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PROCESS FOR | NDUSTRI ALLY PRODUCI NG DI ALKYL CARBONATE
AND DI OL Technical Field 5 The present invention
relates to an industrial process for the production
of a dial kyl carbonate and a diol with a high yield.
More particularly, the present invention relates to a

PROCESS FOR INSUsSTRAALLY PRUOBLI ONGADIRLKVIUIG ARBONATE
the dial kyl carbonate and the diol with the high

yield stably for a prol qqggdpperi od of tinme through a
reactive 10 distillation systen1of taking a cyclic
carbonate and an ali phatic nonohydric al cohol as
starting materials, continuously feeding the starting
T hnatq;% into a continuous nulti-stage distillation
echogtd, which a catalyst is present, and carrying
out reacti on and dIStI|LatI0n S|nultane£usI¥ infth%
coll BenPTase HatlMGHLRR ratteselnAR) NGBS LOPERSIRE the
production of a dialkyl carbonate and a diol froma
produetioni ohabdighegncarkaatecandrdstiat wikha RighayigldatMere
nmonohydri ¢ al cohol have been proposed, but nost of
partichbsty pitappsasentinveniaoe retatescto al pceys feendushially
systens, four systens have been proposed hitherto.

prodUBaSE |AQH aneeahiof shstdiatkar carathtenandthecdikd withrthe
t he production of dinethyl carbonate and ethyl ene

high q}.éﬁpbtémmoreé fb\fb%‘ﬁ%éé‘f&&”@@ e it R iUyt a MbH ctive S

nost typical reaciion exanple. 25 A first system

dlstll'eléképgsf}'fgﬂe% ek G {:ﬁéﬁé'&qbgﬁ%ttsrﬁh atbfiphatic

car bonat e, anol a catalyst are put
iptq .an l ave t
mong BY8uR"a B AR Stanhd M| D5” Bl G feing the
starting materials into a continuous multi-stage distillation column in

which a catalyst is present, and carrying out reaction and distillation

simultaneously in the column.

Background Art

Several processes for the production of a dialkyl carbonate and a
diol from a reaction between a cyclic carbonate and an aliphatic
monohydric alcohol have been proposed, but most of these proposals
relate to a catalyst. As reaction systems, four systems have been
proposed hitherto. These four reaction systems are used in a process
for the production of dimethyl carbonate and ethylene glycol from
ethylene carbonate and methanol, which is the most typical reaction
example.

A first system is a completely batch reaction system in which

ethylene carbonate, methanol and a catalyst are put into an autoclave,
1



10

15

20

25

for a predeterm ned reaction tinme under an applied
tenperature at a reaction tenperature above the
boiling point of methanol (see, for exanple, Patent
Docunent 1: U. S. Patent No. 3642858, Patent 5 Docunent
2: Japanese Patent Application Laid-Open No. S54-48715
whicggi%fé%%ﬂeﬂdﬁe’&tw \eSsePahaat rddtich 8 @aG)iedPateby holding
curment 5:  Japanese Patent Application Laid-Qpen

4- q y
for A BEFTEGtner. SR Ben A B, SedBReRRrmeL e at 2
Yy St [ { t ' '
reactifnper a1 BBl le PAMg RARFET Hehabries: fr
t] | ; et phyl bonat e,
examiie PSon: DOSHMBRL - (he + BALTTON oo LG5 ARt 7
Docymantt&r 4anenceenBaiRABRICRON CAIS QY dip- 55474pL15
up for nmethanol distilled off througrﬁh azeobrog V\“;h
(cortemp g tal WiSreP atenichiobdid &0 7 tiethatet Pec %‘b%'&l 0
the reaction 15 vessel continuously or in batches, but

Japaifie §8YP #heentA pplibatibhsL aigs Ogran Mo . S5a6B083, or atasdgocument
only in the reaction vessel, which is batch type, in

6: J¥bhRBsbPata BARE!icatiohyLank Cpehdval 854nd4B8FREEnol

are present. The reaction is thus batch type, the
reacg | ] rigesl sQute st @sésraeapparasss of which a
met h%ﬁ%{éoﬁgdggsﬁllux tg‘l%i ng a long tinme in a range of

. from 3 . ol P

sl Rt gre @ mmmiss oty e
S51-12202 di , P, .

cart;mbaztggip’e 6&%\%&%&@@%%3&?3r%agg%é@feoegg g'ﬁtachon vessel, and

licati Lai d- . S54- 48716 dj

readd 5 ianeds Hoprasha sy Reali {5 SR FRBRRdfpPature.
Patent No. 3803201). 25 A third t [ ti

Witk e iy so ek Tor et STl B Botropy
carbonate and net hanol is continuously fed into a, 2 .

with thellpao dueadt dimethi yitcarhah ate, anptharekisnpAdgd i the graction

t enperature, and
vessel continuously or in batches, but in any event with this system the
reaction proceeds only in the reaction vessel, which is batch type, in
which the catalyst, ethylene carbonate and methanol are present. The
reaction is thus batch type, the reaction being carried out using a large
excess of methanol under reflux taking a long time in a range of from 3 to
over 20 hours (see, for example, Patent Document 3: Japanese Patent
Application Laid-Open No. $51-122025 (corresponding to U.S. Patent No.
4062884), Patent Document 4: Japanese Patent Application Laid-Open
No. S54-48716 (corresponding to U.S. Patent No. 4307032), Patent
Document 11: U.S. Patent No. 3803201).

A third system is a continuous reaction system in which a mixed

solution of ethylene carbonate and methanol is continuously fed into a
2
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a reaction m xture containing unreacted ethyl ene
carbonate and nethanol and di nethyl carbonate and

et hyl ene glycol which are produced is continuously
withdrawn in a liquid formfroman outlet on the other
side. 5 Either of two processes is used dependi ng on

tubuldterdRUtBYy Hhafftaindd Atys predeesrmiad réactibheteampeeature, and

i .
process in I ch a honogeneous catalyst is used, and

D e R R

net hanol , ,.and, t hen t i '
mettiel et o Bty S BhbShe 2 SRRTIR o/ (A ERIGH 876 droduced
exanpl e, 10 Patent Docunent.7: Japanese P n :
s coRyaUIY oRIthar anepih i usstorm 1B 0o ullb il the ptpner side.
U S. Patent No. 4661609), Patent Docunent 10: U. S.
Eithemapb HWONRTOCERSES! B UsgHcdaPBRging 9N IGMPER &f the Catalyst
het erogeneous catal yst fixed inside the tubular )
used.eathat i$ stheeda(eeeprooess dramhicd) ameERYaRRAUNEFatalyst is
Japanese Patent Application Laid-Open No. 15 ]
use SN @38 Pk seRhtierdudiothernbular Jepaitsste gethentwith the mixed
Application Laid-Open No. S64-31737 (corresponding to
solulibf- ofPatiNbntoca A&l hhd mkehaneacandrthemnoditer ipe reaction

di met hyl ‘carbonate and et hyl ene gl ycol through

the %é;t%l?%tg% Qﬁ@%ﬂédﬂbmlf%ﬁ Ga! bosatienanskiiie hare, fos example,

riu reaction, and hence with this continuous

fl react 1,00, Si : BeEN Nb. 1S
PatantiebABRATT: ARERERE bR ML AR L ERDBE Mo, |

hj t han t he ui ] i by kum con [ m y
s63 252 ptmannding: o e T AR 8 d8edBqh eert

tenperature. For exanpl ccarding to Exanple 1.i
Docpaani 1 &bl deiate Nt MpaAdad Sdiend Agpaaany b which a

Lai d- Qpen No. S63-41432 (correspondi ng{_ to U S Pat ept f
hetexogepsosssaatmyst fixed wsidewhechtiy!gn reaciants yseqyisee. for

starting material put in wth a nolar ratio of i
exampldaRaltent doureeat Gir bapanese Ratent Appéication baid-Gpen No.

carbonate conversion is 25% This neans that a large
S632080430Patent Document 9: Japanese Patent Application Laid-Open
No. $64-31737 (corresponding to U.S. Patent No. 4691041)). The
reaction producing dimethyl carbonate and ethylene glycol through
reaction between ethylene carbonate and methanol is an equilibrium
reaction, and hence with this continuous flow reaction system using a

tubular reactor, it is impossible to make the ethylene carbonate

conversion higher than the equilibrium conversion determined by the

“composition ratio put in and the reaction temperature. For example,

according to Example 1 in Patent Document 7 (Japanese Patent
Application Laid-Open No. S63-41432 (corresponding to U.S. Patent No.
4661609)), for a flow reaction at 130°C using a starting material put in

with a molar ratio of methanol / ethylene carbonate = 4 / 1, the ethylene
3
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unreact ed et hyl ene carbonate and net hanol remaining in

the reaction m xture nust be separated out,

recovered, and recircul ated back into the reactor,

and in actual fact, with the process of Patent

Docunent 9 5 (Japanese Patent Application Laid-Open
carbDRateSbnyeréidh (€ 256SPorWisNGedrd that aRargatarBunt of

4691041)), much equipnent is used for such™ _
unre3ERY %ﬁh?%n%’%’é‘rﬁbﬁ@ié Hhd R ol :re?iniRG!ihCiHeAté #6tion

ourth’sys a

emirs reactive distillation system

v 3y 85 S5t 5Vl YRI5y, b8 o e
oacP B A3l ok SR ey L PG

H4- 230243, Patent Docunent_ 14: Japanese Patent .
(JapappsecRatent Anpicapen haid-pep ﬁ%ﬁ@ﬂ-31ﬁ&%&orrespondmg
Docunent 15: Japanese Patent Application Laid-COpen No.

to U.%-RebrauNorat@ht 0 bburrerch 1eauipapent s usgdefar such
Application Laid-Qpen 15 No. H9-194435, Patent

sepaPatiomergurificaliohereavvengl ardivecozuilatioNo. W97/ 23445
(correspondi ng to European Patent No. 0889025, U. S.

Paperure-sysléml 89 b, rdpdtend dioeiiaroh sitemtfieshdisciosled by
Publ i cati on No. W99/64382 (correspondi ng to European

the @ts%rr‘\tt ih'gfg?cgﬁoﬁ?é@e, ForSex Rg:ﬂ@[‘@ﬂ@m@&@@ﬁ@nt 2t gapanese

cunent nternationa bli cation No. 20
Ais - a 13:

Pateff i LU HEDRYING? 1 R ER T BaiEh T hmen 13

20: J ne Pat ent Appl.i,cation,, Lai d-
Japiisss BR300 Anslicato bidHEdPeSNe, FA-AREPAT Batent

Application Laid-Qpen No, 2004-131394),. that is
Docy@ernt n%uéaaaaaﬁeffxi”atentp‘éeeggétlpﬁ' hﬁl%ﬁ)ré?w%nb'%-1 76061,

car bonate and net hanol are each continuously 25 fed
PateinttRoaumeanti 181 dgpasiesei PeignbApedicatien haid2aep;Na-

is carried out in the presence of a catalyst ina
HO-183F44 | Patent Etemesent tthelathanese RatentApplication Laid-Open

whil e the dinmethyl carbonate and the ethyl ene gl ycol
No. Wei-¢D4a38, Patent Document 17: International Publication No.
WQ097/23445 (corresponding to European Patent No. 0889025, U.S.
Patent No. 5847189), Patent Document 18: International Publication No.
W099/64382 (corresponding to European Patent No. 1086940, U.S.
Patent No. 6346638), Patent Document 19: International Publication No.
WQQ00/51954 (corresponding to European Patent No. 1174406, U.S.
Patent No. 6479689), Patent Document 20: Japanese Patent Application
Laid-Open No. 2002-308804, Patent Document 21: Japanese Patent
Application Laid-Open No. 2004-131394), that is a continuous production
process in which ethyiene carbonate and methanol are each continuously

fed into a multi-stage distillation column, and reaction is carried out in

the presence of a catalyst in a plurality of stages in the distillation
4
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produced are separated off. Patent applications in
whi ch such a reactive distillation systemis used
have subsequently been filed by other conpanies (see,
for exanple, Patent Docunent 22: Japanese Patent 5
Application Laid-Open No. H5-213830 (corresponding to

colur@%‘ﬁﬁ@?,thg‘a& FRENA- c BHkR. akd ShePatRnendoglycol which are

_ , Patent cunent 23: Japanese Patent
[ [ n 2
prodfifBy 7 SBRARI4 I 0, bat " 2pPUlalRis FRETEL STy
’at ent . Docunent 24:. Japanpese t ' [ .
reac{iipcilatatial Sus Iz TS80 1 (¢ o) Paegiiaithy e riled by other
International Publication .- W0310Q6418 Pat ent
commemﬁme@e?omﬁbam'é, FaleRt DEoY et 2 %%Paf‘éf@npﬂif?”‘
2003- 300936, Patent Docunent 26: Japanese Patent
Appligatior dtaidnOp&indNopdnS N3 138300trcsse9ponding, tpf 4repsgan
the processes proposed hitherto for producing the 15
Pate@itawyosearau@dﬂéaﬁatenb|\bn'.o$23aaﬂreg.heaéqet cument 23:
carbonate and the aliphatic nonohydric al cohol are

Japdriesd Putesy Mppiicatidn LaideOpleet Boy Hé+8607@xriesponding to
system (2) a batch reaction systemusing a reaction

EurofRsseiPdtayit N 208698HI2, a iDNP atohLND . (5369 tesl), oPatent
thereof; 20 (3) a flowing liquid reaction system using

Do c@ryﬁn’ﬁ%cﬂ{%&\éﬂgéﬁb%; Péf@nﬁjéégl idatiofCL h e ohoh NG ARDOB-119168

ver, there been problens with these

(cor%%ﬁcfr#%i?u‘&ho&@@gﬁ%ﬁbﬁ FS’LfJbfi&%ti@ﬂq\lég)\l\.ldd'@oﬂ@ﬂ%), Patent

carbonate” conversion 1s

Dociingirad i apinsse fatHarperlfatoa b B Gt Rafie- ggos-sooose.
PatarDORBMEVE2S: A PRESSaBEtant (AP G ke HAPEPNPe
5 carbonat e conversion high, the produced dial kyl

2003421208k nust be

In this way, the processes proposed hitherto for producing the
dialkyl carbonate and the diol from the cyclic carbonate and the aliphatic
monohydric alcohol are the four systems:
(1) a completely batch reaction system;
(2) a batch reaction system using a reaction vessel having a distillation
column provided on top thereof,
(3) a flowing liquid reaction system using a tubular reactor; and
(4) a reactive distillation system.

However, there have been problems with these as follows.

In the case of (1) and (3), the upper limit of the cyclic carbonate
conversion is determined by the composition put in and the temperature,

and hence the reaction cannot be carried out to completion, and thus the

conversion is low. Moreover, in the case of {2), to make the cyclic
5
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distilled off using a very |arge anount of the
al i phati c nonohydric al cohol, and a |ong reaction
time is required. In the case of (4), the reaction can
be made to proceed with a higher conversion than with
(1), (2) or (3). 5 However, processes of (4) proposed
carb@hé&?"cb‘hv'é%ﬁnrf figh ethd Qrotaded aaikyheatbonatd must be
0

carbonate and the diol either in small anmpbunts or for

distilg%cﬂb;ff %:gsi@@[é tQEé?g?f)%@%méﬂﬂt kAP aliphatiat #drichydric alcohol,

uction on an Industrial scale

stably for.a prolon y od [ Qf, .t th | t i

and §@Balt i Ap o Ruad,” 1A o) SHse 1 JugirRaRdion can
di al kyl carbonate 1Q continuously | I e Nt

be mad, (S msp ceedonting HongH SOy steadngn Bt T2 or (3).
prol onged period of tine (e.g; not bess tqap %800 duci

Howewar.spronassaapl (4haroposesd hHRRTHHGVRoFateqdpProducing
preferably not |ess than 5000 hours). For exaan%, t he

the diakiyheanminate andithe disil githerin spall @madnts orfpr a short
cn), and nunber of stages (n) of the reactive )

perigl sffitirmatl iaod balvenmot raktedcacaunyingrasgudedprogugtipn on an
hr) of dinethyl carbonate, and the continuous

induBfrPslusaRNstd 519 for(dbroiohgedupdresd difthesedThet is hidhese
production of dinethyl carbonate (DMC) and et hyl ene

I Indt! ieat RPnsiodl uifg edhalkgll cabonate
procgé)‘"u%% %E'TSQ L Qﬂ%ﬁiﬁ'gﬁgﬁa SUE 1 PATENT B Cmmgl ~em

contfRioRti e JaPar Aot deag, " REIESE ME T 4374 90 STy o ®
proIggggé@riggzcg‘gti&e?@%@\%%%w“ép1w hg'u9§,2p%a%ly not
less than 3000 hours, more preferably not less than 5000 hours).

For example, the maximum values of the height (H: cm), diameter
(D: cm), and number of stages (n) of the reactive distillation column, the
amount produced P (kg / hr) of dimethyl carbonate, and the continuous
production time T (hr) in examples disclosed for the production of
dimethyl carbonate (DMC) and ethylene glycol (EG) from ethylene
carbonate and methano! are as in Table 1.

Table 1
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20 NOTE | 5 60 0.258 NOTE 5 21 NOTE 1 5 60 0.258 NOTE
5 22 250 3 PACKING COLUW (Raschig) 0.392 NOTE 5 23
NOTE 2 NOTE 2 NOTE 2 0.532 NOTE 5 24 NOTE 3 NOTE 3 42
NOTE 4 NOTE 5 25 NOTE 3 NOTE 3 30 3750 NOTE 5 26 200
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Dogﬁg,ﬁ PRODRTI OND /R0R B PEER B OF%% nrpg T
Patent—TDo ETTT I|cat o, P06 400

ob%0 t hat 1'6ﬁh.9 hr esPnt exanp! o4

\SA~A=jupeivivR: fu)v) e -t S oLdlCc
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[N oW~ 7 W EP—-N

f1®w ad f orélt he

preberrdd mode $Mown in

TCATTL 1 "UL
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degcri ded sgpove

and wad PACKING €OLdMN (Divion)] t h@93Bj edt NOTE S

conger cijal _scal gpappar at

Us ferzs NOTE 5

RTMAATEH A
tﬁpoug ﬁﬂ,ﬂ ic

Yy—carbqrate “"‘%o erhyte

eriPicatlion—byv—a—ecatalyt
H-GR—B

Me 0b.$68' | NOTES

r @hct i gn NSEEEvde

p4 a-cTatadar ytu

h et Byl erle carba®® e and

C— CU1 'S0 0TE5

that tHe 95010

i ng3nume PACKING CRLUMN Rasthigh he @B83ent| NOTES

E33TT & NP

idﬁ@ltlfgtﬁl y 10 ug®TEi2n t he

ope0&B2on |oNOTE 5

Tt DTE 7 a5 thg, exanpl

)

e | NOTE 4 NOTE 5

Qagf ed ?wsé

s@bci filcNPTE Sy

exanpl el coR0Esp(

NPIES Trie %P%Tb?s&a NOTE S
bnds18 o aP AGKING COLUMM (BX) hn 931330 InMPTES

NOT: ’i‘?ﬁ‘i.r AW TIACAONGOLUMM. i es that at the time
NOTE 2 & KO BESCRIPTION WHATSOEVER DEFINING DISTILLATION COLUMN.
NOTE 3 : ONLY DESCRIPTION DEFINING DISTILLATION COLUMN 1S NUMBER OF

STAGES.

NOTE 4 : NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.
NOTE 5 : NO DESCRIPTION WHATSOEVER REGARDING STABLE PRODUCTION
FOR PROLONGED PERIOD OF TIME.

In Patent Document 25 (Japanese Patent Application Laid-Open

7

No. 2003-300936), it is stated at paragraph 0060 that “The present
example uses the same process flow as for the preferred mode shown in
FIG. 1 described above, and was carried out with the object of operating
a commercial scale apparatus for producing dimethy! carbonate and
ethylene glycol through transesterification by a catalytic conversion
reaction between ethylene carbonate and methanol. Note that the
following numerical values in the present example can be adequately
used in the operation of an actual apparatus”, and as that example it is
stated that 3750 kg / hr of dimethyl carbonate was specifically produced.
The scale described in that example corresponds to an annual production

of 30,000 tons or more, and hence this implies that at the time of the
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filing of the patent application for Patent Docunent
25 (Japanese Patent Application Laid-Open No.
2003- 300936) (April 9, 2002), operation of the
world's first large scale comercial plant using this
process had been carried out. However, even at the
filing{ bfen&fpdticrit b p Iea thé £ TORP et Dot LA ntS2 § {gapaneswoPatent
he above fact at all. Mreover, in the exanple of

Aon 5L PR STl ) R000R, i of
wor (RSB SO PSRTULART AP ISR RSt
corre] o5l HEFeBL P SR A TR B B 4itcaton.

cannot really be said that a Eeiagh Iyi_el and hi;ﬁh
there ds it the pbongviadbcaina s t MARLVE M IBANE e¥paIPIS flePatent
| ow sel ectivity indicates that this process has a
Doctiment 26 {lbpenese Batemddpplication baikt@ranNece8§3-300936),
(Note also that Patent Docunent 25 (Japanese Patent
exacdppthe atsime Laiud-Dpdhe teoralical Iyoosies)ates vatuends stated for
have been w thdrawn on July 26, 2005 15 due to

the &rduradf @imetiyheribuhdteepradacest bd) thivytibld fier ethylene
reactive distillation nethod, there are very nany

g|yCSF@%g;pre&irflb%@M@S!@%, HHDtRE SABBASItY ienapprod Mely 88.4%,
due tO reaction”and conposition variafion due to

and ?‘?ﬁ‘tﬁ{?l ¢3¢ 4 PRt Peé!li‘)? Kl §H!jd kRhi Q”h@‘ﬂ yrEld ang high selectivity

rature varil atlion and pressur varl ation

col umm, ..and hence 20 .conti nyj tahl.e.. raty ;

nave Beed AUt odndraraar o il e ELIRE, AidigBetndt tnis
difficulties, and  in particular these diffj.culties are

procese. NP 4 Rl ach RS eadBaustRanarsRycligigirotesy.® (Note
amounts. To _continue__mass production of g.dial kyl .

alsocthad fhatentadlacume sl 28siJepanese E@é?ﬂx‘ré\pﬁf%%ti'?'l‘i@%()pe“
nmet hod stably for a prol on%ed period of tine while

No. 2803300036 ) 2Bakidge yied tis have hegh wihdeawn enelulyo#6. 2005
the dial kyl carbonate and the diol, the reactive

due dbdxdhdtadonappanativgy teen equéstest)l y devi sed.

However, 8

With the reactive distillation method, there are very many causes
of fluctuation such as composition variation due to reaction and
composition variation due to distillation in the distillation column, and
temperature variation and pressure variation in the column, and hence
continuing stable operation for a prolonged period of time is
accompanied by many difficulties, and in particular these difficulties are
further increased in the case of handling large amounts. To continue
mass production of a dialkyl carbonate and a diol using the reactive
distillation method stably for a prolonged period of time while maintaining

high yields and high selectivities for the dialky! carbonate and the diol,

the reactive distillation apparatus must be cleverly devised. However,
8
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the only description of continuous stable production
for a prolonged period of tine with the reactive
distillation method proposed hitherto has been the
200 to 400 hours in Patent Docunment 12 (Japanese
Patent Application Laid-Open No. H4-198141) and

uHRASRAA e RicRIictARPIfo @t prslonged
the {rg&g@éqso@gﬁﬂbgﬁ%l—fméggggﬁ) . Di sgl osur eC of | nvenlt)i on ?

perid;cg oPpleAe J\/ﬂhgﬁ]?Sgééﬁﬁvgydi%@ﬂa'&i'&‘f?ﬁt&%tﬁ?d' brdSo$8d Hitsitto has

t he prese I on provi or the case of
1 § i di al kyl 0 di
been) bty o P T8 Ep b BABHITERRERTER: 32t fipanese Poyont
ton./ hr for the dialky r bonat n t t.han
Applicalion | aidnPregy Nend i 19§ T4 £F B atp s B qufidhe
distillation systemof taking a cycl] nat e and
(Japanese BaientARBISRIRN eam&sﬁ@n Q- ﬂ%&@@%&%
materials, continuously feeding the starting materials
into a continuous 15 nmulti-stage distillation colum
i n which a honbgeneous catalyst is present, and
Disct@suing of iouéntieacti on and distillation sinultaneously

in the colum, a specific process according to which

t hep Qiab ki t& deb8bBRied ydthé heventibncan be produced
with high selectivity and high productivity stably

flggb%%rn%ﬁj&qd?ﬂoﬂ{%%‘i‘e%ni ifBehBo B tonPtoViges fohane case of

ours,” preferably 20 not |ess than 3000 hours,
. f: I I : A i
orod ™ A48 E S BB RURIHER) I pgeraiictines (o9
toi t first  di
not s MR Asi9 pisdies 5 oiikel GEse Al pafigmd Cless, fhan 1.3
ton £b¢ et The bl i o amitye Botath 8 SRl ol By o
inproving this process. However, these qgﬁe been .9 on
cyclic sasbonataieachan aliphatisgePReTNG NG A9 o«'i'%usg??'“g

| evel , and there _ , , .
materials, continuously feeding the starting materials into a continuous

multi-stage distillation column in which a homogeneous catalyst is
present, and carrying out reaction and distillation simultaneously in the
column, a specific process according to which the dialkyl carbonate and
the diol can be produced with high selectivity and high productivity stably
for a prolonged period of time {e.g. not less than 1000 hours, preferably
not less than 3000 hours, more preferably not less than 5000 hours) with
a high yield.

Means for Solving the Problems

Since the present inventors first disclosed a process for
continuously producing the dialkyl carbonate and the diol using the
continuous multi-stage distillation column, there have been many

proposals regarding improving this process. However, these have been
9
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have been no di scl osures what soever on a specific
process or apparatus enabling mass production on an
i ndustrial scale stably for a prolonged period of
time based on findings obtained through actua

i mpl ementation. 5 The present inventors have thus

on aCSthaliese et asliush ®s cperdiray tidhsdaberatgy lavepeantithere
process enabli ng the di al kyl carbonate and the diol to

haveﬁﬁ Wr‘?g%{iﬁ &ﬁ}l Wjﬁ‘é"d%étéf ﬁﬁé'ﬁ?éﬁ:flcf@ﬁocﬁéwmk@.pparatus

£Or'ed2 for the al kyl carbonat e

enaﬂﬂﬂqﬁ@%ﬁ %%@PQL&?S)W oR érqu‘né Efrnél"écél‘é‘esg&ﬂ? ﬁf;‘;lrﬁg p\?mp{ohnged

pr ol onged

sel ecti vit nd,.10 hj t : i
perigg S e, hasgp %@ﬁtnq'ﬂssn?%l@ﬁ%?‘l“" g detfs] ifyplementation.
present invention. That is, to th

The ﬁﬁé@ﬂtémV@ﬂ@fﬁr Raupt |Uﬁ‘~v%€*ﬁ”% Pé“’%raéﬁbe:do@?é’éﬁc""e””g
1. an industrial process for produm n[ged g %I b

a spesifiopapceancenabiing the dipdkyheamenaliepg k@? ol to be
carbonate and the diol are continuously produced

produverligh anrindostniel deate bf afaroexamelemnett |egRithgna2 ton / hr
cyclic carbonate and an aliphatic nonohydric al cohol

for tAe Glaakyl Bariitatd ahg, nobhess shan t.Betcst éps fosfthe diol with a
continuously feeding the starting nmaterials into a

high\lﬁa:égg%étgﬁﬁ"y feP anidibngledopefiost bf tiaté avitledlighmsélectivity and

onpgeneous catalyst is present, carrying out

highrgch%epvﬁ’gg con% ddstit %ﬁ})?ﬁééﬁﬂﬁﬂ#@rﬁt\brsméﬁe deached to the

i nuous|y draw ng a | ow boiling
%lnt reaction mxture 25 containing a produced
presfr Y€t B honate from an upper portion of said

COLHER 0, Se a4 SV Be B Bbsbleghal i

thertehgrglpcglovifdreodn:] a | ower portion of said
1. an industrial process for producing a dialkyl carbonate and a diol in
which the dialkyl carbonate and the diol are continuously produced
through a reactive distillation system of taking a cyclic carbonate and an
aliphatic monohydric alcohol as starting materials, comprising the steps
of:

continuously feeding the starting materials into a continuous
multi-stage distillation column in which a homogeneous catalyst is
present,

carrying out reaction and distillation simultaneously in said column,
and

continuously withdrawing a low boiling point reaction mixture

containing a produced dialkyl carbonate from an upper portion of said

column in a gaseous form, and continuously withdrawing a high boiling
10
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colum in a liquid form wherein: said continuous

mul ti-stage distillation colum conprises a structure
having a cylindrical trunk portion having a length L
(cm and an 5 inside dianeter D (cn) and having trays
with a nunber of stages n thereinside, and further

poinf@¥hBtiod FARt Tl b@htd’lam@ghérmbmmﬁ diigwelrgodion 6€Maid
at a top of the colum or in an upper portion of the

coiuﬁﬂi%‘@”;c\ gﬁﬁfd tfgrmdgﬁzé%q .a liquid outlet having an

I"amet at a bottomof the colum or

o5 &L C a
at. SO R PR AR s‘%ﬁstc"sﬁﬁ%t@%d%nfmhe B8 o

ort| on and/ or rtion t.he ¢
strufiiicediav g pery rical fuBiCpofion Sading ?3?@5“1“0"1) and an
. provided in the central portion and/or the |lo
msm&)ﬂﬂamtef Q kemAnehavypevsaysevith @ingreber Stages n

wherein: (1) the length L (cm satisfies the formul a
theremsidel1mmeh borther havingon@asiputiephaviegiaiingide diameter d;

dianeter D (cn) of the colum satisfies the fornula
(cm) 8) a ttgDef Dhe20fani@)ar indanaupper poofionhef thengohumn near to

(cm to the inside dianeter D (cm of the 20 columm

the &3, &flicREdtd@tiéohavimg @ instdsldidmdtern(@) (cm(4t dHeottom of
number of st ages n satisfies the fornmula (4);

the é@ﬁ;ﬂﬁ_&rz& é“lbwér%o?tléﬁtdfoth%f cbifmhnsé SetditpEEh Gfto R, at

of the colum to the 25 inside dianmeter dl (cn)

Ieas? &é“ﬂﬁg?‘h]?’t‘tplr% Q(Eﬁ |ﬁfth85u;55§|f' b%rrﬂBhﬁaslﬁchordiganﬁgid?e portion
of th(ecnI)IL%nt leocveltHgngég otur{?et and at least one second inlet
provided in the central portion and/or the lower portion of the column
above the liquid outlet, wherein:
(1) the length L (cm) satisfies the formula (1),
2100 < L < 8000 (1),
(2) the inside diameter D (cm) of the column satisfies the formula
(2),
180 < D < 2000 (2);
(3) a ratio of the length L (cm) to the inside diameter D (cm) of the
column satisfies the formula (3);
4<L/D<40 (3),
(4) the number of stages n satisfies the formula (4);
10 <n<120 (4),
(5) a ratio of the inside diameter D (cm) of the column to the

inside diameter d1 (cm) of the gas outlet satisfies the formula (5);

3<D/d;<20 (5),
11



10

15

20

25

inside dianmeter d2 (cm of the liquid outlet satisfies
the formula (6); 5<_D/d2<_ 30 (6),and (7) a weir

hei ght of each of the trays is in a range of from3 to
20 5 cm 2. the process according to item1, wherein
a produced anount of the dialkyl carbonate is not

| ef(S)tahﬂ@tl@ dfothd in¥ide3didretdy DCRTA) @3¢ GREEMANP thlipd
or 2, wherein the produced anmount " of the diol is

m3|d¥9bléﬁl%9te¥{62“(clm) BftRB Hqdia o&?ef’gagf’s?vag{aﬂ?@?érmulaéﬁ),

accordi ng one of tens rern said

and said d2 s Vi h romula (7); ./ d2 <
5 (7), 5. the % jsés& a‘cc%q)di ng to an);%c;ngngf items 1
to vvhereln and D / f or
sai(g) S8 h(] 8u%hh8|fﬁa°§} %éhauté?)’?|'%t'|"cﬁw’€898n‘?m‘d§@m 31020
satisfy respectively 2300 < L < 6000, 200 < D <
CMm, 1000, 5 < L/ D<_30, 30 n< 100, 4:5D/d, <15, and
7:5 D/ d2 <_ 25, 6. the process according to any one
2. theipresess aecadingdoeitam 1, wherginm praduped amouridof the
D/ d2 for said continuous nulti-stage distillation
diallgdl aanborsstei isf ot bspethand yo230r,<_ L 5000, 210 <_ D
5800, 7< L/ D<_ 20, 40 <20 n<_90, 5< D/ d1

3. the IPocesd a9cc£br/d|da te_itém 17or Qhavrmmﬁaﬁeapam@w@ draount
any one of itens 1 to 6, wherein the weir height of

ofth%aarbqus hEEIddAYSan St Boh f Apge of from 3.5 to 15 cm
the process according to any one of items 1 to 7,

4 W gp‘? F%P%&@dﬁdlnaqgggm%%é%?h éﬁr@ stPGotd AYHer&id Sati ds and

romi4 pr ocess accordi I Ng

e PRI B ) v 2 Tange of from L5 to i“oiyé’

12 10. the procgess, a ordlngto any ong.of itens 1 to
9, v\,hereintheg]—d”c8 97)

5. the process according to any one of items 1 to 4, wherein L, D, L/ D,
n, D/dq, and D/ d; for said continuous multi-stage distillation column
satisfy respectively 2300 <L < 6000, 200<D <1000,5<L/D<30,30<%
Nn<100,4<D/dy <15, and 7 <D/ d; <25,

6. the process according to any one of items 1 to 5, wherein L, D, L/ D,
n, D/ dy, and D/ d; for said continuous multi-stage distillation column
satisfy respectively 2500 < L £ 5000, 210<D <800,7<L/D<20,40<
n<90,5<D/d{<13,and 8 <D /d; <20,

7. the process according to any one of items 1 to 6, wherein the weir
height of each of the trays is in a range of from 3.5 to 15 cm,

8. the process according to any one of items 1 to 7, wherein the weir
height of each of the trays is in a range of from 4 to 13 cm,

9. the process according to any one of items 1 to 8, wherein an

aperture ratio of each of the trays is in a range of from 1.5 to 10%,
12



aperture ratio of each of the trays is in a range of
from1l.7 to 8.0% 11. the process according to any
one of itenms 1 to 10, wherein the aperture ratio of
each of the trays is in a range of from1.9 to 6.0% 5
12. the process according to any one of itens 1 to 11,

10. Mﬁé%r‘bc%%fsha@f‘,or&ﬂ'gdtd BAYSohE oF i$EMEE11thaY, U\ﬁi@r@z@n 3he
si eve portion and a“downconer portion, 13

apeﬁb?& |@8F%f8:'6188f1 Iﬁgg?%’ﬂéﬁ%&m"@% Bélafrg.rr?Heyec U8 3%,

In sal Sl eve porti

4 ocess acc m 2 (o]4
1. L3 iforedt dfcollBolletBRS e SleMi) tac) 87ty o
ra romao.5 c
apeBUEF Tatio ShEReMIPhyE 3 e s 4h hiradgath o (g 1© 6.0%
present invention, there are provided: 15. a
12 céh?.m@msr@pwt%mag@ anytene Afi isamsoll den11 owherein each of
carrying out 15 transesterification between a cyclic
saidclipsriat @ shevie dnayhgptiagi a sieva@oytioncandcadsiwaeamer
distillation, the continuous nulti-stage distillation
portoal,um conprising: a cylindrical trunk portion having
a length L (cm and an inside dianeter D (cnm; 20 a

13. tthy fradiess acoordipg @& itehades wherein §8il snsigleraspheds 100
trunk portion; a gas outlet haV|ng an inside dianeter

to 1000(KeMesP M Hedafd s?e\P@FE)onlontﬂ?er%%'fU”n or in an

upper portion of the column near to the top; a |iquid

14, Zgﬁ%ﬁrot&%\é' ngct:ﬁgrdlﬂpumltg'rﬁw &F 1%2 (HBleilf derg d. ﬁécﬁonal

tom of |'ower "portion

ar ERLFBEE, b B PO ASioh o, S 36% om

In addition, according to the second aspect of the present
invention, there are provided:
15. a continuous multi-stage distillation column for carrying out
transesterification between a cyclic carbonate and an aliphatic
monchydric alcohol and distiflation, the continuous multi-stage distillation
column comprising:

a cylindrical trunk portion having a length L (cm) and an inside
diameter D (cm);

a tray having a number of stages n provided inside said trunk
portion;

a gas outlet having an inside diameter d4 (cm) provided at a top of
the column or in an upper portion of the column near to the top;

a liquid outlet having an inside diameter d; (cm) provided at a
bottom of the column or in a lower portion of the column near to the

bottom;
13
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m ddl e portion of the columm bel ow said gas outl et;
and at | east one second inlet provided in the m ddle
portion and / or the |ower portion of the colum
above said liquid outlet; 5 wherein: (1) the length L
(cm satisfies the fornmula (1 ); 2100 <_ L 5 8000 (1),

(2)att I@%étr&hé’?lrgt ?ﬂ@tﬁfro@uﬁémmqfhet U?p@?'(&ﬁ'ﬁ‘loﬁﬁhhﬁf/ 8f a

the formul a 180<_D<_2000 aratio of
t f th
by U S T B, o

g 3 il QTR e BB ko A o

o the inside aneter di. (cm of
the ﬁ@g@ggrhan %f r%,%uci ‘f'mapﬂéef%?'ﬁuhﬁu putled oy, <20
(5, (6) aratio of the inside dianmeter D (cm of “the
colWMRBT@IA t he 20 inside di ameter d2 (cm of the liquid
outlet satisfies the formula (6), 5< D/d2< 30 (6), and
(7)(1a thei kertgthght(cot) satisfies theefarmuyi@ (i n a range
of from3 to 20 cm 16. the continuous nulti-stage
distillation c@th<aceo8dpng to item 15, 2AJ)pherein
said dl1 and said d2 satisfy the formula (7); 1 < dl1 /

d2 (2) the(ifside diabTetdri® (€@M) bhtRETITUNN sStidFRs the formula
distillation colum according to item 15

(2);
180 <D <2000 (2),
(3) a ratio of the length L (cm) to the inside diameter D (cm) of the
column satisfies the formula (3);
4<L/Dx<40 (3),
(4) the number of stages n satisfies the formula (4);
10 < n<120 (4),
(5) a ratio of the inside diameter D (cm) of the column to the
inside diameter d4 (cm) of the gas outlet satisfies the formula (5);
3<D/dy<20 (5),
(6) a ratio of the inside diameter D (cm) of the column to the
inside diameter d; (cm) of the liquid outlet satisfies the formula (6),
5<D/d;<30 (6), and
(7) a weir height of each of the trays is in a range of from 3 to 20
cm,
16. the continuous multi-stage distillation column according to item 15,
wherein said d4 and said d; satisfy the formula (7);

1<dqy/dasg5 (7).
14
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or 16, wherein L, Db L/ D, n, D/ dl, and D/ d2 for
said continuous nulti-stage distillation colum
satisfy respectively 2300 < L < 6000, 200 D'5 1000,
5<L/D<_ 30, 30:5n5 100, 4< D/ d1 <_ 15, and

751D/ c!2<_ 5 25, 18. the continuous multi-stage

17. dlthélctchmtumaausqhumsaag@rdinsmmattrbraawmhﬁ adtordingstolitem 15
to 17, wherein L, D, L/ D, n, D/ di, and D/ d2 for

or 182ivhe @At NBOYS/ MUl 4| pst ageaHuSD'/' zﬁ%%P@a?d"c%'mmuous
satisfy respectivel'y 2500 < 00, 210!5D: 5800

mu!tié‘s—tg}ggz&s%la%%n o tlsﬁé resﬁuf: %S){ 233%0 2n9%@800, 200 <

thé con

o < g8 S LD AL Rl e B 35 ped P D o <

25 range of from3 5 to 15 cm 20. the continuous
*mul ti-stage distillation colum according to any one
15 of itens 15 to 19, wherein the weir height of each
18. ¢ thg gantinuaus AAYHi-stagerdistiyatiomaokmnoaccerding to any one
conti nuous nulti-stage distillation colum according
of itemAp nd7, sfherainsl 1D, tlo/ 20, nwhet dinand Rpeds fioesaid
ratio of each tray is in a range of from1l.5 to 10%

con2udids mboétiaiagendistislatidr cobimpesatisty réspeorivenl 8600 < L <
“according to any one of itens 15 to 21, wherein the

sooapeﬂbuwjkasog o <qa¢ip o oy, 49 km a genge< @ / d8Md, dnd 9 <
to 8.0% 23. the continuous nulti-stage distillation

D/%QU@@ according to any one of itens 15 to 22,
erein the aperture ratlo of each tray is in a range

19. OftP? rit'iﬁ’l% s%{uhﬂf g‘ft"lggn fist '“%n gg ddﬂHoé?%oang to any one
of |t§Frhs§/)f1 ﬁ' Rtpegg gviérgq)é g\r'\@ieeﬁ)rﬁhelgshat gf tera\a {rsaya’lssilnegerange of
from 3.5 to 15 cm,

20. the continuous multi-stage distillation column according to any one
of items 15 to 19, wherein the weir height of each tray is in a range of
from 4 to 13 cm,

21. the continuous multi-stage distillation column according to any one
of items 15 to 20, wherein an aperture ratio of each tray is in a range of
from 1.5 to 10%,

22. the continuous multi-stage distillation column according to any one
of items 15 to 21, wherein the aperture ratio of each tray is in a range of
from 1.7 to 8.0%,

23. the continuous multi-stage distillation column according to any one
of items 15 to 22, wherein the aperture ratio of each tray is in a range of
from 1.9 to 6.0%,

24. the continuous multi-stage distillation column according to any one
15
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and a downconer portion, 25. the continuous
multi-stage distillation colum according to item 24,
wherein said sieve tray has 100 to 1000 holes / n2 in
said sieve portion 5 thereof, 26. the continuous

mul ti-stage distillation colum according to item 24

of item29.5 WeLiwhar&ihossidsaelyi i%@'sié(z@étrQ?Vhé\ﬂhg 8fsi8 Portion
sieve tray is in a range of from0.5t0 5 cni. 10

s of Invention It has been
and H%Wr?&@rﬂ*é?r@rftgi;{

I scover ed I mpl ementing the present invention,

a +f] : : a,.di o/ roduced,.each .

25. oS inRBLS N FREs Rt <R B SHER B Mo jtem 24
| ess than.95% prefer y, N ss, than 97% . nore :
whel Y sptbRieYR irdeBas, RONgothobTdles hLSH paid Sisy portion

of (15 not less than 2 ton / hr, preferably not |ess
thereRfn 3 ton / hr, nore preferably not less than 4 ton
/ hr, for the dialkyl carbonate, and not |ess than
26. 1 tRetgmlinueusgnuftérsdaps distilliagion calymn. @scerting teor jtem 24
nore preferably not less than 2.6 ton / hr, for the
or 28i ethersinkd groes-se gtiohangezk pari holeobf shidsievetoay is in a
| ess than 1000 hours, preferably not |ess than 3000

randwof Sro®00 rdte Heaf’erably not | ess than 5000 hours,
froma cyclic carbonate and an aliphatic nonohydric

al cohol . Brief Description of Drawing FIG 1 is an
exanpl e of schematic draw ng of a continuous 25

AdVgH{ééee;](?ﬁé‘@‘féi{:t%t bt ll'?}?]%'qﬂaﬁm um for carrying out the

prest Invention, stillation colum having

P O b 8RR BB, P Rl 45 A RorkGrgention.
a aidyE bbb R o A B b8 ot a high
selectivity and with a high yield of not less than 95%, preferably not less
than 97%, more preferably not less than 99%, on an industrial scale of
not less than 2 ton / hr, preferably not less than 3 ton / hr, more
preferably not less than 4 ton / hr, for the dialkyl carbonate, and not less
than 1.3 ton / hr, preferably not less than 1.95 ton / hr, more preferably
not less than 2.6 ton / hr, for the diol, stably for a prolonged period of
time of not less than 1000 hours, preferably not less than 3000 hours,
more preferably not less than 5000 hours, from a cyclic carbonate and an

aliphatic monohydric alcohol.

Brief Description of Drawing
FIG. 1 is an example of schematic drawing of a continuous
multi-stage distillation column for carrying out the present invention, the

distillation column having provided inside a trunk portion thereof n stages
16




5 1: gas autlet; 2: liquid outlet; 3-a to 3-e: inlet;

4-a to 4-b: inlet; 5. end plate; 6: internal; 7:

trunk portion; 10: continuous nulti-stage

distillation colum; L: length of trunk portion (cm;

D: insjde dianeter of trunk portion (cm; dl: inside
of traysréeBpwit sghematically iaFIG.nt) gachghawiyea weir hgight in a

outlet (cnm. 10 Best Mde for Carrying Qut the
rangevefnfroom Ft0 20hcmy i s a detailed description of the

present invention. The reaction of the present

invention is a reversible equilibrium

transesterification reaction represented by foll ow ng

Dedc?iptid A dfRePeBhce Nuflerhlei! carbonate and a diol are
produced froma cyclic carbonate and an aliphatic

. n i c el | o i ffate O ' +.2; H ',Sj . . .
5 n g% %[Lﬂ@%, 0 Z?AI\WE)N(@?'['( D)d"av&r\?grsvéle'n’@i)‘r egr-ést;bng‘éﬁaﬁ"gt' 5
' enta,. - [ n.nteger from?2 to 6.
enddlster" 6 tPnat "7 Bk horfifor cofObERRY RISy My Ry stage
. stituted 20 wth an al kyl group, or ,aryl oy .
distfiglion Piipio Laspath@siunkiremion by HapiBsida giameter
a nonoval ent aliphatic group having 1 to 12 carbon
of teurdnportione(am) inode: ofinside Idjamafenof gas aurtleki ngdz: inside
optionally substituted with an 17 al kyl group or aryl
diamgetemohdiguid dutlet (@mdar bon atons. The cyclic
carbonate used as a starting material in the present

10 invention is a conmpound represented by (A) in the
above fornmula. For exanple, an al kyl ene carbonate

Best M&daSoRtOuFEifg BuPeRaIRventRIPPY! ene
Following is a detailed descfiption of the present invention.
The reaction of the present invention is a reversible equilibrium
transesterification reaction represented by following formula in which a

15 dialkyl carbonate and a diol are produced from a cyclic carbonate and an

aliphatic monohydric alcohol;

Rl
VAN RO OR? R!
0+ 2 ROH pm— N\t +
e~ +— ¢ B’ o
0 0
(@) (®) © (D)

wherein R! represents a bivalent group —(CHz)m— {m is an integer from 2

to 6), one or more of the hydrogens thereof being optionally substituted
20  with an alkyl group or aryl group having 1 to 10 carbon atoms. Moreover,

R? represents a monovalent aliphatic group having 1 to 12 carbon atoms,

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

17
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5 carbonate, or 1, 3-di oxacycl ohexa-2-one,

1, 3-di oxacycl ohepta-2-one, or the like can be
preferably used, ethylene carbonate or propyl ene
carbonate being nore preferably used due to ease of
procurenent and so on, and ethyl ene carbonate being

alkyParéusWraary g)rrcﬁfpﬁh%brwg us &isl.1 OMba Etsyeratohke al i phati c
nonohydri ¢ ‘al cohol used as the other 10 starting

”atﬁ’fe% dyclig @ar%?ﬁél‘é”ﬁ'sé&pc{@%eﬂa?ﬂ nPYm@% riig ifh A eapRLNt

for [ tic nmonohydric alcohol having a

invehPW& i A?t% gﬁrﬂﬁw’ﬂe Fbaébﬁtlé@t bgf(é\gpenglfa 9bo Q/"eoﬁ}’rﬁ?lt‘?lf:éz For

0sed ossibly vary on t

exaBpipnar, A RHA A O o B EFAE syt o posyios
carb(g)itrgagggllog) £330, agéélgs)ggggséwqr?%: X&d'gggg%ﬁ@}@fﬁahg@”e or

al cohol (|soners? heptyl al cohol glsoners octy
the bke sl bei Besferaply H@ﬁw, eéha!lﬂm carbesmEe OF PERRY) Pne
al cohol (isoners), undecyl alcohol (isoners), dodecyl
carbminadkobeifigs omEespreferabbyp eiseandle toyensrexfaptacurement and
cycl oheptanol, cycl ooctanol, nethylcycl opentano
SO ohi,wrefthyleﬂdmbwohaDeMnglp&ﬂidﬂladlyeplseferably used.
nmet hyl cycl ohexanol (isoners), ethylcycl ohexano

(i 9pBRESYer, theBlipYbEXCIOMIRATIC GIcONBr ased as the other
di et hyl cycl ohexanol (isoners), phenyl cycl ohexanol

star\ghgorﬁ%ﬁéglal bﬁeny{)nﬂi&%‘tﬁ"reFP@%ﬁf&{'byadEPHP'the above formula.

pr opano I soners SO oOn.

an BRI oLl O5 R B B H 0 B BB ot o
e YRISHAGY 8 °”§fbo%¥%“3wsh°“%%w: b8 b on e

t 18 Of such al i phat|
typea;)f:gﬁ%léf%lljkﬁi@artpﬁ@@;gﬁ?a nales ngﬂ%)r%'%h%‘é@.’%h?hyd”c

to 6 carbon atons, nore preferably al cohols havin
alcohe! dnchrdmmethang, ietbanmht nwnoulﬁamﬁm)pﬁé‘%ﬁgwho'
(isomers), and butanol (isomers). In the case of
butars INgs etmerksénd-watcberiaok myp@mhehesomers) hexyl alcohol
(isomers), heptyl alcohol (isomers), octyl alcohol (isomers), nonyi alcohol
(isomers), decyl alcohol (isomers), undecy! alcohol (isomers), dodecyl
alcohol (isomers), cyclopentanol, cyclohexanol, cycloheptanol,
cyclooctanol, methylcyclopentanol (isomers), ethylcyclopentanol
(isomers), methylcyclohexanol (isomers), ethyicyclohexanol (isomers),
dimethylcyclohexanol (isomers), diethylcyclohexanol (isomers),
phenylcyclohexanol (isomers), benzyl alcohol, phenethyl alcohol
(isomers), phenylpropanol (isomers), and so on. Furthermore, these
aliphatic monohydric alcohols may be substituted with substituents such

as halogens, lower alkoxy groups, cyano groups, alkoxycarbonyl groups,

aryloxycarbonyl groups, acyloxy groups, and nitro groups.
18
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5 carbonate as the cyclic carbonate, preferable

al i phati c nonohydric al cohols are nethanol and

et hanol, nmet hanol being particularly preferable. In
the process according to the present invention, a
honbgeneous catalyst is made to be present in the

r eauf sviehdasphhtidtrhenohid¢Balcdiolsl @ e B?é’fé}fabm?‘ﬂs}% are
t he honbgeneous catal yst be present may be any net hod,

alcoPdis iﬁa\jiﬁgg'lf g{:lqif l@gl{ﬁoﬁoatfo%‘?g H??recﬁ‘Fe?TleY'éH)} gg@%@é‘lt%ohaving 1

reactive on col umn conti nuous

he, cat al. yst e in, a.liqui hase in th
to 4 B tGRST 116 apBTnERET inart. Brobatbf (iie L 4fE
ho eneous, catal yst is cgntinuously fed into .15 the
buta BT3B aIRb | 11 4b PRSPl He NEHRHURDE SRIG0Nata af eepylene
may be fed in together with the cyclic carbonate .
carbgitpteras faeLydiacacbanathyereierable aighatisr mafo mdric
fed in at a different position to the starting
alcohpierarel methane!l esacethanaelctroathgnel bebwiparticutarly
distillation colum in a region below the position at
prefehalle.t he catalyst is fed in, and hence it is 20
preferable to feed the catal yst into a regi on between

thantipe pfotdss aPo@Thd@ng theepasaritl venticd, aMdmogeneous
the starting materials are fed in. The catal yst nust

cataP@sthisehite & b Ptf@éﬁt h ?H?g%%'ct%eeafétﬁmﬂoritscc{lﬁgﬁ{ The

stages, nore pre ably a east _stages. _
met G R e TR R et a P e BBt i EDy
methg8) BEFi 4 BEbtariRie' s 2 LS Rl AR RRAT o B
dist JBRBRuRBLIBP e RUPOREDARS 4R 4o AMRATITE BRIANSTOE.PESSeNt in
2 licaid e S the Tesctive dratiliation Golamn. > oYl oxtdes.

In the case that the homogeneous catalyst is continuously fed into
the reactive distillation column, the homogeneous catalyst may be fed in
together with the cyclic carbonate and/or the aliphatic monohydric
alcohol, or may be fed in at a different position to the starting materials.
The reaction actually proceeds in the distillation column in a region
below the position at which the catalyst is fed in, and hence it is
preferable to feed the catalyst into a region between the top of the
column and the position(s) at which the starting materials are fed in.
The catalyst must be present in at least § stages, preferably at least 7
stages, more preferably at least 10 stages.

As the catalyst used in the present invention, any of various

catalysts known from hitherto can be used. Examples include;

alkali metals and alkaline earth metals such as lithium, sodium,
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5 basic conpounds of alkali netals and al kaline earth
nmetal s such as carbonates, bicarbonates, and organic
acid salts; tertiary am nes such as triethylam ne,
tributylamne, trihexylam ne, and benzyl di et hyl am ne;
ni trogen-contai ni ng heteroaromati ¢ conpounds such as

potakGidimal duiaumholesiuM, #hkyheldheTal O%A% Ok &Sntjium, and
N-al kyl i m dazol es, N al kyl pyrazol es, oxadi azol es,

bari@ii:i di ne, al kyl pyridines, quinoline, alkylquinolines,
i soqui nol i ne, al kylisoquinolines, acridine,

: kt}’ésqgrédjrhﬂgal nyqsgg?%%'Wﬁé@%ﬁ%@k@ﬁﬁga@é" h9MetS% such

a
pyri1m di ne, rirm di
triazin and, al k riazines;

| K razines es, | kyl t . 15

as )%ﬁég ’awqjﬁwge%@Ek%@diﬂsaﬂfﬂilwgleéuﬂgi@ﬁ’é'd(e@BU) and
di %zobi cycl ononene FDBN) ; thallium conpounds such as
t hRAYERYRPRYNA S Bk maetaleand adkalinamaniarmsialks, such
thallium carbonate, thalliumnitrate, thallium

as cafperpates, bivdrbraateamaodgarganigcadidsaatts; 20 tin
conpounds such as tributyl net hoxyti n,
t ritbotigteamixes such ddttigihdilaatinexytibotylamine, trihexylamine,
di et hyl di et hoxytin, dibutyldi ethoxytin,

and dienzyd @tagtaming;, di phenyl net hoxytin, dibutyltin
acetate, tributyltin chloride, and tin

2- glitrplgleexaBaea fing | Htet 8 BPOMAR: UMb ASnds such as
di met hoxyzi nc, diethoxyzinc, 25 ethylenedi oxyzi nc,

N-alRD b ORI ZAIRG inBLIIE MRS BB WIdSS GBS AL num

oXl um num 1 sopropox

N-alRUHTAEIS: BRLEN Aot bR, SOCPRYRT RS fotne,
aiky Bl FEEE Yhob Al e R0k R TRl BeA A aikytacrigines,

titani um acetyl acetonate;. o o
phenanthroline, alkylphenanthrolines, pyrimidine, alkylpyrimidines,

pyrazine, alkylpyrazines, triazines, and alkyltriazines;

cyclic amidines such as diazobicycloundecene (DBU) and
diazobicyclononene (DBN);

thallium compounds such as thallium oxide, thallium halides,
thallium hydroxide, thallium carbonate, thallium nitrate, thallium sulfate,
and thallium organic acid salts;

tin compounds such as tributylmethoxytin, tributylethoxytin,
dibutyldimethoxytin, diethyldiethoxytin, dibutyldiethoxytin,
dibutylphenoxytin, diphenylmethoxytin, dibutyltin acetate, tributyltin
chloride, and tin 2-ethylhexanoate;

zinc compounds such as dimethoxyzinc, diethoxyzinc,
ethylenedioxyzinc, and dibutoxyzinc;

aluminum compounds such as aluminum trimethoxide, aluminum
20
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5 phosphorus conpounds such as trinethyl phosphi ne,
triethyl phosphi ne, tributyl phosphi ne,

tri phenyl phosphi ne, tributyl methyl phosphoni um
hal i des, trioctyl butyl phosphoni um hal i des, and
tri phenyl nmet hyl phosphoni um hal i des; zirconi um

triis 6 9rEPoRiIde, BHEd ASmihLRPHibOtdabEedes, zirconium 10

acetyl acetonate, zirconium al koxi des, and zirconi um

ac ; " I = LU NG nds, for
cxarapfumEeempa s 06n ae e B AIGRTRRLT0S
£ h2S3,,. and PhS2:...1lead., .
tetrg RS IARRE] G To i WBESoa Bl dRethBitanium,
Pb2[ PbO2( CH) 2]. 15, and Pb20 2; plunbites such as
te"ﬁx‘ﬁ%bﬁ%ﬁ?‘%!ﬂ«ﬁ%w a&ﬁ&%@@ﬁ;htaaﬂwoat:e&)ﬂ@eeﬁonate:
as Na2PhO3, Na2H2PbO4, K2Pb(C3, K2[ Pb( 6], K4PbO4,
CaPESPh VS eaPRBINde sy chapbdRmetdpaosRbiRe sal t s
. thereof such as PbCO8 and 20 2PbCGBPb( OH) 2;
triethy ldyag ddo ec dripoitnphaamhiaey it phiesadpboapbimals such as
Pb(OCH3) 2, (CH3O Pb(OPh), and Pb(OPh)2; |lead salts of
tribudy paet tylpbiodph canidnt hiatidest, dsioatyl bhdgiph os eniuine texdfdes,
such as Pb(OCOCH3) 2, Pb(OCOCH3)4, and

and BhppeRgHRR2h Piph nid®n erad/wy:ead conmpounds such as
Bu4Pb, Ph4Pb, Bu3PbC, Ph3PbBr, Ph3Pb (or Ph6Pb2),

BU3RRARiuANoRBERRS WIRIELR BYch RRIRIEAIGeE 2icBHivh
{) 3&? Tea ar\

group, and Ph represents a phenyl gro oys
aco B ENY, Sfreg T el s, AN e R e aes ST
of 18464 $ 78§ P4 g compounds, for example lead oxides
such as PbO, PbO;, and Pb30y;
lead sulfides such as PbS, Pb,;S3, and PbSy;
lead hydroxides such as Pb(OH)z, Pb302{OH)2, Pb2[PbO2(0OH);],
and Pb;O(OH);;
plumbites such as Na;PbO,, K;PbQ,, NaHPbO,, and KHPbO,;
plumbates such as Na;PbQ3, Nay;H,PbOy4, K:PbO3, Ky[Pb(OH)e],
K4PbO4, CazPb0y4, and CaPbOsg;
lead carbonates and basic salts thereof such as PbCQOj; and
2PbCO;3-Pb{OH);;
alkoxylead compounds and aryloxylead compounds such as
Pb(OCH3s),, (CH30)Pb(OPh), and Pb(OPh);;
lead salts of organic acids, and carbonates and basic salts thereof,
such as Pb(OCOCH;),, Pb(OCOCHS;)4, and Pb(OCOCH;3)2-Pb0O-3H,0:
organolead compounds such as BusPb, PhyPb, BusPbCi, Ph;PbBr,

PhsPb (or PhgPb;), BusPbOH, and Ph;PbO (wherein Bu represents a
21
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5 1n the case that the conpound used dissolves in a

starting material of the reaction, the reaction

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

conmpound can be used as the honpbgeneous catal yst as

is. Aternatively, it is also preferable to use, as
butw@rowmgﬁathl%eﬁaégéﬁﬁa BheAyKhHsGppoL ai ned by

dissol'ving a compound as above ih a starting 10

el @l biIBys o SAPboNg, [15.CEAPH BY BAISK ang Po-sb

reacti on Dy-product or eiln a vance, 'of

carzay b8!y fdef a°%b@i%ﬁ%4rﬁ@&ﬁ$?&lgﬁg§”%i‘rg o e

depen on,the t pe of the catalyst used, but is
gorBrarasar aursanlé@ LFOMARHAEE 0001 to 50 % by

wei ght , preferabl rom 0. 005 to 20 % by wei ght, 15
mor & HiecasgoiRz gmwrad used Hgﬁ%@wgﬁtm asstarting
proportion of the total weight of the cyclic

matgsieh ofdhe egrictioe, the gractio nneyvishye; ia re@eidnn|by-egoduct or
as the starting nmaterials. There are no particul ar

the likei, thei corppourtcheameb daseaf asothie hoousggnebasdiatglysteas is.
cyclic carbonate and the aliphatic nonohydric al cohol

Alternbtivaly, 20 isenso rederaplet to sisageaglitsd iHdmbyeneoisupatalyst, a
constituting the reactive distillation colum in the

mlxﬁIr%SSBfalhBHeﬁ 'di@soﬁﬂﬁgfa?%@'nﬁ‘ﬁoﬁﬁﬂrﬁ’éja%vebﬁ\ aUSRAHiIRY

long as the cyclic carbonate and the aliphatic

matgﬂ%‘?%\fdtrh' re@&ﬁgnoihéqgagﬁo'ﬁaﬁﬁ{(f@e ?P@g&tlbﬁeoe)f grogluct or

regi on o ages
Ieast st age nor e refe abl e 10. st ages,
the S, 3Hudntlr o o FoRcLBeLAD “ﬁﬁ%?gpy ﬁ%olé\?arr b
carbonate and t al i phatic dric al cohol can be
conl PRGBS, ﬁw%cﬁf’%murs rﬂmﬁsn? drvenoh vios
inlets in stages of the conti nuous mul ti -
depgnsging |odt llaﬁ]twemﬁqth%&ﬁtgwtwgsetdweb@bmgﬁn@ﬁally in a range of
descri bed earlier. Mreover, the cyclic carbonate and
from e 08D pleab Dc%nbyomgigihite paietaﬂachiyrfaqn'ba.()% todRiz 8d by weight,
into the sane stage of the distillation columm, or nay
morkepieferatbcéedmrd.01 to 10 % by weight, as a proportion of the total
weight of the cyclic carbonate and the aliphatic monohydric alcohol fed in
as the starting materials.

There are no particular iimitations on the method of continuously
feeding the cyclic carbonate and the aliphatic monohydric alcohol into a
continuous multi-stage distillation column constituting the reactive
distillation column in the present invention; any feeding method may be
used so long as the cyclic carbonate and the aliphatic monohydric
alcohol ¢can be made to contact the catalyst in a region of at least 5
stages, preferably at least 7 stages, more preferably at least 10 stages,

of the distillation column. That is, the cyclic carbonate and the aliphatic

monohydric alcohol can be continuously fed in from a required number of
22
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5 different stages to one another. The starting
materials are fed continuously into the distillation
colum in a liquid form in a gaseous form or as a

m xture of a liquid and a gas. O her than feeding the
starting materials into the distillation colum in

inletshinSst4)es of thé @érﬁ‘?n@68§%ﬁﬂh%té§ead*§'tl'll'a@i‘@‘| tyldmed

in a gaseous 10 starting material intermttently or

satlééfgﬁﬁmﬂg%vgdrﬁ/dlftlo‘?@ aegeﬂg):édpgéﬁllé’ﬂq ofadrBBved! fid chﬁlbon

eover, anot pre erabl e method I's o

i.Gh cl. r.bonat o]
carb“o“’?a‘iﬁaé*ﬁfit Forfidhatlt W%%P%a{fﬁ‘bc AR phiD igtfed into
of the dlstll ation, c bove the stages, in which
the tAE NG S (0 the' Rdulelion Salkine o MigvaBPantisdigal fiato
al cohol is 15 contl nuously fed in a gaseous formand /
d'ff%enhsﬂffl@@ﬁdof%ﬁ*%qnﬂt@etrhe | ower portion of the
distillation colum. In this case, the cyclic
carldunatarting materialsraee fodtcantinweusly iphatthe distillation
nmonohydri c al cohol. In the present invention, the
colugtrait iangqoid éorral $n faedaiseousyforomt ar @s & meixivuoewdta liquid and
di al kyl carbonate and / or diol. The content thereof

a gaiss, Ooher Bah feedimy kit startinganatedansimld vheé mistillation
range of fromO to 40 % by weight, preferably fromO

cotuth ?’r@ t?ﬁs@%é’ﬁ'lgm aié@ﬁge%ﬁﬁﬂba{@ ¥dﬁft%fr‘19“%cfe§]9 |:r¢’hQYQaseous

, In terns per cent age by wei ght

starﬁhglrh?éheﬁgf H’ﬂ'é%‘ﬁ tehtnt {9?c%ln'tgﬂgfdéﬁyrf?aﬂméqﬁiv?efgpﬂtﬁé’h of the

carbona e m’xt ure
eraII in arange of fromO to 9
oo ELRET Gy P o f38%8E, 2461y b fé}ﬁ?'f"%%v%ﬁb%ﬂﬁ%%ﬁ i
ht, i.n terns of ercent a
whloayt%icgﬁflcocfam%n%ﬁeol ﬂnvﬁyoyﬂv |f‘édd5r%iﬁﬁ-l foren B a gas /
m xture. 23 Wien carrying out the present reaction
liquidnanixed ifarmyintpes isfegefofelite distiliation4aumn abave thestages
al i phati c nonohydric al cohol newWy introduced into
in whigh tlecdtaty Syist prgseart, anchthaaaulpfgatumm@p@hydnc alcohol is
carbonate and / or the aliphatic nonohydric al cohol
contasuaushi fed omeogestolBef@oi amekbveretiquid form into the lower
portion of the distillation column. In this case, the cyclic carbonate may
of course contain the aliphatic monohydric alcohol.

In the present invention, the starting materials fed in may contain
the product dialkyl carbonate and / or diol. The content thereof is, for
the dialkyl carbonate, generally in a range of from 0 to 40 % by weight,
preferably from 0 to 30 % by weight, more preferably from 0 to 20 % by
weight, in terms of the percentage by weight of the dialkyl carbonate in
the aliphatic monohydric alcohol / dialkyl carbonate mixture, and is, for
the diol, generally in a range of from 0 to 10 % by weight, preferably from

0 to 7 % by weight, more preferably from 0 to 5 % by weight, in terms of

the percentage by weight of the diol in the cyclic carbonate / diol mixture.
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10

5 fromthis process and / or another process can al so

be preferably used for the starting materials. It is

an excellent characteristic feature of the present
invention that this is possible. An exanple of another
process is a process in which a diaryl carbonate is

pr ogtraad chrghg sty lp reﬁéhb%ébﬁoﬂnm@ﬁstﬁﬁaﬂgﬁb‘e%|des fresh
nonohydr oxy conpound, the aliphatic 10 nonohydr

cyclid eahpbnBed RhPY oﬁ“éﬂ%’ﬁ&ﬁc'rﬂohBhgdecoégﬁfhcﬂWewly introduced

recovered. The recovered by-produced

0 i
into JREVRAE NG Bystea @%'?SQ?L%V*’%EQ%O@@&J g@f‘%éﬁ%a%ﬁad for
I t her, and, so on sp,.contain
the Fflgrdtiematidhd '%ﬁfcgﬁawsa? Snafh Fodteter{ Histdl oovered
rbonat e and so, on by- produced 15 aliphatic
f fowgh@hemq%%'cla&hbpr@dw@@r O es$ pgné&sa ae &refagpbly used
material in the present invention, or be used as
for thigestariing mptestadsi allt i aer exapadent Cbﬁ"@@ risthedeature of the
mat eri al having a higher boiling point than that of
preseny ialviephen thabtuisyidrpessibdeholAmaxareple oéduadber process
through distillation or the Iike. 20 A cyclic

is a gaobesstie whidkeraablarylsedbbnatdds preskided Moanta dialikyl
one produced through reaction between, for exanple,

cartahatekath8nen @tbeeatstiHHonaR ya ey eoem PELAE, mécmvme@ﬁc
oxi de or styrene OXIde and” car bon d|0X|de a cyclic

moneH R bEc SIROI Bb ryspﬁédi @g@qﬂttﬁ 5933@ ér?ﬂ"recovered.

mater 1 al COfT'pOUI’] use

e AT LR $ErEEED ﬁ%@éﬁ%ﬁh@’“gsb@{%ﬂﬁ
conEbie AT PSRRI B S HRE AR ppounc, an

ari es according to the type and anmpunt of the
aikv}’ﬁé}ﬁkﬁm%& ANFACER i%h %@ﬂlan%talaﬁoc%f@mesaaﬁlloamounts of an
conditions, but a nolar ratio of the aliphatic
alkyhanphgarhenalaothel diaryl isarboonite anut sonane fldte iby-pgoduced

aliphatic monohydric alcohol may be used as is as a starting material in
the present invention, or may be used as the starting material after
amount of contained material having a higher boiling point than that of
the aliphatic monohydric alcohol has been reduced through distillation or
the like.

A cyclic carbonate preferably used in the present invention is one
produced through reaction between, for example, an alkylene oxide such
as ethylene oxide, propylene oxide or styrene oxide and carbon dioxide;
a cyclic carbonate containing small amounts of these raw material
compounds or the like may be used as a starting material in the present
invention.

In the present invention, a ratio between the amounts of the cyclic
24
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5 generally in a range of from0.01 to 1000 tinmes. To
i ncrease the cyclic carbonate conversion, it is
preferable to feed in the aliphatic nonohydric

al cohol in an excess of at |east 2 tines the nunber of
nol s of the cyclic carbonate, but if the anmount of

carbdfat®l hRBatheC alTpRaficdimon cH i@ lalbsrel F&d ihOtge eabictive
then it is necessary to nake the apparatus |arger. For

dlstﬁlécilbrilgo‘i@ Véne‘sh cé@lloqhgrt%tﬂfé ®pé thPlanh@aht ef the

nmonohydri c to the yC|c carbonatels

tranBES1EHARRY Ol AuA1PB0E I 4 PEbEDH Rohalifs MY &RBlar ratio

nor e pre er a
cli.c ca bonat

F
of the ARHATS fionohEH iR, LE6R2 ttﬁf}&e%y%'émﬁ P8R erdacis
wWth the product di ol to by-produce oligoners such as
Qenﬁrﬁj”h‘rélf' pfangerefgem D503 4g E%ﬂ@et”lﬂﬁsi- ndlRi{p¢Egase the cyclic

implementation, it is preferable to reduce the anount _
carhgnatier eapversioyclit is paetrrede tociaacthimghaslinitatiagnonohydric
possible. In the process of the present invention,
alcodnvdrini &n tehes edsoo £ atbe ast Ratime s the matmber eftrhals ©6 the cyclic
the cyclic carbonate conversion can be nmade to be not

carbmasste, aut 98%e armefaitadl theraliphetic triemoRgdhicralcehol used is
preferably not | ess 20 than 99.9% This is another

too ?Pééﬁcﬂh%fd ptiscnégas sapy 8 niaRe nhesgﬁparatnwserarg@m IFbr such
he present invention,” preferably not less than 2 ton

reaéoﬁg He H‘tﬂﬁrc}'a%'o.kéﬁ tl‘fératiﬁﬂ?ét‘?? 'n§%ﬁ8ﬂghﬁ%°é‘l%|o\hoi to the cyclic

roduced; e m ni num ano yclic carbonate

cart*oorﬂé%}éoﬂﬁé%rs‘ﬁﬁl éﬁ&?@ﬁ@gf%ﬁpbﬂbstqéogﬁﬁﬂgl r}éf@razolﬁ from 3

o 18 BB ol AT T2 S i Aeaciod

et 25 nore preferable case, this am)unt can be rrad

CVCHQ) cpebpaade trﬁghalnssa thepde pnreactadseye! 'pscaenboaaéﬁpﬂ"év react

of schematic drawi ng show ng an exanple of the
withcdre pnadust siot to byageoduce idligimens Golctindsfaodimer or a trimer,

carrying out the
and hence in industrial implementation, it is preferable to reduce the
amount of unreacted cyclic carbonate remaining as much as possible.
In the process of the present invention, even if the above molar ratio is
not more than 10, the cyclic carbonate conversion can be made to be not
less than 98%, preferably not less than 99%, more preferably not less
than 99.9%. This is another characteristic feature of the present
invention.

In the present invention, preferably not less than 2 ton / hr of the

dialkyl carbonate is continuously produced; the minimum amount of the
cyclic carbonate continuously fed in to achieve this is generally 2.2 P ton

[/ hr, preferably 2.1 P ton / hr, more preferably 2.0 P ton / hr, based on the

amount P (ton / hr) of the dialkyl carbonate to be produced. In a yet
25
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5 production process according to the present
i nvention. Here, the continuous nulti-stage
distillation colum 10 used in the present invention
conprises a structure having end plates 5 respectively
above and below a cylindrical trunk portion 7 having

moré pesfardble CaBk, AR amoumMstdR Kk MBEEobé 18 tARR 1.9 P ton
having thereinside trays 6 wWith a number of 10 st ages

/ hrn, and further having a gas outlet 1 having an inside
di aneter di (cm at a top of the columm or in an

uppelg P i 1 he |1 qui
out 1t % %aa@?ﬁé arfP1%, 6F sEPRrigde dreuhBa o8y nia&?#sﬁqp'e of
he col u in.a r portion_of the.c
the BoprhiGus i he s s tiraiEn RSHumH 18k ciaﬁrs@meout the
V|ded|ntheu portion and / or a m ddl el

prodjiee bip T osReA CHMAINGHD ¥1F PHESERS IdveRuond . HAEE athe

| east one second inlet 4 provided in the mddle
conthgreHsMytd-gtage disdilladicer coduminohOossadhén tbel present

above the liquid outlet 2, and noreover nust be nade
invendicsacosiprisgara straictonelihEiving esud gdates Berempextively above

carry out not only distillation but also reaction at

and theosaaectlimdrisal Barkopbetieh! 7 hawimg ed tor f(er®Phid an
not 20 less than 2 ton / hr of the dial kyl carbonate

ms@éﬂﬂj|érer"teI?r[93f(§hﬂb|s)hd7%w|lﬁéﬁhe?@%l&eQré?Q g \nhfh anttJHﬁJer of
di ol stably for a prolonged period of tine.

Stag@seh AnidSfUreh &t Ylaanr‘?%%TgQ@' {1kt qfhévﬁﬁcgﬂt |'n'§‘|‘t?ﬁ%|ameter di

ti-st age distill urm accor
e t e
(Gmféﬁ%s%o o {F8; Pt 28t 5 Qﬁh%éﬂ?%hs@nnﬂﬁﬁg@'@é' Tuihgar to
ont i nuou ~Sta di st.ill n colu n

the s wtﬂﬁe%%? NeRRcANsasiSe en}ﬁ;@rﬁﬂl (£m3 a1 & Bottom of

Q{Itl ons fromthe per spective of th
the B? MPIQK iA oWYR: PBRICR RS tha ﬁ@?umﬁe%%ab&%dh?l Reogt.eat

conmbined with conditions required so as nake the
least @4 fiost [nlet Seprevidiedyinhe uppergporicomeerd/ of amiddlel
hi gh selectivity. Mre specifically, in the continuous

portion of theageudisthidibat trom gasl aotlet 1, and at least one second
inlet 4 provided in the middle portion and / or the lower portion of the
column above the liquid outlet 2, and moreover must be made to satisfy
various conditions so as to be able to carry out not only distillation but
also reaction at the same time so as to be able to produce preferably not
tess than 2 ton / hr of the dialkyl carbonate and / or preferably not less
than 1.3 ton / hr of the diol stably for a prolonged period of time. Note
that FIG. 1 is merely one embodiment of the continuous multi-stage
distillation column according to the present invention, and hence the
arrangement of the trays 6 is not limited to that shown in FIG. 1.

The continuous multi-stage distillation column according to the

present invention satisfies not only conditions from the perspective of the
26
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5 according to the present invention; (1) the length L
(cm nust satisfy the fornula (1); 2100 < L <_ 8000
(1), (2) the inside dianeter D (cnm) of the colum nust
satisfy the formula (2); 10 180< D<_2000 (2), (3) a
ratio of the length L (cm) to the inside dianeter D

distiliomfuh bBon¢ @utmatiep theeéicdnditioasf arencbanlbidled with
4< L/D<_40 (3), (4) the nunmber of stages n rmnust

Conéiﬁdrﬁy qhigelosafmidie thé@e%%t@d“ﬁi@@eé&)stab@ v-ﬁth a high

ratio the inside dianmeter D (cm he col um

- f th tlet t
CO“%QFS‘OPnéﬁﬁq“ﬁ“?%F?'@ﬁy-“5‘1 &dlfz%a?s;’” (6) met

e BT o AT AR R ot

sat.i sf {heforrmla 6%\ 5< D/ d2 < 30 (6), and
accerging he Iﬁ’é?@ﬁf‘té'f"’% HAnef the trays nust be in a
rangle of from3 to cm Note that the term"the top

tTHetheolanathok (Qma) lmb?érSfﬂb? fiyi e rrmela {hs col um

near to the top" used in the present invention neans
the portion friQ keltop060 t he col um downidas d as
far as approximately 27 0.25 L, and the term"the
bot {2gnthef irididecdilammater Dt (ten) ofkhepaoluinom no@ist batisfy the
columm near to the bottonm neans the portion fromthe
fornh@l%tfﬂ of the colum upward as far as approxi mtely
0.25 L. Here, "L" is defined as above.

180 < D £ 2000 (2),
(3) a ratio of the length L (cm) to the inside diameter D (cm) of the
column must satisfy the formula (3);
4<L/D<40 (3),
(4) the number of stages n must satisfy the formula (4);
10 <n <120 (4),
(5) a ratio of the inside diameter D (cm) of the column to the
inside diameter dq (cm) of the gas outlet must satisfy the formula (5);
3<D/dy<20 ().
(6) a ratio of the inside diameter D (cm) of the column to the
inside diameter d; (cm) of the liquid outlet must satisfy the formula (6);
5<D/d;<30 (6), and
(7) a weir height of each of the trays must be in a range of from 3
to 20 cm.
Note-that the term “the top of the column or the upper portion of
the column near to the top” used in the present invention means the

portion from the top of the column downward as far as approximately
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5 1t has been discovered that by using the continuous
multi-stage distillation colum that sinultaneously
satisfying the formulae (1) to (6), and for which the
wei r height of each of the trays is in a range of from
3 to 20 cmas in the above item (7), the dialkyl

0.25 45 koitatige aBemt b edbottopanf the ObRMNGasH e ddwer portion of the
i ndustrial scale of preferably not less than 2 ton /

co|daﬁn1r9eé>ﬂ‘ td ‘Pﬁeddﬁ'tJSbH rﬁ%g:\%”ﬂ{ee p%:'r‘ﬂoln ﬁbnpmé Eﬁo"tlpébh 8Pthe

less than 1.3 ton

o A A DI Pt s o

abo g | ess than 1000 hours, preferably not |ess than
%800 hours, nore preferably not | ess than 5000 hours,
fromthe cycllc car bonate and the gbsphat .C_nonoh

15 hERbEC VTSR T/ FY niaodbeot Euei {irstage

produce the dial kyl carbonate and the di ol on
d'Sflllﬁilﬁt oy mac %mwtaueﬁu&céﬁﬂ@ﬁw@H&%tf@rmwae (1) to (6),
i npl ementing the process according to the present
andifovemhictntiie weir heigbhiof ¢ach oiithei rayagposea rapgeeof from 3
due to a conposite effect brought about when the

to 2000 &s onshef abbeefive mul Be thé)diadkyi6sacbwhateeand the diol can
condition on the 20 weir height of each of the trays

be Mo’ bRedn iRbastieamscahe ofpreféeimhinsf Ieacthah A fien / hr

trays” used in the present invention neans, for each

| ! b8 thBn £ WA/ hr of
of tﬁ% dlﬁel ght o ngt%r%?d;ypéﬂoe%ﬁng} ﬁ,ﬁcltal g?ng [ r? [ qw
e ays, L
the h?ﬁ)lg\wfth %%gﬁ 5%@@1@%?3@“&@%)&% 3é§1d ﬁ@ rgybg ivity
a up fr eni provid
staf oy BB rf o ?q%rﬁ’eéiﬂu‘? & SR S ok ea&aé“eﬁ% %ﬁ‘“%%ﬁ tRdn 1000
whi |l e bubbli ﬂg bd 28 co ti nuously fed_onto
houts.aprefeeablbaet e smthAe $830d1o4n%e mere pr&ﬁ%f@%'v fe%kess than
fed onto the tray one stage bel ow Nbreover the term,
5000Apeutsurfisomathe corclisaeartsnatecandathe alipbaticomonehydric
present invention neans, for each of the trays in the
alcahdlt i -Btageason why it has become possible to produce the dialkyl
carbonate and the diol on an industrial scale with such excellent effects
by implementing the process according to the present invention is not
clear, but this is supposed to be due to a composite effect brought about
when the conditions of the formulae (1) to (6) and the condition on the
weir height of each of the trays are combined.

The term “the weir height of each of the trays” used in the present
invention means, for each of the trays in the multi-stage distillation
column, the height of a plate provided for hotding in liquid. In a steady
state, in each of the trays, the liquid held in by the weir undergoes gas /

liguid contact with gas rising up from openings provided in the tray, so

that reaction and distillation are carried out while bubbling. Liquid
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5 distillation colum, a ratio between the total area

of the openings in the tray through which gas and

liquid can pass and an area of the tray having these

openings therein. Note that for a tray having a

downconer portion, the area of the portion in which
contvbblisnofed yitanthcatray 0¢etiiGwsifrém exsliogi dltHd\eveir, and is

downcomer portion, is taken as the area of the tray.

thuslfédT%%tertﬁ%eﬁtﬁg ﬂﬁ{én\%theﬁmﬁgicﬁ@es to a reactive

distillation Ich not only distillation is

garbego%F ﬁ’\g téﬁ hﬁberﬁﬂ“et t¥o ot et 'oﬁqh%uttratygt L{s'é%l in the

conversi on an sel ec

el I%a%ﬁm%é&ﬁ:téra%ggsoqfme;%“' Ryl 185
R MR R TG AL IS AL

a specified range as above. It has also been ,
traydhsedgbrehicthges anddigiidi eantRAghHasd abriied 6!'1%“96{/'33/ having
further nmaking the aperture ratio be in a specified
theseangeninge thdvain. aghotefthahdor gr tegnhavingeatdowncamerportion,
i nproved. Preferable ranges for the respective

the beetd @fsthar podigsarinbetidrebowbli2@ sbbktdntidlly ©dess, tilean
2100, then the conversi on decreases and hence it is

excldin§apd Bb@nicOméF PortibAe isleakenth PG Wreiz0pf AR URdY.
Mbreover, to keep down the equi pment cost while

Sectid 'Iﬂ'e%'é‘?\t |F|9@Mﬁ6$1' Rafla?é‘@%'é‘geéﬁﬁvgetﬁ'sim@tlo method in

product’i on anount to be t ai ned

whu{f?ﬁn,)%?tég“? &E%I%@lg%ofsogapfdggr@ulp?ﬁ géggéleré%ﬂ%n ég&é'rrled out
ei n nor_e erabl e. is | a
at thg sat s dimPy and At Gose i kpEin %E('gg%'ﬂht 36530 Dhighvierd)
producti on amount. Moreover, to kee ﬁ1 ) .
are éawraﬁan fo asdtievarthie dihas besp of ierde Hr Bugeditipn to
anount, D nust be nade to be not nore than 2000. A
the gbpyepiosnmulall €1 ¥ ngB) being sadigfied, Hds impgrtant tpanake the
with 210 < D < 800 being yet nore preferable.
weir height of each of the trays be in a specified range as above. It has
also been discovered that, in addition to these conditions, by further
making the aperture ratio be in a specified range, the advantages of the
present invention can be improved. Preferable ranges for the respective
factors are described below.
if L (cm) is less than 2100, then the conversion decreases and
hence it is not possible to attain the desired production amount.
Moreover, to keep down the equipment cost while securing the
conversion enabling the desired production amount to be attained, L must
be made to be not more than 8000. A more preferable range for L {(cm)

is 2300 < L < 6000, with 2500 < L < 5000 being yet more preferable.

If D (cm) is less than 180, then it is not possible to attain the
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51f L/ Dis less than 4 or greater than 40, then
stabl e operation becones difficult. In particular, if
L/ Dis greater than 40, then the pressure

di fference between the top and bottom of the col um
beconmes too great, and hence prol onged stable

desi?88 ddUtIRAs @RSuAt.f f MoldoverMeb S@EY dovin @ﬁé%ﬂpn&ent cost

necessary to increase the tenperature in the |ower

whlIF%%?ngfthtehﬁegﬂleﬁ?pro@@& Hﬁr’éﬁrﬁogﬂ ged RAGL P8 Séot'ﬂiebe not

occur ngi n ecrease in 't

mor§ WhEf Bbb%, AufBe P’?sffer 18 A, b lomp 4o £0% 6 < 1000

ferable If nis less than hen the conversi on
W'thd%i §e§ 80/ bringeyst mase HEﬁ‘%ﬁSﬁQ ‘ble to attain the

deS| red _production anount. Mbreover, to kee 15 down .
ﬁﬁlﬁeiﬂssc&@n vher greaier ”ﬂ@“ 40 t&'@ﬂ,gf@bl@noperatlon
enabl ing the desired production anmount to be attained,
becmmmdifgeumadelrt pabiécuiar, ifnbr Dtinagrepter trant4@r ther the
if nis greater than 120, then the pressure
presdivrted éfere nicet hebme &hethieofo @@ dobotiom aff theecoblmnmbecomes
beconmes too great, and hence prol onged stable

too Qp@éﬁtarﬁdl r@m%wﬁdecﬂskébldvbbe@aﬂbn bécaﬁhé@dn‘ﬂealt
necessary to increase the tenperature in the | owner

Mor@@(fékoﬁ Kicohle KOLEEBar2lE iRERSASStHE tEARSéiatlPe in the lower
become |1 able to occur, bringing about a decrease in

port oﬁh%c%(‘él\ﬂrﬁﬁ ﬁﬁgnﬂéﬁcgrﬁﬁgr ﬂﬁldﬁé‘%%éo%erhébﬁe% occur,

brma{jﬁ %&P@ﬁ{lte%ggcré%%d@s{n«ﬁ aﬁ esc*ztg\ﬂ g\llé(}%‘?g [Brtbq‘pé%ble range for
anmount of a%aseous con‘pone%lgrdzﬁ readl Iébrel eased_to

L 7 ) i ostls? dé 0P Ot NEtR ysEdn! HRIE Y BbMeIsHBFetaraRle.
beconmes difficult. 30 If D/ d, is greater than 20,

t hdh 1t Helagss Bar Khriheiehe o sien desrgasesmerefiance it is

relatively low, and hence stable operation becones
not dossildel to, attain theedesired prectusten amoust.coMaiesiver, to keep

is brought about. A nore preferable range for D/ dil
downsthe sgulibmetht costlwhilel $dchringlhe dénverdidn enabling the
desired production amount to be attained, n must be made to be not
more than 120. Furthermore, if n is greater than 120, then the pressure
difference between the top and bottom of the column becomes too great,
and hence prolonged stable operation becomes difficult. Moreover, it
becomes necessary to increase the temperature in the lower portion of
the column, and hence side reactions become liable to occur, bringing
about a decrease in the selectivity. A more preferable range for nis 30
<n <100, with 40 < n £ 90 being yet more preferable.

If D /dyisless than 3, then the equipment cost becomes high.

Moreover, a large amount of a gaseous component is readily released to

the outside of the system, and hence stable operation becomes difficult.
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5 being yet nore preferable. If D/ d2 is less than 5,
then the equi pnent cost becones high. Mreover, the
liquid withdrawal amount becones relatively high, and
hence stabl e operation becones difficult. If D/ d2 is
greater than 30, then the flow rate through the

If D l/idjuisdgpeidtest thaiid 2Di RhBs tPRCEEBEOLE CxmpoTH ettt Witharhwal
and hence erosion becones liable to occur, bringing

a mo%bﬁ%e@&h%%sljélgtziqifey 'Tkgwg%ﬁ%r /ﬁbgge{%gig’é %Vﬁlﬁlftgfrgiblegopes

range for D _ _
g g oY R BB SR By BB ught about. 4
mort iRrerela8le Fpgerans! drssdis B di 5in% wih X879, < 10

. The weir heibégrgwt f each of the trays nust be in a
beingaygkmare: p ega%g%. 20 cm This weir height affects
the residence tine of the liquid in each of the
trdf® /1da ishlessridsms, itheentheoaguipmend aastawecomes high.
generally 20 proceeds in a liquid part in which the
Moreavar, ythe ligupt edthd raveaidahenoet baeomes relatbeyimighofand
the liquid in each of the trays is directly related to

hent¢dastabbacpiedatibnnipe comdadiftiaudt. t hEtD/he, weigkedRioiian 30,
of each of the trays below the stage at which the

thercaicaflosé rafe tBEbUGh ithel IRGidt HEtIEEAFHT Bihihig"BeBERTIE
short, whereas in the case that this weir "height iIs

excd¥dle ! NSst! SAfd ih%l'hctei giﬁanEQHEéQﬂgbl%?gt&ﬁLPﬁ .‘i’frﬁ%ing

I nvent’ion, "'general I'y, "the reaction an tilTlatio
abodf EoRARIA A Wie, e AREE, | A M ElpishBrA8l¢ be'r 0/ a1
7 < B8, il h 05550 2o (RSl

ot AT R HEORRs 1 685 1A SOHOEr GRS 1sr BERRAN! irvention it is

at M ,
further preferable for the d4 and the d; to satisfy the following formula
(7);

1<dy/dz2<5 (7).

The weir height of each of the trays must be in a range of from 3
to 20 cm. This weir height affects the residence time of the liquid in
each of the trays. In the present invention, the reaction generally
proceeds in a liquid part in which the catalyst is present, and hence the
residence time of the liquid in each of the trays is directly related to the
reaction time. In the case that the weir height of each of the trays below
the stage at which the catalyst is fed in is low, the reaction time become
short, whereas in the case that this weir height is high, the reaction time

become long. In the present invention, generally, the reaction and

distillation are carried out in stages in which the catalyst is present, and
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5 the weir height is higher than 20 cm then
production of high boiling point by-products through
side reactions (e.g. a reaction between the reaction
product diol and unreacted cyclic carbonate)

I ncreases, and hence it becones difficult to attain

purificabiosebgddisyillationVy eaveed deirPsefges en whilchetimeatalyst is
bet ween the top and bottom of the distillation colum

not pPesBRf.€ases, and hence it becones difficult to carry
out the distillation operation stably. For such

P, g FBEE 2450\ R b s Yo TGRS o, her
" o AgbSa T Bl B 9555 R on PSRFT i or

sane, for all of the trays, or,may differ. In_the . )
the BRIEHRINT 13 bighsn hep 28 cm1e#@%9|r@dyst'e§e05hlgh boiling point

nmul ti-stage distillation colum in which the weir .
by-predgetsithireuabtsids andians hevthi 2 Keastiopabatyeenithe reaction

present is higher than the weir height in stages in
proquctctial end anakbasted cyodic padsemte)Tiherepeesuned benoe it

of each of the trays is preferably in a range of 20

becoHmas difficudt idd%uttaih Hige selectivie. r aMorebseretise phessure
1.5% then the apparatus becones large relative to

diffgried ceeBtwee ntheAtsy iatit pBBIOM .ofathd dRRNFRIdMEolumn

equi pnent cost becones hi gh. Moreover, the residence

incrf);bgéf, e RBReR: it %J?ﬁ@%ediﬁigﬁltt Lt%a&élir?r@utbﬂ'@@?stillation

e to occur. Moreover, e aperture ratio 1s

b
n 10% then the residence tine in each 25
opeg#t?%gt?g)g@s decreases, and hence the nunber of stages

nmu be j{ncreased to attain.a high conversjon, and _.

t hjéso'i ﬁgcbrr&ﬂSé’r&s'd%é'@?f%é’&ef%‘rf%égd\?@%fom%W]e'irghe'ght of

| ar ari se., For such reasons, a re preferable |
each éﬁg@er yRayshis é’rs@v A dor B, wlmngﬁﬁrm.%t?oﬁs.cm/obwghvet

from1.9 to 6.0% being yet nore preferable. ) _
morgpreferables, Farthermeresditthenpeasenhinyenrtioapthe weir height

ratio may be the same for all of the trays, or may
maydbéftbe. same fer all of the trays, or may differ. In the present
invention, it is preferable to use a muiti-stage distillation column in which
the weir height in reaction stages in which the catalyst is present is
higher than the weir height in stages in which the catalyst is not present.

The aperture ratio of each of the trays is preferably in a range of

from 1.5 to 10%. If the aperture ratio is less than 1.5%, then the
apparatus becomes large relative to the required production amount, and
hence the equipment cost becomes high. Moreover, the residence time
increases, and hence side reactions become liable to occur. Moreover,
if the aperture ratio is greater than 10%, then the residence time in each

of the trays decreases, and hence the number of stages must be

increased to attain a high conversion, and thus the problems described
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5 present invention, it is generally preferable to use
a nulti-stage distillation colum in which the
aperture ratio of trays in the upper portion thereof
is greater than the aperture ratio of trays in the

| ower portion thereof. The term "prol onged stable

abovpdoatwioen isetaige hiikedr eF8Rsuckord Ayens | ameeafreferable
that operation can be carried out continuously in a

ran*é ‘F@#théta%éI’tQPé‘?gtl@ristﬁ?SnPﬁef 3bi 919 9% ORAtH kM gt fb 890 %

| oodi ng, weeping, clogging of piping, or erosion for

belr%gg Eﬁéret B?é‘fe]r%%(l)ehmﬁtﬁ"thgﬁﬂfo?éam Yh?ﬁfresggﬁanwﬂ?mn the

nore preferably not | ess
s of t d| al k car bon

n redet er d anmoun
avelfe BRI e, esegﬂ$5gaaé' A B 16 %mzﬁm In the
hi gh _conversion, high elect and
pres&r"gd'@é’tei”tlﬂ%. '?AS %ﬁﬁ? b P%? & aﬁ)ieat‘%r‘@%ﬁ ’tg”h’ét'p?t@Q@nt
_invention is that the dialkyl carbonate and the diol _
distitiadione cetwancsuwdiah ther apedupe dasiegeli tisyvs by the upperportion
each with high selectivity and preferably with high
therpobdsigrreatery ttian the apertdiralayio chtbaymire tbé lowter psdion
than 2 ton / hr and high productivity for the diol of

thersof. | ess than 1.3 ton / hr. The dial kyl carbonate and
the dial are nore preferably produced in an anmount of

notTh& g8 rinhgtodoh§8d/ stable ¥k ratfor"essed hﬁrthb Bredeért /

hr respectively, yet nore preferably not less than 4

mveh‘??br{ nﬁaﬁgghﬁpb e‘?éﬁohh@é‘n & chPfleld St E:Sﬁﬂﬁ?ﬁiu“qé%)fn a

Mor eover ano her characteristic feature o

stea%ryeéteenB [?é‘%&&‘t rﬁgh%sqﬁ%%tt*ﬂgc%ﬂ@ﬂi@ﬁ?l%ﬁﬂﬂ'&o lI‘I’oo%mb weeping,

cloglgé%%&fs Zﬁgsgé%gtgllél tg'r %gJégm ugg@ alVI b%&gog%ooreferably not
5sL/ D<_30, 30 _n<_100, 4<_ D/ di< 1

‘essﬁbaiﬁ/ d900oBOHEY B e l?'iﬁiﬁf@b@ f‘@ﬁ'?’swhaﬁr%@%?ehﬂvsn&“d

| ess than 3 ton / hr, nore referablgenot | ess than
predetermoned amositsief theaialkyt sapeanate ansdthrdicksan be

than 1.6 ton /
produced while maintaining the high conversion, high selectivity, and
high productivity.

A characteristic feature of the present invention is that the dialkyl
carbonate and the diol can be produced stably for a prelonged period of
time each with high selectivity and preferably with high productivity for
the dialky! carbonate of not less than 2 ton / hr and high productivity for
the diol of not less than 1.3 ton / hr. The dialkyl carbonate and the diol
are more preferably produced in an amount of not less than 3 ton / hr
and not less than 1.95 ton / hr respectively, yet more preferably not less
than 4 ton / hr and not less than 2.6 ton / hr respectively. Moreover,

another characteristic feature of the present invention is that in the case

thatL, D, L/ D, n, D/dy, and D/ d; for the continuous multi-stage
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5 hr, preferably not less than 1.95 ton / hr, nore
preferably not less than 2.2 ton / hr of the diol can
be produced. Furthernore, another characteristic
feature of the present invention is that in the case
that L, b L/ D, n, D/ d1, and D/ d2 for the

dtsmmtdmkzemmwhétlsﬁ} aaepécﬁve 8’ 230@n< LCQ| emﬂoseblosém < 1000,
respectively 2500 < 50 10

5 < L /DX 30,14b %On@qm%éﬁﬁpggsﬁ%%%d?% B ?‘t%% %;,gmt less

not |ess 't han ton y not less

3
thar} gns éoal/khfmé:ar Egﬁé\ eﬁm Ye E}:gbﬁhanr fnéggt%ﬁ?éraﬂ;w not
, than 2 ton /[, hr r

'essgtﬁ“e L BLEGh b pldbe oy Gl il ERTpena e ton
be duced 15 The |_ectivity" for ea

hr, RESPIABYCEobissa Band” Bectan biv moq%er%reéagix not less than
i nvention is based on the cyclic carbonate reacted. In

2.2 {op/ tgreithir digleanim praducgl . sel dethiermaresfanetharess
than 95% can generally be attained, preferably not

chanaégerltsm@nf@?twerm‘rténqapeeeeabhyvemmhesahtahan theoemse that L, D,
Moreover, the "conversion" in the present invention

L/ enebaf Idy, 20d Ddi datfes thbecamytthuousanhdthattage distillation
conversion, in the present invention it being

colup®s Faltl sty tra SRR viel§ B30 <CL CABbORALE! FRNPeL HOM P& L /D <
not | ess than 95% " preferably not |'ess than 97% nore

20, @b% of aldey th o £e5 4 ha A <USY Eezth” {ne'ié‘é’é ¥h59t3 ton /

| ess than '99.5% stiTl hore prefer not ess

v, 8 o P L T e B %%trsm%ﬁ&dﬁss than 4
b I S i ah
ton EBPYSRGTHIFTRR ERrEBNALE 480 il b (T UO hup [bage
ororfibbu 1l e Ay g e s 2.
therein. Exanples of the trays include a bubbl e-cap
ton t hapf thesdiwlecan &g peodupplie tray, a ballast tray, a

valve tray, a counterflow tray, an Unifrax tray, a
The “selectivity” for each of the dialkyl carbonate and the diol in

the present invention is based on the cyclic carbonate reacted. In the
present invention, a high selectivity of not less than 95% can generally
be attained, preferably not less than 97%, more preferably not less than
99%. Moreover, the “conversion” in the present invention generally
indicates the cyclic carbonate conversion, in the present invention it
being possible to make the cyclic carbonate conversion be not less than
95%, preferably not less than 97%, more preferably not less than 99%,
yet more preferably not less than 99.5%, still more preferably not less
than 99.9%. It is one of the excellent characteristic features of the
present invention that the high conversion can be maintained while

maintaining high selectivity in this way.
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5 Superfrac tray, a Maxfrac tray, a dual flow tray, a
grid plate tray, a turbogrid plate tray, a Kittel

tray, or the like. In the case that there are stages
in the continuous nulti-stage distillation colum in
which the catalyst is not present and hence reaction

SUbBh@orain Yo GoesunNPREtaG& /ishl1a68 n( So mAAISS |@bﬁéepresent
the stage at which the catalyst is introduced), a

inveltit 14 814 RAIOHTR o) i ha Dirtd BSStadA08S 1Al B Cr‘gf

packi ngs, 1.e. age

Exaﬁﬂv!é?%@fiﬁ*é“ﬁa’ Wclﬁﬂ%éiﬁmﬁzﬁg 381 PRE T nﬁop*e
trayLé?'ga“ﬂ%st,v%&”%"v@&“{‘r'a”., @Zggan&rff‘o@iﬁé{?e i\ ”ﬁm>é|tw-

a Di xon rpackl ng, E/ahon 15 acki n<]:j
SUP rFiCFiéﬁY» 8rMaxérag, Eftadr@ddHﬁJ: 85'01\/8 q"&pH@Y-

Techno- pack, Flexip a Sul zer packin
turbgﬁéldir llateptaam AgKitel i@awt @@Hbe. ltke Fuﬂ'ﬂﬁéﬁn@ﬁl%e tgﬁéthere are
term "nunber of stages n" used in the present
stagiesvinthe@comteno uhenuitirbtagefdistidgionncelenic dsewbich bee
trays, and the theoretical nunber of stages in the

catatysteisohot beepankiamgshehibe Adtivweubstastiatigsdoes mdthtake
case of a nulti-stage distillation colum having both

p|ac@ (té aY SRagbsab e tRePfalgeolt RARHKARG N &Qtdlg?:kiié‘%trba uced), a
hus 'the Sum of the nunber of trays and t

dlstﬁl%?i%rrﬁﬁbﬂ%n M”WF] cl‘i’fthékégﬁ%gr?t':soéaé 'b%o‘?ﬁ%e%cﬁﬁﬁ Rackings ie. a

accor di ng t resent 1nv

N N e e T

pac%"é%@@h%ﬁ@ﬁg?ﬁﬁs“%éé HiE1SIPon TP I8 WehBRokings
portion are particularly good as the trays in terns of

'”C“i%@Eﬂ’%@@ﬂh?ﬁpb'n%éﬁ\ﬁ@eﬂs feFasahiadénana |e%1%|$*;5'|9eﬂf‘9 a Pall
cost. It has al so been discovered that each sieve

rings adyeprsaddlen 3n hataleacsaddisoco Dispespacking, @ MaMahon
sieve portion. A nore preferable nunber of holes is

pacKingnod M- 800 hal stsuétured packing such as Mellapak, Gempak,
Techno-pack, Fiexipac, a Sulzer packing, a Goodroll packing or
Glitschgrid. Furthermore, the term “number of stages n” used in the
present invention means the number of trays in the case of the trays, and
the theoretical number of stages in the case of the packings. The
number of stages n in the case of a multi-stage distillation column having
both a tray portion and a portion packed with packings is thus the sum of
the number of trays and the theoretical number of stages.

For the process according to the present invention, it has been
discovered that the high conversion, high selectivity, and high

productivity can be attained if n stages of any of the above trays are

used, but that sieve trays each having a sieve portion and a downcomer
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5 nmez, yet nore preferably from 150 to 800 holes / nR.
Moreover, it has been discovered that the
cross-sectional area per hole of each sieve tray is
preferably in a range of fromO0.5 to 5 cnz. A nore
preferable cross-sectional area per hole is fromO.7
porti®n arenBarty@ilafy gopdedsnhbltraysrianednts bp the aationship
Furthernore, it has been discovered that it is 10

bet\Pééh' &é‘ﬂf@i"ﬂr% RiechRbadh BidrheRBEhsti eve hb%aéfi stapedfldis@overed
000 holes/n2 in the 'sieve portion, t he

thatcégéﬁ s?fg%'t?é‘s? r%"f%ﬁan@ rhé‘f," N q fo '1rb0"q h"&”@&%zﬂﬁqg‘e sieve

€ Sl eve

portis o Hii %ﬁﬂ%@ﬁﬁ% Ber il iR 6 N2 Sl §B0 notes
m*, GBI P RTSHS o™ ﬁ%réttsaéﬁbs flaL i coBgreover, it has

i nvention can be attained nore easily. Wen carrying
beepdiscryepeddbat thﬁv@ma%ﬁectIﬁ@ad.aaeﬁymeeapﬂa%mt%a%@leve tray
the diol are continuously produced by continuously
is prefedably in eyamge ofdfiroondt e tarkl can’.al Apmaregreferable
nmonohydri c al cohol as starting materials into 20 the
crosmseichione arelat pesthade idifsom 0af itord catyryeti monki ptefarably
catalyst is present, carrying out reaction and

frondligsditol atdrah. siPauti @nARoES) it hdls been eMdoWered that it is
continuously withdrawing a | ow boiling point reaction

part%mtav%ﬁpré@}fa@w'maabhe @rv%d#agdh@'é A de/ ko VAP HREs/m? in the

from an upper portion o olum in a gaseous

S|e\;e Pﬁktlé‘ﬂdafu‘anfﬁé"é?ft)‘ééysé’ﬂtnc{}%Iaﬁ\f‘é@to%rmd&lé i%oirl b%r@ of from

Feaction mxiure co
uid for

f
05l Febobr TRE RumbRE ol foldh i fnd sied' foty &m?ﬁ&&ghe same
f?%gi n of the starti nag(aﬁ}erl al cyclic carbonate and
for 3 BIGHSh HIRAYE i TEToRBIET i nto t he conti nuous

mul ti-stage distillation colum, the cyclic carbonate
andtthas Seieshabpwmimhburaddisgctiorbeyg senditipns taghe

a starting materi al
continuous multi-stage distillation column, the object of the present

invention can be attained more easily.

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

column in a liquid form,
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5 mxture or separately, in aliquid formand / or a
gaseous form from inlet(s) provided in one place or
a plurality of places in the upper portion or the

m ddl e portion of the columm below the gas outlet in
the upper portion of the distillation colum. A

nmetedebRewhircthd peeskat iigve #BHRA0RRL thed bohliid Al fedding of
material contai ni ng a large amount of the cyclic 10

the S?érkfﬁg;a ﬂe? efl Eag't??nﬁtéta'n'd alipAAtIEOMYAbHYH dc alcohol

i qu I'n the upper portion or the

'“‘Ogﬁggﬁ ﬁﬂ%'u%nm‘?ftltel&%g%' 3L§t|l|aﬁ 6r‘|’r&o‘h9 hoaa ?ra é'&%rponate

|c rornoh "cO the 's

ano g AP Eermgrtitg Tha conél t%hVZPa'fﬁDJS%f o5 SRS o

aseous forn1fron1|nlet(s} rOV|$zd in the mddle 12
mixtietebaeparatrly) ber ligeld form And Ao rcd I9ARE DR érom
iquid outlet in the |ower portion of the .
mlet(isétnrpwsde@nnm@mace o 8 Plpralier abpdacenén thgceppar portion
time for the transesterification reaction carried out
or the midddepedon dfrthentolomi Delomsthiergeds outleduattbet spper
the average residence tinme of the reaction liquid in

portidre ofchiel digdlikation colsimrge Aimethbdtinowhh tloé wyelicThe
reaction tinme varies depending on the form of the

carbdi&fenat $heidtartifgdhatétibhtbataGohy | | atfe bitodhtTBethe cyclic
of stages, the anbunts of the starting materials fed

carbdhafdfs ?é’d"?nﬁf‘%é"mé'ml g?,ﬁB nt &6 u‘iﬁ‘ﬁ ghY#liq Jl@el’o'i'ﬁﬁﬁ*o'nﬁ"?nlet(s)

conditions, and so e reaction tine 1s genera Yy

fr u
in i bRty gr‘*ﬁ&&* 49l 2BRPY éfsghré’f%tiﬁﬁﬁ Ky @i, and
The r ,on te r re var.ies .
the @ﬁ@‘\@}\&emnqmér'@ﬁ'g?ﬁﬁf o Pros it e e RGanGoh8hine a
the ty pe and, anount of the cataly ﬁge reaction

largfeewéwttm ethe aliphatig nwnqhﬁdrrlﬁﬁ:@]eoafﬂﬁé 3pte dhespp

C. It is preferable to increase the reaction
distilatper golumrsin asgaseouadosasiromdniatis) poavidadein the middle

However, if the reaction tenperature is too
portion or the lower portion of the column above the liquid outlet in the
lower portion of the distillation column is also preferable.

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

to 10 hours.

The reaction temperature varies depending on the type of the
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5 high, then side reactions becone liable to occur.
The reaction tenperature is thus preferably in a
range of fromd40 to 250 C, nore preferably from50 to
200 C, yet nore preferably from60 to 150 C. In the
present invention, the reactive distillation can be

startagrmede Al coimfol R8s W8 dNAnAahieoPpe aper g iiset the
not nore than 150 C, preferably not 10 nore than 130

t mor r I L iny&t I
oo or BBy ot ol & Eian 100 COR BACal e ee of from 30 to

300 Glgara tig.Ir %E%f'ﬁe‘faf)?éawriﬁcpéa%él gﬁeggl%ég[bltnv%?Pﬁ%@g%g@r%sahas to

that th conver si on,
. [ tivity.can _be attained e w th.such a | ow .
inor @88 1R RA T Palifer Sty EYeryl dreis il Tefqtfiiure is too
._.pressure varies depending on the 15 type_of the
h'ghsttgﬁf‘i $igentRastians g’cﬁﬁ’(ﬂ]gdéa Rigetp 268U he ﬁ%ﬁ%@?i'%n
t her ebet ween, the reaction tenperature, and so on. The
tempetaivirers thusspeferally be aaran@e of freaud8dtprE9sifeemore
normal pressure, or an applied pressure, and is
prefgemiziyafroyn i50 to 2@dgeCofyeft moord preféralily fiPam 60 to 150 °C. In
preferably from 103 to 107 Pa, nore preferably from

the pogsdmt ndifidia,. thd rdhetivaetdistiflatioonesant icagrieieout with the
continuous nulti-stage distillation colum used in

colubhl® bites@nterh pEpafuransé St ade mbley thafet 50 i préferably not
such as carbon steel or stainless steel. In terns of

mor%ﬁﬁaﬂu?‘ﬁbt ,Ofnc}rBeﬁ)FHfélrgbﬂ ePB?rnI?QF@Fﬁaﬁ“ﬂ d h%@eﬁ' mbPe

e produced, stainless st Is preferable. 25

oref SRR, AP 6 oot Bpibhent HFams Al Pature of
the SO TN 8T A8 YR SetA el A asBElona
highgé)éc% Juéti{ﬂtﬁ%aﬁﬁbéﬁﬁg@néﬁ%ﬁ“ﬁ? gpu'c ié?ct)\?/gc(:eolumn bottom
temperature. Moreover, the reaction pressure varies depending on the
type of the starting material compounds used and the composition
therebetween, the reaction temperature, and so on. The reaction
pressure may be any of a reduced pressure, normal pressure, or an
applied pressure, and is generally in a range of from 1 to 2x10’ Pa,
preferably from 10° to 107 Pa, more preferably from 10* to 5x10° Pa.

The material constituting the continuous multi-stage distillation
column used in the present invention is generally a metallic material such

as carbon steel or stainiess steel. In terms of the quality of the dialkyl

carbonate and the diol to be produced, stainless steel is preferable.

EXAMPLES

Following is a more detailed description of the present invention
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having L = 3300 cm D=300cm L/ D=11, n = 60, D

[/ di =7.5 and 0/ d2 = 12 was used. The trays in

the distillation colum were sieve trays, each having

a cross-sectional area per hole in the sieve portion

t hereof 10 of approximately 1.3 cn2 and a nunber of
throE@!heéfonpﬁEBT 04 gRiRler, 180 presedtUnleAtionTiRendLIimited to the

& ght of each of the trays in stages above a stage

er lic carbonate was fed in (the 55th stage
fo”%@ﬂe?&gﬁﬁg%&m was 5 cm and the weir height of

each of the trays in stages at and bel ow the stage

where the cyclic carbonate was fed in was 6 cm

Mor.eover, 15 the aperture ratio of each of the trays
ExaRleihy a' range of from2.1 to 4.2% <Reactive

distillation> 3.27 Ton / hr of ethylene carbonate in a
<Contiuars srwitinetaoe gistihatos solummdduced into the

distillation colum froman inlet (3-a) provided at

t heA BBirsicge NMulbirstage wistibatio. c38iMmorag shovat in FIG. 1

met hanol 20 in a gaseous form (containing 8.96 % by
having bht 330 cmet Dy 3 bamalt €)D =and, h 480t B/ 44 705, and D /

met hanol in a liquid form (containing 6.66 % by

dz =Wep Ohhs Qfsat.Metring tradsbiontie iy gtio AsRsitm iy ebere sieve trays,
continuously introduced into the distillation colum

eacﬁnrl'f%mih | 81306346 ANGnAT ??é’r{fé’ri RE A thEsis+e poficthereof

romthe bottom The no rati o of the starting

of of[BEEKRARIE™ HEHEUEES hliihahss Hiciby|debbaRb Sy 180 to

i
rr'e ene car bonate
at al yst used, was, obt ai ned aqdding.4.8 taon of

32082 hie WS 8RR E8h BetRaP 1pe Eart 8 Jabdt Ehave o stave

aqueous sol ution), heati t.0 p imately 130 C,
whefS dhearrS s GaibPhyts M eddn GRBoHE ciaog o dhe bottom)

heat treatnent for approxi matel¥ 3 hours at
wasgpsidx 2 Adt tdigy wedobemant ob emchsof sherteaye énptages at and below

honbgeneous sol ution. This catal yst solution was
the stagé wdoerd theé ychiducatbamate was thdin was oemcol Mateover,

froman inlet (3-e)
the aperture ratio of each of the trays was in a range of from 2.1 to 4.2%.
<Reactive distillation>

3.27 Ton / hr of ethylene carbonate in a liquid form was

continuously introduced into the distillation column from an inlet (3-a)
provided at the 55 stage from the bottom. 3.238 Ton / hr of methanol
in a gaseous form (containing 8.96 % by weight of dimethyl carbonate)
and 7.489 ton / hr of methanol in a liquid form (containing 6.66 % by
weight of dimethy! carbonate) were respectively continuously introduced
into the distillation column from inlets (3-b and 3-c) provided at the 31"
stage from the boitom. The molar ratio of the starting materials

introduced into the distillation column was methanol / ethylene carbonate

= 8.36.
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provi ded at the 54th stage fromthe bottom (K
concentration: 0.1 % by weight based on ethyl ene
carbonate fed in). Reactive distillation was carried
out continuously under conditions of a colum bottom
10 tenperature of 98 C, a columm top pressure of

appTﬁé'dmbP}éft dsdd &xd9obtBhedd adtpid Wx8riah 8f ethylene
. It was possible to attain stabl e steady state

glyc%FP%ai 'SOfbr?fothKOizl‘L(df%cK@r@y wei ﬂ‘f"aﬁﬁ]édﬁ@ ngLfllntBn?1 heating to

reactlon m xture wt awn fr top 1
anoERAHTRSLY G WAL, BRI, Fb BTL80uPe TR8Y cappvipo ou

ol nt reactlo X UI‘

heatﬁm fisey” ww'maqtewﬁﬁawéscﬂ A bSEay aop B s

10. 678 ton contained 4.129 ton / hr of dine
as tg oshiiea fawoaaww%ﬁ utigp. of T st gty st ﬁ\oij‘i'th%”dyas

continuously withdrawn fromthe bottom 2 of the
contipuanshaintgodggedointy the dightltatinn coleme frem aminlgt (3-€)
et hyl ene glycol, 20 1.014 ton / hr of nethanol, and 4
provided at thod 54} sb&gedr@mhweebethnnd&]aoecenﬁaiﬁmd| Bg! % by
t he di met hyl carbonate contained in the starting

weigmt basel. oh kthybaie @arboadte dddaimuntRedctieatiByillation was
carbonate was 3.340 ton / hr, and excluding the

carrﬁé@)dtﬁrlﬁ)r%NGthPPUhG'erﬁ%ﬁdltlbfh% sAbatyRim S Pottéen.

t he act ual produced anmount of ethylene glycol was

g Pighap belc, Hfty B GadERg R SO 15110
Pa, g&t %?‘%3'4’9?%%8&98% and t he et hyl ene gl ycol

Iess than 99.99% Prol onged
i nUous o i on, was _.C | under t hes
oA SRRl SRoupdI¢ siEaNoile Spatinnatter 24
5000 hour s, and 6000 hours t he act yal prod
houggroufit @ vh &0 ikBErPiat deaction mixturs wilhd rewrbﬁrors.@@otop 1 of

ton, 3.340 ton, and 3.340 ton respectively for
the gphemnyin agaseeys fosmdwasataolkeshusing@iheahexghapger and
ton, 2.301 ton, and 2.301 ton
thus turned into a quuid. The liquid low boiling point reaction mixture,
which was continuocusly withdrawn from the distillation column at 10.678
ton / hr, contained 4.129 ton / hr of dimethyl carbonate, and 6.549 ton /
hr of methanol. A liquid continuously withdrawn from the bottom 2 of the
column at 3.382 ton / hr contained 2.356 ton / hr of ethylene glycol,
1.014 ton / hr of methanol, and 4 kg / hr of unreacted ethylene carbonate.
Excluding the dimethyl carbonate contained in the starting material, the
actual produced amount of dimethyl carbonate was 3.340 ton / hr, and
excluding the ethylene glycol contained in the catalyst solution, the
actual produced amount of ethylene glycol was 2.301 ton/ hr. The

ethylene carbonate conversion was 99.88%, the dimethyl carbonate

selectivity was not less than 99.99%, and the ethyiene glycol selectivity
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respectively for ethylene glycol, the ethyl ene
carbonate conversions were respectively 99.90%
99.89% 99.89% 99.88% and 99.88% the dinethyl
carbonate selectivities were respectively not |ess
than 99.99% not |ess 10 than 99.99% not |ess than

was%tg%é)s Manlogsggbhan 99.99% and not |ess than
99.99% and the ethylene glycol selectivities were

B0 R SR ORISR I giled 838 Bl ose
confile M AT 2t A AP v, o

600; dt'frfSIvEBPoﬁg% gy é:é%'sgggﬁ iy wfr%ﬁg?"%on 3.340
of et hyl ene carbonatelna quid form
ton, é’oé’»ﬂiont/msww £ oan8ed 34A 60'ﬂ H@S@ﬁﬂti\'lelmtfPE)r‘i“mthh

fromthe inlet (3-a) provided at the 20 55th stage
carbonatet et 3ointon, 2330%&0”, H30 tovet Raddl ton, and 2.301 ton

gaseous form (containing 2.41 % by wei ght of dinethyl
respeantba@igtfey ethglen@yiycoh the athydéneetdcbumiatencanivecgions were
form (containing 1.46 % by wei ght of dinethyl

resqutbmlﬁt@._gﬁ%? 09e890t 99 HY%C @Y.8BYUahY 99188MIeRd dimethyl
into the distillation colum fromthe inlets (3-b and

carb%rfétepéé’l\écﬁﬁﬁtléb WEF‘e $é§€)e§h%§13y Ho?es8ahdh 9919PW. not less

he nolar ratio of artlng materials | ntroduced

thar gb%é‘% ncgt' @#B{Wéﬁ]g@g? 5,09 ﬁﬁgﬁ% dok! %é'dfﬁgt less

carbonat’e Was nede to’

thar; A808 % rE1TEre Bufend Al R éétij”@&e“%swéfﬁor%‘%ﬁ%%ﬂ'e'v not

lesspia g6t Siberie Ll '%3?#%%%@“8% L Bptisst haprea . aot tess
aggrom mately 1.046x105 Pa, apd areflux ratio 5 of

tharp98e99 %4, ar@ NesJessl han98:99% stabl e st eady state

operation after 24 hours. A |low boiling point
reaction mxture withdrawn fromthe top 1 of

Example 2:

Reactive distillation was carried out under the following conditions
using the same continuous muiti-stage distillation column as in Example
1. 2.61 Ton / hr of ethylene carbonate in a liquid form was continuously
introduced into the distillation column from the inlet (3-a) provided at the
55™ stage from the bottom. 4.233 Ton / hr of methanol in a gaseous
form (containing 2.41 % by weight of dimethy! carbonate) and 4.227 ton /
hr of methanol in a liquid form (containing 1.46 % by weight of dimethyl
carbonate) were respectively continuously introduced into the distillation
column from the inlets (3-b and 3-c) provided at the 31°%! stage from the
bottom. The molar ratio of the starting materials introduced into the

distiliation column was methanol / ethylene carbonate = 8.73. The
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the columm in a gaseous formwas cool ed using a heat
exchanger and thus turned into a liquid. The liquid

| ow boiling point reaction m xture, 10 which was
continuously withdrawn fromthe distillation columm at
8.17 ton /[ hr, contained 2.84 ton / hr of dinethyl

catatp§ PRRR! Madito De3thé Farhe s M ExEHhPAAl .arft W cBntinuously

continuously withdrawn fromthe bottom 2 of the
oo R & iy EAAERtoh e ot
contfubyBly BhePSTRIRRCE BE AT an IRERATtdpRr NS 8P0s -c.

o ol ori S B BUHRR 4T S rton

et hyl ene gl ycol contained in the catal yst solution,

of 0¢4R” act ual produced anmount of ethylene glycol was
1.839 ton / 20 hr. The ethyl ene carbonate conversion
wadt 9@ DgusSsible ﬁé‘tﬂWIStagiﬂ isteady sfatesanearatiprnatter 24
not | ess than 99.99% and the ethyl ene gl ycol

hoursel eAtlow byilvag point reastiohamigireowsthBraivenfredn the top 1 of
conti nuous operation was carried out under these

the condhhiiang gafdcus 10A8 Wasrcooldd0lsimeuashe 308Rchanger and
and 5000 hours, 25 the actual produced anounts per

thushihederfoZa SRQIEON. THe GRUIHABW EOﬁﬁfﬂ tepQﬂnt ?@Qcﬁog%ixture,

ton respectively for dinethyl carbo and 1. 83

whidPRas égnﬂip%%gjsth?r\‘f{iﬁ@?mntﬁam F}F@tqjqfséﬁﬁéph@r%%lgmn at 8.17 ton

respectively for’e ene glycol, "t
!, GRIBRIFEE 5 BT A oo lsBsl ARG oty B Podden / hr of
metiigpofesd o 8nGompTRte WA WA remodiedationd qlithe
| ess than 99.99% and the ethyl ene gl ycol
colugyn é 2.9 tn /sy eon@lpedt 1885, tomi Hrcek ethaersogbe).
not |less than 99.99% not less than 99.99% and not
1.0682et ¢ hunoOedanol, and 0.2 kg / hr of unreacted ethylene
carbonate.

Excluding the dimethyl carbonate contained in the starting
material, the actual produced amount of dimethyl carbonate was 2.669
ton / hr, and excluding the ethylene glycol contained in the catalyst
solution, the actual produced amount of ethylene glycol was 1.839 ton /
hr. The ethylene carbonate conversion was 99.99%, the dimethyl
carbonate selectivity was not less than 99.99%, and the ethylene glycol
selectivity was not less than 99.99%.

Prolonged continuous operation was carried out under these
conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,

the actual produced amounts per hour were 2.669 ton, 2.669 ton, 2.669

ton, and 2.669 ton respectively for dimethyl carbonate, and 1.839 ton,
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Exanpl e 3: 10 A continuous nulti-stage distillation
colum as shown in FIG 1 having L = 3300 cm D = 300
cm L/ D=11, n =60, D/ d, = 7.5, and D d2 = 12
was used. The trays in the distillation colum were
sieve trays, each having a cross-sectional area per

1.83®ken| N.85e toheuhdParg39nohhersadctivedlyaeprathivi@aelglycol, the
1.3 cn2 and a nunber of hol es of approxinmately 220 to

ethylend4éa /bd??ate@@n\’r‘@fshoh%‘ Weke Qfes%@-%hw@ﬁy igeobray89i 9%,

stages above a stage where the cyclic carbonate was

99.6@%,'&%&@%995 hth%taﬂﬁﬁi "{:#lf?r?é’ltetgmect fies WEreand

wel r eac rays In S ges at and

feSFé’sif?""#'ynM&Se%@w YL 5%, 86Tl 'uf'?és ?ﬁﬁﬁ%‘%@@“’a holsi€shdnan

ys f om 2 to 4. 2%
99. 96"% Qpﬁgﬁéﬁé%é‘g‘ %gr%‘{‘% iapd, th ?(ﬁ}ﬁdﬁ?’b‘? raqwae* Se‘ec(%"“t'es
cont i nuousl introduced into the distillation colu
were rréﬁm%weﬁy aot(lgsg)than 89 98% anot lasssthan &%88%{ BRf less
the bottom 3.736 Ton / hr of nethanol in a gaseous
tharf 8009 @ ¥amnd maotglessothan B9 .98ght of di met hyl
carbonate) and 8.641 ton / hr of nethanol in a liquid
form (contai ning 6.65 % by 25 wei ght of dinethyl
carbonate) were respectively continuously introduced
Exahiple 3he distillation colum fromthe inlets (3-b and
3-c) provided at the 43 31st stage fromthe bottom
TheA'HEJrﬁ[ndj@&é. On @fti- %ﬁéto%mlﬁﬂoﬁaééwrﬁhsas SROWATIE§IG. 1

into the stillatio ol um was net hanol / ethyl ene
tal,yst t
navi BA0 Brf B P SR ELR < 3T Taai § 784
di st II t tillat
dz cgﬁr W I@% Llfﬁﬁ coﬁﬁ%ﬁﬂ?l W ﬁi@@ﬂéﬁ@ﬂ@bf‘u‘éﬂé‘%&ﬁ* %‘Zerceolstﬁ%e trays,
gottom tenperature of 98 C, a col?urm top ressur
eachj}a YREnadP5 S158alignabarea Painlo L Ane,siBYE ROBION thereof

0.42. It was possible to attain stable steady state
of appepximatelyrt &cmf and a number of holes of apprommateiy 220 to

th95 and D/

340 / m2. The weir height of each of the trays in stages above a stage
where the cyclic carbonate was fed in (the 55" stage from the bottom)
was 5 cm, and the weir height of each of the trays in stages at and below
the stage where the cyclic carbonate was fed in was 6 cm. Moreover,
the aperture ratio of each of the trays was in a range of from 2.1 to 4.2%.
3.773 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distillation column from the inlet (3-a)
provided at the 55" stage from the bottom. 3.736 Ton / hr of methanol
in a gaseous form (containing 8.97 % by weight of dimethyl carbonate)
and 8.641 ton / hr of methanol in a liquid form {containing 6.65 % by
weight of dimethyl carbonate)} were respectively continuously introduced

into the distillation column from the inlets (3-b and 3-c¢) provided at the
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hours. A low boiling point reaction m xture w thdrawn
fromthe top of the 10 colum in a gaseous form was
cool ed using a heat exchanger and thus turned into a
liquid. The liquid | ow boiling point reaction m xture,
whi ch was continuously withdrawn fromthe

313“§t§gb|f’r§h'i Pie HRIte. at The. r%%lélof‘alllo hyt, thé@fﬁr@iﬁéﬁ%aterlals

ton / hr of di rret hyl carbonate, and
intrcﬂ{1 &{)ot it 1 ﬂ?{%' ﬁtlﬁ\i %I&W@M%é’%éh%%ﬁﬁl}ﬁ%#%n@ 88tbonate
- o F5 AR 8 e LR SH G eabrido 173
was G HSHS O a0 e figt AT cTumfe. Heacars ditifiation

produced anmount of di nmethyl carbonate was 3.854 ton /
was {a rrigeh o ubeenitnyru siveued ay cond ijepe f @ ewlemedotiom
the catal yst solution, the 20 actual produced anmount
tempéraduing | ain@8 gfl@calcoﬁamrﬂt@ﬁ?pressukemf afpeoxienatelgrie118x10°
carbonat e conversion was 99.88% the dinethyl

Pa, aadbaneflax siecfividiy was not | ess than 99.99% and
the ethyl ene glycol selectivity was not |ess than

99.19WAs Poespiaed apfin yiabfe epeaay i Natadpratioredftert24
under these 25 conditions. After 1000 hours, 2000

houf¥our A, Ioe\pggllhﬁ’#ﬁmﬂ‘ acfBf MRk wfth@r &@luﬁflom the top of the

produced ano per hour were 54 ton, 854

colu@afgrinaéésb s gﬂ'gqo.év% oto?tgd é%ﬁgcé 'h‘é%lt@@&ﬁa%é‘?‘a% thus

col.,..the

r eth I ene

turn€giBre lalidondie ﬁs?-’wi rewheing eomb%%fét'%'éwv'xwre which

99.99% 99.99% . 99.99% and 99.99% the dinet
was GG s ewdigramn Qrwa‘th@ gl%b’:ﬁm .G@éwmaﬁﬁeég ton / br,

than 99.99% not |ess than 99.99% not |ess than
contgn e . 784dtainl hrealsdimathyocadmgnaied ank 7e3 b teme/ hr of

gl ycol selectivities were respectively not |ess than
metidnob Y% Ardquidessntinanusdy Sgthdireovn Ifesm thdbotBEMo®kihe

and not |ess than 99.99%
column at 3.902 ton / hr contained 2.718 ton / hr of ethylene giycol, 1.17
ton / hr of methanol, and 4.6 kg / hr of unreacted ethylene carbonate.
Excluding the dimethyl| carbonate contained in the starting material, the
actual produced amount of dimethyl carbonate was 3.854 ton / hr, and
excluding the ethylene glycel contained in the catalyst solution, the
actual produced amount of ethylene glycol was 2.655 ton/ hr. The
ethylene carbonate conversion was 99.88%, the dimethyl carbonate
selectivity was not less than 99.99%, and the ethylene glycol selectivity
was not less than 99.99%.

Prolonged continuous operation was carried out under these

conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,

the actual produced amounts per hour were 3.854 ton, 3.854 ton, 3.854
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10 Exanple 4: A continuous nulti-stage distillation
colum as shown in FIG 1 having L = 3300 cm D = 300
cm L/ D=11, n =60, D/ dt = 7.5, and D d2 = 12
was used. The trays in the distillation colum were
sieve trays, each having a cross-sectional area per
ton, f@rh@ 3.854hR B reyFe 8V E YT ARhEMH Y| 16a @0 it Bridt 858 ton,
.3 cn2 and a nunber of hol es of apprOX|nater 240 to

2. 65333@or‘| Qﬂ% 538 n"aidd Q%Vﬁttoﬁf tﬂfelg car ehé‘vgagcol the

st ages above a’stage ere t cycli ate

eth;{lﬁﬂe'é‘al‘(btcﬂfa %5{:5] ?éf';sglgﬂfs \ggk%r}gtsp%tch‘?@y 9\@a§95/o,a?band‘?o,

Wei r heigh ays in’ stages

he c i c carbpnate .was fed in
00.q%" o d 38 Fh e Sragtiy C%B)&%%S?E% Thiufedels o
the, trays m?s in aran ge of fro 0%
resDﬁﬁ#'ve'Mrn Shitandt pf{@):na%“f’ﬁs éhﬁnq%? @%%; ﬁh%d@ss than
continuously introduced into the distillation colum
99. 39°@m&n¢bnpm|less(ttaaa)ggp%%u, @ the atbybme gdyegkselantivities
the bottom 7.742 Ton / hr of nethanol in a gaseous
weré gespecoiviedy matde8sAhays BP. 98Yghotofest theam@9.99%, not less
carbonate) 25 and 17.282 ton / hr of nmethanol in a
tharl DQUYAYS, caimal (Mestniiedisnihzth ©9689%.by  wei ght of di et hyl
carbonate) were respectively continuously introduced
45 into the distillation colum fromthe inlets (3-b
and 3-c) provided at the 3lst stage fromthe bottom
| ar ratio of the starting materials introduced
Exaﬁﬂﬂgm?he distillation colum was nethanol / ethylene

i L B O
oL L3 L AR 0D X0 e BiPD, 5% ana o)

to erature of 65 a colum top pressure of
dz = bgr%% 1&[9& .y Ih fltfﬁygsm e distyatieaieqymmmyerepieve trays,

0.42. It was possible to attain stable steady state
eaclhpevdngon capsersextional area per hole in the sieve portion thereof

of approximately 1.3 cm? and a number of holes of approximately 240 to
360 / m?. The weir height of each of the trays in stages above a stage
where the cyclic carbonate was fed in (the 55" stage from the bottom)
was 5 cm, and the weir height of each of the trays in stages at and below
the stage where the cyclic carbonate was fed in was 10 cm. Moreover,
the aperture ratio of each of the trays was in a range of from 3.0 to 5.0%.
7.546 Ton / hr of ethylene carbonate in a liquid form was
continuousliy introduced into the distillation column from the inlet (3-a)
provided at the 55'™ stage from the bottom. 7.742 Ton / hr of methanol
in a gaseous form (containing 8.95 % by weight of dimethyl carbonate)
and 17.282 ton / hr of methanol in a liquid form (containing 6.66 % by

weight of dimethyl carbonate) were respectively continuously introduced
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10 hours. A low boiling point reaction mxture

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

into fthend ishigl it icb'l@MrﬂﬂoW'tHﬁﬁnf?étsZﬁB BAandtar)/ pﬂdeed at the
contai ned 9.527 ton / hr of dinmethyl carbonate, and

313‘335a%é4frb%‘tﬁe]t§:bt%rrgf ?ﬁbhﬁ'&q’%r rﬁt:b ) %%%Ftlr{;jigrﬁﬂe\hals

drawn fromthe bottom?2 o ourm at

mtr&cﬂ%éd rﬂﬁtc?fr‘i‘%%@ﬁﬁaﬁpﬁ%oﬁ%n wgégﬂétﬁéﬁ%f nghﬁléﬁ%ol:a rbonate

anol”, and
= 8.8, Sﬁﬁ@?dcaﬁéﬂ%' e PRt E@am%X%'aHﬂ%” rsraﬁx%hm"ﬁ ¥ anc
act i meth car bonat e was

was.ean /‘”H ijge?(g ﬂ]?t éﬁl%ﬁigﬂgne PRRe SigRelive dlstlllation

cont ai ned in the catalyst solution, the actual

was fajdifck g UAmauinwe uslyhyndae c@ndabpnmf 3.c@lunvhtophr.
The ethyl ene carbonate conversion was 99.7% the

tempie ratuing | ofc@d Féhaa ecoleaireto p iresswas ofoappessimdtaty 1.118x10°
99.99% and the ethylene glycol selectivity was not

Pa, baessa tredflux0at9® Bf (P4@.onged conti nuous operation was
carried 25 out under these conditions. After 1000

houns wddpoaeinial tdobﬂt@tﬂﬁ%iabﬁéf%@é‘édg%’taf@‘ﬁpé’i@%oﬁ 488r 24
ton for dinmethyl carbonate, and 5 ton for

hou @l hYhAaBG, gbﬂgﬁ’%‘?c{]ﬁF rE8LBY Bﬁnﬁnfﬁ{rPC\Hﬁhﬁ gl'ﬁw;r??ﬁ ‘?ﬁe"‘t%% 1 of

99.8% th car onate sel ecti vi

i LGB, 8t ByhlEe SLUMNEDE 8 S B

rding to the n it has
thusgfifB50L g4 Halid he THF Miaef¥ ewrﬁsnm%pgﬁat {%cupmm'xture
roduced each with a selectivity o
Wh'Q%gl§% ﬁﬁﬂtlgy%usﬂ)v éwéra%wnrfa@m Hs%dewéuabv%cwymn Bt 24.641
)oreferabl not | ess than 99% on an industrial scale
ton iohr.neeniadggdt 2 2tend hoof dimethykearkmngtencand ds 114 ton /
than 3 ton / hr, nore preferably not |ess than 4
hr of methanol. A quuid continuously withdrawn from the bottom 2 of the

column at 7.804 ton / hr contained 5.436 ton / hr of ethylene glycol, 2.34
ton / hr of methanol, and 23 kg / hr of unreacted ethylene carbonate.
Excluding the dimethyl carbonate contained in the starting material, the
actual produced amount of dimethyl carbonate was 7.708 ton / hr, and
excluding the ethylene glycol contained in the catalyst solution, the
actual produced amount of ethylene glycol was 5.31 ton/ hr. The
ethylene carbonate conversion was 99.7%, the dimethyl carbonate
selectivity was not less than 99.99%, and the ethylene glycol selectivity
was not less than 99.99%. Prolonged continuous operation was carried
out under these conditions. After 1000 hours, the actual produced

amount per hour was 7.708 ton for dimethyl carbonate, and 5.31 ton for
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ton / hr, for the dial kyl carbonate, and not |ess than
1.3 ton / hr, preferably not less than 1.95 ton / hr,
nore preferably not less than 2.6 ton / hr, for the
diol, with a high yield stably for a prol onged peri od
of time of not |ess than 1000 hours, preferably not
ethyll6AE %Ib@ﬁl,%ehl@ﬂ%ﬁe saroeh st coheeadioh Wels bessy, hae
5000 hours, fromthe cyclic carbonate and the
_ . . e o ol ai
d'méAﬂnHyiqn J??r@?o%%ﬂ%gg&@\g’%gpé%%ﬂ%sl ng aﬁ/%gé:é%y}f}' 3he thle
>, i@ , A ' [ had Kyl carbonate

ethyFEHC TG SPee vyt il B S el e e ough o
reactive distillation systemof taking a cyclic
carbonate and an aliphatic nonohydric al cohol as
starting materials, conprising the steps of:

““3|Ur§'<§F1't5‘iE ﬁipgﬂﬁ‘ip'{'é%di ng the starting materials into a
continuous 10 nulti-stage distillation colum in
whik¢cerdisgdgetitnpsesanalipwentian, i basheer sisgpvaredithat the
reaction and distillation sinultaneously in said

dialkyll caronatedaodrihiendtlstan hie pdoduwcead sadowiblvia high
poi nt reaction mxture 15 containing a produced

seledtidlityydf eat hosatthahr 98vaprefpeabRondt desothani @7 %, more
columm in a gaseous form and continuously w thdraw ng

prefdr@bBnbeiésOghaRD 9%, 'R&N ATHUENHY R 08 Bfahst Mess Mean 2 ton
diol froma | ower portion of said colum in a liquid

/ hr,‘&?@e{f}er%ﬁ‘gffi ﬁhf‘il:%$§‘itﬁaﬁ°3‘ttbﬁqot?§aﬂ%éi;@'r%tféﬂ@olg not less than 4

unm conpr i ses ructuré having a
ton £ R g KeEEaTBBhats SR Frad M Loy B
prefgl#ggleyrngi |§és‘?‘?ﬁ%n”1 .95 ton / hr, more preferably not less than 2.6
ton / hr, for the diol, with a high yield stably for a prolonged period of
time of not less than 1000 hours, preferably not less than 3000 hours,

more preferably not less than 5000 hours, from the cyclic carbonate and

the aliphatic monohydric alcohol.
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t herei nside, and further having a gas outlet having an
inside dianeter di1 (cm) at a top of the columm or in
an upper portion of the colum near to the top, a
liquid outlet having an inside dianeter d2 (cm at a
bottom of 25 the columm or in a |ower portion of the
colum near to the bottongLaiM$east one first inlet
provided in the upper portion and/or a mddle portion

We éfigf- the colum bel ow the gas outlet, and at | east
one second inlet provided in the central portion
and/ or the |lower portion of the colum above the
l'iquid outlet, wherein: (1) the Iength L (cm

satj sfie 5 O L<80

thelt nsi @ danSI! Brddsqs torpReTleina Qaikdl salidnate and

. ratio of the
a d'?'gﬁgwhlﬁh(@ dieikyhEarhanale ananiie e ot REsFostinuRHslYo

colum satisfies the formula (3); 4:_L/D :40 (3), .(4)
proqqf@dwﬁlﬁwg i eeagléve distillatipnesy stesi fafr taking @ Fycligo

n:_ 120 (4), (5 aratio of the inside dianeter D

carb(omyteoand ran adiphatic mamehydscialsobe! disagtréingdmetenals,

of the gas outlet satisfies the formula (5);

comPrishhgithe ARpHSHf: (6) a ratio of the inside dianmeter D
(cm of the colum to the inside dianeter d2 (cm of

th%dntm@uﬂlytf@dlﬁgtﬂﬁs‘ sEsrtimermstendls i6d :a continudus
d2 : 30 (6), and 20 (7) a weir height of each of the

mulfi’'s?¥§el SistiM=AidRR8FuRh i WRidh P heho§Bheous catalyst is
present,

carrying out reaction and distillation simultaneously in said column,
and

continuously withdrawing a low boiling point reaction mixture
containing a produced dialkyl carbonate from an upper portion of said
column in a gaseous form, and continuously withdrawing a high boiling
point reaction mixture containing the diol from a lower portion of said
column in a liquid form, wherein:

said continuous multi-stage distillation column comprises a
structure having a cylindrical trunk portion having a length L (cm) and an
inside diameter D (cm) and having trays with a number of stages n
thereinside, and further having a gas outlet having an inside diameter d;
{(cm) at a top of the column or in an upper portion of the column near to
the top, a liquid outlet having an inside diameter d, (cm) at a bottom of
the column or in a lower portion of the column near to the bottom, at

least one first inlet provided in the upper portion and/or a middle portion
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2. The process according to claim1l1, wherein a
produced anount of the dial kyl carbonate is not |ess
than 2 ton / hr. 25 3. The process according to claim
1 or 2, wherein the 49 produced anmount of the diol is
not less than 1.3 ton / hr. 4. The process according

of tHe canymenpefdw Ghai g8s butiet3 and et etast saiedsddonddnseét d
d2 satisfy the fornula (7); 5 1< .d1/d255 (7). 5. The

S ek &y
proViasgshRE EeRtlalbAMiANndnsy e (hAldlpdrtich b1 e St
Lt - LSt (,on colum satisfy respectively
abog%éngfa‘?‘Qﬁf”gSSt)ngghg_ D< 1000, 105<L/ D< _
30, < .,.n 100, 4 <. / < 1 d 7!5;
éi:}gggﬂe@gi?h'e? Fl)c%@sﬁ‘éééﬁﬁi fogmya @9 one of
Clalrrslt05 V\hereln L/ D n,D/dl and D
| d2 for said &M Flogs Qgptl-stage @stillation
col umm satisfy respectively 2500 < L <_ 5000, 210 <
D 423dbe nsige diameates D4gm) ofi the Tmund satisfigs the Tormula
< 13, and 9:5D/d2520. 7. The process according to any

(2), one of Clainms 1 to 6, wherein the weir height of each
of the trays is in a range of from3.5 to 15 cm 20 8.

The process acd@Qdkr® 4 goagy one of Cl(@ys 1 to 7,
wherein the weir height of each of the trays is in a

r ange trafio WA thd RAGHM(ch) T ehOASRES draHREr T (€M) of the
any one of Clains 1 to 8, wherein an aperture ratio

coluﬁ‘fn %%‘fﬁf@‘sfﬂ‘@f&ﬁh?a '(§2' n arange of from1.5 to 10%
he process accofding to any one of dains 1 to

?s .“‘Seée'rélnge iz S A AR
(4) the number of stages n satisfies the formula (4);
10<n<120 (4),
(5) a ratio of the inside diameter D (cm)} of the column to the
inside diameter d4 (cm) of the gas outlet satisfies the formula (5);
3<D/d1 <20 (5),
(6) a ratio of the inside diameter D (cm) of the column to the
inside diameter dz (cm) of the liquid outlet satisfies the formula (6);
5<D/dy <30 (6), and

(7) a weir height of each of the trays is in a range of from 3 to 20

cm.

2. The process according to claim 1, wherein a produced

amount of the dialkyl carbonate is not less than 2 ton / hr.

The process according to claim 1 or 2, wherein the
49
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11. The process according to any one of Clains 1 to
10, wherein the aperture ratio of each of the trays is
in arange of from1.9 to 5 6.0% 12. The process
according to any one of Clains 1 to 11, wherein each
of said trays is a sieve tray having a sieve portion

procitk d ardOURE TR ePPio] 19 hoti@sE3thahe . ®rrefeSRr.accor di ng
to Caim12, wherein said sieve tray has 100 to 1000

holes / n2 in said sieve portion thereof. 14. The
process according to Caim12 or 13, wherein a 15

8 TR BT YA BRI 5! v
sor M gt A SR T T o re o

allphatlc 20 nmonohydric al cohol and distillation, the
conti nuous mul tli SHagdzdi §tillation colum 7).
conprising: a cylindrlcal trunk portion having a

length L (cm) and an inside dianeter D (cn; a tray

havi ng a nunber of stages n provided inside said trunk

25 porti dme prgaessda@irdiagitngamy dne ol € ldiimusel do 4 wherein
(cm provided at a top of 51 the columm or in an

L, DuppeD,por Di od, 0hntdhb /c@) fiomn saedicondirutud epultipstagri d
outl et having an inside dianmeter d2 (cm provided at a

dlstlh%*t"onTbefuﬁ"nheséﬁé &%eélnvéfgl 93/90 P Ligo@f 2bbe< D < 1000,

col unmm near toth bottom 'east one first inlet

5 < Py 89, 19b e LRBRY. 425124, %”‘F's, afld # < D/ d; < 25.

6. The process according to any one of Claims 1 to 5, wherein
L,D,L/D, n, D/d4, and D/ d; for said continuous multi-stage
distillation column satisfy respectively 2500 < L £ 5000, 210 < D £ 800, 7

<1/Ds20,40<n<90,5<D/dy<13,and 9 <D /d; < 20.

7. The process according to any one of Claims 1 to 6, wherein

the weir height of each of the trays is in a range of from 3.5 to 15 cm.

8. The process according to any one of Claims 1 to 7, wherein

the weir height of each of the trays is in a range of from 4 to 13 cm.

9. The process according to any one of Claims 1 to 8, wherein

an aperture ratio of each of the trays is in a range of from 1.5 to 10%.

10. The process according to any one of Claims 1 to 9, wherein
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m ddl e portion of the columm bel ow said gas outl et;
and at | east one second inlet provided in the m ddle
portion and / or the |ower portion of the colum
above said liquid outlet; wherein: 10 (1) the length
L (cm satisfies the forml a (1); 2100 :_ L :_ 8000

the apkrtdrd) rdthe ofnsadte o‘i'tﬂ{&et;rﬁys[?s(lﬁ”é r@hgbhsf ﬁfd(rﬁ;m? to 8.0%.

satisfies the formul a
(3) aratio of the length L (cm to t he |nS|de
di aneter D (cm of the colum satisfies the fornmula

(3) 45L/ L u r tages .n
sat | Sfl esﬁﬁzﬁgﬁ?eg)ﬁ“ﬁ ardlnﬁ t@ mﬁ O:rp("I ?369'%3'?‘3 %60(15?'
i 0 _of d|a ter c of the colu to
Whe{%‘é‘ {’?%&p ‘djﬁ%ﬁ%ﬁ@r" d32¢ rﬂf%\el%’é’ Lgsino g fiadtge of trom 1.9 to
o;atlsflestheforrmla(S) 3_D/d1:_20(5), (6) a
6.0%atio of the inside dianeter D (cm of the colum to
the inside dianeter d2 (cnm) of the liquid outlet
satisfies the formula (6), 255 :_ D/ d2 :_ 30 (6),
and (7) a weir height of each of the trays is in a
ranige of Themrécess2ccddinmtolény Tire ob i lianmsut to 11,
mul ti-stage distillation colum according to Caim

whetoin vhehesisarl tradis nd siave tddyseivinigyatdievéaientien and a
(7); 51 <.dl/d2< 5 (7). 17. The conti nuous

dowﬁ@bmeﬁbggﬁom stillation colum according to

13. The process according to Claim 12, wherein said sieve tray

has 100 to 1000 holes / m? in said sieve portion thereof.

14, The process according to Claim 12 or 13, wherein a
cross-sectional area per hole of said sieve tray is in a range of from 0.5

to 5 cm?.

15. A continuous multi-stage distillation column for carrying out
transesterification between a cyclic carbonate and an aliphatic
monohydric alcohol and distillation, the continuous multi-stage distillation
column comprising:

a cylindrical trunk portion having a length L (cm) and an inside
diameter D (cm);

a tray having a number of stages n provided inside said trunk
portion;

a gas outlet having an inside diameter dy (¢cm) provided at a top of
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Claim15 or 16, wherein L, D, L/ D, n, D/ dl1, and D
/ d2 for said continuous nulti-stage distillation
col um satisfy respectively 2300 <_ L <_ 10 6000,
200:5D'5 1000, 5 < L/ D< 30, 30 < n <_ 100, 4 <_
D/ dl _< 15, and 7 < _D/d2<_25. 18. The conti nuous

the Hléil.tri'msélai}ﬁa a¥ §bt13b|reﬁdr‘t’l%rﬁ9f Ye cQﬂGﬁ{rﬁj'n%Qartt@: tﬁ@Yane
of Clains 15 to 17, wherein L, D

' Hauidodifée navirkd =i @%“H?Q%Eec ! ve‘? “3’?88’6‘8‘%%%‘803‘ :
bottf P o1 tHe-Bipn Sirisa ot alriof or ntﬁ%ueg'mﬁﬁ%?a&ithe

b ttdi stillation colum according to 20 any one of Cains
Oli®8't o 18, wherein the weir height of each tray is in a
range of from3.5 to 15 cm 20. The conti nuous
mul 3t least neiifget imlgtinye videddn thecupaer@artionaapddanar a
of Cainms 15 to 19, wherein the weir height of each
middleaporidon pfathe2sohamgebetfow said gav owdledmansls 21. The
continuous nulti-stage distillation columm according
t o aldmya st efseComidrnléb proviled whdhei middleapertioneand / or
ratio of each tray is in a range of from1.5 to 10%

the wér pbitHionost thel@esumi hbovieageiddiiguid batiean col um
according to any one of Clains 15 to 21, wherein t he

apegkdfe&intati o of each tray is in a range of from1.7
to 8. 0% 23 The continuous nulti-stage distillation

coI C ng [ 15 to 22,
v\,herb| h% %q{ﬁbelft(lar g%ttéﬁééggﬂgaﬂi]nﬂ%y@ in a range
of from19to % continuous mul ti-stage
distillation c@lﬁldﬁ%— Iccn?ﬁﬁﬁg to any one of“ér ainms 15

to (5% th\tl\ehl%rs%g %In%jetterraﬂ (cm) o?'tﬁé/ecotl[la ns a\{rs?ﬁasathe formula

180 < D £ 2000 (2),
(3) a ratio of the length L {(cm) to the inside diameter D (cm) of the
column satisfies the formula (3);
4<L/D<40 (3),
(4) the number of stages n satisfies the formula (4);
10 <n <120 (4),
(5) a ratio of the inside diameter D (cm) of the column to the
inside diameter dq (cm) of the gas outlet satisfies the formula (5);
3<D/d;<20 (),
(6) a ratio of the inside diameter D (cm) of the column to the
inside diameter d; (cm) of the liquid outiet satisfies the formula (6),
5<D/d;<30 (6), and

(7) a weir height of each of the trays is in a range of from 3 to 20
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15 sieve portion and a downconer portion. 25. The
continuous nulti-stage distillation column accordi ng
to Claim24, wherein said sieve tray has 100 to 1000
holes / n2 in said sieve portion thereof. 20 26. The
continuous nulti-stage distillation colum according

cm.to Caim24 or 25, wherein a cross-sectional area per
hol e of said sieve tray is in arange of fromO0.5 to
5 cn2. 54

16. The continuous multi-stage distillation column according to
Claim 15, wherein said d4 and said d; satisfy the formula (7);

1<dq/dy<5 (7).

17. The continuous multi-stage distillation column according to
Claim 15 or 16, wherein L, D, L/ D, n, D/ d4, and D / d; for said
continuous multi-stage distillation column satisfy respectively 2300 < L <
6000, 200 s D<1000,5<L/D<30,305sn<100,4<D/dy<15,and 7

<D /d; <25

18. The continuous multi-stage distillation column according to
any one of Claims 15 to 17, whereinL, D, L/ D, n, D/ dy, and D/ d; for
said continuous multi-stage distillation column satisfy respectively 2500 <
L <5000,210<D<800,7<L/D<20,40<n<90,5<D/dy<13,and

9<D/d; <20

19. The continuous multi-stage distillation column according to
any one of Claims 15 to 18, wherein the weir height of each tray is in a

range of from 3.5 to 15 cm.

20. The continuous multi-stage distillation column according to
any one of Claims 15 to 19, wherein the weir height of each tray is in a

range of from 4 to 13 cm.
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21. The continuous multi-stage distillation column according to
any one of Claims 15 to 20, wherein an aperture ratio of each tray is in a

range of from 1.5 to 10%.

22. The continuous multi-stage distillation column according to
any one of Claims 15 to 21, wherein the aperture ratio of each tray is in a

range of from 1.7 to 8.0%.

23. The continuous multi-stage distillation column according to
any one of Claims 15 to 22, wherein the aperture ratio of each tray is in a

range of from 1.9 to 6.0%.

24, The continuous multi-stage distillation column according to
any one of Claims 15 to 23, wherein said tray is a sieve tray having a

sieve portion and a downcomer portion.

25, The continuous multi-stage distillation column according to
Claim 24, wherein said sieve tray has 100 to 1000 holes / m? in said

sieve portion thereof.
26. The continuous muiti-stage distillation column according to

Claim 24 or 25, wherein a cross-sectional area per hole of said sieve tray

is in a range of from 0.5 to 5 cm?.
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