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AO5 | NDUSTRI AL PROCESS FOR PRCDUCTI ON OF
Q?{MRBO\IATE 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
INDUSTRIAL PROCESS FOR PN@BUGWQWOF%H@MHWCAR‘BONATE
the aromatic carbonate useful as a raw materi al
transesterification nethod polycarbonate, by
subjecting a starting material containing a dialkyl
te and an aromati ¢ nonohydr oxy conpound to
Tecﬁéﬁ?’é@f’eri fication in a continuous multi-stage
di s IIatlon colum in which a catalyst is 10 presept,,
i e present inanjiondplates t%@” Htusiiial preeass for F'ﬁjﬁrp@duc’“o" of an
I arge anmount of a low boiling point reaction m xture
arora@tm earbongte. hdiene pardauledy, thedqpesent ipentipnoeiateate anrindustrial
aromatic carbonate is inportant as a raw material for
proceiss for pridotingra Ergaamdlint af dreabiomatio garbohateatisefubhas b raw
is the nost widely used as engi neering plastic,

matavidlls & transtistarificalib nthed YafycafSormats) WGﬁﬁjeﬁﬁhg a starting
produci ng an aromatic carbonate, a process of

matér%%h@nlﬂg ﬂ%\ bﬁ novvn@fwﬁa yarSﬁ'lHEE‘iﬂdnéC{rl)LJ?'oxy compound to

phosgene rom ong ago, as al'so

tran%%%?giﬁ%ﬁqnjae&qtﬁhoﬁs\fﬁ.ﬂh S é’élsflﬁé%neé%{.ﬁnr |ﬁ%&h a cataiyst is

F OCess a em of  usi
predbit STl e %%ﬂif%ﬁ??drd%tbb%@gzo Eéﬁé!{f%%ﬁ %qafi%aws’unﬁog adow
boilif POt RpGiar BREUECO AL IE DArRSUCe B o6 | e

raw material for the productlon of aromatic

pol ycarbonate. Because, such chlorinated inpurities

mar kedly inhibit the polynerization reaction in the
Backgranad#reri fi cati on method which is carried out in the

presence of an extrenely small 25 anount of a basic

cat Ahssbdmafiocarbora & intportanit fassicdw atdterialfer #k production of an
inpurities are present in an anmount of only 1 ppm

arorhdlit PEly¥aRbhaRS WRIEH131RG nddt Wid8Y Ldkd@ld en ﬁeerlnd*ﬁ@%c without
UP17_KAN make the aromatic carbonate capable usi ng
usm@stoﬁcrp‘ﬁWs&@ﬁSr | A5 2YrokBSs for producing an aromatic carbonate, a
process of reacting an aromatic monohydroxy compound with phosgene has been
known from long ago, and has also been the subject of a variety of studies in recent
years. However, this 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
transesteriﬁcaiion 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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A0561 fpsEsien fi cation nmethod pol ycarbonate, troubl esone
mul'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,

makeé e Br@hati® bailePals e5PABIE of AEiRNA 8 raRGhaeeabofie to
hydrol ysis loss and distillation |oss during this

ion/ LW ' c f t here
tran SRR B oo Py o E5 3R omeifl faGe
' y on.an industrial sgale. . On the ofher

sepdt g BLfiflasbndofreas St 4 Bradf uBbneat S AR LEE aqueous
through 10 transesterijfication reactiQps, between a

alkalie, spipHion 28 el Meatam IAYRtaF saRATAHON.HiRkIFIaNANA S0 on are
conpound is al so known. However, such

requiredns Eurtbermerea the Wieldatthecrromaiiceasbonatgdecremsaeswdue to
reactions. Since the equilibriuns are biased extrenely

hydrolysésridss ahd distillation llossyduring thislséparatieafpurifcaticxt processes.
sl ow, there have been great difficulties in producing

Therefsreathrataré net \eitfis irnearpying duk this mdthbd @carBmidaily on an
using this nmethod. 15 Several proposals have been nade

induk@ial 84eve the above difficulties, but nost of these
have rel ated to devel opnent of a catalyst to increase

t henh §RE bt H@He 2 5;{\@9%35 f@:??éd% 3@9&1@9&%&%@5 through

proposed as cat af or t
transesterificatiaon reaction. . For ex I Lew s.,.
transg RATRYER raacibnsbwedh aEky fachEl Bra snaTpyati
i d-f ' d Pat ent Do t 1;
mongTimE SOPRALAE ARG B20¥on Howeue Sge faRsesierifcation reactions
51-105032; Patent Docunent 1-2: Japanese Patent
are gipgquitieriure feactions. Ofdncethe syuilibrions arebiased extremalntoward
1-3: Japanese - Patent Application Laid-Qpen No.
the Giginal 3ystent endiths peactionyates Svesslo®ethene hase deen great difficulties

Application No. 2528412, British Patent No. 1499530,

in preddcihig $he Besraatic darbohbbes/iddustriBly @nlargdamoupts uding:this method.
Japanese Patent Application Laid-COpen No. 51-75044 25

SevéraPproporRartad béorRdeds ifproviairabdRdifficaitie blPmost of
2552907, and U.S. Patent NO. 4045464)), tin conpounds

s o TR 0B o eS8 RABLIS R Rl Pt Many
metdl %Bﬁ{goﬁﬁglﬂa%tﬂe%rﬁ ﬂiu%ipg'sgg il c'é'?alys d ?g'rgtﬁ‘i?’sstype 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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S ing to West Cernman Patent Application No.
Aoséﬁggﬁ%%%gatent Docunent 2-2: Japanese Patent
Application Laid-Open No. 54-63023; Patent Docunent

2-3: Japanese Patent Application Laid-Open No.
60- 169444 (correspondi ng to U.S. 5 Patent No.

(see Patért BdcuhBhERY. HBEHTERY Pardit ApRIGARIALIRLGBEN No. 5448733
(co"?a%%‘ﬁe@ Tolvast com Batsns ARPTE L B RAS6d82); Patant Document
22 B ko S0 AT St 25

metal s and al kaline earth netals gsee Pat ent. Docunent

Japapese finierisApricatinon Latl-Qpeni No. 6062444 (@yreespanding to U.S.
56-25138), | ead conpounds (see Patent Docunent 4-1:

PatedbNand584 PH0)eRateht Doctment 2-4ajapabese PatenbApiliahiah;Laid-Open
Pat ent Docunent 4-2: Japanese Patent Application

No. 63189418 (cdifespbridff P U. S PatbAKRS. 8652FHIH! PatsitiDaument 2-5:
copper, iron and zirconium (see Patent Docunent 5:

Japah8Ba ERsnt &b fHatuSﬁFPJ EcF @fgeﬂrNo L§p-977385: PltenP DokBmehPR-6:

titanic aC| esters Pat ent Docunent 6- 1. Japanese

Jepapsr Pl Gl D LR RO g S sl G atores o skl
el T B P

rotonic acid (see Patent Docunent 7: Japanese Patent
Applmaﬁpn &ﬁd'@?ﬂ[‘a’N& %r2Rr18B), lead tme%n@% &ﬁ%eﬁtﬂm ﬂs{?,un@nt 4-1:
U S. _Patent No. 4609501)), ounds of Sc,
Japapese Ratent Applicatine L@ib@PBaltfém 500 760832iRatent Dossuﬁmbée?
Pat ent Application Laid-Open No. 1-265064), ferric
Japanesé &tateni Appliciban daid-Openriot 1-93568) maaﬂem ehmetals such as
Application Laid-Open No. 61-172852), and so on have

coppleg;drorpand efreoniutipigeedratehiBobumehe ) Sdparise Patent Afaplication
di sadvant ageous equi'librium cannot be solved nere

LaidiOpéieNe! spLiuar4Bs, tﬁéﬁlé'%ﬁ:’ nC%F%I i t e‘i’ﬁ‘ﬁo%uﬁ{ef?\t BYP¥panese

many |1ssues to b€ 'sol ve reacti on system

PatehPAQEﬁ’c{ﬂhoh%é?&- rpéifNB 58 1@5@%8 Eofr&épér‘&ﬁH@Eé Uaé Patent No.

Ion alm UCtO

g b TRERED SR

-nghgg)u mlxt gé g a SéwlrgJ ggldaasndp g Sf)%t%'t‘:?d ac:g(zséeh H’Sételn%gc\ﬁ?nent 7
Japanese Patent Application Laid-Open No. 80-173016 (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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[ 0 e aromatic carbonates. For exanple, for the
A05q\ée§%?7egp‘b&v\een di met hyl carbonate and phenol, there

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

cos BRI o500 9 Rl e e o
P R T I

renoved by bei ng apsorped onto a l ecul ar sieve (See
carbgnate @ndmfenaliherg havg BSSH&%P%&J:;%N%EB i"wh' b!S"Pdeuced
Lai d- Open No. 58-185536 (corresponding to U S. 10
methaaokistdistiledaafO by appotrapy tagether witientazgolrapedpepingeagent
proposed in which, using an apparatus in which a
(Seedatent Datument ¢OLapareserRatedeApplication Liaig-GferaNo. 54-48732
reactor, an alcohol produced as the by-product in the

(corré@é&idiﬁ? tb VSR BermAP afdnt Npplicatich Neaz8608B, aridkU 8.eRatent No.
and at The sane tine an unreacted starting nateri al

4252';2?@@’1@0@&@ Si%@ﬁﬂﬁé%&ﬁa%{ proYusid b thé by Proligess

, cumen exanpl es i'n Japanese 16" Pat ent
lLication. laid- - f | .

rem B R DEaRBhES 0B Afhoi S 2 3B (SRR BN Gobimih 1
exa s i n Japanese. Pat ent, Appl i, j Lai d- Qpen .

Japag 33 Beiant Aop RRDORT 2idDinen o 2551686 orrebroniiilidB:s.
Pat ent ggg;ication Lai d- Open No. 60-169444 ] , .

Pateptbier 44040 ngMaseeyes, ametbad has alag been pyoposed iBwhich, using
Docunent 12-4: exanples in Japanese Patent Application

an apparat@pisrwhich 22distitativpoeaismnds prevded @nribetep of g reactor, an
Patent No. 4552704); Patent Docunment 12-5: exanples

alcoha! ptegaceds as Baé byiprégudtiic the readtiands €pparaied off roh 8o eeaction
(corresponding to U S. Patent No. 4609501); Patent

mixtlreC BAEHEt tHe sﬁmeelﬁﬁéﬁhamrééctb@@éﬂihg mateeial that evaporates is
Application Laid-Open No. 61-172852; Patent Docunent

o SRR 5B abehotrs il Jpancs

Pate A L ARRTEGT R BREooAB BB U BEPali No.
105 Bl B 3258 Sarib 1 pdnoch PR pLBIca S
Laidi-(r)TBér? \ﬁ%'fes%t-zsofsst; ?’%tér?ta[():éét.?rﬂerﬁta‘} 26-3: 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.
60-168445 (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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h h e catal yst devel opnent for such a
A05ci1rgﬁggs‘<é fication 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

syst{fﬁ,zt gg%étg%e? & 'eﬁgaﬁ? bﬁ%géhk%g@br opose 'nf onrtéhfe%%ﬂoﬁ Pate
throUEiibe] A shaevSRRGeLioh aHos AdransRsteTeaTiPd %ﬁ@ﬁ 2 the

. in the reactor being small, based on the volu
reactiorerate igipd! slpwhddasibean mgbb@ﬁt M%b@@hm@mh%meferable toa
conversion high. Accordingly, it is difficult to
contiaubas systamn. o PEtbiesef agontinedusstirisgdankreeactor(HbRhsystem in
continuously in large 10 anounts stably for a
whichrodiistiggidnsvlimd i9 bravided by the tsrs obfhet feastor has been proposed
above-nentioned nethods, and many issues renmain to be

as tHee&SHt‘hﬁeuQ%{/%m Qﬁﬂﬂ%f’e‘?&b proBlesid sudh ad ﬁé‘%ﬂbﬁtra@bemg

I's possi bl e: The present inventors have devel oped

slow{ Sﬁt‘fta etifaﬁ- FHL?& Ht%ﬂéé:é’m ﬁ‘%tr%%r'brélﬁg‘éﬁg l§é‘§t—fﬂ é‘n the volume of

Ion reaction 1s out

T RS —

. ve been th first in.the world to disclose that .

cificyf 40 faiue IR T Y pcins e Symalin ?%rbegé%mtmuog&w" large
a transesterification reaction, for exanple

amovatscatably for 2 prolpaged pefied b imenbymeans:of these ﬁppve-mentioned
carbonate and an aromati c hydroxy conpound are

methoeist and marlyyissees remaint tocbe rasolvedsivefges ecanomical ingkistrial
columm, the reaction is carried out continuously

;mplemenmohhspagsmw um in which a catalyst is present,
whil e continuously withdrawing a | ow boiling point

C O BriseRPiMivahitrs havt diveRipld reaetve qrétmatm methods in which
by- product by distillation and continuously

sucte Y EAS e YBRRNER i CANGR I s oo

. t

s ST OB i AR5l e

whi ch 25 I b t

s e e e BT s g or s
colum, the reaction is carried qQut conti nuous| g ) \

a trangesigefications@agtion, for axamRie, acreagtiye distidatipr metiaod in which a
while 6 A0O501 U P 17 KAN continuously w thdraw n

by .
dialkyl sarbonate amd anlasamialic ihydoxyotanp arﬂamntbmnt@?ﬂﬁﬂgnto the
o _

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

b
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di al kyl carbonate produced as a by-product and
ADS03dAPN ALBAN v withdrawing a conponent containing a
produced diaryl carbonate froma | ower portion of the
colum (See Patent Docunent 14: Japanese Patent
Appllcatlon Lai d- Open No. 6 4-9358), a reactive

on net.ho r t

contipugystu ey St Vot BETRGURER it containing a

distillation colums, and hence .a di.ar car.
dillogr bl eduREHARR 8814 DYRIQRE ARGl U?'zéwﬁlff i 8

di al kyl carbonate produced as.a by-product (
comprartenticoDtainimgra presluced sharykearbanata frwypa | QAR Rﬁfﬁon of the

Lai d- Open No. 4-211038), and a reactive distillati on
colurff@ éB@é PatenhDobumedt aﬂk&aparmsbd?aieet Applicationd-aid-$ran No.

roxy conpound or the like are continuously fed into
-9:-’:’5!3)9 d”'ﬂéabhvéﬁ?éinﬁatl&h fidthodin whictthese reactibns drecparted out using
| ows down through the colum is withdrawn from

two é’orﬁinﬁ%ug%ltllﬁ Q%@&isﬁﬁgﬁq&{ c@lﬂrﬁrﬁst aRABENRES Slafgcafbohate is

istillation colum, and is
prod'HEég %gﬁgw% &g«gﬁ\e rﬁfﬁtﬁé Sﬁcglé!oﬁjqeg o?él%@'éi’ﬁ?é@%ttel porgduced as a
oy kT e CBLAREEL s B A T o
4.21%%%%Eera‘%&et%uuaﬁ@ﬁﬁé ol lé??ﬁﬁlﬁﬁ{c{ﬂ'ﬁﬁgfe%?ea"d an

Pat ent Docunments 16-1. Japanese Patent Apcﬁll )
aronatichyirory Nompsnumzumlze likegare sontinlauEly qthe multl-stage
Japanese Patent Application Laid-COpen No. 4-230242

distifstiotnéolDoey amdta lidi:id thatflmreedewrironghAbs icobann dﬁlethdraWﬂ from
Lai d- open No. 4-235951). 20 These reactive

a sidd §£|’£Iét| pHbleR draR rafterfTedixts atadly ahtier prlowermoshstage of the
are the first to enable aromatic carbonates to be

dlstlﬁéﬁ&i“&‘&ﬂrrﬁ\o%hﬂ% Fédﬁéﬂqnﬁf 4 &A@t provideoutsiathe distillation

ar reactive |st| 'at1 on systens based on the

conif 5 PRI A FiRr R et oot
crciBhs He1 S 4 §Rbhabe) AR Fhph R amarticec
wheh%&%@gﬁhgﬂém%b%&lﬁﬁﬁ@@ o ggé’ﬁﬁ"%@s@l %yg&column (See
Patedbasanenisd e S)apanesei alert AoBieatisn Laidtinen NocAAcT
20: Japanese Pat ent
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 continupusly 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: Itatian 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.cat Lai d- Open No. 6-41022 (corresponding to
A05(Qﬂab62akp&;tent 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.

4742); oPat : t
0560353 AEAY) 5 Peiett Np PRE sk PiaptaBRIfiehL 26 aneso Patent
Eur.opean, Pat ent . 930, and.U. . - Patent .
ol SR BB s BR300 o o] pAfint No. 0572870
lication Laid-Open No._ 7-304713; Patent Do on N
and DS, Biaigahboe SBEPON). Ralsnt Qeo-menta2i- EpAptagss Patent Application
9-40616; Patent Docunent 24: Japanese Patent
LaidARpdn dlat Betb 4240 corespoiding 16 &2eapearn Patard No. 9582884t and U.S.
25: Japanese Patent Application Laid-Qpen No. o
PatePt NE088347 £2): PattentDecumant £62: JapameseeP feneApplication
Application Laid-Open No. 9-165357; Patent Docunent

o c O : _ andUS.
La.dédq%gl%g;%@@dﬁ &Bgoagﬁehanﬁg th Purbpésh PatsntNo. 0582930, an

ments 28-1: Japanese Patent

Pate@@ Rk)' %?g%gﬁ@gf’%few %cﬁ&:qrﬁ 2b/ ggﬁéheéjé‘i’%%tg% A%ﬁé‘é{&fﬁ Laid-Open

at ent pl'i catiron Lal d-

o 273533 SRSt ST B BEPARHFLBRS6 N

Document 29: Japanese Patent Applicat.ion Laid-Qoen . .
-403160 At Qs PABENeEe EARAG Ipdiarh aksOBSN N& 9-50225;

0785184, and U.S. Patent No. 5705673); Paterll\} mf%g
Pategth Daoumant 25: dapaness Patent Applisgtiorpbaidglpen No. ©- , Patent

- (corresponding to U. S. Patent No. 6093842), Patent
Dochment26t dapdneke PateahApplicaticertaidyiper: boi Br18535d, Bakant

No. 20 2001-64234; Patent Docunent 31-2: Japanese

DocBiet 27 Apaparisis PatehbAgplidtionNcaid-Cifdr1 No4 93t 38R Patent
Docunents 32: International Publication No. 02/40439

fieht ngi BipfiBatid¥oL aieSOpEA No. 9-576094; drdtent
D"M"(,I\Io. 6€%gg9gbaﬁn%§é Egt&énrﬁt No. I660%061?). Anmong

ooc 954 457 Pk A L 5. 20 oo Pater
Do 24! BeBbAERE AR | R0 AT 15) o et
Dochinebui Iokgteti b R LA hNE B0 Romosporaing
to E?J?ggezi\nnli?gtgen? N%?to%g?é« 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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conigonent is reacted with an active substance and then
A05O§ééai|51.'§ﬂNoff, and the catalyst conponent is recycled

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

requi%:f,%@%ﬂ%& wﬁ@bigﬁtqk ﬁiSﬁWg%ﬁ\@bﬁpn%aén I:c%nﬁggiﬂgeaa%?tlagﬁt
compRtet Ao Sl s 080 e

Lai d- Open No. 11-92429 (correspondipng.to, Europe N
catalpsi canoporent is 1ewaied (550 Fﬁitsnt PRPdReNta3: '@@Eﬁ%@%‘?vb"caﬂon
Furthernore, the present inventors have proposed a
No. 91 14D {cormespohdihg t3European Ratentie J#855384pABAdY. S. Patent No.
produced as a by-product in a polynerization process
587227 5% @Adasmidtisdchearried o iwhileeepingladvaigletmatio of rebpoiylnydric
can be produced by neans of the reactive distillation

aron{gg%:v%rgg$gﬁ§mﬁbﬂﬁﬁ ﬂ?’lhé{%&ﬁﬁﬁ%?st@ﬂﬂtd@ chfstgstanetal Aenot more

or polynerization of aromatic

50 L5 R4 D19 2SR v saopen e
o35 GEmrlbo %ot PARALTE, 00, ABUL bassieo

rior art docunents in whi.ch the production,of t o
6265315im | FLTIATTINGC 18 RIGHHTY PHRNBEBEYS BaRSRF 7 Tt in which
met hod i s proposed, there is no  disclosure %@at speyer
70 tw B9 %% Qyeweight opphanal preducgshas adysPredhs! in@ypalymenzation

production on an industrial scale (e.g. 1 ton per

processiis usewbas isstatimganateyiati et diphenyl carbepajeicay bopgsiced by

a process or apparatus. For exanple, the descriptions

meah8 Stk Asactiveedisiiatioiimethod,  Thidi dipkery! cabbonate caarhe used as
nunber of stages (n) of the reactive distillation

riti rivohate tent
the l‘l;agd/' ﬁﬁbﬁ]ggf‘%élggfépﬁﬁt|6@b€aﬁfméﬁt€pél9ba atésa(sed Paten

or producing nainly nmethyl phenyl
oo AR5, S50 R oo s pocomospondin
to Eforean DAt i, Oaep0n Rria 68 ABRING sfu7eda)).""

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 methyl phenyl carbonate (MPC) from dimethyl carbonate and phenol are
summarized in the following Table 1.

Table 1.
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portion is divided into a plurality of reaction
sections, and the reaction liquid passes through the
sections in 9

10

15

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

when carrying out this reaction using the reactive distillation system are those

disclosed by the present applicants in Patent Documents 33 and 34. As canbe

shown from Table 1, the maximum values of the various conditions for the

continuous multi-stage 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 (methyl phenyl carbonate and dipheny!

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 dimethyl 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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P KAN order and flows out fromthe reactor,
Aosd{j‘ﬂ@%ge%&

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
) 7 . .
ordefha fighs obt fibfiihe Aldtich BRGGASTs WRHBFR foRPaMAREr phase
.vapor as rtiQ nd subj . P
portigh i SEiesel 1a eahiexiiihet Btk Fuig slBRbieY {5 tration in 2
. .separation by distil]ation ressure, higher. .than.
distilipilon 5Pl (889 Rafans dpaHBIETy B8s JapRR SRR et ARplicatipf Laid-Open
(see Patent Docunment 37: Japanese Patent Application )
No. 200341 t¥eit)Nand 2quecessrewhichitbasame reastorgsjused. agd the gas is
these processes is to recover the heat energy in the
withdrasndromdne vapobphdse poditac and ssbjeatedito heatexekange and thus
exchanger when carrying out reaction using a
liquefied! béfaraiBeipi §Ut¢éi:té§'ﬁ&_$ sepaeition bysdistilitionnstc passsums higher
as the reactor. There is no disclosure or suggestion

than‘é@@rrggerﬂ]%gsxfés iri gﬂﬁ&eﬂ% : Hase'Bbriiee oh gt re%&&fﬂ%eé P&t D8Sument

e starting material. Moreover,

- R AT 0ma PR 1550 g o
o 1§35 R o oeBlat by el R om S B,

by wei ght of dinethyl carbonate, 1.4 %bl}/ wei ght af
produging Ateam using 8 healExchargeyivhen cameiRg o tﬁﬁ?ﬁ&fn U3Be A
carbonate and so on (see patent Docunment 37), which
contiiubtie stirrgddank yeactor ae mentioped wiagierds the| r@aczsm | TRgre is no
point reaction m xture containing a by-produced
disclebuehal syrgestion whatsoeyer regarding esing the heiat baeigyrin the gas
system This is obviously different therefore to the
compaséntsto heptial stagirgiinatdriala Woee®ier] thenasimposition of the gas
concentration the alcohol fromthe | ow boiling point

comb&?é‘rst'F btaiRby el PiPHHcEN 455 & gr%bgweigm of dimethy!

distillation systtem A proceSs has al so been  propose

cam'ggaé\;&; ﬁg.ﬂ ?’9'8*’ Wnélﬁh&%%ﬁ%:ﬂbp BnAPPs % ibﬂ;&?ﬁt 6Ppliéhol 4s8e Patent

ano s di st

oo GBROPASHSH S, FRe v A byl 5 oo
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documents either 10

patent Document 37), which differs greatly to the composition of a low boiling point

reaction mixture containing é 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 aicohol 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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AOS(@&@%T&%KAN relate to processes carried out on a
| aboratory scale, or else nerely relate
to carrying out a conparative cal cul ation of the

anmount of energy required for the distillation. There
IS no specific description or suggestion whatsoever in

relat@'?éf Ip?éceésﬁg c%'ﬂ‘?é’c?oﬁl?t?ﬁ Blsnik BNt L%tﬁfwgdi@ or else merely

I'ng out separation on an | ndu scal e.
reuatgé?ﬁé@raﬁg°cam;awb£%ﬁ§;q§m&@<ﬁw LD 958 st
ound a react% distillation syste
the igIB0B0.C SHOR I FORUIG SRS RIS TGRSR MlatsdeVer in any of

wi t hdr awn from an upper portion of the reactive
the atioyeipatant dwptummmﬁe%gna tp SATYHA PHFERFAION @ @njipdustrial
m xture al so containing 10 conpounds present in the
scale.eacti on system having a | ower boiling point than that
of the aromatic carbonate produced, for exanple the

di ghkkb cagelfratging sltaranseistarificasion ceactiontitween a dialkyl
constituting the starting material, a by-produced

carbBhitd arid ¥h RbMekic t‘@BFb)@de?ﬁ oJﬂEuEthg@@dcﬁ{fé digtifibiiom system,

reaction I's an equilibrium react| on havi ng an

the l@(}bfo?ﬂ(;ﬂgﬁ%ﬁe%%og g%g%hgra'll ﬁﬁélﬁ‘ﬁignﬁgg@@? f)l'%ﬁ'l an upper portion of
o e b MY ot e T cre

recovery fromthe | ow boil| ol nt eac

compaiis PEesRG e Meaction YRt hBYROHovEY boflBophiBeR that of
and a conponent containing mainly the al cohol

the arpmaticeearbonatedoreduess: fﬁbex%mpl%ﬂ’@r@é@)'b@fbgﬂaf@f and gromatic
Several proposals have been made regardi ng processes

hydrbry compoyindgcanstit2ingstbe starting material, & by-peadusedaiky aryl ether
| ow boiling point reaction m xture containi ng net hanol

and 86brdi M rhnsestbdfivatienwehbioraisnari equilibriumrpactigohaviog an

- of a columm when subjecting dinethyl carbonate and

extréii8RAbwt éhdlraimﬁ%bﬁgﬂaht GHd RéndeBy-lpredudsd alBoRol impedes this
reactive distillation syst em These are an extractive

reacﬂbflt' i\ fﬂé 6ﬂﬁ8§$lrlbf‘m¥$léﬁ%nié} n, i&th §B@l:0|"nés important to

hdravvn 'e extracting

conl ) ok ST 5 P o
mlxtAFr£H q(:: ,%géqorﬁmﬁr? h%mg rll\l?ow 7cor1\{)en?%ﬂhe SRSl 4k co?nponent
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 dimethyl 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 dimethy!
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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Aosqﬁ;oaﬁi U@%\ KAN process in which the nethanol is

i Fa romthe 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
whi ch d| Stl I lation is carried out at normal pressure

oroc S0P EK 06 PR SMIBRRUA FEnTEiclop ot

extraehmihﬁe'g@%‘wﬁ e b it el SBua B8l ot o

m xture containin ngl and
PateBkDaCHH g8, hprobesaimuti deladiis arEdaRtR ndfial pressure
from the top of the colum (see Patent Docunent 29),
and amixture cootairing epRredmMateliire: Yriy wetoht 8f metgare ansl 40
% by wei ght of nethanol and 40 to 60 % by wei ght of
appraxinetély 30 ¥0by aelightaff dimethyb tatbondte ﬁombtaiﬂ@dtfwndhe tog of the
colum (see Patent Docunent 24). However, with the

‘colurﬁ?ﬁt(éééﬂ“a(@m&mrhéﬁﬁz&n amrccmmmhlameummamﬂg 64.5 %

extractant nust be used, and after the

t
by wm'{t %g @ﬂ??ﬁl%ﬁfﬁs% tgﬂﬁ/e@'h@' of AfnéthyEddisbnateds %‘t@ih@d from

er separatéd fromone another. Wth the

o 8y B PRPERT ke B BRELE 20 1 TEdtaln i e
bt E S BB Oy o

produci n dlnet carb ove
carbgiaaterisg ?fn e&&él&n F’Pb‘-‘éﬁ é%%%ﬂt 24).
above Patent Docurrents t he anpunt of nethanol
sepdeweve, with theextrestive disillatiomprocespes, ki amaynt of the
hundreds of grams per hour. Even in Patent Document
extratftanthistbelased, drub aftérethecdractiontherextractant aral thecdimethy!
of nmet hanol processed is only approximately 0.9 kg /
carbBhatd\USOE furthiergspairatedifivm ioneeariathemh iWith thee other processes,
separating out of the nmethanol by distillationis

the r,gﬁt %ﬁttﬁéﬁnﬂﬁﬁranQHé liguidwithdra@ROfremitaé a6 Pg of the column is low

S ongest is in the case of t ent

at |e£>Q %g;y »{,éipﬁg'aﬁ?i Kerldeathis ieh rﬁs\é:é,frsmqg W& chb8of ase as a

rea tron systemis used this 1s at

- af%ﬂ[qqfrgﬁffb%%ﬁ@g%?é?ﬁ‘st JiB3ger Serfrption

recolpat BRCeBRE HERET SR in the abnrbHalent BRSmebE et of
state 12

methanol separated 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 documenits, the longest is
in the case of Patent Document 286, 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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AOS@%?&% U KAN to be attained (Patent Docunents 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 b{éttélhgﬁ l(PE ehrﬁ rh?%e%?{bd&me ﬁesﬁgferl%%'ﬁf'tﬁné 8P extremely

Ith re has 5 been no

s A 5t SR At

o aratln out the al cohol ,effic tl
which the i ¥AGen Operaton s caries ot APl 1ok FEBIcnBRY Refiostar time of
reacti on m xture cont ai ni al cohol by-produced in
ﬁQ%Odnqiqupr bythis w@gy: itherto there has
aromatic carbonate using a reactive distillation

beenblspdcifit @il ssuresarrseiggestiow eiatsmevier of anamdusitialczeparation
the present invention to provide, in the case of

procBE @¢ aFﬁsraws fo seipRiatthg eutihe allicotd effitiéntly archstablyefor a
distillation systen1u3|ng a conti nuous nultl-stage

prolc?ﬁ%érga ﬂt:ér?&dlgf‘tlrﬁ@f a b Bkl gbiﬁl’ fe&icPaRatGreadthtaiRing an

monohydroxy conpolnd, a specific process

sk R0 M AP e
carbggg&p?g%pgglor%{#\ée 9@'@3@%9@8’1‘3\ 'co[wol : | Sienge Itﬁleent Y

present inventors disclosed a process for producing
aromati ¢ carbonates using a continuous nulti-stage
distillation colum, various proposals 20 regarding
Disolosyre of dwentiont he production of the aromatic
carbonates by neans of a reactive distillation nethod
havit ibar wbijsd of théopmsent inveatien haprovade, ibdea caae gf producing an
smal|l scale and short operating tine |aboratory |evel,

arorfidiic Eapopateateoligea reactivi du@hhﬁlﬂh@ﬁysmatmarcmnnaous

speci fic process or apparatus enabling mass production

mult Qta?é dislistion! &ll rﬁﬁ"#cﬁn a dialkyF¥arBbnhiteasd an aromatic

st ances, e pr esent I hventors carried 25 out

o3 A, ANNEE A S e P et
be Rgpdwgﬁdp t%b&nf%ig S8landed Peridd G e BR A HdRsiaR scais¥rhot 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 of a
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 nqt less
13
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0, U KAN than 1 ton / hr, while efficiently
AOS@e@EE‘Zt— 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

r QB C |3 o4 1 | PO & result,
than A BFT Hhiwfft SRRy SRR ot by oA SlcBel T  resu
throygh a, reactive distillatio of
the %%?ﬁwﬂﬂ%%mﬂﬁ hasAyed aél"&? Pf%ﬁgeWV}h% containing a
di al kyl carbonate and an aromatic nonohydroxy conmpound
i nthad isdheipresriy INvANtON_ RIPYEESHi sti | 1 ati on col urm A
in which a catalyst is present, carrying out . .
1. hramipelsstrial precassdor theaprodostiemaf an erematie carponate in which the
simul taneously in said distillation colum A 10
aroneiat darbonate)is wohtinuausly massHaraduced bngnpioidostriek acaledhrough a
m xture AT containing a by-produced al cohol from an
reactPP AlstiRaor SYstein crRdontiAlislisly feéding eCstarting rhateriat containing a
gaseous form and continuously wthdrawi ng a high
dia|l-§rf%én|i§:tﬁﬂaf§3éﬁ aher.?GHf‘aﬂe i I’ia&)’cﬁoﬁeborﬁﬁﬂﬁﬁﬁ B %«Mtlnuous

I'C carbonate froma | ower “portion of sal
distillation c i | i.GukL, ek « h :
55, A ARBRRE Al Whigt o'y S FiTert Carmying ou
nulti-stage distillatj ol unm co | SES. A i iitlmti
tranggsteriqationdracien and detliaign SuianagUBly igaid gistiigton gotumn A
diameter D (cr), an internal, wth a nunper . of stages
continuonisivavitherawing adow Qﬂﬂtﬂgd?mﬂfaﬂﬂaﬁﬁo'aﬁ“'?r‘la’g? A Qﬂ"?ﬁi%ﬁ&a
d, (cm) at the top of the colum or in an upper .
by-ppodudeshalodholfeon @nuppanartiernof srididigiliagion iceﬁmn Aun|agaseous
having an inside diameter d2 (cn) at the bottom of
form, Badaantinnooslyiwitharawingra hight bailing poin eeaionohixtarenfear

to the bottom at |least one inlet provided in the

contdRfsy tHiOafdneaticeatbenate frofddlowver pdriiom op SaitdistdiatiomTolumn Ain
bel ow said gas outlet, and at |east one inlet provided

a "qlgL&{‘]@?';etfﬁWﬁﬁ@ﬁ‘%E?’hﬁﬁh %(?}ﬁpﬁggmn above said liquid

ere , and d2 satisfy the

;°Ha§“£;3cggér3@§l}8§§n§@§§ge Ej%i'uaﬁ?eéﬂuﬁﬁpﬂ%hﬁﬁse%% difiation

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 61 (cm) at the top of
the column or in an upper portion of the column near to the top, a liguid outiet 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
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 outliet, whereinL, D, n, dy, and d;

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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0, KAN 205n5120 (4) 5 S D/d1 30 (5) 35D/ d220
AOSU?G@E%TEE%‘K#M | ow boiling point reaction m xture AT is

continuously fed into a 5 continuous multi-stage
distillation colum B, and a | ow boiling point m xture
BT in which the concentration of the alcohol is not

| ess thapP@ % by wepght is continuously w {4drawn
froman upper portion of said distillation colum B in

a gaseous for Ck &ghi gh boiling point mx e BB
havi ng as‘?o%@o,ncf’e_t gp t he al cohol is contlkn’lyJoust

W t hdr a Lo portion of said contl
rrulti-s% dﬁs’tqzlgﬁ 10 col um Blnallﬁﬁ

for and said high b0|I|ng poi nt _mj xture

c or(B) Hiroiew §oifiea PPt seasian @aﬁw%b@scqm'nvpu%@ﬁ% into a

distillation colum A and thus reused in the )
continuans estltstage distitiatjoraeiugm) B sandiadowtiaiing geint mixture Br in
mul ti-stage distillation colum B conprises a

whicHitaé icohaénteatiorcof theralcoingis aohigsa tisan Bk by weight isrcontinuously
having a length L, (cm), an inside diameter D, 15

withdra®n fo% @up ?Mbn%bbicﬁdiﬁﬂlﬁ!i@h sdiumha irsa gaseous form;
t herei nside, and an enrichnent section having a | ength

L2 (&?@h!gﬁﬁ Ihﬂﬁ Oc%?ntages Ba I':%v 'Qlo%rﬂ@nﬂéfttﬁé%ohol is

|nS|de wher ei n

) oA g B e
o ks o i R o e B kg o
into ggldnczon?lnaggs mlulz -stage dlstlllatlon 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 Ly (cm), an inside diameter Dy
(cm) and an internal with a number of stages ny 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, L2, D2, and n2 satisfy the

following formulae (7) to (14):

500 = Ly < 3000 (7)
100 £ Dy £ 500 (8)

2 2 L/Dy =30 (9)

10 = = 40 (10)
700 < L, < 5000 (11)
50 < D, = 400 (12)
10 £ 1,/D; £ 50 (13)
35 = mp £ 100 (14).
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KAN 2. The process according to item 1,
AOS%@%;T:_%O |l ess than 1 ton I hr of the aromatic
carbonate is produced. 3. The process according to
item1l or 2, wherein said di and said d2 satisfy the
following formula: 5 1 5d2/di 55. 4. The process

2. ?ﬁé?ﬁ?&é& dc@ofdidg B ReR 1,1 WISeRINNENess thde1 @bA / iribfithe aromatic

conti nuous nultT-stage distillation colum A

I jstillation colum having a tray and/or
carbgﬂgfaéc'ﬁ)ﬁgdlg%éﬂéai d internal. 5. The process according

0 item4, wherein said,continuou I - .
3. Fheprorissiasordnn fo Mt P conbefdl 3 i afe 3Gt ge satisty the
distillation colum having the tray as said internal.
followingrigémit@cess according to item5, wherein said tray
is a sieve tray having a sieve portion and a down
comer portion. 7. Thel prodebdi &c®rding to item 6,
wherein said sieve tray has 100 to 1000 holes/ nR in
4. Thépretesscaquordingito ahy die dflitenps 6 de Ss wineceindsaid) coptinuous
item6 or 7, wherein the cross-sectional area per hole

muitpétagéi distiaB¥A colutin IAScdriprisdsPd distiftatidn eolufhrbhaving =ctr@y and/or
9. The process according to any one of itens Ito 8,

' L1/ D1, ni, L2, D2, L2/ D2, and n2
a pa}é@ﬁbgéaélws é(‘)’?]ttglﬂnnalﬂ'ous mul ti-stage distillation colum B

[ ‘QW\Mi: : . ( e o
5. SRRl o By RS BR KB 3ol by B3¢ sttaton
L2 . 53 5 00 / 05D 00,15 5 L2/ D2 4 .
colugin c3mprigse 2 PiafRutye ditijafion soheia NEVITGDe a8y Spicftemal
to any one of itens 1 tg 9 mhere%r t he infernal hn. .
6. TReIproesss RCOSEINDRIeE Sowherain 3Ald K IS SleRrin having a sieve
section of said continuous nmulti-stage distillation
portiopl antha Bown cornengording/ or a packing. 25 11. The
process according to item 10, wherein the internal in
7. TFaelprotessacsirdingroriigm Sewhersin saitl siee &nayihesntd to 1000 holes /
section of said continuous nulti-stage distillation
m? i @bidSievéd portion.
8. The process according to item 6 or 7, wherein the cross-sectional area per hole
of said sieve tray is in a range of from 0.5 to 5 cm®.
9. The process according to any one of items 1 to 8, wherein Ly, Dy, L1/ Dy, 0y, L2,
D,, Ly / D2, and ny for said continuous muiti-stage distillation column B satisfy the
following formulae: 800 =< Ly < 2500,120 < Dy = 400,5 = L4/Dy = 20,13
< n < 251500 = L, < 3500,70 < D, = 200,15 = L,/D, = 30,40 =
N2 = 70, L1 < Lz, and Dg = D1.
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 muiti-stage distillation column
16
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0 U KAN Bis atray. 12. The process according
A°5QQ'OBP’3‘ZHW‘T 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 %f’ra The process according to item 12 or 13, wherein
Y. . . .
he’cross-sectional area per hole of said sieve tray

is in a range of fro . ; : ol :
12. ;ThaPrftassicaine ket Tl Whee{Sid v, SRR 87 having o
. anmount of the alcohol separated out in said
sieve pRRtoM Ak 2 Aawn CAPEHROFICE: i | | ati on col unm B i's not
| ess 10 than 200 kg / hr. 16. The process accordi ng
13. tTheproasss ascordiegnto iteinol 2,.3vhatrist $3id sievedifawr has 40048 1000
of the alcohol in said Iow boiling point mxture BT
holes ¢ mifdh Said sisvbaori®.% by wei ght. 17. The process
according to item 16, wherein the concentration of the

14. a1§6pRdcds’ actarding awitte 12 Bg 180wWhereih Maitws8isdctional area per
| ess than 97 % by weight. 15 18. The process according

ho!etggis%[&’sigoé tr%g i%ilr?lﬁ'ga%%iﬁf #ém OMBabe Bmdai d | ow boiling

m xt ur en as a starting material for

15, SERSHEhA bRy o S R § 1 TRy PR Sh amount of e
colntent of cta-ge a{ggohcgl in Sailgﬁ?ﬁich] %ﬁ@#@}? {]'leisnotless
alcofjol,3apataied Qulde sASRpuRls Pl tatRde el

portion of said continuous nulti-stage distillation
thancQdeh/Brin a liquid formis not 20 nore than 0.2 %
by wei ght. 20. The process according to item 19, .
16. whie procasseacoondingtto énytane efiitasnel t0 55 wiherein;jgyponcentration of
boiling point mxture BB is not nore than 0.1 % by
the aleoluditin skl loWheoijing peit naixiue @rrig nobless tham85d0% Livt weight.
1 to 20, wherein heat in said low boiling point

17. ' A6 Précess addording To tehh 116 anhersin thegeoresmmtrationrofitise alcohol in
used to heat the 25 starting material for the

said%ﬁmmge%%iht gﬁt?ﬁ‘ﬁ fnbNk8s §RHFIT 90 bl WEIgHt.

ti-sta ation 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 Bs 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 Bs 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 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.
17
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0, KAN Advant ageous Effects of the Invention
AOqu Bgigugé&w 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

t han 979 era not |ess than 99% stably
Adeg%%%ﬁ%ﬁagaﬂ‘p?eh PB'¥ time of not | ess than 2000
hours, preferably not |ess than ?'qer rs, .nore,
pr dFasbeen dicoverad thak hy we@mﬁmwt resent 'HV%‘FW the
carbonate and an aromatic nonohydroxy conpound, whi l
aromedtiticarbonate ced ke peaduced @roan indusirial rsgal@c@fmqul@s:ﬁwmanai ton / hr,
not |ess than 200 kg / hr. Bri ef Description of
prefdpabiv ritddedd 1Banl2 toh /fehrs mwaerab!ywobfessrtham &ntehd hr, with a high
showi ng a continuous nmulti-stage distillation colum
seledﬁvﬁtg Iof R [28stHal ¢5% ?éfdréi@l yHotlédd #iah@y % mbhe preferably not
preSent invention. The continuous multi-stage

less ﬁ-\aﬂ é%)'i/ats{acﬁﬂf f@'&@&l&% l‘?rﬂe'df Wﬂ@s thhR2000 hours,

ereln has n

e bt o A 990 s, o

for carr out separatio dlstlllatlo
a diayll GRHIPTIAE AT arLarcrRAl PRy ok PR, E%ﬁméﬁw
al cohol in the present -i nvention. The contl nuous 20
sepaaling out agy-prrduced alcoal aonetiassthasaPg kgd h
internal installed therein, wherein the nurrber of
stages of the internals isn, in a stripping section
(for exanple, a tray 7) and n2 in an enrichnment

BriefSBesdriptiohfefrDremdangs e, a tray 8), respectively; and
FIG 3 is a schematic view of an exanple showi ng an

apPAERHUS & ShefRatioNiBe of G exansle stowlihg ta ddrainuons analti-stage
distillation to separate out by-produced al cohols in

disttl!)%iﬁne%;ﬁu@hangﬁ%:a\ﬂﬁd;t ; active Q%ﬁllgﬁ’dﬁ f?ltthe%reééﬁtqh?entlon

end plate; 6,
The gﬁmuﬁ%sﬁ&'uﬁgg&ag;% dﬂﬁ@ﬁpﬁ%z%ﬁm ﬁﬁ*ﬁ A o T &tﬁﬁna& gor example,
a tra%)tigétsahgg ﬁ1eq‘lelsnt whidh h8n 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 (A7) containing an alcohol in the present invention.  The continuous
muiti-stage distillation column B comprises an intemal 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, SS: stripping
18
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0 P inside dianmeter (cm of the continuous
Aosq‘ihbpﬂ?sﬁ%g distillation columm A; dl1: 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

sectigw Eﬁe &%nghtseéétfo?lt Loﬁng}l‘rféh VBfécohﬂnuetfs"ﬁfJﬂré drstrllatlon

i ppi hg sect e’ conti nuous

distillatjon, col Ien

CO'w@M‘cfﬁneﬁrd Sdigmelst (6 tqlrih% it i8S Jigtlation °°'“m" A
distillation colum A |nS|de dlaneaf { ? I

dq: inside Pianries () ehgas owet of thACORtiBURUS T tr@%r@?ges ifiation column
distillation colum B; D2: inside dianeter of an

A; derinsidendiameter (ambnf Geuidheutbetrefi theooentinuous.mulliystage distillation
distillation colum B; 10, 11, 20, 21, 31, 41, 51. 10

columpl 8t ;L123ength, (cBa) oBihe 3ﬁripbinguiselctinrt lobtthe 26ontisBougaulti-stage
outlet; 24, 34, 38 inlet; 23, 33, 27, 37: heat

dlstrlﬁe?ﬂéha&ﬂﬁhn Reqt,: Masisthf @m)Cor thé R@ricHinenbeektiverdfi e tontinuous
[1ow ng, the present invention is described in

muit?ﬁt%@le'drstﬁlaﬂbﬂ'c@dmﬁ A anﬁdé‘a%%étﬁr {dIf) &F &S8Pping section of the

ound represented "15 by the general

for a

contilel¥' Apfithhg A %@%?5?‘ S B3 Aﬁ%'% ‘5'§n g,grear 3rignrichment
havrn 3 to 10 car t ons N .

sectg:pﬁghﬁzmnﬁa ue muif@-s[a(geoalﬁp Iﬁ{@rpscdl @g :%lRiZ‘l 31, 41, 51:

i nclude an al k group such as net hyl r
inlet; 22028, 33, 3% 3 |hqugb01et!@t/|26( B@oﬂ@ﬁ@utieb&‘gr%ﬂ 38 PR, 23, 33, 27,

(isomers), pentyl (isoners), hexyl (isomers), heptyl
37:meanﬁnehamgenoctyl (i soners), nonyl (isoners), decyl

(i somers) and cycl ohexyl nethyl; an alicyclic group
BestsMoledsr Canyimgr Onythe Inyehtidiut yl , cycl opentyl,

cycl ohexyl and cycl oheptyl; and an aral kyl group such

as Pﬂﬁé&fbb&oﬂhﬁnﬂ{é‘wﬂeséhﬁmmdn ispdestyibeddn detail.

(i somers) enyl butyl (isonmers) and nethyl benzyl

(i Sﬂﬁ ﬁ% ca-ﬁ'?@nﬁg %dqﬁ@ﬁé Pl%rﬁ"rrﬂéntr%ﬁ i§ BUdRgpound represented |

alic group aralky group may be substituted

byt@b%ﬁg@]g" %ﬂétuents such as |a ower al kyl group,

gr'oup, a cyano group or a hal ogen atom
19 A0501 UP hand may al so contain unsat ur at ed
bond thergiéw " ﬁ%)

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),
phenylbutyl (isomers) and methylbenzyl (isomers). The above-mentioned alkyl
groups, alicyclic group and aralkyl group may be substituted with other substituents

such as la ower alkyl group, a lower alkoxy group, a cyano group or a halogen atom,
18
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Exanples of dial kyl carbonates having such Rl include
AOSGH Hﬁ’t"ﬁ;LKA&‘hr bonate, diethyl carbonate, dipropyl

carbonate (isoners), diallyl carbonate, dibutenyl
carbonate (isoners), dibutyl carbonate (isoners),
di pentyl carbonate (isoners), 5 dihexyl carbonate
I SONErs di heptyl, carhqnat Lsqners), dioctyl

and '&'&Vk?gg% ntaji %HB%@SLE’%%ﬂ%ﬂﬂﬂeth%@ﬁonat e (isoners), '
di decyl carbonate (i somarsg, dicyc ntyl ar i?or]at eb ¢
di Exaneplespf dild sRekenates Baving ing methyl carbonate,
di benzyl carbonate, diphenethyl carbonate (isomers)

diethyi catvonatey cifrppy! earbpoate: (isqmesshndialyl cartzqnéﬁ.yqilbuﬁnyj
carbonate (isoners), di(chlorobenzyl) carbonate

carbbhatenisomers), dibuty( carbbnaebgsomens) cdipbotyhtarbonatertissners),
di (nmet hoxynet hyl ) carbonate, di (nethoxyethyl)

dihe®@ 'capiaifte (isRTERS S Hihapityicdtros st iisomerey, itvetylecarbonate
(i'soners) and di(cyanoethyl) carbonate (isoners). Of

(isorﬁ%‘rgz,:dniﬂbrﬁﬁh ‘@é'r?&ﬁét@?%h%?sg%?%y%ﬁfm@ (éiscbﬁ’léﬁk)i, Bicvgll%pentyl

vention ‘are di carbonates 1 n which

ool S U AP A o e
BRI AN TR O

particul arly preferable ones are db?cl | carbonat ejs

di(pharadkuted crrbanate fisemeibs HKeRIPERReNZY aip Aisegiers
hal ogen, for exanple ones produced from an al kyl ene
di(meththybenzylscarboaate Gsomersdt digoathaymedhy) ca@l%@iﬁh and

an al cohol substantially not containing a hal ogen. 20

di(méthoxyetil) carbonatey(ivomersy, alifphlordeinybidsarbonate (jsoasars) and
invention is a conpound represented by the foll ow ng

di{cytic@hyA édbbnaih@sdnie®)of the aromatic nonohydroxy
conmpound is not limted, so long as the hydroxyl group

'22 ?Lfrf‘é‘sb' dialkPPEstBEnAtes! BRed pRETBEdLly 056 thY prdefi iivention

{
erein Ar” represents an aromatic group having 5

aro B EORAE P Ry B AR R B caroon
ator%c,)gtg 5|H %Egg@?&lpé l)elh'}/el[ﬁé]%g@m.;%%ﬁwﬁérméegﬁaﬁ%ﬁ&s dimethyl
carbonate. Moreover, of preferable dialkyl carbonates, particularly preferable ones
are dialkyl carbonates pfoduced in a state substantially not containing a halogen, for
example ones produced from an alkylene carbonate substantially not containing a

halogen and an alcohol substantially not containing a halogen.

An aromatic monohydroxy 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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t et ramet hyl phenol (i soners), ethyl phenol (isoners),
A05q5r'dﬁ)7l7pﬁé\¥bl (i somers), butyl phenol (isoners),
di et hyl phenol (isoners), nethylethyl phenol (isoners),
met hyl propyi phenol (isoners), dipropyl pheno
(i soners), nethyl butyl phenol 5 (isoners), pentyl phenol

bR S e SO B LS AR s,

i soners) and ethoxyphenol (isoners); .
tetragiefhipRSARIBGENT Sk SO RS SRPIAISPRIATS b BRURDE! (5SS
napht hol (isoners) and vari ous substituted naphthol s;
butylphenbl(isamensyndisthylphanebfigemers), twipdaitylphandh (igamers),
hydr oxypyri di ne (i sonmers), hydroxycoumarin 10

metHylsroppibhineh(isdmelrs) xdipropytphiers| (isemees)s ynetiaylbutyiphenol

aromati ¢ nonohydroxy conpounds, ones preferably used

(isorhérsh \SerRyIBRERY! (isbRés) diedAshetios Ubsiners)tant eycohexylphenol

substituted phenols in which Art is an aromatic group
: i, ' bfd)latid ¥
(sorGi Vs RIS 87 mehophor astors) el
conpounds. o 0 : :
ethog i BpuS LR BRERSIS ucties BAGMAPRIG riereh igprs)
npl ar rati o of, the dialk carbonate to th I ks
naphiBROIAIReR) andorpouR unstineE nasafel ey e Rt als
the present invention nust be inp_a r,an&e %f‘ fromQ0.5 .
monpbydroxpeosipainds stich-agBydrox¥PwiAinG (Isgiers)y bydiqxycoumarin
starting material remaining relative to a,
(isomers) ener yidrexyquinoline {isanersdd Of these arosatic monohydroxy
carbonate 20 ained for becones high, which is not
compbilinds, antes preferablyassert inrthe lpresantdgyvertion arguinssipstituted and
recover the aromatic carbonate. For such reasons, the

substRGid pRYrdls in which Ard i$78h argmafie gedlpy having 6 nt@ carfbon atoms.
fromO0.8 to 2.5, yet nore preferably from1.0 to 2.0.

Pheggloiﬁgﬁdg&iggﬁﬂgré@%%.' OQlorédvereaithese BRdmAt® matohiyfoxy

nate is 25 produced continuously. The-

m_ni . r .
o AT SHTAEERSBYSh 3 proarisysie s
ener al I.X 13P ton / hr, 21 AO501 UP17_KAN preferably 1
presget {yeMMOR;r  nore preferably 7P ton / hr, based on the

anmount of the .
The molar ratio of the dialkyl carbonate to the aromatic monohydroxy

compound used as a starting material in the present invention must be in a range of
from 0.5to 3. Qutside 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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rbonate (P ton / hr) to be produced. More
A0503 ggz%aw this anobunt can be nade to be | ess than
7P ton hr. The aronmatic carbonate produced in the

pr esent |nvention i nclues an al kyl 5 aryl carbonate,.
or a diaryl carbonate or a m xture thereof, which are

prefeggﬁlg rﬂﬁdto'iﬂrl%uﬁ'@re EF%B?{OT)F 2P tbh 9 Hr! @é’se‘%ﬁéﬁ"ﬁ%‘aﬁﬁ%m of the

carboh aronmati ¢ nonohydr oxy

ound l,u h ra t
aromztEegbenate 1k iy Br 1612 plodBab, B8 pibler i, i afotnt can
of the dial kyl car bongt e is/are exchanged wt h the
be magete)be legs 1N 6P temENEr omati ¢ monohydr oxy corrpound
and an al cohol is by-produced 10 (fornulae (17) and
( 181He aromatieecasbeonatetprodueed irothe presest inMentieninguss ap alkyl
formula (17) that mainly occurs. R OCOOR +Ar'CH --~
ary! dsrb6REERor a dagHcérbonateor SDUKRIre thereof] whichvareobt@ined through
+ ROH (18) Moreover, a reaction in which two

trandBat&idatsn Pletwden EHéW:'a"@l phrboraioaad ¢the Sramaiit rresohydroxy
converted into the diaryl carbonate and the dial kyl

comﬁ@uﬁ@”%‘éiu‘d@[:l r tﬁllé g%ﬁ??&@ri‘fﬁbﬁ&i bfYa ‘i'@@étﬁbﬁhv\ﬁﬁeh one or

di sproporti onat ornul’a is also

bom@%%wo( g?“i#ﬁﬂs %@Bg@%%fgn'fﬁé‘%xm Pt e anvioxy
arouf ot fhe Srgafimghan 8 FpnPeind 8hd e eond s b agyee
(forn?ﬁé%i@i‘i Saq? ¥1 B Pl%ﬁh”‘éﬁ%‘?%@méfwiérh%i itds i aptiopygf formuda (17)

conpound, or disproportionation (fornula (19)). This
thatd‘iaimlyloocar500nate does not contain a halogen at all,

and hence will be |n'portant as a raw materi al when
R'OCOOR! riZalOH pr AIGOQOR' 4RIQHar bonat 18y neans of a
transesterification nmethod. 25 Note that the dialkyl

Ar' OPODRIat Ar'oH -HharooooAr +RIORYdr oxy (d8pound used
in the starting material in the transesterification of

t heMBF {5 FEHERh A WHIBY twd Pndealés JPine KIRY £8¢ balbonate

hi'gh purity, or may contain other conpounds, for
proa@é@ﬂ%rg c%ﬂ%ﬁ&ﬁ'frﬂb fhe diaryl carbonate and the dialkyl carbonate through
transesterification therebetween, i.e. disproportionation (formula (1 9)) is also partially
involved.

2 Ar'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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CO n r reaction by-products produced in this
Aosoﬂrg@gir@l}g/or anot her process. 1In the case of
i ndustrial inplenentation, for the starting naterial,

besi des fresh dial kyl carbonate and aromatic
nmonohydr oxy conpound newl y introduced into the 5

cact SRR Fimdl bl ShepEEH LD, 0 ckBpls ldpdonai
combs B B B3 SR BAPSEE 55502l Bhotrr procs.
IR CREy BT RRAS E R

colum A is continuously subjected to separation by .
dialkgtl sarbbhatsi amd aroraatiomonebydoxyEompaundpewly introduced into the
distillation colum B; a high boiling point m xture

reacfi®i® sy teri, s aldwpreferatlett used distie barjunatiziend asbmatiol
cont 1 nuously obtained as a columm bottom conponent

monbhPifok{ BoffidiundaEsveredtfiorf tiRigroteds amdibr another procdss.
must be reused as a starting naterial for the

T ARiAe ﬁa%%édtgrﬁ\g%rﬁﬁnc 2ok PR poi At FRAIEA MikiLe (Ar)

_ _ ation co thi's being
cor FERERN AP AT Pbor BT 25 o e istation
el B RS T 058 SREH RARYBR 1 3 fucus
hgaplesanseisanE i Ao R ) B

starting material, dinethyl carbonate as the dialkyl
conteat tbthethy-prodiused @itohed continupusinebtainashan adalxpn bottom
conmpound, the starting material 20 may contain small
componeit foraftheebhtinobus mefthstagerdistillatioardeburan & eawst be reused as a
di phenyl carbonate, which are reaction products, and

starlify mek&ial §enthel trarfdiststifieativh icalriédsowt intlka contimuous multi-stage
by- product, and high boiling point by-products. As a

distiﬁé*tw aa&mvxs/.ﬁ,%is%éihg SREE 4 tfor MYBSLizP mplkATerftasi| dn the
nmet a C

-cont ai ni ng npound sel ected fromthe foll ow ng

oro RN R g6t o St Mg o
conGgufiS bl ST SR A, AL heosen
invention, for example in the case of producing methyl phenyl 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 also 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
compotind selected from the following compounds can be used:

<lead compounds>:

lead oxides such as PbO, PbO, and PbsOy4; lead sulfides such as PbS and
23
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LA K2PbQO2, NaHPbO2 and KHPbQ2; pl unbates such as
AOSO@ES%’FA 2H2PbO4, K2PbOB, K2[ Pb(OH) 6], K4PbO4,
Ca2PbO4 and CaPb(B3; | ead carbonates and basic salts
t hereof such as PbCO3 and 2PbCO3Pb(OH)2; |ead salts of
organic 5 acids, and carbonates and basic salts

s 468 R P o BTN s scn o
B FrRE B B AR  R
Nazrﬁebpauﬁié‘gemM[EB{xﬁéﬁh‘i@ﬁo Gotpshhlls A aBb03 lead Carbonates

Pb( OCH3) 2, (CH30) Pb( OPh) and Pb(oph)z | ead 10 al | oys
and sasib salis Beraaf st a5 Pbe)Rand BBbEO i Oi)2Siead) seits of organic

m nerals such as galena and zinc bl ende; and hydrates

acid®)fargledrbbaaidscaroasid salts treppef, sﬂelrndswb(ﬂaoCHa)z, Pb{OCOCHa)4
compounds>: salts and conpl exes of copper fanily

dch 851BusPbi PhsPb,
s OG0 1 oy Ebbad g B P

P@@%P}P&%’_@%b (&t qujch? C@Hﬁi@ﬁlmﬁ% (where Bu represents
a bulyEBEURS and 31 p3uBL G PARSY HP6uB) B URRE comaBint dnd
ary IRy RSP RS SHCTrRY ?5&9%52?29%@5"5'&(%%‘2 Eélaﬁh)z- lead

cadm um conpl exes such as :_<jiron fa

alloyseaugh dh-Cac bipBaxie- Sﬁ émti*I @-$Bn'i9?9 m@@&@@ Sé’ﬁb 7S
as Fe(CloH6) (CO 5, Fe(COs, 25 Fe(C4Ho6) (CO 3,
gale®a Gmesiny biendp2and Pydaiteg pf s@oiTisEsl @onpouUmds; n- C5HsNO
and ferrocene; 24 A0501 U P 17_KAN <zirconium
<coppeirfamig sietal compounds>:
salts and complexes of copper family metals such as CuCl, CuCly, CuBr,
CuBry, Cul, Cul, Cu(OAc),, Cu(acac),, copper oleate, Bu;Cu, (CH30)2Cu, AgNOs,
AgBr, silver picrate, AgCeHsCl104, [AUC=C-C(CHs)s]» and [Cu(C7Hg)Clls (Wherein
acac represents an acetylacetone chelate ligand);
<alkali metal complexes>:
alkali metal 6omplexes such as Li{acac) and LiN(C4Hg)2;
<zinc complexes>;
- zinc complexes such as Zn(acac);
<cadmium complexes>:
cadmium complexes such as Cd{acac)z;
<jron family metal compounds>:
complexes of iron family metals such as Fe{CioHs)(CO)s, Fe{CO)s,
Fe(C4He)(CO)s, Co(mesitylene),, (PEt;Phy), CoCsFs(CO)r, Ni-n-CsHsNO and

ferrocene;
24
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AOS@{L}%?L@@O”D' exes such as Zr(acac)4 and zirconocene;
i

type conpounds>: Lewis acids and Lew s
acid-formng transition netal conpounds such as Al X3,
5 Ti X3, Ti X4, VOX3, VXs, ZnX2, FeX3 and SnX4 (wherein
X represents a hal ogen atom an acetoxy group, an

. rr an aryloxy group); and <organotin

<Z'r°§bﬁ'“ﬁﬁ§ﬁgipg.éw%s%ganoti n conpounds such as

(CH3) 3SnOCOCH3,, ( C2H5) 3SnC00CEHSs, u3SnOCOCH3,

b DO S AB AR NI 99, 10

Ph3SnOCOCH3, (C2H5) 3SnCPh, Bu2Sn( OCH3) 2,
<Lewis &sid tEB-LIMPOWESN ( OPh) 2,  Ph2Sn( OCH3) 2,

(C2Hs) 3SnOH, Ph3SnOH, Bu2SnO, (CsH17)2SnO Bu2SnCl 2

and.eviie oRiscrd LBwihacitd-forming teansiligns metalapnroundsosuch as AlXs,

catal yst fixed inside the nulti-stage distillation

TiXzCHAXYVOXQS VIXgYZ e, F 2t ard SnXa(whersin Krepreserds bvedogen atom,
. the reaction system 15 Each of these catal yst

an a%?léﬁétg'b?ﬁﬁﬁ, arsikeky GROUS Br Bﬁ\émbﬁﬁgrdtﬁf)%ﬁd with an

i'cC conmpound present in e reaction system such

' l.G. al cohol, the aromatic nonohydroxy
<orgBRofif BrideRide

boun a:qkylj_ alryl ; carbonate, the diaryl
E‘Z‘Lﬁ’r%%f‘wltg n%mf@aﬁdﬁ&%pﬁéa@#ﬁ%ﬁéﬁhot% (EER e
. . . 0|
BusSeCEs HhSrOCP Ao BieSHOGoE R B SBIOLL ufimen
sol ubl e catal yst which dissolves in the reaction
PhsSRREBRH: {B2Haban(hh, BupnideHaly Buede(Qlazhiziy Brasng@Ph)z,

solubility in the reaction liquid under the reaction

Pho S ti3)an(€He)eSm@H, PhySnQi eBar S o Gel12$80s BuaSnGi=and
sense include PbO Pb(OH) 2 and Pb(OPh)2; TiCl 4,

BUSEOSOMQ) 4, (MOTi (OPh)3, (MO 2Ti (OPh)2, (MO 3Ti (OPh)
and Ti (OPh)4; SnCl 4, 25 Sn(OPh)4, Bu2SnO and
Bu2Saéiohinesereftdigstsimapbba solitl Estafyishized fisidaitie multi-stage

catal ysts which have been treated with phenol, the
cisu5RS} Ak ¢ SISl AR AGRL A iod syt
mul .Iti.éc':ﬁ 'b?ﬂ?ese 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 carbonaté, 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)2 and Pb(OPh)2; TiClg,
Ti(OMe)s, (MeO)Ti{OPh)s, (Me0).Ti(OPh)z, (MeO)sTi(OPh) and Ti{OPh)s; SnCls,
Sn(OPh)4, BuSnO and BuSn{OPh); FeCls, Fe(OH); and Fe(OPh)s; or such

catalysts which have been treated with phenol, the reaction liquid or the like.
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ADS@i iﬁ“Hj{Hr'@n colunm Afor carrying out reactive

nin the present invention. The continuous
nmul ti-stage distillation colum A used for carrying
out the reactive distillation in the present
i nvention nust be a distillation colum having a

: ﬁtnlgﬁ ghs%%c?{aep%ﬁfp\{iéﬂft%f% ggﬂ@fee%ho%ﬁg :%corﬂg‘wo.us multi-stage
oI K s o A i

per portion of the colunn near, to t e tqg H
The@@ﬂtl@ﬂowﬁawﬂgs@ae distdiatien golen @r“%?é’ IOF " tngt%tt 8'rSactive
bottom of the colum or in a |ower portion of the
distikatiomin the aresentimertiontroust be aldistillation €ojume hayinga rngth L
in the upper portion and/or a 10 central portion of
(cmY, Ba insidendiarheter\D {dm), emsinternaleffor example, trap€) witiea number of
inlet provided in the |ower portion of the colum

stagé?‘?i’tﬁe?élﬁsblaqsi 'g@s%ﬂlb@havmbeirﬁinﬁldmaﬁidﬂeﬁm @m nat tHa top of the
and satisfy the fol | ow ng fornul ae : 1500

(6):
colu%a%ﬂ?:% &ﬁ%eré:%ﬂ?ﬁ S?t@é)g?gf@ ge%ﬁoztgé tg%% féf&U:G%ut%@ having an
A
o A s HI G

| ower portion of the col umm near c!jhe bot t

centralirartion of theecolumni Relowsthe rﬂﬂSr@Jtl%vm ﬁt/leﬁﬁbﬂw m!et provided in
bottom of the colum to the |ocation neasuring about

the lowas Iportien ef theazolumh sabdweithe diqaisbowtiet2eherain wharsind., D, n, di,
schematic view of an exanple show ng a conti nuous

and iy | siatisfyt the dolialving ifbinadlzer{1rtd (m B for carrying out
separation by distillation on a |ow boiling point 26
A0501 UP1{sffd\N<r pagt igpoom xture (AT) containifly an
al cohol in the present invention. In the present
i nventionqpphe epntisymys nulti-stage distillghion
colum B used “for continuously

2=L/DE 40 (3)
20 < n <120 (4)
5=<D/d =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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sub%ecti n&' the | ow boiling point reaction m xture (AT)
ADSOd el ASH: y wthdrawn fromthe wupper portion of the

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

ol s A WA R, Yo
B

inside dianeter D, (cn) and an internal (for
subjectiag e lwmllmgmmterrea@ttO@ faigue pik %}t@vﬁe?'&éﬂ"y}ﬁgwm rom the
enri chment section 10 ES having a |l ength L2 E
upper portitn di thestamtinDaug omlti-stage distillaticsy ealumpiAto eamfaﬂ@n by
tray 8) with a nunber of stages n2 thereinside,
dlstllhé‘ﬂéh%tﬁ afow BBiling gonrit&mxf&&e (Bylinnhich dhé sbpcémtratioref the
to (14): 500 5 3000 (7) 100 S D 5 500 (8)

alco%cgé% ?&l ssﬁlg%?‘m%?%%}é@&gﬁ@aﬁd%eﬁ A D%ﬁ%pglg@?rllg)tkgéss) having
o o ERPHEE g 5 4500 ke g
bR 1] 5P A i 1P

continuous nulti-sta distillatiaon

exargiipy oy 14 30t § Y ) SIRp RGP 95, B3 ee)ergwamvé section
mul ti-stage distillation 25 columm B sinultaneou ? 1y

ES hawings@ yengihilar(om).can (nejde digmefer De kemy @siekan @tema (for example,
carbonate can be produced on an industrial scal e of

tray Bpwithasautmben ofl stages/nfinersindide, wiverein bo D inoyLzably, apd n2
A0501 U P 17_KAN hi gh productivity stably for a

satis?yfgrﬁmg@g(mbl(qm of time, for exanple not |ess than
000 hours, preferably not |ess than 3000 hours, nore

pr ed@y akl y, n@t 3p@ss than 5000 {7)
100 £ Dy < 500 - (®)
2 = L4/Dy =30 (9)
10 £ m < 40 (10)
700 < L, = 5000 (11)
50 < D, = 400 ‘ (12)
10 £ L2/Dy = 50 (13)
35 < = 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 sétisfying formulae (7) to (14), the aromatic carbonate can

be produced on an industria! scale of not less than 1 ton / hr with high selectivity and
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ho fr the di al kyl carbonate and the aromatic
AOS%ﬁéﬁ'{?uKew 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

i s S HE3EB SHRRLO 908sg oon
oo orsh oo R WSS P50 sl s

to be due to a conbi ned effect b,rought apout when tHe hil
hourg dremtthe sliallsyl cesheratganditheasomelic my @'BGRBM%%‘T‘PQH“ » while

Preferabl e ranges for the respective factors are .
efficidnthy séparatibglonihvthe by-produded alcoraistalplyifon s poolonged pered of

conversion decreases and it is not possible to attain

time ! dred ARk eEitigntoecbierng.and neusivg ueweactedtstarking pnatevial.  The
the equi pnment cost while securing the conversion

| | s 3ite 86 prddude tharatusastiohdgromatic carbonate
reasgﬁ?}zﬂynlggégﬁgﬁg@?%e :rade Po be not nore than 8000. A

ol | c .

on af s lEhARSchBEBeRsttect ) ihplesittitiia theprocess of the

If. D (cm is_ | t 100, ot i . ok
preskt Bk it DA s GBSk b3 Y g EsivBiied Bt
brougBt A wherihe Fendars ot ormulfesetT 48 (Al A bridfng,

nmore than 2000. A nore 20 preferable ran%e for Dq%n)

i s Referabie mngasdor the tespedtive factprs@re sleskEbed pel

preferable. If L/ Dis less than 2 or greater than

40, If Li{em) s¢ Eisisdhapd 580] thendbe eepyersion fpeigases and it is not

particular, if L/ Dis greater than 40, then the

possible36 it gssirsbprodatiiereamouat.t oioreniverpto kempodown éhe
col uim becones too great, and hence prol onged 25

equi?h@?ft LoSPRAé saBuMRs Sisorflietdiba enabling tisdesired praduction
ecessary to increase the tenperature in the |ower

ot B AR L R O
prefBiAi ey IS 20PF 5°LS% eob) Wi PRIE <t = 500 being
yet rlﬁlorer?eféPab e?.i ng yet more

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, with200 = 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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referab If nis less than 20, then the conversion
A05c§e!e'Péng§®and it is not possible to 5 attain the
desi red producti on anount. Moreover, to keep down the

equi pment cost while securing the conversion enabling
the desired production anount to be attained, n nust

e 5 ORI e e
ol TR o 0 9 3.1 5188 oot

difficult. Moreover, is be 10 necessary to increase
prefarablet enperature in the | ower portion of the colum,

and hence side reactions becone |iable to occur, )

t helf nliy lgssithgh 20, tentheacahyersion decreashe anstt 'l§dt¢t\ﬂqsﬁ!b|e to

A nore preferable range for nis 30 s n 5 100, with 40

attalﬁtﬁle deSited prodigtivh tanisurd. pMdreowdr t kédp Bowndhe iesuipraant cost
than 5, then the equi pnent cost becones hi gh.

PP HasiFecPprodiecien @amount to be attained,
whné\@é Yrgq]tthse %@ﬁﬂ&@e ‘lﬁ?eased to the outsi de of the

n m@(%}egﬂéggg@ PRI ﬁo@gﬁéﬁhw WRAEAERROAL fif A Mibfeatdr thBin/120,

hén" the gaseous conponent

thenithe Pressigp SiEnee PRRRLLIROP A 'ff‘f $%h¢’ﬁ“fé'ﬁ@58&w becomes too

decrease in the conve sion i.s ou ht é MA itis b
greagrandhange proiengsd stab 9P%rat'9e CU OGPy, itis be
10 5 D/ d1 5 20 20 being yet nore preferable [f D/
necaibans td increasedhedempreaiuie i theUPyaeRPrtionef the cotnan, and hence
hi gh. Moreover, the liquid wthdrawal anount becones
siderrehetionssbgcdme liablartd doeat dhereby|bringjng abowa degieesedn the
difficult. If D/ d2 is greater than 20, then the flow

selebBVify. t Wmuwptéférdblélmnbe fou t is t30a s rp|$| 100, beitlot® = n = 90
excessively tast, and erosion becones |liable to occur,

beindy et MG Pr kgrjaggi_ ng about corrosion of the apparatus.
nore pre erable range for D/ d2is 5s D/ d2 <

A5e Ui R e i GRLBspAREg A oo
sinc 558 b 8 4hebl8 bty /Bl e84 o 1 cusie o
the system, the stable operation becomes difficult. If D/ 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/dis8 = D/dy = 25 with10 = D/dy = 20
being yet more preferable.

if D / dy 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 / dz 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 /

dois5 = D/dp, < 18,with7 = D/d, £ 15 being yet more preferable.
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If Li (c Is less than 500, then the separation
A0S04rPPE7T R8N for the stripping section decreases, and
hence the desired separation efficiency cannot be
attained. 5 Moreover, to keep down the equi pnent cost

whi I e securing the desi red separation efficiency, L,

0. .be nore th
FureBoEs dbhes Pang 0w M e Rress Bvaiiprurgt S Buther preferable for
1000 s L1 5 2000 bei ngg%ﬁrgs e g eferable. If D1
dq andcghy toj satishsthe: feamutend 3 9 not possible to
attain the desired distillation amunt. Moreover
ke dioL diom is hessceitpansh thero the separation efficiansy fphthe afalppmg
desired distillation anount, DI nust be made to be not

sectibBdectdyasb8Ad héntetes dpsmé@ sephmtioarefficiéncy cannatie attained.
120 Di S 400, with 150 D, 5 300 beij ng yet nore

MoréHg%F b E 3eleB- ddvin the éqiBmient kesBwhitgBecring teadssired separation

rol onged stabl e operation becones

effi mgh% 'L%%@sté% ﬁﬁ%ﬁ? BP%T licglar@bfe fratesodR’ A ndre Prefefalblevange for

D, 5 15 being yet nore
r.ef bl S 10 [
L1 (g E'f)f'? gb & 1% ?ﬁgbsﬁtﬁ pp1 g se'?:tl oémg)e%érig Pﬁ{cﬁ‘é preferable.
hence the deS|red S . efficie
ot U Dndem) faes an 105 nendh mwa@%&%ﬁwﬁﬁ?g ?8§F ed
whil e securing the desired separation IICIe c@ t[g? th
distillation araowtd e Merepuen 4@ kﬁapémﬁh\e&ﬂww&ﬁ ey gifqiging the
range for ni 20 is 13 5 ni 25, with 15 s_ nj
desitesd digtiljationrameunt; & enast be madeite becngt mere than ﬁ%n A more
700, then the separation efficiency for the enrichnent
preferebld @mgddor Bagem) ih20 hende chd00ewithddls pdatE oR00 being yet

efficiency cannot be attained. Mreover, to keep down

moré Fef@FdHl@MENt Ccost while securing the deS| red
separation efficiency, L2 nust be made to be not nore

th t ti
o818 B sl gt o s raon

o e K O o Y 9 5,0 w7
S T A R e SRR 7T ST

ﬁg?gﬁﬁé?@;gﬁg@ r1%agénotr]1% sbe%ca?gt?orl :Ia gne%c§( ?or t?’ne stnpplng section
decreases and hence the desired separatiqn efficiency cannot be attained.
Moréover, 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
513 = my = 25 with15 = ny = 20 being yet more preferable.

If L, (cm) is less than 700, then the separation efficiency for the énn‘chment
section decreases, and hence the desired separation efficiency cannot be attained.
Moreover, to keep down the equipment cost while securing the desired separation
efficiency, L, 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 S L2 S 3500, with 2000 S L2
ADSQ) QYBAT_K&Mg yet nore preferable. 5 1f 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

di sti|]ation anount .ust b de t . r :
Morgayh ILpecomes pRess i fa iniipase el eS8 il e ¥ pagtion of
D2 S 200, with 80 S D2 S 150 bein et nore
the qolusmia; afisl Benae side feaclion bpeomeJiable {ar0amiror Agheis ieferable
than 50, then prol onged stable operation becones
rangeiftrf Le(dnt).isA 506 & fdroetSe r360e withrid0G ¢ Lo 3 3900 beipg ygt more
L2/ D2 S 30, with 20 S L2/D2 S 28 being yet nore
prefétaBfecrable. If n2 is less than 35, then the separation
efficiency for the enrichnent section decreases and

heng Bzg&%) fertish §Rars SDAHN O itiposisie Yo aRaiRdthelesired
attalned. "15 Moreover, to keep down the equi pnent cost

o TS, 0B R pem o e
N2, iS.. 10Q, i

o AL L B e 0By e
oG o B 872 Do, SR 305D v

the tenperature in the | ower portion of 20 the col um,
moreprefeeatde. si de reactions becone |iable to occur. A

nore preferable range for n2 is 40 5 n2 S 70, with 45
5 nig L/ 6% ibssgthaat thor greptaritban b0e thenpictengad stahle operation
rel ati onship between L, and L2, and the rel ationship _

bectrRbyeRficilt. anehdp@ prefaraisiedenge forig, /0D, tshth afolnt Dof= 30, with
the tow boiling point reaction m xture (AT) fed into

0 khe, 7ot KNUBUSeiRY et nfdrégrefdratiiel | ation colum B, the
2 conczze?t}ration olfﬁty%‘(te 25$§I cohol and so on, but when

111y g oy o 09 e socton

L R e
Morfeg\lgerfﬂttgJ ll;gtlaﬁ) Hg\?v% tﬁg Irt—:!q(l),l?lpn%ntt c.':org? w\ﬁiltehse@u%ngﬁﬁé %%Eir&i ts&paration
efficiency, nz must be made to be not more than 100. Furthermore, if Nz is greater
than 100, then the pressure difference between thé top and bottom of the cc_)lumn
becomes too great, and hence prolonged stable operation becomes difficult.
Moreover, it becomes necessary to increase the temperature in the lower portion of
the column, and hence side reactions become liable to occur. A more preferable
range for nzis 40 < np < 70, with45 = n2 = 65 being yet more preferable.
Moreover, the relationship between L 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, andD2 = Dj.
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15

and with a high productivity of not less than 1 ton /
AOSTHrP7 eK8MNabl y not less than 2 ton / hr, nore
preferably not Iess than 3 ton / hr. Moreover, another
characteristic feature 5 of the present invention is
that in the case that L, D, L / D n,D/di,andD/

d2 f the . tinuous, mul ti sta 0 mm
» sdheslariefenlifethpreiBieabit *Sé‘"%f"‘hs %88’%"*‘*
1505DSlOOO 3 5 L/ D<_ 30, gig ]ltt
carbenats candyripedycedstably fer 2 P&!ﬁ@%%qi 98”9 0 {“ﬁ ‘@%‘% h!%ﬁe ectivity
2 ton / hr, preferably not less than 2.5 to
and with @ highfprodixttivity of nbblessthan 13ondmr) prnferablytrné |ess than 2 ton /
aromati c carbonate can be 10 produced. Furthernore,
hr, mafe bhsferadiphac leasitidn G thrdihur eMafedver, anathencharacteristic feature
invention i1s that in the case that L, DL L/ D, n, D

of thé rftﬂﬁb&t(onda thallin tHE caSE IR WS LD} h-BYageand D / d; for the
? ation colum A satisfy the fol | ow ng formul ae:

.cont@688§3w%@&%ﬁrsa@@>@@um@9@3@@@0@%& 00

= 6b§§ %@&egé ?ﬁipd %}51% th@?e“l?@;; féT{:rl]D| y not %|b|(=:§s/s|ﬁ9E11 = 25

and QP% lﬁétazo n%ﬁggrrggég%tflq%\;f r orqat ' Cth%ﬁ r ’:S’F‘gr{%{t pre %rgﬁyoﬂ%ttlgss than

in the present invention is based on the aroma g
2.5 tpo d byt preferablionet lessthasy3 tom/ href mee%fé’matlc carbonate can be
invention, a high selectivity of not |ess than 95%
produeedg e Fartheirgorise anbtheir chdrageristi feptyrera the peasent inyvention is
97% nore preferably not | ess than 99% 20 In the

that I @redtsd thaeht Dob./ D, e Dx0dt,iamdoD 9 danfbrt thestomfjauous multi-stage
distillation colum A used as the reactive

distmiétﬁid &dI8iINON sSR4FY e Followig firatiliae: 28005 L |IL aLi 000, 200 = D
um having a tray and/or a packing as an internal.

tef nter 4SS £ BLEp9Rf, KNP8NhhAT = D/dx =
8-Ek)grsls_thmel %a_t S@Iah eac(li‘dd'zgtc?l ation E{;I)I umm where gas :

15, b e idas B o CHrel V0 I o 9more
prefeizbly houiess Mg 4 15n B Phinel Sy lic GlBbfoip | 14 Podbed.
e BRAsYRFINY ] (h reTGHA Garkeiale Jotie RERSRARIPTIG) is based
a Pall ring, a Berl saddle, an Intal ox saddle, .a D xon
on thhaaromagtic mavtahydooxy cp:zmmufgi rgadted.i - indke psesent invention, a high

structured packi ng such as Ml | apak, Cenpak,
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 CGoodrol |
A0SQabR1AgKAMN 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

. n an internal" us in_t [ [ t
ring, oBAL MPia BRFESA e AT EHaIER saﬂﬁle?e@?% Pk, sMeanon
tray, and the theoretical nunber  of R/@ es | the case
packig SHHOIRAN PR g STAEBUPERASING Sueh i Msloasls Celne
mul ti-stage colum having both the tray portlon and
TECHMNORAK, i Fdexipac ka Sulder packingp adkeedyoll pagkingoriahGlitaharid are
of the total 10 nunber of trays and the theoretical
preférabizer THe siitgstagefdistilatipacolurgn havinigasotheetnay portion and a
di scovered that, because the transesterification

portubﬁ?dck@ﬂ mﬁﬁfﬁﬁ%cktrl@ecéh aisksyde asedondbe thatltHsherm “number of
‘ t1 ¢ nmonohydr oxy conmpound in the present

stagéggﬁféf ﬁf@@&?aﬁms%’&tlﬁ?@b)‘ d |%Httbhtiﬁééﬁ§ ﬂ%%ﬁé‘!ﬁtal number

actiron rate 1s IS partlcu ary

o e é@%é%?@%ﬁﬁ@wﬁéﬁﬁ&*ﬁbéé W b cr e
e A b o B8 o b i e

sieve tray having a sieve portion and a_ down r
portigsrandine; orfian pa@m%wttin the packing; Raneans, the sy, Ghifg total
the relationship between perfornmance and equi pnent
numbes bf trays had thé twedretical diumkarafeiageset themackinge tray

preferably has 100 to 1000 holes / nR2 in the sieve

por ftinae.bebrldistovered tiedte babhusentivelteansestdrification seactipn between
to 900 holes / n2, yet nore preferably 150 to 800

the Geli§S carbdhatd BhE ﬂ’{@émméu@ﬁfbnbﬁ?ﬂrc?zmmmm infthe présent

cross-sectional area per hole of e sieve tray is

mveﬂ[n@ﬁ ‘ﬁ%@%rVe*thrﬁel&W%cgfd|tfrfu?r%9n§tah9aﬁd ‘ﬂi@rea%tlﬁﬁfrﬁte is slow, it is

referabl e cross-sectl area per hoe|307to

sy clg BE B b ooy dagg Fsafc PRI Aused for the
readiivpgdiofiatin te pe Pl B 'Sﬁlﬁ@h@wﬁg@“ﬁéﬁ% o8 he

e Botno fhes thpraaeaiareg s e fi%WakE%VWﬁea sieve

above conditions to the continuous multi-stag
portitirsand aaicvencemen partian istparin)iady geed agrke fmfg@ germs of the
i nvention can be attained nore easily.

relationship between performance and equipment cost. It has aiso 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 fray is preferably in a rahge of from 0.5 to 5 cm? A more
preferable cross-sectional area per hole is 0.7 to 4 cm?, yet more preferably 0.9 to 3

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 from0.5t0 5 cm®. It has been shown that by adding
33
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The continuous nmulti-stage distillation colum B used
AOSQINUPAE_KBABLent 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
enrichnment section ES. It is parti cularly preferable

or the intern in ch of r
the abive cRAEItEnSLade SRR G RES dieRdy 8RR, 8 object of
Furthernore, it has been d| scovered that the sieve
the nre%gnthrawm@nep@ e atigined MAreLAdS Y- down comer portion
is particularly good as the tray in terns of the
r el e conthiuouseouitientage distillation eolumn Baseghinribe psegent
It has also 10 been discovered that the sieve tray of
inverstishisgefbrablyipgistilatoectslomnshalisgadraynand/bmamacking as the
section preferably has the sane nunber of holes / n2

i RN SHTR ﬁrprgﬁﬁ% S66HdIPB8l artl PR divichivdret setion ES. ltis
mterﬂglgg“ bed ab%\?e he case of said colum A Wen

partl&gﬁtg HP%eeP%lﬂ%tfg\'eth@lﬁ@?Hél |ho'?%‘é%gtdf e sfr%iﬁé}éé&}ﬂn and enrichment

aromati ¢ nmon r oxy

const S e :
sectpg a0 be the ik, F?Jhﬁ%crﬁ%ﬁtﬁfa‘s 3 SgBLY SRRt e sieve
I A which th t al t
tray FraWBBIRuHeUR BOBH At ARG & TN SPDeE ROFIREL G CUIarty good as the ray
simul taneously in the columm, and a high b0|I|n9
in tefros of theealationship Retyeen-perfaimance andeduipmantcost.  Ithas also
carbonate is continuously wthdrawn fromthe | ovver
beempdiscoveredf thahthecsievertrayrof #achgaidisiripping sertiospand said
aromatic carbonate is continuously produced on an
enricHinentiséciongreferablPhasitheaiznes nbmber of hele2d mband the same
boiling point reaction mxture (AT) containing the

cros?*e%h@ﬁélfé?ﬁa%e‘?%% at Ses6Avéd BBOVS Invthel ¢dvdr ehvgaid colomn A.

e upper portion of the colum in a gaseous form

con ! nuoéﬁ’hbﬁsﬁ ggPﬁié"ﬁre%ﬁﬁPH@ﬁtaéﬁ )théroﬁaalsz}@arbénate and aromatic

nt'o t he contli nuous t1-stage

stillatio I i
morgh¥lan e mt&@ it e S8 habpiaP B boffilalsy fed nto
i s .continuoys V\nthravvnfro ' 0
the gantinsgus i er Hisgfielitcob B A R beRhiTisitirgsent and
poi nt mxture(BB) i's continuqusl dr a fromc} %
feaqtl@m@nqcﬂiﬁt“laiwncﬂfetqf?éﬂ%PHhﬁ'“?Lﬂtaﬁ'e%gPﬁWl“a i% a high
being fed 34 A0501 U P 17 _KAN into the cont| nuous
boiling [pointseagiionimixtute containing thenaromaticearbenatsois| Gangnuously

point reaction mxture (AT) may be fed in as a gas,
withdravars fram thgLiower portioref thei dolumanpratliquid forfry whereby 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 distillation column B, the low boiting point mixture (Br) 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 (Bg) is continuously

withdrawn from the lower portion of the column in a liquid form.  When being fed
34
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preferable to use heat in the |ow boiling point

A0SR T RAM 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

. eing . fed intog.the cantjnuous, mul td - Lt ll.at i :
into thg caneingous Meftielpaecdatiats Riiin & S AR Hel poift fetion
. which the heat exchange is carried (mt, the. low .. larl

mixtusei(Ar hapay e fad inasca 98% 9 3§ aliguidaTMere@vendlishgcticularly
continuous nulti-stage distillation colum B nay be

prefarabla tgasechaatfio thg low beiling peint gaastinmsmixtyia (f\ﬂo‘ﬂ%\cbr's a
liquid form It is also 10 preferable to heat or cool

withdrB&m! fean e coRbnpainultiestays aistifiatibnroelm A in@ gaseous form, to
tenperature close to the tenperature of the liquid in

heat'#uﬂl%%ﬁér%ﬁfe’rﬁél Gbr _éilﬁ'ﬂ%)l@' 1Ak sPartinGanatenial furabe transesterification

| -stage di stillation colum B before feeding the
v € 06 g ooy e coce
F ' ' : i -
copdi ST Byt i | B e B 1Y oo fhefpw g

. carbgonate and the diary| carhonate that are.r tio
poinesation snxine (AoiiediiaR the Foprtans Tl strtscisiiiopfbiumn B
aryl ether and high boiling point conpounds.,. . .
may beriniaigasents feeme guaghiad casaowsiauiddomard ligid form.  ltis also
separation and purification in other processes, when
preferableaid hyeatrgr caob tits low boiling point neadtionemixtuie (Ar) to a temperature
industrially, it is preferable for the starting
clos8% e BImpisraagetdfitiie Hguillin dne vitinityosf thedhlet ohihecaidinuous
20 Moreover, in the present invention, when

multFSRHEHSHRYN @AThA B béerd feditg the Riwbboitihg pairst reaction mixture

aromat 1 ¢ nonohydroxy conpound constituting the

(A7) iﬁﬁtﬂrtﬁ{e l%%pﬂﬁﬁ&ﬁé fl{ulti-kﬁb@tc{%%}glaﬁeﬁtddu#ﬁHfB. M dirkhertse, as

Ztl_ at'r on co_urr_nI _ sltartlng_rrater!al_rray e
ol . BB A PR B T At
cartnat B by B R BEafol BER S b o

bel ow the gas outlet in the upper rtion of the
by-pipducts isHeh & analkyharyhether apd rﬁ@'& ng'mf%’r'%&ﬁ"é“%u’?@ed

a starting material containing a large 35 A0501 L
ConsiiETing AN mopipmentand cost irequires far senasatinn and pyrification in other
conpound into the distillation colum in a liquid

prodesas fwihen aituaiydhplementiteptherpresentippentigroindustiriadly, it is
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 startihg 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 outiet in the upper portion of the distillation

columnA. It is also preferable to feed a starting material containing a large
3b
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feed a starting material containing a | arge proportion

AOSQT URHS _HA M kyl carbonate into the distillation colum
in a gaseous formand/or a liquid formfroman inlet
provided in the 5 [ower portion of the colum above
the liquid outlet in the |ower portion of the

distil]ation colum. Mryreover, the hi i | ' .
proprtan pemepmatis oiRNYAEeRL FrnBRURig iné Bt Bof 8oRknn in a
~ distillation colum B is continuously fedd'i]sni{o_the
liquid erm fraguan intel providesds tae spper pestion Qfdheadistilation gplumn, and
inlet(s) in the upper portion and/or the |ower )
feedpmstartimg ofaterta cootainingcurge propastion of thesdialkyheabenate into the
colum A it is preferable to select 10 the nethod of ]
distillatidroeblginnan dlgassulistormrarnidier & tquidSotrn dronoéntilet praytided in the
boiling point mxture (BB). In the present invention,

|owérgforﬁ6°ﬁ Bf’ﬁweoéz?lﬂﬁlhi AbvieBediaup] dstleths ths mtkdrmom bEthe
cont1 nuous nu

ti-stage distillation colum may be

oo BONER: , Mol 5 ARG ol micerslepiros o

Cont%ﬁstlpé{fo'g‘HEﬁ‘(ggB'l? %@s@ap%lrﬁ]qow& gd% r&gﬁ’gh;g@.éélyh geecfﬁlté@ .Weséoﬁt%uous
mU"ki'gé{Qaﬁl Jiigglla%n?qg%ﬁ%%ﬁrc@'%@ﬂ (s? ilel'h onﬁﬁ;g%oéjcfﬁigﬁ Ighb{ﬂsr:tﬁgfower

a packing. In the case of a catal yst that dissol Vﬁs in
portiomeof te sontingowsmeiti-slagerdistiltatiop £04reRA A itj§iprefergble do select
preferable to feed the catalyst into the distillation

the methodhof iniodackiors dependiag onshercompasition pbihei high dpilingepoint

distillation colum. 20 In this case, the catalyst
mixturé/(Bgh. di ssol ved in the starting material or reaction
liquid may be introduced into the colum together

Wi t fh fﬁbepr%tsgh{ 0BNtidH, Rhb Mhethel ofmaKdsg thertataljsebd pragent in the
ol um

the ¢ roma different inlet to the starting

confiRudid ﬁlhiti-gtgﬁ??imﬂﬁiion %IJﬁ?Aﬁﬁ?ﬁb&%nWﬁémdd? bl i the case that

present i nve on varies depe g on‘the type

t her eot t t Vpes ' h tel

the bR 2 ol AT AP ARH fokBln Byl hetbd doffample, o
he .reaction t erature .an e reactio I € 4o

methed im iRt hecratrbel B4ber Brice 1S REFSH by Tof SSEPHIE beipo
~ from0.0001 to 30 % by weight, pref erﬂgl_é 36 A0501 U P,
instalfedai o plate ipsigieghe sontinyews myli-giage st t'ﬁf‘eqoglﬂfamf being

fromO0.001 to | % by weight, based on the total )
instakigdyin theffotrh of stpadkingy rattee case of a catalyst that dissolves in the
starting material or the reaction liquid, it is preferable to feed the catalyst into the
distiliation 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 into the column together with the starting material, or may be
introduced into the column from a different inlet to the starting material. The amount
of the catalyst used in the 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
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The reaction tinme for the transesterification carried
AOSGUUP1A_KAN 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 dependi ng on the formof the

in al the distillati
fromF054 15,4058 byreeighs rrechrefarebby T R FTln A0 4P PAEH, based
into the colum, the type and anount of the catalyst,
on thm@talmghbﬁtbaﬁdamnamatsﬁla .s0 on. The reaction tinme
is generally in a range of from0.01 to 10 hours,
pr eThea eddlcion tidde fav the transestenification earsegout ip the peesent
10 hours. The reaction tenperature varies dependi ng on
invehfieh lsydhsiderbH ¢o Shasts athenmeragaresidenmmuiivie ofdee reactidn liquid
the type and anount of the catalyst. The reaction

in thg‘?%.ﬁﬁ?t%&g %di@sggr@gd@dnlaﬁohrbmmﬂme THe factiohQiné earies

IS pre e to increase the reaction

depé_@]ﬁ@ rgﬁtt% ?or?ﬁ’ Hﬁﬁwe lﬂtt%rﬂﬁf RARS didthalisAebiutn F\aér&l the number of

e reaction tenperature Is too

soch{SR 55 SR B i ff%hxéﬁ

of the;%aiﬂ;gthff;ﬁalf%ggfqaﬁ‘dt sl 50 8% < 1D &%5'9@%9: b Yeherally in 2

range of = from 130 to 280C, nore preferably 150 .t 3
rangssm‘droméx Otie 40hosrs RiBfefably .05 to §d@urs.wp&9@fer%q%0 1to
reacti on pressure varies depending on the type of the

houss, arMHeTgantidr téraperatunepeariessdepanding an the tyrenpbitrerstaring
of the starting naterial, the reaction 20 tenperature

matéiél emptundBh&sade antithe tﬂb@aﬁd menouny obtheaogtabfsta The reaction
reduce pressure, normal pressure, or an applied

r \APielfaFoH 100ité 3BarE! alif iy preferable to
tem %’%S@éd? rﬁgﬁrﬁlwq%ﬂo )?107 Pa, preferably 105 to 1C

oo 56 B 87240 40 i ot e,
e A6 o Bl B Db . o

distillation um A |

exainple Procfistjan af BYTATPAUFS ugh A8 Ow[g,wfgﬁ,grgﬁ%gﬁe% o s

bet ween the stripping section SS and the enti CBE i
undesicablen Egr thim eeasamn i [RARIOR IPMPEEIHER ISPIEfe R Ipcﬁhrange o
colum B preferably has a reboiler for heating t
from 130 to 280°C, more preferably 150 to 260°C, yet more preferably 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 107 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
37
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distillate, and a refluxi ng apparatus. In the present
AOSQINWBATI AN t he | ow boiling point reaction mixture (AT)
is 5 generally withdrawn fromthe continuous
multi-stage distillation colum A in an anount of 10
to 1000 ton / hr, before being fed into the continuous

mul ti-stage distillation.columm and t hus subj
columi B Iscbatuandne SIRHaSeRian SSA i mrdiier HechEs. The

boiling point mxture (BT) is continuously vvithdraﬂn .
contintious muti-skagsr distilatiosrcalemnih preferably has iegieboier iR hgating the

and the high boiling point mxture (BB) is '
distillztat andia veflyxidg appatatuswn from t he | ower portion of

the distillation columm B. In the present invention,

t hgnGRE pradatinviihtioh, tHeeclow tssifiveg pbimt réectiopvmbdine (Ag) is

point mxture (BT) nust be nmade to be not |ess than

gen#é@%@ﬁg%%&mﬁy%ﬂﬁlﬁ-@'té’qé’&isﬂﬂ’&ﬁnﬁ SolbmnRin an

_ , hore preferably not |ess
a1 R o By Bt o
il ufmo oadthub SubiSEss Bn8 Yeha A ksl Shereupon

preferably not nore than 0.1 % by weight, based on 100 ..
the lowtioiliag gaint prixture, (Briig ﬁOBmLFQLI‘FbyWSM’%WH frogt e ypger portion of
Furthernore, the anount of the alcohol separated out
the distiltatienragiiump @namecthe high bedingeeintanidurg (sl 1t continuers!y
(BT) must be not less than 200 kg / hr, and this
witha@taaahfromothe lpwef poetiznyofithe distillation columrs Bpaiathe prsent
out stably for a prolonged period of time in an anount

inveRfioM Ghe lcdRhSehitatiors8PtHetaltothdl in thielosy boilihg paintymikture (Bg) must
ton/ hr. In the present invention, the |ow boiling

be n?%ﬁfo&%@ ngre%s(tﬁér% tgag@%{yﬁgs@gefénd S prRifafbPbe Intsde to be not

y wei gl -produced al cohol. Al or
s g 5B o Rl 97 B o, besed o
1003 LS/ BhFat B Sl nE aels agPhpiat fd St of e

processes for producin di al ate

a'°°§?’b'€'etb§ higi ba(iBe PoiR PR (Be) &P E&@g@%?@ggtqo& nbre than 0.2 %

reaction of an al cohol, and a process usi n%aan o .
by vegighth praferably nehowore thars 0dn%dnyeiaht, bagashen 806 by weight of

carried out industrially. The |ow boiling point
the high boiling point mixture (Bg). Furthermore, the amount of the 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 boiting point mixture (Br) separated off

contains not less than 90 % by weight of the by-produced aicohol. All or most of the
remainder of the low boiling point mixture (Br) is dialky] carbonate. It is 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
38
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m xture SBT) can be used as a raw material for either
AO0S0dfUPARés actions. 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. It is thus preferable

. to use the. |l ow baili poi nt m xture (BT i n ' .

using AEapaBiRioT RASIPN of nFacael id rrperss SRR LgEqhdyeis

reaction. In this case, a |ow boilin Ipoi ntTw' ture.. .
reaci@®Tpf an @u{w%ﬁa@paamrec@meﬁt%md}%t AlYnot ng‘é’ kailing point

95 % by weight, nore preferably not |ess than 97 %_Dy
mixtuvei (B7) cah beakeanag cawooaterial forsityer obthasrdenatipns. The

boiling point 10 m xture (BT), is particularly _
alcolilpéis rakétoriisbsh alkyldne aarponateds ian equilibrizow esactidne and hence it

hi gh boiling point m xture (BB) separated off in the

is prgfe Blto UsBEFW RatEPAMaVERS atHigh BRBABNEScENYfatibhe Itdsthus
ol 1 ng point reaction mxture (AT) mnus those

S B O R B s e
o Sy Pl 50 kgl IFThY 38 TS0 g o Hcure (oo

.general ly has the dialkyl carhonajge and the aromati

having RO EPRRLEABERBGRIRN SR PHIERS Bhom2hBY Wadie 1675 Hirpfegably not
al so containin? a smal | anmount of the b -produ&gs ,

less dinary B7 26 yy weight, hasedpnsihe 100 Hobweight of Hee lgvpRating point
carbonate. In the present invention, it is thus

mixtoa (B1d Lisaparjcylary prefbtably used asthe tdusnaterised t he hi gh
boiling point mxture (Ba) into the continuous
mul foredvazethathigh doilingaidimmmbdlineniBehseparatedoff inithe present
hi gh boiling point mxture (BB) as a starting

i {&Tthbil6R bollihg point reiastioastixture (A
Inveﬁﬁ%ﬁgbrr@.{%{sggftﬁ%]Egﬁ??gléﬁf/sl&Izgr bonat e glﬂr: the starting (Ar)

minGESEFU ST R (820 fioh bofing i
th , hi boi L , . .
i i P rRBA LG b il fret by QbR 01
oy s SRt BB I Moo 30t efforato anc
reaction. The starting mnaterial containj

th .
the aicmnatic meaEby#RXY coMPaMNG akaEN Pﬂmmﬁetsggﬁfﬁu\b’bﬂe also
A0501 UP17_KAN nulti-stage distillation colum A ma)(
containifige $maibatriosint ofithentrproduced; alkyland ethes and g sraall amount of
colum A directly, or nmay be fed into the continuous
the Atdrhatictatondtiest ilhitae prasert inventiBn, it is thus particularly preferable to
continuously feed the high boiling point mixture (Ba) into the continuous muiti-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 (Bg), and hence it is
generally necessary to add fresh starting material containing the dialkyt carbonate in

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

material containing the dialkyl carbonate freshly added into the continuous
39
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and thus then fed into the continuous nulti-stage
ADSQ WP KANon col um 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

SPRLIIE N LB AT R SR g

cont i nuous nulti-sta%gie distillation colum B

froma
colummniA divéetlypos maydee facbinkpthesepntinuoys midtniage Hb_stlgefm'é Rplumn B
of the alcohol, and to then be fed into the continuous
and thulstthes feg into dhe tohtirudus-matti-stage Alistilatian cobimn Acaspa of the
boiling point mxture (BB). 10 It should be noted that
high HRRirgf SiRd Miktom @B'P.al Irf #9é dasecthbhihistrashlpedded starting material
multi-stage distillTation colum A contains a staring

conté?ugrﬁ {I‘%'gdi%%k?ﬁéblﬁf)ﬁ%@ ¢dritgingahé Eichobin a Brdatenbivourit fisan, for

eria contal ns a dialkyl carbonate which

o, 5 i SISO 1 AT e oo
conBE S SRERAAH S FerS B B b charo as o

di al kyl carbonate whi ch has beep consuned by the .
reducedbe icontant of the alsohak apdig then He fe&.mé'ﬁa? Q%I"i'"uws muiti-stage

produced is made up for by adding, the dialkyl
distiltatidrocolumni Aas parteofdhahighboiliag @ointimixturgdBeh i s

produced by the above disproportionation reaction and

i s K ehpalddst noted thahtheestagting matexiad fed inte the aprtinyaus

carbonate as the half anount of the dial kyl carbonate

multhsizi@ distiiztioArdolurihifcantairises skfingmateeiat i iand a starting material 2.
distillation to continue at the steady state. In the
' ' |REhiglt V£ diflyl ehfihate dhidiehas been mainly
Typlgéﬁé?ﬂ% F&%Lﬂaggl?lof ?/taa di ng tyhe fresh dial kyl
! i oy gl \‘&rbonate
prodi B8 pibiioRohitefbR by b RoRhUIR 15)) fithe eyl 82
fresh dial kyl carbgnate .into the.s I £1G; j
sopdiii ShEHFHnG R REH St Ss4Bed MR oot abouta
mul ti-stage distillation colu 25 used in t L
half At of Ak BRI RaRIDae BTG RE bee seneper i fection in
range of from 150 to 300C, dp_r eferably 170 to, 278‘% .
whigtothe alkglfarybearponsete is rodured ismmade ¢gifarhy agdinghe diatky!
17_KAN top pressure in a range of from 2x105 Pa to
cartnkdé irfte the stertimg inaterial 1) wiitch ispyduged bythehoye
preferably 6x105 Pa to 2x106 Pa. A reflux ratio in the
disprepértiBHaten reaction 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 dialky! 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 a-re 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
A0SOt 7 omO0.1 to 20, preferably fromO0.5 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

Afor carrying out the r tiv kStillati ngd -k 6
top RFBREHTRB AraRGPal et g 10 Ba thyBartO8 Pa, gy ety Alo® PR to 3xt0
carrying out the separation by distillation on the
Pa, inove paferakdy Gsi B Pada@<10n Pa xAnelux satio inihe-erfinyous
operated continuously in a steady state based on the
multopagetdistiiation dioliron £ isi genenaliyiin d rangs offromi By de 26, preferably
pi ping, or erosion for not |ess than 1000 hours,

| fromFU.Sftﬁf1@?h30r6?$refér§§l§ftdiﬁﬂ.@ﬂﬂﬂ)o.hourS, nore preferably

not | ess than 5000 hours, and a predeterm ned anount

f ' t ot
0 Tﬁ@tél"fgfﬁbloﬁ \?H??lglé r%é?étldﬁ’_usje@ﬁﬁ thé prederit Mvéntioh means

can be uce ntai ni ng a predetermnm ned
Lgh tl Vit o | Xi i
' nt- o he "by- produced aFcohol of
that ﬂ‘\%%@éﬁ.ﬁqﬁ% 'hgfa"%tﬁgﬁ %Qlllﬁﬂ?ﬁ Ebifid X fgly carrﬁﬂg d’iﬁ 99 ¥&ctive
. .pot less than 15 200 kg [ hr /
distliion fng e e capre siFtlafm EERAEERT6: Byig out the
separation efficiency. The materi al Cg,onstj uti 2% t he .hb
separation ysiistilaticniansthgdewdhaiing paint ta iShamTeBY) cameach be
the present invention is generally a netallic material,
opetaiet castinugusininsa staadyr stater basaden the eperating qosdjfiong;with no
the quality of the at |east one aromatic carbonate 20
floogingddogdingsfaipingser etasion fas not Efssrthibh ¢ 000EauTS) preferably not

Her ei nbel ow, the present invention will be described

less| tAaAB0B0dRILRS,| mbkd prefeedtty aocless tharh5000 hbars, rand a
Exanpl es, but the present invention is not limted to

preddi€rmified Phd i didn bA& cafbdr@eshbi 128s ¥areaabn / hr can be
m Xt ure was measure y neans of a gas chronat ography

oo ek R BER ie pn aBuay st ety
and%g%lvgr %:préggt%tn%'unnueo Skt bf Fe39Epridtickh! LAt of Abtidds 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
stainless 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



10

16

20

26

5 A continuous nulti-stage distillation colum as
AO504HIH/ iKANI G 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
approximately 1.5 cnR2 and the nunber of hol es being

ion chyigmaleoraR M ethedl./ np. 10 <Continuous multi- st age
distillation colum B> A continuous nulti-stage
distillation colum as shown in FIG 2 having L,
1700 cm D1 = 180 cm L, / D, = 9.4, ni =16, L2

Exanﬂ;ﬁaq cm D2 =100 cm L21 D2 = 25, and n2 = 55 was
used. In this Exanple, a sieve tray (the

<Corﬂrn9|§§xs$ﬁt‘ilhléw@é dastifatiorPeslub@ &>bei ng approxi mately 1.3
and t he nunber of hol es being approximtely 15

55 &t st Gﬁi-sfté & BEstlBtSH BaluniMadshbwhiia FGr 1 paiving L =

section an e enr chmant sect 1 on. <React Ive

3300%%; nost FH?nLrFQ/ -béﬁafwal Bﬁquﬁ Di7b ncP podyced was used. In

pboi reac I on mxtur

ois S B o A 8 P BE 1 0 Pl socons

apparatus, shown in FIG 3 startin te
areagefhalebaigoaprrRYNalRly dhe Cm% %?Cﬁ@l%lﬁmgg? {)'P@?é ,Jbelf!ﬂ %

by wei ght of phenol, 5. 7 % by weight of anisole, | %
apprbyimai'elglﬁSmen‘I%et hyl phenyl carbonate, and 0.3 % by

wei ght of nethanol was continuously introduced into
<Contiriousantiltirstage distillatios celyenmiBsti | | ation colum A in a

liquid format a flowrate of 80.8 ton / 25 hr from an

UPRREoRGtc® munti-ethgs Histiilatibe columin By shewmintF IGs Rdwying Ly =

distillation colum A Note that the starting

al od f en2 @, AaNd0vERs, Lo/ Dz =
170 bﬁ 4?%%@%1’%?[7 mﬁfhrﬁg% Egblgnlngt 221 after 20

25, %a%‘jmng ﬁﬁ%ggsl edlnut'l“ﬁé1 gﬁ%‘ta 5é9@ E(ifhe2c:7,ro‘§’51$%cfh9|@éI area

ng p0|n ion m

o S B AL SRR A S ity
550 S e S e R PG e i Bl agrment

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 pheno!, 5. 7 % by weight of anisole, 1 % by weight of methyl pheny!
carbonate, and 0.3 % by weight of methano! was continuously introduced into the
continuous multi-stage distillation 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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t of anisole, and 0.1 % by wei ght of nethyl
AOSQHhBEV onate was continuously introduced into the
distillation columm 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 materials

i ntroduced into. the contlﬂuous mul ti

throughenek 24 Aes nYIRGHP SRS N R e 1D 8 Rplanasy; 27 fth heat
= 1.87. The starting materials substantially did _not

from Jeolon\omlhng phoint sgection wixteiedé ) withdeawe in 8,9dsepus ferg from the
the ion chromatography, i.e. 1 ppb or less). Pb(GPh)?2

uppaporticrbithesdistitationtaluinded On the otharhand, a stading-material 2
t he upper portion of the distillation columm A such

contéthiﬁg 76 99 BySidigRt bfad eafboriaté 0 Bea dyi weight afipdencl, 4.4 %
would be approximately 70 ppm Reactive distillation

by wﬁ@gp%‘i‘%bls%‘i’e UHd ﬁqr‘%'ﬁi}&%w f pHRARY S;ﬁép?l t4rdBRat was

erature 'at t bot't o ation colum A

contﬁx%'gﬂ?\vﬁﬁvﬁﬁﬁ%%{?ﬁ%ﬂwef\ﬁﬁﬁﬁ%&%@% g 5B Bl e 85t e rm
a o 5 3 1 SRORMRAAGRY £, Hp ﬁﬁaiéﬁ{at"é?oé fgfarin

[ hr froman outlet 25 connected to the hotto t he
matefials intraguced iatel thmeontipyas Midli-stage disfliap Wi!1 nf was
nmet hyl phenyl carbonate and 0.27 % by weig of

dimedhylrearbonater/iphenok = 1.87 wahe starting materials %ﬁﬁﬂtlaﬂi’ did not
met hyl 20 phenyl carbonate produced was 8.3 ton / hr
contéiLivdiogens (eutside theaetectiontlinit tardte iion ohrarhatography, i.e. 1 ppb or
distillation colum A, the actual anmount produced was

lessy - EPE(QIPM)Z s)a catafyst Was infedicedin fldmhEnipletcldr indhetupper portion
produced was O 22 ton / hr. The total selectivity for

of t Terlﬁstgﬁa%ﬁ)‘:' tlﬁ%'i‘ th%n%ﬁtrghm fBfbof Wth@fiéé@llon liquid

ased on t eno react was 99% 25 Prol onged
wou 54 B 2 R Sl ot comirwousty
nobERr oS iR e el by oo

te were 8.3 to 8.3 tons, 5
2333 and. BpresRYFS e%tﬂs'ectppxiéme dlstillaian GRIORY ABﬁmjé’% 0°Pa. it
carbonate, and 0.22 tons, 0.22 tons, O 22 tons, 22
wastppssibla telatiaiprstablessteadypsiate operationrafiarhsny A 'lqwd
carbonate. The total selectivities for the nethyl
contirsougly withtavat at 828 tangine fipm aarduties 26 copnected to the 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 methy!

‘phenyl carbonate produced was 8.3 ton / hr (subtracting the amount introduced into

the distillation column A, the actual amiount 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 diphenyl 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
ADSGhUPIgeKAN on was very stable. Mreover, the aromatic
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
formfromthe top, of, 6 the contigéous

aseous

and G hodrs:afieratianing statls Stepdyaate iR 8650081 8 19snB 3 tons,
to 170C t hrough heat therein being used to heat the

8.3 tensyrarich@ 3rtane respectivelydontha methié phepylgarhgaater andd.22 tons,
descri bed above. The conposition of the |ow boiling

0.22110n$)t0. 22 dans, @22rtoris,) and((A2R tond redpectigelyifontheadiphenyl carbonate.
85.2 ton / hr, was 2 % by weight of methanol, 74 % by

The YRaEle@ivittisTor the el Phehel carBohaf &yd wiphehy| edrbonate were
phenol, 4.4 % by wei ght of anisole, and 0.1 % by

gg%rgbgogbg% g8 hythd BBoM p‘é@fipélg,a%rﬁdehéﬁoe“‘fﬁeeép&%itifiﬁ wasigery

ve d tenperature close t tenperature of the

sl A e TR ool St B GEy i ot o

section in the continuous nmulti-stage distillation
halogens, khPEP of IRS)-ow boi | i ng point reaction mixture (AT)
was_continuously fed into the distillation colum B .
f r e lew pailieg point reagtigmebdureetAm SRBLINHOHLY Wishdpaym in a
make up for the deficient dinmethyl carbonate, 20 fresh
gasatiusgformifrara thetop of thecantinupus pulti-ptage distilation ¢olumn A was
the distillation colum B at 2.53 ton / hr froman
cooled ldetvrdd 1ROSC thesLighheédtethensir bepny tusexhtoolieatithe starting material 1
distillation colum B. Separation by distillation was

usin§¥é hedt exbhanger P7ur Géstribedidvei stine cdmpasition ofitheBlow
t col um bottom tenperature of 226C, a colum top

a a
boin{n@@SVBE-[t) ?%éﬁt%n%ixﬁ%f&ﬁ;?,%i@h Withdran &t 85.23on 36 Was 2 % by

I ng pol nt ure ( was conti nuously
) r - - t Oflg /s dar i

woidh S0 o By Yot A hal elodub o iy it o

wi t hdr froman out|et 3 t,, 86 ton L. ol [
phef; ik Bowhioh ok adisole s i & aibpbetietpd prigi carbonate.

net hanol content of not nore than 0.1 % by wei and, .
Afterging reade i haye A tempesalie °|Q§ettﬂéh§f%m9?e’?é“rﬁa$&}‘léé'lquﬁj in the

~for the continuous nulti-stage distillation colum A

vicinityf @ndetet 38 preyided befween the siripping sectionsard the.enrichment

reused as the starting material 2. The conposition of
sectidmeinlthevcoatihiimgs modtistagexdistillztioB Eolume B Thedawy baiingtpoint

of
reaction 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 3¢ at 1.73 ton / hr, while a high boiling point mixture (Bg) was continuously

withdrawn from an outlet 35 at 86 ton / hr.  The high boiling point mixture (Bg) had a
44
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met hanol . and 3 % by wei ght of dinethyl carbonate.
AO5O‘f‘HéP&?m|6ﬁN 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 produci ng di net hyl carbonate and ethyl ene gl ycol

b ea wi.th ethyl [ QL

meth@ﬁgf Epr{ot et 0T oF By PP BhEiand T Rkl ﬂéﬁ“"ﬁ the same

ied 10 out .in synchronization cont,i nuo

as theRATInAIRAlSrial AOLHRAANIBHGU T Stade det it A
colum A. The separation efficiency was the sane af

descebed above, armbeas dirsulated baok angthys raissy %messta&m material 2.
6000 hours as initially, and hence operation remnained
st &thleccortposiiampl the2towReaiting peirdinsixiure 4Browaa®d % by weight of
separating out of by-produced nethanol were carried

metharbl, \UMeES o4 Be wedgthios didetriyd dhtboraie.usThe anieurt afenethanol
continuous nulti-stage distillation colum A and

wntn@ﬁ&él?%ﬁ%r@%@uﬁﬂ’irﬁ&ﬁh @héHlétl!lﬁidrPWagoﬂ 68%rB/ B8 I The low boiling

eact di st ation> A starting

Pomf'@b‘g%']ﬁa({Bg W%ggj%cgé%y é}é’lrgﬁtté‘hgﬁo eno cnﬁé oﬁ@gw&rbonate and
ethiehe test by Taning il alyiagd HbdRte ey Py

continuously introduced into .the c us .
mul'khe apergdioniof the captimpusgryithstage i ﬁp %ﬁ"ﬁf 190 cqluTR B was carried
aflowrate of 86.2 25 ton / hr through the upper
out ipsynchyenization with thfe candinuions operatiomel the- wgﬁous multi-stage
distillation colum A via the heat exchanger 27 from
distiltdtienictlehnZ0. Thve séparatibr efficenty was the same aftes 5Q05nqurs, 2000
UP17_KAN material 2 containing 64.4 % by wei ght of

hoursl B0 VibuA B0k, %csseomhom ghinitedlly, ahe hehce bparation
by wei ght of anisole, 0.4 % by weight of methyl phenyl

rem&Aederdie. and 0.1 % by weight 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

E nDLea% ratio for the starting materials introduced into
XaPRE €ont i nuous

Reactive distillation and separating out of by-produced methanol were
carried out under the foliowing conditions using the same continuous multi-stage
distiflation 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 mutti-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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e distillation colum A was di net hyl
A05Q1aUB’dﬁaKé%*| phenol = 1.1. The starting materials

substantially did not contain hal ogens (outside the
detection limt for the ion chromatography, i.e. |
ppb or less). Pb(OPh)2 as a catal yst was introduced in

ot s SScHBEEL 384 gL o e A b o

reaction |iquid woul d be a/proxi

mat el 0
pherialat Bi%bdyavelont phaniaale, Bed T By Weldl R Bﬁ%‘mwonat& and

under conditions of a tenperature at the bottomof th
0.1 %ibytweight cbmetivanohwas eontingopstydntiaducedinta &g Ellsatlaifcmecolumn
top of the distillation colum A being 6.5x105 Pa. It

A at WS I0P186.8 torat irefromshalibwespertion isleb & ob e distibation
after 24 hours. A liquid continuously wthdrawn at 88

colan?ﬂl\' The Aar (@ BF tHebtaRtin Eﬁ@t@rﬁél@%ttﬁdu‘rﬁdﬁh& ihetcomtinuous
of the distillation colum cont ai ned 13.4 % by

mult?ﬁﬁaggtdn& IIaFiEﬁ %Lurﬁﬁ?\r_\)fé? dﬁﬁ‘éﬁ??oun gﬂﬁfé PpHer6Iy1 el diie starting

carbonat e t was that” the anmount
of et nyl, car i
matezraswﬁ%t@nﬁa& ot SR PR B et fr or the on
dlstllltloncolurmA th amoupt produ :
chromgtegiaphyy i.e.nt pp é’ﬁbesﬁhe En@%ﬁf‘zas ﬁi%%é\ﬁ% %Saﬁ%ﬁg?éd in from
produced was 0.6 ton / hr. The tot 2 ectivit
the tmpertmtlmml?ﬂ 10aEHNA d'§@laé'9ﬁé¥%“’§ﬂ}‘ aﬁlﬁ(ﬁ@\%&ﬁ' %&ﬁéi‘%’“
based on the phenol reacted was 98% Prol onged
thereafrinithe ceactmpdiquid wouldbe approximately 108qm: HBeactive distillation
conditions. The anpbunts produced per hour at 500
was varied oli06shtinuously uder2obdittonsraf safemperaturet theyjottaw of the
stabl e steady state were 11.8 tons, 11.8 tons, and

dlStl“éﬂCgﬁ ES0f R%Bﬁ? 2P0/ aRd of resslire AXethB)bp ph ey tistillation column

car bonate, and tons, 0.6 tons, and 0.6 tons

A beﬁﬁ? BEHMPPa flf{vast;%%sﬁilé) E@Fﬁéw“s@éﬂ@%@dy diafe bpbadtion after 24

ectivities phenyl carbonate and 46

it waeme%? 5 1 oo 25
the S«a@gmg{ﬂ%,ﬁ%ﬂl aﬂnﬁiﬂ g,g@%t Bi T%g%ﬁ%?ﬁethyl pheny!

| ess). <Separating out

carhasigt® andits Vp?VrYfelg'étantq"B'ﬂg '%?F?%?ae % WEW%%U"U%{ the amount

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 phenyl carbonate, and 0.6 tons, 0.6 tons, and 0.6 tons respectively for

the diphenyl carbonate. The total selectivities for the methy! phenyl carbonate and
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The | %w bgl ling point reaction m xture (AT)
i

ADSHHP y wwthdrawn 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 using the heat

dlph? g %a Bv&ré Qﬁf %eg?ggg“‘f Bens-ﬂé%tlféip'p&?:l;a\f}%ﬂébvﬁe pperation

was w thdrawn at 8 4ton/ hr
was yeryrgtahisn o Morgever, Hie aranaalic B?fb&PﬁgﬁserPdes‘?‘%Hﬁ?@%g"Y did not
34.3 % by wei ght of phenol, 1.2 %:'by wei ght of
containihahdgensadprb or IBsBY wei ght of methyl phenyl
carbonate. After bei ng made to have a tenperature

<Sephrating out beby-pnarucad.metheinol frond loyubailing potid reactigmmixture
of the inlet 31 provided between the stripping section
(Ar)2nd the enrichment 15 section in the continuous
mul ti-stage distillation colum B, the |ow boiling

0 §
P hertip LoWPBEinG ol fpHtrl ffduMAG) eOhIMMsUE witharmm i

gaseg)tt.{%eet‘pﬁﬁ ?Fbjg Iﬂﬁ)@o 'hog:{ Gethe fdrbggﬂbgu ﬁ%@-&tégﬁgﬁgétgnﬁumn Awas

coo AR it AR GEA I ot A S

using do hea! exapmIoRt P4 et bRR bavEon THESHUS 00 ransmhe low
continuously in the distillation colum B at a

boilibg poisthreactin mixtiure (évr), 2tich wascwithdiawrost 83-édar/ ml%s 31%

of 138C, and a reflux ratio of 2.89, and a | ow boiling

by wedghttofrmethanel, 6BTp bynaeighbof dimetbyl sarbpnate; ahd Y I@mwelght of
the outlet 39 at 2.78 ton / hr, while a high boiling

pheféli 12 99 5}%@'{1 BBanisate, amaltd. Bl%lh;d weight bfimaitnyl iphemyt earbonate.
outlet 35 at 86.6 ton | hr.-25 The hi gh boiling point

Aﬁeﬂbéﬁq@fr@a&&% haﬁa aEtemeiehétuﬁé cleRB!t6 The BSmpetatine ¢f thbdiguid in the

y weight, and had a conposition substantially

wctr&tg}eqawe Coﬁfolv?&é’cf bé er%%rétﬁbp@gfs@bﬂ ﬁénﬁQﬁQ%anﬁm'ent

nuous tl-stae rstil atlon col um
secfut 636l nISE ﬁw%%ﬁ@s@' "P“f%'ﬁ?fﬂe B 150 Bl fipoint
reathg%d'h&t\/\ﬂrg? Hﬁ%‘?\l 5,98}1{] nléqf.éﬁgyepe %&%wa\é\ﬁasgpﬂ%%& cqﬁ:%% from the inlet
31. < imine atheoband, nover sk SpD! e deciert ey saronate,
fresi:] Irdlm-cla-thheyl lcgrvl\;ok:)'\(;lt; \Iugg continuously introduced into the distillation 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 oontinuouély 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 (Bs) was continuously withdrawn from the outlet 35 at 86.6ton/ 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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0] At re (BT) was used as a raw material for
AOS{&UE’JZ%Wl mst( 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 conti nuous

the c%ﬂﬂbﬂ{:{;é’ﬁu@tﬁ;s&%% ﬂ)éti&ﬁéﬁ%b?%@gﬁa escrit ef ve, and was circulated

I ci ency was
t he ama after hours, and 2000 hours
back£nq Lisirgf“P? a&ﬁ@%ﬂ?@@%‘b@‘%ﬁ%%n remai ned stabl e.

l e 3: Reactive ||Iat|o t Lhg .
= e Fampprienss the fo helingiaoitss xﬁ-ﬁﬁﬁbﬁij‘ffﬁ 933 % by weight
multi-stage distillation columm A as in anple 1, and

of methiapal, teoid §.7 g4l weight ehdimeshykearbanate Aff)hec@npanmfrfgethanoi
1.5 % by wei ght of nethanol, 81.9 % by wei ght of

contiiliumasly)depaaatledrmttehron@héth&/odigtilIatid:rgwascﬁ.Ss teméhr. 3Ttee baw boiling
by wei ght of anisole, and 0.3 % by wei ght of nethyl

pom’Pﬁﬁ%ﬂMr‘e &) MRl d\8s avalvABRNa| &ir (19d26nY @ImbtHyl chrbonate and
the upper portion outlet 26 of the colum. As in

ethy%’@kﬁol%g reBetith Wnl{ﬁ%tb%l%ﬁe%‘r in=gQ. reaction mxture

ntinu Into e conti nuous

or otﬁ%%é%&oﬂ' 03?#‘% ﬁ:@h Ruous‘:&ll.lﬂpgtagtefcﬁ&mailgﬁ tc{gglrﬁﬁ BWas carried

trlpplng SECTi on

oo TR el B o 80 oy e
the other hand, in order to nake up for the

distilatias; gRiumndy b b separation pficiancy was e &AMg 2 or §0cRburs, 1000

contai ning 99 % by wei ght of dineth carbonate 25 and

hours, a6d 20R0 hyhirs a8 inibialiaand meanﬁra%% remaineskstabdigc ed
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.

Exafphagation by distillation was carried out
continuously in the distillation columm B at a col umm

bot Ragy faﬁét}&nfe\f«aé cahie odt uégﬂj] M APpioREBS BAHURE same

of 151C, and a reflux ratio of andalowb0|llng

contﬁﬂ]éﬂ()sw{]féi%‘étéé& ofﬁpa%ﬁ‘ ﬁ?ﬁﬁﬁ@é‘m% rHlﬂ:IBS ﬁ'f‘iﬂ”a [EfvPPbmng point
N i L

dlmgtlhyl carbosmat%) 15%%%%3?%00# p %%F%t 9/{ by welght of anisole, 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 (Ar) 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



10

15

20

26

nore than 0.1 % by weight, and was circul at ed back
A050i1rHB1?J3|§AUont| nuous multi-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

' hyl b
potof et SelfoR SBRGPARAY BB phlic ou
contt%hééé]ly lg? Mlsum@mﬁnscﬁurt@gn%/at SMSncgp RN nl%&q[% 32t19°C a

di met hyl carbonate and ethyl ene glycol by reacti
columi tdp tarhpératerecefr it e, @and enesflopeatie 06 . 1, angea low bomng point
continuous multi-stage distillation colum B was

mixtuta(Bir péas tentittiously withcravem froat thenoudlet!8S ate1.d8rion iboushile a
operation of the continuous nulti-stage distillation

sQbrBhlib Gl Mathdrawn i Seeroutiét 35 at
high EQQH%&“}T rﬁ?%r%e(eﬁg?ﬁas and 2008 hours as initially,

BO.B%SQErﬁPCGFJ%Oﬁ@ﬂ cﬁllfhoq]ﬁgﬂt Rpcturd gégd)%adfé MEthandt oo?*@ent of not

I've was carri out using a simlar
r oc nd t he '
moreg etﬁ a? @ghﬁ%ﬁ% wggﬁfrlﬁ&éxf’éﬂsn%M%h %égggntlmuous multi-stage
PR AN “émﬁ%‘éag%s@aa@gﬂaa GRS ey rain
carbonate, 26.4 % by wei ght of phenol 6 % A}/eb)?
of e eampositing of the %mpomegmntdniWﬁH%T % weight of
carbonate was wi thdrawn at 57.45 ton / hr fromthe 25
methapotrantbt & by waightof ditetifyl cagbenatem Thaameuntaimeibanol

1, the low boiling point reaction m xture (AT) was

contitRBLER ek atetianlt ittvoughtire distillatiom wasmll 8ites ¥ hge The low boiling
distillation 49 A0501 UP17 KAN colum B fromthe inlet

pom?ﬂw&ﬁﬁé’ B#?%MQ&?QS hlitawshatapiil i preduting dimeéthiyiearbonate and
men

enric section of the continuous nulti-stage
h 27. On
sthy %t%%dé hangﬁwn or H?I@P%Q%g Jﬁ 1?)(;? ?Ege{jefl ci ent
b I
contaf kPR 4 65 Snlinagtl Mut-iee dIBiiflioR column B was caried
0.3 /o f th I

out R 8 e LAY I Aol ot ptace

/[ hr fromthe inlet 51 provided at the fourth, st 000
distifatiom calamndby « Bhe SepatRtion AilicaronasdBe saie SRt hays, 1

by distillation was carried 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) contaihing 2.8 % by weight of methanol, 61.0 % by weight of
dimethy! 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 distillation
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cont.i,gu y in the distillation colum B at a colum
AOS%OQF&%—R@Lerature 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

. ot : e b
coluffif it T rol R IhSHIG ighing Spath 2P e e
enrichpigtisechin oqds eonfione sauEaRog isyMendh BB yia the hea
exchanaet 2Ag ki B ather Band fla e Dakaiip bt i giEerigitnethy
The conposition of the |ow boiling point mxtur e@éBT)
carbonsted fresh warjingenatarial eontawing 2917, vaweight Yo of gyn ybcpgrbonate

of di nethyl carbonate. The amount of nethanol

and 03 Iy veidht of emsthanelidvas contimumugly intreddisd intbdbe distillation
was 1.6 ton I hr. The low boiling point mxture (BT)

coluifAsB &b o Pfordy Krveriahe inlal 51 providied sEthedfoditheastéiye from the
carbonate and ethylene glycol by reacting with

bottdth b 458 Bnfigh Iagfléﬁtio%‘? n@!{?ﬁ?ﬁ%@%& AstiNEtSR R as Hrfidd BuUS

mul'ti-stage atio was carried out in

coreR{REBHE 68 etit B S0 BT GRS el 2157, o

separation efficj V- was, the, sane. af 50 LS. ;
CoOlTOORPRBURSTatrs At 951G AckAdoHar FRioaIch 4 T 2 n G ERHER point
~stable. 25 Exanple 5: Reactive distillatjon S . _
mixtyegr (B avaseontinueysly withdrawp fierpdee 9%[%55# gk 188 ton /ey, while
A0501 UP17_KAN continuous nulti-stage distillation
highdusilingnpainbmixtures(By)was continupusly withdrewn figmbe putlet 35 at 58.2
reaction m xture (AT) containing 3.0 % by wei ght of

ton Mt haime! high Bolirkp puintvaixtire (&) hddreetiesharcd chotent of 0.08 % by
28.0 % by wei ght of phenol, 6.1 % by wei ght of

weight] &% fasdidufatdd Habl ineited copfinusisinultpstagedistillation column A
carbonate was withdrawn at 57.11 ton / hr fromthe 5

and Wﬁeﬁ%ﬁ%‘?ﬁw Bhtetl Wr thBGesSivedistififtion) Exanpl e

g point reaction mxture (AT) was

CO S g BEAR A AR (B ) BB % by weio
of mQTARS o4, 734 BRSOl B of et
conl(i:r?dol{g?y Ee;\alairgtédhguthtﬁ%ugh the distillation was 1.6 ton/ hr. The low boiling
point mixture (Bt) was used as a raw material for producing dimethyl carbonate and
ethylene glycol by reacting with ethylene carbonate.

The operation of the contin.uous 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 simitar process and the same
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exchanger 27. On the other hand, in order to nmake up
AOSQLRIeKdd i ci ent di methyl 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

cor R S RTRLAGF e R B B 1Pl B bl i

colum B at a columm bottomte) erﬁture of

a .
reaction minture pATeaniaining 3.0 %rbyiweight ghaethangl; é&l-%rqét%wﬁght of
~2.89, and a low boiling point mxture (BT) 16 was .
dimatioyitdanbonatey 2840 Ydnaweight of phrack 611 % bg weight ofanisele, and
/[ hr, while a high boiling point mxture (BB) was
0.1 %Y W@L@Pﬂ@\‘ yhethyl phemwhcdrbomatdwas withelraw®s 157581 ©n thrfrom the
/ hr. he high boiling point mxture (BB) had a

uppéfEidHaaA loufeE bl tH cAlufip. VAW inVEkahple BrtHe lowdboiling point
circulated back into the continuous nulti-stage

roncRIHLPSIAD FEUTRAATE 1R4tq PRYBSELSukl oo istlatr
tion. of | i A

colufgt 8 erm R ien 1 B el Bt 88 ttinding st Shi e
di net hyl bonate. . Th t, of t I .

ern et R IR el Bl U BRER o i e e
was 1.72 ton / hr. The |ow boiling point mérétﬁﬁr,e ﬁm

exchanger @3 £3n the aliverBeEs; i OrdeF (o MBkaRGr dhedefighnt dimethyl
carbonate and ethylene glycol by reacting wth e e

carbenate, dreshodinietimd tcarbdrate Mmmtmuouﬁiydntrpagc% e Hoe distillation
mul ti-stage distillation colum B was carried out in

columMBtEN8 16t | hinfroin thetihlet §d rprovided at tne faurtrostage frare the bottom
continuous multi-stage 51 A0501 UP17_KAN distillation

of tHePEABhrient SitiSAP2Baphfatichf by isGNationaas chfriethoet edritiruously in
500 hours, 1 hours, and 2000 hours as initially,

000
the gi‘égv:{&gdgglé?:g{?ﬁ @*a; %%&ﬁﬁiMnﬂeﬁﬁb&atﬁr@wfﬂi a column top

e case of producing at |east one

LB 51.F 004 581800 3220 Hota Y Bbf gt (e
wasS e M o S8 OEPECAS o SR R Bl g i boing
poinkimiKe (Borieas conumIE i IBHERE oM 8 WA Foud 5405 1tgn /b
The];h?iéh %Dﬁ{r%g}gterﬂixggrg (%i) %;dtal rr;‘%ﬂ?;no? gok?e%lil%tf Bi.(?sl) %S 83 IV\f}aight, 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 (By) was 93.3 % by weight
of methanol, and 6.7 % by weight of dimethyl carbonate. The amount of methanoi
continuously sepérated out through the distillation was 1.72 ton / hr.  The low boiling
point mixture (Bt) was used as a raw material for producing dimethy! 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
61
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' ton/hr while efficiently separating out a
AOSO&&%{?}M’& al cohol . 52 A0501 UP17 _KAN CLAIMB W

claim 1. In an industrial process for the production
of an aromatic carbonate in which the aromatic
carbonate is continuously mass-produced on an
istill 5 hitl ASC Rntf s the Snsé bfteRB500hours, 1000
dlstnllé{/@#‘é%ﬁgﬁ ASCEHE se’ibaf{s/ﬁc%?gg(glcn n g | 508

cont1 nuous starting materi a

caont ai 0 a dalkyl c '

nours, SeFe i ot aet ol S ERERE oA 8RR Staplec
distillation colum A in which a catalyst is present,
carrying out transesterification reaction and
distillation sinmultaneously in said distillation

Indusdaaifpplicabidibht i nuousl y wi t hdrawi ng a | ow boi |l i ng point
reaction m xture AT containing 10 a by-produced ]
al ¢rothe cdsenci produping atdeasti ane arforrsathjcafggnatel trewgh a reactive
colum A in a gaseous form and continuously

distillatibh ey stehidsidghi ebntimidusngutticdtage distitiatiom colurtrufremA® dialky
contalning the aromati c carbonate froma | ower portion

carbSHats 2ind 4H éFd'méﬁ’é idMoRPHIEXY cOmpburd, thél prekene inertibA can be

I mpr ovenent ich conprises: (a) said continuous

sl 4SS A S4B AR ey corvona
ool 55D B b Bt B A R g ot
v S S g e BB et T T,

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 columm above
said liquid outlet, wherein L, D, n, di, and d2 ‘
satisfy the followng formulae (1) to (6); 15005L56000
(1) 100 5 D5 2000 (2) 26 25 L/ DS 40 (3)
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4) 53 A0O501 UP17_KAN5 D/ d. 530 (5 3D
AOSO}%Q’E‘%’%—%“( 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 less than SPalgYy weight is

continuously wthdrawn from an upper portion of said

Cgegst,illation colum B in a gaseous form (c) a high
We dgiift i ng point mixture BB having a | ow content of the

al cohgl is contjnuousl i t hdr . frama | ower .
port | 4 aBindustEaRReeRY REdheRredudion gl il aromiatic gashonate in
colum B in a liquid form and said high boiling point
whichrtha araen@is carbeoats iswentnyonsiy mass: wad@mmﬁﬁmﬂ scale
mul ti-stage distillation colum A and thus reused in
throughea reactive elitilation sgsteomof cordinudyslyfeadingma siaging material
multi-stage distillation colum B conprises a

contdihibhid HiikyP BarboplatsTBnd effrofiatie raosdtydroky gtompoundrinto a
having a I'ength L, (cn), an inside dianmeter D, (cm

contiflﬂgué%dlﬁ‘-ggddéaéisﬂﬂéti%n _ A inQbhish @WERalyst is present, carrying

er el nsi and an enrichnent 15 section having a

o Bl ety A B S P8 7t
colurg i, SaHg s torawine o Bing Boitd redcubtBBure Ax geptaining
a by-prpslusacalsoled o an urpes Ropliomef paitidistiigigh caimA 1y a
gase%gs %r?'i)\, a2n6d gosntisnurc])%:sﬁ/ ﬁﬁﬁdrga%v?%g a high boiling point-reacition mixiure Ag
containing the aromatic carbonate from a lower portion of said distillation column A in
a liquid form, the improvement which comprises: |
(a) said continuous multi-stage distillation column A comprisés 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 <L/D £ 40 (3)
20 = n =12 (4)
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0 17 _KAN 2. The process according to claim1,
AOSO\%‘éégfﬁ&ﬁﬁD less than | ton / hr of the aromatic
carbonate is produced. 3. The process according to
claiml or 2, wherein said d, and said d2 5 satisfy
the followng fornula: 1 d2/di <5. 4. The process
according t< |?Wh ogezpf claims | to 3, where(g) said
continuous nmulti-stage distillation colum ‘A conprises

a distillatk | ummahaving a 10 tray and/ g£. a
packi ng gg’sg@é%?nt_'g?ﬁal. 5. The process accgér)di ng to

clgim4, erein said continuous [ ti-stage .
i Jol ThepraioiEed it fedcpmEGy An s coalibGfsly fed into 2
distillation colum having the tray as said .internal_ .
contingoas muli-stacecdistilationsiadimg B.cand aijow Goilighaintmadyrg Br in
tray is a sieve tray having a sieve portion and a ]
whichl tver conoentrationt éfdne afcolithis petdess thamn3 el by gvaightds giomtinuously
6, wherein said sieve tray has 100 to 20 1000 holes /

withdf8whifremaiath sppareaptien obsaiddistiliztion roohess Bainco gdseaud form;
claim6 or 7, wherein the cross-sectional area per
hgge) thi%ﬁbgiliﬁg BBt irfiddre B Having anew cohtdritemntfe aldobobis
cn2.” 25 9. The process according to any one of clains

oontiﬁuéﬁslgwimé\%'?mln']aIRNer brtion & said confirfio ul’tzst/agg?distillation
and-n

or sald contrnuols nulti-stage distillatio
co oo VBt oo Ry o
into %g%%’o 1'3543@2.-1@ ti-é%geﬁgfglqiighéoiggg %Oérg @QJ% rgﬁaggég @19
Di. 5 10. The process according to any one of clains 1

transesteyifioatieneand t he i nt er nal

(d) said continuous multi-stage dist.illation column B comprises a distillation
column comprising a stripping section having a length Ly (cm), an inside diameter Dy
(cm) and an internal with a number of stages n4 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, Dy, ny, Lz, D2, and n2 satisfy the

following formulae (7) to (14):

500 £ Ly £ 3000 @)
100 = Dy = 500 (8)
2 = L4/Dy £ 30 ©)
10=m < 40 (10)
700 < L, = 5000 (M
50 = D, = 400 (12)
10 = L,/D; = 50 (13)
35 = m, < 100 (14).
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N h the stripping section and the enrichnment
ADSdé‘eg?ﬁZﬂKg& said continuous nulti-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 5 aiﬁecﬁ%ﬁfizﬁé‘ %Eéo@ﬂ%&o‘ LAY, whlerdih!ott 'é&“th&@'lﬂtah Br of the

is™a tray ess according to claim1l1,
wherein said tray is a sieve tray having a sieve
aron'ﬁyptqag;t;prﬁg '%\pEﬁfgvﬁ’egorrer portion. 15 13. The process
according to claim 12, wherein said sieve tray has 100
to 1000 holes I n2 in said sieve portion. 14. The
process according to claim12 or 13, wherein the .
cr & s-Burplosess aceording:to gaim Adre, ovherginusaid&h @and ggid d2
isin arange of from0.5 to 5 cn2. 15. The process
satishciherfdllogingdfoemylzone of clainms 1 to 14, wherein an
anmount of the al cohol separated out in said
continuous nulti-stage digfidy & i%Hn colum B is not
| ess than 200 kg | hr. 25 16. The process according to
any one of clainms | to 15, wherein a 66 A0501
UP17 KAN concentration of the alcohol in said | ow

boi ) i | DL o xture j ;
weight I BidEes T aSblidngo aly BAk of iy o & ueri said.
the concentratiop, qf the 5 alcohal j bed ol .
contluBHS RIS HeRialios Eume AgeRptset BB tgjumn having a
wei ght. 18. The process according to any one of clains
tray andier apacking 8% 5dN®eMaw  boiling point mxture BT is
taken as a starting material for producing a dialkyl
carbonate. 10 19. The process according to any one of
clains 1 to 18, wherein a content )
5. 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 L4, Dy, L1/

D4, m, L, Dz, Lo/ D2, and n for said continuous multi-stage distillation column B
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hol in said high boiling point m xture BB
A0503 H{:’qz-ugﬁ&oy W thdrawn fromthe |ower portion of said

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

ati hd<h b
saus&f hb61IAWiREMBmulaB: 886 gngBhlsggsbo ggzd)%ﬁgbb;“ggggg%@ L+ /Dy

= o2 s eAlTe AL B I o S
30, 48 gtr{zﬁg rm'é-ﬂi =l ggjnsq bgrgr Ssgztegrit?i cgte?gntpgd 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 fray 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 a range of from0.5t0 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
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concentration of the alcohol in said low boiling point mixture B~ is not less than 95 %

by weight.

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

aleohol 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 18, 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 At 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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