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I NDUSTRI AL PROCESS FOR PRODUCTI ON OF AROMATIC
CARBONATE Technical Field 5 The present inventieon
relates to an industrial process for .the _production
of an aromatic carbonate. Mire particularly, the.
present invention relates to a process for

i . , L
al D USTRIALERECESS FOR PRPEG Tl pEARGMATIC
prol onged period a | ar f an aromatic
carbonate required forgmbngng a high-quality
hi gh- perf ormance aromati c pol ycarbonate. Background
Art As a process for producing an aromatic carbonate,
a process of reacting an aromati c nonohydr oxy

Techaiwabduedd wi t h phosgene has been 15 known from | ong
ago, and has al so been the subject of a variety of

stThle greisentdnesntipearslatésievan indbstriar popessssfier the
probl em of using phosgene, and in addition '

prod@dtion igTad e G rompatic Idarbonaas. arMotie ffdreiculatly, tisepresent
out are present in the aromatic carbonate produced

invediﬁirf‘%fdéb% topgq:ﬁ%%%ssaﬂﬂ' MRS il ﬁ}c?dlf’éin@?_rfpé’ﬁ\ah%yhclic

cannot be used 'as a starting 20 teriral asS'is for the

carbdH 4 Shi i Yrpfads HBhRFEPRYS LoHRBl e, Mo FaPan
inhibit th I [ [ tion i h .

proto B bbb 08 TR 9 285 8le hgbhce desmirad fo

oroa fSInSc3 e Sl lob s b e dhes R i nb GG RT5.
exanpl e, even if such 25 chlorinated inpurities are
present in an amount of only 1 ppm the
pol yneri zation hardly proceeds at all. To nake the

Backdraund Ardr bonate 1 capable of being used as a
starting material of a transesterification method

arAgel peopesy for lprodueing dri avbhrtiveanbibhatst agrocess of

separation /
reacting an aromatic monohydroxy compound 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 aromatic carbonate produced using this
process, and hence the diaryl carbonate cannot be used as a starting
material as is for the production of an aromatic polycarbonate. The
reason for this is that such chlorinated impurities markedly inhibit the
polymerization reaction ih the transesterification method for producing
the aromatic polycarbonate which is carried out in the presence of an
extremely small amount of a basic catalyst; for exampie, even if such

chlorinated impurities are present in an amount of only 1 ppm, the

polymerization hardly proceeds at all. To make the diaryl carbonate
1
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purification process involving thorough washing with a
di l ute aqueous al kalii.ne solution and hot water, oil /
wat er separation, distillation and so 5 on is thus
requi red. Furthernore, the yield decreases due to
hydrolysis loss and distillation loss during this

capa}iﬁ?ﬁ%ﬁﬁeﬁggﬁrég C?ﬁrﬁ@ih‘fﬁ?ﬁ@ %fT%%%g@égtéﬁWéation

ecpnomi c dust scal e. ot her .
methaharomaic bebea o niGs i sy bIESRETS E“E‘AFEE%%‘? S€paygtion /
through transesterification reactions betwee
purifm%trwpr@se%ﬁawel\ana e rosgiista hirgn¥Hio? &wﬂe aqueous
conmpound i s al so known. However, such
alkalinarssdstioni and iotowaten il 6rwatereseparation) distiliation and so
reactions. The equilibriumis biased extrenely toward
on ist tuoréguirald. syBueimernibrtehether piadd idecresises dugl fmwhydrolysis
and hence there have been many difficulties in 15

loss @h@ﬂumtnmmmagscdm@qm g8 platdtiehr/ putifidatidmpyecess.
anobunts using such a process. Several proposals have

TherBS&fb (f)'i?lg§rﬁ9ny oD Enfdjrt %r@ﬁﬁé fjtﬁlg'ﬁﬁﬂééﬁsec%bmlcally

nost t hese ve rel ate opmsnt of

on aﬁ%ﬁluﬁltaf Ecawcrease the reaction rate. Many netal
conpounds ave ‘been proposed 20 as catalysts for this

type @f tr sterificatian
or 6 e SRR E o iR 5 Wt g B Baticoraronates
resolved nerel devel opi ng, a cat al and hen
throygfe teangest @érfytyM rpastiesst ngréeene%ay %@ﬁf'.q?dpaaﬁeﬁs and an
the reaction systemin order to provide a process for
aromatifusronahygraxii compoundiiagplser knaws. pridawa Ve suoh
Attenpts have al so been made to devise a reaction

transestecificaticrs reaotishsfare BH equilibrivmureachians. t Adhe
product system as nuch as possible, 2 and thus

equilibpuay és bigsed e metptbanaidetha erigingbsystermphnd ther

the reaction between di nethyl carbonate and phenol,
reactiBR@tEA%EsIBAETaNd hence there have been many difficulties in
producing aromatic carbonates industrially in large amounts using such a
process.

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

Attempts have also been made to devise a reaction system so as

to shift the equilibrium toward the product system as much as possible,
2
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~ proposed a nethod in which nethanol produced as a

- by-pfoduct is distilled off by azeotropy together
Wi th an azeotrope-formng agent (see 5 Patent Docunent
1: Japanese Patent Application Laid-Open No. 54-48732
(corresponding to West Cerman Patent Application

* anc B, S e T B SRR b e

by- product is renoved by bei ng adsorbed onto a
reactigndetween; dimeihye cashoaqte phand, thaphave been
Pat ent Application 10 Lai d- Open No. 58-185536 )
prOposedr@s'peE‘m@gfnt\@hlgremeiémaémi meducesh8s)g by-predeckts
- a nethod has al so been proposed in which, using an
distilheg afhtysazeottipphtag elihstri Witht anrazedtnopeiforpriogi aigent (see
on top of a reactor, an alcohol produced as a

PatelY TRo©dmeinti 1t t4paneset PatentsApphaatiosdlaid-OpemNs he
reaction m xture, and at the sane tinme unreacted

54-48?9‘2?('&9:"&2@)6%%9 18 Wit G¥aARANePateh ApDIRIGH LAld-Open

by distil Ion (See Patent Docunent 3: apanese

Lot o 5. 123 _
No. 735685, ShiL L3 Fatelt o sBR3 2101 30829 Jpinog inauhich the
th t] { ' [l . {
metmecflgqf .e Cc%@%séﬁfbﬁﬁﬁggpgt Egi"gﬁi v%%?x&teﬁgﬁ%%d%@r%d onto a
molecilabFiare KPBadRa ISR DPSt MRV PopRoRn s PaieRt Appication
_transesterification reaction, and hence the reaction
Laidr@peni NosB8-185536 (canrgspriging thad. BeEatenbivmt 418464)).
a batch systemis preferable to a continuous system
Moregivarmas methodohasmlsasbse nrpriopp sechkn mdichou Sing =R)

systemin which a distillation colum is provided on

appdrapu®iin avhihchodishitiatidn beumpr igpprevidad andopt ohaoezactor,
system but there are problens such as the reaction

an alodlieictLded s asy-phedaasihithei ddlid ifeeparatée off from
reactor 3 being small based on the volune of the

the GG o SN O POSEIP A RovEBEfed e materil
that 8VhpbPald i®UeiSrated off by distillation (see Patent Document 3:
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 hbw much
the reaction rate can be improved through catalyst development for such
a transesterification reaction, and hence the reaction rate is still slow,
and thus it has been thought that a batch system is preferable to a
continuous system. Of these, a continuous stirring tank reactor (CSTR)
system in which a distillation column is provided on top of a reactor has

been proposed as a continuous system, but there are problems such as

the reaction rate being slow, and the gas-liquid interface in the reactor
3
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of producing an aromati c carbonate continuously in

| arge anobunts stably for a prolonged period of tine
by means of the above methods, and many 5 issues
remain to be resol ved before econom cal industrial

i npl enentation is possible. The present inventors

being éﬁaﬂqyr an‘g%q} gﬁé‘i}dlﬁ edl)?tthbllﬁﬁlan H‘?Br}ﬂ% hBt %:s‘r%lible to

|ca I'on reac carri ed
conti nuous lati .
make thé somesapy Hehn SABSRuingy.os T A&t ﬁPaﬁﬁt%W ot
have been the first in the world to dlsclose that suc
of praducingan aramati¢ carbenatg soatinuouslyrin large amayys Stab'y
transesterification reaction, for exanple a reactive
for adpealpnped parieet abtime bywmsransef dhal ajove gaetwdseand many
and the aromatic hydroxy conpound are continuously fed
issuésiremainna be-etsadeedibsifolre ad ¢amo it ainind ustdial denglearentation
is carried out continuously 15 inside the colum in

is poddiilsla.t he catalyst is present, while continuously
withdrawi ng by distillation a | ow boiling point

COMBRNBRds&MNirAldHtBds %v@ﬁ%@%%p@ﬂ Qieeeeadidtillation

by- product, and continuously w thdrawing a conponent

metrﬁﬂ:@ i WHIg asn?él‘i’%uﬁ'%gts%lslf%hﬁﬁ%%on géa%’ ?ﬁgof(fé):‘ﬂe% Qutin a

por Ion O colunn (see cunent

anese Patent 20 I cat .
contigtB3R5 BT 4 e, s @@Q{APW'P@%* 3imitETO sty withsengration
by dmﬁlﬁqtr H y@@g bon%lt o frbqs]? kd’r‘rﬁHea arl,%gtéiaﬁgq{%@ that such a

carried out continuously inside the colum in which a
reactivedigditlatiorppystam, iswsefal Jonsuskoasirgnapstriitioatignoy
distillation a | ow boiling point conponent containing
reactiodi 4bk gixacapleoaaeactvepdistitationgnatinyd pn odhioth thendialkyl
conti nuously w thdrawi ng a conponent containing a

carbpnatei@ed therarbncati ddnyatre xiyrcompoluswk are @dritinuedsiynied into
4 colum (see Patent Docunent 5: Japanese Patent

a mu'm%tla@%t Htilltich @80mmaand 183e8bn B E8AGEH Ut continucusly
distillation nethod in which these reactions are
inside the column in which the catalyst is present, while continuously
withdrawing by distillation a low boiling point component containing an
alcohot produced as a by-product, and continuously withdrawing a
component containing a produced alkyl aryl carbonate from a lower
portion of the column (see Patent Document 4: Japanese Patent
Application Laid-Open No. 3-291257), a reactive distillation method in
which an alkyl aryl carbonate is continuously fed into a multi-stage
distillation column, and reaction is carried out continuously inside the
column in which a catalyst is present, while continuously withdrawing by
distillation a low boiling point component containing a dialkyl carbonate

produced as a by-product, and continuously withdrawing a component

containing a produced diaryl carbonate from a lower portion of the
4
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carried out using two continuous nulti-stage
distillation colums, and hence a diaryl carbonate is.
pr oduced continuously while efficiently 5 recycling a
di al kyl carbonate produced as a by-product (see Patent
Docunent 6: Japanese Patent Application Laid-COpen No.

4-21103 correspondi.ng to WO 91/ 9_ 3 .
coluiBii (76 Riatepa RS aRalI P} dpaneapLhatant ABBIEBER]) Laid-Open
a reactive distillation thOdI h a dialk
No. £k remtinn iebbanian MGt M hieHbese reRcioks are

are 10 continuously fed into a nulti-stage
carrigdse it uatng)ﬁwc)owm%nugné rmuliigiage ﬂmtlllatnmod@mﬂs and
t hrough the colum is withdrawn froma side outl et
hencer avdideyl catbamaieniepreduaed ctnrtipuandly wirileaefficiently
| oner nost stage of the distillation colum, and is

recy¢iihg eldisiyl cbebenaeagirod upeavades b@ugsddi@ctt (see Patent
distillation colum so as to bring about reaction,

Doctﬁﬂ@n't% L Rhn 86 e AsskcatloAL 4id-0HEh No. 4-211038

circulating inlet prow ded at a stage above the stage

(corﬁggﬁi di gtoOWng% PVEQR ? ?&’ﬂeﬁﬁﬁ’%ﬁgc téqqm and U.S.

e 'reac and ati'on

Pate&ﬁmmaﬁﬁﬁﬁﬁi egéﬂi’an"?%‘@“&%éé@%%ﬁﬁ@ﬁJ Cl high =

. Iat t hods O t he 20 .

dialki} anboRata A RE RrorBRtRoTEAEET. COMBRRTE C Walfohieeare
to be produced cont | nuousldy and eff| Ci ently,

contipuausty ded; intora enulti-atags | §BHEBﬁ&t‘é°|iU§“npﬁ6'G|u§étﬂU'd that
froma dial kyl carbonate using two continuous

flowsrdiown ¢hemegh dhstéolumn ds veibhdrane niise el acsideheutlisd\provided
di scl osures have been proposed thereafter (see, for

at arckdephmdiBbe avhglamnddar 8:lovaranestes feagenf tRB distillation
Application Laid-Open No. 6-157424 (corresponding to

columw, GIRPNs Retredceoint8878d4tomproided Patside M distillation
5334742) Pat ent Docunent 9: 5 Japanese Patent

columPPsé G td"&rh?q %bglﬁrl-elﬂ%tucﬁi 1§|4§5§ the® MPePieeaD 4k in
Eur opean Pate 582930, U S. Patent No.

throﬁ#%géﬁ?:ulﬁ?ﬁf%let provided at a stage above the stage where the

outlet is provided, whereby reaction is carried out in both the reactor and

| the distiliation column (see Patent Document 7: Japanese Patent

Application Laid-Open No. 4-235351).

These reactive distillation methods proposed by the present
inventors are the first to enable aromatic carbonates to be produced
continuously and efficiently, and processes in which a diaryl carbonate is
produced from a dialkyl carbonate using two continuous multi-stage
distillation columns based on the above disclosures have been proposed
thereafter (see, for example, Patent Document 8: Japanese Patent
Application Laid-Open No. 6-157424 (corresponding to European Patent

No. 0582931, and U.S. Patent No. 5334742), Patent Document 9:
5
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Docunent 10: Japanese Patent Application Laid-COpen No.
9-40616, Patent Docunent 11: Japanese Patent
Application Laid-Open No. 5 9-59225, Patent Docunent
12: Japanese Patent Application Laid-Open No.
9-176094, Patent Document 13: WO 00/18720

sapanst BRSREABbIchtiar L aid%0B8h NB; 2184059 (oofEgRhnding to
Europgar, Patent Na05Ba880. rari U5 ﬁ'%ﬁ;b{n%ﬁ;@@ﬁfﬁatgm

met hod t hat enabl es hi ure aromatic carbonates
Docympeps 1&:obare@rae§ed%a§prrglo$pa isatiprigaid- EH?EP'!)c!NQ)fgt‘l%m

wi thout a |arge anmount of a catal yst being required,
Pateat idetwateint i ddpanghe FdatantgAppbcationd aid-&pen No.

containing a catal yst conponent is reacted with an

9-5920265|, RatestBbanneritnt2 1 bapaneser RatenbAppliwadidrhkaid-Open
catal yst component is 15 recycled (see Patent Docunent

No. 47609 7PhieAp dmm@ﬁpqrsilwmmm@vwa%r@ab@ﬂtmh@ to U.S.
0855384, and U S. Patent No. 5872275)), and a neth

Pateggr!\f 609934\2? h%tbﬁ?@&&ﬁ'l'&%t"‘ﬁ 9hhpaAbs8 Phtént APprI1icat|0n

ydric omat 1 ¢ hydroxy conpound In the react
£ ) met al at not nmore than 2.0 (see
La'dgyé ﬁlwéo?@r@abg'%ﬁ)\?apanese Pat ent Application 20
Lai,d- Open No.. 11-9 corr onding to Euro n
Pl BN R e aEEsH ISt Tatio Gyato R che REFeeHL3BpAfrnts have
Furt hernore, the present inventors  have proposed a
furthgeegosedins R methed 9@%%%’@%%@& R gromatic
produced as a by-product in a pollyrrerl zation process

carbpgatedo Le prodused ﬁ@b;mtfgr.aapro afl pesiod of time without a
carbonate is produced using a reactive 25 distillation
largemarmuint ohiascatagipshbeingrequitesd ,caméthad éa velsich high boiling

starting material for polynerization to produce an
poinfanritetial dqutadsingoaadatalpsteco mpiaiait isDarastedt with an active

Japanese Patent Application Laid-open No. 9-255772
subsb@%{’:é AP IEAGdParateanRsRNaRat @Y chealyd8diidonand is
recycled (see Patent Document 15: 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 16: 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 992 % by weight of phenol
produced as a by-product in a polymerization process is used as a
starting material, and diphenyl carbonate is produced using a reactive

distillation method; this diphenyl carbonate can be used as a starting

material for polymerization to produce an aromatic polycarbonate (see
6
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Patent No. 5747609)). However, in all of these prior
art docunents-in which the 5 production of aromatic
carbonates using a reactive distillation nmethod is
proposed, there is no disclosure whatsoever of a
speci fic process or apparatus enabling nmass
uction,on,an industrial scale.(e.q. J ,
Patefft Bo&im@ht i yanatese At ChpBuERLy Caldrbran el
or _apparatus. For exanple, the descriptiaons regardin
9-25ﬁzi73hfcs°r(¢~ﬁpgne!w:toﬁa'nFO%arai ke Nog BY bzanng-%-
nunbers of stages (n, and n2), and starting naterial
Patene®n.ng744689){.Q and @: kg / hr) for two reactive
distillation columms disclosed for producing mainly
di plosveVe K dnbaih aif ¢ heBROpribr amt dbicurnbyits danvboicdx thaand
phenol are as sunmmarized in Table 1. Table 1 TABLE 1

prodiictibh eflafdhatit Bar@n8feLATY a REELIAAWIstil@tiorbnmlhod is
66 600 25 20 23 6 350 2.8 - 0.2 305 5-10 15+ 0.6 9

propBAE! NeBre P9 ho> drstiBshrd Whdtstibvarbofl 8 sgoifit prdedss or
200 4 - 0.8 11 300 540 1.5 - 5 25 0.7 12 1200 20 40

appef B9 Bt Had? pHiautRo B a2 taishi scd 6l ton /

her wo gest pairs of continuous
hr), rgﬁlli }s't F]}féraqgggg/'t é%%éh@%ihg\ngﬁﬁlg%}\ﬁggéﬁghV@%’Po&é&éyoi rngp paratus.
For example, the descriptions regarding heights (H4 and Hz: cm),
diameters (D41 and D2: cm), numbers of stages (n4 and n2), and starting
material feeding rates (Qy and Q2: kg / hr) for two reactive distillation

columns disciosed for producing mainly diphenyl carbonate (DPC) from

dimethyl carbonate and phenol are as summarized in Table 1.

Table 1
TABLE 1
600 25 20 66 600 25 20 23 6
350 2.8 - 0.2 305 | 5~10 15+ 0.6 9
PACKINGS

500 5 50 0.6 400 8 50 0.6 10
100 4 - 1.4 200 4 - 0.8 11
300 5 40 1.5 - 5 25 0.7 12
1200 20 40 86 600 25 20 3 15
16

600 - 20 66 600 - 20 22 17

In other words, the biggest pairs of continuous multi-stage

distillation columns used when carrying out this reaction using a reactive
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distillation systemare those disclosed by the present
applicants in Patent Docunents 15 (WO 97/11049
(correspondi ng to European Patent No. 0855384, and

U S. Patent No. 5872275)) and 16 (Japanese Patent
Application Lai d-qOen No. 11-92429 (corresponding to

s HGBSENER 5 el SHRISRA P R B I
o452y G0 LA LAY o
o. BHENSSE 5 Bt B3R 00 o s Pt

Pat ent Docunent 10 (Japanese Patent Application
Applicatipropaid10pee. No- 40698429 (gorregporging ip EurepepnFPatent
31 kg / hr, and the anount of diphenyl carbonate
No. pdv6648d anes Uh St Raterdd¥d. 82622100t elAs 6an kg sedn from
whi ch is not an anount produced on an industri al

Tablécialthe AExifimhkydluesr bDtive &/arkass conditibr for ltheofontinuous
the present invention nust be produced on an

multi-g rdlé‘illlﬁﬁéhecoﬁﬁﬁni‘,ltﬁ’sbﬁfdﬁ& fo F1Hé afwvelﬁeéé’ﬁbﬁlare Hy =
al ogen. The only process in which such a dial kyl

120{F8ﬁ§qlslat-e 'OSCI’nn SU?@'&M Od%'@@ |'89§|oﬁ€g"e56 HEtonIy

ar mat et for’ a ar ona car bonat e

condyg i EFRE %%%ﬁ@&?&%?@é%aﬁ%%éﬁ%iﬁ@Aﬁ’ﬁhggt'y&ha g;0pen
o B TS R ORS A A T o

npl e, Patent Document 18: WO 03/016257)
dlphfseabpabbpmtﬂ preduged; has st w\c%ﬁ@e@raaprﬁxav@tabf g7 &g / hr,

| arge anount of CuC -HCI as a catal yst, and hence
whichHermrotl snaalp\mmtepnaﬁuc&dw@ncanrlodmitltlgl Bealry very high

in the reaction systemand a separation /

puihie dedtkghcayisteate Msedolrea, step (Ih) of pheqresentliavention

carbon nonoxide is 25 prone to being oxidized into

usEaBaR e g amidhgntal e, andeytbhors s age
contain a halogen. The only process in which such a dialkyl carbonate
is industrially produced in a large amount as a starting material for an
aromatic polycarbonate is an oxidative carbonylation process in which
methanol is reacted with carbon monoxide and oxygen to produce
dimethyl carbonate and water. However, with this oxidative
carbonylation process (see, for example, Patent Document 18: WO
03/016257), the reaction must be carried out in a slurry state using a
large amount of CuCI-HCI as a catalyst, and hence there is a problem of
the corrosivity being very high in the reaction system and a separation /
purification system. Moreover, in this process, the carbon monoxide is

prone to being oxidized into carbon dioxide, and hence there is a

problem that the selectivity based on the carbon monoxide is low at
8
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approximately 80% On the other hand, several
processes for the production of a dialkyl carbonate
and a diol froma reaction between a cyclic carbonate
and an aliphatic nonohydric al cohol have been
proposed Wth this 5 reaction, a dialkyl carbonate

F Ieré)g#}ced W t hout using a hal ogen, and hence
apprpmr‘ga 3 %ferabl e process. As reaction systerrs

four systens have been pr osed. These four eactloP
sySethe athepdand.nseveipl pocessas tarethn paREUFHRNGPT a

di ret hyl carbonate and et hyl ene glycol from ethylene
dialkyhceshanatamndmet dighdromuairelaction hetween aypiclig carbonate
reaction 10 exanple, and are (1) a conpletely batch
and apagiplatisysbrohy(Pic aldudtairhavedadroprepesedh usiViith #his
reacti on vessel having a distillation columm provided

reacion} apdidIRYEGArbdRater chhowé Ngroldudwd wikanitl 9singy atisatogen,
using a tubular reactor, and (4) a reactive

and HbAkb!thid 19 E)’éﬁe‘?ﬁbié rp?bc@b%‘:' %@‘?eﬁbhoh@ﬁfeﬁ‘ﬁﬁ??our

I nventors (see, for exanple, Patent Docunen
li [ &ins?
systefBNVE e BroBhs 68T, PR6LETolR r&athiEh Msidhnt drdbsed in
Lai d- 4435, Pat
a PrajRy %@Qf ésavgfaslnm AiREEP PRt ABM efaylene glycol
U.,S. Patent No. 6346638 Pat ent
fromlﬁ)‘gl}f’?\%? 0\9\&9/%’1 methape! eé’ﬁb‘ﬁg‘ W)g"t% ”E&%B@dﬁa' reaction
Pat ent . 1174406 and U S. Patent No. 20 6479689%
exannaheerﬂndmar(ér)ta gompleiahebathreactiapsystamok2) a batch
Lai d-open No. 5-213830 (corresponding to European
reacthanassistio WBHhzg @l feaatidnaesselfaaeimg addistipat@repelumn

Pat ent Docunent 24: Japanese Patent Application

providedlofipyp teerdnfQ$0Y a( flowirgdimuiidnee 4 ctidnirsyztam Hstrepta
No. 0569812, and U. S. Patent No. 5359118), Patent

tubula?cr‘ézﬂgi(l)grﬁgcliégg(adggc??gtj@bﬁtﬂ%ttﬂﬁtr‘&pv\&%momrétad|@c®§é\d by
. ponding to 3/ 006418

the praseRt iRPEHIBYR (s, fAPEKETDIEAPRREnMI ¢ FRE ™M 9 Qapanese
Patent Application Laid-Open No. 4-198141, Patent Document 20:
Japanese Patent Application Laid-Open No. 9-194435, Patent Document
21: W099/64382 (corresponding to European Patent No. 1086940, and
U.S. Patent No. 6346638), Patent Document 22: WO00/51954
(corresponding to European Patent No. 1174406, and U.S. Patent No.
6479689), Patent Document 23: Japanese Patent Application Laid-open
No. 5-213830 (corresponding to European Patent No. 0530615, and U.S.
Patent No. 5231212), Patent Document 24: Japanese Patent Application
Laid-Open No. 6-9507 (corresponding to European Patent No. 0569812,
and U.S. Patent No. 5359118), Patent Document 25: Japanese Patent
Application Laid-Open No. 2003-118168 (corresponding to

WO003/006418), Patent Document 26: Japanese Patent Application
9
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Lai d- Open No. 2003-300936, Patent Docunent 27:
Japanese Patent Application Laid-Open No. :

2003- 342209). However, there have been problens vvlth
these systens as follows. In the case of (1) and (3),
the upper Iimt of the cyclic carbonate 5 conversion

Laid%@ﬂgﬁt Qo PRS- 200 CRERRY PoRtiEhe ?Qnr#él%%’i@ s Fatent
OUtté%Igé-,%o qPh8 R b %ém RN var glr?chave been

car bonat e conversion high, the produced dlalkyl
problemmgonihethase systemssas fFOUaWSHT usi ng a very |arge

amount of the aliphatic nonohydric al cohol, 10 and a

| oby theazaseefi(itimnd (Bhdthie spperdimiteot the cyclicagarbonate

the reaction can be made to proceed with a higher
conversio s detehaimed thy {He coMpositiqrBp.ut inawd ¢he temperature,

processes of (4) proposed hitherto have related to

and RepducihireabBofi Gyt Bardwipdd ol dot letiofl el thus the
in small anpbunts or for a short period time, and

convBR¥fr 166! 2MBragveR Vi cad wgprtedmweom% Bc

I ndustrial scale st'ably for onged per i od

carb%lajgf‘e E‘ﬁ} rsfo tht?ﬁﬁethg F)%{\%%% Hgéé X[‘%rﬁ‘éﬁ?ié‘%‘?ué Be

( producl car conti nuous
distilifd ) ﬁ%ﬁg}m\’@m%ﬁ@%&fﬂ@#.ﬂsﬁm Allehati® Al —
1000 f bl | h 0
and %gpggpwé@»cgrg{tfmﬁ%eneiéﬁr@%aﬂcfedbeeﬁéﬁé9 (436 ?herreac%on can

exanpl e, the maxi mum val ues of the hei ght X

be madarie @rocesd wih adrigheimnnversien dhes ‘(vnt§1 61=).t(r2é or (3).
reactive distillation colum, the anount produced P

Howekgr,/pmc;esﬁeedbfnéﬂmwropmsbdnbtthartmbatvberejated haqreducing
production tinme T (hr) in exanples disclosed for the

the diatidl adrpondtedangtthel divarditiiat i 6T aandunrtshpr foe a short

glycol (EG fromethylene 25 carbonate and nethanol
pericd 8f 3fmkeNahPhavé ndektIatéd k@ carrying out the production on an
industrial scale stably for a prolonged period of time. That is, these
processes have not attained the object of producing a dialkyl carbonate
continuously in a large amount (e.g. not less than 2 ton / hr) stably for a
prolonged period of time (e.g. not less than 1000 hours, preferably not
less than 3000 hours, more preferably not less than 5000 hours).

For example, the maximum values of the height (H: cm), diameter

(D: cm), and number of stages (n) of the reactive distillation column, the
amount produced P (kg / hr) of dimethyl carbonate, and the continuous
production time T (hr) in examples disclosed for the production of
dimethyl carbonate (DMC) and ethylene glycol (EG) from ethylene

carbonate and methanol are as in Table 2.

Table 2
10
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TABLE 2 PATENT H: cmD: cm NO STAGES : n P : kg/hr
T : hr DOCUMENT 19 100 2 - 30 0.106 400 20 160 5 40

0. 743 NOTES 21 200 4 PACKI NG COLUWN (Di xon) 0.932
NOTE 5 22 NOTE I 5 60 0.275 NOTE 5 23 250 3 PACKI NG
COLUW (Raschig) 0.392 NOTE 5 24 NOTE 2 NOTE 2 NOTE 2
0.532 NOTE 5 25 NOTWEZQIOTE 4 NOTE 5 26
NOTE 3 NOTE 3 30 3750 15 PACKI NG COLUWN
(BX) 0.313 NOTE 5 NOTE 1 : OLDERSHAW DI STI LLATI ON
COLUWN. NOTE 2: NO DESCRI PTI (]\I VHATSOEVER DEFI NI NG

B ATENT LTAT O .

podumENT NG @) Ll AR &% oL Eﬁ T'Jsgg‘&é T:hr
QTE 4] NQoRESQRI P13 OV /\HATbOEvg1 gm;%% 400

r IYI:Y ?" | If'\TI\\‘GbIEOLﬂ:Dr’I K\I@_DEDI oB f't TI l\/l: Ln 'I = Nl NOTE 5

0 MMW@W} | 2iH%%¥3hen| NOTES
N2 2003NOTEBIBH), i is|stated & paragraph GRED t haNOTE 5
"2e ple Smkmezo%mmwcﬁi@é*ss 0.382v a$ NOTE5
a4 Y FITOWT " NHTE 2! O | [0° 6327 0| NOTE 5
25r ot | o ecale affarat s oNQIER .| NOTES
_R6ret hy| NOTEHNaNOERE | et hyl end0gl yeol i hr o3REQ NOTE 5

tgnsest erdobi cdt i onsby HPACKING/COLUMNBX)|Si @313 NOTE 5
et hanol . Note

acl| ate ana r
NOTE 1% OLIERS L 6%%%
NOTéga,ﬁ;%%éjiéW B NS DIBTRLARORESLUmN.
NOTE S DY DELCLPTat] GEr il DISTILLATION GOLUMN & NUMBER OF
STAGES.
NOTE 4 : NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.
NOTE 5 : NO DESCRIPTION WHATSOEVER REGARDING STABLE PRODUCTION
FOR PROLONGED PERIOD OF TIME.

In Patent Document 26 (Japanese Patent Application Laid-Open
No. 2003-3009386), it is stated at paragraph 0060 that “The present
example uses the same process flow as for the preferred mode shown in
FIG. 1 described above, and was carried out with the object of operating
a commercial scale apparatus for producing dimethyl carbonate and
ethylene glycol through transesterification by a catalytic conversion
reaction between ethylene carbonate and methanol. Note that the
following numerical values in the present example can be adequately
used in the operation of an actual apparatus”, and as that example it is
stated that 3750 kg/hr of dimethyl carbonate was specifically produced.
The scale described in that example corresponds to an annual production
of over 30,000 tons, and hence this implies that operation of the world’s
largest scale commercial plant using this process had been carried out at

the time of the filing of the patent application for Patent Document 26
11
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10 used in the operation of an actual apparatus", and
as that exanple it is stated that 3750 kg/ hr of

di met hyl carbonate was specifically produced. The
scal e described in that exanple corresponds to an
annual production of over 30,000 tons, and hence this

(JapéﬁBEbeﬁa{%Agﬁ?EailoWL?Ld Breqid d2§g8 gﬁgg% SCaldwaever,

comrercl a h usi ng b |? Frocess een C Tr I e
15
evena%{ﬁﬁ%élWSFO'?Ui'n%Pz?%%I {eRPhsglion p§EbiRigy the avove
t L 00 009
Abbver VETEOURT AN 1o AP It Of 741G RS HRENEAS (Japanese

application, there is not the above fact at all.
Patengrﬁmmatmmm Ligid-@paipNe . A0GS3H9 3%k pxaat!pthe same value
(Japanese Patent Application Laid-Open No.
as the0tse@Gited)y cakadiatgdtvadusaisestadbdefos the amount of dimethyl
theoretically calculated value is stated for the

carbanateiprotiudiedetbutl thee gldidrfeireativydeing aflycobils apprgkizhdtely
for ethylene glycol is approximately 85.6% and the

85.69%L! &84 'thtsYel'e%tiWW wba??swnﬁf-’elﬂ%a ang, Eﬁ@cﬁehbe it cannot
cannot really be said that a high yield and high

reall?‘ﬂee d't{‘uéit %aﬁarpg?é]daéﬁ&'trﬂgﬁ ?%I'e%t a}chﬁ%%eeﬁ hittained.

Ivity I cates IS pr ess has a

In P%ﬁ%@éaéﬁgg B elafin®) Bk %%3%%3&3%5892?%%%8'
arawhBB 80 IpAURTIRI BAKHGN Rfocs8ss G (Roalsd that Pltent

exam nation not having been request eéﬁ_ Wth the
Docuyregpt |2\ﬁe(\bﬁ‘%"tmﬂﬁﬁt'?@?ﬁﬂfe%hﬁhcat'ﬁér lkaig-Oran 3N9ra21903‘300936)
causes 15 of fluctuation such as conposition
was deemed dn hae theareadthdravandn duhp @6, t3WH0 dars i on
due to distillation in the distillation colum, and
examiempiranot dhardngateen raqdestedyure variation in the
col um, and hence continuing stable operation for a

pr oYiendRe meldtie distillaBohmetit6@ BRI réWwergnyiany causes
difficulties, and in particular these difficulties are

of fIlﬁ.‘QuEHbtnh%ch% eanrsbosifid afiatR PHuBMLd A&tibA AR
amounts. To conti nue
composition variation due to distillation in the distillation column, and
temperature variation and pressure variation in the column, and hence
continuing stable operation for a prolonged period of time is
accompanied by many difficulties, and in particular these difficulties are
further increased in the case of handling large amounts. To continue
mass production of a dialkyl carbonate and a diol using the reactive
distillation method stably for a prolonged period of time while maintaining
high yields and high selectivities for the dialkyl carbonate and the diol,
the reactive distillation apparatus must be cleverly devised. However,

the only description of continuous stable production for a prolonged

period of time with the reactive distillation method proposed hitherto has
12
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mass production of a dial kyl carbonate and a di ol
using the reactive distillation nethod stably for a
prol onged period of tine while naintaining high
yi el ds and high selectivities for the dial kyl
carbonate and the diol, the reactive distillation

beertBRS Gik Belgs ipr afert Reehmieat 1Bpapalian Baignt Ao livation

. .prolonged period of tine with the reactive
LaidyPpen Net idod 98dikidd proposed hitherto has 12 been the
400 hours in Patent Docunent 19 (Japanese Patent
Application Laid-Open No. 4-198141). Disclosure of
Invention 5 Problens to be Solved by the Invention It
Disciesue objeeéntibnt he present invention to provide a
specific process that enables an aronmatic carbonate

I eRtobedmisOfo BeoSuPred by tHe OlivéivBbht ¥
hi gh- perfornmance aronmatic pol ycarbonate to be produced

| nguRd ﬁb?&lﬁjbécil I'b;'at l2bB&s e Ve tfol to\HoVidsSa shatific

ton / st ab or a 10 prolonged period of tine

proc{s%ggthgg%p%lﬁ% SRaftohS98e rb%‘i'g)%inf%qfe‘%{@g%é' tfﬁg?rgbggﬁ'lg a

ours, nore prefer not

. . hour roqma .cyclic carbonate and_an ar IC

nighriityh g rdsidinhSe iiataa b p 3P aTHgRRRE terth ppguced

, The present inventors have carried out  studies, ai

indugirially i G lngs ARGt MOt PESAEE Ak hEH RLADIY for a
above object to be attained, and as a result have

prolenged deried widipeckna: natvessi ihan 1R80 heursicptrig@ragly not
to the first aspect of the present invention, there

less dhanp3 @00 dexurs].mane ipréfetab gl nglr ksssthd 500 hours) from a
production of an aromatic carbonate in which the

cyclier caric reateas hd e arbmatis monobgd yoxy eduepduhdom a

cyclic 20 carbonate and an aromati c nonohydroxy
CORRAE fof ITDIRTMS €8E PIOYTBRISI Ng the steps of:

The present inventors have carried out studies aimed at
discovering a specific process enabling the above object to be attained,
and as a result have arrived at 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 an aromatic carbonate in
which the aromatic carbonate is continuously produced from a cyclic
carbonate and an aromatic monohydroxy compound, the process
comprising the steps of:

(1) continuously producing a dialkyl carbonate and a diol through a
reactive distillation system of continuously feeding the cyclic carbonate
and an aliphatic monohydric alcohol into a continuous multi-stage

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

and distillation simultaneously in said column, continuously withdrawing
13



(1) continuously producing a dial kyl carbonate and a
diol through a reactive distillation system of
conti nuously feeding the cyclic carbonate and an
al i phati c nonohydric al cohol into a continuous
mul ti-stage 25 distillation colum To in which a
L je G i . i .
a lovBofig ndid PeASABp.miRirK S fithirF B fHRd e dialky
coni i puously w thdrawt n a_ | ow hailj o]
carbdgata s LiRer Bt afgheneo DR bet B form. and
carbonate from an upper portion qof the colum in a .
contigaosslhy Wishdiawing achiah Rading Paint ﬁaﬁaﬁpﬁgméwahcontammg
boi | i ng point reaction m xture containing _the diol
the diebfrom lzolewepportion of thesadummin ientiquid feima; AGCm
and 5 (Il) continuously producing the aromatic
cafibpoahtini usdk iprodiulténg dhel &rd matichoackienatedby Haking the
aromati ¢ nonohydr oxy conpound as a starting nmaterial,
dialk?PﬁhrDuﬁaﬁé wricetite RgohtEtic imohbhgdrakgidoxhpoahd as a starting
irst continuous nulti-stage distillation colum in

mate¥H| C Bodti ﬂ?tfebﬂiﬁ? RaNtarfg’ Matariallintd aaidtodontinuous
and distillation simultaneously in said first col um,

multigg{ggéwﬁ?é{ﬁlgé(tiéﬂ c‘/&lk.lm’i MIPEich 5 dataiyy i‘é""ﬂrééﬁ’\‘ﬂ?@ rir?ﬂ\g out
pol reaction mXxture containing a - produced al coho
roactS8RA HEFEBY 4 AMEhaRRE P RRla SRR AT captinuousty
with 25 & SRR W BsaP BT GRS b AR b FeTsAIng @

of said first colum in a liquid form, 15 wherein: (a
prodyged alephohfiow® aniuppet pgetianf Wlatn}l&ﬂ eolWmA ima gdseous

conprises a structure having a cylindrical trunk
formpanti continuongly withdptawing adistaoalunam highibudling point

di aneter Do (cn) and having an internal with a nunber

reactibn mbedges cuntalieing aprdeluced atkyltderl derbiomgte fyam a lower
outl et having an inside 20 dianeter do, (cn) at a top

PO P e st e ™

di gmelrein:d02 (cm

(a) said continuous multi-stage distillation column T comprises a

structure having a cylindrical trunk portion having a length Lo (cm) and
an inside diameter Dy (cm) and having an internal with a number of
stages ng thereinside, and further having a gas outlet having an inside
diameter dg¢ {cm) at a top of the column or in the upper portion of the
column near to the top, a liquid outlet having an inside diameter dg2 (cm)
at a bottom of the column or in the lower 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 the gas outlet, and at least one

second inlet provided in the middle portion and / or the lower portion of

the column above the liquid outlet, wherein Ly, Do, Lo / Do, No, Do / don,
14
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at a bottomof the colum or in the |ower portion of
the columm near to the bottom at |east one first
inlet provided in the upper portion and / or a mddle
portion of the columm bel ow the gas outlet, and at

| east one 25 second inlet provided in the mddle

and B3 45 s litectivEiv.Siftiaf) Bie 800G Topphiifie (i e);

Do / do 4 d02 respectively, . satisfy the
fol | ow nB*Pb B §%‘§Oto (6); 21005L 1e)s8000 (1), 180
5 Do <_ 2000 (2) Lo/D054O(D02 510 5 no 5
120 (4), 1§05$r§2nﬁ21%@05 20 (5), 5 5 DdZ):doe 5 30 (6):
and (b) said first continuous nulti-stage distillation
col um cénpiipslePo 246t ruct ure having aFyl i ndri cal
trunk portion having a length L1 (cn) and 10 an

i nsi de digretrpr<BRQ cm, and having an(4)pternal with a
nunber of stages nl thereinside, and further having a
gas outl gtgmyr ag, @2pnside dianmeter @bl (cm at a
top of the colum or in the upper portion of the

col um ngag B8O/ Hh ?5 ?gm a liquid outl e(gf)hﬁje dg an

| nS| de di aneter at a botto col um or
t%f;%ald; teggbhonelg] @ﬁr%@ﬁ#%\?ﬁ% Ic%cﬁyﬁ]"?comprises
a sfrﬁﬁ@rgaﬁagfﬁs & SVindrilal Pafuf Bokioh Saying a B @W el ane
an infideidiAmater e (EoVnAnchbBYIG /a8 INtganal With & famber of
wherein L1, Di, Li / D1, nl1, D1 / di11, and D1 / di2
Stag@%é‘beﬁhﬁf@éﬂ@ldﬁata@ )futth@l'f"tﬂ\ﬂﬁ@ ﬁl@a‘sopﬂtllleéé\q\Mﬁgt an inside

(12); 20 1500 :5 L1 5 8000 (7), 100 <_ D1 5 2000 (8),
diameter d11 (cm) at a top of the column or in the upper portion of the

column near to the top, a liquid outlet having an inside diameter d4; (cm)
at a bottom of the column or in the 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 Ly, D4, L1/ D4, nq, D¢/ d44,

and D4 / d2 respectively satisfy the following formulae (7) to (12);

1500 < Lq < 8000 (7).
100 < D, < 2000 (8),
2<Ly/Dy<40 (9),
20 < ny < 120 (10),
5<D;/dy <30 (11), and
3<Dy/dp <20 (12),

2. the process according to item 1, wherein not less than 1 ton / hr of
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2< L1/ D1<_40 (9), 20<_nl< 120 (10), 55D1/d11<_30
(11),and 25 3 <_ D1 / d12 <_ 20 (12), 2. the process
according to item1, wherein not less than 1 ton / hr
of 15 the aromatic carbonate is produced, 3. the
process according to item1 or 2, wherein said dog and

the miﬂaﬁgiarsgbﬁgiigw,{wus mul ti-stage distillation

satisfy the foll ow ng
[d0255 (13 ocC
3, tg@cer%?%é cgﬁglmoaf %v%f%ré'mgﬁa% 47 ggid do:
for S@%FPH&W%N‘F“'SF%?&Q aiilgfﬂklﬁt'aﬂi %%'U"&BleHS?S inastegy (1)
) resgectlvely 2300 5 Lo 5 6000, 200 _< Do 5 1000, 5 <_
satisfy thedgllevwgogstprmielasfitid); 4500 1do, 515, and 7: 5Do
| d02525, 10 5. the process according to any one of
itens 1 o< 4o Whdye€d Lo, Do, Lo | Do(13)o, Do / do,,

and Do / do2 for said continuous multi-stage

4. thiesprotess avcordingnto Empsdniestdy iteespecto Bglwhabdits ko, Do, Lo /
Lo 5 5000, 210 < Do 5 800, 7 <_ Lo / Do 520, 405

Do, MODPP d35 BREIDY Y 3. @ﬁ%%ﬁ@%@@ﬁtﬁgeusGrnuqmtag@wrsfmlauon

according to any one of itenms 1 , Wherein said

coiu@lﬂg’? %F‘Ztéﬁg%'s lec?itv%gﬁ g I L al QBOBOIW<TI9 '@1900 5<Lg

umm aving a Pray and 7 or a’pac
he. |
7 Do 530050 Sk A0 (hoHs i b haB08 Frecepl’ 36 5120
T | at distillat I h
tﬁﬁegf%ﬁ%\éccmﬂma@n?%rﬁf 200 tefis o1 do U aERIB: Kivror Lo
to item®6 or 7, wherein saldtrayln said continuous
0. NeuiQd { Soagdndi e ¥ 1deatfiossaid) ¢amtiTaous mudtizstagergistillation

havi ng a
column T, satisfy respectively 2500 < Ly < 5000, 210 < Dg <800, 7 < Lo/

Do <20, 40 < np <90, 5<Dp/dg1 <13, and 9 £ Dy / do2 < 20,

6. the process according to any one of items 1 to 5, wherein said
continuous multi-stage distillation column Tg is a distillation column
having a tray and / or a packing as the internal,

7. the process according to item 6, wherein said continuous multi-stage
distillation column Tg is a plate type distillation column having the tray as
the internal,

8. the process according to item 6 or 7, wherein said tray in said
continuous multi-stage distillation column Tg is a sieve tray having a
sieve portion and a downcomer portion,

9. the process according to item 8, wherein said sieve tray in said
continuous multi-stage distillation column Ty has 100 to 1000 holes / m?
in said sieve portion thereof,

10. the process according to item 8 or 9, wherein a cross-sectional area
16
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sieve portion and a downconer portion, 9. the process
according to item8, wherein said sieve tray in said
continuous multi-stage distillation colum To has 100
to 1000 holes / n2 25 in said sieve portion thereof,
the process according to item8 or 9, wherein a

per FRRSH Eh Hhed-Fay 3"?-§$Lﬂg“@3ﬁy§’v?ﬁ§t Rty Hisgiation

n.a.range of f 5_t.0 cng, 11. the process

columtpdwa 593085 ShEOR 0BRSS 10, wherel n an

aperture ratio of said sieve tray in said contjinuous

rﬁ'ﬂet pregese agcordingite sy 9neopliiems § to 19, wvhargie an

from1.5 to 15% 12. the process according to any one
apertire ratie of saidigievwentrayi im saidicantinuaus sullti-stege distillation

said first continuous nmulti-stage distillation colum
columseT, it inwd eangblof fram sif.§ tohe5%al | owi ng formul a (14);

1 < di12 / d11 <_ 5 (14), 10 13. the process according

12. tl‘hea o@é@s@‘cddrﬁiﬁ%lota}\}&néﬂbﬁﬁl@rﬁs l41to BY, whérdink¥aid dq4
1 / dl1, and / d12 for said first continuous

and ggld H#ﬂ@g%al&j'fﬁﬁi lcbﬁ%\g.gbtfé’Wﬂ Q&ge g'i’st?ltl ﬁoﬁ'dgllumn used

sat1sfy respectivel

o8 e BB U, 120 2, S0 20

to any oqecf),f to 13, wherein L L1 / D1,
nl, D1 / 126{ BiY d12 for said fi sﬁ) cont| nuous
mul ti - st age disti I | ati on col urm sati sf respect i vel
- 2Rpesogss acsing domny one of g 1 b 42, 1wpre | L, D,
40 <_nl < 90, 10 < D1/ dl11l < 25, and 7 <
L/ lem, B1716s, a1l Duted pr Tosesaich st qongnuo@nmtﬁhest@fge

items 1 to 14, wherein said first 20 continuous
distilhadidn-cilagen dissd In stepr{ll)datisfyi respeatitbtaly| 2000< L4 < 6000,
colum having a tray and / or a packing as the
150 KMLNAD00, 3 <Ly /D1 <30,30<n,<100,8=<Dy/dy1 <25, and 5
é Dy /d42 <18,
14. the process according to any one of items 1 to 13, wherein L4, Dy,
Ly / D4, nq, D1/ d4q, and Dy / d42 for said first continuous multi-stage
distillation column satisfy respectively 2500 < L+ < 5000, 200 < D4 < 800,
5<L1/D1<15,40<n,<90,10<D,/d11 £25,and 7 <Dy /dq2<15,
15. the process according to any one of items 1 to 14, wherein said first
continuous multi-stage distillation column is a distillation column having a
tray and / or a packing as the internal,
16. the process according to item 15, wherein said first continuous
multi-stage distillation column is a plate type distillation column having
the tray as the internal,

17. the process according to item 15 or 16, wherein said tray in said

first continuous multi-stage distillation column is a sieve tray having a
17
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16. the process according to item 15, wherein said
first continuous nulti-stage distillation colum is a
plate type distillation colum having the tray as the
internal, 25 17. the process according to item 15 or
16, wherein said tray in said first continuous
sievg'Bdrtiott 388 4idtMALaIATERIGHT (s a sieve tray having

sieve portion an ovvrfcorrer_ portion, 18. the
18. PR BTGo8FE MDA shEmdr . Wi SRUTRVE gl Psaid

. .colum has 100 to 1000 .hol es / in said.sje 2
first GoniiRuio U el stage g st qalimn B aPAgie §80pehptes / m
. 17 or 18, wherein a cross-sectional area per hole of
in sajddeypahertiamyhereafai d first continuous nulti-stage

distillation colum is in a range of fromO0.5 to 5
19. cthe pracessiadanrding doritemg17 on h8, ydwriedn a5 seesswectional
the present inventin, there are provided: 10 20. an
areagpentoile of sdidnsiesvehirayrio saibfiostecontinuents niultiestage
nore than 0.1 ppm which is produced by the process

distiRatenaENANM® i8N amsngé oft frioen OLEALOS c‘iﬁ%._ant ageous
Effects of the Invention 15 It has been di scovered

that aBYitidw! sgsardiﬂgnw@h@r%ﬁd RPN Behd fbréQS% inventin,

present 1 nventi on, aromati ¢ carbonate required

§ i hi gh-qual ity high-performance aromatic
ther%&(?gttgﬂrcﬂg%ggé can be produced on an industrial scale

of not less than 1.tgon /. hr frama _c¢ L C r

20. ohn HomsiRaabonatbarind e iasmmn o fte tLiEnet fbE than
has been dj scovered that the aromatic carbonate can b

0.1 pRBaBENSISBIRduGRE by HioPERGEASATIYAIRG 10 ARY fine of
for exanple, not |ess than 2000 hours, preferably not

1to18ss than 3000 hours, nore preferably not |ess than
5000

items

Advantageous Effects of the Invention

It has been discovered that by implementing the process
according to the present invention, an aromatic carbonate required for
producing a high-quality high-performance aromatic polycarbonate can
be produced on an industrial scale of not tess than 1 ton / hr from a
cyclic carbonate and an aromatic monohydroxy compound. Moreover, it
has been discovered that the aromatic carbonate 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. The present invention thus provides a process that achieves

excellent effects as an aromatic carbonate industrial production process.

Brief Description of Drawings
18




hours. The present invention thus provides a process
that achieves excellent effects as an aromatic
carbonate industrial production process. 25 Brief
Description of Drawings 18 FIG 1 is an exanpl e of
schemati c drawi ng of a continuous reactive

or EXGn %8 83 iTe 1.5 eé'?'ra?féﬁ{%\ﬁff@?"f%Eﬁﬁ\tf*"ﬁg@e

nte nnal s consi of s trays provide nsi de a
reaciiyh ASBUA IO CPRPBOT S PERtETabtedor Sasry g, 008 the prpseht
exanpl e of schematic draw nq of a first continuous
mvemté@et the disttiatios: ¢olnapl havingr Bteradlsecenpisting pfrﬁgeve
out the present invention, the distillation colum
trayshpro vigeidhtrssidal 3 tplrmhipdnﬁoinntrteretorfualndport i on thereof.
10 Description of Reference Nunerals (In Fig. 1) 1:
5 gaFlGuel et Fig. 3lisqan dexamphd of 3chdmalicedrawing of 4 first
to 4-b: inlet, 5. end plate, 6: internal, 7: trunk

contﬂi’ﬁfdd@ﬁeaéﬁveCdlﬁhltﬁ!’l@:ll'ﬁcﬁldrhh Siefafabll i bhﬁtymg out the
col um, length (cm of trunk portion, Do: insid

preséﬁt ﬁ’rﬂ@éﬁ%@fn( Gy éﬁgtm%ﬂ%‘ﬁ ESH ﬂrha\ﬁ?ng( %dgjaﬁgg&ggg@@‘%w in a

gas out I nsi de di anmeter

( 2) 1. gas outlet, 2: liquid outlet, 3:
trunl@k#alrﬁ&n t}‘%rgpgt 5: end plate, L1 length (cm of

trunk portion, D,: i nside diameter (cn) of trunk
portion 20 d, 1. inside dianmeter (cm of gas outl et
i nsi de di amet er (cm of liquid outlet (In

10 Desqrngtw@)of1l3§femn¢sq NgReFalfous nul ti-stage distillation

colum, 11, 12: inlet, 13:
(In Fig. 1

1: gas outlet, 2: liquid outlet, 3-a to 3-e: inlet, 4-a to 4-b: inlet, 5:

end plate, 6: internal, 7: trunk portion, 10: continuous multi-stage

distillation column, Lo: length (cm) of trunk portion, D¢ inside
156 diameter(cm) of trunk portion, dg¢: inside diameter of gas outlet, doa2:

inside diameter (cm) of gas outlet

(In Fig. 2)

1: gas outlet, 2: liquid outiet, 3: inlet, 4: inlet, 5: end plate, Li:

length (cm) of trunk portion, D;: inside diameter (cm) of trunk portion,
20 di¢: inside diameter (cm) of gas outlet (cm), d+2: inside diameter (¢cm) of

liquid outlet

(In Fig. 3)

101: first continuous multi-stage distillation column, 11, 12: inlet, 13;

column top gas inlet, 14, 18: heat exchanger, 17: column bottom liquid
25 outlet, 16: column top component outlet, 20: column bottom component

outlet
19
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~columm top gas inlet, 14, 18: heat exchanger, 17:
columm bottomliquid 25 outlet, 16: colum top
conmponent outlet, 20: columm bottom conponent outl et
19 Best Mode for Carrying Qut the Invention Foll ow ng
Is a detail ed description of the present invention. In
the present invention, first, a step (1) of

conti nuously producing 5 a dialkyl carbonate and a
diol on an industrial scale froma cyclic carbonate

and apgeatiMBael for"'CaPYiIAG Outlthehmvertioarri ed out.
The reaction of step (I) is a reversible

ensEae G BRI plasint vt
0§ G(—)lﬁ;lohm%eé’%qneg' Wv%ﬁ}t@%nﬁ §ta,é)§\’€¢ gﬁlt ?%gbmmot#ouslly producing
a\(,)\mqtﬂkyzlnc%[t;(é,)lgggqs @L c? {91 ﬁeﬂ g?‘olfﬁj q& gs\/cPSI#bﬁ’kb{ Y Egchc

car bon at ons. l\/breover resent nonoval

carbpnate ang empalinbatis manphydia aieanel dﬁé’a" Oyt The

nore of the hydrogens thereof being optionall . :
reabtiont of stepi(lhisaa reversiblg trgmg@tgrtf@a}lorgreaﬁtlon represented
having 1 to 10 carbon atons. Exanples of the cyclic

byfdluiry fomhute; an al kyl ene carbonate such as
et hyl ene car bonat e or propyl ene carbonate, or
1, 3-di oxacycl ohexa- 2- one, 1,3-dioxacyclohepta-z-one

or thegdi ke, ethylene carbonat e%@ pég pyl ene
caragnat\% bel_pgmpre.f-ex-abl y dye to;
proCewgaeEnt and so on, alid et hyl ene"car bonat elQei ngOH

Il 0O
O

wherein R® represents a bivalent group —(CHz)m~ (m is an integer from 2
to B), one or more of the hydrogens thereof being optional!y substituted
with an alkyl group or aryl group having 1 to 10 carbon atoms. Moreover,
R? represents a monovalent aliphatic group having 1 to 12 carbon atoms,

one or more of the hydrogens thereof being optionally substituted with an

~alkyl group or aryl group having 1 to 10 carbon atoms.

Exampites of the cyclic carbonate include;an alkylene carbonate
such as ethylene carbonate or propylene carbonate, or
1,3-dioxacyc|6hexa-2-one, 1,3-dioxacyclohepta-2-one, or the like,
ethylene carbonate or propylene carbonate being more preferably used
due to ease of procurement and so on, and ethylene carbonate being
particularly preferably used.

Moreover, as the aliphatic monohydric alcohol, one having a lower

boiling point than the diol produced is used. Although possibly varying

20
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particularly preferably used. Mreover, as the

al i phati ¢ nonohydric al cohol, one having a | ower
boi li ng point than the diol produced is used. Although
possi bly varying 20 depending on the type of the
cyclic carbonate used, exanples of the aliphatic

depeﬂ%ﬂﬁﬁé&ii)tﬁeat:y%%hggﬁﬁggﬁq%ﬁﬁﬁg{q g%h@?%@a’mﬁfe@ap%e
a"ph@.tgcom Y%Bﬁjgoﬁpigﬁgﬂdﬁ bBAReT. hexgbr"é‘rbﬁ?%hno%

nmers), nonyl al cohol (iso nerﬁé al coh
(|sonoeés9mlly)l algﬁb@&,ybutm@oﬂapm@a rlaylteruddeby@manl @gehol
(i somers), cyclopentanol, cycl ohexanol,

(|som9ts)othm}drajbphoycﬁlamneam)olhemtml ajcahol blp@mmamz)l, octyl alcohol
(i soners), ethylcycl opentanol (isoners),

(isometd)y Inymicdieshiod|(i<ormens), sdecylealuphol isdmeashl undecyl
(i somers), dinethylcycl ohexanol (isoners), 10

alcoﬁ’éleﬁ%hfé’r%')oﬁ%XﬁW! dIESRBE{ o merHNEyel6p e hexeaio!

(i soners), benzy al cohol , phenet’hyl al cohol
cyelg SRFSE ove Bﬁﬁéé*;ﬁgfadﬁ'?éE@‘m@néﬁ%‘ﬁﬁ“gzﬁ“&h@f‘s"r?éy
S n
Uso"F%W’e)r %ﬁ&t@'g%ﬁﬁén&@%ﬁ#%ﬁ E"E ﬁ'Hﬁ{g)(oxycar nyr(ﬁsomers),
b I
ethvl%r"ﬁ’ﬁ?w%‘ﬁél shater. ey Toibhixanty (et
ohol s, ones preferably used are aIcEZOIs havi 1
dlethyécxsclgawmmodt(mmewﬁ%epéeavg‘rs@dppeaﬁee @rnawhgbqnzy'
to 4 carbon atons, i.e. nethanol, ethanol, propanol
alcormlsmmrse)thyéraicobgi émmers)orwr@)ylpmpan@! (ssaners), and so
usi ng et hyl ene carbonate or propylene 20 carbonate as
on. tRertheechiare;dhleseaakphatief moaiolhydric phethelsmovayhberi c

al cohol's are nmethanol and ethanol, nethanol being
subsBititad With lsyibspitaebatsiiueh X¥damlegens, ngwertalkbky groups,

reactive distillation of step (1), the nethod
cyano groups, alkoxycarbonyl groups, aryloxycarbonyi groups, acyloxy
groups, and nitro groups.

Of such aliphatic monohydric alcohols, ones preferably used are
alcohols having 1 to 6 carbon atoms, more preferably alcohols having 1
to 4 carbon atoms, i.e. methanol, ethanol, propanol (isomers), and
butanol (isomers). In the case of using ethylene carbonate or propylene
carbonate as the cyclic carbonate, preferable aliphatic monohydric
alcohols are methano! and ethanol, methanol being particularly
preferable.

When carrying out the reactive distillation of step {l), the method
of making a catalyst be present in the reactive distillation column may be

any method, but in the case, for example, of a homogeneous catalyst that

dissolves in the reaction liquid under the reaction conditions, the catalyst
21
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of making a catalyst be present in the reactive
distillation colum may be 25 any nethod, but in the
case, for exanple, of a honpbgeneous catal yst that

di ssolves in the reaction liquid under the reaction
conditions, the catalyst 21 can be nade to be present

i Do
can bg fﬁsééq%gﬂ?fé‘%}%ﬂgl ys$ehitﬁ§°é“ﬁ%§?§92¢wevtﬁdﬂ‘?¥. figlil{ghon
cont i uous the case o
colufigy By JpeRlinhe e ntartnsoteddiive Aisluarion coiume
reaction I|qU|d under the reaction conditions
continaoysj¥: of iR dheeasmdd @ Heberoerenys Grtahest r@@ét‘i?%‘ﬁs not
system by disposing the catalyst as a solid in the
dissolyecin the deaclipndiqeid yodemihetieasdioncoogkitiang, the satalyst
be used in conbination. In the case that a honbgeneous
can batmbyetta becpresentdunsihe feaciiansysteen byadisposing the
distillation colum, the honbgeneous catal yst may be

cataliyet dsha sdlid dyehBateadtive Hhstiltagdh calamontieseantéihiods may
the aliphatic nonohydric al cohol, or may be fed in at

also @edugggr,ﬁr@omhghgﬁ to the starti ng materials. The
reaction actually proceeds in the d| stillation colum

: ”Irféﬁ&%af% tﬁﬁ"l‘-ér’ﬁ%lg%‘?%&dsoﬁla Iy$ 'g'b&'ﬁeeﬁﬁ'gy@d into

ence

S r of
the rE3EH istilais) 85%%@?“@5”\%?%&?&% catéﬂfﬁt]%av be fed in
are ed in The ¢ resent .in
togeﬂ'?en with ths” sy slecarbonalpand ot the alphaticc iRy fﬁfd
eferably at | east 10 stages. I\/breover inthe c
alcoiaﬁl i Mg Yabadedr kﬁg@hé\o@tff%rﬁﬁtcp%%ﬂé’lwm the H?éarwag am%@riais
must be present in at |east 5 stages, preferably at
The reaction antugdy, pra2®eds én phefchsuﬂlayloat cobawn inoa region
stages. A solid catalyst that also has an effect as a
belowadla pgsition la¢ whigih thericiatal yestlisrfedniy dred leadte it is
Exanpl es of the catal yst used in step (1) include:

preferalbdé itonRled] tharatalyetlinfte acpgdibnnBedlvechubie &5p of the
l'ithium sodium

column and the position(s) at which the starting materials are fed in.

The catalyst must be present in at least 5 stages, preferably at least 7

stages, more preferably at least 10 stages.

Moreover, in the case of using a heterogeneous solid catalyst, the
catalyst must be present in at least 5 stages, preferably at least 7 stages,
more preferably at least 10 stages. A solid catalyst that also has an
effect as a packing in the distillation column may be used.

Examples of the catalyst used in step () include:

alkali metals and alkaline earth metals such as lithium, sodium,
potassium, rubidium, cesium, magnesium, calcium, strontium, and

barium;

basic compounds of alkali metals and alkaline earth metals such
22
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pot assium rubidium cesium mnagnesium cal cium
strontium and 25 barium basic conpounds of alkali
netals and al kaline earth nmetals such 22 as hydrides,
hydr oxi des, al koxi des, aryl oxi des, and am des; basic
conmpounds of alkali netals and al kaline earth netals

SUG as carbopnat es ar bonat es r Lc.acid

as hidffides” hiftps| %n"i“ﬂ@é"éﬁﬁhaé’é %%?@P?#ﬁi@gs-
tributylam ne, trihexylam ne, ,
behﬁw%r»emmuﬂﬂﬁeo fa bg@#%ﬁﬂ? alkajinfepardnmeptals such
conpounds such as N-al kyl pyrrol es, N-al kylindol es,

as cashonates, bicarlgnatasizand @yganic #6igisalisizol es,
oxadi azol es, pyridine, alkyl pyridines, qU|noI|ne,
al t@nt'rmiyrmmmes,sua'oqsi i thyéa manh &y trilboblaminendéthexylamine,
acridine, alkylacridines, 10 phenanthroli ne,

and Bekeypiietmyiamiolg;nes, pyrim dine, al kyl pyri m di nes,
pyrazi ne, alkylpyra2|nes triazines, and

al h)‘t'rb@bﬁzéé‘ﬁt%lnﬁyg?'h'eﬁe?d%:%rﬁﬁﬁc%rhp%%nds such as

|azob|cycloundecene and di azobi cycl ononene
al asylt
ot roltEi “‘%'?Rffﬁf%%ﬂdﬁ%%y MRS €6,
rb I |tra
N-alARSFagh s, g%eﬁq%'aé?@ssav fiBingy %‘@aﬁ&t@ﬁa@g‘ fuingite.
tributyl nmet oxtln tri Iethox .
alkylgp@ucpwg?,ﬁg inol ine, oqlgy%pgpé@q\ 'Sl??i gceridine, alkylacridines,
di butyl di et hoxytin, dibutyl phenoxytin,
phermrﬁhéagrnﬁeaﬂsydphﬁ@arﬁhmhpem ﬁY&'dS@ldéB@; alkylpyrimidineso
chloride, and tin 2-ethyl hexanoate; zinc conpounds
pyrazinsh aikybpymﬁmgztniazirrﬁsatam;adkmriazmes;
et hyl enedi oxyzi nc, and di but oxyzi nc; al um num
coapolicdanidinksasuch ws diaedbicyeidwxdeeenal(DBYyrand
diazobicyclononene (DBN);
thallium compounds such as thallium oxide, thallium halides,
thallium hydroxide, thallium carbonate, thallium nitrate, thallium sulfate,
and thallium organic acid salts;
tin compounds such as tributylmethoxytin, tributylethoxytin,
dibutyldimethoxytin, diethyidiethoxytin, dibutyldiethoxytin,
dibutylphenoxytin, diphenylmethoxytin, dibutyltin acetate, tributyltin
chloride, and tin 2-ethylhexanoate;
zinc compounds such as dimethoxyzinc, diethoxyzinc,
ethylenedioxyzinc, and dibutoxyzinc;
aluminum compounds such as aluminum trimethoxide, aluminum
triisopropoxide, and aluminum tributoxide;

titanium compounds such as tetramethoxytitanium,

tetraethoxytitanium, tetrabutoxytitanium, dichlorodimethoxytitanium,
23



triisopropoxide, and alum numtributoxide; 25 titanium
conpounds such as tetranethoxytitani um

tetraet hoxytitanium tetrabutoxytitanium

di chl or odi net hoxytitanium 23

tetrai sopropoxytitanium titanium acetate, and

tet"aé%&@%%{ﬁ@?bﬁ'&@‘:ﬁf‘%@m'ﬁ?%%?p%gtd;ﬁ FAMTR dEGtyHdEtonate;

trj hosphlne trjiphen
trPB sPhRESRAARBopd wHﬁ Efé&etﬂvlphosphme
i octyl butyl phosphonl um hal i d
t”et’tWPBﬁéﬁi}‘I' @i Hy%%abﬁgﬁhmﬁ,hbnlplaegylpmwﬂn@m
onpounds such as zirconi um halides, zirconium
t“bubdm%lhé(&@h@wah@mmrlt@lmd@m tricetylbetylphnsphiondum balides,
acetate; |lead and | ead-contai ni ng conpounds, for
5 and mmmyelmemylphbdphonsﬁuunhhaﬁdébg Pb02, and Pb304;
| ead sul fides such as PbS, Pb2S3, and to PbS2; |ead

hygireshilen comipoimd¥P eUthZas hdsoHit halides, zirconium
Pb2[ PbQ2(OH) 2], and Pb20(OH)2; plunbites such as

acet%ﬂg%%&?atﬁf '?Egml.h‘@"ﬁk%dp d‘gaﬁbl ;*[]?Eo O%mta%é such

) 15

ColoR ep Pt ortathing, Kdipolifs, R MYnEp 19da Biies
such%%%&% P GRrR HReshny i s S KR P PR an

of organic acids, and carbonates and basic salts
10 PbSzhereof, such as Pb(OOOCHS) 2, Pb(CI:CI:HS)4 and
Pb(OCOCHS)ZPbO 3H2G, organol ead conpounds suc
ulsas, Ppdnides,apetias PHE),. FhoPH QB PROBRS O2(OH)]
Bu3PbOH, and Ph2PbO (vvherel n Bu represents a
and psz(OH)g,

plumbites such as Na:PbO;, K;PbO,, NaHPbO,, and KHPbO;;
plumbates such as Na;PbOj, Na;H;PbO4, K:PbO3, K;[Pb(OH)s],
15 K4PbO,4, CazPb0Oy4, and CaPbOg;
lead carbonates and basic salts thereof such as PbCO; and
2PbCO3-Pb(OH);;
alkoxylead compounds and aryloxylead compounds such as
Pb{OCHz3)2, (CH30)Pb(OPh), and Pb(OPh)2;
20 lead salts of organic acids, and carbonates and basic salts thereof,
such as Pb{OCOCH3)2, Pb(OCOCH3)4, and Pb(OCOCH;)2-PbO-3H:0;
organolead compounds such as BusPb, Ph4Pb, BusPbCIl, Ph;PbBr,
Phs;Pb (or PhgPb;), BusPbOH, and Ph;PbO (wherein Bu represents a
butyl group, and Ph represents a phenyl group);
25 lead alloys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, and Pb-Sb;

lead minerals such as galena and zinc blende; and
24
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butyl group, and Ph represents a phenyl group); 25

| ead al l oys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, and
Pb-Sb; Iead nminerals such as gal ena and zi nc bl ende;
and 24 hydrates of such |ead conmpounds. In the case
that the conmpound used di ssolves in a starting

ma ' 0 reacti h eaction mxture, a
ég{‘ %ﬂr?s[)%f%pgau%%%f;gpq%‘%m?ﬁjé t he conpound can be
as a ho eous cat al reas 5 ijn
i thae RS e RN
used as a solid catalyst. Furthernore is also
mateﬁaéf@‘rm éeaetlggethage@ctmwyéﬂer@sa 6aaat19§tbyzpr°ducf or
m xture obtained by dissolving a conpound as above in
the likestthet comppeatred icain be used asagthamogeneauscatalyst, whereas

m xture, a reaction by-product or the like in

in thadawe thabthéxomnepotndoddes irotndisgbdu, thid® compound can be
di ssolution. Furthernore, ion exchangers such as anion

usedex§ RABERAI Estialyst. NaR LR driidied Y i9HIS6 refeRfblel W use, as a
exchange resins having am de groups, ion exchange

homd h@éugaéf’ét% s&léf ﬁﬁﬂm‘énﬁbi%?\"e@ﬁyed‘i%gﬁﬂﬂﬁ g% U¥iipound as

ecte onat e groups, boxyl at e“gr oups” and

abovgh%hgrkqg?tlﬂlﬁ ﬂ%?é'ﬂél o?qgesr%dcq csr'i rﬁ@'ré’a@ﬁﬁh%ﬂ&h?@ a

nger s uat e group
reacgw% %?ga gg)sraqh@nl kg thgé)qu %ﬁéﬁaéﬁﬁoggg&ﬂbj%o brmg about
) qajl um nosilicates, gallium silicate, various zeolites,

dissQlytioBus net al -exchanged zeolites, and

ammoni um exchanged zeolites, and so on can al so be

usedrthermerezdonaeschangers sw%as&m@maeyglﬂanae resins

particularly preferably used one is a solid strongly
havirpéediani amiapchroums, icaverghgogecrasing hawving amide groups,

groups as exchange groups, exanples thereof including
ion exchan@ugltysipashaviy an least one type of exchange groups
selected from sulfonate groups, carboxylate groups and phosphate
groups, and solid strongly basic anion exchangers having quaternary
ammonium groups as exchange groups; solid inorganic compounds such
as silica, silica-alumina, silica-magnesia, aluminosilicates, gallium
silicate, various zeolites, various metal-exchanged zeolites, and
ammonium-exchanged zeolites, and so on can also be used as the
catalyst.

As a solid catalyst, a particularly preferably used one is a solid
strongly basic anion exchanger having quaternary ammonium groups as
exchange groups, examples thereof including a strongly basic anion
exchange resin having quaternary ammonium groups as exchange groups,

a cellulose strongly basic anion exchanger having quaternary ammonium

groups as exchange groups, and an inorganic carrier supported type
25
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15

exchange resin having quaternary anmoni um groups as
exchange groups, 25 a cellul ose strongly basic anion
exchanger havi ng quat ernary anmoni um groups as
exchange groups, and an inorganic carrier supported
type 25 strongly basic ani on exchanger having

s*rorﬁéﬁ SRS BT eReHEhYe t*ﬁ%w@@ Agfers, %@Wﬁ%{r@?%r%u s as
anmmoni_um gr oup rou or, exanpl e.
exch3MER BESU B pe A3 PorEbp SBADES Ta AT SLHARAS RESIA having
the like can be preferably 5 used A styrene
quatgfrﬂ@%ﬂwmagul%nbar%p%ﬁ%aﬁgaansgu Graupsy fé%fr%%'f‘)‘we a styrene
basi ¢ ani on exchange resin having a copol yner of
typesityorgly bagic aniemgxshangreresiraopiherikergaer baipredatably
havi ng quaternary amoni um groups (type | or type II)
usedas Axtyaege typeupisonglyl basic lamischenstiange Ingsin is a strongly
represented, for exanple, by the follow ng fornul a:

j f 8lyreheCGifid
ol 107 NS B8 Scptmnrl S

diviny Rpebs %&C%:E%%'ht’ %@f}:@ ?hH)ha@n%(qNth%efammomum
grou}ygg(sﬁbg I%F@B% éé e@&haarH egtr gp%<r %‘;@é%ﬂé( s%hematlcally

one ani on

représ'entH%osfor exémpg_lsgo%he ﬁ'ﬁpozwi’n Hsrmufd: 0%
‘/'\/‘—CH-—CHz——CH—CHz—CH —CH2— "L~

p <:[] Q o
CH2N(CH3)3

CH2N(CH3)3 —CH—CHz—~"-

L —CH—CH2—CH—CH2—CH—"\_"

(type I)
®

® «~—CH—CH2— CH2N(CH3)2(CzH4OH)
CHzN&CHs)z(CzH:aOH) X@

wherein X represents an anion; as X, generally at least one type of anion
selected from F~, CI', Br", I, HCO3", CO3*, CHsCOy, HCO,', 1037, BrOy,
and ClOjy is used, preferably at least one type of anion selected from CI’,
Br, HCOj3', and CO3;%". Moreover, as the structure of the resin parent

material, either a gel type one or a macroreticular (MR) type one can be
26
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and Cl103" is used, preferably at |east one type of
ani on selected fromd-, Br-, HCO3-, and C032

Mor eover, as the structure of the resin parent 15

material, either a gel type one or a macroreticul ar
(MR) type one can be 26 used the MR type being

refera | e du he or gani ol vent
used, 3bp.fifh Bupd feiforp g cularE arpfesspfe Hiafo (FdFanic
strongly basic anion exchanger having quaternary
solventtssiskanee BRingshi@change groups incl udes cel | ul ose
5 havi ng - OCH2CH2NR3X exchange groups obt ai ned by
coAvreexampleopieaarelldoiseostrongly biasie anieni exemanger having
cellulose into trial kyl am noethyl groups. Here, R

quateepapsanimonium g5 uEs @spexohahge, geilyys ingiugied cellulose
butyl or the like is generally used, preferably

hawﬁgutvbwzrcmmax MERavge grolisPodI8Nied dy cenverting some or

defi ned above 10 An inorganic carrier supported type

all ofth @D M fkRE cﬁm%@sgﬁ'ﬁoh‘i‘wlngla%ﬁk%tﬁ@l roups.

anmoni um I‘O PS as exchange groups ans an |norgan| C

Hores 34 8o kRl B8k LT el AL A, PREPPOL 4 ik
s oeirpi LY, bPSfe B ST B, W EREESR presonts ar

generall an integer from1 to 6, preferably n = 2.
aniopas fef 'lr\%’r @Hﬁl"@ carrier, silica, alumna,

silica-alumna, titania, a zeolite, or the |ike can

beAmsmrguatnlmarrgle;sr%i@pfaﬁBd typeustronaly asig amions,

or silica-alumna, particularly preferably silica.
excmmerenmmm@quabernquaasnonhﬂnr@ndm ak exchapgagnoups

surface hydroxyl groups of the inorganic 20 carrier.

meaRs drtnegdricséaeie thdtasas hand cO(EdhpNRIX ppategnary
quaternary anmoni um groups as exchange groups, a

ammoNIURT §rélip¥ iAvidid £ tRetoNBY rﬁédiﬁﬁﬁ’g somé i sagatethe
the anion exchanger may al so be used

—OH surface hydroxyl groups of the inorganic carrier. Here, R and X are

defined as above. n is generally an integer from 1 to 6, preferably n = 2.
As the inorganic carrier, silica, alumina, silica-alumina, titania, a zeolite,
or the like can be used, it being preferable to use silica, alumina, or
silica-alumina, particularly preferably silica. Any method can be used as
the method of modifying the surface hydroxyl groups of the inorganic
carrier.

As the solid strongly basic anion exchanger having quaternary
ammonium groups as exchange groups, a commercially available one
may be used. In this case, the anion exchanger may also be used as
the transesterification catalyst after being subjected to ion exchange with
a desired anionic species in advance as pretreatment.

Moreover, a solid catalyst consisting of a macroreticular or
27
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the transesterification catalyst after being subjected
to ion exchange with 25 a desired anionic species in
advance as pretreatnment. Mreover, a solid catalyst
consisting of a macroreticular or 27 gel-type organic
pol ynmer havi ng bonded thereto heterocyclic groups each

o038 gRH]R iy 2kt BoHLORP RS fer By GRS aach

each

cont Bty a1tk Bira§8hafiR Rt ?%9%@?»"%%&?69 h&ing
st 5 Furtherrmre a sol [‘!d cat al in V\,h{)ch )
bond@@h& etg heterocielie 9ruURSEaRNCGARIAIR '}anﬁé?@ﬁ epg pitrogen

groups have been converted into a quaternary salt can
atompeariatsp e prefecabinosed e the tmnsesigridication catakkst.

an i on exchanger may al so act as a packi ng. The anopunt
Furthedfrmbee,catsallid catalydt im vehieh §bnevariadbofiépesdi ng on

10 the type of the catal yst used, but in the case of

nitrogentconiaiaing hetdragydlic grobpstuerebeercebavesied heto a
di ssolves in the reaction liquid under the reaction

quatéﬁﬂﬂ"ytéé’ﬂsoaﬂ BR SIRIAFyUSSSEd | S Nisteefpdtl X édhcﬁcét’é‘l@%t %fuch as
from™ 0.0001 to 50 %by wei ght, preferably fromO0.0

an |otn°e£9ha/h?)ér tHlso“éar’é aspig%%?ﬁ%y from0.01 to 10 %

propor Ion total 15 weight of

faﬁyﬁnpilﬁa%miéi‘%?ﬁ% St aadln Rih, (?)a@“%%ﬁéhégﬂmg on

the tm@ %efgfqaﬁg tlysh visar, Rt tn, %?@%' 8t copliikusiy fepding in a

in an anmount in a range of fromO. 01 to 75 vol %
hommréewéft‘@tabvgﬁ mairﬂ:@sosv% in ébevr@a;«atl%ﬂ:qm ainder the
preferably from0.1 to 60 vol % based on the enpty 20
reaction wanditiomse the amounitsused ds iganerallynin amange of from
particular limtations on the nmethod of continuously
0.000tddi 59 % Hey stesighit npreferabiyvafromd 005 to 2En% dyaweight, more
al i phatic nmonohydric alcohol into a continuous
prefdrably {R3ra0®.0di & 1110 84 benwedghitasla Sas)sditict bfidhe total
weight of the cyclic carbonate and the aliphatic monohydric alcohol fed in
as the starting materials. Moreover, in the case of using a solid catalyst
installed in the distillation column, the catalyst is preferably used in an
amount in a range of from 0.01 to 75 vol%, more preferably from 0.05 to
60 vol%, yet more preferably from 0.1 to 60 vol%, based on the empty
column volume of the distiltation column.
There are no particular limitations on the method of continuously
feeding the starting material cyclic carbonate and aliphatic monohydric
alcohol into a continuous multi-stage distillation column To constituting

the reactive distitiation column used in step (l); any feeding method may

be used so long as the cyclic carbonate and the aliphatic monohydric

alcohol can be made to contact the catalyst in a region of at least 5
28
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the reactive distillation colum used in step (I); any
feedi ng nethod may 25 be used so long as the cyclic
carbonate and the aliphatic nonohydric al cohol can be
made to contact the catalyst in a region of at least 5
28 stages, preferably at |east 7 stages, nore

staodh AFARPAHLT b A5, 7 RN Fiara B BP9 stagos,
ot g RISk i CRAPREC -Gl e E5RULSFRBAEHR I onatic

continuous nulti-stage distillation colum 5 |
monahydri¢ \alagheheasdheiqartiaueusky fashin dEem; @ reaubrechpaymber of
the cyclic carbonate and the aliphatic nonohydric
inletain shageawf the cantiodivstsdmultiostage distitatdeagolomn he
distillation colum, or may be introduced into
satisfifihfethentoatlitiess tde suribedi @dréer. TiMosgave i, theneydid al
cyclic carbonate and aliphatic nonohydric 10 al cohol
carbéWgtd addcy alpdiatic/ monchydec clsbhovawgy mé intretiaged into
distillation colum To in aliquid form in a gaseous

¥ 501 St Qi ri
the stfaﬁﬁénstagg?tﬁfgﬂli‘g’fét‘ﬂ'lét@ﬁ coluniit] 8r R8¢ e BRFodBErinto

an fe t starting materials 1hto the
: j St il At 0 Ln this way, it is also
d;ffe%r@féetrag%ltse@8n%déﬁmén'gl ly feed in a gaseous starting
rial j.ntermttently..or continuouslhy. a .
ol P oftastifbaBtaHAT ShbiiR e P ARY it B8l E mBNBhyaric
anot he referable method.is one in whi the cyclic ..
alcohg) aanErE SntIHRTSIoNP theces RN dusam-il-sspgen i fation
gas/liquid mxed forminto a stage of the distillation
colurap| Torin gbbquid fermsimgegapaowusi oim.her astanyiture of a liquid
present, and the aliphatic nonohydric alcohol is
and a@as.nuGdbey thad feedingdbeostartimgmatérialsrinto thedigtitlation
forminto 20 the | ower portion of the distillation

columalinnthis lway hitdscaise, ptaferapld to additioaadiyefesd imfa gaseous
course contain the aliphatic nonohydric alcohol. In

SarFERALlil SN0 TN ahoutyiiom i estgimon of i
distil AN £ Yo 1 LRRT.eOMd o Vet ahdehdl PrkYérable method is one in
which the cyclic carbonate is continuously fed in a liquid form or a
gas/liquid mixed form into a stage of the distillation column above the
stages in which the catalyst is present, and the aliphatic monohydric
alcohol is continuously fed in a gaseous form and / or a liquid form into
the lower portion of the distillation column. In this case, the cyclic
carbonate may of course contain the aliphatic monohydric alcohol.

in step (1), the starting materials fed in may contain the product
dialkyl carbonate and / or diol. The content thereof is, for the dialky!

carbonate, generally in a range of from 0 to 40 % by weight, preferably

from 0 to 30 % by weight, more preferably from 0 to 20 % by weight, in

terms of the percentage by mass of the dialkyl carbonate in the aliphatic
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carbonate, generally in a range of fromO to 40 % by
wei ght, preferably 25 fromO to 30 % by wei ght, nore
preferably fromO to 20 % by weight, in terns of the
percent age by mass of the dial kyl carbonate in the
ali phatic 29 nonohydric al cohol / dial kyl carbonate

monghSiHsra '8%{'1‘3’%0“'5”@{} safbgfidte Wé’?ﬁ{@gﬁﬂ‘% tof HRLGR!.
genarglifin.g Tana e pErtufdde fo@%svt W@ﬁgb/%eg%ﬁv*'%rngv oie 7% by

. ¥C| iC carbonate [ diol mxt When carryi ng
weigh .ewgcpmf@rabhsfw(q)to.%a’m&yrwsuw iplerpts; o fthesh
cyclic carbonate and / or aliphatic nonohydric al cohol
percaptage bhynmastioédherdiol imdheceyslionashenats / hobmixture.
havi ng the cyclic carbonate and / or the aliphatic
nokdhgdréarrgingpbat the reavtion obrstepdit) indwesieidlly, besides
recovered fromthis process and / or another process

frestt aQchb SR ndlePa o Gf@thPhéﬁ% mendHRIrid aléohgl newly
materials. It is an excellent <characteristic feature

lntroeﬁcbﬁelﬂb%@?e%&Y@ﬂ@a&ZeW%aﬁ@hél h%vﬁ’ﬁ’?%h\%l Cﬂﬁf‘carbonate

exanpl e anot ss'is step (

and PB?'THE' |.8ﬁ‘£g8gﬁbar gﬁ’gtr%gﬂéow i& %”Hm &i iE}}ﬂer{t thereof

rbonate™ an ydr oxy conpoun

’e°°‘i%f§’<ﬁ§f'"§ BGEsS NGt aBBYATL AYRRESS St alf BeP
prefqr ‘fﬂf‘ééq@?‘%? baund realglafienehal, Oftepwgm ai ns

mpound, an al k aryl ether and so on, and may
chara@tﬁrashc§ﬁatwr%ﬁ%mhespr@rsedﬂ lawawloatwatcmlﬁdﬁaicesmbl% An
di aryl carbonate and so on. The by-produced aliphatic
exanmpleobf dniother gobokssrg $tepuédirtwhichi an asomatiacarhgnate is
material in step (1), or may be used as the starting

prodaeedrfram tie sliafkyl|gardlonettet dved & and neftic avd o ngdroxy
material having a higher boiling point than that of

comﬁ@?gﬁ'gﬁﬁ%?isl{@?@??@%ﬁgp?gﬁ?@l@h&ﬂﬁelhge@y produeRd in step
(H) and recovered. The recovered by-produced aliphatic monohydric
alcohol generally often contains the dialkyl carbonate, the aromatic
monchydroxy compound, an alkyl aryl ether and so on, and may also
contain small amounts of an alkyl aryl carbonate, the diaryl carbonate
and so on. The by-produced aliphatic menchydric alcohol may be used
as is as a starting material in step (l), or may be used as the starting
material in step (I} after the amount of contained material having a higher
boiling point than that of the aliphatic monohydric alcohol has been
reduced through distillation or the like.

A cyclic carbonate preferably used in step (l) is one produced

through reaction hetween, for example, an alkyiene oxide such as

ethylene oxide, propylene oxide or styrene oxide and carbon dioxide; a
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A cyclic carbonate preferably used in step (1) is one
produced 25 through reaction between, for exanple, an
al kyl ene oxi de such as ethyl ene oxide, propyl ene '
oxi de or styrene oxide and carbon dioxide; a 30 cyclic
carbonate containing small amounts of such conmpounds

r e e . be S r L .
crolf %%“ﬁ'ﬁé*‘% HOE?%BPQQ%?ﬁﬁ"a%rpﬁg?'&%ﬂ‘xg%ﬂc'{’%%@h% i the like
cyclic carbonate and the aliphatic nonohydric

mayat?ecb'ﬁ’ﬁld pEA SRABINGEIELA; '\'ﬂes'iﬁ%ijl }lation 5 col umn

varies according to the type and anount of the

t r Andepell ) f a daticohetwaen) the amauniseof theGyshic carbonate

conditions, but a nolar ratio of the aliphatic
and mmmatéc ahaobbydtic alice hoy dedcindartbenseactival distiilation

generally in a range of fromO0.01 to 1000 tines. To
columervadies dbeondiag w thee tppatand ameuat @f thel fransesterification

preferable to feed in the aliphatic nonohydric al cohol

catalybtaéh@ﬁﬁé%a@‘tlowc@hd'nﬁ@ﬁé But'ﬁﬁfclbhﬁ‘aﬂ@”@ﬂh@falfﬁﬁlc
he cyclic carbonate, but if the anount of

monﬂhﬁfﬂpi‘?&t échﬂHIQBnyd exaLg%bome felt rrpfsagfe%traugpﬁna range

I'S necessary e apparatus ger.

0 I . ' fn.1h ' j .
of frﬁmhéﬁﬁﬁﬂé?%ﬂﬁ@ o[ dhEtafs€ e Fuslld Wébﬁate conversion,
. preferably i ra 2 nor e prefe
it is Br%iﬁ@%?%’fes%%tn e @Ewehq}ffema‘ahygm%cew

Furthernore, if nmuch unreacted cycli¢ carbona
at legst Hmes Hae nuHBbER ol FBOds! Odf;ibﬁ eyelig l@érﬁﬁ?@aﬁﬁyb%éﬁhe
with the Joroduct diol to by-produce oligonmers such as
amountiotdhecaliphaticrmpnohiydricheizahoinuseddusttooagreat, then it is
i mpl ementation, it is preferable to reduce the anount
necadsaryrteanmaked ﬂy@laipxpamltbariat@emerrEbnisug:mseammhs,aﬁwe molar
possible. In the 20 process of the present invention,

raticeyEthé faliphathb avendRy@ricréicohol 3onbke cyelie catbonile is
the cyclic carbonate conversion can be nmade to be not

prefél%?tﬂytlhaé‘ rdgde ﬂeggﬁﬁ abky thb?é?l‘ehéf‘aﬁ?/%mm’@eto 15, yet

preferably not than 99.9% This 1s another

mor& PREAGLHIY FHof 548144 € HutRErMRbFSeI much unreacted cyclic

carbonate remains, then the unreacted cyclic carbonate may react with

Ezan e%ess of

the product diol to by-produce oligomers such as a dimer or a trimer, and
hence in industrial implementation, it is preferable to reduce the amount
of unreacted cyclic carbonate remaining as much as possible. In the
process of the present invention, even if the above molar ratio is not
more than 10, the cyclic carbonate conversion can be made to be not
less than 98%, preferably not less than 99%, more preferably not less
than 99.9%. This is another characteristic feature of the present
invention.

In step (1), preferably not less than approximately 0.4 ton / hr of

the dialkyl carbonate is continuously produced; the minimum amount of
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invention. 25 In step (I), preferably not |ess than
approximately 0.4 ton / hr of the dialkyl carbonate

i s continuously produced; the mninmm anmunt of 31
the cyclic carbonate continuously fed in to achieve
this is generally 0.44 P ton | hr, preferably 0.42 P

the Gf¥1i¢,caTnpARI eIl Ml t0 Hhifip Ve s I ERraly 044
P toR T traeatly 347 BT kB mio s pieRtaby 0 P R hr

continuous nulti-stage distillatiogn colum To used in
based gp (e ameupt Pséeny br} gt the dinkylearbanatent® pegproduced.
trunk portion having a length Lo (cm and an inside
In a yedrmaore ppeferaplegasdathingameunt eans bei made tabeigss than
of stages no thereinside, and further having a gas
0.39dRattbat/ havi ng 10 an inside dianeter do, (cnm) at a top
of the colum or in an upper portion of the colum
nedthd eohkitiuous rrmltiLgua%b digtilpation\da10nem Ti)ngséle in step (1)
di aneter d02 (cn) at a bottomof the colum or in a
[ f col r t inat
compASEs & AN BIAIRG"E YIS rlRK SR Meing a length
/ ' ' f bel:
Lo (AP nThSHE dEdRE 5 (GG SR ARG 816 oRn

a cond 1'nlet prov
h entral portio nd/ or th owe ortio 0 .
numb8f giria6Be.he thefipdie chntebriiEhaliid 5™8as Byt having
. Dq,, no, Do / dog n / doe nust sati sf .
an ir}sggse&amgt%r 301@@’83@3\@[)239#8? 58‘%‘!!)" %“{@)ﬂ, upper portion
2100 Lo58000 (12. 180 <_ Do <_ 2000 (2) 20 _
of thecolgiros nery t@thedepnsoligoid putied mavingian ipsibe Hameter
and 55Do /doeS30 (6)
doz (cm) at a bottom of the column or in a lower portion of the column
near to the bottom, at least one first inlet provided in the upper portion
and/or a middle portion of the column below the gas outlet, and at least
one second inlet provided in the central portion and/or the lower portion
of the column above the liquid outlet, wherein Lo, Do, Lo / Dg, ng, Do / dps,

and Do / doz must satisfy respectively the following formulae (1) to (6);

2100 < L £ 8000 (1)
180 < Do < 2000 (2)
4<Ly/Dg<40 (3)
10 < ng £ 120 (4)
3<Dg/do1<20 (5), and
5 < Dg/dg2<30 (8)

Note that the term “the top of the column or the upper portion of

the column near to the top” used in the present invention means the

portion from the top of the column downward as far as approximately
32




Note that the term"the top of the columm or the upper

portion of 25 the colum near to the top" used in the

present invention neans the portion fromthe top of

the col um downward as far as approximately 32 0.25
and the term"the bottom of the colum or the

0.28 H%“%F?ﬁ%agﬂf Phﬁsgé?'i SRl S IO} SRR of

S appr,oxi mat e 0,25 Lo. lee se for e rst
the c@i‘mmueag trihs € %?gse m%@nﬂtéﬁ. RAFUQH fFAM WS pptioi of the
later, but with O 25 5 Li It has been discovered
columpakPWardsas §ak as %bmtqmmglm £P-lse-agtl ikgveispl fogtthenfirst
colum To that sinultaneously satisfies the fornul ae
continupus multi-gtage digtjligtbon andu@e), deseritiedl lager, but with 0.25
carbonate and the diol can be produced on an
Lq.) industrial scale of preferably not |less than 0.4 ton /
hr of the dial kyl 10 carbonate and/ or preferably not

| egsha$dadh dfsdPrered thaf byhmﬁgwheﬂfcbhtmudusgmum stage
conversion, high selectivity, hi gh productivity

disttl%ﬁ@h%d‘lﬁl‘nrﬁ%ﬂh‘é‘t(ﬂan &%S%bﬁglaféaﬁbﬂﬁsqfhe ch’rrmulae (1), (2),

, hot ['ess prefera

(3). 3oks) ARl % r*%r#_ kv [BafbEhELE B the'Slof §aAl b6'Poduced

o BB SERRCLT 1 e el 8 i o
the diol on an_industrial scale with suc’h excel | a

carbepate eadigr praferablinaigessethan .48 taast br ddhepdind with a
is not clear, but this is supposed to be due to a

high comyessian, chighcselaatingty, andhightriedurtivitwstabliyofer af

fornmulae (1) to (6) are conbined. Preferable ranges
prolonged perivad pédimetofy dof @xampleyr rotibesy thad 1R Rhours,
Lo (cm is less than 2100, then the conversion

prefetableardedndthameB 000 koufks,wlorpgsifekrablyonat t@ss thha 5000

desired production anmpbunt. Moreover, to keep down the
hour§JffoPiRAE &Adic WRrb&naES drid thé Riphatic monohydric alcohol.
The reason why it has become possible to produce the dialkyl carbonate
and the diol on an industrial scale with such excellent effects by
implementing step (l) as described above is not clear, but this is
supposed to be due to a composite effect brought about when the
conditions of formulae (1) to (8) are combined. Preferable ranges for
the respective factors are described below.

If Lo (cm) is less than 2100, 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, Lg

must be made to be not more than 8000. A more preferable range for Lg

(cm) is 2300 < Lo < 6000, with 2500 < Lo < 5000 being yet more
33
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.conversion enabling the desired production anount to
be attained, Lo 25 nust be nade to be not nore than
' 8000. A nore preferable range for LO (cm is 2300 <_
LO < 6000, with 2500 s LO <_ 5000 being yet nore 33
preferable. If Do (cm is less than 180, then it is
possible to attain the desired production anount.
preféls./ghle%ver, to keep down the equi pnent cost while

at f.akni.ng \the sj.red R0 ti amou S
el feD? 6880 81 L 1B NE08 e ATk PhssfBle dCttaM the
.range for. Do (cm is 0 < Do5, 1000, with 210 5 Do
desirs GGHEP ARFUGMATONRe MBrerusl.do keepdlowhdhesequiment cost
_than 4 or greater than 40, then stable operation
whilepattgiringitie idasited proguctiopuaatount, Dpmugicbe gnade to be
greater than 40, then the pressure difference between
not mdoee tlan 2@ Mot tromarfe phefecablemahgediorsDd (cojdsg2@ats Dy <
and hence prol onged stabl e operation becones

10004 ivkith 240 < Diybs e%ebemgf ye¢nors prefexzidey to increase
the tenperature in the [ower portion of the col um,

ang IheneR, is Ky aneh 1406F greaEthar (R therPstdlle operation
bringi ng about a decrease in the selectivity. A nore

beCOWﬁ%ﬁ;ﬁ?ﬁ%aw&J@E”%?gé |Lr51)g D§ i9 r%;;realt@r h{gQ‘? ﬁ\%ﬂsthe

yet re preferable.

- 0 r S r eas
prossrd A& feS tetiRst g 258 4MF SN Of i SREEFFE B comes
productign anount, Mreover, to kee own the ...
too ggaf o heREs AtbleRoediRbie tharslich, BRCPEIF S Aifticult
the desired production anount to be attained, no nust
Meoregyefnifcbecomos,pecessasy tpdncrease thectatpagratureringihe lower
is greater than 120, then the pressure 20 difference
portigatofcdre cabumop and hesceosidss reactiens recevediaile by occur,
great, and hence prol onged stable operation becones
bringdng fabouitt a dvoreaser in ithe sedeotiwitynedessane prefarabieaaage for
the tenperature in the | ower portion of the col um,

Lo/ %ﬁgfﬁgﬁ B De< rEnaNithne DEEIND, ki 20IReihg weCore preferable.
If no is less than 10, 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, ny must be made to be not
more than 120. Furthermore, if ng is greater than 120, 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. A more preferable range for ng is 30

< ng < 100, with 40 < ng < 90 being yet more preferable.

If Dy / doq is less than 3, then the equipment cost becomes high.
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about a decrease in the selectivity. A nore preferable
range for no is 30 25 < no <_ 100, with 40 <_ no <_
90 being yet nore preferable. If Do/ do, is less than
3, then the equi pnment cost beconmes high. 34 Mreover,
a Iarge anount of a gaseous conponent is readily

MordUERSE i ALY 5o R A FPAE AR rlensea o
e GG o a8y 5 PR P ORI e

Egratl on becones 5 difficult, and noreover a decméﬁ_
If Do hdpnis gspateisian i20. ghemgtie 28680 SaComnanertwithgdrawal
range for Do / dog is 4 5 Do/ dog 5 15, with 5 5 Do /
amoyspt tecorgepdiehatiyely laweapddienegisdable owrah@@zbegomes
| ess than 5, then the equi pnent cost becones high.
difficwlt eandrmotreever quddcreapelinthe comvetsibacsneought about. A
rel atively high, and 10 hence stable operation becones

mor@llp‘réI'@RdHte fdnd® for QY d§ B aat ®, 1 B3N <395, wittes &y / doq 3

ow rate through the liquid outlet and pi p| ng becones

13 b%%t\/rﬁbyefrﬁ%tferﬁ]@ hence erosion becones |iable to
occur, bringing about corrosion of the apparatus.

”D'VIFD%[/ﬁfier %bI%)sr f\‘i‘é’ﬁ;’ Thery ri) %Qéu Bhfeﬂt éogobécfi%éhlgh

r.ahbl
Mor Q8746 R, fay ] W@é‘%&a@* Lol E%%i”&v%ﬁ Wign, &nd
conti,nuous mnulti e ti olum To used in
noncy sjabie 93 ﬁsatgap.%esp% aticull nd? i hdoa iy Breates tan 3o,
doz 5 eterm prol onged stable
the“oﬁb"@r Hprﬁater H?@MQE!U“?@ ligvidtautlel anaepipdng Jreeomes
operation can be carried out continuously in a steady
excessivel yotasid and henheeoprarsio hrige comist liahks  teows, bringing

fl oodi ng, clogging of piping, or erosion for not |ess
abouthaorrd80dn lnduhe, appafaiuahl yAmbré egeféharle3iyddor Do / do2

nore preferably not [ess than 5000 hours, and
is 7 RIBgetRLM 280 VIR KSDR/ dfie< 20 being yet more preferable.

Furthermore, it has been found that it is further preferabie for do4
and dg; for the continuous multi-stage distiliation column Ty used in step
(1) to satisfy the following formula (7);

1<dg1/do2<5 (7).

The term “prolonged stable operation” referred to in step (I) means
that operation can be carried out continuously in a steady state based on
the operating conditions with no flooding, clogging of piping, or erosion
for not less than 1000 hours, preferably not less than 3000 hours, more
preferably not less than 5000 hours, and predetermined amounts of the
dialkyl carbonate and the diol can be produced while maintaining a high

conversion, high selectivity, and high productivity.

The “seiectivity” for each of the dialkyl carbonate and the diol in
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di al kyl carbonate and the di ol can be produced while
mai ntai ning a high 25 conversion, high selectivity,
and hi gh productivity. The "selectivity" for each of -
the dial kyl carbonate and the diol in 35 step (I) is
based on the cyclic carbonate reacted. In the present

step ([} e pH b MIRTICER MY §8lnd. ) T IRBRINEA "

, re preferably not |ess than 99% reover, th

invertiayy, 8r15oBrsciertiibnof Pt deas han Op Yoican Beneray be
.cyclic carbonate conversion, in the present invention

attaingd ppreferabiyinsitdess thask 87hemoyel prefesabbnapt less than
conversion be not less than 95% preferably not |ess

99% t hMorEtxenmbhe “‘soaiveratdry’ irmstepsig) generalbydngimatesrtbe
preferably not |ess than 99.5% still nore preferably

cyclio@arbesaté eon\ars98h, in the presentfinvbatioxcitlbeing possible to
characteristic features of step (1) that the high 10

make e elieNc £A5b PeteTBOAVar€ioh BBI NGt IRistivamioBsdshipgbferably
selectivity in this way. The continuous nulti-stage

not l%é%ihéh 19 rﬁBFé"B“reT@ﬁﬁl?%M‘le%se&éﬁ)99%§y@i‘%’f’lﬁfé‘b' y

istillation col'um ng trays and / or “packi ngs
[ r.nal . t “1 0L.e y [
profdiSphl ot b Pl o900, L midlecEPfloralif gt bR tnan 9.0%.

. distidlation colum where.gas .and |iqui.d.ar u .

itis §pafi® pRPafizbhiharoarendhh A tuan et SBRTF EAAGIAY nigh
the trays include a bubhle-cap.tray, a sieve tray,.a,, .

CONVEESipa ?%/'a;ﬁ!e meigkainad M?IWQ ml,ntalrsﬁselmﬁhae'ww?y in this
Maxfrac tray, or the like. Exanples of the packings

way. | ncl ude irregular packings such as a Raschig ring, a
Lessing ring, a Pall ring, a 20 Berl saddle, an
| nfheoostinldbas mulli-stagpadilstihigtion bolanonT pasiedins sbep (1)
Hel | - Pak; structured packings such as Mel | apak,

is préfmbky aledimtimelcolurekapieg teaysuaner / pagdokdngs as the
Goodrol | packing or Gitschgrid. A nulti-stage

interﬁ%ﬂ : Ihéttieiifh eQitdPalnayddd iRAhB prédeéint Pintih aéads the
parts in the distillation column where gas and liquid are actually brought
into contact with one another. Examples of the trays include a
bubble-cap tray, a sieve tray, a valve tray, a counterflow tray, a Superfrac
tray, a Maxfrac tray, or the like. Examples of the packings include
irregular packings such as a Raschig ring, a Lessing ring, a Pall ring, a
Berl saddle, an Intalox saddle, a Dixon packing, a McMahon packings or
Heli-Pak; structured packings such as Mellapak, Gempak, Techno-pack,
Flexipac, a Sulzer packing, a Goodroll packing or Glitschgrid. A
multi-stage distillation column having both a tray portion and a portion
packed with the packings can also be used. Furthermore, the term

“number of stages of the internal n” used in the present invention means

the number of trays in the case of trays, and the theoretical number of
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packed with the packings can al so be used.
Furthernore, the term 25 "nunber of stages of the
internal n" used in the present invention neans the
nunber of trays in the case of trays, and the

t heoreti cal nunber of 36 stages in the case of

stag@%ﬁﬁﬁ&#ﬁﬁgt BafRitas o, T dbei ¢ 41 2, Mk sii Hstigiation
colugin el Hg RSP B(tTaY AEUARACHE tnq%@%mgpaélaeg withorakings,

sta S In step (1) in which the cyclic carbonate
the nwy %tﬁfeﬁiaﬁtm incis o byesumafcdhonuambker ehdtays and the
together, it has been discovered that a high
theoceh'cafsuombehb@rstagEsct ivity, and high productivity
can be attained even if a plate type continuous
nullihisteba@dy idiwhidh tie eycliel cambdratehantl thiehaliphatic
internals conprise the trays and/or the packings

monBﬁYrUFﬁ: Qlcjcﬂ'ld]r@@w&é@é@f’oé‘é'mﬁ* lpﬁa§t§@€ﬁ d186ovePéd dhat a

pac ed col umm type conti nuous nmul tl-stage

hlghﬂ% ) |+ {)ho'ﬂl ﬁ's‘é”f&c{ﬁltghﬁﬂd Ht#h ﬁndt?gﬁbﬁvt)ﬁp@an be, attalned

I bn olunnln rnal s’are tr

everl T §'ipf Do gt ﬁi@*ﬂ%iﬁﬁg%&?aﬁgﬁﬁ%ﬁwﬁ SR wic

d vvnc mer poriiop are parti qd as, the trays
the fEREAIS o Botsq s Hads miidhr Thetnadihodehsuind:Acs
and eq UI prent cost. It has also been discovered that
pred@é@ﬁ"ﬁ?%@é‘%’ﬁh?r fcstaggs gnddson aopasked @ lumm e np
in the sieve portion. A nore preferable nunber of
conthuiags imulti-staga Zistidation toluwan/isnesegecbutrar plate type
preferably from 150 to 800 holes / nR. Mreover, it
distihatiobeenlutis dnwehizh thatintdrmals are- ragsiisnatefarableer
20 hol e of each sieve tray is preferably in a range of

FurtheanoPe it Rad badh discovsRPRARERN & tIRIYRS8asAChAVIMY a sieve
area per hole is fromO0.7 to 4 cn2, yet nore

po th'heé ﬁﬂaéﬂdg)vf!ﬁ ﬂg’?\%rgpt? gioﬁpﬂa‘ré?lgc%{g{cwﬁyyoégod 'bﬁﬁ tpﬁffﬁ in

di scovere era eac

term$! 6 thd r8hatlissH b bfwé8R%b &b dnce and equnpment 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
from 120 to 900 holes / m?, yet more preferably from 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 .cmz. A
more preferable cross-sectional area per hole is from 0.7 to 4 cm?, yet
more preferably from 0.9 to 3 cm?.  Furthermore, it has been discovered
that 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?.

Furthermore, it has been discovered that an aperture ratio of each
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n2 in the sieve portion, and the cross-sectional area
per hole is in a 25 range of fromO0.5 to 5 cn®.
Furthernore, it has been discovered that an aperture
ratio of each 37 of the sieve trays is preferably in
a range of from1l.5 to 15% A nore preferable

of th@pﬁ V@rﬁaﬁgtlggﬁ:’bﬁpmbﬁy f@%?lgarﬁ frf‘?%ﬁ! i %?o 138, YEA more

re prefe rom-l aperture
t t t f th
pref%f@%é@ R BHE Bulr, B A d T ﬁ@rsﬁhihﬁo tas. stm
cross-sectional area of the holes) present

in
prefanably fromy b te Hd %r edigfe: thﬁe“gpgvyrsdﬁtl%n%%h% sdeve tray

tray containing the cross-sectional area of all of
indicattes Hbecratioried theecerasts-saetisingl @rpar of sl efthe heles Hthe total
total cross-sectional area of the holes may differ
crosbatamtionalharea efdherghas)i presaritcin thessiave tegete dhe area of
rati o of each of the sieve trays is preferably 10

the siev8ipoitish afane trapdsontaininieth®crosshsedtionelr anda of all of
holes in the sieve portion nmay be the sanme for all of

the Hch@ss' eVRe l4ra%Sof Phe EI¥vEi fdiklon bhdA8r theatahown
hat by adding the above conditions to the continuous

croséngédt é\ggréj%%tf tt\baﬁbgé ﬁ%y‘ﬁﬁfgpbett\hv‘éfgrbwfsné@é trays, in

fain easi |

AT Ut U SRR 8 ool

the c arbonate a t he ali

withieftisn SBPVE EANGRol Fid thaEmera, 1e gUiaber |‘§I}é°|eﬁt g ipo sieve

cont i nuous rrultl-stage dlstlllatlon colum in whi
portipRement betbe sams teeall of the sigvyt ws.r@amabﬁlféﬂa It has

distillation si rrultaneously in the colum, 20
beercshowmuthat hyvaddiogatheng@bavieononditiomy tpdhm coRrtioupYS

m xture containing the produced dial kyl carbonate
multi-stag e isipibetiopocd liuenn off o, tthe cbjaotrfoirrstap axseoube attained

form and continuously w thdraw ng a high boiling
morePerBilyl eaction mxture containing the diol froma

| ower portlon of the colum in a liquid

When carrying out step (1), the dialkyi carbonate and the diol are
continuously produced by continuously feeding the cyclic carbonate and
the aliphatic monohydric alcohol as the starting materials into a
continuous multi-stage distiltation column in which the catalyst is present,
carrying out reaction and distillation simultaneously in the column,
continuously withdrawing a low boiling point reaction mixture containing
the produced dialkyl carbonate from an upper portion of the column in a
gaseous form, and continuously withdrawing a high boiling point reaction
mixture containing the diol from a lower portion of the column in a liquid
form.

Moreover, in step (l), as the continuous feeding of the starting

material cyclic carbonate and aliphatic monohydric alcohol into the
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form 25 Moreover, in step (1), as the continuous
feeding of the starting material cyclic carbonate and
al i phatic nonohydric al cohol into the 38 continuous
mul ti-stage distillation colum TO, the cyclic
carbonate and the aliphatic nonohydric al cohol may be

cont rﬁS’oué‘ rﬁﬁltf-gf%égﬂi%giﬂlgg t@éhﬁhla 'I}"J,’%h%r %E:’ﬁc carbpnate and

rate orm an or a gaseous

the %ﬁ@'ﬂégcﬂhgi"ﬁ?vgﬁk"%‘%iﬁ'- BeS55areRD A6 felstiifindhaipria

col um helow th a utl et t he upper ortipn
m'xtafe R RAFAPI oA Tk AP Thang, hoh & saRRpLs e, ffom
clic carbonate or the starting material containing

mletéS) RFgeidasbimenss plake ey@ pluradily sirplaseissin the iuRRer portlon

the distillation colum in a liquid formfrominlet(s)
or thenmitidiapoetiopoot the colummebelew| thepgasiautief in bee upper

distillation colum, and 10 the aliphatic nonohydric
portiancohthe distillativnacdiuranmatemethoxb it arhichothe cielige

anount of the aliphatic nonohydric alcohol is fed into

carbbh%te(BrSiHé lseémr(r]g ﬁ@éwﬁhl'ébrﬂdiﬂﬁ@uslafrgéfﬁﬁwmt of the cyclic
inlet(s) provided in the mddle portion or the |ower

carbBﬂ%ttéCiQ feld it t?@ ﬁmdpﬁf’dﬁ collGmir H'P'adlngflj:ﬁ'fd ’F’(Srrh gréﬁ\elnlet(s)

['ower portion o I stil Iatlon colu
5 r o] t
in thfy ééé??gﬁt'fﬂhgﬁ M RGBSl By GBIy ane
IS si dere eguat.e he [a st dence, t
the qjfpiiallc mERg p@ﬁ'q gﬂqﬂ'bo*.wf o merial tonaiahio o
dlstlllatlon reaction tine varies
largg@paeunhgf dHet%%PIF@PﬁwaPnPﬁ'éfdlfm algphal isfedinto the
distillation colum and the nunber of stages, th
distidationt eolomntie sgassous barmdremi mlet(sémrpwlde@entthgemlddIe
and anount of the catalyst, the reaction conditions,
portiamdo s therdowErep o st iodrthei maltjmngmcwearthg liquid maﬂgbin the
of from 0.1 to 20 hours, preferably from0.5 to 15
lowerqigrgiomof ehardikséitlaltion tonmb ist #lsbOpheferable.

The reaction time for the transesterification reaction carried out in
step (1) is considered to equate to the average residence time of the
reaction liquid in the continuous muiti-stage distillation column Tq. The
reaction time varies depending on the form of the internals in the
distillation column and the number of stages, the amounts of the starting
materials fed in, the type and amount of the catalyst, the reaction
conditions, and so on. The reaction time is generally in a range of from
0.1 to 20 hours, preferably from 0.5 to 15 hours, more preferably from 1
to 10 hours.

The reaction temperature in step (l) varies depending on the type

of the starting material compounds used, and the type and amount of the

catailyst. The reaction temperature is generally in a range of from 30 to
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The reaction tenperature in step (1) varies dependi ng
on the type 25 of the starting material conpounds
used, and the type and anount of the catalyst. The
reaction tenperature is generally in a range of from
30 to 39 300 C It is preferable to increase the

{Leact] f L& t ] | i
300 $Go ¥ plEMER it Pedle] e (HGIFT Rehlleldtls sWas to
. hi gh,, then side reactlilons bec | i abl t% occur., The t
'"Creﬁé§c¥h%ﬁe?‘é BTG e HOWEYEL By Wreredfliontempgiafurgss too
.. from40 to 250 C, nore 5 preferably from50 to 200 C,
high,yihemnside seactipas hesema Eébi%t‘iwf@!f- | nfhefeagtiodent
invention, the reactive distillation can be carried
tempenatwiet is thes peefenablpdntamangspel tnom 4G te 250 AG, more
nore than 150 C, preferably not nore than 130 C, nore

preferablyefarnysmad 200 eC, haat hbdeGreferabhy frompréd eo 80/ °C. In
not nore than 100 C. An excellent characteristic

the preaént tneéntiOnstied rebkctive dlhtilldtien aghbeotwried @ut with the
hi gh selectivity, and high productivity can be

colurfh! Bo 18 B¥Bpetatire 46 t8 AP WRAMP B0, preferably not

t enper at ur e. Mor eover, the reaction pressure varies

m°f@2§*&,‘*‘?‘33?3’2@2&‘@%@“?%&2%%@5 @?02%;%%2» TRar ket more

preferhy, nek HOEF thihs! GoStea™h Beeapaht hAar R BlE TpHtre of

step {f) Bt heohigh 69 marSisibrioRopg aktoniy fand Mgh Proguctivity
nore preferably from 10 to 5x106 Pa, The reflux ratio

can he adtgippdt eeer ovith mushs ankgw icodymgebatiom itemperature.
colum To in step (lI) is generally in a range of from

Moreoves, tite rpectionaptessw@ vaoesodependirtg omothee type of the

preferably fromO0.05 to 3. The material constituting

startinemetetial worapounds- st adeartd sheldahbositicnltheneBotween, the
used in step (I) is generally a netallic material such

reac%gft?%attﬁﬁgﬁgpg%???.n' ¥he rddadtion Ipreb8UR® rAbytHe any of a
reduced pressure, normal pressure, or an applied pressure, and is
generally in a range of from 1 to 2x107 Pa, preferably from 10° to 107 Pa,
more preferably from 10% to 5x10° Pa.

The reflux ratio used for the continuous multi-stage distillation
column Tg in step (I) is generally in a range of from 0 to 10, preferably
from 0.01 to 5, more preferably from 0.05 to 3.

The material constituting the continuous multi-stage distillation
column Ty used in step () is generally a metallic material such as carbon
steel or stainless steel. In terms of the quality of the aromatic
carbonate produced, stainiess steel is preferable.

In the present invention, next, a step (Il) of continuously producing

an aromatic carbonate on an industrial scale from the dialkyl carbonate
40




carbonat e produced, stainless steel is preferable. 25
In the present invention, next, a step (I1) of
continuously producing an aromatic carbonate on an

i ndustrial scale fromthe dial kyl carbonate 40
produced in step (1) and an aronmati c nonohydr oxy

oroc RS (A 2, bt By b o7 ARGt carrioc

following formula: 5 RROCOOR2 wherein R2 is defined

out. 55 pefore. Exanpl es of dial kyl carbonates havi ng such
an_R2 include dinmethyl carbonate, diethyl carbonate,
di ghépdialkxl sarbeeate wreé# i) stepi(H)iigia canpaund, represented
di but enyl carbonate (isomers), dibutyl carbonate 10

by the foHewsng fdrmendayl carbonate (isoners), dihexyl
carbonate (isoners), diheptyl carbonate (isoners),

5 di octyl GRAGO@OR2(isomers), dinonyl carbonate

(i somers), didecyl carbonate (isoners), dicyclopentyl

whe&AhRA 3§ Yeff &y @sOh8Tore.car bonate, dicycl oheptyl
carbonate di benzyl ~ carbonate, diphenethyl carbonate

I t
FAREABles, B BRI BBYadol HEARY 842 4 SeTRichicp
d|me?ﬁ&ﬁﬁ@?éc?n&i%og‘@ﬁ%gggégﬁ%%’ Xg&%@M&pg‘?ﬁolﬂ%@gt(ﬁomers)

. di thox car bonat e Onmer s Ior thI
d'a"xl 1@5 @ﬁﬁéﬁeyf 2tbonets AkEats) dbb na% At
ners t hese di al kyl carbonates, one

10 (lsorae&)ercaeﬁyrtmlsféarbwawe(lpp&%m) dihexnt perbtarﬂeteji(lélqmm)

carbonates in which R2 is an al kyl group havi ng not
diheptylecanbongteufisemears), diasty! sadbaoate disamersy ¢inonyl

hal ogen atom A particularly preferable one is
carbdnak¢ l{isSomerdhndidecylwarboaate disomers), dicyclopentyl
carbonate, dicyclohexyl carbonate, dicycloheptyl carbonate, dibenzyl
carbonate, diphenethyl carbonate (isomers), di(phenylpropyl) carbonate

15 (isomers), di{phenylbutyl) carbonate (isomers), di(chiorobenzyl)
carbonate (isomers), di(methoxybenzyl) carbonate (isomers),
di(methoxymethyl} carbonate, diilmethoxyethyl) carbonate (isomers),
di(chloroethyl) carbonate (isomers) and di(cyanoethyl) carbonate
(isomers).

20 Of these dialkyl carbonates, ones preferably used in the present
invention are dialkyl carbonates 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

25 carbonates produced in a state substantially not containing a halogen, for

example ones produced from a cyclic carbonate substantially not
41



preferabl e dialkyl carbonates, particularly preferable
ones are dial kyl 25 carbonates produced in a state
substantially not containing a hal ogen, for exanple
ones produced froma cyclic carbonate substantially
not 41 containing a hal ogen and an al cohol

contﬂbﬁéﬁ%ﬂh%ﬁ%a%%%ﬁ'”é%&%@%ﬁtfwP&T}%f@éﬁ%@@aé

elﬁ)resent ed by the foll ow ng general fornula. The type
halogen. 5 {he aromatic nonohydroxy conpound is not
limted, so |long as the hydroxyl group is directl
bohhedaramnakie mmedtydfogwo@@mpwmsmewestﬁm(ilé is a
represents an aromatic group having 5 to 30 carbon
comptwng .repEesepted byf the dodowingwersmal deymebapourhis type of
havi ng such an Ar 3 10 i nclude phenol; various

5 the abhwmﬁlmohehydme&mnpeohd(|Issnmenﬁ)|tedyber10hg as the
(isomers), trinethyl phenol (isoners),

hydréR¥I greihYs Riesely borIBd %0 theCarfbthalign@top:soners),

propyi phenol (i1soners), butyiphenol (isoners),
di et hyl pge n?H (i somers), nethylethyl phenol (isoners),
met hyl propyl phenol (isoners), dipropyl pheno

Whef%éfﬁ%?“a%bﬁs%gpfi%’%?%ﬁ%@%%wf‘? §30e30 paghgn atoms.
cl ohex nol vari ous ,al kox pheno S ch

Exanaé'esr@f ﬁ%&?f&ﬁ TH Y cgnapgvnt;im\@ﬁ& Suchan Ar
|sonersL IaIkK Fhenols such

10 'nCIUEﬁeFPI'WBP p%'ié%ﬁcﬁ yinheRe Suﬁﬁrﬂﬁ ﬁé‘PS?ﬁ derBrans)amylenol

vari ous substituted naphthols; and heteroaronatic
(isomensdhydmethytpheoah tisomers )2 detramethdrhenoi disamers),

(i soners), hydroxycoumarin (isoners) and
ethylbh@rrml)(mrjmelrShepl(dmdpbesa)ol (3wmmefrs},hizstylphemat {isomers),

nmonohydr oxy conpounds nmay be used, or a mixture of a
diethylpti@hol fisthyers), wisthylethylphenol (isomers),
methylpropylphenol (isomers), dipropylphenol (isomers),

15 methylbutylphenol (isomers), pentylphenol (isomers), hexylphenol
(isomers) and cyclohexylphenol (isomers); various alkoxyphenols such as
methoxyphenol (isomers) and ethoxyphenol (isomers); arylalkylphenols
such as phenylpropylphenol (isomers); naphthol (isomers) and various
substituted naphthols; and heteroaromatic monohydroxy compounds such

20 as hydroxypyridine (isomers), hydroxycoumarin (isomers) and
hydroxyquinoline (isomers).

One of these aromatic monohydroxy compounds may be used, or
a mixture of a plurality may be used.
Of these aromatic monohydroxy compounds, ones preferably used

25 in the present invention are aromatic monohydroxy compounds in which

Ar® is an aromatic group having 6 to 10 carbon atoms. Phenol is
42
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O these aromati ¢ nonohydroxy conpounds, ones

- preferably used 25 in the present invention are
aromat i ¢ nonohydr oxy conpounds in which Ar 3 is an
aromatic group having 6 to 10 carbon atons. Phenol is
42 particularly preferable. Mreover, of these

partle[JPJW% r?t“rg?%%%dr %?SgeSQgP%‘f‘ﬁ?e Qré?grl'?éili’use dﬁbﬁ&(ﬂoxy

a hal‘ogen dre pre era

i_nvent nol.ar_r.ati.o of
comgaiiRnpnat e tntally FetoriAinte aﬁﬁi’@%&oé ‘Rrgigrably
in the starting material in step (I1) is preferably
used ip the presest i g?’%fﬂ'@“l to 10. Qutside this range, the
amount of unreacted starting material remaining based
onThepmedar éatipnetitheshativy! sfarbraagedprihe aramatic
carbonat e produced becones high, which is not
moneh{d oixancoe napolundriesed in thehstartingymisd e riadyimn rsdept(dl) is
recover the 10 starting material. For such reasons,

preférabipbnve ranyerof fione 0.9 toon 6. Dafsidabihis iranger, ahgeamount
of fromO0.5 to 5, yet nore preferably from0.8 to 3,

of urﬁh‘a‘dte&fﬁtﬁrﬁhgfrﬁb@éhﬁl reAmiAidg b%rseald‘ohféa pe8eestmined
i nvention less than 1 ton / hr of the aromatic

amoft}ﬁlf g’?'iflﬁedééréﬂ"ﬁlb?gglﬂé}ﬁ(oﬁ @P??ﬁucéa%é@orﬂ%@ Ri¢th, which is

e mninmm armun e aromati c

o SRR IR MO Al

f t th
startﬁoﬁi% Al ol sukk 5{@%“\% 3ROV, Bofer E?ﬁauée'aore
preferabl e case, i's anbunt can

prefq;@hlﬁga a ﬁaﬂgs ef tremn /0.frto éoyeﬁénar%mxyfer@é}lwﬁ%%o 6103,
and the aromati ¢ nonohydroxy conpound wused in the

still moaetprefenably fraimihteiep (11) may each be of high

purity, or may contain other conmpounds, for exanple

majn ¢batmieserdnipeendiomrnot kesst thean Hytqn ddurcafsthe aromatic

produced in step (I) or (Il) and / or another process.
carbonate is continuously produced, and to achieve this, the minimum
amount of the aromatic monohydroxy compound fed in continuously in
step (Il) is generally 15 Q ton / hr, preferably 13 Q ton / hr, more
preferably 10 Q ton / hr, based on the amount of the aromatic carbonate
(Q ton / hr) to be produced. In a more preferable case, this amount can
be made to be less than 8 Q ton / hr.

The dialkyl carbonate and the aromatic monohydroxy compound
used in the starting material in step (11) may each be of high purity, or
may contain other compounds, for example may contain compounds or
reaction by-products produced in step (I) or (1) and / or another process.

In the case of industrial implementation, for the starting material, besides

fresh dialkyl carbonate and aromatic monohydroxy compound newly

introduced into the reaction system, it is also preferable to use dialkyi
43
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In the case of industrial inplenentation, for the
starting material, besides 25 fresh dial kyl carbonate
and aronmati c nonohydroxy conpound newly introduced
into the reaction system it is also preferable to use
di al kyl 43 carbonate and / or aromati c nonohydroxy

cors T Sy PO grod rom e
o B TP SanhlH AGA o i

eing carried out followng on from step !g)
Examme@noa@naxth?r papyesgaar@oﬁé?r@qessqorrbwtfeh & '@H&! Gﬁ‘bﬁmate is
reaction product, and a process in which an aromatic
prodpoedc ahisopanerally reidgoearriadbeutfollowingyon feomostare (I1) in
and an aromati c di hydroxy conpound. Note that the
whichrars lalkiylah kpl| cardbonatatis meod yee dhtasothe edaiinntea dtien product,
reaction system referred to here is the dialkyl

and &35roeraiseinPivhills &th hfomiaRR Fb]ycah‘bdrfatbfﬁ% pgasfucéd from the
i ndustrial inplenentation of step (11), for the

dlary?tc?rbbﬁ%ter%@ra'rﬁ rom@tici@mhyd ? €6 pigoundar Nﬁtéttfhat the

aromat i ¢ nonohydr oxy conpou new y 1 ntroduced

fresH pfaﬂkygsafﬁgﬁé %e%r)’l?tl?ﬂ?od éc? lﬁ{osﬂ'lé’rr%%'hgw ﬁ(s{

0SSl se na haV|ng

onate an t| C o QXY .. C ound
refefagd on%?m%ﬁla%ﬁﬁﬁ ol Bon s FrlBi i ARG
and / or _another process IS an exc e .
ﬁf&'&?éﬁ%ﬁ PE”P@'A?U[%’ '&Plﬁ%eﬂl%té%to $¢én 'brTnOMQ? starting
thls is possible. Accordingly, in the present
mateiriale heisiges fre e dialkyisashenade andiasematic ynopehydroxy
preferable for the starting material fed into the
compournd nawly intoadscedlinte shageaditixti syatéron it also poeferable
contain any of the alcohol, 20 the alkyl aryl

for itcar berpd ssibldi¢o disy yattar havang thendialkyll carbdnatehand / or
and so on. A starting material further containing

the aTBPiati@EAbRyEFoXY ¢BrMeblLhE%s aomﬁmmme@wéﬁt&h@#@bf

as Fries rearrangenent products of the al aryl

reco¢SfRP AR AR stéprand FYrPoRGifeMpisdb 4 € ithﬁ; RhAHE Ifent

derivatives
characteristic feature of the present invention that this is possible.

Accordingly, in the present invehtion, which is implemented
industrially, it is preferable for the starting material fed into the first
continuous multi-stage distillation column to contain any of the alcohol,
the alkyl aryl carbonate, the diaryl carbonate, an alkyl aryl ether, and so
on. A starting material further containing small amounts of high boiling
point by-products such as Fries rearrangement products of the alkyl aryl
carbonate and diaryl carbonate which are the products, derivatives
thereof, and so on can also be preferably used. In the present invention,
in the case, for example, of producing methyl phenyl carbonate and

diphenyl carbonate using a starting material containing dimethyl
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t hereof, and so on can also be preferably used. In the
present invention, 25 in the case, for exanple, of -
produci ng et hyl phenyl carbonate and di phenyl
carbonate using a starting nmaterial containing

di met hyl 44 carbonate as the dial kyl carbonate and

carbBARE ané Makyi '??gra{{g'%“ﬁﬂﬁ FETIRY Kramptie®
monﬁﬁwﬂa%vf&o%]ﬁﬂ%hhi#@o Bre¥erabi 1on this S H}%Péﬂ?ét

starting material may further 5 contain snall anpu

contgin ghano!, grehmetoyl phen cathenatergnd gdphgwhp@rbonate
whi ch are reaction by-products, and high boiling point

whichyarg thiedegctioer preductssrand she stagtingonatedat mayfartber
produced in the present invention is an alkyl aryl

contaiy bovadt amounts df anisobprpveaykesabeykmtei andimeethyl salicylate,
t hereof, obtained 10 through transesterification

whnch%ﬁ@ﬁ@abﬂ@nobﬁiﬁmﬂ ueds banat mgwﬁoilhﬁg podpebycproducts
nonohydr oxy conpound. I'ncl uded under this

derl\té’cﬁﬂﬁgﬁéﬁbhfl cation are a reaction in which one or
th of the al koxy groups of the dial kyl carbonate is

/ él"rh% S?&M%ga%éna{&ﬁpéﬂﬁg%ylngfl‘Pé@lregéof 'ﬂf\éentlon is an

aronat I'c_ non [0)4
nd action i,n which t ul es .
alkylphflbaiate: 1% o bR a8 s S T8t obtained
t he diar carhonate and the dial k car bo e

thrws’h giﬁjhsﬁtéﬁg %%Mq%”ﬁﬁ 'éH@t' onatg a”ga't}"

dlsproportlonatlon In the present invention, although
aromatic meRehydroxy campound. | dnekided wider this, thi s

al kyl aryl carbonate can be converted 20 into the
tranststeyificsdidroaaeea bgabtionginmaddéch orfeior teothuafithg@lkoxy

transesterification with the aronmati c nonohydr oxy

groupsnpiothe dialky! diasbonpte tis drerta eRchahigeddwithythe aryloxy group
car bonat e does not contain a halogen at all, and

of thlbﬁ%ﬁ}g??;ﬁg: ﬁ?@(dkﬁ}@ro&? t%ﬁl‘p@ﬂdd“ﬁh@]%ﬁ%l@bh%?@ eliminated,
and a reaction in which two molecules of the alkyl ary! carbonate
produced are converted into the diaryl carbonate and the dialkyl
carbonate through transesterification therebetween, i.e.
disproportionation. In the present invention, although the alkyl aryl
carbonate is mainly obtained, this alkyl aryl carbonate can be converted
into the diaryl carbonate by being made to further undergo
transesterification with the aromatic monohydroxy compound, or
disproportionation. This diaryl carbonate does not contain a halogen at
all, and hence is important as a starting material when industrially
producing a polycarbonate by means of a transesterification method.

The reason for this is that if a halogen is present in the starting material

for the polymerization even in a small amount of less than, for example,
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produci ng a pol ycarbonate by neans of a
transesterification nmethod. 25 The reason for this is
that if a halogen is present in the starting nmateri al
for the polynerization even in a small anount of |ess
than, for exanple, 45 1 ppm then this may |npede the

| Y . . . _ _
1 ool I 13l 98 he pYBSPRAIAN 03 EBHE thus impeding
stabfip P 6o 1S APl BR L8 Riane 63658 % ¥di8Roration
cat al yst . use? in the first coptinuous nujti- taag
of thg REIRPRISDAT. PHMIRFOIoRatioBoT the aremalic:Ral¥satponate
nmet al - cont ai ni ng conpound selected fromthe foll ow ng

Pde@G#ﬁounds can be used: <l|lead conpounds> | ead oxi des
such as PbOQ Pb02 and Pb304; 10 l|lead sulfides such as

Pb8saacaabgst beed inyidheofirstesontinboas PalidHtagendistillation
Pb202( OH) 2; plunbites such as Na2PbQ2, K2Pb(2, NaHPbO2

colummdirKeReZ 1), PbreRagsies & meatalNotaimingNedhitihiPid selected
K2PbO3, K2[Pb(OH) 6], K4PbO4, Ca2PbO4 and CaPbCB: 15

from! Wfﬂ%\%%b@?n AnB3d4n B tisefiher eof such as PbCO3
and 2Pb b( 2; lead salts of organic acids, and

<lea ™ P 0000 3) 4 and Ph( OO0OKR) 2PbO. 3H2Q
proh 58 IR BEPBLF 2D, 4Bt pharoo
e e s iR BoPhd el R ead compotnds and
aryl oxyl ead conpounds such as Pb(OCH3) 2,
( %d@@pmd%mup@( apifb(OH)2 and Pby02(OH)z;
plumbites such as Na;PbQ2z, K;PbOz, NaHPbO; and KHPbO;;
plumbates such as Na;PbOs, Na;H:PbO4, K:PbOj;, K2[Pb(OH)s],
K4PbO4, CazPb0O4 and CaPbOj;
lead carbonates and basic salts thereof such as PhCO3 and
2PbCO;-Pb(OH),;
lead salts of organic acids, and carbonates and basic salts thereof,
such as Pb(OCOCHz3)2, Pb{OCOCH3)4 and Pb(OCOCH;3)2'PbO-3H,0;
organolead compounds such as BusPb, PhyPb, BusPbCl, PhsPbBr,
PhsPb (or PhgPb;), BusPbOH and Ph;PbO {wherein Bu represents a butyl
group, and Ph represents a phenyl group);
alkoxylead compounds and aryloxylead compounds such as
Pb(OCHzs)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 lead compounds;
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| ead all oys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn and
Pb-Sb; 25 lead minerals such as gal ena and zinc

bl ende; and hydrates of such | ead conpounds; 46
<copper famly nmetal conpounds> salts and conpl exes of
copper famly netals such as Cud, CuCl2, CuBr,

<o e Blor B2, 5 "L RO
( WABI 8 A oA PLr RS B O pie LRV A0EN B IR S UpEI 2 GUC, CuCly
i gand); <alkali metal compl exes> alkali netal

|
CuBporhPexeS W ubhilas QU(LAG)) G@aaalecerpper oleatecBu2Cu,

conpl exes> 10 zinc conpl exes such as Zn(acac) 2;
(CH3@hd ,ufvg Didm| AgBs>steenmpicnatenplgGedsGl2h EBuC=C-C(CHs3)s],
Cd(acac)?2; <iron famly netal conpounds> conpl exes of

and [Ca(CtHBIC W, fethadrein acacaee prelsE ntls3l it @@ty detGBebchelate
15 Fe(AH5) (CO 3, Co(nesitylene)?2, (PEt2Ph)2,

ligan@¢5F5(CO 7, N -a- C5HSNO and ferrocene; <zirconium
conpl exes> zirconi um conpl exes such as Zr(acac)4 and

<a|k5iirt§89é’l‘3@6‘ﬁi lexb§%i s acid type conpounds> 20 Lew s
aci ds and Lgvms acid-formng transition netal

Fo RN et Fhple 08 Sych & Lifacdo) SRR
<zin§n ace}eo)gﬁ]group, an al koxy group or an aryl oxy

BBy,

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

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

complexes of iron family metals such as Fe(C1oHzg)(CO)s, Fe(CO)s,
Fe(C4Hg)(CO)s, Co(mesitylene)z, (PEt2Ph),, CoCsF5(CO)y, Ni-n-CsHsNO
and ferrocene;
<zirconium complexes>

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

Lewis acids and Lewis acid-forming transition metal compounds
such as AlXj, TiX3, TiXs, VOX3, VX5, ZnXz, FeX; and SnX4 (wherein X
represents a halogen atom, an acetoxy group, an alkoxy group or an
aryloxy group); and
<grgano-tin compounds>

organo-tin compounds such as (CH3)3SnOCOCHj3;,

(CQH5)3SNOCOC¢5H5, BU3SHOCOCH3, Ph38nOCOCH3, BUzSI’l(OCDCH:;)g,
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<organo-tin conmpounds> 25 organo-tin conpounds such as
(CH3) 3sn00CH3, (C2H5) 3Sn0CD0C6H5, Bu3SnCOOCHS,
Ph3SnOCOCH3, Bu2Sn(000CH3) 2, 47 Bu2Sn(000C11H23) 2,
Ph3SnOCH3, (C2H5) 3SnOPh, Bu2Sn(0OCH3) 2, Bu2Sn(OC2H5) 2,
Bu28n((]3h)2 Ph2Sn( OCH3) 2, (C2H5) 3SnOH, Ph3SnOH,

BuFHEEAGH I %Zﬁﬂ%ng@é@tﬁsﬁkﬁ@ BEAOPE Bhs200CH e
Bwéqsﬁaazsﬂ‘izat%wévf’@ﬁ&) sl Gz Kﬁe*&é&%ﬁkﬁﬁﬂ%%sww
h
Bu2§AGh dEotfirlebion B e&é@é&xﬁfﬁh SRR ¢ Compound
present in the reaction systemsuch as the aliphatic
al FArh of thesar eaialystsnrhberasplisoaptaliat fixed msige the
10 aryl carbonate, the diaryl carbonate or the dialkyl
multbartagaadietillatioma;zohane, oraaayshbjesobibleoccakdyshthat
treatment with the starting material or products

dissphied i mérreami@crtk?@temn the case of carrying out
step (I1) with a soluble catalyst that dissolves in

t hfdcﬁ’@%‘f'tﬁﬁs&éﬁﬁﬂwsi BenfiRS st miay Of @B@ﬁé@'ﬂ’a\%‘%een
having a 15 high solubility in the'reaction |liquid

reactéiSfith ¥n LREBRIC BTSN HeeemtINNEDr ) cBO R S/sABF such

e B T S gy, o s

aryl ?%f@ﬁ%@é l&i‘@:@%ﬁnﬁeﬁ@“ ?éoqf dzdza)ﬁﬁi&?rgeé%reatr@av have
eno the reaction |QU| or the | Ke

Th
beeﬂ:§1U5’|l9@@%&%@Qﬂlﬂmématmnk‘dﬁm Hpgdaring imatajip! or products
distillation colum and the catalyst used in the
priorsta bing re@stiomious nulti-stage distillation colum may
be the sane as one another, or different.
In the case of carrying out step (I1) with a soluble catalyst that

dissolves in the reaction system, the catalyst is preferably one having a
high solubility in the reaction liquid under the reaction conditions.
Examples of preferable catalysts in this sense include PbO, Pb(OH); and
Pb(OPh);; TiCls, Ti(OMe)s, (MeO)Ti(OPh)s, (MeO),Ti(OPh)2,
(MeO);Ti(OPh) and Ti(OPh)4; SnCls, Sn{OPh)s, Bu2Sn0O and
BuzSn(OPh);; FeCls, Fe(OH); and Fe{OPh);; 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 muiti-stage distillation column used in step

(1) comprises a structure having a cylindrical trunk portion having a

tength Ly (cm) and an inside diameter Dy (cm), and having internals with
48
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The first continuous nulti-stage distillation colum
used in step 25 (Il) conprises a structure having a
cylindrical trunk portion having a length Li (cn) and
an inside dianeter D1 (cm, and having internals with
48 a nunber of stages n, thereinside, and further

a nuf@/' I“S 3 df{ﬁreﬁé’l'd%g ar?ci‘fbﬂfl'e‘il%ﬂlﬁg‘% gqéﬁg#tie&having

olum or In an

.th Iunn ne Liquid outlet having an ...
an ing@pcliam St an (b arafonctahseelmBiot in aRchBite? Gortion
in owe ortion of the co to t.he, bottom
of thg C&éﬁg NRAT iththe tOR & llspts%&é'&tmms aaasﬁlcg%.dﬂ@mter

and/or a m ddle portion of the colum bel ow the gas
ds2 (6m) @t a keldom of dhstcoloman fagunt a lpwest peition @fdhencelymn
m ddl e portion and/or the | ower portion of the colum
neardiooihe blodtdmgaitdeast bate, thindrielet prbvided inlthe Dpper, portion
Di / d11, and D1 / d12 nust satisfy the follow ng

- and/beramliddid portion(dRihe wpamri Below thB0gabQutiét, Ldnd at least

8000 (7) 100 < Di 5 2000 (8) 2.5L,/Di 540 (9) 20 <_

one fbufEh iRt |6ﬂ<§\)|de@<LnDtHé1h€hﬂd38(jidrlDorﬁaﬁdl§r $hé lower portion of
Di /d12<_20 (12). It has been scovered t at by usi ng

the (%cﬂﬁn’:ﬁ Lo vePtHd Y Qi;’&sonfi‘l’él,f, wﬁégﬂﬁ @i spl,! L 1001, %B{Ig ds1,

at sinmul taneous a i es

and é%?é%ggﬁﬁsﬁéﬁéﬁ@t LEREYT 6@5%?’&5"%335 ‘?ﬂ ﬁ%>o%§nec°t*ve'v:
20
"ess t natShoh a0 FEIAY 0,88 ton /- hr(Dpreferabl y not
less than 1 ton / hr, with high selectivity and high
product | $00ysd2ab12008r a prol onged pet8lod of tine,

for exanple not |less than 2000 hours, preferably not
| ess thaR S0Q0 Peut 40 nore preferably (9)

20 < ny < 120 (10)
5<Dy/dy1 £30 {11), and
3<Dy/d12<20 (12).

It has been discovered that by using the first continuous
multi-stage distillation column that simultaneously satisfies all of
formulae (7) to (12), the at least one aromatic carbonate can be
produced from the dialkyl carbonate and the aromatic monohydroxy
compound on an industrial scale of not less than approximately 0.85 ton /
hr, preferably not less than 1 ton / hr, with high selectivity and high
productivity stably for a prolonged period of time, for example not less
than 2000 hours, preferably not less than 3000 hours, more preferably
not less than 5000 hours. The reason why it has become possible to
produce the aromatic carbonate on an industrial scale with such

excellent effects by implementing the process according to the present
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not | ess than 5000 hours. The reason why it has becone
possible to 25 produce the aronmatic carbonate on an
industrial scale with such excellent effects by

i mpl ementing the process according to the present 49
invention is not clear, but this |Is supposed to be due

tp a.co te .effect . .brought a t
inveqfiafl 8 ERG Elsen, kit Bis s 20 sqtﬁ?{ffsm‘&g@e%%m@&“e
Pref erabl e ran s for the respective factors
effectdhratdhiabatif Whan dhe < 'tlﬂrﬁptﬁh%épuwﬁge(?)-te (12) are
step (I1) are descrlbed 5 below. If L, (cm is |less
comblmd 158@)efen¢érletrﬁ@mwrm%ﬁeaeepbage@c&%ﬁ foethe it
IS not possible to attain the desired production
contimmus multbstaye distibatieapcalowmn tused dquispap (il )carst described
whil e securing the conversion enabling the desired
belowt oducti on anmount to be attained, L, 10 nust be nade
to be not nore than 8000. A nore preferable range for

L, If Lg@:n'i)slszlg‘%g thart-1 5‘&0 Qﬂ@@l tH’é an@%@Qioﬁ_d'ecréases and

5000 being yet nore preferable. | ess
t leqt
hen e@ﬁ?é‘g&pf’t’g%'b&# gtt%% tHS%@éé’irggr&o@Jcﬁid}\ Qgﬁ%n% he

e C S

MordiVAETB Ke i Hamd thE SqfiefhbBt fos8 e ook (05
<
convgrs#o_m@@% d: ef (egfeiskgl'%i rpigggggior Dﬁé@gt@pgﬂaima’ L4
preferable. For the first continuous multi -stag

musfdbgtmald@tt%ﬁecapbmpresmw@% B, mogeyprafprablerange for L4

above range, the colum may have the sane inside 20
(cm)dsat@@er< Lr 600, weitbr25d0 t5 b < H60E0Hetny yre morer

portion thereof, or the inside dianeter may differ

prefdrabldi fferent portions. For exanple, for the
continuous multi-stage distillation columm, the insi de

di gmBL gendf id ss ti@er amrtheitok ﬁ@ﬁp@@buﬂ@ fRgttaén the

smal | er than, or |arger than, the
desired production amount. Moreover, to keep down the equipment cost
while attaining the desired production amount, Dy must be made to be
not more than 2000. A more preferable range for D4 (cm) is 150 < D4 <
1000, with 200 < D4y < 800 being yet more preferable.

For the first continuous multi-stage distillation column, so long as

D4 is within the above range, the column may have the same inside
diameter from the upper portion thereof to the lower portion thereof, or
the inside diameter may differ for different portions. For example, for
the continuous multi-stage distillation column, the inside diameter of the
upper portion of the column may be smaller than, or larger than, the
inside diameter of the lower portion of the column.

If L1/ Dy is less than 2 or greater than 40, then stable operation

becomes difficult. in particular, if Ly / D4 is greater than 40, then the
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i nside dianmeter of the lower portion of the colum. 25

If L,i/ D, is less than 2 or greater than 40, then

stabl e operation becones difficult. In particular, if
'L, / D5 is greater than 40, then the 50 pressure

di fference between the top and bottom of the col um

oresREF oy §8a i Aan e 1R A SAERRFBr S8 umo bacomes

econes eover,
00 G388 3R Rk S AL MBekoh Ml

|iable to occur, 5 bringing, about a decrease in the
Moregyeie it becpmes Recessarydoalliceeassghe pmperajuis in she lower
5L1/ Db 530, with 55 L1/ DL 5 15 being yet nore
portipnepbihdicolumrm, andihences sidadaagtionsnbaceonte liable to occur,
conversion decreases and it is not possible to attain
bringihg alesit addecrzase iinthenselectivity. t ha rhoratpreberdbieotange for
mul ti-stage distillation colum. Mreover, to keep

L/ DQUS 3 Rel oD pREJO, with 6081 WhDl & 96CHEIY yebenore preferable.
conversion enabling the desired producti on anbunt to

be|h] 74 Neds tRane! then TRESI Y HBiGAld &SP EndZ} is not
Furthernore, 1T n, 1s greater than 120, then the

poss@%ﬁ%%ﬁa‘?hftﬁ%r ggﬁedbﬁid{@@&iéﬁ%ﬁl%nﬁgr*?ﬂbt tcl-fqbrftie}‘?uous

n “becones great, and hence prolonged sta

0 i on,.ef,..the fi c ) .
muitiBEGS ol edilih. MRS B b0 I8P dhpopauipment
beconmes necessary to increase  the tenperatyre in the
cost Wi S5, (op GaRveidiaimp nabling dhecier ded Fredistin

becone |iable to occur, bringing about a decrease in
amoyptto he attainedy N1 must depmads g@lbﬁ ngtgeorethan 13030

5n1l < 100, wth 40 < nl < 90 being yet nore
Furthermerabifens dogréatmr than 120s thessthenpnessurendiffenence

equi pnent cost for the first continuous nulti-stage

betweiest thé 46 p amad dattombet thee cohugin beooeveetoo drerade and hence
anounts of gaseous conponents are readily released to

proldife @ etabie opeiratibe o i€ Tirstied iy s htditiestiRfs aistnation
of the first continuous

column 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. A more preferable range for nq is 30 < nq £ 100, with 40 < ny

< 90 being yet more preferable.

If D4 / d44 is less than 5, then the equipment cost for the first
continuous multi-stage distillation column becomes high. Moreover,
large amounts of gaseous components are readily released to the outside
of the system, and hence stable operation of the first continuous
multi-stage distillation column becomes difficult. If D4/ dq4 is greater

than 30, then the gaseous component withdrawal amount becomes

relatively low, and hence stable operation becomes difficult, and
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mul ti-stage distillation columm becones difficult. If
D1 / dl11 is greater 25 than 30, then the gaseous
conmponent wi t hdrawal anmount becones relatively |ow,
and hence stabl e operation becones difficult, and 51
nor eover a decrease in the conversion is brought

mor 4t g do s WS Ao 50y i a6 AT

nore prefergble. Jf DL [ d s | ess_tha t hen the
Pfef%f&mﬁsnréﬂg% Qf E)ﬂo)ur dynis 1Bi$h21 LA 250800 i@l %iqfs(ége <20
_distillation colum becones hi gh. Mreover, the
being; vgl enoret prafafablearount beconmes rel atively high, and
hence stable operation of the first continuous
mullt D4 st dgeisdlests tham ilorthen the elgedpment epst faoruthe first
D, / dl12 is greater than 20, then the flow rate

contirucug malbie stdge distibatibat caluanpibecomescoighs Moreover, the
excessively fast, and hence erosion 10 becones |iable

liquid itk @rawalEreLRY b@é@ﬂﬁeQQ&l@ﬁ\b@g{ Righ,En@ i ésable
nore preferable range for D, / d12 is 5 < D1 / dl12 <_

operé?io bi thd frsPednt uéfﬁrjﬁﬁi-g%%ﬁtdigﬁflﬁtiﬁhe%ﬁ h?o?%omes

urthernore, it has been foun In step |
e th refera r e,dl h 0 j
difiqlt’ {8 Pall dig IeoBhents™ eraf 261 IndB 0 ol rtbiriBligH the
. .term"prolonged stable operatian” for ste | 1) neans.
liquig e S BN RIRT o B B estsxSateiualy Thnt A ianed RPaSion
st ea state based on the  operating, conditions wth
bec%eﬁﬂrﬁfﬂﬁn@, OELHEGPHRINY @bgﬂ%gc,oﬁipgﬁfbﬁ%i’et aRPargtus. A
for not |ess than 1000 hours, preferably not |ess than
morezpooferainie  rangentoreDpr/ed er isbby< Bbt/ Hess 18awiB0F0o< D1 / dqz <
hours, and a predeterm ned anount of the aromatic
15 beindpyedtrecoapreéerabléuced whil e mai ntai ni ng hi gh
selectivity. A characteristic feature for step (I1) is
t h&urthermo parpiti lva$ digeonfdend that in step (Il) it is further
preferable for the dy4 and the d4, to satisfy the following formula (14);
1<di2/dy1 £5 (14).

The term “prolonged stable operation” for step (II) means that
operation can be 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 aromatic carbonate can be produced while maintaining high
selectivity.

A characteristic feature for step (ll) is that the aromatic carbonate
can be produced stably for a prolonged period of time with high

selectivity and with a high productivity of preferably not less than 1 ton/

hr, more preferably not less than 2 ton / hr, yet more preferably not less
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can be produced stably for a prolonged period of tine
with high 25 selectivity and with a high productivity
of preferably not less than 1 ton / hr, nore
preferably not less than 2 ton / hr, yet nore
preferably not less 52 than 3 ton / hr. Moreover,

thanB RS nENANARERVR botREE WhSchBladiR fbhblrd For LA (1) is
that i 3pf, qie St bruBh. Ltk OnyHreByck {ﬁbeﬁ"ﬁ%ﬁnbdszdréhef'rsf

6000, 1505D1500035L1/D153 <

contippus n:kultbgtag@pistg@ahgnacmlugng qgjlsfyd'p,_sp\ectn\ga‘tyrggoo <Li<
less than 2 ton / hr, preferably not less than 2.5

600Q,0h50 D+ ﬁdr@%r@ﬁehakﬂl% 50801 89s<trmas Q.08 ¢ Dhr/ g1 < 25,
the aromatic carbonate can be produced. Furthernore,

and dnothef dehar 48t ewitdess theat Brienf bhr,spegfetab)y nettiaas than 2.5
in the case that L1, D1, L1/ Di, nl, D1 | dl1, and

ton MAr,/matd grefetdislyl nostesdtieamt3d towishmof the Hraaeatic
distillation colum satisfy respectively 2500 < L1 <_

carbé%@e c?é?pbﬁ Pogud&®, 5 5 L1/ DL < 15, 40 < nl <_

05DI7 dil :5 25 and 7 <_ D1 / d12 <_ not
P8 gl BASERS FoE 09h Ofi ot
the e B8 T1: B 13/ Bhens, ek e REEREF 012 Yo @?’Sﬁ [t
contwm?éﬁr?ulﬁﬂsgm Frilatinneohme sadistyviaspast valy 3808 < Lr <
han 95% can general ly be attained, preferabl

5000,0200 Bh 9B <ol pr dPorabby 4B0E 11es D1 DB/ dhes 25,

first continuous nulti-stage distillation colum used

and fn< Nepdq12& 5] notdeps dhanadltpna/ hr,sprafeaabbnnobdlless than 3.5
having trays and / or packings as the internal. The

ton ftler,moratprefardblysect lesd tteaprdetemt hmektie aromestic
the part in the distillation colum where gas and

carbbhaté €a BeasitgRlded. brought into contact with one
anot her. As trays, ones as described in

The “selectivity” for the aromatic carbonate in step (ll) is based on
the aromatic monohydroxy compound reacted. In step (ll), a high
selectivity of not less than 95% can generally be attained, preferably not
less than 97%, more preferably not less than 88%.

The first continuous multi-stage distillation column used in step
(l1) is preferably a distillation column having trays and / or packings as
the internal. The term “internal®’ used in the present invention means
the part in the distillation column where gas and liquid are actually
brought into contact with one another. As frays, ones as described in

the section on step (l) are preferable. Moreover, the term “number of

stages of the internals” has the same meaning as before.

In the first continuous multi-stage distiilation column in step (ll}, a
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the section on step (1) are preferable. Mreover, the
term "nunber of 25 stages of the internals" has the
same neaning as before. In the first continuous *

mul ti-stage distillation colum in step (I11), a 53
reaction in which the alkyl aryl carbonate is produced

reacliBich, ARich e iyl ArvEPAMo SRt | Braf BB fiom the iatky

an extrengly low equilibriumconstant, and the
carb3pale g thearomatls spnahydrery GamphyBdymainly occurs.
. discovered that a plate type 5 distillation colum )
This ggachign Rastiamextegmehe oW @audibriumpeepstantaand the reaction
preferable as the first continuous nulti-stage
rate i3 stow] andoheookdimhassbeenndisceyereddhialea plate type
distillation. Furthernore, it has been di scovered
distiltdatio n cdueathaofinghbet trays as thehatéirati sopantticwanly
mul ti-stage distillation colum, a sieve tray having a

prefel@bié LIS Tirs ToMirh Lo W GRITBtad® distiNatidn column used in
particularly good in terns of the relationship between

the r%%'&:ii@"e”&fégﬁlit%.eqm pmrent cost. It has also been
I scovered that each sieve tray preferably has 100 to

10 g 20 ' ti e : :
or SRelIiTiofe B peRf AlsRSRBU A, G EEE pr T tfays in
hol es/ et nore prefera from 150 to 800 .
the 1St EnTudE pifREalide iShlgtRboTo R, 35 BYe tray hayino 2

. Cross-secti on%I area per hole of egch sieve tJa IS
S'GVG‘pPQFéPQdei% QWNERIDESPQILON I8 Barycylaiky 9o ,t%,t@rms of
preferabl e cross-sectional area per hole is fromO0.7
the refationsiip Yetweedrpegosmanas pnd eguipment costnp It has also
Furthernore, it has been discovered that it is
beempdistdomdred! thatredeh e eeitray grieferavy hasyl Glhto 100G boles /
1000 holes / 20 n2 in the sieve portion, and the

m? irctivs sieestgantialn theeafer Aghere preferableangmbelr 6f holes is
0.5 to 5 cnR2. It has been shown that by adding the

romSEE S A0 ol 0 RISy PrQW1 0 1806 auosi

| NNRIVEloYR rC M RS i dRidIech VRF s B1R&t tNe 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 from 0.7 to 4 cm?, yet
more preferably from 0.9 to 3 cm?.  Furthermore, it has been discovered
that 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 first continuous multi-stage distillation column, the
object of the present invention can be attained more easily.

When carrying out step (H), the aromatic carbonate is

continuously produced by continuously feeding the dialkyl carbonate and

the aromatic monohydroxy compound constituting a starting material into
54




10

15

20

25

When carrying out step (I1), the aromatic carbonate is
25 continuously produced by continuously feeding the
di al kyl carbonate and the aromatic nonohydroxy
conmpound constituting a starting material into 54 the
first continuous nulti-stage distillation colum in

the {3 Ehrtiu64 TRl shage HIEHABlON EEUMAIWRIER I Ghalyst is

ion sinu
presgfntatiaiio o repcat @%@ﬂtsgr' gt %*&“%Lq&%%ua'wc'sﬂme first
froman upper portion qof the first 5 colunn |

CO'”'@&@é‘cﬁ!&tifﬁ'é‘PHfﬂYaWdthHﬁwlﬁao%é‘lfy“\ﬁoﬂ%%w\’ﬁd’%“mr Reint reaction
colum high boiling point reaction m xture contai ni ng

mixtarey coataivdngl xproduged alwahwidrent aonwprevwertipor of the first
of the first colum in a liquid form As nentioned

columar In argaséeustfarm, mndepatiraiowsly withdaawinge first column
al cohol, the alkyl aryl carbonate and the diary]

hngh%nhﬂgapcirtth@amrcm nERGlte0 Bohaiping i prodaaddr ekel iaryl
by- products such as an alkyl aryl ether and high

carbBRkké TEoCA NbwWed FOMITIF of@ﬁe%nﬁquémnﬁnern%uhw%rmnd

cost required for separation and purlflcatlon in

ot Rgy rerrﬁﬁﬁ’?é?%arW&?n = aHIHg h?ﬁ%ﬁgf"m ’r{?ﬁnr* the alcohol,

present 1 nvention |nd S pre erab

the %E?hai%'n{s%ﬂfﬂ%é%ﬁﬂaéha gt 8’”.@93}35?5 éaﬁ?quf%of?sﬁ%}w"

' di the J al carbonate and the a

produgTor A GRACiSTh BYHr SIS, $4e A5 ARSI AT fqefher and high
rraterl al into the first continuous nmulti-stag

boiligg 19int goMBROUBHEM Conﬁ&eﬁna@tthﬁgeqwmreenmarwayo% required
fed into the first distillation colum in a liquid

for sepanatino @and purifigatienus ¢tven pragessestwhpnpactualbd
in one or a plurality of positions 20 in the upper

imple@wntong ohe tgresenddheeption ord witridily, fit ispreferable for the
distillation colum below the gas outlet in the upper

tartfR STl (G Sphtal it aHialdtra limuoTBoume =

! arrg%tﬁﬁr(?nomm cohtidifo F19rRid din GO HIRYY caPFBRHTS and
the aromatic monohydroxy compound constituting the starting material
into the first continuous multi-stage distiliation column, this starting
material may be fed into the first distillation column in a liquid form and /
or a gaseous form from inlet(s) provided in one or a plurality of positions
in the upper portion or the middle portion of the first distillation column
below the gas outlet in the upper portion of the first distillation column.
It is also preferable to feed a starting material containing a large
proportion of the aromatic monohydroxy compound into the first
distillation column in a liquid form from an inlet provided in the upper

portion of the first distillation column, and feed a starting material

containing a large proportion of the dialkyl carbonate into the first
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distillation colum in a liquid formfroman inlet
provided in the upper 25 portion of the first
distillation colum, and feed a starting materi al
containing a |large proportion of the dial kyl carbonate
into the first 55 distillation colum in a gaseous

o 08 59037384 e P e, iy ovor

ortjon of the first
port'ea obfhe EL iBaliaR ey R @bova the Tiduy sidftinthe lower
carry out a reflux 5 operatl on of condensing the
PO*'U@HS%BUEG s anehillatipbrer 8@ f rom the top of the first
continuous multi-stage distillation columm, and then
r eMonsiower, somstepf(Ibhiiticalgmpeaferakle toheatrypeut a reflux
portion of the distillation colum. In this case, the
operatibnuaf cehidensingtthe gasebusmmpmtmithdrawmﬁrom the top
distillation colum is in a range of fromO to 10,

of tharﬁisﬁtr@dﬁt\mﬂégmrﬁulths'iagsoaa%nl@tnarref:@lmhhy dridthéntreturning
3. For the first continuous nulti -stage distillation

somé& YrUhis c%%p&ﬁégnl"lﬂﬂ) ﬂ‘## u?t%} ?o h Bf t‘i‘u%eng%gilpéhdh clumn.

refluxratlo erable e inent. In
In th?é Sasé' ltP\e Felliﬁ.uffél!?tgqo?fthgaﬁn}ﬁgcémn@353'rﬁfﬂtl RRage distillation

con
Illlatlon col

columa&s I8 et Pe o oo Ton s traply e
prefasamiy {gam Adpds. t'r?@rc&%ﬁfsﬁ{;gﬁlf%ﬁo?r@x%@tiesta%'é:f/ Atstiifation

installed on stages inside the first continuous
columm, tnots¢agyingicsti such iaorefbex eReratiose(ing. relduxiratie ©P) is
the formof a packing. In the case of a catalyst that
also @i pselerablé embedémanti ng material or the reaction 20
liquid, it is preferable to feed the catalyst into the

fifststep i) lthéimetisod winmalkiogthepostalysnbelpresdritan the
m ddl e portion of the first distillation colum. In

first EBhEINERB nulfids Blges Hisdllatib AT A10han Pedy e BhySPlethsd. In
the catalyst in the starting nmaterial or reaction
the dds¥'tkaiBYe RataR/st 394 1N iatliRE NS UBTE in the reaction liquid,
it is preferable for the catalyst to be fixed inside the column by, for
example, being installed on stages inside the first 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 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 the column
together with the starting material, or may be introduced into the column

from a different inlet to the starting material. The amount of the catalyst

used in the first continuous multi-stage distillation column in the present
bt
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together with the starting material, or may be

i ntroduced into the colum 25 froma different inlet

to the starting material. The amount of the catal yst

used in the first continuous nulti-stage distillation
colum in the present 56 invention varies depending

mveﬂﬂoh |I|¥Qedé()éeﬁﬁﬁ'fasp tth:éf][éfjprf%tbtfecattﬁﬂ%ﬁ G964 the types and

opor i ons erial ‘conpounds,
cti on ndtlons suchlasthere ction te eratu t]
propgffibhRcst i sre T maliila SabBoulrifin, 20F rbREten 599& ions
IS enerallylnarage of fromO. OOOlto 30 % b ﬁﬂ
sucm@s3n@ reaeien 48Mmperatire ansbtne seastionohrews Yis: | fae
preferably from 0.001 to 1 % by weight, based on th
amoupt & thei eatalyst impesesaliy iy anasge0f fromd.PERd: tQaﬁO % by
time for the transesterification carried out in step
weighit) preéferabhg if emedl. @00 & toicit®e % byt Weightrmoee rppreifdeakly from
time of the reaction liquid in the first continuous

0.001ulot 1-%t lngevelight] bagleidoon ableutotal Weight ofahet startingmaterial.
varies depending on the formof the internal in the

di §tid |64¢E00n ARhe o rathd fr'%?ls%‘é‘l'@ﬁhcﬁﬁloﬁ éﬂﬁﬁ'edtch@t in step (1)

anount of the starting nmateri al into the col um,

is ¢ Con«aé%’é’@ té‘r@%@wm (t)fr?]é élxﬂaei' ?%tagc%é’ﬁ'énctehﬁmé %?%b%actmn

I ons nd so flontine 1nthe f

th nu
iauidRard Y cOHtbliRBs 80 Shos BistiRtidh tahidy s, The
rabl .fro 0. to 5 u era
reacof e vAriss doPanging st Hom oot e iateTnat Hﬁ t?'ierst
continuous multi-stage distillation colum var
d'St'li@B@Hdﬁ‘»Qigm’cb'ﬁ antbthe gumpper 1f stages ﬁben@muramf the starting
conmpounds used, and the type and anount of the
materialafedintoTHies cao.lmaadheohypteeapdraamwmn@f tuneatalygti the
a range of from 100 to 350C. It is preferable to

reactioor easeitidres,r @ad tsmont enPlee aeactiosotiase i theciiedssontinuous
the reaction rate. However, if the reaction

multi-8 distiRatidnt @IUMENs gére@raw Hear eatge oHSréRCcON®t to 10
liable to occur, for exanple production of

hours, preferably from 0.05 to 5 hours, more preferably from 0.1 to 3

hours.

The reaction temperature in the first 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 ary! ether increases, which is undesirable.

For this reason, the reaction temperature in the first continuous

multi-stage distillation column is preferably in a range of from 130 to
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by- products such as an al kyl aryl ether increases, _
which is undesirable. 25 For this reason, the reaction
tenperature in the first continuous nulti-stage .
distillation colum is preferably in a range of from
130 to 57 280C, nore preferably from 150 to 260C, yet

280 b P arBlatv. B 115 19 260y o hinteEbly from 180

¢ %wél [lati on colum varies dependi ng on the type of
02 starting material 5 conpounds used and the
sition of the starting materjal, the reaction
R:Béﬁedl‘{ﬂre thafeagsiaghpresgurs irthedirst rantinuous multi-stage
nultl-stage distillation colum may be at any of a
distilatianeeb lpms sarigs dependipgess dhe, typsr ohthegiartéag material
pressure. The pressure at the top of the colum is
compeondsalused rral thagomposition @f theostaxrii6g mMaterial, the
preferably from 105 to 107 10 Pa, nore preferably from

reacBshOerhpePxtie, Bhd Eorémer Mie firsb cbReinUous multi-stage
conti nuous mul ti -stage distillation colum in step

d istlfléilbni ColRinih %é? ﬁ)f igf! é‘?b@ﬁc&%ﬂﬁf@@sw r*i’&rﬁﬁ?ﬁressure

S case l'at1 on colums may be |inked

or ah SN ot &sgsréesm oPeSAEb 108 B ofFEEOfH 5

BreRd paraII eri constitu
flrst conti pyous dlst n co 7
genarady indaefd pTYAE Gonts 2897 acpipleratik o Hm?o 10
such as carbon steel qr stalnless steel. In terns of

Pa, Wﬁéecﬂfﬁfﬁf%’bh'ffrpﬂ’é 23&1(1 et Bx10ncPar onat i ¢ car bonat e
produced, stainless steel is preferable. Mreove
t hE usthesenere nes Abpdirstcantinupns rnuiterstageam@tlllation column
catal yst 20 not containing a halogen are generally

in stapddl), anplurahity afrdishidladipen cobumneninayf benssed.ondn ithis case,
carbonate obtained is not nore than 0.1 ppm

the distiflatialn yohohnsonayt banink:d pbgethmreirsetiesabhyparallel, or in

nore than 1 ppb, which is out of the detection Iimt
a coRbiABtibANoF BEAAL 9883 4vallel.

The material constituting the first continuous multi-stage
distillation column used in step (l1) is generally a metallic material such
as carbon steel or stainless steel. In terms of the quality of the at least
one aromatic carbonate produced, stainless steel is preferable.

Moreover, in the present invention, a starting material and catalyst
not containing a halogen are generally used, and hence the halogen
content of the aromatic carbonate obtained is not more than 0.1 ppm,
preferably not more than 10 ppb, more preferably not more than 1 ppb,
which is out of the detection limit by an ion chromatography.

The aromatic carbonate produced in step (ll) is obtained as

column bottom liquid from the first continuous muiti-stage distillation

column. The main reaction product in this column bottom liquid is
58




10

15

20

26

The aromatic carbonate produced in step (I1) is
obtained as 25 colum bottomliquid fromthe first
continuous multi-stage distillation colum. The nain
reaction product in this colum bottomliquid is 58
generally the alkyl aryl carbonate, with a snall

gene‘?gﬂgrﬁe‘)g rg gb?nﬁﬁb%ﬁ{ & &haf AA C@f‘{ﬁ’é ?ﬁé’ryl

reac 1Yon e case of pro UCI ng

rbanat e_ i Iar a th
carbﬁpé LIS BB Catthifiet A9, PRI Arbdibte !ﬁkkﬂe GgP of
bonate .into t carbonateSto be furt

prodiging fhe diarvi ﬁa{hﬂ@af@aﬁa largpsamosndy Molsethys eaﬁf%;ab'e for
out a _disproportionation reaction and / or a reaction

a progass eheoavertinacthenshianyand oareemsdanatadhagliaryt carbonate
reaction m xture containing the aromatic carbonates

to beafurtheorcasniear ouhit i &n dhihoaase icnpoetarablgdpaanrygdut a
out fromthis reaction m xture. 10 EXAMPLES Fol | ow ng

disprioportiovmaticletraaktidndaad /i ot aaeadtidimevith ¢herdromatic
i nvention through Exanples. However, the present

monmy@fﬂxpeohﬁp@@hdluﬁh She ﬂeé@ﬁonfrﬁutgwtgarﬁéwwgpme

15 The "hal ogen content was neasured usi ng an ion

aronﬁif@ﬁ%ﬂ?&ﬁ?y £ ggf BP%n &¥8 Earé&hag %‘bnGbén%t

conti nuous ci ng di net car onate and et hyl ene

sep#&%ﬁmﬁﬁﬂﬂ%ﬁ’ﬂ“@lﬂﬁéﬁ%ﬂ?. [ ation col um as
shown in FIG 1 having LO = 3300 cm Do = 300 cm Lo
/ Do =11, no = 60, Do/ do, = 7.5, and Do/ d02 = 12

was used. In this exanple, as the internals, sieve
EXAMPLES

Following is a more detailed description of the present invention
through Examples. However, the present invention is not limited to the
following Examples.

The halogen content was measured using an ion chromatography

method.

Example 1:
(1) Step (1) of continuously producing dimethyl carbonate and ethylene
glycol
<Continuous multi-stage distillation column Ty>

A continuous multi-stage distillation column as shown in FIG. 1
having Lo = 3300 cm, Dg =300 cm, Lo/ Do =11, ng = 60, Do/ do1 = 7.5,
and Dy / do2 = 12 was used. In this example, as the internals, sieve

trays each having a cross-sectional area per hole in the sieve portion

thereof of approximately 1.3 cm? and a number of holes of approximately
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25 trays each having a cross-sectional area per hole
in thée sieve portion thereof of approximately 1.3 cn2
and a’ nunber of holes of approximately 59 180 to 320
/| m2 were used. <Reactive distillation> 3.27 Ton / hr
of ethylene carbonate in a liquid formwas

ont.i.npously introduced into the distillation colum
180 Eﬂ)%poﬁ{rﬁ“)i/eﬁpelﬂs?% 5 provided at the 55h stage
fromthe bottom 3. 238 Ton / hr of nmethanol in a
<Reagtive @dstibatieheont ai ni ng 8. 96 % by wei ght of di net hyl
carbonate) and 7.489 ton / hr of nethanol in a liquid
f oBr2 { domt Ahmiafgethydenes ¢arbonstghin afliguigefatyn was
carbonate) were respectively continuously introduced

continiousldnticstudddintontoeldistill atiohr cmbuimh efisfroda mmimdet (3-a)
3-c) provided at the 10 31st stage fromthe bottom

provithd geltae 55 igtagl froen Iharbotienmtat 81238 Jon Nhirasfusedhanol
into the distillation colum To was net hanol /

in a @%Eéb%&eforﬁ? E’GHF‘Jiﬁa %.96- % B¢ vgéigfﬂtyﬂ dHﬁSﬁ'nyPéarbonate)

tained b . ton of ethylene glycol” to 2.

0 [
and %b&ﬁiéoﬁﬂéé?n"é “f y*‘%‘”é AT SEUhtaRing ¥ RY oy
. e and c r out heat trea
we'gﬁiﬁmmﬁtﬁwm 6%%1%9é{‘fer§pb‘?%9<?%‘t’%\[yng‘iéﬂﬂa%'5’%6"”85'””"
to produce a honbgen sol uti o Thi s cat al
into thy Gisiiiatias colymn fmoﬁgm Inlats ddokean &'BSM vided at the
g distillation colum To froman inlet rowded_
31% atageéramtthesballermr ohhaaalart ratiq rf Bﬁo“éﬁf ingi materials
0.1 % by 20 wei ght based on ethyl ene carbonate fed
introdoedRedottheed titdtatio mtcdodummI o was methanol / ethylene
conti nuously under conditions of a columm bottom

carbbagpe=a83® of 98 C, a columm top pressure of
approximately 1.118x105 Pa, and a reflux ratio of

0. ¥fe £5ta195t 9@%%!' Wad 6Btahkd By Hdlihg sleeasly oftéthglene

operation after
glycol to 2.5 ton of KOH (48 % by weight aqueous solution), heating to
approximately 130 °C, gradually reducing the pressure, and carrying out
heat treatment for approximately 3 hours at approximately 1300 Pa, so
as to produce a homogeneous solution. This catalyst solution was
continuously introduced into the distillation column T, from an inlet (3-e)
provided at the 54'" stage from the bottom (K concentration: 0.1 % by
weight based on ethylene carbonate fed in). Reactive distillation was
carried out continuously under conditions of a column bottom
temperature of 98 °C, a column top pressure of approximately 1.118x10°
Pa, and a reflux ratio of 0.42.

It was possible to attain stable steady state operation after 24

hours. A low boiling point reaction mixture withdrawn from the top 1 of

the column in a gaseous form was cooled using a heat exchanger and
60
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25 hours. A low boiling point reaction m xture

Wi thdrawn fromthe top 1 of the colum in a gaseous
formwas cool ed using a heat exchanger and 60 thus
turned into a liquid. The liquid | ow boiling point
reaction m xture, which was continuously w thdrawn

thusztkﬁﬁéﬁﬂﬁ&gi Phabid, he fabid W 2Ry re bl idadtion gixture,

. 6.549 ton ./ hr hanol_. A |i 1 onti nu sI
wh'c%- Vg tipwa st i thedistftipm SauzIbgs 10.678
n/ hr contained 2.356 ton / hr of ethylene glyco
ton !1ho104>rtt@mn¢dm= 180 tan hdvoef dimathyleprbanates and 8a848don /

et hyl ene carbonate. Excluding the dinmethyl carbonate
hr ofcovethaned. | A liquidcantimpuslyevithd rawhefroacthialbottom 2 of the
produced anount of di nethyl carbonate was 3.340 ton /

coluin at3d3gexelnudhnedmairéd . 866 W@y L b ofosthailerd dlycol,
the catal yst solution, the 10 actual produced anount

1.019TtoRt Y‘Wr%lerrﬂalthﬁﬁlol\’\@ﬁd% 34811/ Hbf uRfeadte’ eﬁﬁﬂﬁé‘n%néa rbonate.

car bonat e converS| on was 88% the dineth

Exclﬁﬂfﬁ@ "t‘lﬁé ed:rr‘?@t'h bBYIIa‘f\@%oriﬁ lﬂ&ﬁn tt%nsﬁ%?tlﬂao/ﬁ'iaqaﬁal the

l'ene” g ect ess

a°t“§ﬁai$f@ﬁ§§°4@§%?3r@° i ﬁﬁ‘%/&‘fff@?’r@deqﬂsﬁ Sl ik and
excIUgiNGE he AUl ek CORBINAHR the So%las Sltion; he

ton, 3.340 ton, 3.340 ton, and 3. 340 ton respectivel
actuabpredueed @amoyat ireihyleaadlycebwas g, 301 30n 4 bh, e
2.301 ton, 2.301 ton, and 2.301 ton respectively for
ethyl@tnwlcenbogayeelo,nwelweim e 08 . 88 dilex diroetivdr carhanate
were 20 respectively 99.90% 99.89% 99.89% 99.88%
seleativit Wwa8Hottlessdihaet BBl 99%rdredhdhe etblydene\glyceb sebeetivity
respectively not less than 99.99% not |less than

was B9t 9986 thah desghan 99.99% not | ess than 99.99%
and not less than 99.99% and the ethyl ene glycol

PeP PP} SIS eba ST NRIED dle
conditions. After 500 hours, 2000 hours, 4000 hours, 5000 hours, and
6000 hours, the actual produced amounts per hour were 3.340 ton, 3.340
ton, 3.340 ton, 3.340 ton, and 3.340 ton respectively for dimethyl
carbonate, and 2.301 ton, 2.301 ton, 2.301 ton, 2.301 ton, and 2.301 ton
respectively for ethylene glycol, the ethylene carbonate conversions were
respectively 99.90%, 99.89%, 99.89%, 99.88%, and 99.88%, the dimethyl
carbonate selectivities were respectively not less than 99.99%, not less
than 99.99%, not less than 99.99%, not less than 99.99%, and not less
than 99.99%, and the ethylene glycol selectivities were respectively not
less than 99.99%, not less than 99.99%, not less than 99.99%, not less
than 99.99%, and not less than 99.99%.

(2) Step (I1) of continuously producing methyl phenyl carbonate
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25 than 99.99% and not less than 99.99% (2) Step
(I'l) of continuously produci ng nethyl phenyl carbonate
61 <First continuous nulti-stage distillation colum
101> A continuous nulti-stage distillation colum as
shown in FIG 2 having L, = 3300 cm D1 = 500 cm L,

<F“’é&ag’B@"%%ﬂ%ﬁgﬁgﬁgﬁ%ﬁé"p%'f%'iéﬂ’z?a\f@q@&?ﬁ oS
"SofifiRbetsanuicrtebe et Haump 5?5'573\9@ Ref[E. 2

.used as_the i nternal s. <Reactive di stl I | ati on>

haviggdst Fnis ORcaRi B 15&919m.nlmé DihErn6, dd= &%Dmdn =17,
carbonate in a weight ratio of phenol / dinethyl

and Barlbdrnardd was useds i In thisucsamwec sheveadoays waah having a
l[iquid format a flow rate of 50 ton / hr from an

crossigEctional ated pesfholecof approgimatelyols om* andtagaimber of
distillation colum 101 (Fig. 3). On the other hand,

hole8 oft &b praMniBitedy 280 2 O Rereni Sgd HaehidYhtarwdionat e

and phenol in a weight ratio of dinethyl carbonate /

<Re#EEVE distif ﬁ i ntroduced continuously in a gaseous
orm at ?owrate of 50 ton / hr 15 froma | ower

' nI eg q]ratn%f mdle .alfﬂ?gg&w@%ﬁqm Lhg S&l?f?@thyi carbonate in

ron CO

t|n teria i ntr ced th
a W%ﬁ{ g hgensl i#é@@tﬁvﬁpﬁrmwﬁ%- ! %waeﬁ"aagced
di me carbon te / ol =1.3 The
Conttm{%fﬁqg;l i aligtidform p aol a%ﬁteceﬁﬁg ten Zil o{ﬁ@ﬁk an upper
] (outside the detection limt for the ion )
inletcHr efdhedirgteontineousdrulto stege digtilatioppeslump(thh)Eig. 3).
as a catalyst was introduced fromthe upper inlet 11
On thé atherfhand, acstartingusataiial 2scagtaidirgg idimstthghcarbonate
columm 101 such that a concentration thereof in the
and phaeaabi on d walgHt watibdobdimetpyloxarssredte Apbemph= 3.6 was

Reactive distillation was carried out continuously in
introif(t)l?eﬁi £6AtiANBUSNHMS FHbBbuS! Gt Gt d FloMAraRN 0§ B01En / 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
upper inlet 11 of the first continuous multi-stage distillation column 101
such that a concentration thereof in the reaction liquid would be
approximately 100 ppm. Reactive distillation was carried out

continuously in the first continuous multi-stage distillation column 101

under conditions of a temperature at the bottom of the column of 225 °C,

a pressure at the top of the column of 7x10° Pa and a reflux ratio of 0.
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25 under conditions of a tenperature at the bottom of
the columm of 225 C, a pressure at the top of the
colum of 7x105 Pa and a reflux ratio of 0. 62 A
first colum |ow boiling point reaction mxture

contai ni ng net hanol, di _rret hyl carbonate, phenol and
Afir?to rﬁﬂﬁf) &:'{)’I?Hgﬁ%ﬁt}% ﬂB@‘é‘fer(rt'n?Jr@ c&?t%?ﬁﬂgﬁ'f%manol,
s A e B SR 1 B B Vg 0
th hand f I hj
gaseRubioghn THm e tepriaoing HatieA UgHooyRScaRBeAd Brough a

di ret hyl carbonate, phenol, di phenly carbonate, the
heatexchargeaid, anbwamyituhmawnaisa jlowirateiofds tand hr from
l[iquid formfrom20 via the bottom 17 of the first
an outletihG. AQst tind eotbheeddindt atfarstaslamrahighl bafiting @Palint
hours. The first 10 columm high boiling point

reactioaciniiurel cénitadning hﬁélthljﬂq»hhm\(}tli cartittiate, Wiktwthytweazbonate,
a

a flowrate of 66 ton / hr a conposition

pherfdANddpREAYI céﬁa@n%é’ﬁﬁ@bﬁfﬁly@f atrt BY¥! o WA lcontinuously
carbonate” and 0.8 % by wei gh di phenyl carbonate.

wﬂhJ&?vﬂrlﬁdé‘ﬁ%‘?n&UﬁFm froth %d“@lmﬁﬂoti’@ﬁ\nwﬁftg{%ﬁ?%ﬁﬁolumn.

t he di phen carbonate per hour were

T Wik i e R R

Jphengl , react ed, was

00'“'@%8%@8'@%&99{02 QaSHQPaW%SW"\%aé”'&'&PrW@& %ﬁlnHayﬁ'v
conditions. After 500 hours, 2000 hours, 4000

wﬂhdf@wg atzp dowsate ofHRi tond Bbdrah@ueemRRitisnogertaining
amounts of nethyl phenyl carbonate per hour were

18.27%. by weight afometByt phenyp carbonate arrl 018 %dry weight of
12.012 ton respectively, the produced anounts of

diphénpheaybhocatdaondhe perdhoed amoentd ddIheometBybp& ey,
0.529 ton, 0.528 ton, and 0.528 ton respectively, and

carbbhété@ilﬁthdldlpﬁén%b@rﬁ&ﬂ(@té’&%r RS&e wist% 12rah 988n and
respectively, and

0.528 ton respectively. The total selectivity for the methyl phenyl

carbonate and the diphenyl carbonate based on the phenol reacted was

98%.

Prolonged continuous operation was carried out under these
conditions. After 500 hours, 2000 hours, 4000 hours, 5000 hours, and
6000 hours, the produced amounts of methyl phenyl carbonate per hour
were 12.012 ton, 12.013 ton, 12.012 ton, 12.013 ton, and 12.012 ton
respectively, the produced amounts of diphenyl carbonate per hour were
0.563 ton, 0.528 ton, 0.529 ton, 0.528 ton, and 0.528 ton respectively, and
the selectivities were 98%, 98%, 88%, 28%, and 98% respectively, and

hence the operation was very stable. Moreover, the aromatic

carbonates produced substantially did not contain halogens (not more
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25 hence the operation was very stable. Mreover, the
aromati c carbonates produced substantially did not
contai n hal ogens (not nore 63 than 1 ppb). The first
colum | ow boiling point reaction m xture contai ni ng
met hanol , di met hyl carbonate, phenol and so on
hRuously withdrawn in a liquid formfrom 16 via
thanclog&’ng 13 of the first continuous rrul ti - st age 5
iﬁ‘ }ratl oni collwinn 8 ﬂ t he phenol @ on
B¥h ClMn QW ﬂ H‘QJQé’d"ﬁ Red¢ B"(’P Xté&es@d?t@u“i‘u'é‘g
nmet hanol . mple 2;: (1) Step (1)
meth&mh ﬁlura@ihyl gammﬁg rahe@ohgm cS® mspetlm@mw@herawn
10 gl ycol Reactive distillation was carried out under
in a ligeid tbtroviroo ¢ 6ndat thentop U of) thadirsdArmordimy o uscuvlti-stage
multi-stage distillation colum as in Exanple 1. 2.61
distilTation dulunin dtahlytres e heardiavad &0 onardmaved therefres, 8hd was
continuously introduced into the distillation colum
thenfuseg inetep!(¢} aé%tﬁ}tln?rrﬁ‘é'téﬁél MefHnddt h stage from
the bottom 4.233 Ton of methanol in a gaseous
form (containing 2.41 % by wei ght of dinethyl
carbonate) and 4.227 ton / hr of nmethanol in a liquid
Exar;nglr (cont aining 1.46 %by weight of dinethyl
eoonat e) were respect ively conti nuousl y i ntroduced

tothe dlstlllat col unn inlets

(1) sien' & 85 BB ioliciBe- el daGankis gad dihyiene
The nolar ratio of the starting materials introduced

alycqlnt o the distillation colum was methanol / ethyl ene
carbonate = 8.73. The catal yst was nade to be the
saRgastiviendiBtiiglien wasgarriggsovbuindardihs folewingcenditions
the distillation colum. Reactive distillation 25 was

using éheissmeutorntousousitly-stader distilditid roes lwmnaasdhugmample
bott om

1.

2.61 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distillation column from the inlet (3-a)
provided at the 55' stage from the bottom. 4.233 Ton / hr of methanol
in a gaseous form (containing 2.41 % by weight of dimethyl carbonate)
and 4.227 ton / hr of methanol in a liquid form (containing 1.46 % by
weight of dimethyl carbonate) were respectively continuously introduced
into the distillation column from the inlets (3-b and 3-c) provided at the
31°! stage from the bottom. The molar ratio of the starting materials
introduced into the distillation column was methanol / ethylene carbonate
= 8.73. The catalyst was made to be the same as in Example 1, and
was continuously fed into the distillation column. Reactive distiliation

was carried out continuously under conditions of a column bottom

temperature of 93 °C, a column top pressure of approximately 1.046x10°
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tenperature of 93 C, a columm top pressure of
approximately 1.046x105 64 Pa, and a reflux ratio of
0.48. It was possible to attain stable steady state
operation after 24 "hours. A |ow boiling point
reaction mxture withdrawn fromthe top 1 of the

Pa, i’i@%ﬁ%‘% x Fadids o Kﬁgé? e o S teuS e i
oﬁtw%'ao%g§§'%q A sPEnE Mle4d state.SPslStion after,24

ton [/_hr, contai ned 2.84 ton /, hr of OAU met{B/I
h°‘"§ar b%ﬂﬁWebO'éWcQ poddt feActiommitureyyithdawn rey g top 1 of

continuously withdrawn fromthe bottom 2 of the

the apdummim@ gagsgpusdierm was caotedasingssheadrexchangsr and
et hyl ene glycol, 10 1.062 ton / hr of nethanol, and

thus Quenég intdna tiﬁuichr edtiecqaichyownmoiliow bo'mxtmaction mixture,
Excl udi ng the di nmethyl carbonate contained in the

whichtwakidhtings 8shyalitHdrawas freh thieodistiithtiomwalupin at 8.17 ton
di met hyl carbonate was 2.669 ton / hr, and excluding

/ hr, cBpt&indd 2184 abnCohr Qﬂrﬂlﬂﬁét@u l'c%rbBﬁa@ét ahmss 33 ton / hr of
solution, the actual produced anount of ethyl ene

methHndi°! M@lﬁu}d%ﬁ@lég}u Igjﬁwhlrhdrgtt}ﬁn ‘Frtd?-}i'tﬁ'éebﬁflb*ﬂ’?'éaﬁiethe

conver si on' was car bona
Vi naot SS a 9.99 d

coluffl 8F2. 31 alF o Bp e Ba%R e e EBE

rol o ed con nuopys operation was, carried under
1.06211g5¢ REStANeHD ﬁeof‘m@% ? T insenstard gty easno

hours, and 5000 hours he actual produced anounts
carbgaateouEXxwuding tke dlmﬁthyi mbpaﬁte zagygeinesh inthe starting

2.669 ton respectively for dinethyl carbonate, and
materid3the aitual peduced amBAst of)djmamyllcatimnai\e was 2.669

respectively for ethylene glycol, the ethylene

ton /dar, oheschwdiver thershweme gbpeeictontdined9no90é catalyst
99.99% 99.99% and 99.99% the dinethyl carbonate

colTEERLs G p1903c8 sgappiotetnyant yieivies 1,830 ton.
hr. The ethylene carbonate conversion was 99.99%, the dimethyl
carbonate selectivity was not less than 99.99%, and the ethylene glycol
selectivity was not less than 99.99%.

| Prolonged continuous operation was carried out under these
conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
the actual produced amounts per hour were 2.669 ton, 2.669 ton, 2.669
ton, and 2.669 ton respectively for dimethyl carbonate, and 1.839 ton,
1.839 ton, 1.839 ton, and 1.839 ton respectively for ethylene glycol, the
ethylene carbonate conversions were respectively 99.99%, 99.98%,
99.99%, and 99.99%, the dimethyl carbonate selectivities were

respectively not less than 99.99%, not less than 99.99%, not less than

99.99%, and not less than 99.99%, and the ethylene glycol selectivities
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99.99% and not less than 99.99% and the ethyl ene
gl ycol selectivities 65 were respectively not |ess
than 99.99% not |ess than 99.99% not |ess than
99.99% and not |ess than 99.99% (2) Step (11) of
conti nuously produci ng net hyl phenyl carbonate

werdFRAMRAEHO 44 B ke G940, s
L R T

carbonate = 1.1 was introduced contl nuously
(2) Stﬂpa(ll)u rthgntlawm@tly Predosingractiylahenyl camhonaiam
the upper inlet 11 of the first continuous
muReacthey distidatiohavasrcarsiedhnul amder e &yllowingeonditions
the other hand, a starting material 2 containing
usinglithetéa/rhecapbanaws aarid E)hanqileih. a weight ratio of

di mret hyl carbonate / phenol = 3.9 was introduced
COR st@mugl bﬁdtén@al Qaééﬁtﬁnh% PrEndl Ah@WinfdthyPicatBonate in
ton fromthe lower inlet 12 of the first

a weﬁ@ﬁ‘f l'é‘HGLt?f bhbt ﬁﬂ?ﬁl‘étﬁ??&é%@ﬁéf@ £0f Wik gﬁiodﬂ;ﬁ@d

ratio for the starting materials intro ed into

cont%ﬂ&d@y gtl'ag.ﬁg.tfﬁeﬂﬁﬁf a"Hhl FategF 49 ﬁ:trl /lh?'tfqu%f}‘le upper

car bonate /
e rth rraterlals su st dnot con
intet 13 of e r&&c%w%saev pefige Histtarg " ShmrfiBnt 81 TFig. 3.
chr omat ograp not nore than 1@)&3 Pﬁ h}
On the qthexiand, avﬁ@ﬂ’ﬂﬂr"&é@@’éal £repntain G)b@ret ¥l egrhqnate
of the first continuous nulti-stage distillation
and pbeogh in@ weigbteationet dimetheean rgtmnaiue t pbesaed 5 3.9 eas
reaction liquid would be approximtely 250 ppm

introBegedi ventinsbuishain engaseoaasrforad ad et flosonaienobudsd $on / hr
under conditions of a tenperature at the bottom of the

fromfthestowep itilebuusf thbtfirsttrgriniicns Inhalti-stageldistiiiabibn
of 235C, a pressure at the top of the colum of 9x105

co!uﬂ?l @Pﬂ a T1Ré \HBidrafdtio 9br @he/étfah"ﬁ? fiténTaid AWrd8uced into

g point reaction m xture containing nethanol,
the ﬁs%ln&&@%@ﬁﬁstage distillation column 101 was dimethyl
carbonate / phenol = 1.87. 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 upper inlet 11 of the first continuous multi-stage distillation column
101 such that a cbncentration thereof in the reaction liquid would be
approximately 250 ppm. Reactive distillation was carried out
continuously under conditions of a temperature at the bottom of the first
continuous multi-stage distillation column 101 of 235°C, a pressure at the
top of the column of 9x10° Pa and a reflux ratio of 0. A first column low

boiling point reaction mixture containing methanol, dimethyl carbonate,

phenol and so on was continuously withdrawn in a gaseous form from the
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phenol and so on was continuously withdrawn in a
gaseous formfromthe 66 top 13 of the first colum,
was passed through the heat exchanger 14, and was
withdrawn at a flowrate of 43 ton / hr fromthe
outlet 16. On the other hand, a first colum high

top Rﬂ'oh R t@olpﬂﬂ?t{v%% ﬁé%é&&q ?BUﬁ;ﬂ' md;ﬂegftd]?hanger 14,

eny oga 5 c?r ona
and W@%w%gﬁéﬁ{n% B fipureterot 23 fand B E8mT e Hitiet 16, On
the bottom 17 of the first col.um. |, stable st ead

the afpgr Hapd, adirst cdumn BFQQ@%HUBSPOﬁé'Q@PF'é’t“ M FYfith

hi gh boiling ﬁOI nt reaction mxture, which was
contamngnuetmlyp enhyheeshenate.adimethylearbsmate, whenolnr

had a conposition containing 10 20.7 % by wei ght of
diphesyhgaripheatd, ther bataiyst amdl $o00Wovys weingimuaafsly withdrawn in

di phenyl carbonate. The produced anounts of the mnethyl

a liquitefoim 20vkpfesm thedbbhendighefthedfirsiadummer hour
were 8.28 ton and 0.4 ton respectively. The total

S eheﬁfa'b\lé Isteb@y $fate rWéQyétté’lrr‘\%W hfte} np 'h%ttﬁsan OIThé frst

di phenyl carbonate based on the phenol reacted

colurﬁlﬁgfélrglrf Bﬁl%é’@ﬁ:ﬁﬂt ?QQE{IBHO ?xRHEOS\FI‘H‘&ﬂ Was, cglgﬁhﬁgugw

ese I ONns. ter ours, ours

. u

withdjaivh 84 foxg Rty TSR dhndiet @ §§Ensq~90ﬁjf‘3nmé$€*5§ﬁ§w
ton, 8.28 ton, 8.29 ton, 28 ton, and

20. 7r"§§bvem*9@tt>9'} methyLbBanYbaanelate Hi 3 @ érR/Y weight of
carbonate per hour were 0.4 ton, 0.41 t

diphenyi carbpm@te anfieoprPdysed @'ﬂ@b’ﬂi%@lfﬁheam&thﬁbphenyl
selectivities were 97% 98% 97% 97% and 98%

carbopsteand/the diphdniboacbohatepardiovnwere §£8 ton and 0.4 ton
stabl e. Moreover, the aronmatic carbonates produced

respsctisébnt i Theytodadsehadtivionfar théahetleyisptieny! carlronabnand
1 ppb). The first colum |ow boiling point reaction

the GIRRLA CTDORELS UL R e Teestbasaas o

Prolonged continuous operation was carried out under these
conditions. After 500 hours, 2000 hours, 4000 hours, 5000 hours, and
6000 hours, the produced amounts of methyl phenyl carbonate per hour
were 8.28 ton, 8.28 ton, 8.29 ton, 8.28 ton, and 8.28 ton respectively, the
produced amounts of diphenyl carbonate per hour were 0.4 ton, 0.41 ton,
0.41 ton, 0.4 ton, and 0.4 ton respectively, and the selectivities were 97%,
98%, 97%, 97%, and 98% respectively, and hence the operation was very
stable. Moreover, the aromatic carbonates produced substantially did
not contain halogens (not more than 1 ppb).

The first column low boiling point reaction mixture containing

methanol, dimethy! carbonate, phenol and so on continuously withdrawn

in a liquid form from 16 via the top 13 of the first continuous multi-stage
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inaliquid formfrom16 via the top 13 of the first
continuous nulti-stage 67 distillation colum had the
phenol and so on renoved therefrom and was then used
in step (I) as starting material nethanol. Exanple 3:
5 (1) Step (I) of continuously produci ng dinethyl

disti%{i?ﬁr@cﬁlgg@?j‘a@{ p¥+ Z{ifeor}]cﬁlc%ﬁﬁ%ﬁg@o%ﬁvgﬁstrﬁrafrqml and was
thengpedh slag (1258 SBringmalefaldettanola. sy "Tn-

this exanple, as the internals, sieve 10 trays each
having a cross-sectional area per hole in the sieve
portion thereof of approximately 1.3 cn2 and a nunber

Examaplendf es of approximately 220 to 340 / n2 were used.
3.773 Ton / hr of ethylene carbonate in a liquid form

(1) Step (Irofitcomtinusd yslynp rodtucied dimhethylecatibstridteaandrethylene
colum fromthe inlet (3-a) 15 provided at the 55th

glycsit age fromthe bottom 3.736 Ton / hr of nethanol in a
gaseous form (containing 8.97 % by wei ght of dinethyl

Ca?’\b&?ﬁflﬁhouﬁr‘rﬂuﬁi-@‘l&gbogiys/tlI%!ﬁ{:@ﬁﬁ“% éHb@n'u'nQF'I@ 1

form (containing 6 di net hyl

b ds 7
nhavifiLA°T Rp $ihy P SRR B o PTG 00 EELEERS 7
d at the 2 1l st f t
and %4 4 212 Had uspll ot s i Fored Fwe*ﬁ?ﬁéfﬁr%'&ve
tra o the distillation c;quE‘n wasrre noI gethlene
YScﬁF'SBrﬁ@\é'”Q:asc'”%s yeetienahyed R@ &ndpe gePortion
same_as in Exanple 1, and was contl nuously fed into

theragfeotippproximatslycbiduam’ seda nusnbes of halesof awasommately
carried qut continuously under conditions of a colum

220 toBH6n aF werpeusadre of 98 C, a col urm top pressure

of approximtely 1.118x105 Pa, and a reflux ratio of

0.32773 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distillation column from the inlet (3-a)
provided at the 55™ stage from the bottom. 3.736 Ton / hr of methanol
in a gaseous form (containing 8.97 % by weight of dimethyl carbonate)
and 8.641 ton / hr of methanol in a liquid form (containing 6.65 % by
weight of dimethyl carbonate) were respectively continuously introduced
into the distillation column from the inlets (3-b and 3-c) provided at the
31°%! stage from the bottom. The molar ratio of the starting materials
introduced into the distillation column was methanol / ethylene carbonate
= 8.73. The catalyst was made to be the same as in Example 1, and
was continuously fed into the distillation column. Reactive distillation
was carried out continuously under conditions of a column bottom

temperature of 98 °C, a column top pressure of approximately 1.118x10°

Pa, and a reflux ratio of 0.42.
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68 It was possible to attain stable steady state
operation.after 24 hours. A low boiling point
reaction mxture withdrawn fromthe top of the colum
in a gaseous formwas cool ed using a heat exchanger
and thus turned into a liquid. The liquid I ow boiling

p°lt“&?éﬁeﬂ°°#$ e TR a fy piHUEsp il afELBYEAION affer 24

ont ai ed474t rbon te

hourdyy A TOREIDRG, Saftoresthidn Miaflr e widbaws Shomn Lgg of the
w t hdrawn fromthe bottomof the colunm at 3. 902

columnpin g gasecies formiwasrogles uginganheahexghapger qmiﬁhus
ton / hr of methanol, and 4.6 kg / hr of unreacted

turnest hytloeadlcuadbon'ﬁhe IIQIM]dEI)O(W boiihggtpeindgirgackipin mixture, which

carbonate contained in the starting material, the

was eohtiauioushy withid ewnrfront tide nkstilthtioar Colume ‘atat2 3B 6N / hr,
ton / hr, and excluding the ethylene glycol contained

contaifheldnd, 164 abK St he of Wihmithyl karbaaktvé! aRHOT SGE! tENY U of
of ethylene glycol was 2.655 ton / hr. The ethylene

methada1oN % gq%g@\é‘?frﬁirﬂibm \ﬁ?th%%/%vrf h%n‘i“tﬁgt Bitom of the

car bonat selectivity was not |ess than 99.99% and

colurhi%E8 WAL TEnd KF Bbntshid b ¥ 1oNEFRPYs dFSteh8¥lycol, 1.17

nged cont i nuous operati

ton / 4358 mstFholr Andobo Ao T TN dhey &%ﬁ% gf@hr%%nate

anmpunts p were 3,854 t 2Q
Exclyding HTﬁjdzmﬁHY{ SHTPQEEQPP\P&?WQ&" dhﬁe‘itﬁﬂmg materm' the

carbonate, and 2.655 ton, 2.655 ton, 2.655 ton, and
actual peaiyesd empupt |o\fedlwet@wi saippaate yge d.85dnkon / hr, and

et hyl ene carbonate conversions were respectively
exclugbingoite ethyewe gbadlasgntainiedInddd catadydt settitydon, the
carbonate selectivities were respectively not |ess

actudlhgro e 9 Bm o aht lof ssthivheme Py 89PavawR.685 sohhahr.25The
99.99% and not less than 99.99% and the ethyl ene

oUnERCOLrSSNa ULV pion e OO, ) Wty St
selectivity was not less than 99.99%, and the ethylene glycol selectivity
was not less than 89.99%.

Prolonged continuous operation was carried out under these
conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
the actual produced amounts per hour were 3.854 ton, 3.854 ton, 3.854
ton, and 3.854 ton respectively for dimethyl carbonate, and 2.655 ton,
2.655 ton, 2.655 ton, and 2.655 ton respectively for ethylene glycol, the
ethylene carbonate conversions were respectively 99.99%, 99.99%,
99.99%, and 99.99%, the dimethyl carbonate selectivities were
respectively not less than 99.99%, not less than 99.99%, not less than

89.99%, and not less than 99.99%, and the ethylene giycol selectivities

were respectively not less than 99.99%, not less than 99.99%, not less
69
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69 than 99.99% and not less than 99.99% (2) Step
(I'l) of continuously produci ng nethyl phenyl carbonate
Reactive distillation was carried out under the
followi ng conditions wusing the same apparatus as in
Exanple 1. 5 A starting material 1 containing pheno

than 3% g8lo5T 2Bl niRITE Ban-Shg8%T: Potuced “cont ! nuous! y

ormat a flow rate r
(2) %tﬁea(lbp%q?‘conhngp v Groguging raetud whed xs'u%apbonate
mul ti-stage distillation colum 101 Ont .
ot Reragiivri distidationi wgs marsladpub faﬁ'lﬂ ATy mﬂnd'tlons
carbonate 10 and phenol in a weight ratio of dinethyl
usingdhbosmme appaeatels as3nExamplent.r oduced conti nuously
in a gaseous format a flowrate of 90 ton / hr from

t ha stamting miagerih? 10&ohtwining $thermolt amd alim ethiyt icasbagate in
distillation colum 101. The nolar ratio for the

a weRj Rt Fatie dTBfSt‘i‘éhQI ﬁd'Iﬁhb"tﬁ?'lJéﬁﬁdeﬂéth =t g Wassintroduced
continuous nulti-stage distillation colum 101 was

contﬁ\'dﬁléﬂglm]él 8%‘?2{9?‘ aPi§otate df 86 toWﬁ httfeb i fi¥e upper

materials sub tant| did not cont a| n hal ogens

u
intet GBP A8 1T ottt mbitl51a6% diRfiyb il colympd g (Fi. 3
cat,al yst s ji.ntroduce rom heu er.inlet 11

on 163 RreFiadd’ actartifouBalsns) 2 oduaiAfg B iathy| Carbdnate
colum_ 101 such that a concentration thereof in hg

and pkapel én a W(ﬁ!QBt watiprhdimet 'RHp‘FQf)Q%ﬁ QI&/ngﬁ%p‘m% was
Reactive distillation was carried out continuously in

introdueeti eentinuptishubua gasepustiagem at & flomaratsnoé&Qtan / hr
101 under conditions of a tenperature at the bottom

fromdhet loaveoinleh 1& 0220€ first qordirswoes multhetage distitiation
colum of 8x105 Pa and a reflux ratio of 0. A first

colum@l 10M, | oPhdehbidaroratio fidr tisecitatinginthtartalzoiriteodiogd into
nmet hanol , 25 di met hyl carbonate, phenol and so on was

the fﬁ’%f‘tdd?ﬂmlﬁdds \f\h@ﬁﬁét’dﬁb idisBliatidReeIIM Q10 f W@ dip ctRPI

of the first colum, was passed through t
carbonate / phenol = 1.44. The starting materials substantlally 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 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 distillation was carried out
continuously in the first continuous multi-stage distillation column 101
under conditions of a temperature at the bottom of the column 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,

dimethyl carbonate, phenol and so on was continuously withdrawn in a

gaseous form from the top 13 of the first column, was passed through the
70
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70 heat exchanger 14, and was withdrawn at a flow rate
of 82 ton / hr from the outlet 16. On the other hand,
a first colum high boiling point reaction mxture
cont ai ni ng nmet hyl phenyl carbonate, dinethyl

carbonate, phenol, diphenyl carbonate, the cat al yst

heat LI 187 F@%”P#é”ﬁ“ﬂ%@f?‘a*%d '%W{ Pl Bt BZTHA/ i from
the qwtf‘%‘?ﬁ orOini R Gftaany hfsid {'-'ﬁé‘hnﬁé@ﬁ}'geﬁg?m

reactlgﬂ ml Sre%t‘g%&%b{qtp%fphmdra% a aaftlgg rattEfoca?éonate,
ht of methyl phen car bonat e and 0.5 % by weig
phen@ﬂ 803taﬁerpweﬁ@rbteraaﬂ@dﬁrﬁecatﬁwsbaa@u%mr&mwn@mtmasly
nmet hyl phenyl carbonate and the di phenyl carbonate
withgrawmadora liguéd 16rm429 onadnamothe battomr €€ pfcthes&irgt column.
The total selectivity for the nethyl phenyl carbonate

ang stabldigibadyl state wastatdiasedaftert2e howaso! Thadirsd
was 98% Prol onged conti nuous operation was carried

colum%t hig}dsbnw%%.ﬂ.ﬁ réaaﬂbhl Ameturaf wacﬁmaa%tsﬁtma@a@ly
hours, 4000 hours, 5000 hours, and 6000 hours,

I C €,
RIS, T 5 Y58 R R oo
4 res Wpt
16.0 3%, t%ex@%%@aog st §b¥nxL?§mg$é89%%i% Bop o Pu Hqight of
0.47 ton tivel

diphgyLeatiingie | ei-R\‘/?/e'P a0 GropUsks @t e, ety pheny©

respectively, and hence the operatl on was foé
carbgpg @“Q\HF%S\P@he“Vhéaéb%ﬂﬁﬁ erdipwonares!H {ee@nd 0.47

substanti al I% did not contain hal ogens (not nore than
ton respgstivethe Thestotabisehectivity dor thagngdhyik pheayl cerbonate

m xture containing 25 nethanol, dinmethyl carbonate,
and threedgbhamyl sarbnnamwbiasedush)thwi phdnehmeabtechwasqgia%.

formfrom16 via the top 13 of the first continuous

muPré ligae continuous operation was carried out under these
conditions. After 500 hours, 2000 hours, 4000 hours, 5000 hours, and
6000 hours, the produced amounts of methyl phenyl carbonate per hour
were 15.04 ton, 15.04 ton, 15.05 ton, 15.05 ton, and 15.04 ton
respectively, the produced amounts of diphenyl carbonate per hour were
0.47 ton, 0.47 ton, 0.48 ton, 0.48 ton, and 0.47 ton respectively, and the
selectivities were 97%, 97%, 98%, 98%, 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).

The first column fow boiling point reaction mixture containing

methanol, dimethyl carbonate, phenol and so on continuously withdrawn

in a liquid form from 16 via the top 13 of the first continuous multi-stage
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71 distillation colum had the phenol and so on
renoved therefrom and was then used in step (l) as
starting material methanol. Industrial Applicability 5
It has been di scovered that by inplenmenting the
process according to the present i nventi on,

dist"ﬁ%@ﬁﬁ%ﬂjvﬁ?ﬁ W@ﬁaﬁ%cﬁ%@ 8%@’?%%@%&9!&5%& and was

pr od n industrial scale of not |ess

thent%ﬁﬂﬂ 1“t36ﬁp/(L'lhﬁSf$ 159 waterial me le and an
aromati ¢ nonohydr oxy conpound. Moreover, it 10 has
been di scovered that the aromatic carbonate can be
produced stably for a prolonged period of tinme of,

Industrialekpptitabilityt | ess than 2000 hours, preferably not
| ess than 3000 hours, nore preferably not |ess than
50M0habdeen diveoveastthat byeinhple@méhtiagpthey pdeseas
process that achi eves excellent effects as an

acco@ﬂﬁglé Qhé%r@@it%‘v@i‘ﬂﬁir{ F) d%ﬁ‘i’é‘ﬁé'd%‘?b@h@‘tésr%qulﬂéd for
AIM5 We claim 1. An industrial process for

prodBE S hiYh- %ua@ﬂy%@ﬁ%éﬁorﬁ%ﬁ%‘@rpr X ué’"gg‘l???%nfo%ate can

fi c “carbona s conti nu

be pf%%ﬂ%%%@?@?“”@*aﬁapﬁﬁ% 30 STRC S T Ol ﬁﬁﬁ@ﬁ@?y

roduci nq a dial kyl carbonate a di ol throyg .
oyoliBaAbate; afd Amarofas Mo oRv BNt SOmATY Hacdingeover. it
t he cyclic carbonate and an aliphatic nonohydric
has beeprdscpxesed tB@ﬁt‘hﬁu@)ﬁ%“ﬁﬂPt‘Fa@lcﬁb%tel@aﬂl |I3|"F’91!JF’81§1 stably
colum To in which a catalyst is present, carryln% out
for arpredonged pedodi ef timetafofor exampisenadl lesisnthan @000 hours,
col um, continuously w t hdraw ng
preferably not less than 3000 hours, more preferably not less than 5000

hours. The present invention thus provides a process that achieves

excellent effects as an aromatic carbonate industrial production process.
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a low boiling point reaction m xture containing the
produced di al kyl carbonate from an upper portion of
the columm in a gaseous form and continuously
wi t hdrawi ng a high boiling point reaction mxture
containing 15 the diol froma [ower portion of the
colum in a liquid form @ngifgkl ) continuously
produci ng the aromati c carbonate by taking the

Wec. kyl carbonate and the aronmatic nonohydr oxy

und as a starti ng material, continuously feeding

star teri into flrst contj.nuou .
it - ot Ageg UKl BrpSRSSIREe RrGRElion Rheagramatic
resent carrying out 20 reaction and distillation
carb@nﬁtﬁ 13 G {he Arematia caskopatein cadnyeuslysproduced from
W thdrawing a first colum |ow boiling point reaction
a cyglixcarkonate and ag aromatidumed ciybiosly ¢ommpoumndipliee process
portion of said first colum in a gaseous form and

comprsingtrea stepeidfhdrawi ng a first col um hi gh boiling
point reaction mxture containing a produced al kyl

ar g &ﬁfthﬂﬁl@@ﬂyf pf&@@cﬂn@v\srdlamﬂ%éﬁmafe At di6Fthrough a
colum in a liquid form wherein: said

reacﬁ@@td|§HﬂHﬁoW§%éfeﬁﬁ3&ecﬂhﬁﬁhb'u%N‘P glc_?‘ -ESICIIC carbonate

conprises a ructure having a cy t'runk
r g
and G 2aEhoRaRvIF Rlkarby R, fﬁ?@PH Vﬁhﬂ@“
st ages nq t.her si de nd, further
disti faioRiHliimg odh Whif 2 étﬂqaﬁaf%waaenF»cﬁilré’{Jn%%@preactlon
of the colum or in the up portion of the coluy Hg
and disiillatipn ﬁemvét@ne@usluundsa)@t pelurﬁavm@ HHquslyithdrawing
di aneter d02 (cm at a bottomof the colum or in the
a low badling prainbmeartionemixiurencertaining thapmstuasd dialkyl
| east one first inlet provided in the upper portion
carbandte fromaan mpgot repprtion arf thie cbkumal inna geseous fiermgasand
outlet, and at |east one 10 second inlet provided in
contrhlm@uglyddrheh@m\m aahigh bellingpdiaveeaptioh mixifre ¢drtaining

ol um above the liquid outlet, wherein Lo, Do, Lo /
the dﬁ@i frioPn PowefPSrtion of the column in a liquid form; and

(1) continuously producing the aromatic carbonate by taking the
dialkyl carbonate and the aromatic monohydroxy compound as a starting
material, continuously feeding the starting material into a first continuous
multi-stage distillation column in which a catalyst is present, carrying out
reaction and distillation simultanecusly 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, and continuously withdrawing a first column high boiling point
reaction mixture containing a produced aikyl aryl carbonate from a lower

portion of said first column in a liquid form;

wherein:
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~and Do / dO2 respectively satisfy the foll ow ng
formulae (1) to (6); 2100 5 Lo <_ 8000 (1), 180 <_ Do
< 2000 (2), 15 45L0/Do540 (3), 10 <_ no <_ 120 (4),
35 Do /do, 520 (5), 5 <_ Do / doe <_ 30 (6); and (b)
said first continuous multi-stage distillation colum

Co r%%%ﬁgoﬁgaﬁgﬁsr Hﬁ.m %tﬁb% #;Qgﬁa&ﬁgé qughﬁgl'l' tddbrises a
Strucgwenf\@ggég e her A Sk Bfion, ReRRS Rofngind o l&m) ‘and

_outlet having an inside dianeter d14a§ n){ at a top of
an ln@r@e@damﬁi% ¢ ACE R AAVIREran dategnal yy h@onumb%af

to the top, a liquid outlet having an inside dianeter
Stagmno(thwemlde arsbfedhesthaviogooigamoutiet haviaglannside

portion of the colum near to the bottom at |east
diameber thi (dm)rdtea tppoof theel colutreouppahepoppenpoation/ obthe

74 a mddle portion of the colum bel ow t he gas
colunth&ir ténHedop, @ﬁhl.l@@%utfauhébmgﬁhﬁtlri@’@ﬂldiamet%rtdlﬁ (cm)

m ddl e portion and / or the |ower portion of the

at a ESHHWE‘ oahﬂ\éfcénﬁnh'wgdtwybﬁ r pUYRIGH Bf the ddlunin r(ear to

K 12 respectively satisfy

the b%?forﬁ"'fa%@& orll BRGy( brodidefln dhg pdjerphgtian ahE / or a
middig pﬂ%é"br% 12 calepiphio A aP oitfah o i 2t s be
secong mlet provided in the middle portion and / or the lower portion of

the column above the liquid outlet, wherein Lo, Dg, Lo / Do, ng, Do / do1,

and Dg / doz respectively satisfy the following formulae (1) to (8);

2100 < Lo < 8000 (1),
180 < Dy < 2000 (2),
4<Log/ Dpg<40 (3),
10 < ng <120 (4),
3 < Dy / do1 <20 (5),

< Do / doz < 30 (6); and

(b) said first continuous multi-stage distillation column comprises
a structure having a cylindrical trunk portion having a fength Ly (cm) and
an inside diameter D4 (cm), and having an internal with a number of
stages n, thereinside, and further having a gas outlet having an inside
diameter dq1 (cm) at a top of the column or in the 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 the lower portion of the column near to

the bottom, at least one third inlet provided in the upper portion and / or
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ton / hr of the aromatic carbonate is produced. 15 3.
The process according to Caiml1l or 2, wherein said
do, and said dO02 for said continuous nulti-stage
distillation colum To used in step (1) satisfy the
following formula (13); 1 < do, / doe <_ 5 (13). 20 4.

a miglf, BPRISH Hr R EElHin gorRRY ,tf*%igé’é 8?,@2‘%@%9 Sggtone

ai d contj nuqus nu| i-st ti,on colu
fourt[rdné%wgq GBS rikehs i i plge éﬁs' o¥Ry BORion of
< 55 Lo/ Do< 30, 30< no5100, 4 Do/ do, < 15, and
the cmruabovgsth%qglﬁ omitlals Sehereindeioridi nly {c%rmo%/ di1,
of Clains 1 to 4, wherein 75 Lo, Do, Lo / Do, no, Do
and D daiyz lzﬂscpelx(tt\aely &aiizsffyotrhaﬁmldiowm ifnunu@e:ﬂffﬂitodﬂé’ge
distillation colum To satisfy respectively 2500 5 Lo

5 5000, 25005 Dg $80%A0, 7SLo /Do {7),
. 20, 40Sn0590, 55D0l do, 513, and9SDo/ d02 20. 5 6. The

brocess 8000 B,ng 2ep@ny one of Clainggh to 5 wherein
said continuous nmulti-stage distillation col urm To is

adlstllbagll_l(i Isu;m having a tray g?g/ or

packi ng as t |nternal 10 7. The pr Ss accordlng
to d ai sai d continuous i -stage
distiII2?6%\a(no#ﬁf?:qJ To is a plate typgh'gl)sullatlon
col um havi the t yasthelnternl 8. The
process gfd’ oy ¢ o&g aimé6 or Adin84i d tray

in 15 said _continuous rrultl-stage d| stillation colum
To is a 3iek lt?’ag/ Qing a sieve portlzdn and a
downcomer portion.

2. The process according to Claim 1, wherein not less than 1

ton / hr of the aromatic carbonate is produced.

3. The process according to Claim 1 or 2, wherein said dgq
and said doz for said continuous multi-stage distillation column Ty used in
step (1) satisfy the following formula {13);

1<dop1/do2<5 (13).

4. The process according to any one of Claims 1 to 3, wherein
Lo, Do, Lo / Do, ng, Do / do1, and Dg / dg2 for said continuous multi-stage
distillation column Ty satisfy respectively 2300 < Ly < 6000, 200 < Dg <
1000, 5<Lp/ Dg<30,30<n,=<100,4 <Dy /dp1<15,and 7 < Dg/ dg2 <
25,

5. The process according to any one of Claims 1 to 4, wherein
75



10

15

20

25

9. The process according to Caim8, wherein said
sieve tray in said continuous nulti-stage
distillation colum To has 100 to 1000 20 holes / n?
in said sieve portion thereof. 10. The process
according to Claim8 or 9, wherein a cross-sectiona

rea r hol e, of ,said giev r in.gaid.continuous.

Lo, Oy £8P Bon8: Bock #pr-c i el o5 52 GG Rt i-stage
) ,jﬁrﬁom O.c&Pto 5 cn2. 25 11. The process according to an
distiligtiogcotr M ogsalistyoresprciirriye? A0S Aot r&19s Do
of said sieve tray in said continuous nulti-stage
800, di stlhd f &d sr2QoftOrm oS 99, i <aDodrdya 5113 ,rond B 5 Po / do2

15% 12. The process according to any one of Clains 1
20. to 11, 5 wherein said dl1 and said d12 for said first

continuous nulti-stage distillation colum used in

step (I1) satisfy the following formula (14);

15d12/d/ 155 (14). 13. The process according to any

ong. of CranBrocdds décotdint s ANy bhe SHCldins Plo 50 Wherein
D1 / d11, and D1 / d12 for said first continuous

said Enton I RO APHAA S UBRISToH Ty gt gRs lptionygotumn
navinig ap{yayoadd T8t achd ng AP a8 bt hne of “Ciaime 1 to

13, wherein L1, D1, L1/ D1, n,, D1 / dl11, and D1 /

d12 for said first continuous nulti-stage

distillation colum satisfy respectively 2500 L1 <_ |

5000, 20bheprogess aggordisigto Glajmrd, w)ﬁers;n&@uicqmmuous

< 90, 10 < D1/ di11 25, and 7 < D1 / di1215. 20 15.
multiTslagsr distdtatien ralumn e isng pdate dypeldistifationocalymn having

IA

IA

the tray as the internal.

8. The process according to Claim 6 or 7, wherein said tray in
said continuous muiti-stage distillation column Tg is a sieve tray having a

sieve portion and a downcomer portion.

9. The process according to Claim 8, wherein said sieve tray
in said continuous multi-stage distillation column Ty has 100 to 1000

holes / m? in said sieve portion thereof.

10. The process according to Claim 8 or 9, wherein a
cross-sectional area per hole of said sieve tray in said continuous

multi-stage distillation column Ty is in a range of from 0.5 to 5 cm?.

11. The process according to any one of Claims 8 to 10,
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wherein said first continuous nmulti-stage distillation
colum is a distillation colum having a tray and /
or a packing as the internal. 25 16. The process
according to Caim15, wherein said first continuous
mul ti-stage distillation colum is a plate type
stid Lat) haw he:

wherdf dr aperiife ({us BrRld sieVRRral i b3l Bantiiious |
wherein.said.tra i n id first conti.nuous o

multizafade JiSGUStpErToImn I ol Anrange, ofiftol 1 o<l 5%.
havi ng a sieve portion and a downconer portion. 18.
The process according to Claim17, wherein said sieve

tray in_said first continuous nulti-stage

di ééi-l | afhenpEatest acgordun te arpoonenef bdajmart te 11,
said sieve portion thereof. 10 19. The process

wherado gaddmdytand Issichdy 3 for g8d firsdredmtinuous multi-stage
cross-sectional area per hole of said sieve tray in

distibafionféolame asiddirnssep () tsatisfyoh el fellowireg formauda yid);
isin arange of from0.5 to 5 cn2. 15 20. An aronatic
car bonat ¢ @@%%quﬂ £Ha) ogen content of pfy. nmore than
0.1 ppm which is produced by the process according to
any one of Clains 1 to 19. 78

13. The process according to any cne of Claims 1 to 12,
wherein L4, D4, L1/ D4, nq4, D4/ dy4, and D, / d4; for said first continuous
multi-stage distillation column used in step (lI) satisfy respectively 2000
<Ly <6000, 150 <Dy <1000,3<Ly/Dy<30,30<n1<100,8 <D/ dy

<25,and 5 <Dy /d42

A

18.

14, The process according to any one of Claims 1 to 13,
wherein Ly, Dy, L1/ D4, nqy, D1/ d41, and Dy / dq2 for said first continuous
multi-stage distiliation column satisfy respectively 2500 < L, < 5000, 200
<D;<800,5<L1/D1<15,40<n,<90,10<D1/d1 <25, and7 <Dy /

di2 £ 15.

15. The process according to any one of Claims 1 to 14,
wherein said first continuous multi-stage distillation column is a

distillation column having a tray and / or a packing as the internal.

16. The process according to Claim 15, wherein said first

continuous multi-stage distillation column is a plate type distillation
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column having the tray as the internal.

17. The process according to Claim 15 or 16, wherein said tray
in said first continuous multi-stage distillation column is a sieve tray

having a sieve portion and a downcomer portion.

18. The process according to Claim 17, wherein said sieve tray
in said first continuous muiti-stage distillation column has 100 to 1000

holes / m? in said sieve portion thereof.

19. The process according to claim 17 or 18, wherein a
cross-sectional area per hole of said sieve tray in said first continuous

multi-stage distillation column is in a range of from 0.5 to 5 cm?.
20. An aromatic carbonate having a halogen content of not

more than 0.1 ppm, which is produced by the process according to any

one of Claims 1 to 19.
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