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Techqlpgl

_KAN | NDUSTRI AL PROCESS FOR PRCDUCTI ON OF
Aosoi%mzﬁ%RBd\lATE Techni cal Field The present

invention relates to an industrial process for the
production of an 5 aromatic carbonate. Mre
particularly, the present invention relates to an

|NndmtmmlPR@C%FGF@PR@BQMON OF AROMATICUOARBONATE

the aromatic carbonate useful as a raw material of a
transesterification nethod polycarbonate, by
subjecting a starting material containing a dialkyl
car ﬁpnge and an aronmati c nonohydroxy conpound to

B erification in a continuous mul ti - stage

illation colum vvhlchact i S
anThe REssertTayaTUpelales 3 AR Fhistial FLPERARIoT fh RrcEuston of an
| arge anmount of a low boiling point reaction m xture
aromaiim caibsnate.t HBoRS partisuletlyothel RrepeNt invRitial Giates Ap anpdustrial
aromatic carbonate is inportant as a raw material for
procassdoppumtiucirigoa larpe @mourd o theratdreatiotartanbtamasefulas ahraw
is the nost widely used as engi neering plastic,

material dfautranssstodf damnqnethmmﬁcarbenaepbpseb&ctmg a starting
produci ng an aromatic carbonate, a process of

matehﬁlaéddté‘iﬁlr@‘a AR Cafb e %Y\afé??@roﬁfﬁﬁé%aﬁohdydrbxy compound to
phosgene has been known from | ong ago, has al so

transgﬁf%ﬁf Egﬁor?ﬁ‘xbé g6hti rﬂ]oSL% HakEY ?ifstﬂ%h% Eélurﬁhmf Rich a catalyst is

rocess as the prob usi ng
0 0
pres%’u% @ﬁ‘?é;?a‘cﬁar?lfvi s'é@%?% §@pa§} aEEng{ R Lo LBl B pjow
tic .carhonate produc sin th| rocess, and
bolir BBt teReioA roNare Cobaan Die biatcetaBisda 25 ©he
raw material for the production of aromatic
pol ycar bonate. Because, such chlorinated inpurities
mar kedl 'y inhibit the polynerization reaction in the .
BackgreungbAtteri fi cati on nethod which is carried out in the
presence of an extrenely small 25 anount of a basic

c atirl grematicocarbeaatel ie impudant ds avaw nostedal foatiesl production of an
inpurities are present in an anount of only 1 ppm

ol gt et g o gl SR, i
usingfoxft PRYSJBHEET 144 a BFoddd’ for producing an aromatic carbonate, a
process of reacting an aromatic monchydroxy 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 proceés has the problem of using phosgene, and in addition
chlorinated impurities which are difficult to separate out are present in the aromatic
carbonate produced using this process, and hence this aromatic carbonate cannot
be used as the raw material for the production of aromatic polycarbonate. Because,
such chlorinated impurities markedly inhibit the polymerization reaction in the
transesteriﬁca;:ion method which is carried out in the presence of an extremely small

amount of a basic catalyst; for example, even if such chlorinated impurities are

present in an amount of only 1 ppm, the polymerization hardly proceed atall. To
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i W%‘mi fication nethod pol ycarbonate, troublesone
AOSOLU ti-stage separation/purification processes such as

enough washing with a dilute aqueous alkaline
solution and hot water, oil/water separation,
distillation and so on are 5 required. Furthernore,

makelth8 arbahflc earidiate EapEsIE &f CRINRCARA CaWenAASESS thee t O
hydrolysis loss and distillation loss during this
transé&@ﬁﬁﬁtibﬂ%Qﬁo’dﬁ%&f&ér%né’t&oﬁﬁﬁﬁl%%omeTlﬂGftﬁﬁtﬁgS’ there

are nmany proble n g d

ny ! “carrying out thi's met
sopa BB GH BcBlrod HHTAE b Ayl A baueous
ket A b S P B GBS 55 B e

~compound is al so known. However, such
requiredan Sasthermere dbe yield ehtha apenatiey argpnatefigareasesdye to
reactions. Since the equilibriuns are biased extrenely
hydrdlysigmlass andedistiilagiondoss dstirgrthis deparatiopiperrificationpeeesses.
sl ow, there have been great difficulties in producing
Therdfor, dvareairaenany paobéras in sdugingialt ithisimethadgecaomically on an
using this nethod. 15 Several proposals have been nade

industifaliséBreove the above difficulties, but nost of these
have rel ated to devel opnent of a catalyst to increase

they tﬁégﬁﬁé’lnhér?d %S p%@ﬁ Fﬁ?ﬁu&ﬁ%@?@?ﬁgﬁc RaMsorREd through

proposed as catdlysts this ty _
vansbRRERIF/<HLABM BB d-GrE My cEBorplE B b

o G DS KBl Hi R R B strcation reactins
51-105032; Patent Docunment 1-2: Japanese Patent

are aj\gguiliarmoieactions- cperete egylibtidazdare biasad eXsRUAYfpward
1-3: Japanese Patent Application Laid-Open No. i _

the odginabsgstem(arst thesipastiom tates are stovGaherernawa leggn great difficulties
Application No. - 2528412, British Patent No. 1499530,

in praduting the dtatvatic ddpborkit8 itfi)stridtytin arge2omonmts tusinglithis method.
Japanese Patent Application Laid-COpen No. 51-75044 25

Sevefélgirbﬁémg Hia08 been\hade i vEahe abode piffieuties) wuNemost of
2552907, and U. S. Pat ent . 4045464)), tin conpounds

thesed Pe‘iat%ﬂ%r&@v%lbéﬁﬁé‘rﬁ@f%eéatél gt 1o/ ifarRAIsbNhexe8@mn rate.  Many
A0O501 UP17 KAN (see Patent DoCunent 2-1: Japanese

metaP@érﬁBBurﬁ?&hé&@BBgﬂ p%&e@%cﬁ@lys@fo%%g%ype of transesterification

reaction. For example, Lewis acids such as transition metal halides and Lewis
acid-forming compounds (see Patent Document 1; Japanese Patent Application
Laid-Open No. 51-105032; Patent Document 1-2: Japanese Patent Application
Laid-Open No. 56-123948; Patent Document 1-3: Japanese Patent Application
Laid-Open No. 56-123949 (corresponding to West German Patent Application No.
2528412, British Patent No. 1499530, and U.S. Patent No. 4182726); Patent
Document 1-4: Japanese Patent Application Laid-Open No. 51-75044
(corresponding to West German Patent Application No. 2552907, and U.S. Patent

No. 4045464)), tin compounds such as organotin alkoxides and organotin oxides
2
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nding to West German Patent Application No.
Aosoé&?‘lgg-ﬁc“%tent Docunent 2-2: Japanese Patent

Application Laid-Open No. 54-63023; Patent Docunent
2-3: Japanese Patent Application Laid-Open No.
60- 169444 (corresponding to U.S. 5 Patent No.

(see Iﬁééfifl um@ﬂ oot @ %g?eggﬁfégl?ﬂtﬁ?ﬁaﬁa@ﬁéﬁ No. 54-48733

Ion ald 445 (corresponding to

consSusabRsE ke oo A A Y 5?%50@5 Baegpfocument

at ent cunent panese Pat
22 Jeaﬁae%E%tWApp"%m%elg Qo Ko, 2 ook Patd poSment 23
nmetal's and al kaline earth netals gee Patent Docunent
Japarese RatentAppieationtLaidrOnan Nea8P-J6984+ dcersespansing to U.S.
56-25138), | ead conpounds (see Patent Docunent 4-1:

Patent Alm 664 11a); Satertdddcuraentch4L dapargsePaient Applicatiogd:aid-Open
Pat ent Docunent 4-2: Japanese Patent Application

No. 6Daiep4ad5@oiespdnding 69). S cPateint Nes 46627184 o Patentdboasnent 2-5:
copper, iron and zirconium (see Patent Docunent 5:

JapansstapseEht RpRcttioNAid TidroNo. 62i2578asnPhiant Doclibht D)6

titanic acld esters (see Patent Docunment 6-1:Japanese

Japarjesd PL&R: A Ré:ét@t lrjﬂg d@éﬂN@?%d%Gﬁ%&@%’?ﬁﬁalkomdes of alkali

orrespon tent '10464) ;" Pat ent

t Ld=

metauﬁoand%ﬂé%éagﬂ PARRE PR Pafo o g P

.pr.ot oni.c CI d t.ent cunent Pat
Aeplisgin e Ghen Mo SBa R o518 Soep e (57 E’%ﬁ%}ﬁf}? Gt 4-1:

Pat ent No. 4609501)) onpunds of ]

Japamse Ratesit Applicatiorel qidelapésnNen 572176@@&%@;& teP.DC &g

Pat ent Application Laid-Open No. 1-265064), ferric
Japanesst Ratent Applicatint kaid-Qpesu Ment-335658 peorer xps Of metals such as

Application Laid-Open No. 61-172852), and so on have

coppée rionEmbzissthiurhi¢sey Patert mnqmth@nJapanm Patent Application
di sadvant ageous equilibrium cannot be solved nerely

Laid-OpeAaNG! F1i Ba74HE titichiialesténdd sbe Feterit Bocurnest 6-1eJapanese
many i ssues to be solved including the reaction system

Pateht'hcl:gfli%%ﬁoﬁ P afy- EJ'eHEN@ 5301 59856 Eorfe¥pohBtigstbrll &. Patent No.

uctiron arm for mass production. Attenpts have

oo GRS 33 PR RIS L .
-26$(F@C;ur%tlxtﬁ esst Sfak 3w1nsugé?d %%dpogrs’o'tgmg acadquseewgteanB&\fl%ent 7:
Japanese Patent Application Laid-Open No. 60-173016 (corresponding to U.S.
Patent No. 4609501)), compounds of Sc, Mo, Mn, Bi, Te or the like (see Patent
Document 8: Japanese Patent Application Laid-Open No. 1-265064), ferric acetate
(see JPatent Document 9: Japanese Patent Application Laid-Open No. 61-172852),
and so on have been proposed. However, the problem of the disadvantageous
equilibrium cannot be solved merely by developing the catalyst, and hence there are
very many issues to be solved 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 bias the
3
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i el he aromati c carbonates. For exanple, for the
Aoso{b%é&i—g%*etween di met hyl carbonate and phenol, there

have been proposed a nmethod i n which by-produced
methanol is distilled off by azeotropy together with
an azeotrope-form ng agent 5 (See Patent Docunent 10:

L
o SRS L6 B

renmoved by being absorbed onto a, nol ecul,ar siev Se

carbonglromd PORORGHIETa NAve P 0RORSH BATSIABH BTy fy-Produced
Lai d- Open No. 58-185536 (corresponding to U S. 10

methare ésdistiled off byereptropy teartber with asn azaetiope-farmang,aesnt
proposed in which, using an apparatus in which a

(See BataritIDaduimentdd: JapanesePatentl &ppbcatidmnelaidfOregn blo. 54-48732
reactor, an alcohol produced as the by-product in the

(corrdspafHingto \WeSEGafmaR P aérit Applicatione Noo 766068, amd kit SirRatent No.
and at the sane tine an unreacted starting nateri al

4252%2@2, SARRMthea ih VhicHPR Abefhrel prdducddsds thbay-groduterR

_ nt Docunents 12-1: exanples In Japanese 15 Patent
remofREbY B2ig kbt G et 1040, (TP ARRE LR 11
exanpl es.i,n Japanese Pat ent, Apgl4 ' i d-
sapaigstyBatont ABRISAER IRt hs. o e Gerp gty s
Pat ent l'ication Laid-Open No. 60-169444 : . .
Patenidis QD) ngIIEUEE 2 PRIEH RBaISREFTRpPose ppich, using
Docunent 12-4: (_ex_arTPI es in Japanese Patent Apcgl [ cat'{on
an apparatusie whieh aztistdetians galsn tsoproxkisshRn g top 9 ageactor, an
Patent No. 4552704); Patent Docunment 12-5: exanples )
alcohohpretharedsaes thatterprodppt indheireacticn i$-sgparatrd offfpomze r8action

(corresponding to U S. Patent No. 4609501); Patent

mixture Caree Bt thk2sdine Girnan epreactdd ptantiveg ngderial that evaporates is
Application Laid-Open No. 61-172852; Patent Docunent

sepatatad bﬁﬂﬂe&a&iﬁhlﬁa‘lidnn St BicBrient pRi1c @kamples in Japanese
Lal d- Open No. 61-291545; Patent Document 12-7: 25

oA S HDREE o P 120049 i 0 @ P No.

162335 B IR A PP B pARR AR A
Laid-iO ernol\\llg. (r31-t25q]:¢38;t Igaetern %tciu%%nrt qtz?a examples in Japanese Patent
Application Laid-Open No. 60-169444 (corresponding to U.S. Patent No. 4554110);
Patent Document 12-4; examples in Japanese Patent Application Laid-Open No.
60-169445 (corresponding to U.S. Patent No. 4552704); Patent Document 12-5:
examples in Japanese Patent Application Laid-Open No. 60-173016 (corresponding
to U.S. Patent No. 4609501); Patent Document 12-6: examples in Japanese Patent
Application Laid-Open No. 61-172852; Patent Document 12-7. examples in
Japanese Patent Application Laid-Open No. 61-291545; Patent Document 12-7:
examples in Japanese Patent Application Laid-Open No. 62-277345)).

However, these reaction systems are basically batch system or switchover
4
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AO50{ Hﬁ h, the catal yst devel opnent for such a
n ification reaction, and the reaction rate
is still slow, it has been thought that the batch
systemis preferable to a continuous system O
t hese, a continuous stirring tank reactor (CSTR)

systeﬁ ZtEfég‘sbg?ﬁp%g 3 If#ﬁi&ﬁiigbl i@ttﬁé’ ﬂ'nﬁl%'vémbéﬁ %; gﬁf?#gﬂ:‘ﬁgn ?hte

react or een propose

througigihe ceRvRL B BPRER! tor suha fA S Bl A e
reactiofga18 g S aas Besd Aot S Balch AR MLR areterable to 2

conversi on hi ?h. Accordingly, it is difficult to .

contiratausi systeme. oOf thesepfa gantiaueus gtiring tankreaster (P HBHgyEem in
continuously in large 10 anounts stably for a

whichpa dlistiigéish peludisairovided dnthedap of e réaster has been proposed
above-nentioned nethods, and many issues renmain to be

as thé esaliniashistsistsrn, Bgiohers amd piobiiss sucth asithe reastivnatatebeing
is possible. The present inventors have devel oped

R 'gé(@-n&hi lihldr@icbGR tHe FMRdS: béindihfdl, baséed oh the volume of

[ran_s sterification reaction is car_ri ed out in a

e GFHLBHRLT Wbt boRPTaIratd B ARl hcoordnon, i
ol it ok it f okl G B0 uh et e sy roe
amo&@%{s&%ﬁ{g %;ér{oiqcrgqldglpr{éﬁ%&hgg ;tpyrm%%rﬁsx S%Sg@%gve-mentioned

carbonate and an aromati c hydroxy conpound are . )
methedaitand @agy yssuss remain to e ragelved befpye ekoapmical ingsstrial

columm, the reaction is carried out continuously
implanmenteiion sepdsilde] uim in which a catal yst is present,

whi |l e continuously withdrawing a | ow boiling point

coMmpeNeasestdnentornBave daveloped reactiveddistiliatioa methods in which

by- product by distillation and continuously

such'Y frasdctbrititafioR PEREIBHYS caPfiddblt Rta Bomtirubisatiufltige
aryl" carbonate froma |ower portion of the colum

s BTN RGN i J3pAREER Mool ke seen e
o AR et T 55 ¥RoBNG BT Af agr for s

colum, the reactiqQqn 1is carried out .continuously, . .
a transsiaicaien CBRGHAN. ToF SFATRRIS, 2 SR ISHlatRdBg ot in which 2
while 5 A0O501 U P 17 KAN continuously w thdraw ggﬁ‘f%@to the

dialky} ecarbpnateiand an pemaks hydgxy SOMPRBFRIRSANTIBERY
a

multi-stage distillation column, the reaction is carried out continuously inside the

slow,

column in which a catalyst is present, while continuously withdrawing a low boiling
point component containing an alcohol produced as a by-product by distillation and
continuously withdrawing a component containing a produced alkyl aryl carbonate
from a lower portion of the column  (See Patent Document 13: Japanese Patent
Application Laid-Open No. 3-291257), a reactive distillation method in which an alkyl
aryl carbonate is continuously fed into the multi-stage distillation column, the reaction

is carried out continuously inside the column in which a catalyst is present, while
5
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di al kyl carbonate produced as a by-product and
AOSOLEMiKAMEl y wi t hdrawi ng a conponent containing a

produced diaryl carbonate froma | ower portion of the
colum (See Patent Docunent 14: Japanese Patent
Appl i cati on Lai d-Open No. 5 4-9358), a reactive

dlst on.ne d
continpiislyonrawir g Atlgiefbaiovs bTD6 e Q%%&‘t%mammg ;
distillation colums, and hence a diar nat e
dialkyhearpenate posiucad @52 Dy wrpdurt and QniipHp S'Vétt’ ?Wﬁ‘gaa
di al kyl carbonate produced as a pr oduct
comp@aemmtmnmmprqcsices!acbatyégérmatﬁtﬁw{rom||9V‘é%rt payfion of the
Lai d- Open No. 4-211038), and a reactive distillation
colummetSwedPatentDiocomentitat UgparemeRatantApplicationilcaid:Qpen Ne.
hydr oxy conpound or the |ike are continuously fed into

4-93 ea FéédtWef‘d"lﬁﬂI%hoﬁln@éthbh i ivbichciblesemeactiahsoarei caniied out using
| ows down through the colum is withdrawn from

two c@nliﬁﬁt?&ls%hhieétagé @{étmsﬁoﬁbomﬁwtaﬁamo%t@detrﬁqermtens

wer nost st geo t he dlstlllatlon columm, and is

prodd&regiﬁcﬁq"t’iﬁﬁggélg thi &RABHAY rdt gﬁqjlé’mglsééi%oﬁél% produced as a

gnn SO as out I‘eaC:II on,
e agaf%tsgtﬂte@vt@om@te 4 ben No

outlet is provided, e reacti on carrjed
421098 B BASATIBIaEAE TSRO Ia A B kx'o‘tﬁthﬂ“?f%?@‘d an
Pat ent Docunents 16-1: Japanese Patent
aromati¢ by drsxy aaonpounzbanstig; likepye santimgeysty E‘@o&:e multi-stage

Japanese Patent Application Laid-Open No 4-230242
distil Radre colubat Laneha liggidihatfpus dewnthrasigh thpmqheraw%wﬂhdrawn from
Lai d- open No. 4-235951). 20 These reactive

a sidéictitlet bRividuy arirhpterndiatesstdgd pntite plcasemost stagataf the
are the first to enable aromatic carbonates to be

distillBfied %ﬁ.ﬁlnﬁ Hd i%qﬁt‘r'étﬂdceiﬂ Atceh frbsdton ptovidedhdutsidentne distillation
simlar réactive distillation systens based on the

L Rl
cire ﬁt‘@'ﬂ@a { b%gleéo ﬁf;é %\;&he%gé > Wher éggébﬁﬁ&qg%gé\ﬂded
whorshy RaSion BeeiRd ALY RELl (4 o et el e gptumn (See

(correspondi ng to European Patent 501, U P
PaterhRogamenty]6-1a dapaneseaatont A nehcasmzlgeéﬁg $uNen 224547,

Docunent 20: Japanese Patent
Patent Document 16-2: Japanese Patent Application Laid-Open No. 4-230242,

Patent Document 16-3: Japanese Patent Application Laid-open No. 4-235951).
These reactive distillation methods proposed by the present inventors are the
first to enable aromatic carbonates to be produced continuously and efficiently, and
many similar reactive distillation systems based on the above disclosures have been
proposed thereafter (See Patent Documents 17 to 32: Patent Document 17:
International Publication No. 00/18720 (corresponding to U.S. Patent No. 5362901),
Patent Document 18: Italian Patent No. 01255746, Patent Document 19: Japanese

Patent Application Laid-Open No. 6-9506 (corresponding to European Patent No.
6
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| i_cation Laid-Open No. 6-41022 (corresponding to
AOSOEWRIediNat ent No. 0572870, and U.S. Patent No.

5362901), Patent Docunents 21-1: Japanese Patent
Application Laid-QOpen No. 6-157424 (corresponding-to
Eur opean Patent No. 0582931, and U.S. 5 Patent No.

osen S FEED S, PHEPNEDSH RS ety BEROREHF 20 8Bincse Paen
pooN a5, Ko B 5o S5 6Tl No. 0572070

plication Laid-Open No. 7-304713: Patent ne o
and Lég PatgniiNg &31689@%? Paipnt Lagyrpants= ] o@@@nﬁe al'4‘9'1{11&11’!‘3''Cé""on
9-40616; Patent Docunent 24: Japanese Patent
Laid-@pphiNmtB-067424 (sotrespondingdosaropean fatentdie. 3x29%dnand U.S.
25: Japanese Patent Application Laid-Open No.
Paterfl-Nd. G3247 4BRtreatent Document 122 Jappaeses Batent épplication
Application Laid-Open No. 9-165357; Patent Docunent

id-6)ps ) 3168205 { @SHfesPRAbINgXo Europakd FEpent Wo. 0582930, and U.S.
Laid g-z)??ggc?gl%ateng [?os?ﬁner:fg? 28-1!g Japanese Pat ent

Pate@@ﬁ’éiﬁde%ﬁgggag%@géb nt%?l_@%&ﬂésé?gfagéorg #d@?éﬂiﬁ?ﬂLaid-Open

Japan plication Laid-

> 0. n ) = 3. Dak 2]
No. 7307 C5 i OPaTBbar 3 PaBEee Fafe ArER0GT EalcP0p8h No.
Docunent. 29: Japanese Patent, Applicatipn ' .
94065 PGt GechPeBnalargness Reld sl caton FAIRGPRA NG b-50225;
0785184, and U. S. Patent No. 5705673): _Patent 1t
PatentDosumenti2e:i tapanese hatenfrirmlicaiion g@BdI@PQUGNQ G FUETE! Patent
. (corresponding to U.S. Patent No. 60938429)O Pat_ent
Docuientr@éntlapanese PatamApplicationrekaidBpen Na. 91623073 Patent
No. 20 2001-64234; Patent Docunent 31-2: Japanese
Docunedritr7: Apphhes¢ PateritadippliCation Deid-Open Nt 228538 18 Ratent
Docunents 32: International Publication No. 02/40439
Docurfétits 2BRPNHphele RatsSnt AsiliationNQ.aicspedNMo. 94186084 Ratent
No. 6596895, U.S. Patent No. 6600061)). Anmong
Doc n?é’ﬁtt%%?'t gée;?ér&%eqﬁétgﬂt Aypiii®n LidE-OPPRO! 2000109896 SPatent

ave proposed, as a nethod that enabl es

o N LT o ADPRRIA 6 B0 g e
' 7. A0501 U P. i ,
Docfpggﬁtoéeafit.%p%ﬁtpgﬂ %@T%pt&ppglgpﬁgq] baﬁé&#ﬁﬁ%?ﬂ’gﬁfﬁ (&rresponding

& |
to Eiopean Patont No. 0788184, and U.S. Patent No. 5705673); Patent Document

30: International Publication No. 00/18720 {corresponding to U.S. Patent No.
6093842), Patent Documents 31-1: Japanese Patent Application Laid-Open No.
2001-64234: Patent Document 31-2; Japanese Patent Application Laid-Open No.
2001-64235; Patent Documents 32: International Publication No. 02/40439
(corresponding to U.S. Patent No. 6596894, U.S. Patent No. 6596895, U.S. Patent
No. 6600061)).

Among reactive distillation systems, the present applicants have further
proposed, as a method that enables highly pure aromatic carbonates to be produced

stably for a prolonged period of time without a large amount of a catalyst being
7
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onponent is reacted with an active substance-and then
A0501sb'5’é|7af(é‘t!‘l off, and the catalyst conponent is recycled

(see Patent Document 33: International Publication
No. 97/11049 (correspondi ng to European Patent No.
0855384, and U.S. Patent No. 5 5872275)), and a nethod

syt B O el et s

systemto al yst ma at _not
compRRRIE b RGN A S SRSt NS Ber B‘Fé%%‘gﬂﬁ aiefhe
Lai d- Open No. 11-92429 (correspondl n o Eur.o
catalysticemponent isgeesded (sariPaient Dogpant t%"i@i'?ﬁ@?‘?“b"cam”
Furthernore, the present inventors have ropose
No. 97kt bad (cmrretpm'idlrig)tomumpeas Ratent Nei @&55%3 ;ﬂﬁ@HdlS Patent No.
produced as a by-product in a polynerization process
5872275\l @ neéthod aatristjoutaiisite kéeping@ Beightratio ofa polyhydric
can be produced by neans of the reactive distillation

avetei o Beaisigst metal ahaot more
aromé‘igéwﬁg%’rpx? Qbﬁldi‘iuﬁafiﬁftﬁe Feddtionadys ¢

for po ymerlzatlon of aromatic

than %@'t(éﬁér%g%ﬁ ﬁé?urﬁéﬁe.?:f hebl FHER tAggb'?lcaﬁéYﬁ)ﬁBFHSQpen No.

I on Lal en No. 9-2
1102428 BBSRondldo t%ézem%ﬁﬁg@&ﬂ@lﬁaﬁaqéﬁ%lﬁ@?ﬁ’?%’f&ﬁm"
62628} Wi FrDarRORaIRsPIsSehy v RBY S BVP PLORA Y £ gt in which

nmet hod i s proposed, there is no I scl osure tso ver
70 to &9 % kypweight of ph@a@lgoawc%aa@a@mr%‘&gm %QO %”Z ation

production on an industrial scale (e.g
procdssus Jusedas & startirg matenjal derd dnnnemhcamggef@t wgbg @rgtw?d by
a process or apparatus. For exanple, the descriptions
meariCortheireeictivendistilfdtionhinethoa) Td\lsidmmengkca(rbpnah@camb@ uged as
nunber of stages (n) of the reactive distillation

the ré@'n‘a‘é@naﬂﬁ)r polypestizztiohajf aremati polyearsorates. dsee F@tent
kg/ hr) disclosed for producing mainly nmethyl phenyl

Doc&ﬁéﬁ%tﬁgéffﬁ% ﬁfafé?ﬂ‘ﬁ‘ﬂigﬂﬁ n%BHTLéﬂtfggéﬁm @%Wwor@spondmg

sunmari ze abl e 25 Table 1.
to Eisapadn PatentiNY! dagz0Bih [hd 78! PLAERTB787608! "

However, in all of these prior art documents in which the production of the
aromatic carbonates using the reactive distillation method is proposed, there is no
disclosure whatsoever of a specific process or apparatus enabling mass production
on an industrial scale (e.g. 1 ton per hour), nor is there any description suggesting
such a process or apparatus. For example, the descriptions regarding a height (H:
cm), a diameter (D: cm), and a number of stages (n) of the reactive distillation
column and a feeding rate of the raw materials (Q: kg/hr) disclosed for producing
mainly methy! phenyl carbonate (MPC) from dimethy! carbonate and phenol are
summarized in the following Table 1.

Table 1.
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519 2005201 20 350 2.8- 0.2 21 5005
noso LR 7, 100 4 - 1.4 24 300 5 40 1.5 26 300 5 40
1.5 28 400 12 40 53 29 340 5 40 2.3 32 1200 20 40
86 33 1200 20 40 86 34 600 - 20 66 35 In other
wor ds, the biggest continuous nmulti-stage distillation
columms used when carrying out this reaction using

e Teoactive-dfrstiTart YE[are tnose d
El)y thecpr esent Dappmi ¢ WIHIE EEiLq{ nt @ Dd@dhénargogéﬁﬁgT
H—As—catrr—phe—shov —U'm'% —t TR gTex U Vapues
(J_L&ari bLls - cOnditi -tk coﬁe AHOHS 19

ful ti200 agel di st P [ atibn c®mms ldi sclhsed flor 1 RO
:

ibove3act {on @#.8 H =| 1206 cm [D=0Rcm |n = 20
Pat egfyp docyiment 523), pnd @g- 86

kg/ hp,6 and |t he p@t al

TTouT pr—apoTetT Ldl ponatres pr | MET Vi p@nyl
ra-boRo-e—arte—eH E to—eprben ROHret)—v 6
opr 039%mt ell y 103m/hr whi®d u ndunt

rod B onlan i Mdustr]al <Ml e. dever 28

ropaf@d s have ajgo bebn medl® redar di 63 p}ocesseQQf or
Ut _amg al co 1o| T4Pm a Feachipn mixtur g2

Lot )
LILLY

rili i 1
© t Y meTiTe T allJ TITe KT oyV- uuuu:u L ”f I
frfgbgsl_erifir —on eaeﬁ-%n—biée ety 337
dar bd280e ahd 1528henol. EAOexanbl e 86here |have Heen |

dr opoBBO a frocess in i ci2®he above 66 eactli on i35
carrired out using a reactor 1n which a liquid phase
portion is divided into a plurality of reaction
sections, and the reaction liquid passes through the
sections in 9

In other words, the biggest continuous multi-stage distillation columns used

(00 W e v y N 0O

when carrying out this reaction using the reactive distillation system are those
disclosed by the present applicants in Patent Documents 33 and 34. As can be
shown from Table 1, the maximum values of the various conditions for the
continuous multi-stagé distillation columns disclosed for the above reaction are H =
1200 cm, D = 20 cm, n = 50 (Patent document 23), and Q = 86 kg/hr, and the total
amount of aromatic carbonates produced (methy! phenyl carbonate and diphenyl
carbonate combined) was only approximately 10 kg/hr, which was not an amount
produced on an industrial scale.

Moreover, several proposals have also been made regarding processes for
separating out an alcohol from a reaction mixture containing methanol and the like
by-produced through a transesterification reaction between dimethy! carbonate and
phenol. For example, there have been proposed a process in which the above
reaction is carried out using a reactor in which a liquid phase portion is divided into a

plurality of reaction sections, and the reaction liquid passes through the sections in
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0 KAN order and flows out fromthe reactor,
AOSOQ%‘I&&E W t hdrawn from a vapor phase portion, and
subj ected to heat exchange, before being subjected to

separation in a distillation colum (see Patent
docunent 36: Japanese Patent Application Laid-Open

ordr it Ao e 8800 PESEASE ot 0P phace
o R U ok o 1 i
s 3B S HASA 8 3085 Mot BB s opon

ésee Pat ent Docunent 37: Japanese Patent Application .
No. 2083418p44), mod 2pogess ipuijch thesarms reagier ispiseck andthe gas is
these processes is to recover the heat energy in the

withdggven frompiheevarr phase portieh @ndesubjecied @ hegt exehange and thus
exchanger when carrying out reaction using a

liquefiesd) bisfarewseing sulbjedtedaakseparationr byadistitatioroatal pesssire higher
as the reactor. There is no disclosure or suggestion

than ¥Mea3re88)@Min e ¥apbNBhaksd PertibAST iedFefier @eel PatehEDgesment
an component smto hegt |tghe s?‘g.rt'ti ng materi al .@el\/breover,

7 SRR AR S B (PSR scai ) adfur o oo
car bonat e

1.5 %Db ' .

of theidl IHABSEGos 1k 1 rpeer Rt Serdy 1t B0 bas BBfhobnagiedy

by wej ght of dipethyl carbonate, 1.4 % by wej.ght of
prodyging iegm using ANeabxsaRary whepcaging PUL TREEHSR Usig R

carbonate and so on (see patent Docu nt%ﬁ%z%f Vi'hi ch.
contighqusestiTest iank reagior agdnenlignsesd eariar as the | oi IINREE IS no

point reaction mxture containing a by-produced
disclasure loolsuggestioredhatsoryerragasding wsirgpthg haatiengrewin the gas

system This is obviously different therefore to the

compoheetoio segtahastarting matetial. a Moredeer the nexposition of the gas
concentration the al cohol fromthe | ow boiling point

compcPiRpid @Bta_iﬁwwhg tRE PEHERh S\t 19 IT AWy weight of dimethy!
distillation system A process has al so been proposed

. on SV pr ¢ . P
carb%r;ét%? 'ghf’%a)f WQ@? of RIZIRHABI NEhAE R By eIt of Bhefol/@e¥Patent

hanol 1s distilled off at

Doc BRFRITE §b 4, Avich o SRBNABanAE 3 ot etricn
metnEg g RS et AR B B 2 B o on (oo
pater?tot():ggfntl]érsmt ??Ti)t, Uv%ch &i?fers greatly to the composition of a low boiling point
reaction mixture containing a by-produced alcohol produced using a reactive
distillation system. This is obviously different therefore to the case of separating out
to a predetermined concentration the alcohol from the low boiling point reaction
mixture produced using a reactive distillation system. A process has also been
proposed in which a liquid containing approximately 10 to 74 % by weight of
methanol is distilled off at approximately 30 g/ hr from the top of a distillation column

provided on top of a tank reactor (see Patent Document 38: Japanese Patent

Application Laid-Open No. 6-157410). However, the above patent documents either
10
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AOSO?&&Q& KAN relate to processes carried out on a
| aboratory scale, or else nerely relate

to carrylng out a conparative cal culation of the
anmount of energy required for the distillation. There
IS no specific description or suggestion whatsoever in

relate%%r%esg S‘@HQH SuP8h FYmEAREHIB M TaBdthry Béa!boor else merely

h I'ng of separation on an industrial 5 scale.
relat%tg?%i@in%ﬁu S ERST3! B ShEh %meﬂrs?*ré@ﬂred
o BRAT 3 AR S S AR ol n ary o

wi t hdrawn from an uPper portion of the reactiv
the abipa pateat HBALBENFRISNCAOIGTYING PHtesRRATAN PR A Ingystrial
m xture al so containing 10 conpounds present in the
scaler eacti on system having a | ower boiling point than that
of the aromatic carbonate produced, for exanple the
di @l the casy Siogbyngodt ransestertficatipd reastiarobetw@ed a dialkyl
constituting the starting material, a by-produced

carbHdtd 'anadraf] aiittic hﬁﬁdxﬁ@orﬁbouﬁb @strfgeél sesdtiveidistiliationsystem,
reaction i s an equilibriumreaction having an

the biiﬂr& ucel'gBHﬁ)@g#ebb%nfg%(?égnﬂtﬂﬁﬁwt\mtrﬁﬁﬁwh e an upper portion of

Is” 15 reaction.

e SR Sl LRt P01 byt oo
comp{oi{?@\éee{{r 5%%3%%? ; ?ﬁ'ﬁgs% qnaa,a oS Ilﬂv?%cbcillﬁg; gﬂ'lgwnethat of
conmponent cont ai ni ng e al ohok i
the aécpmatw sataonaim pragugsdy for §x aﬁ? QF%H 06@ Qfnd gpgmatic
Several proposal s have been nade regardlng processes

hydréxyr carapoynagonstitutieg tepsteetingomatsyiali 2 by irreguead alkylary! ether
| ow boiling point reaction m xture containi ng net hanol

and s;ondi Whtrdnseatebifioatien mactidnasvan faquifibsinmurgastiop dvavingnhan
of a columm when subjecting dinethyl carbonate and

extrePiEl P Rbw eQuilibAilResdristariti and inence eycprodnced altphal impedes this
react ive distillation system These are an extractive

reactic ln' tﬁb'c%@e%? idl fm n‘?éhtbh@n ifBUsEdomes important to

ravvn romthe top of the colum while extracting

connbgﬁw%&:&ga;% SR TPl Sl
mixt gpiqcs tg'pﬁ'{%)ﬁ%%mghavmg aBiw dortAHihe b bhadd ddifiponent

containing mainly the alcohol efficiently and stably for a prolonged period of time.
Several proposals have been made regarding processes for carrying out
separation by distillation on a low boiling point reaction mixture containing methanol
and dimethy! carbonate withdrawn from an upper portion of a column when
subjecting dimethy! carbonate and phenol to transesterification reaction using a
reactive distillation system. These are an extractive distillation process in which the
methanol is withdrawn from the top of the column while extracting the dimethyl
carbonate using dimethyl oxalate as an extractant (see Patent Document 39:

Japanese Patent Application Laid-Open No. 7-101908), an extractive distillation
11
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AOSOW&_% KAN process in which the nethanol is

h fromthe top of the colum while extracting
t he di net hyl carbonate using ethylene carbonate as an
extractant (see Patent Docunent 23), a process in
which distillation is carried out at normal pressure

70 20
proce@?ﬂ« ST oSS RgEh T e

extracli nﬁhﬁycl(@ég{yg%@rﬂ%agggl a%tﬂ@gyérc‘émérﬂgégg ?g%rﬁé)\s\tﬁlﬁﬁnt (see
Pater@@o;:u%%]c}%%%ﬁw 6§n ?pgﬁ/ma?/sgﬁet hitgtc%frn% égﬁgﬂh erg{kﬂ pressure

from the top of the colum (see Patent Docunent
and asmixtueastaingg apnmmmatalynm@ Py weightofimethgn %'oaf%
% by wei ght of nethanol and 40 to 60 % by weig
approsimatety B0 % byoreigbheft dimethyd isashenate is obtaings ftr@m tbe tPIP\ of the
colum (see Patent Docunent 24). However, with the
coluneX{sezckateat Dioslimeht 28 ra process sewhich & amgaranomammg 64.5 %
the extractant nust be used, and after the
by weigjfht cﬁ%é@fénot 88d 85!5 @(ﬁbyﬂ%@rﬂcbf idiethyreariphatecarditaiaed from
nust be further separ at ed from one another. Wth the

the tcl?alt %bg@ﬁﬂ{?ﬁ@?a al om[fcﬁ,g t op o éﬁ@arﬁb&?’é&h wiich té\emlxture

"the col um |s | ow 1

at. | t ol
contafipa Be i &V wbiohf oty AGTE 80 ey iony °*%%‘P*ethy'
roduci ng. di pet h arb .. Mor eqy ]
carbdfiaga 5 pbginad ot £9% b i Suubt GBE Bt philiprat 24)
above Patent Docunents, the anou ﬁ‘%{anol
seplomaves Wil ARty b A IO RRceRsee & ﬁeeﬁm%wt of the
hundreds of grans per hour. Even in Patent Documne
extrag@nt whist bedseg; andaftenthe axlg@@tomMmaxtra@tﬁ@t a@@t%@mﬁthvi
of nmet hanol processed is only approximately 0.9 kg /

carbdmiate st dvecfiurthee gepatiated from eneranéiber.wiith the@ther processes,
separating out of the methanol by distillation is

the céﬁferrit Bl tHine@HHol wmesliqu«'u withieavary from {rt teptof the column is low
documents, the | ongest in the case of Patent

at ledORAREY °n2l§|r st Mﬁ@héﬂé@%ﬁ& iPindosHB i thercdskasf use as a

reactive |'ation systemis used, and this is at

o ] 8 e il caRrl, ol 300 Sepdion
reco{w:pgﬂ% %%%%ﬁi‘lb%%h ttgar él?clz]vet FSWE\E F)%gén%?h@ Qhé%ngtggﬁ of
meth%%g} sepalrated out and recovered is not more than a few hundreds of grams per
hour. Even in Patent Document 20, which describes the largest amount, the
amount of methanol processed is only approximately 0.9 kg / hr.

Moreover, regarding the time for which the separating out of the methanol by
distillation is carried out continuously in the above patent documents, the longest is
in the case of Patent Document 26, in which a reaction system other than a reactive
distillation system is used, and this is at most 720 hours. The longest in the case

that a reactive distillation system is used is only 2 weeks (Patent Document 28), with

the others being 10 days (Patent Document 24), or the time taken for a steady state
12
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A050Q8ﬁg% KAN to be attained (Patent Documents 14 and

. periods of tine are extrenely short, and
there is no disclosure or suggestion of an industria
separation process in which the distillation
operation is carried out stably for a prol onged period

to be %ﬁtaﬂeﬁﬁlr‘éﬁe t.‘i‘:?dﬁ:ﬁfn?ént?1 Rousedo) o uresel perickisasinge BRAYExtremely
ours. 1n _tq'll s way, hitherto there has 5 been no
short,iS % ﬁéﬁg gsfdhé @Ls%f%i‘{u?% %5‘ s%lkjggﬁ%rl 6’f”arY‘4?1%lh§9fam géP%‘;atiBH process in

I Cess or appara
iR o s 5008 o5 BBt RorBRaBi e e o
vl PR 6 S A0 By bR g BHBSHE Bl e

aromati c carbonate using a reactive distillation .
been met spegificidisCbsateoensuggsstionwhatseaver ©f A ingugtplsapasation
the present invention to provide, in the case of
proce¥sashapipagatas forpsepansiing oat thensicehal leflicientpane atabiy tor a
distillation systemusing a continuous nulti-stage
proloA§&d pktiad iof finfedkorima lowpbbifing ipairt Yéacturbmbatre cordaiming an
aromati ¢ 15 nonohydroxy conpound, a specific process

alcohtgr gg-lpsg@.gée‘bginéés %rge?] gggﬂjn? whanaaaseally prdfidiPthecadmatic

period of tinme on an industri al
G f ; . /I hr while efficiently
carb@%agéﬁgﬁgn%P%%tjtﬂ%g%ﬁsytﬁl%ﬁglau}ncéétﬁa% cohol . Since the

present inventors disclosed a process for producing
aromati ¢ carbonates using a continuous nulti-stage

~distillation colum, various proposals 20 regarding
Disclgsiyesafdaventian « he production of the aromatic

carbonates by neans of a reactive distillation nethod .

hales eesbjectdy theipiesant invardion taprevide] indbeags of producing an

smal | scale and short operating tinme |aboratory |evel,
aromatid cartsorata dweugh enreastivel distillation systemaisiog acgoniinugus

speci fic process or apparatus enabling mass production

multicfage dishlasdr taunfrirdm®. a bialkyl earboinatdend an aromatic
ci rcunstances, the present inventors carried 25 out

mondh i 8pcahgBnala SoRam oo spaatios s guesaic carbonat
be plgo;yuﬁ%g %F%slg ﬂ:gri%pfb%r‘\é)éh BEridd BPIMB oM lanh [HHLstHdl FcafC &l ot less
than 1 ton / hr while efficiently separating out a by-produced alcohol.

Since the present inventors discloéed a process for producing aromatic
carbonates using a continuous multi-stage distillation column, various proposals
regarding processes for the production of the aromatic carbonates by means ofa
reactive distillation method have been made. However, these have all beenon a
small scale and short operating time laboratory level, and there have been no
disclosures whatsoever on a specific process or apparatus enabling mass production
on an industrial scale. In view of these circumstances, the present inventors carried

out studies aimed at discovering a specific process enabling the aromatic carbonate

to be produced stably for a prolonged period of time on an industrial scale of not less
13
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0 KAN than 1 ton / hr, while efficiently
AO5O@@%§% ' out a by-produced al cohol. As a result,

the present inventors have arrived at the present
invention. That is, the-present invention provides: 1.
In an industrial process for the production of an

than f‘go%‘ﬂ’iﬂ ﬁ/hﬁ@%@ﬁﬁ?@ﬁé@ééb&f%ﬂﬁgghé by-br8HAEEd hleofial Doah gesult,

cont i nuously on“an industrial scale
t hr ough reactive djstillali . of
the pregfpt 'ﬂﬁ%ﬁ@ﬁ/ﬁ?‘é%af'rﬁvgeda&stb%rp? %%%Rr'rayée‘?@ﬁ containing a
di al kyl carbonate and. an aromati c nonohydroxy conpound
i nlBatiscHRtRREBLNVERHAN PIOVIARS: di sti | | ati on col utm A
in which a catalyst is present, carrying out . .
1. In anindustealicrpeess ion the pradustion o ag; aiPmaligGaghenate in which the
simul taneously in said distillation colum A 10
aromatimtanooats is cantindoasly mass-pradusetidman siustnal sgale; thrpugh a
m xture AT containing a by-produced al cohol froman
reactivBREStIREBH isgBteph of edrstirlictsiyl featiingra startimgmatemalacontaining a
gaseous form and continuously w thdraw ng a high
dialky? ¥attbdiate @ndtard S@matR mBhshydrexfBorpouindiiniog cohnuous
aromati c carbonate froma lower portion of said
disti Ll agi o o out
mu‘tl%@éo{j/'gﬁﬂaér%w vﬁ %%W(?(‘)@p‘wlggza J::ﬁtgw(s gssflsai dn%%ﬁtrrly Irl;ll(]:’ous

mul t.i- st age di.stillat.i <ol u I : B bl At
wansEierfipalg aciop A ndR] SAPLARERRY IF Siaisination polumn A
dianmeter. D (cm, an internal wth. a nupber ]
continueysly withdrawinga '&&éb%lh’t‘ﬂﬂ BPIN, L&A enaﬂ"ﬁtwgi”&eg%r@bﬁé
di (cm at the top of the colum or II q an_upper, .
by-pregticed alcshol femea URReRBRIOD T A digfilation Galting A3 gaseous
having an inside dianmeter d2 éjcn) at the bottom of
formtdred comtimiousty withdrawing: & high bpdinggointfeagiipr BIXHE Aear
to the bottom at |least one inlet provided in the _
contalRipgthe airbinatic zardarate from ddbwepportioorof said distiatiameelumn Ain
bel ow said gas outlet, and at |east one inlet provided

a liqdifl forr &hb GMPFrovRMRéMHIieh copriseburm above said |iquid
outlet, wherein L, D, n, dil, and d2 satisfy the

fzg'(glggﬁg%gngh%%%ﬁ@?%té;@&i%gb?%&%zlA corfiPAded 4 Xistillation
column having a length L (cm), an inside diameter D (cm), an internal with a number
of stages n thereinside, a gas outlet having an inside diameter d {cm) at the top of
the column or in an upper portion of the column near to the top, a liquid outlet having
an inside diameter d, (cm) at the bottom of the column or in a lower portion of the
column near to the bottom, at least one inlet provided in the upper portion and/or a
middie portion of the column below said gas outlet, and at least one inlet provided in
the lower portion of the column above said liquid outlet, whereinL, D, n, dy, and dz

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

1500 < L < 8000 (1)
100 £ D < 2000 (2)
2 < L/D S 40 (3)

14
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KAN 20nS120 (4) 5<D/dl1 < 30 (5) 3;5

AOSO@?@%&_—WG); (b) the low boiling point reaction

m xture AT is continuously fed into a 5 conti nuous

mul ti-stage distillation colum B, and a | ow boiling

point mxture BT in which the concentration of the

al cohol b§ &0t gquot han 90 % by weight is (4)

continuously wthdrawn from an upper portion of said

distillagign u in a gaseous forn (c) hi gh

boi | i ng o“%npclraré&rg]ur:g) BB having a | ow cont ergtsﬁof t he

al cohol |s opti nuoysly withdrawn froma | r

portion éfgsggd%:oélﬂt uous nul ti-stage distifTlation

10 colum B in a liquid form. and said high pajlin

polthaiow belinaaiat FaRtoM TUKM Ar EContT LS Bired N a

continuous nulti-stage distillation colum A and thus |,
contimwouscnultisstape distillatier solimn Beand @lowahejling poisd mixture Br in

continuous nulti-stage distillation colum B conprises
whichathé sdridentriation of the aieoholdswot t8ssghan 90 %y weight és cantinuously

having a length L, (cn), an inside dianmeter D, 15

withdf&wh frdislaf uppet Bbftidn ofi $did distilatie collnst Bde s gaseous form;
t herei nside, "and an enrichnent section having a | ength

L bt oA o sloaen v i
coniflfl it R BB R st
coa 5 st oo s o o o
into s?ésid gorrwlt%nu<oulsor(r)1ul(ti%§'t?a'ge d}sstillation column A and thus reused in the
transesterification; and

(d) said continuous multi-stage distillation column B comprises a distillation
column comprising a stripping section having a length L4 (cm), an inside diameter D4
(cm) and an internal with a number of stages n1 thereinside, and an enrichment
section having a length Lz (cm), an inside diameter D, (cm) and an internal with a

number of stages n, thereinside, wherein Ly, D1, ny, Lz, D2, and nz satisfy the

following formulae (7) to (14):

500 < Ly £ 3000 (7)
100 < Dy = 500 (8)
2 £ L4/Dy £ 30 €)
10 = ny £ 40 (10)
700 = L, £ 5000 (11)
50 £ D, = 400 (12)
10 = L/D; £ 50 (13)
35 < np = 100 (14).
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KAN 2. The process according to item 1,
posof 5% Y64,

| ess than 1 ton / hr of the aromatic
carbonate is produced. 3. The process according to
item1l or 2, wherein said d, and said d2 satisfy the
following formula: 5 1 <d2/d, <5. 4. The process

2. T@%ﬁ{?&%é@aé&r&ir\pi@ WenPh, ‘ghéfé_in ot es3 ,thmqftshzm‘r@'f ¢he aromatic

I nuous -stage distillation colum

carb@%gﬁrﬁéugg&i stillation colum having a tray and/or

said internal. 5. The process according

o item4, wherein.said continuous multi -t :
3. THRRPEPSR EPTOIG tBART & 2 VY Poceeid o ARf 3 g satisfy the
distillation colum having the tray as said internal.
followdng fareyaocess according to item 5, wherein said tray
is a sieve tray having a sieve ortion and a down
coner portion. 7. Th& $r 6eésds Hceording to item 6,
wherein said sieve tray has 100 to 1000 holes / nR in
4. Tl phosesy aceurdinigan. arysorse oflfempridoed; sviagre shid gontinuous
item®6 or 7, wherein the cross-sectional area per hole

mu|ti%ﬁagr@arétmsét@hecdmmh A omprises ardistiliatioh cotanin havimgsa trag and/or
9. The process according to any one of itens 1 to 8,

apa%gggggiméphal_u | D1, ni, L2, D2, L21 D2, and n2

sai d continuous multi-stage distillation colum B
5. @%Har%fggi%ggcgjdﬂ@ @J"Wé}ﬂﬁf %H%%Iﬂ%fé& %ntﬁsfuno’lusiugggggg c%)igéiillation
corin i S8 o g gl as i ol
6. 'Ita'?ﬁgrno%ggg Zﬁgéﬁﬁge@ml@ti é@jqr%{]qesfgm Pr@i{gg @Hi‘é% a)ltlpia{}ing a sieve

section of said continuous nulti-stage distillation
portien Bnd@ ®wR camer @erigmd/ or a packing. 25 11. The

process according to item 10, wherein the internal in
7. ‘Bespromess lmecstdingfu iem 6 evharein said sigve teay has ibato 1000 holes /
section of said continuous nulti-stage distillation
m? irc€did BieveliSortion.
8. The process according to item 6 or 7, wherein the cross-sectional area per hole
of said sieve tray is in arange of from 0.5to 5 cm>.
9. The process according to any one of items 1 to 8, wherein Lq, Dy, L4/ Dy, Ny, Lo,
D,, Lo/ D2, and n; for said continuous multi-stage distillation column B satisfy the
following formulae: 800 = Ly = 2500,120 < Dy = 400,5 = L41/Dy = 20, 13
< m < 251500 < L, < 3500,70 < D, = 200,15 = L2/D2 = 30,40 =
ng = 70,L1 = Ly andD; = Dy
10. The process according to any one of items 1 to 9, wherein the internal in each
of the stripping section and the enrichment section of said continuous multi-stage
distillation column B is a tray and/or a packing.

11. The process according to item 10, wherein the internal in each of the stripping

section and the enrichment section of said continuous multi-stage distillation column
16
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KAN Bis atray. 12. The process accordi ng
AOSOfgﬁ?fY wherein said tray is a sieve tray having a

sieve portion and a down coner portion. 13. The
process according to item 12, wherein said sieve tray
has 100 to 1000 5 holes / n2 in said sieve portion.

Bis a]tﬁa The process according to item 12 or 13, wherein
ey'cross sectional area per hole of said sieve tray

2. ey Borfalf QB iy B et g
nt of the al cohol arated out in said

Sleve&ﬂﬁ‘c‘q’%%g@ dRwR icogleﬁé’gnfﬂrgti |lation colum B is not
| ess 10 than 200 kg / hr. 16. The, proce ccordjn
13, Thegigcesractorfing g lem $21%heigie seidsiave Bay Bas: {QQ% 1000
of _the alcohol in said Iow boiling point mxture BT
holesi fanhist sdid sievenportioB. % by wei ght. 17. The process

according to item 16, wherein the concentration of the

14. Fheqitotesnacsmiihgl tovteboil Riond 3peihereinithe cressedtionabarea per
| ess than 97 % by weight. 15 18. The process according

hole &0saA%icveatrsY isiih & fangeld flof 0V81&s Bicm?sai d | ow boi | i ng
point m xture BT is taken as a starting material for

15. AHQ g#gl =3 cgdralr@’tjo éi'@r S8t fems ]Igto ﬂzh HEr8FE&$ amount of the

acc O any one itenms 1t 8, wherein a

s BT L P A s s
ion of said continuous nulti-stage distillation
thangﬁbﬁmr{ “inaliquid formis not 20 rmrethanOZ%

wei ght. 20. The process ccor(éll ngﬁo ite f
16. RroResHaceaingso Y one obiteRd O M%re'm?gﬂnce"tfat"’m
boiling point mxture BB is not nore than 0.1 %Db
the alashghin said lowheilipgqmiatsmixdurer B isgiatdessipapRS & by Wﬁ'ﬁht
1 to 20, wherein heat in said |low boiling point
17. rRecpionessiactoming D iterh Hé; wiveréin the gancentsatiasr of the alcohol in
used to heat the 25 starting material for the

said Incriuwi?léi?ﬁ? Zs”duﬁtlrﬁ&tur@ B+ i€ thot Ris3 thah G7C%rby weight.
ge distillation colum A 17

18. The process according to any one of items 1 to 17, wherein said low boiling

point mixture By is taken as a starting material for producing a dialkyl carbonate.

19. The process according to any one of items 1 to 18, wherein a content of the

alcohol in said high boiling point mixture Bg continuously withdrawn from the lower

portion of said continuous multi-stage distillation column B in a liquid form is not

more than 0.2 % by weight.

20. The process according to item 19, wherein the content of the alcohol in said

high boiling point mixture Bg is not more than 0.1 % by weight.

21. The process according to any one of items 1 to 20, wherein heat in said low

boiling point reaction mixture Ar withdrawn in a gaseous form is used to heat the

starting material for the transesterification fed into said continuous muilti-stage

distillation column A.
17




- KAN Advant ageous Effects of the Invention
AOSOﬁ)J'MiS_ n di scovered that by inplenenting the

present invention, the aromatic carbonate can be
produced on an industrial scale of not less than 1 ton
/| hr, 5 preferably not less than 2 ton / hr, nore
preferably not less than 3 ton / hr, with a high
selectivity of not |ess than 95% preferably not |ess

AdvayigBTf PR E R IEERYY (7o of not Tess than 2000
hour s, preferablé‘gﬂ{‘)% | ess than,.3000 hours

or ke e diseovesed that fy IBRRGIRG %Pf&%e“y“gr?hﬁwthe

carbonate and an aromatijc rmnohydrox
aromatig cabenate cambe apedugachen antm@v?évalp%&i%gg Qﬁﬁ%ﬁ% Lton s,
not |ess than 200 kg / hr. Brief Description
prefe@binhoblesstigan 2 tos / br, seorerpreferablygwtdessihasdian /ehf with a high
showi ng a continuous nmulti-stage distillation colum
selectivitonf metrless tianod8%  pastenably dotsiess keen 87%| maragreferably not
present invention. 15 The continuous nulti-stage

less tﬂbﬁtgd% 3§tbl@l§} 1604 PidloRg6@ FBFiDE ©F tifie dfirictiess thaha?000 hours,

exanpl e, tray 6) installed therein, which has n
el t%b@ﬁh%ﬁmwo hours, from
prefegeﬁ]tg%ﬁét Ieggc@é%'tg?%%@ga% [t1- sﬁgg%ﬁm sc; illation colum

sl bR s oty
cona 0 o B B A L R RS R

internal installed therein, wherein the nurrber of

stages of the internals is n, in a stripping section

(for exanple, a tray 7) and n2 in an enrichnment
Briefs&&&cripﬁpmbbDrawml e, atray 8), respectively; and

FIG 3 is a schematic view of an exanple showi ng an

appaBat issa flschematic vievg of anexasgle shewihgsa continuays mudi-stage

distillation to separate out by-produced al cohols in

dlsttllbhén cARn Ai’rﬁﬁéaﬂrjﬁh raiut peactive distillatiohlithe Breskentjimvention.
let; 3 and 4: 5: end plate; 6, 7, 8: tray;

The §§1t| Ui F?ﬁ’ulﬂ%ta#@ déﬂﬁ&kﬁﬁl@nﬂﬁ%’c@%%@@ anffternal (for example,

enri chnent sect length (cn) of a continuous

a traf®B) Idstd e%plﬂepélﬁ,t%fcﬂtﬂa%rh stages.

FIG. 2 is a schematic view of an example showing a continuous multi-stage
distillation column B for carrying out separation by distillation on a low boiling point
reaction mixture (Ar) containing an alcohol in the present invention. The continuous
multi-stage distillation column B comprises an internal installed therein, wherein the
number of stages of the intemals is ny in a stripping section (for example, a tray 7)
and n, in an enrichment section (for example, a tray 8), respectively; and

FIG. 3 is a schematic view of an example showing an apparatus for carrying
out reactive distillation and distillation to separate out by-produced alcohols in the

present invention.

1: gas outlet; 2: liquid outlet; 3 and 4: inlet; 5: end plate; 6, 7, 8: tray; $S: stripping
18
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i nside dianmeter (cn) of the continuous
A°5°mm—é@‘ée distillation colum A, dl: inside
di aneter (cm of gas outlet of the continuous
mul ti-stage distillation colum A, d2: inside
di ameter (cm) of liquid outlet of the continuous

sectidﬁ;;‘ 'E{S’h eﬂi‘i%ﬂﬁ‘neﬂi SbEddrR L Mhath $6MY B adontihuodie iiti-stzryd distillation

e stripping section of ‘the continuous nulti-stage
courfl A b BHOBEFRIT o B 0 Bottaton coam
o m%asfamﬁge@@@sptaaapupﬁeof ORI T coor

distillation colu side di apeter of

A; dreinsidmeiametes dom 61 iskid putiebat e Gagimmads my!taa@ge distillation
distillation colum B; 10, 11, 20, 21, 31, 41, 51:

colummlAcst Ly: 2Bngtts (cre® of e sWipping seetientafthe g@tlrwusgayltl stage
outlet; 24, 34, 38 inlet; 23, 33, 27, 37: heat )

distillﬁﬁ@h@@ﬂﬁﬂn Aeks Ivhgth (ccm) &ﬂhgiergioﬁaterﬁlmdtimeoﬂ then continuous
the followi ng, the present invention is described in

multideigd distitatBirrddinneRr Do edide Widttleten (¢ opaastiping section of the

invention is a conpound represented 15 by the general

contlﬁﬁ?iﬁ%‘hﬂ.uhq %@ e Histlktdn c&l’i@n pheL: aihidBldiaRiEtes eftah 8Arichment

group aV| ng 1 to carbon atons, an alicyclic

sectltg? g)ﬂ&%g@%hgﬁgétréﬂli%s%éég%?nﬂaﬁéﬁ%lu Baﬁ‘Pa’i’F”#'O/ 21,31, 41, 51:
inlet; 4% gm0 2, 35456 ol |8fﬁé“(:$§c9%§qtletb§{t,2# 3 TRBY 23, 33, 27,

(isomers), pentyl (isoners), hexyl (isomers), heptyl
37: heat er. octyl (isonmers). nonyl (isomers). decyl

(isomers) and cycl ohexyl methyl; an alicyclic group
Best flade s ing Qb e Irnjeption ut yI cycl opentyl,

cycl ohexyl and cycloheptyl; and an aral kyl group such

as Ity eme §oliowirtie; leé pyesent smrmtnsp is descrybast impyetail.

(i soners), phenylbutyl (isoners) and nethyl benzyl

(i $0am@IKy) carbohatPased Irethiel prasentihiemtio?bisgr campound represented

alicyclic group and aral kyl group may be substituted
by th@'gféhe?&l% Sl&@k);t uents such as la ower al kyl group,

ower arpoxy g 'oup, a cyano group or a hal ogen atom

19 A0501 N and may al so cont aj{kyan
unsaturatF(g(S)D ond t herei n. K )

wherein R' represents an alkyl group having 1 to 10 carbon atoms, an alicyclic group

having 3 to 10 carbon atoms, or an aralkyl group having 6 to 10 carbon atoms.

. Examples of R! include an alkyl group such as methyl, ethyl, propyl (isomers), allyl,

butyl (isomers), butenyl (isomers), pentyl (isomers), hexyl (isomers), heptyl (isomers),
octyl (isomers), nonyl (isomers), decyl (isomers) and cyclohexylmethyl; an alicyclic
group such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl; and
an aralkyl group such as benzyl, phenethyl (isomers), phenylpropyl (isomers),
phenylbutyt (isomers) and methylbenzyl (isomers). The above-mentioned alkyl
groups, alicyclic group and aralkyl group may be substituted with other substituents

such as la ower alky! group, a lower alkoxy group, a cyano group or a halogen atom,
19



15

20

25

f dial kyl carbonates having such Rl include
Aosoww%@arbonate, di et hyl carbonate, dipropyl

carbonate (isoners), diallyl carbonate, dibutenyl
carbonate (isoners), dibutyl carbonate (isoners),
di pentyl carbonate (isoners), 5 dihexyl carbonate

and n‘df‘%ﬁﬁ %tau?!ahqms\éllljr‘é?éé)bnony e(réﬁorrers) di octyl

ate I'Somer s car bonat e (| somers),

Igecl%g N bcP %\gyleqégg?@%aﬁay a‘aoﬁgcg{ ﬁp cly eog] @f’éthﬁ'}?érﬁonate
d‘e“‘!g 'Pgenz o B Catposaleal %tﬁ”ﬁ%%é@@@i'b%ﬁ Sttt OB

car bonat e | soners), di(chlorobenzyl) gjnat e
carbona@h@a@ws dibutyl metmmie/ﬂémr&)) gipep Cmaé%&'épg‘ﬁfs)
di (met hoxynet hyl ) carbonat e, met hoxyet hyl )
dihexgkcarbonate ([Scnens) ineply( carbona@t argan)mer@é»rdmetat earbonate
(isomers) and di (cyanoethyl) carbonate (isonmers). O
(isomiels)s gindngl darbopatebstmers), didesyl pasbaraib (pomees), dicyclopentyl
present 1 nvention are dialkyl carbonates in which Rl

carbdn%t@rauéydmhe@l esfboMRYd, Ricytfihapiyiedrbamate odibengylaznboridte,
onms and not contai ning a halogen atom A

mm%%‘@é&éﬂf‘ e BoGrEr S Hp RS P TRt HBRERS:
I I
d.(phg Whibl ErbnReilstridate @ﬁforO?%&@ GarbthetrianessS
dimelpiieRzu) SaBsane (5" opﬁwﬁra“d %b"ﬁ"caﬂ%qr@éé'negﬁd
an al cohol substantially not containi n% {1?93
dimeAon/eshyil FarheBRtn | PDRIE CORGUBIRP T beABR AR B AN
invention is a conpound represented by the foll ow ng
di(cyanoethyl cadnata fisomeps). of the aromatic  nonohydr oxy
compound is not limted, so long as the hydroxyl group

I s (fithesd Ubalk;bcadnmates tdmesq:refwablg ugedup the\presert imention
25 wherein Ar' represents an aromatic group having 5

are didlkyd GaFSeiNEs # Kfifch RXRnam aikyl Glouprteavirig nothmophhrofour carbon
corrpounds havi ng such Ar' include phenol; various 20

atom§ #%}Jﬁéééﬁﬁlﬁ h%fo@?ﬁﬁ? @Il ;hweﬁ%rﬂéullﬁglg?éége)féﬁémﬁeﬁh dimethyl
carbonate. Moreover, of preferable dialkyl carbonates, particularly preferable ones
are dialkyl carbonates pfoduced in a state substantiaily not containing a halogen, for
example ones produced from an alkylene carbonate substantially not containing a
halogen and an alcohol substantially not containing a halogen.

An aromatic monchydroxy compound used in the present invention is a
compound represented by the following formula (16). The type of the aromatic
monohydroxy compound is not limited, so long as the hydroxyl group is directly
bonded to the aromatic group;

Ar'OH (16)
wherein Ar' repreéents an aromatic group having 5 to 30 carbon atoms. Examples

of aromatic monohydroxy compounds having such Ar' include phenol; various
20
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| phenol (isoners), ethyl phenol (isoners),
A050£ih%@q§ﬁgﬁ (i soners), butyl phenol (isoners),
dlethylphenol (i somers), nethylethyl phenol (isoners),
met hyl propyl phenol (isoners), dipropyl pheno
(i somers), nethyl butyl phenol 5 (isonmers), pentyl phenol

alkylpﬂegg[gzér@ﬂ; ag\‘/g?r%égﬁ@%}ﬂérsﬁy%ﬁgﬁélsﬁsoﬁ{& XSl ety titbmers),

enol’s suc as net’hoxyphenol

etrartp Gy D e ) SEKPIENS| GrorftRS bprisherel fsomerY,

L
hyd d hyd
o Bt Feon i A e

aromati ¢ nonohydr oxy conpounds, ones preferably used

(isomiens), pentylpreel (isomers); bexsdpbemMi@bmershare@ cyelghexylphenol
substituted phenols in which Ar' is an aromatic group

(|sorﬂé@§)l REridus alkbRysesins satle as metRorysherial (isemersidrad | y
preferabl e. Moreover, of these aromatic nonohydroxy

ethoggﬁﬁﬂr 5o a@%g%@%ﬁﬂﬁﬁéﬁaé kychas ph@ﬁ?mr@pbﬂmmdl f(lllsogﬂﬂs)

usedin the 15 present invention

naphﬁgch Z‘ﬁ°ﬁ}%&§2yaf% vaisLdL cf‘?éﬁ i Jegg{agﬂﬂﬂil:? ard ﬁ@l‘ér@ér@ﬁﬁhbc

conpoun starting materi al
resent inyenti,on f
monghy AsSESRBPRUAYE PLds aa&&%&@v*@e@r{ Isogiershihyg *é%bg"%“”
starting material . remaini r tive to
(isomsrahiand PRy QHIBIG (BPBRLDed C%ﬁﬁ?ﬁ% SroBA monohydroxy
carbonate 20 ai med for becones hig which is tl
compsiindsi enes peeferakly Beee@in theckresaal 'gyenﬁon P%H"‘?lgbﬁ ifged and
recover the arorratlc carbonate. For such reasons, the
substifute phphals in milichoAr'ss moraromraticeraup yavingb fahgsagion atoms.
from0.8 to 2.5, yet nore preferably from1.0 to 2.0.
Pherid! i$ partieURsI§ prefonsielst i dMoreaver, obitese aromatichmondhydnexy
aromatic carbonate is 25 produced continuously. The

com;?%u.g‘\dEJ Bha8RuBstaptial RoBESHTBININY APRAYEH aneypreferablywsed in the
ed In contlnuously for the above production is

13P ton hr, 21 A0501 U P 17 KAN preferably
pres%ﬂ{jﬁ?%hlli rmre preferably 7P ton | hr, based on

t hel'haenﬁ‘\%rl]at\r f {IO ort] the dialkyl carbonate to the aromatic monohydroxy

compound used as a starting material in the present invention must be in a range of
from 0.5t0 3. OQutside this range, the amount of unreacted starting material
remaining relative to a predetermined amount produced of the aromatic carbonate
aimed for becomes high, which is not efficient, and moreover much energy is
required to recover the aromatic carbonate. For such reasons, the above molar
ratio is more preferably in a range of from 0.8 to 2.5, yet more preferably from 1.0 to
2.0.

In the present invention, at least 1 ton / hr of the aromatic carbonate is
produced continuously. The minimum amount of the aromatic monohydroxy

compound fed in continuously for the above production is generally 13P ton/hr,
21
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A050ﬁmpg€ﬁl§ar bonate (P ton / hr) to be produced. More

this anobunt can be nade to be | ess than
7P ton / hr. The aromatic carbonate produced in the
present invention inclues an alkyl 5 aryl carbonate,
or a diaryl carbonate or a m xture thereof, which are

prefer%ﬁ aﬂ< 6 Yorh F‘ WS ﬁré???ﬁgt#‘ tdnl At bQ&a&’Shgﬁ% Bridifit of the

car aromati ¢ nonohydr oxy

arom SRR I R el MBS BEEHIEB R con

of the dial kyl _.carbonate is/are exchanged vvlth the

be mags iake lesgt 5957&toﬂﬂg‘ Far omati ¢ monohydr oxy corrpound
and an al cohol is by-produced 10 (fornul ae éi%‘?
( 1Bh¢ aromatin camonetmpradugesin dhe prasent lfM@é“'P'é "#%?1 ana'ky’
formula (17) that mainly occurs. R OCOOR +Ar' OH -

aryl cArbaDEReRr a-didrdidattionate Aar 'a0oB0Re thmeaﬁ%hmh@rem;ed through
+R OH (18) Mreover, a reaction in which two nol ecul es

trans@itefificatRindydtwaenithe @Iiéllqﬂ Tatbdriate rpdihe cromatic omattyedoxy
into the diaryl carbonate and the dial kyl carbonate

compghheugmclﬁdéi‘éﬁééﬁhlsftkérﬁés@éhﬂdéﬁbﬁ@éW&@Gctldm g which one or
I Sproportionation (fornu a (19)) is also partially

both é’@eﬁglﬁig&s& n@dﬁhvent [ on @I téﬁoug t (Iear;é % Eﬁj v»ﬁ&ﬁhe'di'yloxy
MG TP TCRE Y Y e@@ﬁﬂapg%%e%.a'g?bma gy
o A Sk i S Eh8, AR5 bk 6kl 17

di sproportionation (fornula (19)) This diaryl
that reainiPedwsdoes not contain a hal ogen at all, and

hence wil| be |n'portant 2s g raw mat eri al vvhen
R'0COOR!+ AHIOl pr AAQCOPR! + BoOftar bonat @My neans of a

transesterification nmethod. 25 Note that the dialkyl
Ar'OCOBRatAr' @Rd—+ ' @COBAT e+ R Bhy dr oxy(i@npound  used

in the starting material in the transesterification of

t N{AGHeBSEMN h reBYREH irWhitAitwoZRolébk df tRe bikyKaly| eartioriate

of high purity, or may contain other conmpounds, for
prod G Bl ScdfbredNhfd the diaryl carbonate and the dialkyl carbonate through
transesterification therebetween, i.e. disproportionation (formula (19)) is also partially
involved.
2 A'OCOOR' — Ar'OCOOAr! + R'OCOOR! (19)

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 (formula (19)). This diaryl carbonate does not contain a halogen
at all, and hence will be important as a raw material when industrially producing a
polycarbonate by means of a transesterification method.

Note that the dialkyl carbonate and the aromatic monohydroxy compound

used in the starting material in the transesterification of the present invention may
22
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reacti on by-products produced in this
AOSOﬁEﬁp@gggﬂﬁd/or anot her process. 1In the case of
i ndustrial inplenentation, for the starting naterial,

besi des fresh dial kyl carbonate and aromatic
nonohydr oxy conpound newly introduced into the 5

each ég?ﬁbﬁ[‘ tﬁ ok gktgohélﬁb%r%gﬁ;ﬁf@ﬂsefdr%@ﬁﬂalé'nﬁ‘é)}wd)ntaln

f c tic monohydroxy compound recovered
compB{Jrgé%h 'rqs’qwcglgﬁ‘iﬁrs-ﬁroﬁggfs V&ogo%ﬁﬁgthg%ﬁfﬂ%%?% ggthﬂ::)r;é’rfbther process.
i tre e O AES b, S S A, BB s

colum A is continuously subject ed to,sep e&l
dialkyl Cathaniete POd arematie sHNANYEBYIEPTRRPYNd E?‘é@e‘“ rodLiced into the
distillation colum B; a high boiling point m xture
reactipRB)ystem,; ihis aisb prefecahie dausediallyd dapbenaie @neRaEMasicol
conti nuously obtained as a columm bottom conponent

mondhyaroxyienpind reooverad fromsthisgerodess ahtir iamothes proness.
must be reused as a starting material for the

U aERSHrsEAE HRERTSH, oW IS6Hling! boint rédtionanixturedis)
mul ti-stage disti | I'ation colum A, this being

contugt?%tfsg&g PFﬁefrgﬁgérg HFB e&'ﬂbﬁ'ﬂ?@ EritPliou MdiRsstdde distillation

ention, such recovered

colurfR A% P§wﬁ@@fgfsig?%ﬂéﬁ.ggﬁﬂ sopBrAT By GishidlichFin 2 Bnfituous
ul-r,a'i%&%&’s@&tmﬂéa@@% eaig&éﬁfhégéﬁgﬁ%@ ﬂg@r@% G By
startln rraterla IITEt carpon s the | a
b ate

conten of Simby-PEpRLGRLAEPNGIC USSR R8I iRy B3ftom

compound, the st arting material 20 may contain snal |
compament fromothencartimious mudtivsjage distiljatioraéolemat B myRl be reused as a
di phenyl carbonate, which are reaction products, and
startingynatesial foomQtransestenﬁcmt:Mnarhed suhin theazomntiopnous muilti-stage
by- product, and high boiling point by-products. As a

distillefiba lcpiimn Ae this belrftfeddepsiantor imdistialdmpldrentetianpl i the
net al - contai ning conpound sel ected fromthe fol |l ow ng

S séRfed arRetadontaihipagother
procch' degagﬁe ég{;ﬁg%%ﬁﬁggggﬁgnd Pb304; | ead sul fides such

com&axgﬁ i:saﬂ;%? aéég’%gqa& S%% %P Q%IS lﬁ’é()l%tﬂgg S@ﬁtﬁg gsent
invention, for example in the case of producing methyl pheny! carbonate and
diphenyl carbonate using, in the starting material, dimethyl carbonate as the dialkyl
carbonate and phenol as the aromatic monohydroxy compound, the starting material
may contain small amounts of methanol, methyl phenyl carbonate and diphenyl
carbonate, which are reaction products, and may aiso contain anisole, which is a
reaction by-product, and high boiling point by-products.

As a catalyst used in the present invention, for example, a metal-containing
compound selected frém the following compounds can be used:

<lead compounds>:

lead oxides such as PbO, PbO; and Pbs;0y4; lead sulfides such as PbS and
23



PbQ2, NaHPbOQ2 and KHPbQ2; pl unbates such as
A°5°m§’gg%:‘\ﬁazmpbo4, K2PbCB, K2[ Pb(OH) 6], K4PbO4,

Ca2PbO4 and CaPb(B3; | ead carbonates and basic salts
t hereof such as PbCO3 and 2PbCO3-Pb(CH)2; lead salts
of organic 5 acids, and carbonates and basic salts

P@S;@E?W%@é@b r fd PBSOSOPR3IdmbRtes such as

ganol ead” conpounds such as

o e e e
e B BB RO oo L AR A et

and bgaé:%ﬂkg)tﬁﬁﬂ%écgﬁ% gg(aDOPGzés ggd 2B BAON ea%o’ﬂdo saltzot Srganic

m nerals such as 'gal ena and zi nc bl end and hydrate

acids pénd catbonatas andrpesicaalts taereeh suchras kb B(REACHs), PH{OCOCH:)s
conpounds>: salts and conpl exes of copper famly

nd PBOUCGCHYKEIPHB 3630, ordardiéad Compounds Bueh aSlBLJ:;PO,J PhaPb,
Cu(QAc) 2, Cu(acac)2, copper ol eate, Bu2Cu, (CH3O) 2Cu,

BusPﬁ@l\'% Pbip P‘Kéﬁ'b (oF IPHERD,)PBLsPHOH AefPHIBO4where Bu represents
é and [Cu(Cr7H3)Cl]4 (wherein acac

a butﬁ&ﬁﬁ ﬁqeg@e\‘nﬁg ;f)‘h%ﬂglt GroBb RidikdxylEtidompsahd@and

‘conp exe conmpl exes such as

e85 BBk S Ao T EL TP and Pol0P e
st MR 5 SEBH Pie no
oo AR D eSO suchieA ST 5. oo

and ferrocene 24 A0501 UPl17 KAN <zi rcom um
<coppenfanlygnstal compounds>:

salts and complexes of copper family metals such as CuCl, CuClz, CuBr,
CuBr,, Cul, Cul,, Cu(OAc)z, Cu(acac),, copper oleate, BuzCu, (CH30)2Cu, AgNOs,
AgBr, silver picrate, AQCsHeCl04, [AUC=C-C(CHa)3]n and [Cu(C7Hg)Cll4 (wherein
acac represents an acetylacetone chelate ligand),

<alkali metal complexes>:

alkali metal complexes such as Li(acac) and LiN(C4Hs)z;

<zinc complexes>:

zinc complexes such as Zn(acac)y;

<cadmium complexes>:

cadmium complexes such as Cd(acac);

<iron family metal compounds>:

complexes of iron family metals such as Fe(C1oHs)(CO)s, Fe(CO)s,
Fe(C4Hs)(CO)s, Co(mesitylene)z, (PEtPhy), CoCsFs(CO)r, Ni-n-CsHsNO and

ferrocene;
24
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[ i conpl exes such as Zr(acac)4 and zirconocene;
AO5Oit®&9};—%d type conpounds>: Lewis acids and Lew s

acid-formng transition nmetal conpounds such as Al X3,
5 Ti X3, TiX4, VOX3, VX5, ZnX2, FeX3 and SnX4 (wherein
X represents a hal ogen atom an acetoxy group, an

<ziredHilsRoh 180s:0r an aryl oxy group); and <organotin
compounds3:-organotin conpounds such as

P SERRE ess SURb 8 &) PRl BBER RS 2. 10

Ph3SnC00CH3, (C2H5) 3SnOPh, Bu2Sn( OCH3) 2,
<Lewis#aid (YO FRNPOURISSH( OPh) 2,  Ph2Sn( OCH3) 2,
(C2H5) 3SnCH, Ph3SnCH, Bu2SnO, (C8HL7)2SnO, Bu2Sndl 2
ankdewBumndy anyl Lemas Acigiformingdtrangition medal ropnprundssyichyas AlXs,
catal yst fixed inside the nulti-stage distillation
TiXa, TOUNVDXHNVXapEInKe FeXaandBoXe fvherein X fepressnis alhalegematom,
the reaction system 15 Each of these catal yst

an acefyOEIenps afakoXy group o ahargloRperouppaahdd with an
organi ¢ conpound present in the reaction system such

<orgaHotiftdthy ¢>¢ al cohol, the aromatic nonohydroxy
o9 con'pound;,b&t“ﬂ{e al kyl aryl carbonate, the diaryl

23%]‘@3?)}@ Pmpdtfts X SE (CRNRAOLDGH, (CRMguSHOCTERH s,
j i iR, 142Q |
BusSTRCTG R Bhadntic Dt BresfloChaiun BuaitRbdtiEdh |
[ ubl I [ di [ [

oresS0BHR RIS W BRI RS LOE AT Pl gpn-

solubility in the reaction liquid under. the reacti.on
Ph2SoEA@He)20feaHeENHeRNeSNOH; BLa$aG: (Cethr Pl BlainCi and

sense include PbO Pb(OH) 2 and Pb(OPh)2; Ti Cl4,
BuSrD(@ME) 4, (MO Ti (OPh)3, (MO 2Ti (OPh)2, (MO 3Ti (OPh)

and Ti (OPh)4; Snd 4, 25 Sn(0OPh)4, Bu2SnO and

BuZSeh@hhése Eatalydts may@d) 8 selid ch(y3Rlixad imside thehmulti-stage
catal ysts whi ch have been treated wi th phenol, the

distilla88§ CoRltnmh, Stthy BB 4 SGlublekeataly2bthaf akkolves in if\rdacionsystem.
I's a schematic view of an exanple showi ng a conti nuous
MUlgdchfdHEse catalyst components may of course have been reacted with an
organic compound present in the reaction system such as an aliphatic alcohol, the
aromatic monohydroxy compound, the alkyl aryl carbonate, the diaryl carbonate or
the dialkyl carbonate, or may have been subjected to heating treatment with the
starting material or the products prior to the reaction.

In the case of carrying out the present invention with a soluble catalyst which
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)z and Pb(OPh); TiCls,
Ti(OMe)s, (MeO)TI(OPh)s, (MeO),Ti(OPh)z, (MeO)sTi(OPh) and Ti(OPh)4; SnCls,
Sn(OPh)a, BuzSnO and BuzSn(OPh)y; FeCls, Fe(OH)s and Fe{OPh)s; or such

catalysts which have been treated with phenol, the reaction liquid or the like.
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,stjd lation colum A for carrying out reactive
AOSO&@HH@‘Won in the present invention. The continuous

mul ti-stage distillation colum A used for carrying
out the reactive distillation in the present
i nvention nust be a distillation colum having a

: ﬁf‘ggr’. L’!aik %?ét%ﬂaticaﬁﬁw ﬁeﬁ%@ﬁ% ﬂo“%é @dontRlious multi-stage

or _exa_rrg e, tray a numper of
s 305 A Y S oy AR SRS B 8o in.
The cainupbm i rgtade dflatiae umB RS aLter EyyBio GihdYebetive

_bottomof the colum or in a |ower portion of t{he
distillaiointhedresent inventiss must bae distiiatiorelymp g\a"mgo% fengih L
in the upper portion and/or a 10 central portion of
(cm), tareinsidewdiamietérdv(cmy; araintennal dor exarple: tay £ twihha number of
inlet provided in the |lower portion of the colum
stagezhotreréingide, aujad cutidt Gavingan risideriiensster d, (cm) at, theitop of the
and d2 satisfy the followng formulae (1) to (6): 1500
colurhn or P8R ub%ér péRBnBI e B8Rt healfo Peftop, 4 liGuid dllet Baving an
20fn<_120 (4) 5sD/d,s30 (5) 3<.D/d2c20 (6). 20 It
] A e

. ers to the portion
cotuf B3P W eSS o b VB I chBRgRl f H5 GBHToron it o

| ower, por.tion of the colum ne to,t | . :
centrpLparisNas b EoRen PEIRwCEcaRs FtoaeH B (o BhE gt provided in
bottom of the colum to the |ocatjon rreas,uril,geqr abouls d
the Iverportinp oé thenaelumn abens thediauig gytiet, whepsig whsren b, D, n, dy,
schematic view of an exanple show ng a conti nuous
and dasatisfys thegfellowing formatdeo(d ) ¢é@k®km B for carrying out
separation by distillation on a |ow boiling point 26
A0501 UPHBORAN rleg£t8@00 ni xture (AT) contai nifg an
al cohol in the present invention. In the present
I nventi onpd ke Mot Pogous nul ti-stage distil(2&ion
colum B used for continuously

2 < L/D < 40 (3)
20 £ n £ 120 (4)
5 < D/fdy =30 (5)
3<D/d =20 (6).

It should be noted that the term “in an upper portion of the column near to the
top” refers to the portion extending downwardly from the top of the column to the

location measuring about 0.25 L, and the term “in a lower portion of the column near

to the bottom” refers to the portion extending upwardly from the bottom of the column

to the location measuring about 0.25L.. Note that L is defined above.
FIG. 2 is a schematic view of an example showing a continuous multi-stage

distillation column B for carrying out separation by distillation on a low boiling point
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subjecting the |l ow boiling point reaction mxture (AT
A0501:U|5Jt1 'y withdrawn frompt he upper portion of t(he)
continuous multi-stage distillation colum A to
separation by 5 distillation into a | ow boiling point
m'xture (BT) in which the concentration of the

reac’nBla rtglée &%T)r}égq# 5@@&.’." ?%BBBH?}H% é)‘?@%é?'rlggv@:}glﬁthgﬁtlﬁ‘g@ present
I

i nside di anmeter and, an | te
subloeting 18 low A0 RaWbETAIONSTIXIS (A1 ERBILHShNTH %%efﬁ"m the
enri chment section 10 ES haV| n a length L2 (cm
upper parlide of thereortinudRis(rovifi-stage digiillatiere émf‘(/ﬁé@ SSRﬁr@é‘P@ by
tray 8) with a nunber of stages n2 thereinside,
distillatheT gt alidw Hailingpoint@ixtiz (Bahih whichsheicohgentsation abthe
(7) to (14): 500 Li < 3000 (7) 100 D, 5 500 (8) 152
alcohbllls/ndi)leé than(cd °o]{9ﬁwef§2tﬂ%n61tﬂé higlPBoiting Pofrtanix{ur ) Bs) having
400 (12) 10 L2/ < 50 (13) 20 35 n2 s 100

a Iow&h%ﬁ%nt{}ﬂttﬁe Lidhol fict B8 %edlbﬁlld”@ﬁﬂzdlmnh Q%ng:friﬁmgl asstiipping

e sane reference nunbers are used through the

socufh ST 4L i B AR AEOR AR A5 ol (o
exarr@ngq,it )h\gﬁtp %:rqsi,hr]'ﬂla%racﬁfl §?ag% ;heéﬁlgsﬁgméh& Mﬁﬁ'\ent section

-stag
dIStI||atI0n 25 cqurmBswruI sat.i sf
ES havingia a0l (G 89) 5108 AIalPe|Rh t12d oot B S04 S ﬁa'BE“ example,
produced on an industrial scal e of not | ess tE 1 ton
tray 9) with ainumirerg stagescni thersinsidg, whereinte.1Dymny Kﬂ?ﬂz @ngH"2
productivity stably for a prol onged period of tine,
satisfyformulaen7etapt4) ess than 2000 hours, preferably not
I ess than 3000 hours, nore preferably not |ess than

50800 < Ly = 3000 (7)
100 = Dy = 500 (8)
2 < Li/Dy =30 (9)
10 £ ny £ 40 (10)
700 £ L, < 5000 (1)
50 < D, = 400 ’ (12)
10 £ L2/D; £ 50 (13)
35 < np £ 100 (14).

Note that reference is made to the drawings in which the same reference
numbers are used through the different figures to designate the same members.

It has been discovered that by using the continuous multi-stage distillation
column A simultaneously satisfying formulae (1) to (6) and the multi-stage distillation
column B simultaneously satisfying formulae (7) to (14), the aromatic carbonate can

be produced on an industrial scale of not less than 1 ton / hr with high selectivity and
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ours, fromthe dial kyl carbonate and the aromatic
A05Dﬂgﬁaﬁywy conpound, while efficiently separating

out the by-produced al cohol stably for a prol onged
period of 5 tinme, and while efficiently recovering and
reusi ng unreacted starting material. The reason why

R e T el
2000 G553, ik L, P ATSORT BRI 85985 Rl 500
BPREICCT AN e AL ST

Preferabl e ranges for the respective factors are .
efficiently sepbeatingetuduine by-progdeeqd alsohekstablyfar anselongrd pefind of
conversion decreases and it is not possible to attain
time, tihe whilsi efRcieptip teoniviering amdurusingoreaeted startivgdpalgpah The
the equi pnment cost while securing the conversion

reascR@RY it Maistofes posgiblerto grsdianthesatdeast are aromatic carbonate
attal ned, L nust be nade to be not npbre than 8000. A

. . : anefehosffdcts BPimbiem&ttthghe process of the
on adgggg?é‘vg\} ?ﬁ%%@bﬁ&[{< 5080 bei ng m)llrgP%nDre pgraef ep:rabl e.

prese!,;{t @rﬁe&%ﬁh éé Qo{ Sear tbhu?ﬂwié%o?u@r}%gdi th BeSd@to BRBHIbMEd effect

esrred  producti nmount. Moreover, to
ep d t equipnent ' L
brougfE ebebEWhrbdte FRHTaRs oh ot Ty LD T A8 PompltRd.,
nore than 2000. A nore 20 preferable range faqr cm
o Praforablprangen (s o [oHPRSHvS At BRAE e hed el
preferable. If L/ Dis less than 2 or %reater ntﬁju@m i
40 I teom) istless happkaQR, then hecepnversigndecieases ang itis no
particular, if L/ Dis greater than 40, then the
possibletsattaindhé tesited produstias@maury. t dorgavenh i kesp dewpniibe
col umm becones too great, and hence prol onged 25 )
equigiheit costpeiilatsezuring toeresnvirbionceriablingiihe esired iprodugction
necessary to increase the tenperature in the |ower

amo%rtbib‘énatf)éiné@q_ ARlst BB madsitd e aet Aicte tham8000NsAbsarere
A0501 UP17 KAN |iable to occur, thereby bringing

t E0GR) isddie <5ql ectéod, witf'2spoes L < 5000 being
Pfefe?}?%" é?@%?i%ﬁég”e“ e e U e e
%glebei ng yet nore

yet nl\'or/e p[?ef<er

If D (cm) is less than 100, then it is not possible to attain the desired
production amount. Moreover, to keep down the equipment cost while attaining the
desired production amount, D must be made to be not more than 2000. A more
preferable range for D (cm) is 150 = D = 1000, with 200 < D = 800 being yet
more preferable.

If L/ D is less than 2 or greater than 40, then stable operation becomes
difficult. In particular, if L/ D is greater than 40, then the pressure difference
between the top and bottom. of the column becomes too great, and hence prolonged

stable operation becomes difficult. Moreover, it is necessary to increase the

temperature in the lower portion of the column, and hence side reactions become
28
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ﬁreferable If nis less than 20, then the conversion
AOSOYEEIdaké N and it is not possible to 5 attain the

desi red producti on anount. Moreover, to keep down the
equi pnent cost while securing the conversion enabl i ng
the desired production anount to be attained, n nust

iablo 5 oER0; ishal 1ER8n BB ?ade%cr%é;ssesiﬁr@%&% By A ror
prefer%%@?a%%@?h&?{g@ n%FE@% hﬁ’. ggeélrjgplg = gg:}%@é’ yet more

difficult. Moreover, IS be 10 necessary to increase
prefenalode.t enperature in the | ower portion of the col um,

and hence side reactions becone |iable to occur

t hignabyeds ihagi2() thdrothe conkersionsiecrensasandsiéispel Regsjle to

A nore preferable range for nis 30 < n 5 100, wth 40

attam‘{hé desRed pretidioneimonte Mereevel te keép dowh the aquipraest cost
han 5, then the equi pnment cost becones hi gh.

while %ESHH@ khe c&ﬁve?br%ﬁ%rla%‘hﬁ@ tR&'eeBired prodiAsienEsnount to be attained,
conponents are readily released to the outside of the

n mu%yg‘é de tB%eSﬁ@hbrhSrés’%%haLQC?” ﬁﬁﬂﬂﬁﬁ)rg' if hii€ Brdatet thah 120,

greater t he gaseous conponent
amal nDunt b 0 K
then fietprestlif WRBRR G ERE Ik ahd oo thR oA becomes too
decrease in the nyersion.is brought .about. s
greatyed Benep ErIanged SRPOpSttionSasdRhy o, - MdlelBbritis be
10 < D/ d, < 20 20 being _yet nore prefer D/
necessarydo irgrease the temparature i they lowampart ?&?&9&%@ and hence
hi gh. Moreover, the liquid w thdrawal annunt becones
side readctibhy bb;zomegrabraammd@esembbmgrpg ebouba degEraseds the
difficult. If D/ d2 is greater than 20, then the fl ow
seledtigitg t Anwisiprefepableqange farut isc30 ﬁdnpépﬂﬁ@ wibcte = n = S0
excessively fast, and erosion becones |iable to occur,

of MBFEBYefBfdpiei Ng about corrosion of the apparatus.
bem%«?m}re prBeferabIe range for DI d2is 5 <_ D/ d2 <_

18, t bl &1
29 lfa!gﬂédi; %E%?%N Fu er rr(rg)%ﬁ'l ||9|9||e rpgﬁr%ﬂ%gﬁ{ﬁﬁ%g in Oreover

sincg Ealrgg oiﬂw&s 8@5%?@%%{%&5&%&5 re Fé’%&l@e‘r%le%rsgg%g% %utsrde of

the system, the stable operation becomes difficult. IfD/d; is greater than 30, then
the gaseous component withdrawal amount becomes relatively low. Moreover, the
stable operation becomes difficult, and a decrease in the conversion is brought about.
A more preferable rangeforD /dyis8 = D/dy = 25, with10 = D/dy £ 20
being yet more preferable.

if D / d, is less than 3, then the equipment cost becomes high. Moreover,
the liquid withdrawal amount becomes relatively high, and hence stable operation
becomes difficult. If D/ d2 is greater than 20, then the flow rate through the liquid
outlet and piping become excessively fast, and erosion becomes liable to occur,
thereby bringing about corrosion of the apparatus. A more preferable range for D /

dis5 =< D/dy = 18, with7 = D/d; = 15 being yet more preferable.
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If Li (c is less than 500, then the separation

A0S0 IR for the stripping section decreases, and
hence the desired separation efficiency cannot be
attained. 5 Moreover, to keep down the equi pnent cost
whil e securing the desired separation efficiency, L,

Fuﬂhgmﬁrs?ﬁaagdrf%‘s&eﬁﬁg”°*me”ﬁF Set FRedfigT ind R gy preferable for
with 1000 < L, S, 2000 bg 4}% \@t rmre preferabl e. |If
di anghd: @ fptisfy tﬁ%i@“’t‘-{‘\%ﬂ B0%RiHei= i is not possi bI e to
attain the desired distillation anount. Moreove
kel b1 dowhist lees &an pOR.theodke sananaéloatetﬁaﬁlenwgfqr#ée Swpmg
desired distillation amount, DI nust be nade to be not
sectiditecrehses, Eid hehomthe desireteseparatioreefficienoy cannoidhg aftained.
120 S D < 400, with 150 S D, S 300 being yet nore

More@ﬁéﬁ fb’ ?é&;?doivﬁ the equipmértt doss whilk aecdring the desiced separation
0, then prolonged stable operation becones

f Or Almore peeférabfe r@nge for
eﬁlm%cfy,/l_ i'Hu t é\n%éahoo%@fn%{ ﬁh{r@}ﬁ%{lggorb 15 beclJ ngp@;eetr mor e 9

Ly (e § @@%e #5005 .he‘r’éoé han) 10c $H6bbRg yert Ridratpreferable.

ppi ng seéctTon decreéases an

he Bﬁnt&% d Eﬁsf}‘se@g ﬁgflr at | 48 4Lk ﬁ%%&%sﬁ:ﬂ&é% GRAM metlfeswed

\J

whi |l e securing the desired ration . effici
distilatian AU MOEERET o KIRf SOWR e au'pm%%ecesf;)wﬁ?%?ggi"éng the
range for ni 20 is 13 < n, S 25 wth 15 S n ﬁ R
desirbdidmillation apaunbrdf musbpe made Lozb? Off mase thar 5pR,n A more
700, then the separation efficiency for the enrichne
prefesaisibirange éarRagns), isd20 er2e £ rA0Q vt £80 sepbh af 6”90 bemg yet
efficiency cannot be attained. Mreover, to keep down
mord preférabiegonent cost while securing the desi red
separation efficiency, L2 nust be made to be not nore

than 5080is 1BYS tHs Q‘Eﬁ'greétér tran 30,3h6RpbesloAged stablé@Peration
t hen the pressure di f ference between the top and

becoﬁféﬁ %ﬁ]ge(} ?ﬁgpe operﬁ%%@c@%&ggﬁﬁ?cﬁy |7%0%052(91\""1“7
Mo
S LehDii Snplentito 581 Fore brorBifey pir??zﬁsif‘”thg ol urme

ok ?gﬁg K cg&s e ?'b{ C(le %ﬁgln %Qes sgsgr%rt[t%n effa mency t%r e g{ripp%g section

decreases and hence the desired separation efficiency cannot be attained.
Moreover, to keep down the equipment cost while securing the desired separation
efficiency, ny must be made to be not more than 40. A more preferable range for n
i513 = n; < 25, with 15 = ny = 20 being yet more preferable.

If L, (cm) is less than 700, then the separation efficiency for the enrichment
section decreases, and hence the desired separation efficiency cannot be attained.
Moreover, to keep down the equipment cost while securing the desired separation
efficiency, Lz must be made to be not more than 5000. Furthermore, if L2 is greater
than 5000, then the pressure difference between the top and bottom of the column

becomes too great, and hence prolonged stable operation becomes difficult.
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range for L2 (cm) is 1500 < L2 < 3500, with 2000 5 L2
ADSOE UBDGO.KAN ng yet nore preferable. 5 If D2 (cm) is

| ess than 50, then it is not possible to attain the
desired distillation anount. Mreover, to keep down
t he equi pnment cost while attaining the desired

Moredyeiit bBEOmAS P%E‘éfgéi‘yéf’éfa%‘é?%e b FBorpfl o B fi prtion of
<_ D2 < 200, 80,< D2 <
the cqlfiencragnencecidq reastipnpperamedebia faaddts o Mpisspig/erable

t han 50, then prol onged stable operation _beco
rangedior Lo e is 1501 kr & <30, iledRRD o Ly 25, 340 peingeyet more

L2 / D2 < 30, with 20 < L2/D2 < 28 being yet nore
prefergpid.erable. If n2 is less than 35, then the separation
efficiency for the enrichnent section decreases and

hepgs (che i€ Rsdsrthen Sep et it Rnetf fossitia ty attaimrtbe desired
attained. 15 Mbreover, to keep down the equi pnent cost

dlstlllﬁ‘fBH Sm%%ﬁl:” | AerddVer, Q%SH nEd:Io’i:ﬁ‘Pﬁfeaé APmeit Ebst WRIY att&iRing the

made to be 'not re than 0. Furthernore, if

e B Aoy v e P o B ncr
ot TR 21, 5 R 7Py I v

t he terrperature in the | ower portion of 20 the
moreqef@rableand hence side reactions become Ilabl e to

occur. A nore preferable range for n2 is B?

70Jf Lwi/tTe is3ess Hrn<I Gor geaatey than 5%#@%%?'@%&5! gtable operation

Mor eover, the relationship between L, and L2, and the

becomelsadifficalt hi A rberevpreferable randefor Lat Deis &I@pén&zh@zoé 30, with
t he anmount of the | ow boiling point reaction m xture

20 sﬁﬂ;)/ ek | 78 beirieyestondrepreferablel ti - stage distillation
colum B, the concentration of the 25 alcohol and so

on, Sepdiatidn eFrRISnoY fof te enkamngnt section
|n\|/fer%[q%é%wtg‘rag‘a3e5r gh&gﬂﬁéj <;§ I and D2c§?)| 31 A0501

o GG ST st e
More?avsﬁ lfg Z(%getqaqwri/ L fpmeRt QORSFhiRCLAQHinY thh! dBinklisRparation

efficiency, n, must be made to be not more than 100.  Furthermore, if n is greater
than 100, then the pressure difference between the top and bottom of the column
becomes too great, and hence prolonged stable operation becomes difficuit.
Moreover, it becomes necessary to increase the temperature in the lower portion of
the column, and hence side reactions become liable to occur. A more preferable
range for nzis 40 < n» = 70,with45 =< n; = 65 being yet more preferable.
Moreover, the relationship between Ls and L, and the relationship between
D, and D, varies depending on the amount of the low boiling point reaction mixture
(A7) fed into the continuous multi-stage distillation column B, the concentration of the
alcohol and so on, but when carrying out the process of the present invention,

preferably Ly = Lz, and D2 = Dy.
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d wth a high productivity of not Iess than 1 ton |
AO5O1’]HP1[ZLM ably not less than 2 ton | hr, nore

preferably not less than 3 ton / hr. I\/breover, anot her
characteristic feature 5 of the present invention is
that in the case that L, Db L/ D, n, D/ di, and D I

%%fgﬁ?éa?e ETBBLP B T Wb asRu el 86 gl

D S 1000, .

carvorpis pnibagracspctsagly ot bt poei “ﬁ?s‘"ﬁ)ﬁ K, Serectvity
ton | hr, preferably not |ess tha ? ﬁE’P ﬂﬁ EH) € ton /

and withes btg@bprpdn@mvnye@‘swqtﬂ%ﬁﬁstbaﬂcslnton M. Bieterablynel $§ an

carbonate can be 10 produced. Furthernore, anoth

hr, maregrefarablystdt degsethanrtont/ hrhe Mareseen anﬁty@nphgfaqtgistlc feature
that in the case that L, Db L/ D, n, DI dl, and D/ d2

of thefpreséheinoentiornisanat imtheicasedlgat L,d it/ D), at Dot ahdrih/ g for the
satisfy the followi ng formulae: 2500 S L S 5000, 200 S

contlrQlou%_mﬂﬁiostage %|é{||ll5)m§1 &5lufith & satistydfe faifovEnGffoninu8e 28000 <

respectively, not less than 3 ton /

< 600 1%bef<er[?b£y1p@g 4 65S| § parx B 3P /n he, 100r® 45D/ dy = 25,

preéferaply not S t’ﬁan 4 ton I' hr of the aromatic B

ate_c

and 4% H1%" Esoﬁ%ap%cﬁﬁé*?%ﬂmg%%%@n 7% L Bietatly hfless than
on the aro c_.hon rLOXy ~C0Q ungd.react

2.5 G0y Ko MIOTP AVRIRr A ML age e s:etpﬁﬂﬂrvq‘?me oridic {4thete can be
t han 95% can generally be att ai ned, re rablg ot .

produassk  tFhithergipeg, ansteerharactgnstic ?ﬁﬁtuf ?HP&% @’8%“’%'0” 1
In the present invention, the continuous multi-s g

that iditise chsathatrl., &L, ™ D4 ed, and DA foethe W@muous multi-stage

distillation colum is preferably a distillation
distillatibni ﬂiﬁldvars@ttefytthe}follmmdgdormulpeczﬁa@ aslaf 5RP6r260.=
The term"internal” used in the present invention

< 80B%S<!t g part $5i40 each i 90 10 aki OV dolsiirdb, smei 2 Fab /d2 =
and liquid are act ual l'y brought into contact with one

15, ré’éﬂgcj?i%tyzéﬁ IBQQ tt‘ién’iéi to ﬁPﬁr Sy ndt Risalthan @@ tdri A, more

I eve a count erflowtray, a

oI R GE?*%%%@%‘&?? Aot o

g such

o° ﬂ?nq s,efq%l%lt fég;neagrgaﬁaiq opﬁgA ﬁg& gE%W&BB}% iis based

ack| n a McMahon packi n li
on therar@m lcemopalydrayy 59619059 P'gg k'n

rggent invention, a high
selectivity of not less than 95% can generally be attained, preferably not less than
97%, more preferably not less than 99%.

In the present invention, the continuous multi-stage distillation column A used
as the reactive distillation column is preferably a distillation column having a tray
éndlor a packing as an internal.  The term “internal” used in the present invention
means the parts in each distillation column where gas and liquid are actually brought
into contact with one another.  As the tray, for example, a bubble-cap tray, a sieve

tray, a valve tray, a counterflow tray, a Superfrac tray, a Maxfrac tray or the like are

preferable. As the packing, an irregular packing such as a Raschig ring, a Lessing
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TECHNO- PAK, Fl exi pac, a Sul zer packing, a Goodroll
AOSOLBHG AN a Gitchgrid are preferable. The

mul ti-stage distillation colum having both a tray

portion and a 5 portion packed with the packing can

al so be used. Note that the term "nunber of stages

g, 4By BreS B0 G98% ¥ gk el S3EReRYE Mo

case of a
pecind & Hel o SRR S 9 WAIBBR S, =
TECHNGLAR! e B o, okl b e o

of the total 10 nunber of trays and the theoretical
preferabider Thé neithgtageddistillatiopanokimg havinghbeihietsay portion and a
di scovered that, because the transesterification
portiorasadkedwilethansackiridieariabsokyd used boNateethahthet teem “number of
aromat i ¢ nonohydr oxy conpound in the present

stageisr(\c?? Bt 59 thtBAaIalsIh tAERr¥séritih@stition raeansitheting total number
and"the reaction rate is slow, it is particularly

of trals ﬁ, ﬁ{nea%s% 5135 ygg%@h | {REOHEtICA hLMbEE 8%t B§in iHea%ésmof the

use 5 reactive distillation to be a

o, il b 808y LSBT sl B oy
ot S 50 S i . Rlo BB SR S

the relationship between performance_and equi pnent

numbss<f trays angkthaltbeonstieal W'Bg@ﬂ/‘éfr@age? HB&‘et ﬁ’ﬁ&éﬂggve tray
preferably has 100 to 1000 holes / n2 in _the sieve,
polthambeen ddcoveredihaf, despuse thatsansesteniigationireagten between
to 900 holes / n2, yet nore preferably 150 to 800

the ditfkyd Tafbdrfate lntiehs eromatic mendiydnoxyi caropeursdiin thetpresent
cross-sectional area per hole of the sieve tray is

inveritich IPasih Bxiremely RRgsquifibriuramostant @ntl thePeadlionmate is slow, it is
preferable cross-sectional area per hole is 0.7 to 4

partilgt{[gﬂ)ég’ fofaNi& fdthe %@gh%(%& &_ugtil,st%ge(‘di&jllaﬁbh CBRIA®Aused for the

f een ?I scovered that is particularly
s REIRHGh (o4 BB 0 A paBri Rl Hobayastne

rterda S5l v oo ARF o8 Sty Hiind  seve
port vy S o e P ST SR 38R pms of e

i nvention can be attained nore easily. .
relationship between performance and equipment cost. It has also been discovered
that the sieve tray preferably has 100 to 1000 holes / m? in the sieve portion. A
more preferable number of holes is 120 to 900 holes / m?, yet more preferably 150 to
800 holes / m®. Moreover, it has been discovered that the cross-sectional area per
hole of the sieve tray is preferably in a range of from 0.5t0 5 cm®.  Amore
preferablé cross-sectional area per hole is 0.7 to 4 cm?, yet more preferably 0.9 to 3
cm?  Furthermore, it has been discovered that it is particularly preferable if the

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 0.5t0 5 cm® It has been shown that by adding
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The continuous nmulti-stage distillation col um B used
A0501 WPlifeKfNesent  invention is preferably a distillation

colum having a tray and/or a packing as the 5
internal in each of the stripping section SS and the
enrichment section ES. It is particularly preferable

i ok S T35 oA Bl 88 el 05 DR AT hiect o
Furthernmore, it has been di scov.[ered t hat the sieve

the prepeRt Inyentian eansbe@talga Mere 8§3%"Ya down coner porti on

Is particularly good as_the tray in_terns t he
r eThe contimiqusopuliiextage distidatiem %‘UmﬁUBé{ﬁﬁdﬁﬁgﬁ? PEgRaNt
It has also 10 been discovered that the sieve tray of
inventare s prefatablyra distibaticrecoluom handng aiteayeand/en agacking as the
section preferably has the same nunber of holes /_n2
intern@Nih 4t SRR stopIag sectdn SSadndithesenrimhnhentesemtion ES.  Itis
descri bed above in the case of said colum A Wen

partic@%rl‘ér?r@%rgﬂlb prﬁeoih%?rﬁm inl SHERNSFitRE strigpinglsetiion and enrichment

nate and aronati ¢ nonohydroxy conpound

L GopSt LYk @ ' Blbredomat the sieve
sectiqf(R5ahdb bign ] | FLHHBAnER: Hikat baddRenierienat i
colum Ain ich the. c I | Sie :
tray NG 7 SiRVBrRPTIPE AR PR Ll T dgfidt 5 EHHiodefly good as the tray
. si mul taneously .in the colym, and_ a,high ilihg
in terpii afthe SgtpRIIRPRNFe PEHPRN ATy 20 SRy qost It has also
carbonate is continuousl W thdrawn fromthe | ower
beenstiscaveredthat the sievarifay ¢f eaah $aid grinping s%\ﬂé?‘b@?‘? S
aromatic carbonate is continuously produced,on an
enrichmens sectidn preéreblydnas the sarme numbed of helesiomf @hd the same
boi ling point reaction mxture (AT) containing the
cros¥eich@l &ash Pérondie las describat iabove s thencaselobsmidiaolmn A.
t he upper portion of the colum in a gaseous form

Th Whé’r‘i"cgl‘?}(ilnbr&ﬂﬂ% PPes!eﬁﬂﬁde‘Wﬂoﬁj tiieLdiglkydarborate and aromatic
continuousliy fed into the continuous nulti-stage

mon%&#a%@gayﬁg 'cgﬁgt(i)tﬁgpg 5 b@MirkPiateérinl Rpé %bnﬂhuéwyfe fed into

as a naln component t hereo

e R GA Bty G808 3 PATA RSB o BRES plesent and

boi nt m xture (BB) is continugusl i t.hdr r
reachgmand Sisiipten ofe taaecndampraeausylidhe Bilmby & &tian
_being fed 34 A0501 UP17 _KAN into the cont itnuous inuous
boilingpeint eragiiendnixture icentainingdhe #rorBatic FRMARIS 5 FoRfipuously
point reaction mxture (AT) may be fed in as a gbas .
withdrawasframithe iower partionwnd the celumi inaa tiqwid fafmywheredy the aromatic
carbonate is continuously produced on an industrial scale. On the other hand, the
low boiling point reaction mixture (Ar) containing the by-produced alcohol is
continuously withdrawn from the upper portion of the column in a gaseous form.
The low boiling point reaction mixture (Ar) is continuously fed into the continuous
multi-stage distiliation column B, the low boiling point mixture (Bt) having the alcohol
as a main component thereof is continuously withdrawn from the upper portion of the

column in a gaseous form, and the high boiling point mixture (Bs) is continuously

withdrawn from the lower portion of the column in a liquid form.  When being fed
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preferable to use heat in the |ow boiling point
A0S0 URAYiLBANY xture (AT), which is withdrawn fromthe

continuous multi-stage distillation colunmm Ain a
gaseous form to 5 heat another material, for exanple
the starting material for the transesterification
, bei ng. fed int [4nU0, | g Iyat dlirst podihetd=Rmon
into the gar ugpslnﬂulﬁﬁ:tébeecgﬁgﬁéﬂ% iufih' B thd I?ﬁ% i p

_ Se, _depen !ng on e extent to

i i o S Aol SIS & ey Bty
conti nuous multi-stage, di st iLllation colum lgr nﬁﬁhbe

prefermhleztogissbeat indherow PolngRaiRt rEaGRoN EIXLER (AN BPIFNdS o

liquid form It is also 10 preferable to heat or cool

withdrizieen frony thei dantigupus mulii-stags dstillationralurmady in g, ggseous form, to
temperature close to the tenperature of the liquid in

heat aritghai @iaténial, fok ekhmplenthet staftingraatesial fortbe dransesterification
mul ti-stage distillation colum B before feeding the

being feWil8ithk RGnBALBS FRMEEgE distilation colulin AL ntlo thisease,
continuous multi-stage distillation colum B.

[ R [ =fge i uti t low boili
copefy B et 0 WRISERERLL e S v iy o
..carbonat e and i i g - i B
pon ARBTG5 o, GPERAL ke Bt
aryl ether and high boilin ol_ht u . :
may t@)ha@@,sp%s q{gl,églﬂ 'Ffﬁ?ﬁitg 8”8@@6"@@3‘8‘. (;}g%ll?%lp form. Itis also
ti d ificati I th
prefeeaiia i hoat A peaHING IanbONESRAUBIRECH T ETE i (AT to & Bffberature
industrially, it is preferable for the startin .
closertatthe itemnpetatarmotihe lispid in thevisinidy of thejplet 8b g%‘&‘.‘-'ous
20 Moreover, in the present invention, when

multiGtagé distilkation Eeladinmg befaredeadigthe dtew iboilmgeacinireaction mixture
aromat i ¢ nonohydr oxy conpound constituting the

(A7) RicMHe Eshtifioesinliti-stagedistitatioonedlonmuB. nBltthesterge as
distillation colum A, this starting material may be

mentgcﬁ%fioééﬁigr bhe sﬂé:ﬁ@% hieRérid) In&P boRirftHenalgohbigtiedatigiranyl

I a gaseous rmfrominlet(s) provided in one
Al di e ' BBGCBOARd Afaclion
carbiesd A g i) PRt LRl ars edciBn hBAoB 6N Peack
be] ow t h as outlet .in the upper '
oy-PELER TN B8 ancing ! Aner N RS bRt BombBands
a starting nmaterial containing a |large.35 A0501. L
Consiglarngde gaypBIant SRdSost R At P%P%BHBF\?&QJ%‘M“W in other
conpound into the distillation colum in a, Iisgui&. .
processes, iwhen actually istplgmentiog the prasent inysatiop dusinall; itis
the distillation colum, and
preferable for the starting material to contain small amounts of such compounds.
Moreover, in the present invention, when continuously feeding the dialkyl
carbonate and aromatic monohydroxy compound constituting the starting material
into the continuous multi-stage distillation column A, this starti»ng material may be fed
into the distillation column A 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 distillation column A below the gas outlet in the upper portion of the distitlation

column A. ltis also preferable to feed a starting material containing a large
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feed a starting material containing a | arge proportion
AOS0HbURHe KAMI kyl carbonate into the distillation colum

in a gaseous formand/or a liquid formfroman inlet
provided in the 5 lower portion of the colum above
the liquid outlet in the |ower portion of the

dj.stil]ation colum. reo i A i ,

oropci i o b2, BB o8 Kimsi ot tn 6l in
distillation colum B is continuousl ed,.into th

lquidderm a5 MRLPEMARcGdh LEPET PRICSH IR iR RPR GHjumn, and
inlet(s) in the upper portion and/or the _Iovv?r .

feed petartiog meteriakcantziningua lrsgepreparipa gk the dialhil garkgnate into the
colum A; it is preferable to select 10 the nethod of

distillatién odluair e depenul fogmand/ora diquiddormiftom en inled Prvided in the
boiling point mxture (BB). In the present invention,

lowert PEHiBR 10N G Bblurkateye the likpidibutiét ihehe lesargortion ohthe
continuous multi-stage distillation columm A may be

distilgfi¥n gﬁﬁjﬂgﬁt’ MHFedv%lr,ttHS gﬁ@f]soﬁihgboiﬁthﬁixﬁﬁbquﬁromsthe

i's 1 nsol ubl the reaction liquid, there

E . e oa. . . N

contiposus HE SRR dienBupl EolThgr Bis rYRLE el AR R the Bonticuous
Jdnstal| on a plate.insi t.h onki I

muttzstggd pisifi=ii SR pRYjatsii) ' i UbbgtibotfioforhB dower
a packing. In the case of, a catal yst that. di ssol [

portigmBf thex R tiMguAT iSRG ST KRN CeRNmEL A | 5L BIor PG g Sblect
preferable to feed the catalyst intg the dist'llﬂtion.

the methachef introdustipn sleppoding the: srmpesitipa op Hia Nigh keling,gont
distillation colum. 20 In this case, the catalyst

mixturedBeY di ssolved in the starting material or reaction
liquid may be introduced into the colum together

Wi tiR thé Bresent inveation] ikl rabthoar ofmagiking the catatyki dedprieseot in the
the columm froma different inlet to the starting

contiBbaS nftii-stafe didBiEtfon GflufmReA Ariyadey Shy wistidod, rbutie the case that

present 1 nvention varies depending on the type

the éﬁgﬁgﬁﬁéla %%iﬁgg%% igg,ﬁs&[lgleqﬁ RO TAA QP IRfuid tRedl 8! fdr'é&agsple, a

and reaction 25 conditions such
B SERIRY HEIRT T B HRS AR KR re o
o B Q0 8 S RS B e
instafurgggm?ﬁg?olm{qgf épg%lz%gge i}pght }qa?ﬂ%_soei‘da cgtglytsP ﬁ\att %tisaslolves in the
starting material or the reaction liquid, it is preferable to feed the catalyst into the
distillation column from a position above the middle portion of the distillation column.
In this case, the catalyst liquid dissolved in the starting material or reaction liquid may
be introduced iﬁto 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 present invention varies depending on the type thereof,
the types and proportions of the starting material compounds, and reaction

conditions such as the reaction temperature and the reaction pressure. The amount

of the catalyst is generally in a range of from 0.0001 to 30 % by weight, preferably
36




10

15

20

25

reaction time for the transesterification carried
AO501)M 1T KA present invention is considered to equate

to the average residence tinme of the reaction liquid
5 in the continuous multi-stage distillation colum A
The reaction tine varies depending on the formof the

rom bBOS383p. 4ol S 1S GRESELTD fp P oyupg basc

into the colum, the té{) .and anmount of the catalyst,
on the tetal waight ghtheotiartinadnatelidh so on. The reaction tinme
is generally in a range of from0.01 to 1Q hour s

pr The reattionitiros feraths trﬁnﬁeeﬁterlf@aﬁ% cariadutyndng p{%segﬂ
1o hours. The reaction tenperature varies dependi ng

inventibr i$ ypesidéredite exjuate tnthe avarage aQSIdemi@sofdb@dea@tm liquid
the type and anount of the catalyst. The reaction

in the @imwahyrnmltu%tmarsanéﬁon colamnafgeToé réaationitioe varies
C. It is preferable to increase the reaction

depehgﬂ&gedrﬁ‘ﬁ*féf f?rrﬁ‘bf e irfletr2f b @RAdibtiRtbAZIUAN A éidthe number of
the reaction tenperature is too high,

stage %ﬁhﬁﬁnf §uc%| Fths! S18rin g‘%ﬁ@f@ﬁr of Info frfe ﬁﬂGMh tﬁé’fyp@ﬁand amount

e pro tion o cts SUC as an alkyl

i ncreases [ t
of the Eaft Fnesraiati ?%W'?%’?%%’F%Pﬁ opt' AT, EpBlch i ie'dBrerally in a
range from 130 to eferabl
ranggeb%owy%mﬁﬁﬂ@ '?RLEPeP@i 56 05 Jo B WB?%%’?%?Q‘%’%Q‘ to3
reaction pressure varies depending on th B
hourst af ¢ repatigndemperatufrsaiies deperding o8 thﬁive%ﬁgtbﬁ stAging
of the starting naterial, the reaction 20 tenperature
matesiaticaraponnd s hsed, st ihertype @nelareountyofitiae gatalygt. o The reaction

reduced pressure, normal pressure, or an applied

tempRF&teifd! [segeridtally Res rarge of feormut0D fos33eder dt isypreferable to
range of fromO0.1 to 2x107 Pa, preferably 105 to 107

increB8e tH® f&adtioftBARRratufx 50%s!t0 inEsalé tivareddtiohiratenr ddewever, if
I nvention, the p03|t|on fromwhich the [ ow boiling

the r?gbﬁgnt {?ﬁ?ﬁérbﬁﬂe @EdTIH nﬁﬁé réé’c!ﬁoh@%é&h‘)é NéBIB8 @6 @oBur, for

er porti e continuous nulti-stage

exanﬁ@%:ﬁr%'gﬁ‘étga&w #@g@éo%uéﬁ%@?am%@%%m Riites,whin s
R Rl B e YR o Al A A e o
from 130 1o 28078 e preterably 150 to SB0°C. yel mors prefarably 180 to 250°C.
Moreover, the reaction pressure varies depending on the type of the starting material
compounds used and the composition of the starting material, the reaction
temperature and so on. The reaction pressure may be any of a reduced pressure,
normal pressure, or an applied pressure.  The reaction pressure is generally in a
range of from 0.1 to 2x107 Pa, preferably 10° to 10 Pa, more preferably 2x10° to
5x10° Pa.

In the present invention, the position from which the low boiling point reaction

mixture (Ar) continuously withdrawn from the upper portion of the continuous

multi-stage distillation column A is fed into the continuous multi-stage distillation
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distillate, and a refluxing apparatus. In the present
A0501 Paft KN the | ow boiling point reaction nmixture (AT)

is 5 generally withdrawn fromthe continuous
mul ti-stage distillation colum A in an anount of 10
to 1000 ton / hr before being fed into the continuous

st age t| llatio t
colum“r“ééfsheew%m reeipdgection gﬁ‘%‘ﬂﬁ%&%ﬁ%ﬁ? GRS The
boiling point mxture (B nt|n th
contirfioin Mg- sjﬁa%ﬂlsﬁaav%ﬁéler’)n é Sranly s tapeer fjﬂﬁeé""g the
and the high boiling point m xture (BB) |s
distillatepand acefuying@ppiaratysawn from the | ower portion of
the distillation colum B. In the present invention,

t higy therresémtahventiont, thépvaboitihg lpoint reaetiorombiiure (A i is
point m xture (BT) nust be nmade to be not |ess than

gener%ﬂy Withdrawh 9iim tid dostiruciseheltiadthge itstittatien colube Ad an
| ess than 95 % by weight, nore preferably not |ess

amouHP 8f 1 § Y? qf‘Dbﬁ R Hptbef&%ﬁf‘éin%‘i’ed 8 the Byntiidlfst mafti-étage

poi nt ‘m xture Mor eover, the content

d*stﬂ*%%gi Q@gfﬁé aﬁva%ﬁ“h? Splses #*&ni?‘ree ek 8yPGY st hereupon
the id B0 t”r&%turﬁ‘é’k&h?‘;cﬁn@ev?%8%%*‘3#;%? %@%%'°" of
the déﬁﬁ%u“é{ SRl E%ﬁe?#ﬂlbhﬁw&%ewﬁmw‘%@ﬁ?%?Bﬁﬁ’r;zfq‘ﬁsgv

(BT) must be not |less than 200 kg / hr and%
withdséwo freim thenlowesfoorten of the djéﬁﬂtﬂ“ﬁﬂ(ﬁ%f?n%pdﬂé g@rg@pnt

out stably for a prolonged period of time in an anmount
invertibnntite ¢@xentration 50 the gicohblin thenbows beilirgepeint MixturedBxd must

ton / hr. In the present invention, the |ow boiling

be mBgk b bl ndtUéss thah) 9t %Py welghtoad can pirefienably te meds to be not
than 90 % by wei ght of the by-produced al cohol. Al or

tob;, fFaBiya Hé\ysltﬁah OA®6 by wéight, based on
Iessfﬂé@%&?é’ %’E‘?’e'glrgnmog‘?%?@caar%ogat e. is tﬂs 28

100 H6] GBI Bt ik Hrpbillf 88Y|\1tm;ddr@ 9 ' Mordovkk ke EBitent of the

onat e producti on.

s SRR LR P bR i an 02
RS Mo e -
the h(i:grﬁ Lloieljigg %%tintl rgi?(ijusf'ter(bg)l.l yFur;ma?nJo%\,l t%gl allrhggnt c%itﬂte alcohol
separated out as the main component of the low boiling point mixture (Bt) must be
not less than 200 kg / hr, and this alcohol can preferably be continuously separated
out stably for a prolonged period of time in an amount of not less than 500 kg / hr,
more preferably 1 to 20 ton / hr.

In the present invention, the low boiling point mixture (Br) separated off
contains not less than 90 % by weight of the by-produced alcohol.  All or most of the
remainder of the low boiling point mixture (By) is dialkyl carbonate. Itis thus

preferable to use the low boiling point mixture (Br) as a raw material for dialkyl

carbonate production. As processes for producing a dialkyl carbonate, a process
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ture (BT) can be used as a raw material for either
ADSOHPR{ekMN eacti ons. The al coholysis reaction of an

al kyl ene carbonate is an equilibriumreaction, and
hence it 5 is preferable to use a raw material having
a high al cohol concentration. Is thus preferable

It
i ol 4R 504, B EpL T Lo BRsrenss
ractg s ol Sor i e Sob Rl AR AP, Kot poin

95 % by weight, nore preferably not _|ess thgﬁ 97 O/ﬁ%/
mixtutee{ By cantkesueedbas arawinatenabjonithgn of diesefeactons-

boiling point 10 m xture (BT), is particularly, ]
alcohplysfsareaiotign of ad atiylerreecarbanate isranequilipiwp yeactiqn @nd hence it

hi gh boiling point mxture (BB) separated off in the
is prefSrapRMo udey eaWinsaterianinaving @ Higk atomipbnententeztionhe 1 igthus

boi ling point reaction m xture (AT) m nus those

' il it InhiReir@ 9B obitaiedria th&preseht énvention

prefeﬁ%%%%??_tﬁé IowPBoliRy/pBfit n"llﬂﬁl(ng) ff P

I ng pol nt m xture contains not nore

P ' f . ]
as thégﬁgyﬁ%%péﬁﬁ s\gﬁh %hngagf;cﬁﬁ ShaRlsYcdy a@%dglﬂ?"p@in@nﬁ&ture (B1)

produced al cohol,

iAo S5 S SRR S50 e ooy o
o Bt 55 SRS TR 05 BT e

carbonate. In the present invention, it is thus
mixtuse(Bi ) is pantigularly mseigratdy psed @sthedawusaierided t he high

boiling point mxture (BB) into the continuous

nuiMaresver ¢he bighi tsailing peinbmixtiore:(Be)serarated pifinibe pregent

hi gh boiling point mxture (BB) as a starting ,
inverit@nagdrapride thehwnipanents bethe lovataiting point réadionawidure (Ar)

t he amount of the dial kyl carbonate in the starting .
minudBhi8éd HMithBRsvh B hd Ity BEMihb Pertanixtlrei(Bsk adihe high boiling point

istillation colum A wll be insufficient wth just

mixtLIErE"ilbgj goﬁﬂa%{w%&%' th'aﬂib.??% Bg O\fgéiphu rp?ef(e?é’z)l¥ ndbehoremssn 0.1 %

ener a necessary resh starting
oy R e FREHRLPAI 0o Rt BPRSSLS A Berate anc
i deS L Ren e PG A A R BrbOE yre o
contaipingsa SMAlGEMANCENibe RYGecHEed PR 8T SHIeE AN 3 SA amount o
colum A directly, or may be fed into the continuous
the aromaticstagipenatest In thetpreaeatonveantian, it is thus particularly preferable to
continuously feed the high boiling point mixture (Bg) into the continuous multi-stage
distillation column A, and thus use the high boiling point mixture (Bs) as a starting
material for the transesterification. In this case, the amount of the dialkyl carbonate
in the starting material fed into the continuous multi-stage distillation column A will be
insufficient with just that in the high boiling point mixture (Bs), and henceitis
generally necessary to add fresh starting material containing the dialky! carbonate in

an amount commensurate with the amount consumed in the reaction.  The starting

material containing the dialkyl carbonate freshly added into the continuous
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and thus then fed into the continuous nul ti -stagé
AOSOHUSR7LKAN on col umm A as part of the high boiling

point mxture (BB). In the case that this freshly
added starting material 5 containing the dialkyl
carbonate contains the alcohol in a greater anount

cthan, for examle, 0.1 %.by.weight it ] : | £<tillati
muti-pageidisdlagoR BN pumar pairey pHGIAp eanfitydy RLRIEEER dstilation
continuous nulti-stage distillation caluym B.f.rom
columnA dirBrby, so ay b fechiie 1o sentituioud milatas issl BT gpurmn 8
of the alcohol, and to then be fed into the continuous
and thus thendedgrto the sontinueussmulibiage distilatipg coluspn ARs R@fg [of the
boiling point mxture (BB). 10 It should be noted that
high Bdiing peit imbetura(By)i aln fredcase that this freshiyradsied starting material
mul t1-stage distillation colum A contains a staring

contaifih@ thebialkyR BErbdnatatbntathshbertatol t a gigatec afiqunt then, for
starting material 1 contains a dialkyl carbonate which

|
exampis PP b%@%, it@% %g%fjéﬁéi)lé%rtth% SlafiplgaRateriapttabe ¢ed into the

eact | onJ a I of the al kyl aryl carbonate
contigf R Pl HipgeHRRHOR oS plp Ry & Aijop pBslin theEer 46 as to
reduge,frSastonup! 1ih e oh el oy o8 B ERTTIRE cBhiblus mult-stage

~_produced is made up for by adding the dialk
distillgtipm sakmn Aran)qrh@P theigh ?éaﬁ"wst&q?mww |3Xh is
produced by the above disproportionation reaction and
i s Itrshopid bel noted that the stasting material ded intp das caNUPYURHS
carbonate as the half anount of the dial kyl carbonate .
multibsthge didiliatiorecslumihA sontaind a staring meterahdtangka starting material 2.
distillation to continue at the steady state. In the

TypiddligSthBistaringthaterial { kontaihou elialkflicarsorste wdhicthbas been mainly
generally made up for by adding the fresh dial kyl

prod%@ﬁ’@? ﬂ’i@dist)gﬁrpbgfi&?atﬁirﬁ’etabﬂ% MRehalisp(193) ofthie dikg amplaezbonate

ency so be made up for by adding the

sepafﬁf]tgﬁ)ai 2{@@@@%%8 gbﬁﬁhﬁ‘&% ﬁpuﬂi-ﬁfa@btdiﬂﬂlaﬁﬁh Qbluthn A, about a

n" conditions tor the-continuous

mul ti-s e,.distillation ' o
half gguth 6 DRV RrbPReE ieh D8 sBerrcbrittfifed By i reaction n

~range of from 150 to 300C,  preferabl 70 0C:

whichin alvaeH SBTRPTEdR I3 BrosGed T fiace WRbien Ty SRsG Hiciglhy!

17_KAN top pressure in a range of from 2x105 Pa to
carboraesnkethestatisganateriak 10shich is gragucsst bysthe ahpve

preferably 6x 105 Pa to 2x 106 Pa. Areflux ratio in
disptdporiiartionureastion and is recycled. It is necessary to add a fresh dialkyl
carbonate as the half amount of the dialkyl carbonate being deficient. This enables
the reactive distillation to continue at the steady state. In the present invention, the
above deficiency can be generally made up for by adding the fresh dialkyl carbonate
into the starting material 2, bur the above deficiency can also be made up for by
adding the fresh dialkyl carbonate into the starting material 1.

The distillation conditions for the continuous multi-stage distillation column B

used in the present invention are a column bottom temperature in a range of from

150 to 300°C, preferably 170 to 270°C, more preferably 190 to 250°C, and a column
40
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mul ti-stage distillation columm B is generally in a
A0S0 ARy dfANrom 0.1 to 20, preferably from0.5 to 15,
nore preferably from1.0 to 10. 5 The term "prol onged
stabl e operation” used in the present invention neans
that the continuous nulti-stage distillation colum A

oo PSR S R Ve BB PP 0 ot

carrying out the separation >b!%/[i?rcfl{a?‘sti Jdation on.the
Pa, mase prefearably 6xdnParteadt i e X(TAYS 118 1HE ENYRLS
operated continuously in a steady state based on the
multistegeadistitatoonetliunors isgemerally roa rargriphiomdy.d gidty Pagferably
pi pi ng, or .erosion for not |ess than 1000 hours,
from Dr3fet Sihgrenpieferablsfromah03600. hours, nore preferably
not | ess than 5000 hours, and a predeterm ned anount

of Thagedh CpRibrigePsapradserationtlsddtintheimesénttioveritidm means
can be produced while maintaining a predeterm ned

that tﬁb%bggé@% Ui -Eagr @ st Aon @Rk iAol KarrymgColtihe eusdtive

E
erm ned ammount of the by-produced al cohol of

distif3Rbn aFins BaRGHGo FOM il sfacRaiSBBA BRRN B R catyingout the

arning a prescri bed
aration efficienc

se . The materi const j.t Ut J

sepapaiinn o a8 sian o0 516w EPBofPRRL rSnetel] hliirt] (4 chifpach be
the present invention is nerally a nmetallic teri

operateetaniinbaKsiyin srsieady state based @Eih%f’esra%ﬂ%"‘trgq’a‘ﬂg‘so@hh no
the quality of the at |east one aromatic carbonate 2%

floodimg chlegging of piping: €5 esosien forsngfriessethan 100 koWns, pEaferably not
Her ei nbel ow, the present invention will be described

less trarmB0G0 Heumi, moretprefarably met tassttban (5900d1quss: ard a
Exanpl es, but the present invention is not limted to

predef@mirdd AloufrbNtheRrenmdtiescarbosatemisict less thandaton / hr can be
m xture was nmeasured by neans of a gas chromat ography

rodERA g TN, pa o pprsioty
and Eﬁﬁgg\lleer 2 preddtntiRE8 Sindlit o 158 BEprotigidd ARbhENofdt el than
200 kg / hr can be separated out by distillation while maintaining a prescribed
separation efficiency.

The material constituting the continuous multi-stage distillation columns used
in the present invention is generally a metallic material such as carbon steel or

stainiess steel. In terms of the quality of the at least one aromatic carbonate

produced, stainless steel is preferable.

Examples

Hereinbelow, the present invention will be described in more detail with
reference to the following Examples, but the present invention is not limited to the
following Examples. A composition of each mixture was measured by means of a

gas chromatography method, and a halogen content was measured by means of an
41
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5 A continuous nmulti-stage distillation colum as

A0SO HBAd_KAN-1G 1 having L = 3300 cm D=500cm L/ D
= 6.6, n =80, D/ dl =17, and D/ d2 = 9 was used. In
this Exanple, a sieve tray was used as the internal,
whi ch has the cross-sectional area per hole being

. appr oxi nat el 1.2 cn? and the nunber of hol es being
ion chryRAlagrag! %F{Pt 1 n2. io <Continuous multi-stage

distillation colum B> A continuous nulti-stage
distillation colum as shown in FIG 2 having L,
1700 cm D, =180 cm L, / D 9.4, nl =16, L2
Exampe00: cm D2 = 100 cm L2 / D2 25, and n2 = 55 was
used. In this Exanple, a sieve tray (the
<ConfihgSiss aetti-5@igel distiletion gelurwAe bei ng approxi mately 1.3
cn?2 and the nunber of hol es being approxi mately 15 550
| ReofBRudsEmuRistdee diskirtionlcolumi aishsHobe istFiChdibmaying L =
section and the enrichnent section. <Reactive
bt Ll syd am: = atg =qf7, BidiD pdyedwas used. In
3300#ehf:r%no %m"??vjv %’g?lqﬁ ngsmg)o{)ﬁ{ ?fe?écti on m'yxture
. (AT) > React iy |,Ski [ A t -sectional
this EXpMgTe o SEye oAb o oy e FRERANRARh 8 (B cr6ts-sect
apparatus shown in FIG, 3. A starti t @l :
area BBhalerHaS 2PRRuTaR Jiternr obp fae KoM fhbRs feing o,
by wei ght of phenol, 5. 7 %by weight of anisole, 1 %
appraxymatgly RP0dfMet hyl phenyl carbonate, and 0.3 % by
wei ght of nethanol was continuously introduced into
<Contimeous omilti+stages distillations¢g@ndd=ti | | ati on colum A in a
liquid format a flowrate of 80.8 ton / 25 hr_from an
up Petortinious miltiistage? distil atidnecaumni asshewnvin FIG.s2 Bgdng L1 =
distillation colum A. Note that the starting
170078 eDi al18b ¥RsSLi nby eduiaed, £ri@yLar 2500e¢m2D, =t eas L2/ D2 =
fed in 42 AO501 UP17 KAN through the inlet 21 after
25, aPlﬁ\H @SP%E[)U@.G%%HS'E@%;NQ% sxeh@ag @he 2ross-séctiveal area
roma ow boili

ng point reaction mxture (AT)

per q&%gg{n&%érgfﬁﬁé‘@ﬁﬁ %nrrfz%ﬂ’ﬁ {1 rhBEr otRiIBS b@ﬁ'gd approRimately

_ ( ~On t he ot her ha_nd,
50 L R AU et 4 eprpens

section.

<Reactive distillation, and separating out of by-produced methanol from low boiling
point reaction mixture (Ar)>

Reactive distillation and separating out of by-produced methanol were
carried out using the apparatus shown in FIG. 3.

A starting material 1 containing 44 % by weight of dimethyl carbonate, 49 %
by weight of phenol, 5. 7 % by weight of anisole, 1 % by weight of methyl phenyl
carbonate, and 0.3 % by weight of methanol was continuously introduced into the
continuous multi-stage distil.lation column A in a liquid form at a flow rate of 80.8 ton/
hr from an upper portion inlet 21 of the continuous multi-stage distillation column A.

Note that the starting material 1 was introduced from an inlet 20, and was fed in
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5 by weight of anisole, and 0.1 % by wei ght of nethyl
A050bh'§¥?)7l_ bonate was continuously introduced into the

distillation colum A at a flowrate of 86 ton / hr
from a lower portion inlet 11 of the distillation
colum A The nolar ratio for the starting material s

oo VHSE LB SORL LU S e v e

= 87.. The start terjals stant i
from qlpvceﬁt"agrpqm rggel (fg’a G%WM@W@&@ P%?S?é"ﬂ%?"’?‘g*mm the
the ion chromat ography, i R pb or Cﬁ%‘{ |2
uppersgortion ff dhe distillation mwmﬁeoom Froé‘ﬁ@'a*i'ﬁﬂ ta'.’t@ '??a téfia
t he upper portion of the distillation colum A su o
contairiag 76 %dyceeightof dimethyroasibonater h9.5 %t Waight ioanhanol 4.4 %
woul d be approximately 70 ppm Reactive distillation

by welgist sfadrisste, and OCIovH byrweight f metbgrphemyticaibonatewvas
tenperature at the bottomof the distillation colum A

contnﬂfdd’éﬂf ﬂ-ﬁ'cﬁ%%gd A%E tRe BISHBSNGE cluniA at aficw ratbef 86 ton / hr from

tion colum A being 9.6x105 Pa. It was

a Iow%ﬁﬁéomneinFeXﬁ.t&f W d%ﬁlﬂglﬁd% SHERIVAS The ndI8F Atiodfer &ié Starting

I nuous y wi t hdrawn at 82.3 ton

[._hr.
mateaegs{'mw&wwﬂlnﬁ%fnﬂ#mi%%ﬁﬁ Ailitags sisiffafth! ARl A es®
el s oPoEn 02T, T RH b oty i ot
conta(i iBlagensi(BHiidRAnE RRIAEIGTH MG AQE GG 1PREBIOTDRBGTaphY, L. 1 ppb of
distillation colum A, the actual amount produced wa
less)7. Pb{ORh), &s a cataigstiwas intneduaed i frampare iyjet t%rrb@ﬁalﬂ@er portion

produced was 0.22 ton / hr. The total selectivity for

of thé BRstinBlidY tolnheni sucka thatrmtenaamiratiopHbengof iathsoeaction liquid
based on the phenol reacted was 99% 25 Prolonged

woul@%éﬁbf@&éﬁnaﬂ@ 75 b, WiRte sty e idistillatibn waserartiée wet continuously
condit'i ons. he amounts produced per hour at 500

undeg%%amﬁg gr}gg'[%rﬁtﬁpé) B¢ SttorR & thd BitiRatiorfSolORPOA biding

a° ours after attaining stable steady
2995, 515G Te il n iy PaPeo ol g dero’Pa.
was SERSB st Zéte.tagigzs&tpf’qpéq%nq@sﬁ?% LS A fadid

carbonate. The total selectivitie t he ne
contighensly withdsawarat 823 ten piehom %PH@?% ORI 9‘5 Pg he bottom of

the distillation column A contained 10.1 % by weight of methyl phenyl carbonate and
0.27 % by weight of diphenyl carbonate. It was found that the amount of methyl
phenyl carbonate produced was 8.3 ton / hr (subtracting the amount introduced into
the distillation column A, the actual amount produced was 7.5 ton / hr), and the
amount of diphenyl carbonate produced was 0.22 ton/hr.  The total selectivity for
the methyl pheny! carbonate and dipheny! carbonate based on the phenol reacted
was 99%.

Prolonged continuous operation was carried out under these conditions.

The amounts produced per hour at 500 hours, 2000 hours, 4000 hours, 5000 hours,
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5 99% 99% 99% 99% and 99% respectively, and hence
AD501 W1 ion was very stable. Moreover, the aronatic
carbonat es produced substantially did not contain

hal ogens (1 ppb or less). The | ow boiling point
reaction m xture (AT) continuously withdrawn in a

f fr h i
anc o il A6 A ey A L BIY1HS 3 0ps, 89 toms
0.3 tobpen 5 e dbvencinen 37 15h Pl B S rbfghB? kg2 tons
descri bed above. The conposition of the |ow ai%hleiaﬁgcarbonate.

0.22 tpos . 22dans, GA2iens.@nsl Q.A2)lonssesreciuely Pt i

85.2 ton / hr, was 2 % by weight of nethanol, 74 % by
The total ghieciitiel fortthy meathylphrenyk carbonate/anyg diphiegiyt cafbonate were
phenol, 4.4 % by weight of anisole, and 0.1 % by
99%, \eRg 'o9nf 00%! Byl 9996 nespentivblynane hehbe Hie opetationgvamvery
to have a tenperature close to the tenperature of the
stabl%' MbFedver (th8 ar¥inglif ickibdiatéd ptatiueedFLibtamitiafig did not contain
etween the stripping section and the enrichnent

“a‘°9?§$f5mgi&t'%§9 continuous multi-stage distillation

low boiling point reaction mxture (AT)

wag, conti nyously fed j.nto.th AStilbat i :

Fr She ok B GPoint ERaoh ki G caniib s PRy in 2

make up for the deficient dinethyl carhonate. e
gaseqs Ty OBIB e oL HRGo A R quritryeh ARy B Bp A as

the distillation colum B at 2.53 tan/ hr from.an .
cooleicrdawn i1 150y theugh heeh thereiRdreing Leed i Beat e starting material 1

distillation colum B. Separation by distillation was
using-therhiezd eachangert2has deseribad abeveli sthe cempesitiop|aithe lpw

at a colum bottomtenperature of 226C, a columm top
boilinggFBiat r@iagtien elixtLbd (ir)antiich was ilittidravan ab8612 BN /dgwas 2 % by

I'ow boiling point mxture (BT) was conti nuously

weigl‘g@ ShiHeMaRof, 7amxA5y @Bight of Gtmﬁﬂé%arboﬁatet 40.3 %by walighteof

~high boiling point mxture (BB) was continuously

orerfl 45210 J40% bk, 2 SP Lot s prbonate
ARG RSl el bt Lolle igin e
oGS O B BT B0Bh S5 SR Bl fRcment

reused as the starting material 2. The_c ositi.on of,
sectionan fRCORSINUON eiriaas SisUlatqragiumisB othesioByPailiig Rpint
react(i)gn mixture (Ar) was continuously fed into the distillation column B from the inlet
31. On the other hand, in order to make up for the deficient dimethyl carbonate,
fresh dimethyl carbonate was continuously introduced into the distillation column B at
2.53 ton / hr from an inlet 41 provided in the lower portion of the distillation column B.
Separation by distillation was carried out continuously in the distillation column B at a
column bottom temperature of 226°C, a column top temperature of 155°C, and a
reflux ratio of 3, and a low boiling point mixture (Bt} was continuously withdrawn from

an outlet 39 at 1.73 ton / hr, while a high boiling point mixture (Bs) was continuously

withdrawn from an outlet 35 at 86 ton / hr.  The high boiling point mixture (Bg) had a
44
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5 |, and 3 % by wei ght of dinmethyl carbonate.
AOSO%@?% of methanol continuously separated out

through the distillation was 1.68 ton / hr. The | ow
boiling point mxture (BT) was used as a raw materi al
for producing dinmethyl carbonate and ethylene glycol

methatiol <Bffe SRRl RLF HEA GG WBIER Sond HEa BREIMP ¢S ihe same

carrjied 10.qut,in synchronizati.on wth.the c Lhugus
as the aring pwiterial dHor mboneus i steds gbtiigfaf B &
colum A. The separation efficjency was th sa{re.after .
descrikwml afaves andovas CFilated bARKANGHIIS retsRd R gue Starting material 2.
6000 hours as initially, and hence operation _enmined
st Tbe eompsitiomnafi the 2ow Redingi paintanixtune @) wasHy% by weight of
separating out of by-produced nethanol were carried
methand!, anderitdyewdight ofitiingethginctirbonate. uJihegambentsefrmethanol
continuous nmulti-stage distillation colum A and

contifiitidhnseptrated it thiciih thesdistilatibh emascpEaronBhas The low boiling
Exanple " 1. 20 <Reactive distillation> A starting

point (@%@g% g?gjwég QE@&I %()E@ra%?n%ﬁ%ﬂ%?oﬁﬁo@lﬁf:in@?iméeﬁ%l fbtgléfbonate and

by wel phenol ,

wei ght _of | sole. .0 o j of methyl phenyl
ethyl%r‘lﬁ ag'ﬁ’gﬂ@f F‘e%@ﬂgi@ti’bﬁ%\yl%yﬁﬁb%&bmt hanol was

continuously introduced into .the canti u :

it e gt pEle SaPERUE biitss e AEUdHR Fojump B was carried

aflowrate of 86.2 25 ton / hr throygh the. upper :
out irpgynaheenizaticn with the coRtinuQyR PRRIBHRN ﬁ’ﬁﬂﬁ 9%@*5&@’%5 multi-stage

distillation colum A via the heat exchanger 27 from
distillatien colusin A0. Tbe separatianeeflipigngy wasdtharsame, aftas50( bgyrs, 2000

UP17 KAN material 2 containing 64.4 % by wei ght of _
hours]i 4080 ydurs 2500M hbers, 28dE0T0Hhoureaghinitially, aoiddrerice gpegation

by wei ght of anisole, 0.4 % by weight of nethyl phenyl
remafddsaplee, and 0.1 % by wei ght of nethanol was

continuously introduced into the distillation colum

A at aflowrate of 86.6 ton / hr fromthe | ower

portion inlet 11 of the distillation 5 colum A The

. ratio for the starting materials introduced into

Exa"ﬁ@éa%onti nuous

Reactive distillation and separating out of by-produced methanol were
carried out under the following conditions using the same continuous multi-stage
distillation column A and continuous multi-stage distillation column B as in Example
1.
<Reactive distillation>

A starting material 1 containing 33.3 % by weight of dimethyl carbonate,

58.8 % by weight of phenol, 6. 8 % by weight of anisole, 0.9 % by weight of methyl
phenyl carbonate, and 0.2 % by weight of methanol was continuously introduced into
the continuous multi-stage distillation column A in a liquid form at a flow rate of 86.2
ton / hr through the upper portion inlet 21 of the continuous muilti-stage distillation

column A via the heat exchanger 27 from the inlet 20. On the other hand, a starting
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-stage distillation colum A was dinethyl

A0504t&ﬂ'b1<7 phenol = 1.1. The starting materials
substantially did not contain hal ogens (outside the
detection limt for the ion chromatography, i.e. 1

ppb or less). Pb(OPh)2 as a catalyst was introduced in

et AFE8TA 5Lk B BB S e oo
oS U bty St TSP SAR O el PR sgonate, o

under conditions of a tenperature at the
0.1 %dby weighttaf sretbanalwascertinipusioinirgqyced mtgglg%. Pést'ﬁ?“‘?’h 8°‘Um“

top of the distillation colum Abelg% 5x105 Pa.
A at aniow patesofiB&:6tan Abt fiom thedower podianyiniet A1 @ dhe dﬁtlll%tlpn
after 24 hours. A liquid continuously wthdrawn at 88

coluniPA. / Tie rhoimratieforuhé starfhg omatesalsdotroduces] inteethectaninuous
of the distillation colum A contained 13.4 % by

multi ‘&?é%‘&sﬂﬂatl’&ﬂ ELmBTeRss dimafieeaiorans/ Bh@ndbby. meiTiid starting

I phenyl carbonate. It was found that the anpunt

mate@&s%@ntmﬁ d nﬁ?é&ﬂﬁlﬁtr%l%é}ﬁ‘(é&gsmmhé félegedh@ﬁ limitor the ion

Ing”t anmount Into

tlllatlon coI a i
vy 4" 5 oo PRI 4y BRIt n o
produced was n tot e
the upger Pﬁ@%ﬂh@;’%rﬂii’?ﬁm stllpinm Sour A syPR AT Shideslhten
based on the phenol reacted was 989 r ol on
therasbin nafeastiop IRHAEHIAES SRRTPRGIEIEN: 10FBRR | ﬁ%‘é&t"’e distillation
condi tions. The anounts produced per hour at
was tarvied, out @o0tingously uader couditions eka igmperature; af; therb@t'f)ﬁbof the

stabl e steady state were 11.8 tons, 11.8 tons, and

distiliblioR dofuiin paseirg LG0EC yandta pmssul'eahmermp gftike gistillation column
carbonate, and 0.6 tons, 0.6 tons, and 0.6 tons

A befr@%)sszﬁ oVphY ftovas b@@sllﬂbﬂb@mﬁn sablostatdy stite dperation after 24
sélectivities for the nethyl phenyl carbonate and 46

hourg /QJI Hidc tlﬁq%sf'}'\‘)webvn%r@%tﬁr\%rﬁ tH8 Yuti8B6 condected to

pec nce the operation was very

the bsc{@ﬂ B I']I\éot;ilsgn/% op &o'lﬁ-‘mﬁ&\ 6@%&@& %ggﬁ?%%&gﬁﬂaﬁﬁ@thyl phenyl
crth &5 L WALt ] EABHUSES TEBER8nd v amour

of methyl phenyl carbonate produced was 11.8 ton / hr (subtracting the amount
introduced into the distillation column A, the actual amount produced was 10.7 ton /
hr), and the amount of diphenyl carbonate produced was 0.6 ton /hr. The total
selectivity for the methyl phenyl carbonate and diphenyl carbonate based on the
phenol reacted was 98%.

Prolonged continuous operation was carried out under these conditions.
The amounts produced per hour at 500 hours, 1000 hours, and 2000 hours after
attaining the stable steady state were 11.8 tons, 11.8 tons, and 11.8 tons respectively
for the methyl pheny! carbonate, and 0.6 tons, 0.6 tons, and 0.6 tons respectively for

the diphenyl carbonate. The total selectivities for the methyl phenyl carbonate and
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l_ow boiling point reaction m xture (AT)
AOSO'h 17mﬁﬁ§ly Wi thdrawn in a gaseous formfromthe top

of the continuous nulti-stage distillation columm A
was cooled down to 161 C through heat therein being
used to heat the starting material 1 wusing the heat

soneF s A S Bt g TR o v
was 5 P S g b By i o

34.3 % by wei ght of phenol, 1.2 % by weight of
containhalepens £hePB.O? 1888y wei ght of nethyl phenyl

carbonate. After being nmade to have a tenperature
<Sepatating aul of by-prodpeedimetieans! frame low gailiagipeintfeaction mixture

vicinity of the inlet 31 provided between the
(Ar)>stripping section and the enrichment 15 section in the

continuous multi-stage distillation colum B, the |ow

boirhk New Rl difErelacion Mixtures {)thmeusipmlihdnawalnya
fed into tr|1'eHgoFst| |l ati on col um B fromthe inlet 31.

gaseéﬁ(ﬁ fdin f?{ﬁgheh tHé‘c tHRIousnilikRage dfsﬂﬂat‘icfrﬁcolumn Awas

I Cclen carbonate, fresh dinethyl

coole%?@c%’v?rﬁ] F%;’? §£@6 gﬁ'ﬁg% %ég't‘ﬁ'léfglh%élﬁg ﬁ@?& tb H%rgto ﬂr;l]'égsgall'tmg material 1

usingpbedia rarrou e Pofesuibal 885 bl ?@m?ﬁ%ﬁ’?ﬂ“cﬁf%%@

bolingipainbiSeGHAn BERLER b éfég{‘wég%m raveat 854 Sﬁ'%a?zﬂ*rt‘@”ss% 1%
tenperature of 138C, and a reflux ratio of 2. 89

by weight bbinethanabdht by sweight of gimetuh saonale @43 % by Weight of
wthdrawn fromthe outlet 39 at 2.78 ton / hr, while a

phenbl, dh2 196 biyiweightoafi artisote xand 6.2 BBy mrﬂ@ﬁmetbmhme;nw carbonate.
w thdrawn fromthe outlet 35 at 86.6 ton / hr. 25 The

Aﬁerfbeﬁﬁg hridd tBthavei alterperatuire |64 tothe tempetatane bf tenliquid in the
not nmore than 0.1 % by weight, and had a

Sedtion ariciHe égrichment
VICInﬁﬁt 9@ rleg%1?}e§lggatg(%g%¥%%ﬁ§swgﬁe conti nuous © men

secti&ﬁiﬁ efé@rﬁtﬁ@g%trgul %tégé‘ dfﬁhaﬁ% éolﬂgﬁ\cel #edoatsifng pBRt

us reused as the starting
reac{i:q?g(fer{h*tglr éwThe CO ng%g%‘y?gagﬁtahtﬂg Joéf}maﬁﬁl’ﬂ] Ig,hl;ﬂﬁnrﬁ)ﬁ' fgém the inlet
31, an AR aihes Tk i Ky el E e ENPRAL UG RLodtbonate
freshdéii?rgétkylflaéalrggnatmgswazs ggntfn%%ulslyhlgtrogngeclj ?nvtvo ?r?é !:i{s?lﬁation column B at
3.98 ton / hr from an inlet 51 provided at the fourth stage from the bottom of the
enrichment section. Separation by distillation was carried out continuously in the
distillation column B at a column bottom temperature of 213°C, a column top
temperature of 138°C, and a reflux ratio of 2.89, and a low boiling point mixture (Br)
was continuously withdrawn from the outlet 39 at 2.78 ton / hr, while a high boiling
point mixture (Bg) was continuously withdrawn from the outlet 35 at 86.6 ton /hr.

The high boiling point mixture (Bg) had a methanol content of not more than 0.1 % by

weight, and had a composition substantially the same as the starting material 2 for
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' Jxture (BT) was used as a raw material for
A050£?J&g{74 di met hyl carbonate and ethylene glycol by
reacting with ethyl ene carbonate. The operation of the
continuous multi-stage distillation colum B was
carried out in synchronization with the continuous

o AT AR M s e
f 00, hoa! h d 2000 h
back 398 ﬂi"?stn?eéi%ﬁgegs tﬁ'& ?1@ 8 rgﬁtg?%??onorg?rai ﬁgd st abl eour >
- BB icpEPos R kv BUNGERRIT ATrs:Eh e 5995* 5 ")‘%y”ﬁelght

mul ti-stage distillation colum A as in _Exanp 1,
of mesharsk; ard BiThth Ipwweight b simetby| eaneopate. ( Afhe eré\wat af w&thaml
1.5 % by wei ght of nethanol, 81.9 % by wei ght of -
continliowsyhyéparateaboatt through theodi&tjllation yvas 269gnaddr, 3he low boiling
by wei ght of anisole, and 0.3 % by wei ght of nethyl
pomtl@ﬂilﬁtndr‘é (BANREN ab6d we Mivi rditerial fort prddugingt dimethytrcaribamate and
t he upper portion outlet 26 of the colum. As in

ethyl%@‘ réé?ﬁn %I@Q!r*yléﬂﬁa &@bbhate0 reaction mxture

mas contlnuous y fed into the continuous

wg’bb (9238?%[??r%15ﬁ1' tr%ﬁ'ﬁl'riggus GRS él‘sﬁl'l'ﬁtHF\ech&hﬁtB ¥hs carried

ween rrpping section and

ot BB B AT 58 g e

t he ot her han in order t or_the
d'St'"éF'%PHW” Bar Sbﬁaie&ar@tm 'E'FQPY thersame,atter ! 560 Rlrs, 1000
cont ai ni ng 99 % by. wei ght of dinmethyl carbonate 25 and
hours, apd:0QRkNeus as intiallyoans m@eeaeﬂatlﬁwamn%ﬁae ced
into the distillation colum B at 1.76 ton | hr from
the inlet 51 provided at the fourth stage fromthe 48
A0501 UP17 KAN bottom of the enrichnent section.
Exanfsled: ation by distillation was carried out
continuously in the distillation colum B at a col umm

bOtFié%IBtNS Rt ki Wdéfca?ﬁg@ou@usmg'dlﬂﬁnlbﬁ procyseeirf eesame

of 151 C, and a reflux ratio of and a | ow
contlpﬂbué ﬁ'ﬁ.lltp Q} lgiél?ti%heccﬁ%?\ tA‘3§§ ;mﬁgémah@vzérgd é"lé\f)gfoﬂm’g point

coch b O 43t L S Wl o
dlmeﬁwl ca@or%?e n{ 2. H] %tby wenﬁ;ﬁF Z)f &eno{i‘ é“ét%%@"dveug%%ie Q}nsgfe and

0.3 % by weight of methyl phenyl carbonate was withdrawn at 80.26 ton / hr from the
upper portion outlet 26 of the column.  As in Example 1, the low boiling point
reaction mixture (A7) was continuously fed into the continuous multi-stage distillation
column B from the inlet 31 provided between the stripping section and the
enrichment section of the continuous multi-stage distillation column B via the heat
exchanger 27. On the other hand, in order to make up for the deficient dimethyl
carbonate, fresh starting material containing 99 % by weight of dimethyl carbonate
and 1 % by weight of methanol was continuously introduced into the distillation

column B at 1.76 ton / hr from the inlet 51 provided at the fourth stage from the
48
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nore_than 0.1 % by weight, and was circul ated back
A0SOt WPd7L K&Nont i nuous mul'ti-stage distillation colum A

and thus reused as starting material for the reactive
distillation. The conposition of the |ow boiling point
m xture (BT) was 99 % by weight of 10 nethanol, and 1

% wei ght of, di hyl 1 . ha.
bottorey Joe Sncup SRAGE  SeRRLARa" o s RER caftied out
distjillation was 1.18 ton/ . hr. The | qw boilli 0l o
continpielie esstiaion calmsB at AR Rt fphBRsulore-c. a
di met hyl carbonate and ethyl ene gl yco_} bg/ C{]e?ct lbnﬁl. int
columpi top tempgraties ohibbia@nd Frefluxdatiau! &/ 4rang,a low bofling poin
continuous multi-stage distillation colum B was .
mixtuea{B) ehs ddhtioubusly vathdrawofiorathe putiet 30 ahd. 18dani/ Msousile a
operation of the continuous nulti-stage distillation
high bl ift mbktare () vads contirfublsyewithdraas frére teacstief 3%t
500 hours, 1000 hours, and 2000 hours as initially,

80.83%BH /N CThe PRIFbSIRAG PRI InTREIre (BE) Ikad Erethlasolcoritant of not
Reactive distillation was carried out using a simlar

o S at i H . : t
more W&y 635 /al&g#e@tuﬁrnﬁﬂa%%hfé@ﬁ'ﬁaﬁmﬁtbﬁé d%@gturl's%ws multi-stage

istrila as in Exanple 1, an

oo BFRTPoA B REFAIRA By TR B pGBB dhation

carponate, 26.4 %bDb i ght of. phenaol 6 .. % Ly MBI .

of THR iCQmRQS'thd%EX%'WE%?%m @‘HE‘P%‘P‘tH‘eec 1%979 “ﬁ?eér% by Weight of

carbonate was w thdrawn at 57.45 togﬂz hr frogft he 25I
methangleand dr % knwsiaht of direethy! ¢arboRgieu mi he,@mPHNELMEENC

1, the low boiling point reaction mxture (AT) was Y
contimaousiy separajed eut through the distillationovas g tondthige The low boiling

distillation 49 A0O501 UP17 KAN colum B from the inlet
pointMixiure(Bepsad esed @s 4 faw satenifogpseticingdiaredhylarbonate and

enri chment section of the continuous multi-stage

ethylEhé blycoPby Peactplguiith Bihiiehe berbbaate. exchanger 27. On
the ot her” hand, in order to make up for the deficient

di : : : .
Cgﬁ%{%ﬁeﬁaﬁ%&;ﬂ% @ov\rgfngﬁtﬁg nRIf st disalfidrAéolumn B was carried

o _ % of dimethyl carbonate 5
out B ooy WA <y 56kra085 o CEHENIRLS put-stace
sl ol o o oAU B e 5, e hep 594 s 1000

by distillation was carri%d out . .
hours, and 2000 hours as initially, and hence operation remained stable.

Example 4:

Reactive distillation was carried out using a similar process and the same
continuous multi-stage distillation column A as in Example 1, and a low boiling point
reaction mixture (Ar) containing 2.8 % by weight of methanol, 61.0 % by weight of
dimethyl carbonate, 26.4 % by weight of phenol, 9.6 % by weight of anisole, and
0.2 % by weight of methyl phenyl carbonate was withdrawn at 57.45 ton / hr from the
upper portion outlet 26 of the column.  As in Example 1, the low boiling point

reaction mixture (Ar) was continuously fed into the continuous multi-stage distiliation
49



j ly in the distillation colum B at a col um
Aosoggﬁ%%‘perature of 215C, a colunn top tenperature
of 138C, and a reflux ratio of 4.4, and a | ow boiling

point 10 mi xture (BT) was continuously w thdrawn from
the outlet 39 at 1.69 ton / hr, while a high boiling
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The conposition of the |ow boiling point mxtur
carbopate, Jresh stadingwaisniel comtaiing 8] gv weighy % /ﬁwe\n&F g%Ebonate

of di nethyl carbonate. The anpunt of nethanol
and 0c® % byweaightyofsepthaadbwas continuausiy intrasiugedtintol theidstillation
was 1.6 ton / hr. The low boiling point mxture (BT)

colum¥B at$ed4 den Ahr fvimitakdnliet 51 fppovided dh therfputinstage from the
carbonate and ethylene glycol by reacting with

bottoffi +Mh§%rﬁ:ﬁh@?ﬁ‘%b&tnor?0 §é‘;§’ar@ﬂ§rﬁ% ipgtillatioh Reasceartibd wotrs
ti-stage distillation colum was carried out in

continy) %Wh@%éﬂéttﬂwt&ldrﬁﬁgsu Pmbeﬂ&h%h%rﬁtfuré Be215°C, a

uous Py stage ation colum
e
i A8 etV Bkl 3500 8wt o

A0501 U P 17 KAN conti nuous rrultl-sta e (f“ll stlllat‘?%

high beilingnpomtasixiure Rahyas continwRsly WA ITRE hs itlet 35 at 58.2
reaction m xture (AT) containing 3.0 % by wei ght of

ton / hiet Emhigheeoiing/point mixtyre (Be) had amethanelaapieniiaf 0.08 % by
28.0 % by wei ght of phenol, 6.1 % by wei ght of

weight)iapdlveas eincul8tet! t%dkyntwhgidormmoﬂs nuliti4stageydistillation column A
carbonate was withdrawn at 57.11 ton / hr fromthe 5

and tHEB%u@éH bt Qtarfing hiiteddl fof tHarale astildgon.n Exanpl e
l ow boiling point reaction mxture (AT) was

COWH&{W?&’ tl&‘?g Y ow ﬁg?blrﬂ lﬁﬂ&dﬁjr@‘gB{)' was 989 % by weight

di st urm B he inlet 31 prow ded

o BRI TS Rl T RS f mtrnc
conti%gloﬂéw s%p\e/:\iraaled out Hvough the distillation was 1.6 ton / hr.  The low boiling
point mixture (Br) was used as a raw material for producing dimethyl carbonate and
ethylene glycol by reacting with ethylene carbonate.

The operation of the continuous multi-stage distillation column B was carried
out in synchronization with the continuous operation of the continuous multi-stage
distillation column A. The separation efficiency was the same after 500 hours and

1000 hours as initially, and hence operation remained stable.

Example 5:

Reactive distillation was carried out using a similar process and the same
50
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27. On the other hand, in order to nake up
AOSO?E—TSMH cient dinethyl 10 carbonate, fresh

di met hyl carbonate was continuously introduced into
the distillation colum B at 2.8 ton / hr fromthe
inlet 51 provided at the fourth stage fromthe bottom

conti%%ﬁsgﬁpﬁpét’éﬁgﬁﬁ@lgﬁ?ﬁ 'i:bfﬂ%r? ﬁ%hﬁ%&gﬁﬂ?& i‘i\inlélté |dvitbbifiRg point

I nuously I n ation
TR S e e

. 2.89, and a low boiling point mxture (BT). 15 S
dimetfwheanenata, 284 By Mo tohAnene Sul |°€PV3'¢JQ'S'E“ of Gselgyand
/ hr, while a high boiling point mxture (BB% was
0.1 % byweighiefirgethiyt plerylsarbanate wasovithdrawnth7 . 18 tey/ hpfiom the
/ hr. The high boiling point nixture (BB) had a i
uppefpbHmobutiet 26asftthe toluinire 9Abin Examipte 1aihe lowspiling point
circul ated back into the continuous nulti-stage

reactfrPfnidthad q;ﬂ@f')‘ wel doMtindoasly fedirtto the eoathuoussmalti-stage distillation
material for the reactive distillation. 20 The

colurgg @R@}onbthgrinl.%f ﬁ? 'Eﬁ%*leléﬂ *B%!Wéc?w tHEPst pg‘l@(éédtl@n(éﬁa theas

y welg nmet hanol , and % by wei ght of
- di . . T ; .
e A PR s O Rl SRRl 2 via e et
was 1.72 ton, | hr. The lLow boili 0| '
oxchaigeriata 48 e clier At i e o sheke AP ) B gl iy
carbonate and ethylene glycol by reacting w.t .
carbenigl BREH RREIONLEbODB eyt GRBNBHAURY BRIoERIEEH i the sigiation
mul ti-stage distillation colum B was carried O#Jt iﬂ
columnri Bt 2:8 teat/ibsriram the ikt ToptavidesLat thedewith stags fremghe bottom
continuous multi-stage 51 A0501 UP17 KAN distillation ,
of the @nvichmént Sketiore pBepdratiore by idistidatign was canded ok cantiryously in
500 hours, 1000 hours, and 2000 hours as initially,

the diswliaiien ¢olLAME Badtl  BoluATRbotsmtempleeaturendli2183Gya column top
Applicability 5 In the case of producing at |east one

tempErafiRé lof 188°QCAR § rbfMiOrid 6F 2.89Cand A lowibdiling péinbmixture (Br)

systemusing a continuous nmulti-stage distillation

ves SR P i pESRASor el it rion o
poinf itk Bef s SR RSO M BPE R thdBLNETR ESai T ep /e
The Enﬁ’émégiﬁﬁgggpn? ?r%x Ure i(85 r%)afd taim"&h‘%ﬂo é]oritgl%ug’ft d.b8'% %@%&lght, and
was circulated back into the continuous multi-stage distillation column A and thus
reused as starting material for the reactive distillation.

The composition of the low boiling point mixture (Br) was 93.3 % by weight
of methanol, and 6.7 % by weight of dimethy! carbonate. The amount of methanol
continuously separated out through the distillation was 1.72 ton / hr.  The low boiling
point mixture (Br) was used as a raw material for producing dimethyl carbonate and
ethylene glycol by reacting with ethylene carbonate.

The operation of the continuous multi-stage distillation column B was carried

out in synchronization with the continuous operation of the continuous multi-stage
ol



AOSO%@J ton/hr whi | e eff|C|entIy separating out a
d al cohol. 52 A0501 UP17 KAN CLAIMS W
cIa|n1 1. In an industrial process for the production
of an aromatic carbonate in which the aromatic
carbonate is continuously mass-produced on an

dlstlllétlbq't‘é&ﬁh |a SChéE seésI yﬁﬂéégﬁlé’néf@% &N@sgm%téﬂér%dd}ﬂburs 1000

conti nuo ng "a starting mat er i al

cont di_al o 0 e [
nours, 39 0RP RS S alidly. AP ReSe udD haiRk abie, e
distillation colum A in which a catalyst is present
carrying out transesterification reaction and
distillation simultaneously in said distillation
Industyial éppligabililynt i nuousl y wi t hdrawi ng a | ow boiling point
reaction m xture AT containing 10 a by-produced
al bothel caseahprodugipg at paast boe asomatic ¢adianate through a reactive
colum A in a gaseous form and continuously
distillafidrhSyaminngsing lai gontibablis hulpstage distiltatiooncolumnfromm aBdialky!
containing the aromati c carbonate froma | ower portion

carbdaté ahd o %Hdt@tmeﬁoﬁfdrﬁw c&zﬁpﬁuné {Hecpregehtinventidrecan be

|nprovenent whi ch conpri ses sal d conti nuous

a)
suuta@y ut'isbfjl s gggé@éb c%%'s%ﬁtg%é#g@% &%ﬁétﬁ&ie 8 cfmatlc carbonate

engt

o o R4 B0 B oo BRI B g ot

10 than {4 BoIP SGHEIBAUY, PPN RUEE By RIBAHRES BBETOL | qui

outl et having an inside dianmeter d2 (cm at the
bottom of the colum or in a |ower portion of the
colum near to the bottom at |east one inlet provided
in the upper portion and/or a 20 m ddl e portion of the
col um bel ow said gas outlet, and at |east one inlet
provided in the | ower portion of the colum above
said liquid outlet, wherein L, D, n, dl, and d2 ‘
satisfy the following formulae (1) to (6); 1500L: 8000
(1) 100 D< 2000 (2) 25 2 s L/ D< 40 (3
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Anl20 (4) 53 A0501 UP17 KAN 5 Didi S 30 (5) 3
AOSO%%/PSIJS-@%O (6); (b) the low boiling point reaction

m xture AT is continuously fed into a continuous

mul ti-stage distillation colum B, and a | ow boiling
point mxture BT in 5 which the concentration of the
al cohol is not |ess than{qmdy weight is
continuously w thdrawn from an upper portion of said

W I%ilﬁ_tillation colum B in a gaseous form (c) a high
© CIHe i ng point m xture BB having a | ow content of the
al cohpol is , continuousl i thdrawn froma | ower :
pol 1 Braincsisinal psaeasa Buerriccielion gEah Arpriafia cagppnate in
~colum Bin a liquid form and said high poiling, paint
which#hetalpmatis Gasbensie i genliTupusbmasspredteas on shripsiyslgkscale
mul ti-stage distillation colum A and thus reused in
througha reactives distibatidn systérorof cantingeysly feeing atstatipggnaterial
mul ti-stage distillation colum B conprises a .
contafhing &l diakilocarboniterand-anaroraatic) meorsty dppdyrpnspaurnidinto a
having a length L, (cn), an inside dianmeter DI  (cm

contirihisRuitioéta e Aistiation dolwirPAln WhicH agasalyst is present, carrying
t herei nsi de, and an enrichnent 15 section having a

out tr%ﬁ%%t@riﬁgat&?\h%gc% hﬁ& Hﬁ‘fi#lﬁi&??ﬁﬁilta%oﬁ%@in B didtillation

nal = w er of stages n2 thereinside,

courtl e o35y SRt il gy cominn
ooy BT A Tk P ek st op colpp i
gasecn}s2 }orml, %%1%1/c%zr%ggo&éllg)witzh%rgv?rinrg];za ﬁig%ogoiﬁ%é E)bint reaction mixture Ag
containing the aromatic carbonate from a lower portion of said distillation column Ain
a liquid form, the improvement which comprises: | |

(a) said continuous multi-stage distillation column A comprises a distillation
column having a length L (cm), an inside diameter D (cm), an internal with a number
of stages n thereinside, a gas outlet having an inside diameter d; (cm) at the top of
the column or in an upper portion of the column near to the top, a liquid outlet having
an inside diameter dz (cm) at the bottom of the column or in a lower portion of the
column near to the bottom, at least one inlet provided in the upper portion and/or a
middle portion of the column below said gas outlet, and at least one inlet provided in

the lower portion of the column above said liquid outlet, wherein L, D, n, dy, and d

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

1500 < L < 8000 (1

100 = D = 2000 (2)
2 S L/D £ 40 (3)
20 = n =120 (4)
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. FAp;B P17 KAN 2. The process according to claim1,
Aosomerei*%]%t less than 1 ton / hr of the aromatic

carbonate is produced. 3. The process according to
claim1 or 2, wherein said d, and said d2 5 satisfy
the followng fornula: 1 < d2/dl < 5. 4. The process
accordi ng xorpny, enea®f clains 1 to 3, whergéh said
continuous multi-stage distillation colum A conprises
a distilhaki olirgy having a 10 tray and/ggy: a

packi ng gs‘sgjlqld&% n‘fgbnal. 5. The process acc(o?'di ng to

cl ai,m. 4, erei n _sai ' [ = :

ai e 1oV BRI ReCoh rEdBLE AT S8y fed into 2

distillation colynm havjn he tr s .said . internal, .
continipus, myfiestage citllation Gpiutity By and AP Boiliig,apist it/ Brin

_tray is a sieve tray having a sieve oorti on and._a .

whichithercansestralien of the alzohqlis net irsssban Slordinywelaht is gerinuously

6, wherein said sieve tray has 100 to 20 1000 holes /
withdradwi frosmad upper pogiiont dfeaid istiffatiorpedoassB it agasenysform;

claim6 or 7, wherein the cross-sectional area per

ho{e ahighadallireg point tixtyre B havimgralugecoriteht ohihe. @colhwolis
cn2. 25 9. The process according to any one of clains

contiﬁué@sl;?witmﬁ&vﬂﬁ frokd a IdWer pdrtibn dPsaid dontinrioubPulti-stagdistillation
and n2 for said continuous nulti-stage distillation

cora T o S iy o
o it bl g oA g s

10. The.process according to any one of clains 1 to 9,
trans%glgpﬁtl$m@qd2t er nal

(d) said continuous multi-stage distillation column B comprises a distillation
column comprising a stripping section having a length L4 (cm), an inside diameter Dy
(em) and an internal with a number of stages ny thereinside, and an enrichment
section having a length L, (cm), an inside diameter D, (cm) and an internal with a
number of stages n; thereinside, wherein Ly, D1, ny, L2, D2, and n2 satisfy the

following formulae (7) to (14):

500 = Ly = 3000 (7)
100 = Dy = 500 (8
2 £ L41/Dy £30 (®)
10 = ny £ 40 (10)
700 = L, = 5000 (11)
50 £ D, £ 400 (12)
10 £ Lo/D; £ 50 (13)
35 < np £ 100 (14).
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AOSO&THﬁﬁﬁ the stripping section and the enrichnent
section of said continuous mnulti-stage distillation
colum B is a tray and/or a packing. 11. The process
according to claim10, wherein the internal in each of
the 10 stripping section and the enrichnent section

of 2 s aifHe PPHEdE Bitordingth MO witdreln hotdes® tharpl tom/ Br of the
is atray. 12. The process according to claim 11,

yheL gl i a sieve tray having a sieve

arompor{:?gﬁnéﬁédggrggum%é%oner portion. 15 13. The process
according to claim 12, wherein said sieve tray has 100
to 1000 holes / n2 in said sieve portion. 14. The

proce according tq claim.12 or .13, wherein,the .
cr gssﬁ%cﬂ" PR ag%glaséa M her & whetelh saiq & and said da
~is in arange of fromO0.5 to 5 cnR. 15. The process
salisfy $he faliowming oramf@ione of clains 1 to 14, wherein an
anmount of the al cohol separated out in said
continuous mul ti-staye=didstidh|=tbon colum B is not
| ess than 200 kg | hr. 25 16. The process according to
any one of claims 1 to 15, wherein a 56 A0501 UPl17
KAN concentration of the alcohol in said | ow boiling

point TRiHreEEsPcdordif@itol ifySoridefnci8mdd tdB, Whesdih.sald -

The process according to claim 16, wherein the

oSS 08 bl Sl M iy ot pavng

eay s REERPa 3 WPty “poi nt mixture BT i taken as

a starting material for producing a dialkyl
carbonate. 10 19. The process according to any one of

clainms. 1 to 18, wherein a content . . .
The process according to claim 4, wherein said continuous multi-stage

distillation column A comprises a plate-type distillation column having the tray as said

internal.

6. The process according to claim 5, wherein said tray is a sieve tray

having a sieve portion and a down comer portion.

7. The process according to claim 6, wherein said sieve tray has 100 to

1000 holes / m? in said sieve portion.

8. The process according to claim 6 or 7, wherein the cross-sectional area

per hole of said sieve tray is in a range of from 0.5to 5 cm?.

9. The process according to any one of claims 1 to 8, wherein Ly, Dy, Lt/

Di, ny, Lo, D2, Lo/ D2, and nz for said continuous multi-stage distillation column B
5b



10

16

20

25

AOSO?fUliﬁe agohol in said high boiling point mxture BB
contimuously withdrawn fromthe |ower portion of said

continuous multi-stage distillation colunmm Bin a
liquid formis not nore than 0.2 % by wei ght. 15 20.
The process according to claim19, wherein the content

satisfPthd fflodlingfstmulad! 808 & hi,gks B00, neopdl I, = X400,6 BB L, / Dy
I's not nore than 0.1 % by weight. 21. The process

. Py | \
= 2@&@%'@2%%?%0@“1 ‘?_5 o a5hp 7ot2 ) SM%U‘?PIBA%@{EIDz =

ow boi I ng point reaction mxture

30, 4@1%?3%%”@?5$<9q§$%ﬁ3t ormps used to heat the

: i—al S rahsesterification fed into
said continuous nulti-stage distillation colum A 57

10. The process according to any one of claims 1 to 9, wherein the internal
in each of the stripping section and the enrichment section of said continuous

multi-stage distillation column B is a tray and/or a packing.

11. The process according to claim 10, wherein the internal in each of the
stripping section and the enrichment section of said continuous multi-stage

distillation column B is a tray.

12. The process according to claim 11, wherein said tray is a sieve tray

having a sieve portion and a down comer portion.

13. The process according to claim 12, wherein said sieve tray has 100 to

1000 holes / m? in said sieve portion.

14. The process according to claim 12 or 13, wherein the cross-sectional

area per hole of said sieve tray is in arange of from 0510 5 cm?.

15. The process according to any one of claims 1 to 14, wherein an amount
of the alcohol separated out in said continuous multi-stage distillation column B is not

less than 200 kg / hr.

16. The process according to any one of claims 1 to 15, wherein a
56
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concentration of the alcohol in said low boiling point mixture Bt is not less than 95 %

by weight.

17. The process according to claim 16, wherein the concentration of the

alcohol in said low boiling point mixture Bt is not less than 97 % by weight.

18. The process according to any one of claims 1 to 17, wherein said low
boiling point mixture Bt is taken as a starting material for producing a dialkyl

carbonate.

19. The process according to any one of claims 1 to 18, wherein a content
of the alcohol in said high boiling point mixture Bg continuously withdrawn from the
lower portion of said continuous multi-stage distillation column B in a liquid form is

not more than 0.2 % by weight.

20. The process according to claim 19, wherein the content of the alcohol

in said high boiling point mixture Bg is not more than 0.1 % by weight.

21. The process according to any one of claims 1 to 20, wherein heat in
said low boiling point reaction mixture Ay withdrawn in a gaseous form is used to
heat the starting material for the transesterification fed into said continuous

multi-stage distillation column A.
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