
di net hyl carbonate / phenol = 3.6 was introduced
temparatnro0$190 °C. a Theesnierftona of thefiespiate alftahfed was
ton / hr froma lower inlet 12 of the first

meé@tﬁ‘ﬁéd“%ﬁ’%dﬂ%ﬁb‘nc%t #h tHSCIEIBABOMetRbENT ohPdissioe
nmolar ratio for the starting materials introduced into

Inté{g%tfdrﬁf!g ?Léﬁlgc 14/7d I_Sé eno?at’éq'l théflyéIfB\HHBss being

onat e
rials substanti al I y did not contain
gw%ﬁ&ﬂ-ﬂ%bﬁ% €de the detection Ii mt for the i on
chrorraorah . hot _more tha p Pb(
TR Bl ghet  alsihaca R niaian o KidaTRokhRR. Fop aromati
11 of the first continuous nulti -stage di stl I I atl on R
polyeaihanate1 wasjiniectian-araldadeat aawlmd%ter@@ﬁrahuw@f 290 °C
reaction |iquid would be approxinmately 100 ppm
andraaopid ¢edipsratlee icd POAE . cal hieetbnzite eb@rmgahwu@%y of the 3.2

under conditions of a tenperature at the bottom of the
mmtitisk tesopiecewistainetiwasapeagused| inaacoordan cenwith IASTM
of 225 C, a pressure at the top of the colum of
D63 105 Pa and a reflux ratio of 0. Afirst colum |ow
boi Il i ng point reaction m xture contai ni ng nethanol,

: Arﬂbﬁ‘ﬁéﬁﬂi of ?éfé%aﬁﬁkagﬁgﬂ%sarﬂ%a%r8EI VSR gCHE ndaied Y
Wt aseo
described in W087/32918, the alkali metal / alkaline earth metal content
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 muiti-stage distillation column 101>

A continuous muiti-stage distillation column as shown in FIG. 1
having L1 = 3300 cm, Dy =500cm, L1 /Dy =86.6,ny =80, Dy /dy; =17,
and Dy / dqy2 = 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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formfromthe top 13 of the first colum, was passed
through a heat exchanger 14, and was withdrawn at a
flowrate of 34 ton / hr froman outlet 16. On the

ot her hand, a first colum high boiling point reaction
m xture contai ni ng nmet hyl phenyl carbonate, dinethyl

car bpnat e, phenol, .. dj phenyl..car.bon tal yst
<SezmnctBoBANHRL Bt nalsts §'a FRLPRAD B 29 8L For m

fromthe bottom 17 of the first colum. A stgble .

st e&d;Dlﬁmtl@UWaBUHﬂ-tSdaﬁéod'§ﬂ'ﬂ'é\1'°211°ﬁ‘mm§. a31ghqwpin FIG. 2

columm hi gh boiling point reaction m xture was thus
havirgh.fe® dhcmubyst $00em,sLi il €He 2sdtoRd30, D2 / d21 = 3.85,

continuous multi-stage distillation colunmm 201 at a

andfDow dAate 1of 16§akanséd hr [hrthig £xrapte ngs theeintarnals, two sets
infet 21 installed between the Mellapak and the sieve

Tha 1o \ K al
of Mn%ﬁ%ﬁa_ak ki ﬂHﬂ#‘teiq\cfaQ%thﬁb@, Wﬁ)t%%WeQQ@tanéalm the upper

stage ['at1on col um 1 contained 18.2 %

[ | r t 18 r¥ab
porffin, AR ER eyt s SR FRYing A" e Poligna) dria per hole of
was. cay ried out sconti nuous [ ' 2
appRaRITal oL SPe At SHEREL R s hEpBrakifaIdces0 / m
of a tenperature at ghe bott om of the colum of 210C,
werg yseddprifeglowaeparbgnof the col um of 3x104 Pa, and
areflux ratio of 0.3. It was possible to attain
<Reactive dsddatiosPat e operati on after 24 hours. A second
colum 98 | ow boiling point reaction m xture )
conDaphénygl 8arbohatewvasprot udedebyydarryisvg onhtreaghiye
56 % by wei ght of phenol was continuously w thdrawn

distﬁm@ﬁbhhsasihgpaﬁ?apv;saidtassmcwnciicnQhamnnsttmmmuwsanaimstage
an outlet 26 being 55.6 ton / hr, and a second col um

s SRS P S e Lnen.car iegale diétation
collftapShefs Mo it By fppa My,

e S s PR R o Ghol BRRFA AR Edttfonate i
a weight ratio 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 distiliation column 101. On
the other hand, a starting material 2 containing dimethyl carbonate and
pheno! in a weight ratio of dimethyl carbonate / phenol = 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 multi-stage distillation column
101. The molar ratio for the starting materials introduced into the first
continuous multi-stage distillation column 101 was dimethyl 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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mul ti-stage distillation colum 101 fromthe inlet 11.
At this tinme, the anounts of fresh di nethyl carbonate
and phenol newy fed into the first continuous

mul ti-stage distillation colum 101 were adjusted so
as to maintain the above conpositions and anmounts of

upp%gﬁpﬁégtaﬁ id?gth'éafi?%fégg?f'inuﬁﬁ‘é Hﬂﬁti%t@rg{é: A1 96 h dolémn 101

nt'o consi I'on the conpositli on and anount

f. . the second,col u Low boij lj ' eachi
sucfthata Soneanseat oBInatEREM thE SR B HEERY RPulg be

di phenyl carbonate per hour (yj\a _%874 ton. The
appg@x@&a@vtwwrpmhe Regrbing (stiiEtion wascairgd ot

phenol reacted was 98% Prol onged continuous ,
contipeoatsiyrunder canditéens @f ataepanatyee atdhe e ofbe first

produced anounts of di phenyl carbonate per hour after

conbidQ i riulti2OR ddistsllatioA0cdloun s, 1 BDEO 220°E, apdessure at
6000 hours (excluding the di phenyl carbonate

the qegt@f 168 dolu e of tad G R an@h @rd pbdluxwertio bf T4 tArfirst column
5.75 ton, 5.74 ton, 5.74 ton, and 5.75 ton

Iowmﬁﬂ%%ﬁ{%ﬁe aggl%n TREtaes RCintyi ﬂi'ggzm\&h and8%di rﬁé%yl

| _ respectively, hence the
carB85a0ho e affLbe ST AR MBI oacooue
1 .99 I
torraaeat i APHSTAT e P AaDRh i ks SLEf o &'heat
boi l i ng point materi al separatiﬂg col um

exchamgeafubhis and wasswiharawdt af @atiPvh i B34, ton i from an

FIG 4 having LA = 1700 cmand DA = 340 cm_ and )
outledvifig I Ithpatharn hand, 2 Bt ¢olsran hight beling pgint reaction
internals was used as the separating colum A
mixtiie kenthiragberahyl phenlyyicagboobtendBrethyboarbemate, phenol,
mul ti-stage distillation colum as shown in FIG 4

dipggggngfaﬁﬁfg‘l@pﬁ%é%@a@s@%m 2800 A 'wasnbritavi ogs lyhwithrdrawn 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 distiliation column 201 at a
flow rate of 66 ton / hr from a starting material inlet 21 installed between
the Mellapak and the sieve trays. The liquid fed into the second
continuous multi-stage distillation column 201 contained 18.2 % by
weight of methy! phenyl carbonate and 0.8 % by weight of diphenyl
carbonate. Reactive distillation was carried out continuously in the
second continuous multi-stage distillation column 201 under 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 second column
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with nBl =12, nB2 = 18, and nB3 = 5 installed therein
as internals was wused as the purifying colum B.

Usi ng an apparatus conprising the high boiling point
material separating colum A and the Bi phenyl
carbonate purifying colum B as shown in FIG 4, the

ow Belof 57928 B BTRELCRaMAifg Jf o) Getgrioed aimetny

above was ¢ i .nuousl i.ntroduced at /
carbanafe; ﬂ@%@%a’%’a‘?y Hbelsﬁh%np'}.\ ppb M%GP??%&]“%% "‘fﬂf‘d’aw“
columm bottom tenperature (TA) made .t o be 206 ?ga% b
from tee topl 230t e peesadr eolumy, $B6 TRMd A8 Hoant eing
in the separating colum A, distillation was carried
55.8tHn ddn:t,lamblas‘sgzcmndmaiummImghrlamlmgopmmi actied mprture
top conponent (AT) was continuously withdrawn at 12.5

contdiRing 38.4V9abq weitthti 6f Afethghgphemdl canboratecand 55.6 % by
conmponent (AB) was continuously withdrawn at 0.6 ton

wel%PBin'l héng P?:Qk"bbn&ile WS coMtifTo i oy witbpanenframEhe

con |nu I ntroduced as is into the purifying

oo 2T P RABEL TS P o

rea il RS Sy sy 06T by Eﬁtwéi’@?g??.cg@t%us

mulGomaste Ao O hesluoE (it Feir deR il Hdr av '5”&5*'8\"6 the
ton / hr via a conduit 26, a col urm bottom

amqBEs ohfrasindimetoyl garhenate:andaphenes r\ed\ﬁiv/foqrﬁrirp iRjoathe first
conduit 31, and a side cut conponent (Bs) wa

contianiusunmstiysts gendistithation cdzmn aﬂhmexeaadjtmiﬁdusp as to
33. The conpositions of the conponents 24 hours after

mmh'ﬂ&rﬁtﬁsé @Bomaohmwnmhdt@mmtabd:fetmseaamg material 1
| ows. AT: 8 % by wei ght of material having a

e B4 | A ot o omposo o
amount of the second column low bailing point reaction mixture. It was
found that the produced amount of diphenyl carbonate per hour was 5.74
ton. The selectivity for the diphenyl carbonate based on the phenol
 reacted was 98%.

Prolonged continuous operation was carried out under these
conditions. The produced amounts of dipheny! carbonate 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 substaniially did not contain halogens (not more

than 1 ppb).
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wei ght of anisole, 6.6 % by weight of phenol), 33.8 %
by wei ght of nethyl phenyl carbonate, 59.4 % by

wei ght of di phenyl carbonate As: 41.0 % by wei ght of
di phenyl carbonate, 59.0 % by wei ght of high boiling
poi nt material including a catalyst conponent and

@ §HeR A0St BpiRIR NP AR, cRbehIECRRbShate™
<High e B HoAEHA RARAFE D SRIIBAAT cne  ET: 0. 25

% by wei ght of dinethyl carbonate, 0.25 % by wei ght E

ani Atentinugus muil-stapgndissHiaiemsoluma GS%fb?/W%e'i"g G. 4

of nmet hyl phenyl carbonate, 4.3 % by wei ght of )
havihgHeny| 1700 mmard BB; =0340 ombangehghingMellipnakywith na = 30

carbonate, 5.0 % by weight of high boiling point

instalied terefhaas dteenhlovanuB eaf aphtarysepatating aaumn A.
xant hone and phenyl et hoxybenzoate in the side cut-

i t and the content of
<Dl?ﬁm%‘§rb‘ﬂﬁ%t83{qr‘iﬁﬁﬁg B0 rdn B

oxycar bon 2-phenoxycar boxy- phenyl ene was 4
ppm o el hanrlG. 4
oo $onfEEUs, HURiTERERCHIIARESN cttfmiitbs RGWRTANFIG
di phenyl bonat e qbt ai fro '
naving 4T K 2288 0anc i Soeep cTnendBoxMaTarst 43 S Metiapak
.of this high-purit i phenyl . carbonat.e was 7.17, ton /
witthie: g diagen EorAn iR ab iSRG HRTaIaas SHDaIS was
under these conditions. The anmount of di phenyl
usechabdhe: pupfyiigcealuna Bhe purity were substantially
unchanged after 500 hours, 2000 hours, 4000 hours, _
500Qdingran appchra®dd dumpsisimgdhki highpboiling giginkmaterial
carbonate obtained in this way was tenporarily stored
sepatafin@tbRIMAtRlaRid the dipheage caabbnald)p Usifging Iddiuma B as

produci ng hi gh-qual ity pol ycarbonate
shown in FIG. 4, the high boiling point reaction mixture from the second
reactive distillation column obtained in step (I) above was continuously
introduced at 13.1 ton / hr into the separating column A from an inlet A1.
The column bottom temperature (Ta) was made to be 206°C and the
column top pressure (Pa) was made to be 3800 Pa in the separating
column A, distillation was carried out continuously with a reflux ratio of
0.8, a column top component (At) was continuously withdrawn at 12.5 ton
/ hr via a conduit 16, and a coIlen bottom component (Ag) was
continuously withdrawn at 0.6 ton / hr via a conduit 11. The column top
component (A1) was continuously introduced as is into the purifying
column B from the inlet B1. The column bottom temperature (Tg) was
made to be 213°C and the column top pressuré (Pg) was made to be

5000 Pa in the purifying column B, distillation was carried out

continuously with a reflux ratio of 1.5, a column top component (Bt) was
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Aromati c pol ycarbonate production was carried out
using a guide-contacting downflow type pol ynerization
apparatus as shown in FIG 6. The material of the

pol yneri zation apparatus was all stainless steel. The
pol ymeri zati on apparatus had a cylindrical side casing

con@ﬁg@tsIi%ﬁﬁggga@%?ﬁQlig%t/:’@%#P%%?@%B@%G‘%ﬁjﬁ@?g% bottom
=1 = . i .
confRanF b (Bol W3S faSt s oy BESRRLRTD 03 80 /'t M condui

per forated late 2 to quides 4. An inert gas, feedin
31, gd agsmcpf SOaARANER! ABishNeas comtinuatigly WwHadrawn 4t 7.17
pol yneri zati on apparatus, and a vacuum vent 6 was
tonfhroviedecandwit 3fper portion. There was a jacket on
the outside of the polynerization apparatus, heating
bei Mhecesripskitiohsust tige xdmpbnagts @Edhoors After thatsiystem
pol ycar bonate nolten prepol ynmer (nunber average

had'BEEBH QoW BEIMBtabre KM P sel6@d. T rom bi sphenol A
and the high-purity diphenyl carbonate produced in

A 8 9751 R AR 0t D95t i plartmetny
f eed] t he_f eeding.
pher C4iBoRd1E e ohhknve(diit ! dib iyl vahbstha §7100 oy
weigBh g aiaele: & % B welanb el Henol: RS Sy WEight of methyl
' was subj ected to polgrreri_zation whil e flow ng down
phenydmarbeaaie, &&44% byweightyefediphanydcaanaten zone
5 was held at 80 Pa via the vacuum vent 6. Produced
Ag: & hfa¥ bypweeighi oDdipkepyt carbgnate §25:Pedybeeisht of high

portion 11 of the polynerization apparatus fromthe

boilieygoiatdaatdridhinclodinipa datelyst component and birdproducts
at aflowrate of 5.5 ton / hr froma discharge port

havgrrlg)r?aﬁi%jﬁéﬁ B@'iI@hg‘ibcﬂhmihgn%{ﬁhéd}ﬁtcérb@}n@fé%ﬁclﬁ’faé paenyl
pol ycarbonate residing in the bottom portion
salif}Paftedldtthone, phenyl methoxybenzoate and
1-phenoxycarbonyl-2-phenoxycarboxy-phenylene
Bt: 0.25 % by weight of dimethyl carbonate, 0.25 % by weight of anisole,
15.6 % by weight of phenol, 79.6 % by weight of methy! phenyl carbonate,
4.3 % by weight of diphenyl carbonate
Be: 95.0 % by weight of diphenyl carbonate, 5.0 % by weight of high
boiling point material

The content of each of pheny! salicylate, xanthone and phenyl
methoxybenzoate in the side cut component was not more than 1 ppm,
and the content of 1-phenoxycarbonyl-2-phenoxycarboxy-phenylene was
4 ppm. Moreover, the halogen content was not more than 1 ppb. it

was thus found that the purity of the diphenyl carbonate obtained from

the side cut was not less than 99.899%. Moreover, the amount
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constant. The nunber average nol ecul ar wei ght M of
the aromatic pol ycarbonate withdrawn from an outl et
12 after 50 hours from commencenent of operation was
10,500, and the aromatic pol ycarbonate had a good
color tone (b" = 3.2). Mreover, the tensile

| ongatj gn 98%, val ve t

profiyPgdant B uoh-Bhatw.HIPnEDY B0 a%??e\?éifan L
hours, 100 hours, 500 hours,.K 1,000 8
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congitiens, heszwmouotsdcliphersbcarbonste progduced anshthe purity
respectively, and hence operation was stable. The

werar subsiamtimlly cardiaraed @mfteiu600 heursbd@elHwaiurs, 4000 hours,
content of alkali netal and / or al kaline earth netal

50000ABAYEdandf 88004 é@r. 05 ppm in terns of the
metallic el ements therein, and a chlorine content of
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liquid formwas continuously fed into a Iprhenol

pur Argmatie palyearbengta PIB@UCBF?P VAS; GRI i % RYUtsiBga

cm 9 stages). Distillation was carried out
guidertdnfactin g deiveniflawt typse palymerimatiaie apgaratys ¢fs shewn in

colum of 185 C, a pressure at the top of the colum

F1Gof6.2000ePmatediad of thef polymerizatafn @pparBbesovas all stainless
recovered fromthe top of the colum was tenporarily

steéF Or‘fﬁe' ﬂo@uﬁéﬁ&at@?ﬁaf)bﬁfﬂaftﬁih@ded dpidrioabskiepasing and a
. Diphényl carbonate recovered froma side cut was

tapfel%?qJ erile Qtsggtcﬂﬁ S@Rgdnﬁd@ 8985 JTIPHhA LSLPROBDI 68, h = 900
cm, D =500cm,d=40cm, C = 155°, and S = 250 mZ. Moilten polymer
fed in from a feeding port 1 was distributed uniformly by a perforated
plate 2 to guides 4. An inert gas feeding port 9 was provided in a lower
portion of the polymerization apparatus, and a vacuum vent 6 was
provided in an upper portion. Theré was a jacket on the outside of the
polymerization apparatus, heating being carried out using a heating
medium.

An aromatic polycarbonate molten prepolymer (number average
molecular weight Mn = 4,000) produced from bisphenol A and the
high-purity diphenyl carbonate produced in steps (I) and (il) (molar ratio
based on bisphenol A = 1.05) and held at 260°C was continuously fed

into a feeding zone 3 from the feeding port 1 by a feed pump. The

molten prepolymer, which was continuously fed into a polymerization
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in the formof high-purity diphenyl carbonate. Exanple
2: (1) Step (1) of continuously producing diphenyl
carbonate Reactive distillation was carried out under
the followi ng conditions wusing the same apparatus as
in Exanple 1. A starting material 1 containing phenol

n ' . ' [ ' )/
reaflifnrigie Sy the P GraRy, iate 21 48, pofneriEtiy apparatus
ina liqudformat.a flowrate of.40 ton / f .
was, Rubiagibd fo morymeriZption e Sioisd cledih a16ho' th¥yuides 4.
mul ti-stage distillation colum 101. On :éqe ot rgﬁr
Thenaalymearizadian fgaaticarzane d was hedd @} 80 Fa ve the vacuum
carbonate and phenol in a weight ratio of dinethyl
vent &. boRaodutedhararm aticapolygasboinate ceniesing éheitapgisdybottom
in a gaseous format a flowrate of 43 ton / hr from

portiba 1PwErthenpelyridrizhatidreapipashtesito muihes lowet ierstsagé the
distillation colum 101. The nolar ratio for the

quidd &4 Wik EBhEN R USIy WitREHERA anhofloWheatti 666.5 ton / hr from a

continuous nulti-stage distillation colum 101 was

discﬁ{éﬁgél‘ﬁort Gfaggoepﬁﬁ&ﬁﬁ@]ﬁg%%@#a@ucﬂ_ﬁﬁaﬁiﬁétérﬁ9unt of the

I's” substanti a contai n hal ogens

oI s i ggos e

Pb(OPh)2 as a catal yst was introduced from the upper
consi@Bt. 11 of the first continuous multi-stage

distillation colum 101 such that a concentration .

t heTdef. numbereavesagednoleculia weight Mo ofjthe Anomatcy

250 ppm Reactive distillation was carried out
polycatb onmiss withdravn dromdi an anglef 12 aftep&lahouies dtomhe

bottom of the first continuous nmulti-stage

contingriddrakhebfoep eratid® Wwad 123500, amd éss wrenaatic lpplycarbonate
top of the columm of 9x105 Pa and a reflux ratio of O.

hadafd688 cAb¥Bneow* 203 PNy MerabvéEatid fensil&leloagation was
contal ni ng et hanol, dinethyl carbonate, phenol and

98"/3.0 Gﬂw%‘%lﬁggtépMﬂP%ﬁ’tH\é HhaRfNc IJbIfcaAsER4te WitHBrawn from

romthe A

the outlet 12 after 60 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 10,500, 10,550, 10,500, 10,550, 10,500, 10,500, 10,550,

and 10,500 respectively, and hence operation was stable.

The aromatic polycarbonate produced as above had a content of
alkali metal and / or alkaline earth metal compounds of 0.04 to 0.05 ppm
in terms of the metallic elements therein, and a chlorine content of not
more than 1 ppb (outside the detection limit). Moreover, the content of
foreign linkages was 0.12 to 0.15 mol%.

(4) Step (IV) of recycling phenol

A pheno! soiution containing approximately 10% of diphenyl

carbonate and a trace amount of bisphenol A by-produced in step (1)
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top 13 of the first colum, was passed through the
heat exchanger 14, and was withdrawn at a flow rate
of 43 ton / hr fromthe outlet 16. On the other hand,
a first colum high boiling point reaction mxture
cont ai ni ng nmet hyl phenyl carbonate, dinethyl

andgﬁé iﬁ'&eﬁgmd fetRNGaY ¢ Hﬂaﬂéﬁfnféd‘%i_@b%uéhoi

I
SO on was C I nuously w t hdrawn | aliquid form
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Disfiflationewatosa Tigs dait,coninpig el it tefppgiature 4E the bottom
conti nuous multi-stage distillation colum 201 at a
of theowolusne off 189 “Cona/pressurert the sepafithe ratwnnsef 2000 Pa,
inlet 21 installed between the Ml |l apak and the sieve
andt aagfluxThatioiafud @.f e® hiemtad nelvovegedotiont theitopoatthe column
mul ti-stage distillation colum 201 contained 20.7 %

waYe Wpararilpfstorédih dhank| aedr thewatrecpokkdlback imyo step (1).
wei ght of di phenyl carbonate. Reactive distillation
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mul t'i -stage distillation colum 201 under conditions
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. reflux.ratio of.. 0.5, It ible 105 to attain

n t@?éﬁ’l’@‘ of dug 'Ek‘%l%%‘b'é%ﬂi"“%ﬁ”gﬁgﬁ%kgz4 ‘hours. A second
colum | ow boiling point reaction m xture was
continuously withdrawn fromthe top 23 of the second
colum, and a second col umm hi gh boiling point

Exarapta 2on nmi xture containing 36.2 % by wei ght of et hyl
phenyl carbonate and 60.8 % by wei ght of di phenyl

(1) &tepofiptod cwrdtimeousyupusdycing Hipleny! cadnenate bot t om
27 of the second colum. The second colum | ow

boi Reuctpee distieatibhowasi cdnried wag wodér thedsllpwird conditions
into the first continuous nulti-stage distillation

usi@%ﬁﬂgé@\ge %Pg?ﬁagﬁrgt@hﬂ E%ﬁﬂ)@tﬁa?gi :mdt :ogg’nolt h(re}eV\A y

fed Al 8{fiting material 1 containing phenol and dimethyl carbonate in
a weight ratio of phenol / dimethyl carbonate = 1.1 was introduced
continuously in a liquid form at a flow rate of 40 ton / hr from the upper
inlet 11 of the first continuous multi-stage distillation column 101. On
the other hand, a starting material 2 containing dimethyl carbonate and
phenol in a weight ratio of dimethyl carbonate / pheno!l = 3.9 was
introduced continuously in a gaseous form at a flow rate of 43 ton / hr
from the lower inlet 12 of the first continuous multi-stage distillation
column 101. The molar ratio for the étarting materials introduced inteo

the first continuous multi-stage distillation column 101 was dimethyi

carbonate / phenol = 1.87. The starting materials substantially did not

contain halogens (outside the detection limit for the ion chromatography,
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the first continuous nulti-stage distillation colum
101 were adjusted so as to maintain the above
conmpositions and anounts of the starting material 1
and the starting material 2, taking into consideration
the conposition and anmobunt of the second colum | ow

o BRI ALA5E8 B A L SOS L  d rom
e Wt ARG 1] oSl S P LE0 FRLARHRT column

continuous operation was carried out under these
101ceuahtthata coneeptiatierdhereahin the r@astian lidedd pyautd be

per hour after 500 hours, 1000 hours, and 2000 hours
appwoximat®y 260, ppm03 Reactiveddistiilationwas sascied/ ouy,

and the selectivities based on the reacted phenol were

conbifto stYourdér 86MdiRSRE ST & abynp@ntubetethidhbottom of the first
operation was very stable. Mreover, the aromatic
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boill ARk seartibamiRlite, ferfailfe mamandh IERY] ¥etbonate,
Exanple 1, an aromatic pol ycarbonate nolten

phenad s1d Sy opn\gﬁﬁépo%’(\y@pggglwl awyn inga Qﬁtse,m.ls:form from the
3, 500) produced from bi sphenol A and the high-purity

top didoénhe fiestbeoignen prwasupedsed Krepgh the he@texghanger 14,
(rmolar ratio based on bisphenol A = 1.05) was

andcaatsi withdrbwr ed d fioev rate béetd bgn Zdmwefran tha obdet 16. On
feeding port 1 by the feed punp. Polynerization was

the @her athdl! atfirstBcldnes hghas eilinlg popt destheomahixture
usi ng the same process as in Exanple 1, except that

conkBMRIFASER, e AFLUTMEZ BRI ORareiohl
dipR@hYFBLPOSRLE:, 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 40 ton / hr from the starting material inlet 21 instailed
between the Mellapak and the sieve trays. The liquid fed into the
second continuous multi-stage distillation column 201 contained 20.7 %
by weight of methyl pheny! carbonate and 1.0 % by weight of diphenyl
carbonate. Reactive distillation was carried out continuously in the
second continuous multi-stage distillation column 201 under conditions of

a temperature at the bottom of the column of 205°C, a pressure at the

top of the column of 2x10* Pa, and a reflux ratio of 0.5. It was possible
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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 from comencenent
of operation were 7,600, 7,600, 7,650, 7,600, 7,650,
7,650, 7,600, and 7,600 respectively, and hence

erat,ion s _st abl T 1 ' I onat
to affifhixtella S12aBV \aln CPEIEREAST 24 NG ok Fegond cotumn
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Il i nkages was 0.08 to 0.1 nol% (4) Step (1V) of
reactoy chixtgreeoraifiirigs 3622 %aby vezighdtofusiethyt pbeswinearbonate
process as in Exanple 1. Exanple 3: Reactive

anddseld kb ¥y aRiyhs ofafiphethyd darbanatebesfadntimiiogsly withdrawn
conditions wusing the sanme apparatus as in Exanple 1
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configapmentos GRGURtigR calusR el Hom the, il At At tnis
. introduced continuous,lyinal'qui%lfor t a flow .
timg cthe amewntsefTesh cHatathyL casbenate and pheral ely fed into

first continuous nulti-stage distillation colum 101.
the €irst contbtueus maudi-stage aistiHation eelumn21@dwearaasdjusted so

di met hyl carbonate and phenol in a weight ratio of

as tdi netihydinctvdabaive Lopimrsitions3afdvamolintsrafdtieegtarting
continuously in a gaseous format a flow rate of 90

mate?ial/1 ind themthhenganatetial et takimy infeecbhsideration the
continuous multi-stage distillation colum 101. The

comPb&itiorPhha ARTourtCof tRé 'Hetd MR8l hAinSIdw i fHgesointtreaction
mixture. |t was found that the produced amount of diphenyl carbonate
per hour was 4.03 ton. The selectivity for the diphenyl carbonate based
on the phenol reacted was 97%. |

Prolonged continuous operation was carried out under these
conditions. The produced amounts of dipheny! carbonate per hour after
500 hours, 1000 hours, and 2000 hours were 4.03 ton, 4.03 ton, and 4.04
ton respectively, and the selectivities based on the reacted phenol were
97%, 97%, and 97% respectively, and hence the operation was very
stable. Moreover, the aromatic carbonates produced substantially did
not contain halogens {not more than 1 ppb).
(2) Step (1) of obtaining high-purity diphenyl carbonate

This was carried out using the same process as in Example 1.

(3) Step (I1l) of producing high-quality polycarbonate
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the first continuous nulti-stage distillation colum
101 was di nethyl carbonate / phenol = 1.44. The
starting materials substantially did not contain
hal ogens (outside the detection limt for the ion
chromat ography, i.e. not nore than 1 ppb). Pb(OPh)2

e

coI _unn 101 such that a concentration thereof in
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fee:}f‘fn}ﬁ"pbcol u tﬁe%%%o "ﬁdlgﬂ?érﬂz‘%théﬁﬂuﬁ Hrridtf out to

‘throu eat exchanger

I 8 I
pro%ﬁsmqﬂ%rﬁ’ﬁfati% %2629%%% Uofth ke Froceed e in,
oilin int, reaction mxtu ontalnln
Exahily, - EXRHINE theretasAutenh Hiehs 1y Biriation; a?eﬁ%“ zone
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first colum. A stable steady state was attai ned after
dischiangad frorte discharge glortn! 2hafter il howspdidf hours, 500 hours,
reaction mxture was thus then fed continuously as is

1,000tHodfe 3000nHoaes! BroGMhourst i4,0080kodirst ahd b, 00 hours
columm 201 at a flowrate of 94 ton / hr fromthe
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Mel 1 apak and the sieve trays. The I|qU|d fed into the
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alkali metal and / or alkaline earth metal compounds of 0.03 to 0.04 ppm
in terms of the metallic elements therein, and a chlorine content of not
more than 1 ppb (outside the detection Iimi_t). Moreover, the content of
foreign linkages was 0.08 to 0.1 mol%.

(4) Step (1V) of recycling phenol

This was carried out using the same process as in Example 1.

Example 3:

Reactive distillation was carried out under the following conditions
using the same apparatus as in Example 1 except that the
cross-sectional area per hole of each of the sieve trays in the second

continuous multi-stage distillation column 201 was made to be
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second continuous nmulti-stage distillation colum 201
under conditions of a tenperature at the bottom of
the columm of 215C, a pressure at the top of the
colum of 2.5x104 Pa, and a reflux ratio of 0.4. It
was possible to attain stable steady state operation

after 24 h s. 2A second columm | ow boiling point
appf%ﬁﬁ??gﬂynﬂg G was conti nuousl y withdrawmn fromthe
top_23 of, the second columm, and a second,.col hi )
boy A\ S1gTtipg MATRERLLY GANATIRESRERS LA ARy sl sy onate in
wei ght of net hyl Fher_]yl carbonate and 59.5 % bty
a wakghintatie ofi pheng| / cimethit sarbenate s Aubyas introduced
wi t hdrawn fromthe bottom 27 of the second colum. The

consieeusbly dnl atiguidvicsoi bt mgflpwi nater of &6 ton dibat roen dbe upper
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inteful1t bf $hadersdisdrtin@é i omani-ermgéistillatidrheoiuvhet 101.  On
At this tinme, the amounts of fresh di methyl carbonate
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mxture. It was found that the produced anqunt gf illati
from; thgclowet inlssnka of ther R FORLBUBUSgNUM Stage distillation
selectivity for the di phenyl carbonate based on

ed on the
colpmendD 1 eathednatar oitie fpr shesfedtingnmiatatials ipspduiced into
was carried out under these conditions. The produced

the #ivst o tiiudiphmoiti-stagbatiatilapien botumaf 1@1 wasalimethyl
hours, 1000 hours, and 2000 hours were 7.28 ton, 7.29

carbB8Rat@ThHerl =t P4 espeet siating aatetizds saltatantialiyedid not
based on the reacted phenol were 98% 98% and 98%

corlFERSISYEhL, ANEINE dulechen ahictoyar Yo hromatosraphy
i.e.ﬁﬂgtgﬁ'sacﬂtei Hdr 19h8b) O BB AL a8 AR st Whs TREBIUERY from
the upper inlet 11 of the first continuous multi-stage distillation column
101 such that a concentration thereof in the reaction liquid would be
approximately 150 ppm. Reactive distillatioh was carried out
continuously under conditions of a temperature at the bottom of the first
continuous multi-stage distillation column 101 of 220°C, a pressure at the
top of the column of 8x10° Pa and a reflux ratio of 0. A first column low
boiling point reaction mixture containing methanol, dimethy! carbonate,
pheno! 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 82 ton/hr from the outlet 16. On the

other hand, a first column high boiling point reaction mixture containing

methy| phenyl carbonate, dimethyl carbonate, phenol, diphenyl carbonate,
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(2) Step (I1) of obtaining high-purity diphenyl
carbonate This was carried out using the sane process
as in Exanple 1. (3) Step (I1l) of producing

hi gh-qual ity pol ycarbonate Aromatic pol ycarbonate
production was carried out using a polynerization
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the S’d?tf/l‘i‘n‘g’r g%’ i’j\'gsfanﬁ‘Ugé‘gaf/\ggl gl I ost :Ia:‘:H egs ts?eel
The first guide-contacting downflow ty
pol ﬁ\n%ﬁabiﬁtstéﬁdzypﬁ)f@ftﬁt‘(ﬂsrﬁfdaw@Ialf'fﬁfrE‘&ahOlé'isde ¢hei figst
and a tapered conical bottom portion, and was such

colurmat high-bebling moint #eaBﬁomnmixxu:reA,mscthus;lthead‘edcnpntinuously
C= 150, and S = 750 n2. The second pol yneri zati on

as ispipad ahessevBAdtden iA0B uBSMUNE-stalgendisti kitiom column 201 at a
apparatus used in Exanple 1. An aromatic pol ycarbonate

ﬂovmaéfee&f )me@@h vmﬁffrbwrmsrst%\fﬁhggﬁlat&ﬂlawlétrz  CTELE[EY ]

produced from bi sphendl A and

bet%%*ﬁ(ﬂf% AR oLAR08 G987 T e
s AT S B SR 2 00
o BTG5Sk ok 3R 5515, SR B onens

reaction zone via the perforated plate 2 in the first
carbengter | ﬁaa@mvaphaﬂaaggn was caujed it @@ntmuousiy in the
pol ynmeri zation while flow ng dovvn al ong the gui des 4.
secthd pohfinmoiusamiuti-staget distillatien afoluhen 20sunder conditions of
pol yneri zation apparatus was held at a pressure of 800

a te%Fér@tdrB%t UeE Wt ordngf the ANUBIA ©f 0157 AQissure at the
ten prepol yner of increased polynerization degree

top W%ﬁ@bo?)fﬁha&ﬁz'@ POVIFR | R4 %?eft’ﬂx‘ra@ o8P 4entieniag

he tapered bottom portion 11 o e po yneri zation

posSig’ & gﬁtquﬁr W%L@%téﬁ&gtst%?g%ﬂ)ératt% afideSahdfs. A second

cont’i nu
celumn fow 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 35.5 % by weight of methyl phenyl
carbonate and 59.5 % by 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 multi-stage distillation column 101 from the inlet 11. At
this time, the amounts of fresh dimethyl carbonate and phenot 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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constant flow rate fromthe discharge port 7 by the
di scharging punp 8 such that the anobunt of the
aromati c pol ycarbonate nolten prepolynmer residing in
the bottom portion was nearly constant. This nolten
prepol ynmer was continuously fed into the feeding zone

i e T 01 gAY o Al st

prepol yner, which s conti into the
per B nabe, LiaBron e d1g SRI9CHLN, ot the &?}ed}sdt%%fbaf}ﬁt& based
2 in the second polynerization apparatus,
on thebpbened reacted ywas iS5 9l on while flowing dovvn al ong
~the qguides 4. The pol ynerization reaction zone of the
secBnollongsd wentizaiows operataruwasasahied ait under these
pressure of 50 Pa via the vacuum vent 6. Produced

conditPomé ] C A P@@HD@@& ampuresi ¢bdigteen pipeadsbvatd per hour after
portion 11 of the second pol ynerization apparatus from

soobmﬁiﬁﬁd&“'ﬁéoé%ufﬁf ah @2 00 Furd waﬁeqoaelwrpuﬁlzg ton, and 7.29

awn at a owrate of 6 ton / hr from the

on PRESRRIGR ot VBSRS89 e BBl by wero
ar | const 111..The

98%, 8%, 258 95% tarretiuiRiani e IS operhtiil was very

pol ycar bonate wi thdrawn fromthe outlet, 12
stalilec orM 0g8PYAEr HheBrematip saThonatas Rrod aysachmbsTagtially dic

commencenent of operation was 11,500, and the
not mogtain bapoggoarpetaneradhan @mbbol or tone (b* =
3.2). Moreover, the tensile elongation was 99% The
(2) Geépdsl)adf brbtaiinring Heghaponity idip pehyt aabbanate wi t hdr awn
fromthe outlet 12 after 60 hours, 100 hours, 500

houtThis wd¥)@akfetsoul ueiy hRE'Sam@, PRS- éesias, iMEX@dnple 1.
hours, and 5,000 hours from conmencenent of operation

(3) ﬁé@é&ﬂ) angJ 5:%@8 Hqﬁg@it %I?égrbdﬂa@o 11, 500,

pectlve and hence operatlon
msA%ﬁ'PAt?c polycarbonate productlon was carried out using a

polymerization apparatus in which two guide-contacting downflow type
polymerization apparatuses as shown in FIG. 6 were arranged in series.
The material of each of the polymerization apparatuses was all stainless
steel. The first guide-contacting downflow type polymerizatio'n
apparatus had a cylindrical side casing and a tapered conical bottom
portion, and was such that L. = 950 cm, h = 850 ¢m, D = 400 cm, d = 20
cm, C = 150°, and S = 750 m?. The second polymerization apparatus
was the same as the polymerization apparatus used in Example 1.

An aromatic polycarbonate molten prepolymer (number average
molecular weight Mn = 2,500) produced from bisphenol A and the
high-purity diphenyl carbonate produced in steps (I) and (1) (motar ratio

based on bisphencl A = 1.06) was continuously fed into the feeding zone
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The aromati c pol ycarbonate produced as above had a
content of alkali netal and / or al kaline earth netal
conmpounds of 0.03 to 0.05 ppm in ternms of the
netallic elenments therein, and a chlorine content of
not nore than 1 ppb (outside the detection limt).

3 fr%Zﬂgefrleg% aﬁg) @rlt'?%?t b fi é)cr;?b él‘l%ﬁ%‘?ﬁapﬁﬁr,@tdelbtyothe feed

c rec 't ng pheno Tlhl s was
| | 1.
PUMTRGut? & méﬁﬁ%m“ﬁﬁ%rffwﬁwﬁ%}eﬁéa BT f8ginto the

when_ produci ng the aromati ol ycarbgnate f on1 he.
polyngrigatien reaskion Zane: He &}%Eﬂf%%?ﬁyﬁ'@gﬁﬁ he f'fst
conpound, by inplenenting the process according to
polpmesization mprarnaduswwash subjgeiackto pradyBrasizatien V(Jhyle flowmg
produci ng a di phenyl carbonate using two reactive
dowh silohfathieoguidésidns Ehehpobbwnegzatispereddibon zone of the first
structure; (11) purifying the di phenyl carbonate by

poly'ﬁie'?&a?tlﬂlh HppwidtuBavaBheld abiepiedsirepef 00NBaceiathe
a di phenyl carbonate purifying 112 colum B each

vachI \gﬁh%rﬂ ?pegﬂk drﬁgtlétﬁéﬂgbﬁr@oﬁﬁtéﬁnbﬂeﬁbﬁﬂéﬁbl@mer of increased

pur i phenyl rbonate fromthe diphényl

oo G e AR SO PSRN, 5 500
ontet Rt 5piad uoaFPBRFGh gmggoﬁ?@%f@f@m gRparatus
ofh Rindet sl Ay Han i s il

coﬂ%tght flow watmriwnaﬂ‘rpmdlstz}'lamﬂ %@at Botmttéerréi\sicngrging pump 8

excel | ent nmechani cal properties and no coloration can

sudbethtothes athoontiofithdustornaticspalyearbonate lras#terhprepolymer
ton / hr at a fast polynerization rate. Moreover, it

reshfifgbRethéibrtyer sartibRiwas iy conlstanpt.ar TS imolten

pol ycar bonat e can be produced stably for a
prepolymer was continuously fed into the feeding zone 3 from the feeding
port 1 of the second polymerization apparatus by a feed pump. The
molten prepolymer, which was continuously fed into the polymerization
reaction zone via the perforated plate 2 in the second polymerization
apparatus, was subjected to polymerization while flowing down along the
guides 4. The polymerization reaction zone of the second
polymerization apparatus was held at a pressure of 50 Pa via the vacuum
vent 6. Produced aromatic polycarbonéte entering the tapered bottom
portion 11 of the second polymerization apparatus from the lower ends of
the guides 4 was continuously withdrawn at a flow rate of 6 ton / hr from
the discharge port 7 by the discharging pump 8 such that the amount of

the aromatic polycarbonate residing in the bottom portion was nearly

constant.
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prol onged period of tinme of, for exanple not |ess than
2000 hours, preferably not |ess than 3000 hours, nore
preferably not | ess than 5000 hours, with little
variation in nol ecul ar weight. The present invention
thus provides a process that achi eves excell ent

ffect i ndust ri al . f h | on
of | N, R prerSbimapleLlar igiassMpcSt e A
pottarhcale witsdtewh P LS hEinb Ko b GHR Rprization
aromati c pol ycarbonate is continuously produced from
apparatus laitercaaﬂmwtsefr@m comerairament gfrpemijon was 11,500,
conmpound, the process conprising the steps of: (1)

andcting anomaticy ppilpcakomate Hadhe gdod eobontnre (P *t=aid. Ay
the dial kyl carbonate and a phenol as a starting

MorShalrl dhe tepRilengRifdatioh apds D %he Fhervdloesnaf fn dbr the
into a first continuous nmulti-stage distillation

i . | .
aro@%rttﬁgpﬁy%%\iﬂdwat% Mmgwgﬁrﬁﬁﬁﬁ Yatlet S| PafER80 hours, 100

reaction ation sinultaneously

nourf, SB0CHP LIS 13006 FRRo 2,0PHMI s, FITE B 82 4000 hours.

ancEBIN8h Bt ol Smee aeL ot LsPR A G TA A, 11 550
wi thdrawing a first colum high boilin oi nt reactjon

11,5001 11 55014130014 TCALLAPG R Bhadfl respachvely. and

froma lower portion of said first colum in a liquid
henicer opecationnvaasitableedi ng said first col um high

boi ling point reaction m xture into a second

conTheuatsmantid pbhstarponditet piddudedh asobbonei madta condent of

catalyst is present, carrying out reaction and

alkali pheldIadn @7 & AdIaneeastly nﬁé‘taﬂ&idin?@@@mfé 6flu0B.to 0.05 ppm
conti nuously w thdrawi ng a second col unm | ow boi ling

in t8Ah8tof '%Iliméﬁbmgnl“somé}jeri‘ﬁpgnﬂ Braflesré ebat&nl of not
carbonate from an upper portion o

more than 1 ppb (outside the detection {imit). Moreover, the content of

foreign linkages was 0.11 to 0.16 mol%.

(4) Step (1V) of recycling phenol

This was carried out using the same process as in Example 1.

Industrial Applicability

It has been discovered that, when producing the aromatic
polycarbonate from the dialkyl carbonate and the aromatic dihydroxy
compound, by implementing the process according to the present
invention which comprises the steps of: (I) producing a diphenyl
carbonate using two reactive distillation columns each having a specified
structure; (I1) purifying the diphenyl carbonate by using a high boiling

point material separating column A and a diphenyl carbonate purifying
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sai d second colum in a gaseous form continuously

W thdrawi ng a second col umm hi gh boiling point
reaction m xture containing a produced diphenyl
carbonate froma |l ower portion of said second colum
inaliquid form and continuously feeding the second

col@-ﬁh?glr‘%%%\évi}banovgr'&n%ls%%é?ﬁgﬁgsgtﬁ%ﬁgﬁfe'ngg a!@f]’g) ;ﬂ{bﬂg{‘n a high-purity
dipERY GRTRORREE B g dhaRHea iR 2 L sybisgauent

i ntroducing the second colum high boili n& poi nt .
produgitg @n arxnatic pehicarbiongterky using«hguidareacting
into a high boiling point nmaterial separating colum
dowhflowniypeopolymenizaticra apypiarg tusith asdpgraispecitigd structure from
distillation into a colum top conponent AT
a m@l’(érﬁbﬁ*é?@l?rﬁ@r(ﬂmhmd feawban adomaticadibylduory orhpaound and
conmponent AB containing the catal yst, and then
L ! : 2k fld COVY e clye A ngoppperfu o¥ld
theﬁﬂgh QHQ?%%E!Q?hgg?gg%gtggt%uri f)clthng C((J;Ityurmg gphavi ng a
i | et a i " . C i .
oeBlgf3pGe pR4G ) B RRTHLANTdpepEs RS aromatic

ron i ree conponents
bei a colum top c nent , BT. ' n ;
polygadkibiiae BRNIRS B3RO BdRBsRaNc AP FAg Sy gHUAB Foration
a high-purity di phenyl carbonate _as the sjde cu
cancheinchiced on ?nﬁﬂé)él@énﬁgsmge & Jek P%?Sp %ér{i%mét*kf at a
by reacting said aromatic dihgdroxy coEPound and said
fastpglymerization patawy| Menasres ¢ hagfeeendigsgoysred that a
produce an aromati c pol ycarbonate nolten prepol yner,
hig lagu skifyda nomtagic pobpr npoerateecany beapeoducedostaddyuior a
al ong surfaces of guides by using a guide-contacting
profEgéd e i ya & PemETef | fatéramplenestaless, tirn 200Mhours,
pol ynmeri ze said nolten prepolymer while flowing down;

' byn i rabdy MANelss than 5000
preg@yl%pélgﬁ%t; In{@é&gs@dgﬂﬁ%ﬁhgémﬁqiﬁgéﬁg dehenyIss an

houtd" RATRURHIR PEHSEtLR IShtleklilar weight.  The present invention

thus provides a process that achieves excellent effects as an industrial

process for the production of a high-quality aromatic polycarbonate.
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wherein: (a) said first continuous nulti-stage
distillation colum conprises a structure having a
cylindrical trunk portion having a length L1 (cn) and
an inside dianeter D1 (cm, and having an internal

wi th nunber of stages 115 n, thereinside, and
conprises a gas outl et ha\r@%Eﬂ RS i nsi de dianeter dill
(cm at a top of the colu I'n an upper portion of

tge colum near to the top, a liquid outlet having an

We di aneter di12 (cm at a bottomof the colum or
in a lower portion of the columm near to the bottom
at least one first inlet provided in the upper

por i on angh fndistRidl ;S’f‘i':lc%si%oféﬂ fie p@ﬁdhbﬁo@obﬂﬁnhig&i Quality
said gas outlet, and at | east one second inlet

r
aroffiifc $typartiolialy Mg eh Ao éﬁ'&%w% s
1 [ D,

con}f‘@&w&“w foh leat ;fffg/“méﬂ'?hﬁw'ocva/#g'ﬁ"ﬁniﬁ@éﬂ i‘)’°
(6); 1500 5 L1 5.8000 (1), gooo

dihgdiaxy compound. thg, prog@ss&ﬂmwﬂfsot 9%89 Dl /
dil5 30 (5), and 3 5D, / di12 < (q 27
secghcconptinlausiy proftring @géﬂd?%mvll cak Qj'hat@o Mrﬁakmg the
conprises a structure having a cylindrical trunk

dialky! tdarbomaterand d pheniol da(startiagdmaieriati dentinuously
di aneter D2 (cn), and having an internal with nunber

fee@ing theastaffinhheaeefial deto anfirstodpiisesus rpatti-eiagetdistiliation
having an inside dianeter d21 (cn) at a top of the

coIE i \nﬂ‘hchna %Hg@g%rne‘&!st £afal9kt is 'ﬁe@@ht’”ﬁaﬂﬁﬂlﬁgtwt reaction

e top, a l1qul utl et having an inside di aneter

an%?@t&iﬁét&@p%?ﬁﬂ%ﬁé?ggﬁt FPLUM £RSt c'blﬁ‘m'n‘?"l?cfntﬁ’ﬁu&hgw

umm  near
withdrawing 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 phenyl 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 column in a gaseous form, continuously withdrawing a
second column high boifing point reaction mixture containing a produced
diphenyl carbonate from a lower portion of said second column in a {iquid
form, and continuously feeding the second column low boiling point
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the bottom at least one third inlet provided in the
upper portion and / or a mddle portion of the colum
bel ow said gas outlet, and at |east one fourth inlet
provided in the mddle portion and / or the | ower
portion of the columm above said liquid outlet,

erein L . 1. i
reafigsn-ixtite; cniring o dRtrsagiaer SRR, s opptinuous
12); 1500 <. L2 < 8000 (7), 100 <_ D2 <_ 2000 (8),
mul&kSl%@ﬂiﬁHaﬂgﬁ colfgnB: n2 < 80 (10), 2 D2 / d21 <_
15 ill), and 5 D2 / d22 <30 (12); (c) said high )
boi KIh@usifiying theediphiersd garbanatedey Gentinyausgly introducing
continuous nulti-stage distillation colum having a
the|ssgsrid lodl@om) higld bailingrsdiod reéiastiere migtu fec apntaidng the
having an internal w th nunber of stages nA
diphéﬁ?{ﬁb_ﬁﬁibdﬂaté\hﬁf@lanh bAingnsoind rmatérial separating column A,
followng formulae (13) to (15); 800 5 LA 3000 (13),
an&BBH%Lf&mcay(éaﬂr} irdSut 2&pHattPby diktillatitth frticdda column top

di pheny bonat e "purifying colum B is a continuous

corfibhenRR%EeflShifd T e EMIL B S T0ERIbn bottom
i nt |, therei.nside, havi i ol 1 ' .

corapaienta REnENIA e e hend b TR thuByel i Bducing
said inlet Bl and the, col urm_qtiogtom and hayi 2‘9 g s I

said galumptopicripponsnthr MO ajdipdenyl calbenatRPYrfypg column
B1, nunber of stages nB2 of the internal between the,

B hiavieg Bsidecut muteldandconiinuausy cauing ot sepg@@tion by
n53 of the

distillation into three components being a column top component Br, a

side cut component Bg and a column bottom component Bg, so as to
obtain a high-purity diphenyi carbonate as the side cut component;

(111) producing the aromatic polycarbonate by reacting said
aromatic dihydroxy compound and said high-purity diphenyl carbonate
together so as to produce an aromatic polycarbonate molten prepolymer,
and said molten prepolymer being made to flow down along surfaces of
guides by using a guide-contacting downflow type polymerization
apparatus, so as to polymerize said molten prepolymer while flowing
down; and

(IV) recycling a phenol by circulating phenol by-produced in step
(It1) back into the diphenyl carbonate production step (1);

wherein:

(a) said first continuous multi-stage distillation column comprises
a structure having a cylindrical trunk portion having a length Ly (cm) and

an inside diameter D4 (cm), and having an internal with number of stages
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internal below the side cut outlet B2, and a total
nunber of stages nB (= nBl1 + nB2 + nB3), wherein LB,
DB, nBl, nB2, nB3, and nB satisfy the foll ow ng
formulae (16) to (21); 1000< LB < 5000 (16), 117 100
< DB 5 1000 (17), 5 <_ nBl <_ 20 (18), 125nB2<_40

nn hbinside; 2l Rt lfh a8k atH5 HHiAno ) inéidle Bibdieter oy
(cmprahR tpRen Fol GaRF ﬁﬂ S8 ihEY BpHien off ik SolimnRear to

pol ymeri zation reaction zone having a plurality of
theggpdeshqusd oeutainluaummaarmsrlderdramewrdaréﬁr@ﬁ aj| abettom of
provided in a space surrounded by the perforated
the Wdumn ardnde lowarmgostich afttheecedimbameanta dberapttam, at
nol ten prepol yner feeding zone for feeding the nolten

leadt Sﬁ@|f¥|@rm¥’élapt'6‘@id% froteé athpe eperoohande eluadasddle portion
the pol ymerization reaction zone, a vacuum vent

of tRECYSIEREN ibt}?sg?& ?t?sr gﬁﬂb'toanﬁeé‘ﬁéé’é‘t oRE8ecdéiid ln!et

aromati ¢ polycar I'scharge port provided in

orob G T3 ATHA( Roflnh! Ena 308, 3@%@;%%wgaegg%olumn
sooliEsSl TR ABEBL wBEE D) 130 A Bl P8 D 1 a1

si de casi ng in the polynerization reaction zone
respaetivelsalisdy th@rfmjlqan'l(rmziorr@ulﬂezﬁ nto (8do (22), (3)
a ratio between A (n2) and an internal sectional area

B (nR) 1500 < L4 < 8000 (1),
100 < Dy < 2000 (2),
2<Ly/D1<40 (3),
20<n1 120 (4),
5<D¢/dy1 £30 (5), and
3<D¢/di2520 (8);

{(b) said second continuous muiti-stage distillation column
comprises a structure having a cylindrical trunk portion having a length
Lz (¢cm) and an inside diameter D; (cm), and having an internal with
number of stages n; thereinside, and comprises a gas outlet having an
inside diameter d21 (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 d3;
(cm) at a bottom of the column or in a 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 butlet, and at least one
fourth inlet provided in the middle portion and / or the lower portion of

the column above said liquid outlet, wherein Lz, D2, L2 / D3, na, D2 / day,
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taken through a horizontal plane of the aromatic

pol ycar bonate di scharge port satisfies the formula
(23), 20<_A/B51000 (23), (4) the tapered bottom
casing in the polynerization reaction zone 118 is
connected at an internal angle C () to the side casing

t her,eaboye ] j . I : (S, .
and) S 172 \Sape t1IRFLEali SR MR8 BUGihgSBmiIEeS (1) o (12):
of each gui sati sf] the formula (25 150 < h <_
5000 (25)35§%d5((?\6é Saé‘figal ext er nal suriglze area S (m
of said guide satisfies the fornmula (26), 2 < S <_
50000 (26Y1002< Oh& 2PBBess according tol8hai m 1,
wherein not less than 1 ton / hr of the aromatic
pol ycar bo@atd ;i 5Dgrodilced. 3. The proce$8),according to
Caiml or 2, wherein said dl1 and said dl2 satisfy
the formuhg £3v) < gmd said d21 and sai d(ti@p satisfy
the fornmula (28); 1 d12 / di11 55 (27); and 1 s d21
I d22 6 (38).p4; dlhe REocess accordi ng yp1pnyp@ne of
Cains 1 ?o‘?zm-é?e'in Li, DI, L1/ Dl,t n?, D, / dii,
and DI / ¢l or sai i rst continuous ti-stage
di stillat go% I%?O[’qul?rﬁ %é’pu sfy respectivel )(lvg 00 < L, <_

2D, U581t bigh hoiling RAINt [nateriak SEPATRIINGCRIHMBA if @

congimaus NSt WtNEROM BN AN BJEngth La (cm) and an
distillation colum satisfy respectively 2000 s L2 5

insideodiarsebzr Boo{@ns, and/avingeniinigrimal with number of stages na
60, 2. 5<_D2/d2112,

thereinside, wherein La, Da, and na satisfy the following formulae (13) to

(15);
800 < La < 3000 (13),
100 < Da < 1000 (14), and
20 < na < 100 (15),

and said d_iphenyl‘carbonate purifying column B is a continuocus
multi-stage distillation column having a length Lg {cm) _and an inside
diameter Dg (cm), having an internal thereinside, ha\iing an inlet B1 at a
middle stage of the column, and a side cut outlet B2 between said inlet
B1 and the column bottom, and having number of stages ng1 of the
internal above the inlet B1, number of stages ng2 of the internal between
the inlet B1 and the side cut outiet B2, number of stages ng3 of the
internal below the side cut outlet B2, and a total number of stages ng (=
Nei1 + Nz + ng3), wherein Lg, Dg, ng1, Ng2, N3, and ng satisfy the following
formulae (16) to (21);

1000 < Lg < 5000 (18),
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and7sD2/ d2225. 119 5. The process according to any one
of Clainms 1 to 4, wherein L1, D1, L1/ D, nl1, D1/
d1l, and D1 / d12 for said first continuous

mul ti-stage distillation colum satisfy respectively
2500 < L1 < 5000, 200 < D1 5800, 5 < L1/ D1:_ 15
40< nl: 9 10<.D | < 25, and 7sD1 12 <

and L2, 030003 B 6218@ D2 / d21, and b1z7f| G235 T or
said second continuous nulti-stage di st( él ation

col um saPisfeiredfectively 2500 < 1

5000, 20002800, 5<_L2/ D2<_ 15, 20<_n2< 50 3<D2/ d21510,
and 9< D2N@2250. <@0 The process accordif@).to any one
of daims | to 5 wherein each of said first

cont i nuou8 ki< dtsage distill ation col (@®),aamdsai d
second continuous nulti-stage distillation colum is a
di still at bgng yng having a tray and {29y, a packing
as said internal. 7. The process according to Claim®6,

d| s ‘ﬂ Faﬁgﬁlaéré&nté&md RIS W fg/pdeis???fmenzatlon apparatus

columm 1s & plate typ [ation

.having the tray as said internal, and said
co"ﬁ%é%%g continuous nulti-stage distillation colum is

a di tlllatlon col umm, havi n oth t he ackln .and the
Cr 2 PhansappaTa{L Having = Fihleh drso! WS ik iy bBFt, a
Claim6 or 7, wherein each tray _ in sai

l, .
perterated Rigdenal PeLyspagzation e aGHioBERe Swwaaoa Phugality of
second continuous nulti-stage distillation colum is
guidesitbat extendndownyardfron thgoperforated pdatewievided in a
portion. 120 9. The process according to C aim8,
spavkees @fnouraiad biyethe peafordied plate; @ didkOchsirgp ahdn8 tapered

said sieve portion. 10. The process according to Caim
botfbrRrcasing) &l Mdltén 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 co‘nnected 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
formula (22),

0.7 <A <300 (22),

(3) a ratio between A (m?) and an internal sectional area B (m?)
taken through a horizontal plane of the aromatic polycarbonate discharge
port satisfies the formula (23),

20<A/B <1000 (23),

(4) the tapered bottom casing in the polymerization reaction zone
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cross-sectional area per hole of each sieve tray is in
a range of from0.5 to 5 cnR. 11. The process
according to Claim6 or 7, wherein said second
continuous multi-stage distillation colum is a
distillation colum having, as said internal, the

: ' [ ' f :an

s EFRISdtRd L BNGHteRT) RGle & (s My SuE Tasingthérdabove,

rocess according to.apy one of Cl aj to 11,

wheledfahe 8566 $.00 A88Mes e Rrauf 4 o2 0 second
continuous nmnulti-stage distillation colum is_one or
a plurali t1)?001<— Get d66f structured packi ngs. 124).The
process according to (laim 12, wherein the structured
packPha@ lemgihi ki (canontieach: guide satisfies thexjermula (25),
distillation colum is at |east one type sel ected
fromthe gboug leen5000i ng of Mel | apak, Genpak(25), and
Techno- pack, Flexipac, a Sul zer packing, a Goodrol

packéya, totaf ex&@ idicdwfade drba BemPy efasfidaggidelsatisfies the
to any one of Clains 1 to 13, wherein each of said

' Al ing point material separating colum A and
for@g?% (gls?)'henyl carbonate purifying colum B is a

distillatiyo Q aving 121 a tray and/or cki ng
as said i %r §4SH?QB The process according tgzgfain1
14, wherein the internal of each of said high boiling
poi nt material separating colum A and said diphenyl
carbonateapurifying colum B is the packing. 16. The
prodess addr BIAEEsH aQcArRing toyhlaiel 4. weetpipknay less than 1
a structured packing of at |east one type selected the
tongrhbupf dbasaramatjcaiolyparrbapatke isqrediucerkchno- pack,

Fl exi pac, a Sul zer packing, a Goodroll packing, and
A itschgrid.
3. The process according to Claim 1 or 2, wherein said dq

and said d,, satisfy the formula (27), and said dz1 and said d; satisfy the

formula (28);

1<dia2/d1 25 . (27); and
1<dy/dyz<6 (28).
4. The process according to any one of Claims 1 to 3, wherein

Ly, D4, L4/ Dy, ny, D4/ d4q, and D4 / dy2 for said first continuous
multi-stage distillation column satisfy respectively 2000 < L, < 6000, 150
<Dy<1000,3<14/D;y<30,30<ny<100,8<Dy/dss <25, and 5 < D;
/diz <18, and L,, D, Lo/ D3, na, D2/ daq, and D, / dyy for said second
continuous multi-stage distillation column satisfy respectively 2000 < L, <
6000, 150 < D>, <1000,3 <L,/ D2<30,15<n,<60,2.5<D;/dz <12,

and 7 < Dy / dyz < 25.
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17. The process according to any one of Clains | to
16, wherein, the side casing in the polynerization
reaction zone is cylindrical wth an inside dianeter
D(cm and a length L (cn), the tapered bottom

casing, which is connected to the |ower portion of the
side casing, is conical, and the discharge port,
which is in the | owernost portion of said tapered

conbcal DR SBELIG ol b BURT Ind'b LRI H %4, whersin

di armet er erel L "and sat

LG5 B B & g e i

31), and h 20Lh+300 (32). . The process accord| éb
mu bszaage mstluatlgracﬁﬂmnt%atﬁfy regRe ¢liveya2aof < 00, 200
satisfies the fornula (33); 122 400 < h <_ 2500 33)
< D1% 80g @gol:es!suascmﬁdmﬁgqm ar§0,0he H0J diyms 25t and 7 < D4 /
18, wherein each guide is cylindrical, or pipe-shaped

dyandsnetal 19, Ds, uchD,t el DNedap] aad D ¢ablyimrs aidnsetond
enter therein, wth an outside dianeter r (cm,

conﬁlﬁgﬁﬂlé‘ rﬁuﬁrﬁgit%éé RfistiNatio? HH|Lﬂnﬁ3é‘ét|sﬂr ﬂe§pécﬁueﬂ/ 2500 <lz<

ocess according to any one of O ains

sodrP é@o < MleLgidh t B Eo'f-‘/g”é 38t '2?1”‘<'ﬁ caghi gde gyt { da1 < 10,

WO 2ot rmre o gul de- contact ng down

p ol, yer i on apparatuses |inked together. 21.
a“&régﬁ (:é? gaé ording to any of Clains 1 to 20,

wherein the plurality of the guide-contacting
downf |l ow type pol yneri zati on

6. The process according to any one of Claims 1 to §, wherein
each of said first continuous multi-stage distillation column and said
second continuous multi-stage distillation column is a distillation column

having a tray and / or a packing as said internal.

7. The process according to Claim 6, wherein said first
continuous multi-stage distillation column is a plate type distillation
colu.mn having the tray as said internal, and said second continuous
multi-stage distillation column is a distillation column having both the

packing and the tray as said internal.

8. The process according to Claim 6 or 7, wherein each tray
in said first continuous multi-stége distillation column and said second
continuous multi-stage distiflation column is a sieve tray having a sieve

portion and a downcomer portion.
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apparatuses according to claim 17 conprise two

pol yneri zati on apparatuses being a first

gui de-cont acti ng downfl ow type pol ynmeri zati on

apparatus and a second gui de-contacti ng downfl ow type

pol ymeri zati on apparatus, wherein in a process in

whigh a p ' ' j i e [: S ai

or i, o T BEprgRts HEcSTHIRE 10 CIAIRFRT iR Sab sieve tray

i des | id fifsts guide;contacti downf | ow t ype

hasgﬁ#’@ﬁ&? @gﬁﬁbﬁesapﬂhr RNl tp&rggnext ernal surface

area S2 (nR2) of the guides in said second

gui de-cont acti ng downfl ow type pol ynmeri zati on

apparatus satisfy the formula (35); 1 < S1 / S2 <_

20 185). Thespoxcess micgerding to\Claiondterc9, wherein a

pol ycarbonate produced in an anount of not |ess than

crods-isectionul, amda pleritsoler ofleaett bieviehtrayr isciasa range of from 0.5
according to any of Clainms 1 to 21. 23. The

to Shegf¥-qual ity aromati c pol ycarbonate according to Claim
22, having a content of alkali netal and / or alkaline
earth metal conpounds in a range of from0.1 to 0.01
ppmin ternms of netallic elenments therein, and a

hal pgen cente t . . . . :

hi gﬁ?qual ﬁl&? Qf%%?%%@?@@ﬁ g%nrbal%’éﬁggc%fgr r\“é“?'be%sa?'r% '

22 or 2 bei n romati g.,pql ycar honat e havi .
sechRA-CoRtinHoDsaTuaH- X3 fiati[FHIE FalaT i dufistdidtion column

foreign linkage including an ester |inkage or (an
havingens|saidagdernald thawaekinacbhtheurnersaestiep e the column,

linkage in a range of fromO0.05 to 0.5 nol % based on
andctheptreat in theldowes. padion of the column.

12. The process according to any one of Claims 6 to 11,
wherein said packing of 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 the structured
packing in said second continuous muiti-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 each of said high boiling point material separating column A and

said diphenyl carbonate purifying column B is a distillation column having
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a tray and/or a packing as said internal.

15. The process according to Claim 14, wherein the internal of
each of said high boiling point material separating column A and said

diphenyl carbonate purifying column B is the packing.

18. The process according to Claim 15, wherein the packing is
a structured packing of at least one type selected the group consisting of
Mellapak, Gempak, Techno-pack, Flexipac, a Sulzer packing, a Goodroll

packing, and Glitschgrid.

17. The process according to any one of Claims 1 to 16,
wherein, the side casing in the polymerization reaction zone is cylindrical
with an inside diameter D (cm) and a length L {cm), the tapered bottom
casing, which is connected to the lower portion of the side casing, is
conical, and the discharge port, which is in the lowermost portion of said
tapered conical bottom casing, is cylindrical with an inside diameter d

(cm), wherein D, L and d satisfy the following formulae (29), (30), (31)

and (32);
100 < D <1800 (29),
5<D/d<50 (30),
0.5<L/D<30 (31), and
h-20<L<h+ 300 (32).
18. The process according to any one of Ciaims 1 to 17,

wherein said h satisfies the formula (33);
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400 < h < 2500 (33).

19. The process according to any one of Claims 1 to 18,
wherein each guide 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 formula (34);

0.1<r<1 (34).

20. The process according to any one of Claims 1 to 19,
wherein the polymerization is carried out using two or more of said
guide-contacting downfiow type polymerization apparatuses linked

together.

21. The process according to any of Claims 1 to 20, wherein
the plurality of the guide-contacting downflow type polymerization
apparatuses according to ctaim 17 comprise two polymerization
apparatuses being a first guide-contacting downflow type polymerization
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 externat surface area S1 (m2) of the
guides in said first guide-contacting downflow type polymerization
apparatus and a total external surface area S2 (m?) of the guides in said
second guide-contacting downflow type polymerization apparatus satisfy
the formula {35);

1<81/82<20 (35).
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22, A high-quality aromatic polycarbonate produced in an
amount of not less than 1 ton / hr, which is produced by the process

according to any of Claims 1 to 21.

23. The high-quality aromatic polycarbonate according to Claim
22, having a content of alkali metal and / or alkaline earth metat
compounds in a range of from 0.1 to 0.01 ppm in terms of metallic

elements therein, and a halogen content of not more than 1 ppb.

24, The high-quality aromatic polycarbonate according to Claim
22 or 23, being an aromatic polycarbonate having a main chain thereof
partially branched through a foreign linkage including an ester linkage or
an ether linkage, and having a content of said foreign linkage in a range

of from 0.05 to 0.5 mol% based on carbonate linkages.
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