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3 A0501 VP71/ KAN | NDUSTRI AL PROCESS FOR SEPARATI NG QUT
ACBUI MPM/KSMNRBONATE  Technical Field The present

invention relates to a process for subjecting a low 5
boi ling point reaction m xture containing a |arge
amount of a dial kyl carbonate and an aliphatic

NGPSTRIAL R citels FORSERASATING Byl IALKR). caRBONATE

al i phatic nonohydric al cohol to separation by
distillation into a colum top conponent BT having
the aliphatic nonohydric al cohol as a main 10
TechoigminBialdt her eof and a col utm bottom conponent BB
havi ng the dial kyl carbonate as a mai n conponent

t helrgef ps&&&hY inventopr@atse to REprodess for istibjecting a low
| ndustrl al ly. Background Art 15 A reactive

bmﬁ’h tpid»l'rﬂtr'e%tmrp Ktufed E:oﬂrté’ﬁg lé‘rgf& %Hﬂdhn?%’f@ﬂﬁ iRyl

a diol throu reaction en a cyclic carbonate

corfBehd 210 P HIR es&%ﬁi%ﬂ{:%ﬁ@b%’?fobyi%# through =

Japanese Pat ent Licat n . .
reapRvEoRIEHIEYAR BTOCRsEtER 2CVSln SasbenaiB AR the dlfbhatic
_ lication Laid-Open 20 No. H4-230243. Patent
momguﬁém afpohklpth §§83Pﬁfléﬁt b)ﬁﬂ!ﬂ'ﬁatlpﬁnmtgaﬁ dﬁﬂd:\é@"rﬂ kep
H9-176061. Patent Docunent 4: Japanese Patent
compphieastBohaving-theealipbatisomodaitnal riwadeohobasne ma
Japanese Patent Application Laid-Open No. H9-194435.
corfpbaent Bhereehtard a coluenndiotbtoml cBnmiporant 8z having the dialkyi
W07/ 23445 (correspondi ng to European 25 Patent No.

carB®deoas & mainaé §Rip d¥e MBIHEIRRDE . stlb‘l;?'ﬁbr Bogtof®nged period of
I nternational Publi catl on No. W9/ 6438

tlmECWcﬂFs“tPi%nfy.ng to European 1 A0501 VP71/ KAN

Background Art

A reactive distillation process for producing a dialky! carbonate
and a diol through reaction between a cyclic carbonate and an aliphatic
monochydric alcohol was first disclosed by the present inventors.(see
Patent Document 1. Japanese Patent Application Laid-Open No.
H4-198141. Patent Document 2: Japanese Patent Application Laid-Open
No. H4-230243. Patent Document 3: Japanese Patent Application
Laid-Open No. H9-176061. Pétent Document 4: Japanese Patent
Application Laid-Open No. H8-183744 Patent Document 5: Japanese
Patent Application Laid-Open No.H9-194435. Patent Document 6:
International Publication No. WO97/23445 (corresponding to European
Patent No. 0888025, U.S. Patent No.5847189). Patent Document 7:

International Publication No. WO99/64382 (corresponding to European
1
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1086940, U.S. Patent No.6346638). Patent
AOS@YEE&”&@: I nternati onal Publication No. W0O0/51954

(corresponding to European Patent No. 1174406, U.S.
Pat ent No. 6479689). Patent Docunent 9: Japanese
Pat ent Application Laid-COpen No. 2002-308804 and

Pateﬁﬂtgﬂt. 1088540E L S1PattM NS B3 486 38). PARSAE Bldcliment 8:
Lai d- Open No. 2004-131394), patent applications in

Intefufion3LPRLICATEN NS NO00H FpEASDteqonaiE €0 European
P 11: | i '

Patqif oo 44001 E: 31 Tiatgnt NEHEAISR T EalerERogBRAT o

P No. 0530615, U.S. 0 52 . P
Japaﬁ%ggr?n@temﬁgaﬁsﬁ@g@ ha'tcgﬁfgé ?cgﬁpgn%@% @JaaﬁggEent

No. H6-9507 (correspondi ng to European Patent No.
Docossysti 20: Japsnese Fatend Aqqdication LizidQpenotiors?1044131394),

Japanese Patent Application Laid-Open No. 2003-119168

patentrappheations! inPwhlick sttictnaNeactineD distiitatian . s ysteenis used
Docunent 14: Japanese Patent Application 15 Lai d-Open

havéubd¥tFuely Hsaseénifiiad Bpathenicohpasipsiisse Patent
Patent Application Laid- QOIEA? No. 2003%42208). In the

DoctfvénCh 1 Patbggn%sé PaRbhY A I?d%dﬁ%ﬁﬂ-éh&heﬂgf mlhinassso

reaction, reaction ca e to procee

(corPbSBaRAINE 15 EodUR ¥ekterioNg! DRGER U1 8! blem

pro therto have related (o pro

No.5251812) o Patgit TEHIRET A otppinSeB R&teAnpDsaRe
Laid-Gusan Ny HECBEDZ ChalbpsppOATS Sbok biRpaABdTatantoNo. 0569812,

time. That is, these processes have not attained the
U.SoFjatent Mo 538Rit &g Ratendl Rgcumenbidt Japanese Fateny
in alarge amount (e.g. not less than 2 ton / hr)

Appsicabion Laid-OpénpNol 20934 1p6r68d(latetnabioal Bublictation No.

| ess than 1000 hours, preferably not |ess than 3000
woObere64 18) ePateheDEdument 14srap 6858 Fdmuapplicatibn
Laid-Open No. 2003-300936 and Patent Document 15: Japanese Patent
Application Laid-Open No. 2003-342209). In the case of using a
reactive distillation system for this reaction, the reaction can be made to
proceed with a high conversion. However, reactive distiliation
processes proposed hitherto have related to producing the dialkyl
carbonate and the diol either in small amounts or for a short period of
time, and have not related to carrying out the production on an industrial
scale stably for a prolonged- period of time. That is, these processes
have not attained the object of producing a dialkyl carbonate
continuously in a large amount (e.g. not less than 2 ton / hr) stably for a

prolonged period of time (e.g. not less than 1000 hours, preferably not

less than 3000 hours, more preferably not less than 5000 hours).
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| KAN For exanpl e, the maxi num val ues of the
A°5q3(\§'9%i”}/§%& dianeter (D. cm, and nunber of
stages (n) of the reactive di.stillation col um, the
produced amount P (kg / hr) of dinethyl carbonate,
the continuous production time T (hr) in exanpl es

?Bﬁ%@%ﬁ%nﬁ%ﬁym@rﬂg ycofﬁ ?Eé?é?%fq‘ﬁ? éhFﬁ‘leFﬁ*)t Yiameter

'ene rom et ene

. b t n.T " .
(0: §fiy RR' Sy Sf Ses 105 g™ %ﬁ%&%’d*st gliBrcolumn, the

T : r DOCU 0.2,.30 06 400 160 40 .
Prod@cszJ;am@%E‘E@Ergl%@rgOIdi'm% EO@at9 ¢ ﬁ*%&eﬁtm&wus

COLUWN (onng\ 0.932 NOTE 5 8 NOTE 1 5 60 0.275 NOTI
prodsictipmtime T 6 eomezammgilﬁclqwmgmewwteﬁtm

NOTE 5 11 250 3 PACKI NG COLUWN (Raschig) 0.392 NOTE 5
dimethyNoazbo nists E DMQYTan ¢ qlhs@w@gcel (E%)r\fmm ethgemes

42 NOTE 4 NOTE 5 14 NOTE 3 NOTE 3 30 3750 NOTE 5 15
carbdPaté5a MAGHE NG £6L M\ asBiH) Tab8 I .NOTES NOTE 1 :

CLDERSHAW DI STI LLATI ON COLUMN. NOTE 2: NO DESCRI PTI ON
Tabi¥HATSOEVER DEFI NI NG DI STI LLATI ON COLUWN. NOTE 3: ONLY
DESCRI PTI ON DEFI NI NG DI STI LLATI ON COLUW | S NUVBER COF
STAGES. NOTE 4: NO DESCRI PTI ON WHATSCEVER OF PRODUCED

e TABLE 1

and

poaheNt | Hiem | D:cm NO. STAGES : n P:kg/r| T:hr
1 100 2 30 0.106 | 400
4 160 5 40 0427 |NOTES
5 160 5 40 0.473 |NOTES
7 200 4 |PACKING COLUMN (Dixon)| 0.932 |NOTES
8 NOTE1| 5 60 0.275 |NOTES
9 NOTE1| 5 60 0.258 |NOTES5
10 NOTE1| 5 60 | 0258 |NOTES
11 250 3 |PACKING COLUMN (Raschig)| 0.392 |NOTES
12 NOTE 2 | NOTE 2 NOTE 2 0.532 |NOTES
13 NOTE 3 | NOTE 3 a2 NOTE 4 | NOTE 5
14 NOTE 3 |NOTE 3| 30 3750 |NOTE 5
15 200 15 | PACKING COLUMN (BX) | 0.313 |NOTES5

NOTE 1 : OLDERSHAW DISTILLATION COLUMN.

NOTE 2 : NO DESCRIPTION WHATSOEVER DEFINING DISTILLATION COLUMN.

NOTE 3 : ONLY DESCRIPTION DEFINING DISTILLATION COLUMN IS

NOTE 4:
NOTES :

NUMBER OF STAGES.

NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.

NO DESCRIPTION WHATSOEVER REGARDING STABLE
PRODUCTION FOR PROLONGED PERIOD OF TIME.

in Patent Document 14 (Japanese Patent Application Laid-Open

"No. 2003-300936), it is stated at paragraph 0060 “The present example

uses the same process flow as for the preferred mode shown in FIG. 1

3
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A»5d¥%g§éﬁﬁdﬁa DESCRI PTI ON WHATSOEVER REGARDI NG STABLE
0 FOR PROLONGED PERI OD OF TI ME. In Patent

Docunent 14 (Japanese Patent Application Laid-Cpen 10
No. 2003-300936), it is stated at paragraph 0060 "The
present exanple wuses the same process flow as for the

desdlifeg" Ii%vé‘og\ﬁ/g,s\ngﬁ”&:éﬂié:d g‘ut.]wiéﬁot@t@%&{er\@ﬁégﬁ@r ating a

eScCri abo was carrie obj ect
of operati a_.c Lci al
comfresghal a6n b abeef AL Gt RroB6dlfo YARIAL) SalBbnate and
through transesterification. by.a catal ytic¢ conversion
ethylane glyrohShtRHaN SranserieTRicannLY 2 kALYt AR vaGen
: that the 5 foll owi ng nunerical values in th resent
reacticanpeswesn pthylesgueathgnatgand mathanghe, ‘?’f@nﬁbﬁt the
actual apparatus", and as that exanple it is stated
followiag BidAterical values inlthetpresendréxampde wan be adequately

specifically produced. The scale described in that

use@iAthlecoperafenfiantactaal @appaiatpsbdandias that exanipie it is
tons or nore, and hence this inplies that at the tine

stat@Dg Cth'%ﬁ 350 iH(g'Jnar At difee R BHrbdHY teCWh 0sp d ificdatyeproduced.

umrent 14 (Japanese Patent Application Laid-Open
003- 6 ' , tq ;
The ftalg deseRdth, (R axpMinI€ timesBRRURLCP AN nAUR) production
had b i ed . 1P
of 3B, Gi63Briror FPTn el bedine this (EA¥E nat A ¥ of the
rinblishe vot68 aedliciiion W Balsht Adiont i Tidoghese Patent
Lai d- Qpen No. 2003-300936), exactly the_sane val ue as
ApplinatiorebaidiQpenyNe aRO03808938) A rdl 8; 2002); @peration of the

anmount of dinethyl carbonate produced, but the yield
worfds fasiyhege soglg aomimergipl plantausing Bsaysocess had been
~selectivity is approxinately 88.4% and hence it

carfédvlit. ' eabwe Ve, $ajeth hbahe aifieobf filielgdttengrosght application,
selectivity 20 have been attained. In particular, the

the.#egi%aﬁ%g?g%%% V%LTEEL aRiap | rMiﬁarlethe?, iWtAEasample Df Patent
producti on process.
DocuiEfit 14 (Japanese Patent Application Laid-Open No. 2003-300936),
exactly the same value as the theoretically calculated value is stated for
the amount of dimethyl carbonate produced, but the yield for ethyiene
glycol is approximately 85.6%, and the selectivity is approximately 88.4%,
and hence it cannot reé!ly be said that a high yield and high selectivity
have been attained. In particular, the low selectivity indicates that this
process has a fatal drawback as an industrial production process. (Note
also that Patent Document 14 (Japanese Patent Application Laid-Open
No. 2003-300936) was deemed fo have beén withdrawn on July 26, 2005
due to examination not having been requested).

With the reactive distitlation method, there are very many causes

of fluctuation such as composition variation due to reaction and
4
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Pat ent Docunent 14 (Japanese Patent
Aw@p‘éﬁﬁﬂ%&ln Lai d-Qpen No. 2003-300936) was deened to

have been wi thdrawn on July 26, 2005 due to
exam nation not having been requested). 25 Wth the
reactive distillation nmethod, there are very many

comg%ﬁ%n Hfl%'ﬂlaﬁtd{% 'tgrhlﬁgg%t%%?mﬁ%léhﬂau\ﬁ £8irfR, and

to reaction and conposition

temg@fa1fe Uayidfioh atd HreissthaVandtpRdncng! ol and hence
com (UL bbbk T BRI o S B 01

accomnpani ed by man?/f difficulties, and in particular .
accqompaaied iy many aiffiqulties; and\in parbeulalcthese diffiuties are
of handling | arge anbunts. To conti nue nass
furtheoinreasedoin thelicalsieybf bansting targelamaelints. usTagcantinue
reactive distillation nmethod stably for a prol onged
maspasiortlction iofea dialky| @rbodaterand i divlyusingstlendehctive
selectivities for the dial kyl carbonate and the diol,

distilfatioiPARStHGR SidBly! for'd BhoriigealpeTio ur Hine iRy haintaining

devi sed. However, "10 the only description of

“'9“83?"%”.’% i tlﬁéﬁ@eﬁeefﬁiﬂ’ge'fglﬂtﬁq«?@ Wloéé’ﬂbtgﬁgacfepﬁﬁh%e diol,

the reac I St |on proposed

' rto. e Q0 t Pat
the (hactis g fiat B8 dobaPatti s Be IRy deyei  Hawever
H4-198141) and Patent Docu apanesge Paten
the agjy 3@39&%%9& IS Riabis pradactonias 3 midionged
i nventors have now established_ an industrial reactive
perigdsaf fima with thedeastiveadisdiiatier raethed ipyoposesohitherto has
and a diol to be mass-produced continuously and
beestthel 300do 400 unsgird Padent Dadumient 1 (Wapahiege Hatent
and high selectivity, but to achieve this it has al so

Applieationneairb-Spen tNo £H4alh BBIR 1 rand Rustentadd opuat@ss2f or
separating out the 20 desired dial kyl carbonate froma

e Gl AT it

therpe present inventors have now established an industrial reactive
distillation process that enables a dialkyl carbonate and a diol to be
mass-produced continuously and stably for a prolonged period of time
with high yield and high selectivity, but to achieve this it has also been
necessary to establish an industrial process for separating out the
desired dialkyl carbonate from a low boiling point reaction mixture
continuously withdrawn in a large amount from an upper portion of the
reactive distillation column. The present invention has been devised to
attain this object.

As shown in Table 1, with the exception of Patent Document 14

(Japanese Patent Application Laid-Open No. 2003-300936), the produced

amount of the dialkyl carbonate per hour using reactive distillation
b
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j istillation colum. The present invention
Aosq?g\zﬁtf;l@'gevi sed to attain this object. As shown in
Table 1, with the exception of Patent Docunment 14 25
(Japanese Patent Application Laid-COpen No.
2003- 300936), the produced anount of the dialkyl

proc%%%@%@?cﬂad’@éd IMitHe 46 Kk DG AVémaltisaidwait @hnbt AGAE than 1
VP71 N processes proposed hitherto has been a snall

kg I‘WFP“%opé?@%[at\gﬁpqlggggPo%?séi%f/(l’gfent'\@b%ﬁ\ﬁént ?Mt@dd%ese

process o ne Japanese Paten

plicatigan L d- Coen . - , I op
Patepfieten Hal- B Mo FR:A00RA8) alfimAtob
carbonate) fromafirst 5 step reacgtive distillation_ ..
compEnERt (As éfdJrpn%rrsp'i@emoaﬁé{m‘ibvrPPA‘PPBﬁ!leﬁEﬁPnﬁ first
and extractive distillation is carried out using ... ..
stepetaactive distibatianccolumn ds fadninte # segong ﬁ%%rﬁsf'“atmn
carbonate and di net hyl carbonate has been obtained as
colummroandrexivactivecdisidlatinn fis warried out wsingtethylene carbonate.
distillation colum, this mxture is then further fed
After & miRrturd 6fl ethplend earbbaat®anddimethyl, carttbnate has been
separation by distillation is carried out so as to

obtagﬁgai i ﬁdwﬁmw %&ﬂbhpeehep@ﬁeﬁt st 'thel S8cEAdRStRP Yistillation

e ene carbonate as a columm bottom conmponent

| coluwr{i’ﬂwiﬁemﬁﬂjtfrg i§ttg%rgg§gh%3'rg%hoiﬂtﬁcﬁ ﬂl]?? Jst-'é HidtRiation

€ pProcess cunent apanese
Pat ent Licatiqn [ ,6l . - el ;
conh Shha $RBRHETS D, HRERER % d Bl bt
. carhbonate out fromthe m xture of nethanagl an
dim @ty GRTbORAtE AR A COHIAN R EOrTROREH Bhdnethidene carbonate
expensive. Furthernore, with this process, four
as ajcetumnabotinnt compenant fram thepthisd sdepdsdistilation cglumn.
one another, and hence it is expected that prol onged
Thas isbwithothes prrocessfl BabentiDiddwoent 120(apanesearkRatsnt
I nventi on
Application Laid-Open No. 2003-300936), two columns must be used to
separate the dimethyl carbonate out from the mixture of methanol and
dimethyl carbonate, and hence the equipment is expensive.
Furthermore, with this process, four distillation columns must be
operated together with one another, and hence it is expected that

prolonged stable operation would be difficuit.

Disclosure of Invention

Problems to be Solved by the Invention

It is an object of the present invention to provide-aspecific ——
apparatus and process for using a single distillation column on a low

boiling point reaction mixture containing a large amount of a dialkyl

carbonate and an aliphatic monohydric alcohol that has been produced
6




A0503 \9%?@%0 be Solved by the Invention It is an object

sent invention to provide a specific
apparatus and process for using a single distillation
colum on a low 25 boiling point reaction mxture
containing a | arge anount of a dialkyl car bonat e and

nrogB17L FEREHNE ARIA probsab s ahg sy ppeTaharnc
e S EonSHIRT B e o

rosdighshRinszliba & %mg%.a&gfafsq%awanﬂ%ﬁflﬁﬁpb%smwn

honD eneous catalyst is present, and carryin 5
°°|Umih¢'ﬂ ivhichna hﬁ@ﬂgﬂ%‘?%c§#w3@éﬁﬁﬁ§ﬁwq A h@arrymg out
columm, so as to separate the |ow boiling point
reactieac andndistiltatien lsymailtanaouslyon the columal, smasde separate
conponent BT having the aliphatic nonohydric al cohol

the hw boitihg poiotpeaction hdxhofe bydiistitiatiomirtot acolumn top
conponent BB having the dial kyl carbonate as a main

com?@ﬁ@?ﬁ@} hb'%’fﬁg%eséﬁbh&h&%o@wﬂfﬂr&ﬂﬁﬁ@bmf 480k ehaitd

ime industrially I\/breover it i's an object to

comgb?ﬁé'nqethﬁlt‘éﬂf AntPEoL oL ﬁ‘lt Hérﬁﬂﬂ‘né’ﬁPB %@lh@tthe dialky!

I nexpensi ve and ena car onate

carbgfpaﬁigp%%t |ﬂ|ué%@ﬁtq%qi“t it}ejﬁo?'lﬂ?ﬂgfg%l H%‘l{)grlog@edf Périod of

. prolo od of ti ess . n

timePlsRluS A, o MargONst. Was e RbIeShin Ridyids H{?\}‘ea specific
preferably 15 not |ess than 5000 hours). Means

app@@tuisr@nd Hropess tat arminexpensive anﬁgem%bl%@mdﬂglkvi
aspect of the present invention, there are provided:

carbbndte tnbenseparataid pubb@sdls‘tdratmam &n agnount aof, for example,
di al kyl carbonate, 20 conprising the steps of:

not Exy thaw@ston ¥ dadstablgtfertd pgoloriged plesiodiod time (e.g. not less

conti nuous _

than 1000 hours, preferably not less than 3000 hours, more preferably
not less than 5000 hours).

Means for Solving the Problems

That is, according to the first aspect of the present invention,
there are provided:
1. in an industrial process for separating out a dialkyl carbonate,
| comprising the steps of:

continuously feeding starting materials into a continuous
multi-stage distillation column A in which a homogeneous catalyst is
present by taking a cyclic carbonate and an aliphatic monohydric alcohol
as the starting materials;

carrying out reactive distillation in said column A;

continuously withdrawing a high boiling point reaction mixture Ag
7
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| b e distillation colum A in which a
A“%Yﬁgl us catalyst is present by taking a cyclic

carbonate and an aliphatic nonohydric al cohol as the
starting materials; 25 carrying out reactive
distillation in said colum A; continuously
contmﬁihgr AVred el diolPRoh BoIdWénboriaat oPsald xowmmr& in a
7 A0501 'VP71/ KAN contai ning a produced diol froma
quuihof‘ﬁ‘?h'po”i on of said colum Aina liquid form
cont i duously withdrawi ng a I ow boiling point reaction

angatihdysiap@dtbing o 10 55T RO &R Thbdure Ar

portion of said coluym A jn a,gase fqr . L
contafifgnaduadjices dialkyl saibpaate and Nae sllshatic seenghydric
m xture AT into a continuous nulti-stage distillation

alcobel frempan ampenpediiag dusaiskpalnndg inya gASEAUSIQEH:
into a colum top conponent BT having the aliphatic )
noramtini cuslyctgedingssaidiw hoilipgreointtieacdisin migtusgiAt into
a col um bottom conponent BB having the dial kyl

a coRMNUYA eniti-atage distiatioantolumen é®f andherei n the
i mprovenent which conprises: said continuous

mJ'6ai:r'r?ﬁ'@8ui’is%‘ddrh@f‘drpﬂy?dlbtiﬂﬁti%rpFr_f[%fé&ﬁﬂumn top component
di stil1athon collum conpiising a stripping section

Bt h'agﬂ:‘éﬁgﬁhlgn%Eﬁﬁépc\l’-\rﬂnﬁ%%ﬁydrri%%l&@?bg?sdé %ﬁ?%g%péﬁé‘ﬁt thereof

a ‘nunber o ages nl

thereinside,, and an enric¢ ecti . PN t
and 2, 8o 5ttoRl 5B RERE Ht NashiE S8 g Warha il ds =

wWth a nu of stages n2. thereinside wherein L1.. )
mal@ﬁomppnég?? reghdwWherei: the ympravegientwiich samprises:

(1) to (8); 500 5 L1 < 3000 _(Il);loo < D1 _<_ 1000

( 2)saidocoriinupus paltistagecdistiliation cadump B comprises a
distillation column comprising a stripping section having a length L4 (cm),
an inside diameter D4 (cm) and an internal with a number of stage_s n4
thereinside, and an enrichment section having a length L, (cm), an inside
diameter Dz (cm) and an internal with a number of stages n; thereinside,

wherein Ly, D1, ny, L2, D2, and n; satisfy the following formulae (1) to (8);

500 < Ly < 3000 (1)
100 < Dy < 1000 2
2<Ly/Dy<30 (3)
10 < ny < 40 (4)
700 < L < 5000 (5)
50 < D, < 800 (6)
10 <L/ D2 <50 | (7), and
35 < ny <100 (8),

2. the process according to item 1, wherein an amount of the dialkyl
8
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!E£”< 5000 (5) 50<_D2800 (6) 10 <_ L2/ D2 <_
A05(g18‘9f’;4l and 25 35< n2< 100 (8), 2. the process

according to item 1, wherein an amount of the dial kyl
8 A0501 VP71/ KAN carbonate to be separated out is not
|l ess than 2 ton / hr, 3. the process according to item

_carbbrﬁfte&o paesepardted @ut is-not 188s thhn 23on DAr, L2 / D2,

and n2 for said continuous nulti-stage distil | ati on
colum B 5 satlsfy 800 < L, < 2500, 120 : _ D, :_
800 5 < L, D, :_ 20, 13 <_ni :_ 25, 1500 :- L2 :

%ssza%fdmﬁot% b ook 2, wifrsig, ER.04°LT 8% . La

d f,it ta 3, wh Lh th
fh? B molansan eRatiouals, iyt Aishiiating cotumn B
enri chment sectl on of 10 said continuous nulti-stage

satisfys800aliioh 28 Un28 S D1a<t8QQ, arsls /dP1 & 2Badid &gt < 25,
5. the process according to item4, wherein the

1500 ¢ pra3500, 20 x Dk < 600, st ixphi M@séc%oﬁﬂaﬁd‘lzt 810, Ly < Ly,
enri chnment section of said continuous nulti-stage

and®skiblation colum B is the tray, 15 6. the process
according to item5, wherein said tray is a sieve

4. lﬁéé’rroc@sst Becerdingsto éﬁ?oéﬁértﬂ‘ #enis anecP3, WIRIiin the

said sieve tray has 150 1200 holes / n2 in a sieve

mtei‘i’%lt |'n°8aEHe:51eﬂ'f s?ﬁg%ﬁ'lﬁé ogleﬁhgoﬂ‘gé eﬁﬁﬁﬁ\rﬁéht sBeltidn of

a range O € process

o SEGRI s Ry B 8 Bfeb e 1r o

thereof, and the cross-sectional area per hole is in
packingange of from0.7 to 4 cn2, 9. the process accordi ng

to any one of itens 6 to 8, wherein said siev
5. the process according to item 4, wherein the mternal in each of the

stripping section and the enrichment section of said continuous
multi-stage distillation column B is the tray,

6. the process according to item 5, wherein said tray is a sieve tray,

7. the process ac.cording to item 6, wherein said sieve tray has 150 to
1200 holes / m? in a sieve portion thereof, and a cross-sectional area per
hole is in a range of from 0.5 to 5 cm?,

8. the process according to item 6 or 7, wherein said sieve tray has 200
to 1100 holes / m? in said sieve portion thereof, and the cross-sectional
area per hole is in a range of from 0.7 to 4 cm?,

9. the process according to any one of items 6 to 8, wherein said sieve
tray has 250 to 1000 holes / m? in said sieve portion thereof, and the
cross-sectional area per hole is in a range of from 0.9 to 3 cm?,

10. the process according to any one of items 1 to 9, wherein said

continuous multi-stage distillation column B has a column bottom
9
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O to 1000 holes / nR in said sieve portion
AOS@Eeré%?RA d the <cross-sectional area per hole is in

a range of from0.9 to 3 cn2, 25 10. the process
according to any one of itens 1 to 9, wherein said
continuous multi-stage distillation colum B has a

temﬁ@'réﬂﬁebm hord %QMMPTSOWQSQW@MWG in a range

of from 150 to 50 C, . the process according to any
t
T e ) N

nara ff to 5,5 1 thepr cess
ool ﬁﬁﬁt'a&w ﬂrﬁéﬂbﬁ%?a@um? hasafefiicratio in a range
concentration of the dialkyl carbonate in said colum
of figyp(Q %’ponent BB is not |ess than 97 % by wei ght
based on 100 % by wei ght of said  colum bottom .
12. cdhgopegcess according be any aesoetiitegns d tmylloweherein a
items 1 to 12, wherein a 10 concentration of the :
condéatﬂa,tlorcarflibeadiamyl sarbbratesim shod tcariumronpottorh cdponent
is not |less than 99 % by wei ght based on 100 % by

Bp isenghlesy tisah @7 9% |byweight baseBANTD0 % Iy weight of said
process according to any one of itenms | to 13, vvhere| n

cohﬁnncp@ﬁgm cdm©@oneht,t he dial kyl carbonate in said

col um bot tom'conponent 15 BB is not |ess than 99.9 %

13. byt %%Ee?& ‘?:@.093#9?0@#%0\“@ prte%sslaWﬂ[C%HgPem a

conponent rocess accordlng o an
n .
°°ﬂ§%ﬂ?fﬁr°awat§& i@issf&am%@ SR P, SRR EPmponent
the djal k e and, the di ol 0 t he process
Bs iacot I85%Ren 48, Toy WEIgbbhgsed ghiE00 e meight of said
cyclic carbonate conprises ethyl ene carbonate and / or
colymapyolnm commponand, the aliphatic nonohydric al coho

conpri ses nethanol and / or
14. the process according to any one of items 1 to 13, wherein a

concentration of the dialkyl carbonate in said column bottom component
Bg is not less than 99.9 % by weight based on 100 % by weight of said
column bottom component,
15. the process according to any one of itemé 1 to 14, wherein said
column top component By is recycled as a starting materiai for producing
the dialkyl carbonate and the diol,
16. the process according to any one of items 1 to 15, wherein the
cyclic carbonate comprises ethylene carbonate and / or propylene
carbonate, the aliphatic monohydric alcohol comprises methanol and / or
ethanol, and the dialkyl carbonate to be separated out comprises
dimethyl carbonate and / or diethyl carbonate.

Further, according to the second aspect of the present invention,

there are provided:
10
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' %?ci nd the dial kyl carbonate to be separated out
AOS@J iglg%ﬂ di met hyl carbonate and / or diethyl

carbonate. 25 Further, according to the second aspect
of the present invention, there are provided: 10
A0501 VP71/KAN 17. a dial kyl carbonate separated out

17. by HikDI eapSSnats SePdiatéd clvby eRe proddsyacéoldinkto any
whi ch conprises a halogen content of not nore than

one BERE 118,16, Witph e MPLRAT At SRERITLEREN, gPhdtiore than
0.1 corrrrpri ses a hal ogen content of not nore than 1 ppb,
1 BBMt he di al kyl carbonate according to item 17 or 18,

whi opprises . an aliphatic non dric al cohol .

18. caniHkybRarBonats Sanaipied puf By thkdpiaess §etording to any
Furthernore, according to the third aspect of the

one mfditems i teehbi whichieempriges priatogan coptent of not more than
continuous nulti-stage distillation colum being a

1 pptonti nuous nulti-stage distillation colum B for
subjecting a low boiling point reaction mxture AT

19. CqQhkadialkgl eaibosaredcdbading tetemntl orat8l whidb comprises
al i phati c nonohydric al cohol to separation by

an atﬂlug&a liéaﬁbﬁahyam Aot siéonteiit GOABPATHie BHaRD/1N% by

al 1 phati c"nonohydric al cohol as a nain conponent
wei%ﬁ?re(’f and a col um bottom conponent BB having the
ial kyl carbonate as a main conponent thereof, the

oo FAPSHR8BoRBharE, L7 foe it A pELL AT R2p BESEnt invention,

al i phati c. ppnohydric al cohol as starting material s,
thergog ?MBM&D feeding the starting materials into a
continuous nmulti-stage distillation colum A in which
20. a epgansis multiasiage distilation: colsumn heiggoatcontinuous
mul’:i?sat(;tg,levgistillation column B for subjecting a low hoiling point
reaction mixture At containing a produced dialkyl carbonate and an
aliphatic monohydric alcohcﬂ to separation by distillation into a column
top component By having the aliphatic monohydric alcohol as a main
component thereof and a column bottom component Bg having the dialkyi
carbonate as a main component thereof, the low boiling point reaction
mixture At having been obtained by taking a cyclic carbonate and the
aliphatic monohydric alcohol as starting materials, continuously feeding
the starting materials into a continuous multi-stage distillation column A
in which a homogeneous catalyst is present, carrying out reactive
distillation in the column A, continuously withdrawing a high boiling point_

reaction mixture Ag containing a produced diol from a lower portion of the

column in a liquid form, and continuously withdrawing the low boiling

point reaction mixture Ay from an upper portion of the column in a
11
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| ShL ,On in the colum A continuously w thdraw ng
A05(gi ﬁFZﬂ I'ling point reaction mxture AB containing a
produced diol froma |lower portion of the 25 colum in
aliquid form and continuously w thdrawi ng the | ow
boiling point reaction mxture AT from an upper
gasf@ué ifQ ofwﬁgpelﬁol um in a 11 A0501 VP71/ KAN gaseous
or érein said continuous nulti-stage distillation

el %ﬁ?ﬁﬁé“ge'ﬁ“-'ﬁsﬁﬁébeﬂ%ﬂﬂ@%f@”ﬁ‘s i

an A 'enweggm AViriE el B P hy (s A ie oz, diamater D.
i nsi de di anet er (cm and an internal W|th a nunber

(cmpansk %@égtmﬂlﬁéftbl %ﬂ%beﬁk@rﬂﬁﬂe@lm thereinside; a
and n2 satisfy the followng fornulae (1) to (8) 500
L1 & epozhment s@ctiamn baving Gotergdh L2 (cm). an imgide dmmeter
(3) 10 <_nl < 40 (4) 700 <_ L2 <_ 5000 (5)
Dz (e)2aB0Gr{ tnterhal AHtR/DAaniide ¢f sdages3t, therainSide,0
(8), 21. the continuous nulti-stage distillation
colwRar&igces db 0|_t , dhd nvhitpdfy thle féllowirdg foFhulae (1
nl, L2, D2, d qgn%b 2 n2 safisfy 800 <_ L1 iﬂgzsoo (M
to ( 0 < D1 5800 55L1/ D1 20, 13 5 n1 5 25, 1500 5
253500 70 5 D2 20 5 600, 15 < L2/ D2 5 30, 40
n2 < L d D2 < D1, 22. t conti nuous
mul ti-st a%‘t&dgr Eﬂl%pgﬁ on col um accordl(ﬁ to item 20
or 21, wh in_the internal in each of e stripping
section a P s 10[3 (Esl

2<Ly/Dy<30 (3)
10 < ny1 <40 ' (4)
700 < Ly < 5000 (5)
50 < Dy < 800 (6)
10 <L,/ Dz <50 (7), and
35 <ny <100 (8),

21. the continuous multi-stage distillation column according to item 20,
wherein L4, Dy, L1 / Dy, nq, L2, D2, L2/ D2, and nz satisfy 800 < Ls < 25-00,
120<D,<800,5<L,/Dy<20,13<ny<25, 1500 < L; < 3500, 70 < D;
<600,156<L,/D;<30,40<n2<70, L1 <Lz and Dz < Dy,

22. the continuous multi-stage distillation column according to item 20
or 21, wherein the ihternal in each of the stripping section and the
enrichment section is a tray and / or a packing,

23. the continuous multi-stage distillation column according to item 22,
wherein the internal in each of the stripping section and the enrichment

section is the tray,

12
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AOSQ%%IBZW section is a tray and / or a packing, 23.

uous nulti-stage distillation colum
according to item22, 25 wherein the internal in each
of the stripping section and the enrichnment section
is the tray, 12 A0501 VP71/KAN 24. the continuous

24. "Hd lcoHiffifo dﬁ'% ?ﬁhiti @iéﬁgIdéglelﬂgﬂgﬁ&ggﬂhﬂgaéébn‘dlﬁg‘ tdditem 23,

erern sal he cont | huous
e tyl col um according to item 24,
Whe\mer%?'ﬁlt@%lyd' 8"? t5§9’has 150 to 1200 holes / n2 in

a sieve portion 5 th eof. d.a cross-section e
25. pifie ontmuous TultiAgaseishat@ncofimh arecrine Yo, fem 24,
continuous multi-stage dlstlllatlon col ym accor di
whetejni said sievetrapshaghth@ita 1200 holesd M av\sarﬁslgvzobg
1100 holes / n2 in said sieve portion thereof, and
thereb® andss csessisectionakaramparchele is im aarangg@fdrom 0.5 to 5
fromO0.7 to 4 cn2, 27. the continuous multi-stage
em?distillation colum according to any one of itens 24
to 26, wherein said sieve trays has 250 to 1000 hol es

I tRE ddhtlﬁ@bgs%ﬁl’t?-s@é’gé'dl@tﬂl'&@foﬁpf:ohﬂh@\ éb@ordm to item 24

cross-sectional area p hole is in a range of rom

or 29 a\fﬁé’re% i\édi‘.f% E‘Wﬁé"ﬂ)dﬁté Sl ﬁfoléé“l‘?ﬂg'lﬁrhﬁﬁ sieve

enen ng t e pres I nvention, using a sin

por b8t 80 0 B AGENEA T e of

car bongl apd an al i phatic nonohydric al cohol that 20
fromhQs7 deeh M'oduced t hrough a reactive distillation
process of taking a cyclic carbonate and the
27. atheeontinuoustpulii-stagedhistilladion selumg ageeeding to any one
continuously feeding the starting materials into a
of itenvg 2auttu26, wherein said sieve trays has 250 to 1000 holes / m?
said sieve portion thereof, and the cross-sectional area per hole is in a

range of from 0.9 to 3 cm?.

Advantageorus Effects of Invention

By implementing the present invention, using a single distillation
column B on a low boiling point reaction mixture At containing a large
amount of a dialky! carbonate and an aliphatic monohydric alcohol that
has been produced through a reactive distillation process of taking a
cyclic carbonate and the aliphatic monohydric alcohol as starting
materials, continuously feeding the starting materials into a continuous
multi-stage distillation column A in which a homogeneous catalyst is

present, and carrying out reaction and distillation simultaneously in the

column, separation by distillation can be carried out into a column top

component Bt having the aliphatic monohydric alcohol as a main
‘ 13



j e distillation colum A in which a
AOS%M s catalyst is present, and carryi ng out

reaction and distillation simultaneously in the 25
col um, separation by distillation can be carried out
into a colum top conponent BT having the aliphatic

comPpoHdititheredl @itPh SslutnAtdttdm BBE{BONEﬁtlB%%vié\g the dialkyl

conmponent thereof and a col utm bottom conponent

[ ng Cal . . 0 _

cartlfidigtat F iy (mpARRCIRBASELET G SOPRALHGed period of

. indust.rially. Y en. di cifi

time, Bl . TR el B i L A S B ARhGrstys and
t he di al kyl .carbonate to be 5 separat.e ut

procgis fabeleinerpanciimand Snablsine.diaid tarfonateto be
than 2 ton / hr stably for a prolonged period of tine

sepaeatgd aut byedistillation dv@n pmeunt pf efes exaple; naddess than 2
t han 3000 hours, nore preferably not | ess than 5000

ton hbwrstably foBai pfolDaged periad of timavieng. RoGlessithaan1000

exanpl e of schematic view of a continuous nulti-stage

houfl spréferhbhnnotliess tRaho3000rkyiry moretpreferaishnnot less than
invention, trays (not shown in FIG 1) being

5000é@#d)ed as internals in each of a stripping section
and an ‘enrichnent section in a trunk portion of the 15
continuous multi-stage distillation colum B.
Description of Reference Nunmerals: 1: gas outlet; 2:

L liquid.outlet: .3-a.t0 3-c and 4: inlet; LI: length

B”eﬁrﬂﬁscﬁsﬁgﬂﬁgfsﬁﬂ&”ggcti on of the continuous

mul tj-stage distillatign colu B;, 20.L2: length (cm

of Bl tiven sxarmpfeof schamab b et agepfindions.

distillation colum B; DI1: inside dianeter (cm of ,
multitstags distitationcadumn Befevparmiagowuthe pseagat invention,

distillation colum B; D2: inside diameter (cm of
traysniriathsteownoin Fh8. dyrbeingoimstalledi asintgrndistinl¢ach of a
-~ colum B. 25 Best Mdde for Carrying Qut the Invention
stripping section and an enrichment section in a trunk portion of the

continuous multi-stage distillation column B.

Description of Reference Numerals:

1: gas outlet; 2: liquid outlet; 3-a to 3-c and 4: inlet; Ls: length (cm)
of stripping section of the continuous multi-stage distillation.column B;
L2: length (cm) of enrichment section of the continuous muiti-stage
distillation column B; D1: inside diameter (cm) of stripping section of
the continuous multi-sfage distillation column B; D2: inside diameter

(cm) of enrichment of the continuous multi-stage distillation column B.

Best Mode for Carrying Out the Invention

Following is a detailed description of the present invention.
14
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N S a detailed description of the present
Aosqﬁﬁl\{tm on. 14 A0501 VP71/ KAN The reaction of the

present invention is a reversible equilibrium
transesterification reaction represented by foll ow ng
formula in which a dial kyl carbonate and a diol are

pr qthis edattiom &f e present invehtionnd areversipletequilibrium
monohydric alcohol; R 1 0\C~0 + 2 RBOHY + HO ~

trané}ﬁériﬁl&aﬁon Q'e%@ticg%}_%»%sé(@ed Eg"mfﬁiﬁﬂoﬂn@?maeﬁ??gﬁch a

val ent group - mis an integér from2
oy e BRg, £ b Lr TERRERR 68 SEEy Rk arbonate and an

. group having 1 t Q. .carbon atonms. Mreover, R2

aliptfEs TagAobYaris ABRlRIA alf phati . group having 1 to
12 carbon atons, 10 one or nore of the hydrogens
t hereof being optionally substituted with an al kyl
group B} aryl group having 1 to gg caggon atons. pihe
cycloit ¢ bonat & Rerd asga—tart | ngtgfat eral jnsthe
preséﬁ “invention is a conpound repgresent ed (Aooﬂn
the abgve formula. For exanple, an?%alkylene carbonate
such as ethyl ene carbonate or propylene 15 carbonate,
or 1, i oxacycl o a- 2- one,
1,3-d?%§acyclohepgg¥2-one, or the Fpke can be ®
preferably used, ethylene carbonate or propyl ene
carbgnate being nore preferably used due to ease of

whefgigch TRPRESERLS asbivg{enk gaobphylleHa) b iaAP Kipggr from 2
particularly preferably used. ‘

to 6), one or more of the hydrogens thereof being optionally substituted

with an alkyl group or aryi group having 1 to 10 carbon atoms. Moreover,
R? represents a monovalent aliphatic group having 1 to 12 carbon atoms,
one or more of the hydrogens thereof being optionally substituted with an
alkyl group or aryl group having 1 to 10 carbon atoms. |

The cyclic carbonate used as a starting material in the present

invention is a compound represented by (A) in the above formula. For

-example, an alkylene carbonate such as ethylene carbonate or propyléne

carbonate, or 1,3-dioxacyclohexa-2-one, 1,3-dioxacyclohepta-2-one, or
the like can be preferably used, ethyléne'carbonate or propylene
carbonate being more preferably used due to ease of procurement and
80 on, and ethylene carbonate being particularly preferably used.
Moreover, the aliphatic monohydric alcohol used as the other
starting material is a compound represented by (B) in the above formula.
An aliphatic monochydric alcohol haVing a lower boiling point than that of

the diol produced is used. Although possibly varying depending on the

15
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d\ﬂ: t he aliphatic nonohydric al cohol used as the
AQS ot Er?\‘g{ﬁ@t arting material is a conpound represented

by (B) in the above fornula. An aliphatic nonohydric
al cohol having a lower boiling point than that of the
di ol produced is used. Although possibly varying

typedspPeiélicigliencafisondfe 48ed] evampledNaty thuel mdthanyt,| ethanol,

carbonate used, exanples are thus nethanol, ethanol,
: ' il ¢ | 3(H ,
proddRISSrier3IIEIS) alcihal, FUGHER s Metdp o EARTEAS, amy
[ I [, L t

atoofiol Rprs SR FLGHIR 44 ARSI hep il HeqrlffBhers). ooty
atcohd kv MBS Mo G B AR fsomers),

cycl ohept anol, cycl ooctanol, nethyl cycl opentanol
undecybatnchol @samergs dpdﬁpah@llcqhgﬁﬂﬁpmgrs‘). cyclopentanol,

met hyl cycl ohexanol (isoners), ethylcycl ohexanol
cyclohsxamcd) cydloteptanoic cybbestano]; swthytgyclopentanol

di et hyl cycl ohexanol (isoners), phenyl cycl ohexanol

(isofmersieetiylchelopéntdhall ((sbwiers phrrethiyicyclbbexainol (isomers),
(i somers), phenyl propanol (isonmers), and so on.

ethyggﬁél'&?féﬁrﬁal tifsfferd) | ahabtsyleyerdhiékanob(igonee fs)ay

substituted wth substituents such as hal ogens,
. I % ] |
dioth 5 BhER o Mlers YA LSt e AaHON 87RO, benzy
nitro,.aroups 5 O h Kphat ks
atcajol, RBTe1BiL alchar L bR AR i BEARSHEI LSpmers). and so
tq 6 carbon atons, re preferably al cphqgls having |
on. ; FurtGarmdieatrse anmhaliemangnydeafiomols Bayoe
(i somers), and butanol (isoners). In the case of
substifutgdewithl substitvenissuchraph@lgoens. ewepsHKkPXY Aroups,
the cyclic carbonate, preferable aliphatic nonohydric
cyar0 grioupsolaikaxycaehonpbgreunps cangoxycarkonyhgroupsn@cyloxy
particularly preferable. In the process according to
groliipe, andssibto grgapsi on, a
Of such aliphatic monohydric alcohols, ones preferably used are
alcohols having 1 to 6 carbon atoms, more preferably alcohols having 1
to 4 carbon atoms, i.e. methanol, ethanol, propanol (isomers), and
butanol (isomers). In the case of using ethylene carbonate or propylene
carbonate as the cyclic carbonate, preferable aliphatic monohydric
alcohols are methanol and ethanol, methano! being particularly
preferable.
In the process according to the present invention, a
homogeneous catalyst is made to be present in the reactive distillation

column A. The method of making the homogeneous catalyst be present

may be any method, but it is preferable to feed the catalyst into the

reactive distillation column A continuously so as to make the catalyst be
16
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d]pqp s catalyst is nmade to be present in the

Aosreactgiefve istillation colum A The nethod of making
t he honbgeneous catal yst be present 25 nmay be any
method, but it is preferable to feed the catalyst into
the reactive distillation colum A continuously so as

presehtThkE lidiidGehasesh the rddctive Hisiifalioh boimaent in

a liquid phase in the reactive distillation colum A

In Ibhﬁneceﬁﬁﬁtt?agdg th%ehsﬂqw&ﬂédﬁhyéﬁﬁs +§ntinuous|y fed into

conti nuous Into reactive stillation
ol umm_A. I.he,. I '
the {EeHe Qigfil§BRCBAGRARLE G BiokiboaRb oI a3yt may be fed
., aliphati nohydr.i c 5, al cohol r be fed.in at .
in tagether omith hs EVelic GaTpRELE A1d APilie Alighatic mghoRydric
reaction actually proceeds in the distillation colum
alcohoil nos mayikm feddnaat artifiesent ingsitionde the skarting materials.
catalyst is fed in, and hence it is preferable to .
Thefreattidre actwally stroceedsain the distitatioancelumndy infa region
columm and the position(s) at which the starting

belowtkei positivoreat ethich. theDcatelystliglifgdtinnarid henwecidst
in at least 5 stages, preferably at |east 7 stages,

preféPaBlPt&feeabine ahtal§aslint aslerfieh bétwéba that Rip of the
used in the present invention, any of various

col U 1 PRGSO 1 Mtahtny o B £
TheSGhbAE U P4l eRRghub Bt St s LTI gy et

barium basic conpounds of alkali netals and al kal i ne
Stag@éht’ﬁoﬁﬁt%rlege&%'egpagge?%{lpo%?,g%dr oxi des, al koxi des,
aryl oxi des, and am des; 20 basic conmpounds of alkal |
metAs $hgneatalyal usedeiay the peespst dnvantias, abhehyasous
bi carbonates, and organic acid salts; tertiary am nes
catalysts keowr étam| Eibheto can he yised. neExamplesyobthecatalyst

include;

alkali metals and alkaline earth metals such as Iithium, sodium,
potassium, rubidium, cesium, magnesium, calcium, strontium, and
barium;

basic compounds of alkali metals and alkaline earth metals such
as hydrides, hydroxides, alkoxides, aryloxides, and amides;

basic compounds of alkali metals and alkaline earth metals such
as carbonates, bicarbonates, and organic acid salts;

tertiary amines such as triethylaminé, tributylamine, trihexylamine,
and benzyldiethylamine;

nitrogen-containing heteroaromatic compounds such as

N-alkylpyrroles, N-alkylindoles, oxazoles, N-alkylimidazoles,

N-alkylpyrazoles, oxadiazoles, pyridine, alkylpyridines, quinoline,
17
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di et hyl am ne; nitrogen-contai ni ng
AOS(ﬂyFe’?Z tic conpounds such as 25 N-al kyl pyrrol es,

N-al kyl i ndol es, oxazol es, N-al kyli m dazol es,
N- al kyl pyrazol es, oxadi azol es, pyridine,
al kyl pyridi nes, quinoline, 17 A0501 VP71/ KAN

alkyﬁiLhMbﬁHb%‘)'lsa&ﬁ|ndlmuhr@|i§3ﬁ1umbhh|elss<§vﬂdihlel flRylacridines,
acridine, al kyl acridines,” phenanthroline,

pheﬁérlﬁﬂrB'i‘iﬁ%a'%f Egﬁiﬂé}?&ntrﬂlﬁhh@s‘j' imfding, 3&1kylﬂﬂ4:rﬂ?§mes,

pyrazi ne razines, tri I Nes,

pyragiy D%I'{sﬁébseﬁ?&s%éﬁba%ﬂﬁ%déﬂﬁsawazoe. 8c ononene

(DB t hal,l.j um conpound [ium oxide,
{ navlinamidinas SUChas fazo blrorielaaecatl (BB and
_ carbonate, thalliumnitrate, thaI liumsul fate, and
diazohigy¢lomomenen(OBM d salts: tin compounds such as
tributyl methoxytin, tri butyl et hoxytin, 10
di nbauimmmqunds sdnht@gltbaﬁmmwxide,. thallium halides,
di but yl di et hoxytin, dibutyl phenoxyti n,

thalltimphepg Foeide thalilumdt ationate) thatliatrenitratéyuthallium sulfate,
chloride, and tin 2-ethyl hexanoate; zinc conpounds

and $HEN| A% GigEnieoxeiai 8its di et hoxyzi nc, _
et hyl enedi‘oxyzi nc, and di butoxyzinc; 15 al um num

CONRPURATH SHh sas%éﬂ W ﬁiﬁﬂt{w{m et EQytlﬂ?égmaﬁ%Hin,

tri sopropOX| e, and alumn oXi

. h th t :
aiouf gREEtBGIR, RN b Taoxtin,
] i chl or odi et titani tetrai so ni.u
d'bugvmwmt Jirenvie ol aButyRit Bestate. Wistyitin
phosphor us conpounds such as trlnethylphosphlne
CthﬂdeetmlW pitoZpatdhexaineate] phosphi ne,
triphenyl phosphine, tributyl methyl phosphoni um
halZidesgompioustds bucpl o dimiedhouye et i dieshoxyzing,
ethylenedioxyzinec, and dibutoxyzing;
aluminum compounds such as aluminum trimethoxide, aluminum
triisopropoxide, and aluminum tributoxide;
titanium compounds such as tetramethoxytitanium,
tetraethoxytitanium, tetrabutoxytitanium, dichlorodimethoxytitanium,
tetraisopropoxytitanium, titanium acetate, and titanium acetylacetonate;
phosphorus compounds such as trimethylphosphine,
triethylphosphine, tributylphosphine, triphenylphosphine,
tributyimethyiphosphonium halides, trioctylbutylphosphonium halides,
and triphenylmethyiphosphenium halides;

zirconium compounds such as zirconium halides, zirconium

acetylacetonate, zirconium alkoxides, and zirconium acetate;

lead and lead-containing compounds, for example lead oxides
18
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‘ Agsoil%dﬁggenyl nmet hyl phosphonl um hal i des; zi r_coni um

such as zirconium halides, zirconium 25
acetyl acetonate, zirconi um al koxi des and zirconi um
acetate; |ead and | ead-cont ai ni ng conpounds, for
exanpl e | ead oxides 18 NI F A0501 VP71/ KAN such as

such%@pbltbopbb@%daﬁ@waokead sul fides such as PbS,
b2S3, and | ead hydrOX| des such as Pb(0-|)2

pl u%?&qﬁ%ugﬁgb%%hb@%ggﬁ@ %‘) and
szwgﬁgmﬁgﬁeﬁ?&%ﬂ%ﬁﬁﬁé%ﬁﬁ%’bﬁéggf‘ﬁﬁ%ﬁ)z],

_ égr es and basic salts thereof such as PbCO8 and
and Bby OH) 2; 10 al koxyl ead conpounds and aryl oxyl ead

Poppites: sich &8 Nazbr yKaPb Oae NP R ARBORHPRO:

and basic salts thereof, such as Pb(

PbplOCOBEBSS & S unidasHy asPaR) mmmmm. &zgﬁzéb,etid[Pb(OH)e]

conpounds such as Bu4Pb, Ph4Pb, Bu3PbCl, Ph3PbBr, 15
KsPb3RDapPb O &) CaPb@RbOH, and Ph2PbO (V\,herei n Bu

represents a butyl group, and Ph represents a phenyl

g 4HY carBafatés %\fﬁd pagic aalfothére dseh a8oPBELO; and

Pb-Sn, and Pb-Sb; lead mnerals such as gal ena and

e, and hydrates of such |ead corrpounds 20
2Pb¢93tq?1§ (ga & that the conmpound used di ssolves in a

e g S A oS as

Pb(OCHs)2, (CH30)Pb(OPh), and Pb(OPh)a;

lead salts of organic acids, and carbonates and basic salts thereof,
such as P'b'(OCOCHa)z, Pb(OCOCHS3)4, and Pb(OCOCH3)2-PbO-3H20;

organolead compounds such as BusPb, PhsPb, BusPbCl, PhsPbBr,
PhsPb (or PhsPbs), BusPbOH, and Ph,PbO (wherein Bu represents a
butyl group, and Ph represents a phenyl group);

lead alloys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, and Pb-Sb; lead
minerals such as galena and zinc blende; and

hydrates of such lead compounds.

In the case that the compound used dissolves in a starting
material of the reaction, the reaction mixture, a reaction by-product or
the like, the compound can be used as the homogeneous catalyst as is.
Alternatively, it is also preferable to use, as the homogeneous catalyst, a
mixture obtained by dissolving a compound as above in a starting
material of the reaction, the reaction mixture, a reaction by-product or

the like in advance, or by reacting to bring about dissolution.
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[ t he conpound can be used as the honpbgeneous
Aosoi:g?zj“!)gt&]‘as is. Alternatively, it is also preferable

to use, as the honbgeneous catalyst, a mxture
obt ai ned by di ssolving a conpound as above in a
starting 25 material of the reaction, the reaction

M XhUWRouht'sRfd eatdyseiuaddin the preadntkaviention varies
advance, or by reacting to bring about dissolution. 19

depefap@i@% e thﬁlé'\bﬁhé‘.'@é‘fﬁfy fuddlf Kt & p%"néfﬁﬁ iig][‘a:r%g\ge of

I'nve on varies ependi'ng on f'he typ
from 57830174, 5855k alshug 1S5 AMy o Po0RE 8100 KBy etont

% by wej ght, re preferably fr 0.01 to 10.%b
more,raferabfie iiom ot [ 3079 Bitweldit asa piprrtian b dhe total
_cyclic carbonate and the aliphatic nonohydric al cohol .
welghéaf ithe exclimeasbanate@nehthe iddiphatigmenahydrig alcohol fed in
particular limtations on the nethod of continuously
as thieestéirtiggt mateyidlsc carbonate and the aliphatic
nmonohydri c al cohol into a continuous nulti-stage

di Fheeré atreono qrdndivular ¢ionithtibnsi oy theemethoti ofecdftinuously
distillation colum in the present invention; any

feedifn%eﬂié‘&tyﬁﬁbr@é’rﬂmkt@?and%‘é SAphafid Moridiydri6ldlsohol into a

carbonafe and the aliphatic nonohydric alcohol can

be
contifgdus MAaD fe%ﬁa%@@h ighY Iyinf‘n A ESHEHE\J@&%?E\%%H%

st'ages, pre at leas st ages, nore y
. al..l east, 10 S of .t .stil]ati
distitfftion i1ufn. T I8 araskinsneditn 98k 188alfy Sl may be
nonohydri c al cohgl can be continyously .fed in froma
used 30, IPRIcAS il Sarbenate And the aliphatic moneh¥ddss
mul ti-stage distillation colum A satisfying the
alcohelnea ribsh nade 4o eeatanttheceatalyst iy & regine of ad|least 5
carbonate and the aliphatic nonohydric al cohol may be
stagest poefecably at deabt 7sstages, angerefpreferabiy at laasbn0 stages,
colum, or may be introduced into 20 different stages .
of theddistilatiodt betumn A. That is, the cyclic carbonate and the
aliphatic monohydric alcohol can be continuously fed in from a required
number of inlets in stages of the continuous multi-stage distillation
column A satisfying the conditions described earlier. Moreover, the
cyclic carbonate and the aliphatic monohydric alcohol may be introduced
into the same stage of the distillation cblumn, or may be introduced into
different stages to one another.

The starting materials are fed continuously into the distillation
column A'in a liquid form, in a gaseous form, or as a mixture of a liquid
and a gas. Other than feeding the starting materials into the distillation
column A in this way, it is also preferable to additiona!ly feed in a

gaseous starting material intermittently or continuously from a lower

portion of the distillation column A. Moreover, another preferable
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L,ng materials are fed contlnuously into the
AOSDEFQI[’?E%I on colum Ainaliquid form in a gaseous

form or as a mxture of aliquid and a gas. O her
than feeding the starting materials into the
distillation colum Ain this way, it is also

metiS & i€ Al ﬁmtvﬂ"n%ﬂdiﬁé egehbycatrﬁ%dta iR 5nHAEBYLYy fed in a liguid

sartlng material Intérmttentl y or contlnuouslyfrom

e

e L CE A RL C

into a sta ofthe dlstlll thn col umm ?‘S 8
monghygele alcaliplcls eoBtinHOHS). eddnA gasqous, Thrand / or a

al i phatic nonohydric alcohol is continuously fed in a
liquigafesouénticothe dower portiorsof ithei distiblatiameeluma. | olethis case,

portion of the distillation colum. In this case, the
the cyclic catbhohatetmayef course coataimtlze alighatic inpdnaohyd ric

nmonohydric alcohol. In the present invention, the
alcohbfrting materials fed in may contain the product

di al kyl car bonate and / or diol. The content thereof

|s, f [ tai
S pERLREIShANh, e Ao BLENal fed o ray contan

the é\gchlﬁ?ti/ Ewkggpggﬁgﬁ%gngf;ffggkﬁggg tl’fh%rrbgn‘ct-‘:’r‘gtzﬂhe/i’etlﬁ‘ is, for
the sy F?Fgéag ns@aemfvf?'a@ Shige; & fPRE O it 40, %, BY Weight,
generally in a range o romO to 10 %

prefsf%lpkyr oy G 1930 Y by; weight, Uv%.wef%%wvﬁsﬂwewa%% by

fromO to 5 %by weight, in terns of the percentage
weight, indernts pfdheipsrcentape by mass ofrihendialky! @rabbonate in the
m xture. \Wen carrying out the present reaction
aliphatioshonabhydridbetiales! f dislkyt garbonate miduee aadd/ispffor the
al i phati c nonohydric al cohol newy introduced into

d’°'Eg‘?gc‘?ﬁgﬁg"gnﬁf/ﬁg?%gﬁ’ﬁ? gd|> I1h]i% by W@@gﬁvgbreferably from 0
phati ¢ nonohydr i
to 73%CHY Weightd MGt prefRIABIP FrdMEh @81 5 B Y Welght, in terms of
the percentage by mass of the diol in the cyclic carbonate / diol mixture.
When carrying out the present reaction industrially, besides fresh
cyclic carbonate and / or aliphatic monohydric alcohol newly introduced
into the reaction system, material having the cyclic carbonate and / or
the aliphatic monohydric alcohol as a main component thereof recovered
from this process and / or another process can also be preferably used
for the starting materials. It is an excellent characteristic feature of the
present invention that this is possible. An example of another process
is a process in which a diaryl carbonate is produced from a dialkyl

carbonate and an aromatic monohydroxy compound, the aliphatic

monohydric alcohol being by-produced in this process and recovered.
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Aosif@ézﬁ LSy Process and / or another process can al so be

r used for the starting materials. It is an
excel l ent characteristic feature of the present
invention that this is possible. An exanple of another
process is a process in which a diaryl carbonate is

The PéEQV%?é’dfty%?radgic@g&é’iti%ﬁgtiﬁ%w(ﬁri’é‘@l@é‘hé[ §8ReEraily often

nonohydr ox onpoun e aliphati nonohydri C

con R8P SRS, ST BT Ry comsouna.
- ' [ h ' | cohol I

oy BBl S B AS TR Sn RS BBt or n
oy Lk Gt TRt BasAin R . o W poauces

carbonate, the diaryl carbonate and so on. The o
aliphaticmodnobydsicablqahnli mayohehysed @siscorA shafting material in
as is as a starting material in the present

the preseni dverntionppr waydasl used s theastartiggmiaderial after
after anount of contained material having a higher

amokipit dfMSoREiREd! et hRfingtd highepbdilig Paiait tHancthat of

al cohol has been reduced through distillatiton or the

the %ﬁbﬁﬁéi%ﬁp@cﬁ'ﬁyﬁc Acoh6| hasCBEEA d&@iﬁf&%ﬂ digBHation or

invention i s one produced through
the ﬁggction bet ween, for exanple, an al kyl ene oxide such
et hyl ene oxi de, propyl ene oxide or styrene oxide

and carbon di oxide; a cyclic carbonate contai ning

smal | anmounts of these 15 raw material conpounds or

the |ike my be used as a starting material in the

pr dMereovateaqysiic carbonrate ES%fﬂr&Mwmeﬁm the pygsgnt

bet ween the anmobunts of the cyclic carbonate and the
inventiqgrhis ionenpnotivded thabughotedation hedween, risscexample, an

distillation colum varies according to the type and
alkytemersxide $beh 23 ethyleest oxide cptopylenat akidet onsdytéree oxide

reaction conditions, but a nolar ratio

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
carbonate and the aliphatic monohydric alcohol fed into the reactive
distillation column varies according to the type and amount of the
transesterification catalyst and the reaction conditions, but_a molar ratio
of the aliphatic monohydric alcohol to the cyclib carbonate fed in is
generally in a range of from 0.01 to 1000 times. To increase the cyclic
carbonate conversion, it is preferable to feed in the aliphatic monohydric
alcohol in an excess of at least 2 times the number of mols of the cyclic

carbonate, but if the amount of the aliphatic monohydric alcohol used is

too great, then it is necessary to make the apparatus larger. For such
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f phatic nonohydric al cohol to the cyclic
AOSd)I YEggg%Nf ed inis generally in a range of fromO. 01

to 1000 tines. To increase the cyclic carbonate
conversion, it is preferable to feed in the aliphatic
nmonohydric alcohol in an excess of at |east 2 tines

reasﬁ?ﬁs WabRio18F rAlbSoPthé RRiphatic endRoRfdkienaicehditb iHe cyclic
he amobunt of the aliphatic nonohydric al cohol used is

S FaMERY ' G 20 e pmatgty vom
o 153&'9 ook T e BN, ARG s ynroncied

eyells; cREbaBAYe rBBIAIBS: dhep. the, kireppisd cybfic, fiyonate may react

unreacted cyclic carbonate remains, then the
withithepeeduct dioli to byrproduee aligarages sych ag a dimer or a trimer,
product diol to by-produce oligoners such as a dimer
and drerece iin imd ustriabirhpleraeintatiooudt is preferpbledairaduge the
it is preferable to reduce the anpbunt of unreacted

amotitl o upredorEi eytHoadavbehate ramhiringpas snoch. ad passible.
process of the present i nvention, even if the above

In tH®pRbckaski ¢¥ the g@@&eﬁ?ﬁﬁvéﬁﬂﬂnl‘évérhﬁ gychbeveamaniatio is

conversi on can made to be not 10 |l-ess than 98%

vot G0 1018l 6720 P pEe B T4 ) Y Rlad €35 bo not
e g e T

r bopat S conti nuousl r Qduc be s ted
than, @ -88-og s Gna e chatacier Sha frafiie Gt s bréseft
continuous multi-stage distillation colum B; the
invefti®hum anount of the cyclic carbonate conti nuousl y
fed into achieve this is generally 2.2 Pton / hr,
pr efirethedipregent inventionhpreferabdypnet esmtiyan Dten t/awr of the
I hr, based on the amount P (ton / hr) of the dialkyl

dialkgl barsoRate ideontiimesly produced towe spbjéetebte the

case, this 20 ampbunt can be nade to be less than 1.9 P
sep&Pé‘tiéany distillation in use of the continuous multi-stage distillation
column B; the minimum amount of the cyclic carbonate continuously fed
in to achieve this is generally 2.2 P ton / hr, preferably 2.1 Pton/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 mor'e.preferabie case, this
amount can be made to be less than 1.9 P ton / hr.

There are no particular limitations on the continuous multi-stage
distillation column A for carrying out the reactive distillation process in
the present invention, but the continuous multi-stage distillation column A
must be a continuous multi-stage distillation column that enables not only

distillation but also reaction to be carried out at the same time so as to

be able to produce preferably not less than 2 ton / hr of the dialkyl
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Aosoiulwﬁmno particular limtations on the continuous
distillation colum A for carrying out
the reactive distillation process in the present
i nvention, but the continuous nmulti-stage distillation
colum A nust be a continuous nulti-stage

carb8haté %lﬁi J o [ﬁt‘ﬁfég?‘b?“ﬁbt ‘Pé‘é’é"tﬁﬁnnﬁtS £80 Y moof the dlof stably

distillation reaction to be carried out

t be able to produce preferabl y
for an@'&‘ﬁ@g’?d:hgﬁ@o?ﬁm}ghr of the dialkyl 23 A0501

VP71/ KAN car bgnat e nd / f er abl .
1 i the brade ARy i thE gBFfc GefBohalf andddg siPnatic
erlod of tine. In the present inventj the cycglic .
m°"8ﬁ¥ﬁﬂﬁa@'§° &trﬁetaehquﬁ& start 'HSnWEF'@gSat%ﬁGF}/tHFQ mate”a's
taken as starting materials, the starting materials
are cgnfinwaushufad igta the ioantinueuse snulthsbage rdjstlila:ttcageolumn A
distillation colum A in which the honbgeneous
in whighalhes honsogeneeus, catadyst isecpdesent,| eactive distidatioads
out in the colum A a high boiling point reaction

carrigdXéut i ARe clnhen W, NG hig RIssiliagdpint! rdsctiomimitars |As
wi t hdrawn froma | ower portion of the columm Ain a

contbirﬁH%[da ‘:gﬁbﬂhc%%ddﬂaﬂ |€V¥:$’f9!nbhﬁﬂsﬁ{2\rm. 'fPé‘m"hzijé? bortion

taining a produced dia onate an

of th@! n‘ftﬁléﬁlg %Oh did ordt! & W?fh oW %nltlﬁﬁ‘éb%ﬁlﬁegctmn mixture

n upper’ portion o

eousfor andac nt.i nuQuUS [ ti

Ar cGREinITGA Bﬂaéupﬁw'eﬁw Eadisingte apg; & alipbatismonohydric
boj | i 8 oint reactjon mxture AT to separatlog ﬁ

alcobplis afl.néqu%vmhéwwm reBh aoHPBREMOTHPTATthE galumn A
ali phatic 15 nonohydric al cohol as a main conponent

in a gaspous tatm aasd averdinuaws muitpsiage distilationgcolumn B is
di al kyl carbonate as a main conponent thereof. The

usedctosubjectthellow- BoRigyy giosni feaciion miXture A to s paration by
the present invention nust have a function of

distigpenanitod evlumpetsp aokyponent IBrBARINY the aaliphatic
prescri bed separation efficiency stably for a

, mon@h?ﬂﬂﬁgﬂéoh@ 0 fiRfc Jh@%nferrﬂ"fhﬁrbaf %@Hoéﬁ‘lhn‘?ﬁ bottom

e reaction mxture,
component Bg having the dialkyl carbonate as a main component thereof.

The continuous multi-stage distillation column B used in the
present invention must have a function of separating out the dialkyl
carbonate with a prescribed sepération efficiency stably for a prolonged
period of time from a large amount of the reaction mixture, and various
conditions must be simulténeously satisfied to achieve this.

Specifically, the continuous multi-stage distill_atio_n column B is a
distillation column comprising a stripping section having a length L; (cm),
an inside diameter Dy (cm) and an internal with a number of stages n;
thereinside, and an enrichment se_ction having a length L {cm), an inside

diameter D, (cm) and an internal with a number of stages n, thereinside,
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Aos?ﬁ%ﬂ il nmust be sinmultaneously satisfied to achieve
pecifically, the continuous nulti-stage
distillation colum Bis a distillation colum
conprising a stripping section having a length L,
(cm, an inside dianmeter D, (cm and an internal wth

whezeIheD Qfn Stlagas, Nandh4 stlefmhé%uem gnformulae (1) to (8);
enri chnent sectlon havi ng a | ength n{l

di anet er g)? (@n) il i nt ernal W|th 1urrber of
st ages n2 Re‘rel nsi de, 24 A0501 VP71/ wherein L1,

n1| L a satisfy the follgw ng fornul ae
fOO%% Qd"‘ﬂ&osooo (1) 100 < @ 5°1000 (2)
25L1/ D153 ) 10501540 (4) 700 _< L2 .5 5000 (5)
50 < 2%3@’(‘3) SB L2/ D2 < 50@), and 35 <_
n2 100 (8% 10 It has been discovered that by using
such a coh®?isBous40hul ti-stage distill dd)on col um B
simul taneously satisfying the formulae (1) to (8), a
di al kyl cé@8ohbie< &DDMe separated out @)d purified as
a columm bottom conponent BB at a purity of not |ess

than 97 %0y Bei glB00 on an industri al @I e of
preferably not less than 2 ton / hr stably for a 15

prol ongediges 1 99 pf <& e of, for exan‘plq?, B | ess
t han 1000 hours, preferably not less t g’n 00 hours,

nor e prefgs@ln%l@qbd ess than 5000 hOL@ froma |arge
0] X

amount of a'l 'b0| i ng p0| nt reaction ture AT that

beﬁ@%j?g%g&gpf aé}ﬁgiz aet ﬁg}sldﬁsaﬁdl;' gt Penhﬁ'H&‘rﬂﬁdrl c
muif358:0istibRionciuuan B simbianes sy spisfing herformulae
(1) trt])oza)l,eas“:’iialkyl carbonate can be separated out and purified as a
column bottom component Bg at a purity of not less than 97 % by weight
on an industrial scale of preferably not less than 2 ton / hr stably for a
prolonged period of time of, for example, not less than 1000 hours,
preferably not less than 3000 hours, more preferably not less than 5000
hours from. a large amount of a low boiling paint reaction mixture Ay that
has been produced through reactive distillation between a cyclic
carbonate and an aliphatic monohydric alcohol. Regarding the purity of
the dialky! carbonate separated out, generally a high purity of not less
than 97 % by weight, preferably not less than 9.9 % by weight, can be
easily attained. In the presen’i invention, it is also easy to make the
purity of the dialkyl carbonate obtained as the column bottom component
be-an ultra-high purity of preferably not less than 99.9 % by weight, more

preferably not less than 99.99 % by weight. The reason why it has

become possible to separate out and purify the dialkyl carbonate on an
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by wei ght, preferably not |ess than 99 % by
AOSO‘EAS(@JQ?IZA an be easily attained. In the present
invention, it is also easy to make the purity of the

di al kyl carbonate obtained as the colum bottom
conponent be an ultra-high purity of preferably not

i s P xeRlghit effRER BY iRiterightiign®le process
mdu%t@?ﬁ thaﬁ Vgghgsgl%m )k?y wel gh te The rgalson why |Itg P

of g FRTBFIRGRA BARLEIE B R MRl o
comeif SRR EESLIT e i e BRATTRL B iBaguine 1) o

this i s, supposed to be due to a conposite effect
(8) aEﬁ&%ﬂ "lﬁfgut when the conditions of the formulae (1)
(8) are conbined. 5 Preferable ranges for the
r eepeiara@ée frasgessforn hejsespestivedactars are dasgribpdihelow.
| ess than 500, then the separation efficiency for the
st Hi lpp(cm)slsdbissrthmweﬂsdhenamm sepacatine ejéizdieedy for the
separation efficiency cannot be attained. Moreover,

Stflpﬁﬁtd‘géﬁilgﬂmﬂebf@aw| §ﬁﬁrﬁeﬁ@étthbhdéelredeselparal;¢neeffncnency
desired separation efficiency, L1 nust be nmade to be

cann??%&gt@ﬁgdt h"WIo?QQQer AthRéSppdSW a %qftﬁﬁﬁ%ﬁtoéoétlwhlle

wth 1000 <
secu%@ﬁz% eﬂfécf s'%:ﬁ)‘%{rﬂ@ks?lls'&mélgp%ag.farﬂ\H'stf#eee &QQB 8 pe not

morectian A0 0o & e peetarab |rﬁ39ﬁq€° b Bt s "800 5 L, < 2500

di st IIatlon amount, D1 nust be to be not 15 nore
with 1089 $060< 20GBIREIPGCYR} HIATE PEMEISBI s (0 13 190
<D < 800, with 150 < D, < 60be|n yet nor
pr f Bn o). is fessithamn 0% thess T isanob p@zssgbl@at%attaiarihe

30, then prolonged stable operation becones
desirdid Histillatio” amoeintr efMosddeer, daogkeéprdawn/the eqsiipment cost
L, / D, < 20, with 7 < L, / D, <_ 15 being yet nore

whil®aefARATY the Hedifed distillativn ahfourdn.Di hewst be made to be not
separation efficiency for the

more than 1000. A more preferable range for Dy (cm) is 120 < D4 < 800,

with 150 < D4 < 600 being yet more preferable.

If Ly / D¢ is less than 2 or greater than 30, then prolonged stable
operation becomes difficult. A more preferable range forL,1 /D is 5 <
L./ D4 <20, with 7 < L1/ D¢ £ 15 being yet more preferable.

If ny is less than 10, then the separati'on efficiency for the
stripping section decreases and hence the desired separation efficiency
cannot be attained. Moreover, to keep down the equipment cost while
securing the desired separation efficiency, ny must be made to be not
more than 40. A more preferable range for nq is 13 < n4 £ 25, with 15 <

ny < 20 being yet more preferable.

If L2 (cm) is less than 700, then the separation efficiency for the
26
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' ' j secti on decreases and hence the desired
A050i§ﬁ§fﬂkﬁﬁh efficiency cannot be attained. Moreover,

to keep down the equi pment cost while securing the
desired separation efficiency, nl nust be nade to be
not nore than 40. A nore preferable range for n, is

enriciﬁ”n At %cﬁonzéeci‘)é%éleng5ana5héﬁcé_th%0dé§iraﬂ y@f)af@tr én

pre erab e | ess than 700, then the

efﬂc%ﬁ%‘?ﬁ%‘aﬂpt Blef | ftbﬁ’i‘é& f%o?@&‘ve?ﬁfl@é@é &éﬁﬂhéﬁ!@\'}agglpment

sec I'on décreases henc
ration., etficjency,cannot .be Mo

cost ¥ apctiing the dFsramperasth BififiehEy. s MR e made to
desi red separation_efficienc 2 must be de

be nabmeRs HahAsOOOF UethetapHy .1 18 Brenteroian 800G hen the
5000, then the 5 pressure difference betmeen the top

pressute biffecemes hetwesn the toecandottem gf dhe, ccd#mrhém‘eomes
prol onged stabl e operation beconmes difficult.

too greatpaad, hehcoquuiengedcetabde operadtion desomeas difficult.
tenperature in the lower portion of the colum, and

MoréWbﬁe i beeohfde Inedts seryaeeirdraalse the temperatdrenin ¢he lower
preferable range for L2 (cm) is 1500 s 1-2:5 3500,

portn}?@wt ﬂ?@%o ; an trﬂé%é’@@@d@%%&t%ﬂs BBES $adlatbcoccur.

then it is not possible to

A s SERA T ok BRI B 2000 < L

sired distillation amount, D2 nmust be nade to be not
300‘%%‘"9# @96 M%F%ﬁlﬁreferabl e range for D2 (cnm) is

70 < 600, 15 with 80 < 400 bein nor e
or 6 Declord) 18 [639 hanb0 Jhasi (ARt pessibl tabtiain e
50, then prol onged stable operation becones
desirsd distillation amoainir efMpseover.asgkeeprdown the equipment cost
< L2 / D2 < 30, with 20 < L2 / D2 <_ 28 being yet

whilemattaipireg ¢hebdesired distillatiors amdant, 35, mbshbehmade to be not
separation efficiency for the 20 enrichment section

moré €RARBES. A nisreCpréfesaBhs irafgesRitaDat(chi) is 70 < D, < 600,

with 80 < D, < 400 being yet more preferable.

If L, / D3 is less than 10 or greater than 50, then prolonged stable
operation becomes difficult. A more preferéble range for Lo / D2 is 15 <
Lo / D2 < 30, with 20 < L, / D2 £ 28 being yet more preferable.

if n, is less than 35, then the separation efficiency for the
enrichment section decreases and hence the desired sepération
efficiency cannot be attained. M.oreover, to keep down the equipment
cost while securing the desired separation efficiency, nz must be made to
be not more than 100. Furthermore, if n; is greater than 100, then the -
pressure difference between the top and bottom of the column becomes

too great, and hence prolonged stable'operation becomes difficult.

Moreover, it becomes necessary to increase the temperature in the lower
on . ‘
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\-£d cannot be attained. Mreover, to keep down
AOSO?%W‘EN cost while securing the desired
separation efficiency, n2 nust be nade to be not nore

than 100. Furthernore, if n2 is greater than 100, then
the pressure difference between the top and bottom of

portiéﬁa C(He' BB 1RO FerdcsidérbactibAsee66mY flapiead occur.

| e operation becones difficult. Moreover, it

: h . _
A mof§RIERBsOBREPAALE 107 Ny A8 s € O TRARAY L nl" Wiebeing
hence sjide.reactions beconme |liable to occur. A nore
yet motg preft@blénge for n2 is 40 5 n2 5 70, with 45 < n2

5 65 being _yet nore preferable, reover.,, f.or th .
coMareeyes. feN the soginypus imy t-ﬁg%@ 'aﬁHaqurhCOEImﬂeB n
present invention, preferably L, 5 L2, nore preferably
the presentdnventionhqmefeablyrlef < bl pone ltl'_EfB,fabﬁbLe <Lz
preferably D2 < D,. In the present invention, the

Furtlvsgmotdapréferably D a8 P2mor, pieferably Pret @ abl &0 the
the case that L, < L2 and D2 < D, being nore

pres@hEiPVEMien, kRetldsdtRaeDnt 4 DY&id O <tibe i€ thusprasferable,
multi-stage distillation 10 columm B is preferably a

the ﬁsﬁiﬁéﬁL%wLS%mzha;’Bf%éiﬁ Vifiof PrefePatsle. Ngs  as

e Internal in each o he stripping section and the
en C : e eiU | QidBati
o LA B st hyeRtioTl s EBhtinoile fultiifttag Pigtifation
col ymm where s and.,lijquid are actuall rought., [ nto., .
coluiid, B Ptaterabhe aatilatioteBifrachgPing sy dfiasol ebkings
i nclude a_15 buybbl e-cap _tra%,' a sieve t , a L &)Ie
as the mterpabin eagh of Ahe sirippivg s%ty?n@ni%ﬁt%vwg ent
tray, an Unifrax tra?/, a Superfrac tray, a Maxfrac
sectiomay, Thedieam “intevnal’aysed igrthe pr@a@ng in¥ention means the
turbogrid plate tray, a Kittel tray, or the |ike.
part ixdhp! distidfatidre cphuinngherecjaslandlidqaid @aekactysalyubhought
as a Raschig ring, a Lessing ring, a Pall ring, a
into BehtaseddireonanahbiifdoX EfdfplessoDth@trads peclidega a

McMahon packi ng or Heli-Pak, or structured packings
bubbiESEap%ray, a sieve tray, a ripple tray, a ballast tray, a valve tray, a
counterflow tray, an Unifrax tray, a Superfrac tray, a Maxfrac tray, a dual
flow tray, a grid plate tray, a turbogrid plate tray, a Kittel tray, or the like.
Examples of the packings include random pack_ian such as a Raschig
ring, a Lessing ring, a Pall ring, a Berl saddle, an Intalox saddle, a Dixon
packing, a McMahon packing or Heli-Pak, or structured packings such as
Mellapak, Gempak, Techno-pack, Flexipac, a Sulzer packing, a Goodroli
packing or Glitschgrid. A multi-stage distillation column having both a
tray portion and a portion packed .wifh packings can also be used.
Furthermore, the term “number of stages n of the internals” used in the

present invention means the number of trays in the case of trays, and the

theoretical number of stages in the case of packings. The number of
28 '



dYE"!E Genmpak, Techno-pack, Flexipac, a Sul zer
A0S pa ?ﬁ’?ﬁ% Goodrol|l packing or Aitschgrid. A
mul ti-stage distillation columm having both a tray

portion and a portion packed wi th packings can al so be

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

stagbﬁtr?'iﬂfthé ca'$€ Gf & ddmtinSud neeRNbtagy elistinatigpacs!urma
nber of trays in the case of trays, and the

hav'ﬁlﬁé’ﬁéﬁ* ey RN 20 BTG Ptk e L MR pABRHISE thus the
contlnuou
sumipy, fhed RimheE tﬁ%v%m%f 67 sfbBLe6RL hamBeL BEtanes.
ackings is thus the of t er

Phdn hdopesseat usmiiotoft 18naBleulaRy Restarab fof e internal
invention, it is particularly preferable for o?

in both thestripping sestion padsthe gariheestisaction fbe continuous
enri chment section of the continuous nulti-stage

multiistagel distidkation columnt B toeebertagy. Firumteermose, it hagdeen
been discovered that sieve trays each having a sieve

discBoeté@rthatgievéaragsrezch pavingra sieveportion antya gowencomer
as the tray in terns of the relationship between

portR§ fa‘?é'ﬁ‘éﬁﬁ:u.ﬂﬁﬂﬁb‘bﬂ@i‘ihé‘lﬁé¥ ihttePRrs of 3e retationship

di scovered 10 t each sieve tray preferably has 150

betv&é’e%ﬁbﬁ%% ce ¢ O:cél#.i iPEhEY stpo%hﬁg al@o”ﬁé&n discovered

e nu eS|s rom O to 1100 holes /

that ol 1o VB o ECRARNY AL ToET By 2 BI85 e sieve

porth S Al Rimbeh i FoiSBTA o 20l 7 140b noles
preferable 15 cross-sectional area r hoJe is from

m?, yet merel psaberahly frome2 §9emﬂ99|0yh0%50fnr@ -9 b@or@w it has
Furthernore, it has been discovered that it is

beepadisboubaed;thprtdhermms -séctianial sireacper hplenf agohisieve tray
1200 holes / n2 in the sieve portion, and the

is prsfesabhe izorsngercfaroar OhBite 5 emh aA muoge pfefetable
0.5 to 5 cnk. It has been shown that by adding the

cros?bg%é?h%gttal‘i g}t@gg P@F‘fhdlfi) 1‘5*120[89]{)27;?50&%@' yet ficrecpreferably
from 0.9 to 3 cm2. Furthermore, it has been discovered that it is
particularly preferable if each sieve tray has 150 to 1200 holes / m? in
the sieve portion, and the cross-sectional area 'per hole is in a range of
from 0.5 to 5 cm?. It has been shown that by adding the above
conditions to the continuous multi-stage distillation column B, the dbject
of the present invention can be attained more easily.

In the present invention, the dialkyl carbonate produced through
the reactive distillation in the continuous multi-stage distillation column A
is continuously withdrawn from the upper portion of the column in a

gaseous form as the low boiling point reaction mixture At together with

aliphatic monohydric aicohol that has remained unreacted due to
29
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f nesent invention can be attained nore easi | y.
Aosoﬁﬁﬂ@l{%‘ﬁésent i nvention, the dial kyl carbonate

produced through the reactive distillation in the
continuous multi-stage distillation colum A is
conti nuously wi thdrawn fromthe upper portion of the

geneigllyBeiny fséd BreReESs] OTAE@ oW Boiling poini readwontmixture
reaCtion m xture AT together with aliphatic

A RO 17 1681k 18 cn BT et tagRC U i olumn
5. W BRI RePRL iR p s Gty P GfHE oono

colum B, a | boi |l j ng poi.nt mxture BT havjng the

as aJiAhsorebARRDR RTeoL I RBH M uglisly FfdEawpoBh ah upper
thereof is continuously w thdrawn from an up_i)_er 5 . )

portigsr of Hhe solumn Wpiaugaserus WsboaRdiahighfeiliggpgint mixture
boiling point mxture BB having the dialkyl carbonate

Bg having therdiatkylocartiondter asfa mainccampuneni thefaeafdsawn
froma |l ower portion of the columm in-aliquid form

conth&mélgadith@rhbm fromn Eoldwee portion oftkeicoiumninreligiid
into the continuous nmulti-stage distillation colum

formB. Wher 98e8Md the 18W Bbility pRARE r@actibiimituié ARIntethe
fed inin a gaseous form or inaliquid form It is

contHi&d %Pbﬁi-%?a?&%ﬁﬂ[laﬁ%ﬂ ?Enﬁnh(’é’ Wé'IPWbBﬂidq point
reaction mxture 0 a ftenperatlre close to The _
 Liauid ; : el ni di _
reactigcirilgh i AT 3ot e dad Vi £ dadsdat oA, diicy Thuid form.
1t is SobaTase L ot okSshi e hov hraliRel o FShdtion i A to
Mor eover, the position fromwhich the | ow bojling
a teppeiatueaciosm to thet lineidaemperatunenin thayictity Rtidhe
mul ti-stage distillation colum B is preferably
feedingunketbat thee comntinuaus ppiltzstage idstidationheolumn B before

enrichment section. The continuous nulti-stage
feedingtthel low ®dikef pain reactionairixtur@sA2(nto teeaistillation

heating the distillate, ‘and a refl uxi ng appar at us.
column B. -

Moreover, the position from which the low boiting point reaction
fnixture A7 is fed into the continuous multi-stage distillation column B is
preferably around between the strip'ping section and the enrichment
section. The continuous multi-stage distillation column B preferably has
a reboiler for heating the distillate, and a refluxing apparatus.

In the present invention, the low boitling point reaction mixiure Ay
is generally withdrawn from the continuous multi-stage distillation column
A in an amount of not less than 2 ton / hr, before being fed into the
continuous multi-stage distililation column B and thus subjected to the

separation by distillation, whereupon the low boiling point mixture By is

continuously withdrawn from the upper portion of the distillation column B,
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LR resent invention, the | ow boiling point
Aosoﬂéﬂ%:?ﬁgﬂ“ﬁi xture AT is generally withdrawn fromthe
continuous multi-stage distillation colunm A in an
anmount of not less than 2 ton / hr, before being fed
into the continuous multi-stage distillation colum B
' g i IsiyYwithdrawn from the
Istiflation, ereupon e | ow boil1 ngs o‘lﬂnt m xture
and g—[@'pﬁgﬁﬁoﬁﬂ% %ﬁﬂ ﬁ\%(th'??h@éllé%‘%ﬁitﬁfﬁ@u
BT is. coptjnuau wth romthe upper portion
lowegpaiort B thf iRt Bﬁhﬁﬁ,ﬂ B 001 UbeL/ KaN and
the hjgh boilin, oint m xture BB.,is.conti,nuousl .
wi Imdngprasent Pye ntian.he, 6PRCEAtEAtIGN of they alip hatis,
colum B. In the present invention, the concentl\;r)ati o%
monehydris alcopedindheniovw bpiling ReRdHBIXtuRe Brecappe made to be
boi ling point m xture BT can be made to be 5 not |ess

" not lebarthah 800% byiweightppeeteradly mot lessstham85 & by weight,

wei ght, nore preferably not |ess than 90 % by wei ght.

mordprefeeiblytit lesentiean 98 Yo byolveldiet. di Mdrglovear boaat e
in the high boiling point m xture BB can easily be

cond&?ﬂﬁafienb@r ﬂﬂé d'ifﬁcyl icaBoRatétiRvthech yH boﬁ’ﬁﬁ? gl ymixture Bg
not an 9

ess than 99 % by weight, nore preferably not
t % Ry, ' b
can 3Ty hE ngecs B ACIES tna b Y GeR6{ Fprfrally not
th cohol separat ed t he [ t :
less dhahy 88, kY Mag oo Rt (et fiot TR T 9% % by weioht,
| ess than 500 kg, / hr referably. not.less thap 1 ton
yet mors PraiPEaBNEnG loss thBp 4SS0 W by Weight; Fithraore, the
remai nder of the | ow boili ng point mxture BT is
amogniltquthmelqmmlmpaeat@ar% QSethQaﬁtﬂlge%@ﬁTET:oﬁf the low
oi ling point mxture BT can be reused as aliphatic
boilingnpbintrmixtairedBplis fgemeradlyt not) less thans@9 &g & hr, preferably
carbonate either as is or else after having been

not Wesetham tihten ¢ o moss prefeardbly arotaesishivan @rivreshr. The
This is one preferabl e enbodi nent of the present

rem%{h‘gfﬂg {:Pihe gwt ?gilﬁf&ﬁoﬁﬁfihﬂkhﬁ@mum moks ety digikyl

I's insufficient, fresh 20 aliphatic

carbBHHEY Y hghed e 8% B5iI#PH8int mixture Br can be reused as

aliphatic monohydric alcohol for reacting with the cyclic carbonate either
as is or else after having been mixed with alcohol recovered from another
process. This is one preferable embodiment of the present invention.

In the case that the amount of recovered alcohol is insufficient, fresh
aliphatic monohydric alcohol may be added.

The high boiling point mixture Bg separated off in the present
invention has the dialkyl carbonate as the main component thereof, and
has a content of unreacted aliphatic monohydric alcohol of not more than
3 % by weight, preferably not more than 1 % by weight, more preferably
not more than 0.1 % by weight, yet more preferably not more than 0.01 %

by weight. Moreover, in a preferable embodiment of the present
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h ' oi ling point mxture BB separated off in the
A°5°gr‘§%£ﬁ%¢nvemi on has the dialkyl carbonate as the

mai n conponent thereof, and has a content of

unreacted aliphati c nonohydric al cohol of not nore _

than 3 % by weight, preferably not nore than 1 % by '
' LN ’ i ' fafyand catalyst
inverfof the TRRSRITILERP¥e oul SoiATEfa iy ciateriatpyapd cataly

reover

vot i S AR Y Bt oo

b miie Ao MakcAn TN BRIOURD Aol UAcS Bistant IASERyPR. 2

~_carbonate can be nmade to not contain a hal ogen a% 0

highepurity dialkyl gaskenate efcennepntration gat jgss ttgaﬂi Qf Ko by
carbonate of concentration not |ess than 97 % by 5

weight] phefernabdy eratbiegsnittan 88s% byrweigiv, bporeipyeferahlyenot less
preferably not Iess than 99.9 % by wei ght, yet nore

thanPg@ferabyywedghi,ofst intre Pefevaldynot vesgithan8o%h % by
hal ogen content of not nore than 0.1 ppm preferably

o 09 | !
weight! wuﬁ’?ﬁp%%ﬁg’bﬁ%n?%ﬁ' ndWmdie @aii 0Y1 Ppmi prdferify not

di st ons for the continuous mul ti-stage
[.Sf i ti, [ present invention

m°’%g?§hdtyén%i%§ﬁéﬁg%@ e?(ie'lrﬂ%egpt%‘ﬁ'gaﬁnternal s in the

di stillation.colum .and the nu r oS, .

tygdie BerifRoR SPRHE s i A SBn o Bzt
. .reaction mxture AT fed in, the purity of the dialkyl
distilghgmneowmp Bisad 1 B8 PR invendian yaryqependig on the

so on. The colum bottomtenperature is 15 generally a
formspttheiintemtnaipdndher distilationepluatn anghtheounbergfstages,

A nore preferable tenperature range is from170 to
the B4@, Gomeplosition amd efmeoabl yffthenloMBbaibing Jiviot relastion

col um bottom pressure varies depending on the

mixtQPEFOsfdd R, the Pigityodbf tie alid|kyl & arblomate tot benabtained
tenperature used, but in the present invention the

oSG A0 pubsFli, Ao 'l W Celinn solm tBnigerature i
generally a specified temperature in a range of from 150 to 250 °C. A
more preferable temperature range is from 170 to 230 °C, yet more
preferably from 180 to 220 °C. The column bottom pressure varies
depending on the composition in the column and the column bottom
temperature used, but in the present invention the continuous multi-stage‘
distillation column B is generally qperated under an applied pressure.

Moreover, the reflux ratio for the continuous multi-stage distillation
column B is preferably in a range of from 0.5 to 5, more preferably from
0.8 to 3, yet more preferably from 1 to 2.5.

The material constituting each of the continuous multi-stage

distillation columns A and B used in the present invention is generally a

metallic material such as carbon steel or stainless steel. In terms of the
32



the reflux ratio for the continuous
AOSO%{&?‘Y%G distillation colum B is preferably in a
range of fromO0.5 to 5, nore preferably from 0.8 to

3, yet nore preferably from1l to 2.5. The materi al
constituting each of the continuous nulti-stage 25

qualﬂk%ﬂ {H@Hﬁé’lﬂy?@a‘ﬂ%ﬁpﬁ% did Poducéaearﬁl %Wécted to the

vention I s“genera met a IC mat eri al sucCh

sepa,xa@%%”ﬁ%“ive'ﬁa%ra%aﬁq"Fﬁ%%f%@ il kyl “car bonat e, 2

di ol produced and subjected to the separation,
stainless steel is preferable. EXAMPLES 5 Fol |l ow ng
is a nore detail ed description of the present
EXAMRERS on through exanpl es. However, the present
invention is not limted to the foIIovvl ng exanp
5 Ex&gdlawing s aomarevdetaitad dieseripjioniiofithel atesﬁnt invention
colum B as shown in FIG 1 10 having L, = 1600 cm

throllghexXafptes. L HowBver, the present 1Byentlon i2700t timitedlo the
=160 cm L2/ D2 = 16.9, and n2 = 58 was used. In

folloWlhE Examples, sieve trays were used as the internals
[ oth the stripping section and the enrichnent

iQn (cross-sectional area per hole = approxi mately
Exalil%%é Lk nunber of holes = approximately 300 to 440 /

T’ s t
casht D M- Eﬁiﬁf%&ﬁ%ﬁ'ﬁgf&é%ﬂ'ﬁ"ﬁ s Ffigwy.ig FIG.
. and yst (K | en I ycgl
10 ha‘”gQE}-bEt i@ébo‘“ﬂ‘h Tl ﬁgb it q_h‘t 1 Qa%néht eIFQg 2700 cm,
concentration 0.1 % by wei ght based on
D2 = 0; Foided Dot 1600 A0 Borkt SRHES Woed, | dhctpis example,
distillation colum A, and reactive distillation was
sieveltraysrwete ased mehl'\sbmternals tm bothrthes sitipping.sectipn and
conmponent AT was continuously w thdrawn. The col um
the eapichonenneectidh (cvdisshseotibnahatea per hole = approximately
1.3 cm?, number of holes = approximately 300 to 440 / m?).

15 A starting material containing ethylene carbonate (EC) and -
methanol (MeOH) (molar ratio MeOH / EC = 8.4) and a catalyst (KOH in
ethylene glycol subjected to thermal dehydration treatment; K
concentration 0.1 % by weight based on EC) was continuously fed into a
continuous multi-stage distillation column A, and reactive distiliation was

20 carried out, whereby 8.18 ton / hr of a column top component At was
continuously withdrawn. The column top component Ay, which contained
4.644 ton / hr of methanol and 3.536 ton / hr of dimethy| carbonate, was
continuously fed into the continuous muiti-stage distillation column B
from an inlet 3-b. This inlet was provided between the trays in the 18"

25 and 19'" stages from the bottom of the continuous multi-stage distiliation

column B.
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4 4 / hr of methanol and 3.536 ton / hr of
AOSO&%M arbonate, was continuously fed into the

continuous multi-stage distillation columm B from an
inlet 3-b. This inlet was provi ded between the trays
in the 18th 25 and 19th stages fromthe bottom of the

Zg’gb%n%%p%h@ mififdstadesHidtiiption colanB Ras3dperated

N The contlnuous rrultl-stage distillation

cont iy G SE0VGH oL ERNUrt i aforigiay 205 .
a co%ﬁﬂ%ﬁéﬁsg%gﬁéﬁ)g oﬁ(mtéléﬁgs Wﬁ\%?}fd&%sr%ﬁhéx ratio

to attain stable steady state operation after 24

of apprexdmatelbtun top conponent BT continuously
W thdrawn fromthe top 1 of the continuous
mult wast pgssiiletto attain stable steany siatenesationafter 24
contained 4.644 ton / hr of nethanol and 0.436 ton /

hourtt oA cdilgmirhyop cosmponeind. B bentinucusly wishdeawnafroon the top
in the colum top conponent BT 10 was 91.42 % by

1 of Y\ﬁé%ntiﬁ@bﬁ@%hltl%tﬁgbmtm@tmommamt 8H08 ton / hr
continuously withdrawn fromthe bottom 2 of the

cont?ﬂ{gty %Bﬂi {84 1 hrSheafet pﬁ'n%‘l idrl DI #36 3enUMAr Bfadinfethyl

r contal ned not |less than 99.99 % by wei ght of

carbg'nﬁég}y 'b'glﬁé‘ \Xﬁggﬁ%l?(ﬂ( ?@Bﬁlﬁﬂ?ﬂa&eﬁiﬁgﬁg[ﬁ’c}#@ﬁgogr‘?}grtnﬁfnent Br
wes SLEB TS i TR 8 Dor o gipponen o
conmﬁéé‘égﬁﬂmi‘snca?v%%@%b&\e bottam 2 pEdhacsst nu?‘z‘éts?rng*ﬁ-stage
reactive distillation colum A - and thus used as dng
distitiatiomecetumni Bahat btoal/ hoeoptaines ngtdess 4hap 99,99 % by

carbonate and 20 the diol. Prolonged continuous
weightestitlimethpscatbonate ¢methadel comtent not more than 0.01 % by

weight).

This means that of the dimethyl carbonate fed into the continuous
multi-stage distillation column B, approximately 87.7% was obtained as
high-purity dimethyl carbonate. Note that the column top component Br
was fed as is into the reactive distillation column A, and thus used as
some of the starting material for produéing the dimethyl carbonate and
the diol.

Prolonged continuous operation was carried out under these
conditions. After 500 hours, 2000 hours, 4000 hours, 5000 hours, and
6000 hours, the produced amounts of dimethyl carbonate per houf were
3.1 ton, 3.1 ton, 3.1 ton, 3.1 ton, and 3.1 ton, and hence operation was
very stable. The purity of the dimethyl carbonate obtained through the

separation / purification was 89.99% in each case, and the halogen
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L] . After 500 hours, 2000 hours, 4000 hours,
A°5°§88%H{ and 6000 hours, the produced anobunts of
di met hyl carbonate per hour were 3.1 ton, 3.1 ton,
3.1 ton, 3.1 ton, and 3.1 ton, and hence operation was
25 very stable. The purity of the dinmethyl carbonate

cont%@f ngq;;eBui& ﬂ{bﬁﬁecﬁgﬁﬂi]e ane/ nBtmbic Bhann

I'n ea case al ogen 34 A0501 VP / KAN
content was outside the detection limt, i.e. not nore

than 1 ppb. Exanple 2: Reactive distil | ation and
[ [ret hyl carbonate separation / 5 purification were
Exargpie 2ed out usi ng the sane continuous nulti-stage

distillation colum B and t pro ess as in
ExRgactive dm@llasenumdtdjm%@wg hongte sgpasatipn /
continuously withdrawn fromthe top of t he cont i .nuous
purification swere cairsied out using dhensame( centinupas multi-stage
distillation colum) at 12.27 ton / hr, contai ned
distiiation éolumniB anid tieérsame pgbcess Bs303Examplen. ofThe
di methyl carbonate. This columm top conponent AT was

colugﬂﬂ p%iﬁ b¥nle?d Aftwhidie wid contiousouslytwithtiegen from the
I st IatloncolunnB froman inlet 3-b. It was

top gﬁﬁ?éfq%%nﬂ@&e juld E?E?&’% & dAkandviowt ebmrﬁahewea@wéter

ours p conponent

. ..continuo i f
distifhiarn Bt %{é’dw J1% Heritaine 8. de7tdr'? hr of methanol
ton [ hr ont |ned 967 ,ton ,/ hr
and 5853 t&sh/ FrRt dRetvIkano ateoor ﬁ@ g?L@“ﬁehPaﬁgr'P""e"t At
. concentratl on in the columm top onent ‘{B ? I B
was gontingeuslyked into mﬁ&mﬂnuw% TBB ﬁ#ﬁ%t 6H¥Ya ation column
conponent BB, which was continuously w thdrawn from
front be indet 8ab2 of 20 the continuous nulti-stage

distillation columm B at 4.65 ton / hr, contained not
| ess A p XSO 1 attaini stablefstdiadiyt srgdteometatmre after 24

(et hanol content not nore than 0.01 % by wei ght).

hours. The column top component By, which was continuously
withdrawn from the top 1 of the continuous multi-stage distillation column
B at 7.62 ton / hr, contained 6.967 ton / hr of methanol and 0.654 ton / hr
of dimethyl carbonate. The methanol concentration in the column top
component By was 91.43 % by weight. Moreover, the column bottom
component Bg, which was continuously withdrawn from the bottom 2 of
the continuous multi-stage distillation column B at 4.65 ton / hr,
contained not less than 99.99 % by weight of dimethyl carbonate
(methanol content not more than 0.01 % by weight).

This means that of the dimethyl carbonate fed into the continuous

multi-stage distillation column B, approximately 87.7% was obtained as

high-purity dimethyl carbonate. Note that the column top component By

was fed as is into the reactive distillation column A, and thus used as
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that of the dinethyl carbohate fed into the
AOSDEW?W@ multi-stage distillation colum B,

approxi mately 87.7% was obtained as 25 high-purity
di met hyl carbonate. Note that the col unm top conponent
BT was fed as is into the reactive distillation colum
@q?\% Arddu hEA Péatenate and
sométoa I ng natrﬁﬂq?@garke%rrodum nég(R r11(e di ;rrgtgh car bonat e
the @gﬁi the diol. Prol onged continuous operat| on was
Tied out under these conditions. After 500 hours,

2 oeinEe AR e S A HES el Bup e peke
4. 65 4. 65 5
condifjansancAHERBOG ieite; 2900 9&§?¢@Sper-¢»¢ﬁ§5§m§s and

of the dinethyl carbonate obtained throu t he

600G dyourrst itbe produded amouvntsvef dimetbyd pargﬁaﬁt%d&r, haug were
t he hal ogen content was outside the detection limt,

4.65 ton, 4@5 ton c4{65toh, @85 toh, Exedrdl.6530n) amhmennmgperatlon
mJItl-stage di sti I'lation colum B as shown in FIG |

was WaTyusiable! N THe sinﬁ ?n@f the Hisigthyl ausboaate whdired through

thelnternalsm h the stripping section and the

the §é“%b%ﬂt!e;?ﬁﬁf:b§ﬁoﬁc n%eg‘é%oﬂ'ﬁleaéﬁ Gasé, BAd fHe fiafogen

I oxi mat er of holes = approxi mately

i ti Ll |
contfl s titelqgite, f%?e%t'oprﬁé*?#'?cg F ot ARoRBANTY R,
using the sane process as in Exanple 1. The col um
top conponent AT, which was continuously w thdrawn
from20 the top of the continuous multi-stage
Exagipdeidi ati on col um A (reactive distillation colum)
at 24.54 ton / hr, contained 13.934 ton / hr of
metAmoniti ol s 0n 6o stage /diatillation aetutpn B ashewn in FIG. 1
This colum top _
was used. |In this example, sieve trays were used as the internais in
both the stripping section and the enrichment section (cross-sectional
area per hole = approximately 1.3 cm?, number of holes = approximately
530 to 800 / m?).

Reactive distillation and dimethyl carbonate separation /
purification were carried out using the same process as in Example 1.
The column top component Ar, which was continuously withdrawn from
the top of the continuous muilti-stage distillation column A (reactive
distillation column) at 24.54 ton / hr, contained 13.934 ton / hr of

methanol and 10.606 ton / hr of dimethyl carbonate. This column top

component Ay was continuously introduced into the continuous

multi-stage distililation column B from an inlet 3-b.
It was possible to attain stable steady state operation after 24

hours. The column top component B+, which was continuously
36
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qﬁg? AT was continuously introduced into the
AOSO@ %!% multi-stage distillation colum B from an

inlet 3-b. 25 It was possible to attain stable steady
state operation after 24 hours. The colum top
conponent BT, which was continuously 36 A0501 VP71/KAN

with%‘ﬁé\?ﬁrffé‘lﬁ fﬂé"fbfnh?mo?qge;?afighgﬁu‘éoﬂﬁﬂﬂl&%ﬂ|§till§ﬁé‘ﬂ%olumn

on co ton / hr, “contai ned

o 4 I P S0 Ao bl 10 n
hr o BirBg I Cario Al T BE eI anEb AonTERtT %@oﬁm%ﬁ gglumn top

contlnuously withdrawn fromthe bottom2 of th
compgRenh s was B r4§t°égtéV weighty aMeree\R escakurg@otfom
ton / hr, contained not |less than 99.99 % by wei ght
compbnenlnBEhyWhuzh wascontimidusipl witbdrawn from thﬁr@ﬂﬁﬂhz of
0.01 % by weight). This nmeans that of the dinethyl

the covithonate rhattiistaget distidlatiomecolsmnlB atibt3 tehafghr, contained
distillation colum B, approximately 87. 7% was

not |@b,tsaﬂrm¢ 98599 M0y Rveéight of aﬁﬁemyIQ%W@ (rhbtleahbabontent

the colum top conponent BT was fed as is into th

t io, um A, and thus used as sorre
not @??gﬁg\é?t gr(ﬁ % b}fslterpal ‘for producing the dinethyl

Caéﬁﬁ?-aféﬁa%%dth@grhﬁ the &w%ﬁnﬁL?b?ﬁéﬁgté 18 dPYgdfe continuous

2000 h d 3
muitﬁﬁ&@%éﬁ tlﬂaﬁ'{sfnqpe g ﬁéswanyaag B2 1% wadupblaingd as
ton, and hence operati on
hlghmﬁ'é"t/\éﬂymﬁfbwl @arl:rqeatﬁm Nnt@ffha#eﬂm relyn tameosmReaent Br

obt ai ned through the separation / purification was
was §odoasds nnkntheceachive distilatien cdlogenAc@and thusassed as
outside the detection Iimt, i.e. not nore than 1
somppif tHendtsttingim&arialchir pi‘dd/ucing the dimethyl carbonate and
the diol.

Prolonged continuous operation was carried out under these
conditions. After 500 hours, 2000 hours, and 3000 hours, the produced
amounts of dimethyl carbonate per hour were 9.3 ton, 8.3 ton, and 9.3
ton, and hence operation was very stable. The purity of the dimethyl
carbonate obtained through the separation / purification was 99.99% in

each case, and the halogen content was outside the detection limit, i.e.

not more than 1 ppb.

Industrial Applicability
According to the present invention, it has been discovered that,
from out of a dialkyl carbonate and a diol produced through a reactive

distillation system from a cyclic carbonate and an aliphatic monohydric
a7 '



. qggz i to the present invention,'it has been
A05q$ that, 25 fromout of a dialkyl carbonate

and a diol produced through a reactive distillation

system froma cyclic carbonate and an aliphatic

monohydric 37 A0501 VP71/KAN al cohol, a high-purity
alcoﬁbﬁ'é‘fﬂl ?mf?ﬂﬁaﬂk@l I@:‘érrbb)‘naﬁétoﬂ ;ﬁiﬁtf h%'l! 18§%than 97%,

pr ef era not” 'ess"than 99% nore pre erab y not |ess

prefél%lﬂy%‘?otgf/ n%%?%l‘@ﬂg? g not @ihaﬁ?@geggi, can

ess ton I i ess/tﬂan
be o&efewefghm”@hﬁgﬁgf HER omot%%fsoﬁ%ﬂbédfogﬂz-hadbs?ferabw

ti me of not s than 100 r ef abI no | ess
not legarthagod sl br. mate Br%%e'ag o JBss g@@o ith a
hours. 38 A0501 VP71 /KAN CLAINB W cIa|n1 1 I n
5 highiyieidstably fooagprolengedaperiadi ohtine of nptlass than 1000
carbonate, conprising the steps of: 5 continuously
hourseepﬂbﬁgrasl:tlgrmd:h@saaﬂmh H000 moaurs, coote pueferably not less than
multi-stage distillation colum A in which a
5000 ¢irgeneous catalyst is present by taking a cyclic
carbonate and an aliphatic nonohydric al cohol as the
starting materials; carrying out reactive distillation
in said colum A; 10 continuously w thdraw ng a high
boiling point reaction mxture AB containing a
produced diol froma |lower portion of said colum A in
a liquid form continuously wthdraw ng a | ow boiling
~ point reaction m xture AT containing a produced
di al kyl carbonate and the aliphatic nonohydric

38
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| froman upper portion of said colum Ain a

Aosoéaiéétffglﬁ%r m continuously feeding said | ow boiling

poi nt reaction mxture AT into a continuous

mul ti-stage distillation columm B; and carrying out

separation by distillation into a colum top conponent

BT having the aliphatic Eﬁhm\(gl c al cohol as a main

conmponent thereof 20 an um bott om conponent BB

h‘avi ng the dial kyl ‘carbonate as a nmmin conponent

#Meof , wherein the inprovenent whi ch conprises

sald contlnuous mul ti - aedlstlllatl n co

codpri sednan dﬁ‘gt-'ﬂrl'%'ti’ &% fPhsep ?Fgﬂnﬁuﬁa dia!kyl

stripping section having a length L, (cn), an inside
carbdinate; eonprising thestapsiokernal with a number of

stages n, 25 thereinside, and an enrichment section

ha\ddlrairmdawlg't feé:ﬂngcstp,rtia matedials dntorat eenthipupees)

and an internal with a nunber of stages n2

mumié%%gr@i%@mati&sa cONpPh NRA WwKRth ahromiogedeod catalyst is
and n2 satisfy the followng fornulae (1) to

pres@ﬁl /b%?Qan% é]?%ghéggi;%&%t%%cﬁaﬁlah?h éﬂ@ombﬁohy?ﬂ ric.alcohol
as t%g SQa"lﬁégv\éi%&%H?% ° ?802(6)The18r5|6§/e?§ aggosgl) Bgatng
1
o GTEish Pk dadstive Gatbiatiin it Baifl S 7 °”af )
The process accordl ng to Ca wher ej n

2
L1 gontimueusiywitharawipg ﬁlgwdéoﬁmjpﬂm wagtgpa mixture Ag

continuous nulti-stage distillation . .
containing a produced diol from a lower portion of said column A in a

liquid form;

continuously withdrawing a low boilihg point reaction mixture Ar
containing a produced dialkyl carbonate and the aliphatic mdnohydric
alcohol from an upper portion of said column A in a gaseous form;

continuously feeding said Idw boiling point reaction mixture Ar into
a continuous multi-stage distiliation column B; and

carrying out separation by distillation into a column top component
Bt having the aliphatic monohydric al.cohol as a main component thereof
and a column bottom component Bg having the dialkyl carbonate as a
ma.in component thereof, wherein the improvement which compri'ses:

said continuous multi-stage distillation column B comprises a
distillation column comprising a stripping section having a length L1 (cm),
an inside diameter D, (cm) and an internal with a number of stages ny
thereinside, and an enrichment section having a tength L. (crﬁ), an inside

diameter D; (cm) and an internal with a number of stages n; thereinside,
39



| atisfy 800 5 L1 :_ 2500, 120 5 DL :_ 800, 5
A°5°5§’E?W‘§ 520 13 :_ nl 15 25, 1500 :_ L2 :5 3500,
70 15 D2 :_ 600, 15 :

_ L2/ 132:5 30, 40 5 n2 :_ 70,
L1 :_ L2, and D2 :_ D1. 20 4. The process according to
any one of Clainms 1 to 3, wherein the internal in

whe@@ﬂ.ﬂfnﬁ hR,SLLI PRI A RS ItIs e fSlioWing Pomtfitlae (1) to (8);

on of 'safd continuous nulti-stage distillation

I B / cki ng. 5 5. Th
col um aécozoo%d¢{1%y?§6@| or a packing. ¢ e

process aim4, wherein tl11 internal in
each of the. strippi section and the i chnment
section o%%& 'é14£1§g901 VP71/ KAN cont i?gilous :
multi-stage distillation colum B is t2 tray. 6. The
process &kt €3® aim 5, wherein g?d tray is a
sieve tray. 5 7. The process according to C aim 6,

5  wherein sED & 8i «v40tray has 150 to 12d@8)holes / n2 in
a sieve portion thereof, and a cross-sectional area
per hol e 700 iLa < 8006 of from 0.5 to §5¢nR. 10 8. The
process according to Claim6 or 7, wherein said sieve

tray has & pg 480@ holes / n2 in saidgyi eve portion
thereof, and the cross-sectional area per hole is in

a range fTpmG/<tegd cn. 9. The pregeghpdaccording
to any og‘]‘eocﬁeﬁlg?ﬁﬁ goto 8, wherein 1(5§sai d sieve

tray has Qto holes / nR2 in sai i eve portion
t her eof, géﬁd}’?hélqugoss-secti onal area g'r‘ hole is in
a range of from0.9 to 3 cn2. 10. The process
10 according to any one of Clains 1 to 9, wherein said
continuous nulti-stage distil]ation colu B. has a
col2rm bol heRrasessnaesatding o, Céal"ﬂn/g»ewgg'ﬂ'bﬁnlgﬂlqlb"t of
250 C. 11. The process according to anY one of Cl ains
the dialkyl@arbonate to be separated out is not less than 2 ton / hr.

3. The process according to Claim 1 or 2, wherein Ly, D1, Ly /
15 D4, ny, Lz, D2, L2 / D2, and n; for said continuous muiti-stage distillation
column B satisfy 800 < L, < 2500, 120 <D, <800, 5<1L4/D1<20,13 <

n1 < 25, 1500 < L2 < 3500, 70 < D, <800, 15 < L,/ D2 < 30, 40 < n, < 70,

Ly £ L,, and D; < Dy.

20 4. The process according to any one of Claims 1 to 3, wherein
the internal in each of the stripping section and the enrichment section of
said continuous multi-stage distillation column B is a tray and / or a

packing.

25 5. The process according to Claim 4, wherein the internal in

each of the stripping section and the enrichment section of said
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ﬁhﬁs id continuous nulti-stage distillation

A050 0 umﬁﬁas areflux ratioin arange of fromO0.5 to
5. 25 12. The process according to any one of Cains |
to 11, 41 A0501 VP71/ KAN wherein a concentration of
the dial kyl carbonate in said colum bottom conponent

120.h, 100 % by

i LR o AR R P L et
process according to any one of Clainms 1 to 12,
vvherei n a concentration of the dialkyl carbonate in

by Bnci ghil REBEACERE ASPURRI 1e: oM By wadin e tay's a

bottom conmponent. 10 14. The process according to any
sievelEAYSf Clains 1 to 13, wherein a concentration of the

di al kyl carbonate in said colum bottom conponent BB

is not less than 99.9 % by wei ght based on 100 % by

wei ght of said columm bottom conponent. 15 15. The

prdcess Jtwopdoogss @cuordimg tof Claim 65 wihereihdsaid sieve tray

wherein said columm top conponent BT is recycled as a

has sserw MO@h@fé@V m? P aPsiur poetibhghdirabkyandag bonat e
and the diol. 16. The process according to any one of

crosg-é’éé'ﬁor'\afﬁr ’peﬂﬂowg)ﬁg?eF%éH'f‘rSnPB[@QBaS &m?.

conpri ses ethylene car [ or propyl ene
carbonate, the aliphatic nonohydric al cohol conprises
met hanol and / or ethanol, and the dialkyl car bonat e

tobe separated out co S opnat.e and, .
|8 o el PEEFRRAAGS Ring3s Gl Ek?f 3fein Sald sieve
par at ed out by the prpocess, acc¢ording,, an
tray ik 2001t 3108, hasschIoiTh SAILS VAN UiHash aan the
not 42
cross-sectional area per hole is in a range of from 0.7 to 4 cm?

9. The process according to any one of Claims 6 to 8, wherein
said sieve tray has 250 to 1000 holes / m? in said sieve portion thereof,

and the cross-sectional area per hole is in a range of from 0.9 to 3 cm?.

10. The process according to any one of Claims 1 to 9, wherein
said continuous multi-stage distillation column B has a column bottom

temperature in a range of from 150 to 250 °C.

11. The process according to any one of Claims 1 to 10,
wherein said continuous multi-stage distillation column B has a reflux

ratio in a range of from 0.5 to 5.

12. The process according to any one of Claims 1 to 11,
41
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cﬁO@E _ /| KAN nore than 0.1 ppm 18. A di al kyl
AD5 car ?),Aa eﬁsepar ated out by the process according to

any one of Clainms 1 to 16, which conprises a hal ogen
content of not 5 nore than | ppb. 19. The di al kyl
carbonate according to Caim17 or 18, which

whe FAIRPA i ceRfceitratibRhef tife @AY Gdrbonlztelial saineonimafbottom
not nmore than 0.1 % by weight. 10 20. A conti nuous

: et i . : ]
comPenEn BERE ritIep HeArbR7CH AT Wb Ased Ul 1P 10 by eioht
i ] o) ' } Xxture AT containing a
of s%@oéh@%ﬂ"&?éﬁ&d %gg'{'%(gﬁg ' and an aliphatic
nmonohydri c al cohol to separation by distillation into
a colum 15 top conponent BT having the aliphatic
nonohydric al cohol as a main conponent thereof and, a
coltdm bokthepresessaesonsingde agyione afflaims 1 to 12,
carbonate as a main conponent thereof, the | ow boiling
whepaina coneantration af the dialkyl\darhonade inbsaidrealwyn bottom
taking a cyclic carbonate and the aliphatic

com dBg &s alotdes's iars 09 % by walghti based om0 bidyweight
eeding 20 the starting materials into a continuous

of said EbhihAdoHbs idonapbABnEOl UM A in which a _
honmbgeneous catal yst is present, carrying out reactive

distillation in the colum A, continuously wthdraw ng
a high boiling point reaction m xture AB containing a

1 ol et o ek Bsras feloB e pRR st ce iRl T80 T3
wheg‘gfﬂ“{ ;an Qz)qse ﬁ'lg%fg&r Sﬁiﬁé%gm@%‘g)@%&[i%ms%rﬁeggﬁfﬁmsbottom
A0501 VP71/ KAN sai d continuous nultji-stage
comgiofent| Be iig matolessnthan 899 %dey weight based on 100 % by

weight of said column bottom component.

15. The process according to any one of Claims 1 to 14,
wherein said column top component By is recycled as a starting material

for producing the dialkyi carbonate and the diol.

18. The process accordihg to any one of Claims 1 to 15,
wherein the cyclic carbonate comprises ethylene carbonate and / or
propylene carbonate, the aliphatic monohydric alcoho! comprises
methanol and / or ethanol, and the dialkyl carbonate to be separated out

comprises dimethyl carbonate and / or diethyl carbonate.

17. A dialkyl carbonate separated out by the process according

to any one of Claims 1 to 16, which comprises a halogen content of not
42
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| PRAN,Ag section having a length L, (cm, an inside
Aﬁo&@%ﬁ@&% (cm and an internal with a nunber of

stages n, thereinside; and an enrichnent section
having a length L2 (cn), an inside dianmeter 5 D2 (cm
and an internal with a nunber of stages n2

ids e, Wherein LI, D1, ni, L2, D2, and n2
morésgﬁléﬁf@ﬁtﬂén?'ol lowing fornulae (1) to (8); 500 <_ L,

< 3000 (1) 100 < D, < 1000 (2) 102 5 LI / D <_
30 (3) 10 <_nl1l <_ 40 (4) 700 <_ L2 < 5000 (5 50

< 5 80Q. 10< L2/ D2< 50 (7), an 35 5 .n2 .
T50%e) . Adidk cashpriate serarated oy dRe prakdip According
col uim accor di ng to Caim20, wherein Li, DL, Li. /

to any oneiof Claims, Tite 16 pwhighsampéisessahajggen coptent of not
2500, 120 5 D, < 800, 5< L, / Db 520, 183 n1 !5 25,

mord hanst jppb< 20 3500, 70 < D2 < 600, 15 < L2/ D2 5
30, 40 5 n2 < 70, L1 < L2, and D2 5 D1. 22. The
continuous nulti-stage distillation colum according
to Caim20 or 21, wherein the internal in each of

theegt ri PHAYiIaRGH cltbdRdte tdEcsidihgteEClaipe a7 on 18 which
tray and / or a packing. 25 23. The conti nuous

comfsbs A Anfiafib ynofphiariPalkBhaEchidrtiof fot MofdHidn
0.1 8 BYRBSlhT e cont fnuous multi-stage distillation
colum according to

20. A continuous multi¥stage distillation column being a
continuous multi-stage distiiiation column B for subjecting a low boiling
point reaction mixture At containing a produced dialkyl carbonate and an
aliphatic monohydric alcohol to separation by distillation into a column
top component Bt having the aliphatic monohydric alcohol as a main
component thereof and a column bottom component Bg having the dialkyl
carbonate as a main component thereof, the low boiling point reaction
mixture At having been obtained by taking 'a cyclic carbonate and the
aliphatic monohydric alcohol as starting materials, continuously feeding
the starting materials into a continuous multi-stage distillation column A
in which a homogeneous catalyst is present, carrying out reactive
distillation in the column A, continuously withdrawing a high boiling point
reaction mixture Ag containing a produced diol from a lower portion of the
celumn in a liquid form, and continuously withdrawing the low boiling
point reaction mixture At from an upper portion of the column in a

gaseous form, wherein
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' , Wherein said tray is a sieve tray. 25. The
Aosﬁo%?hm mul ti-stage distillation colum according

to Caim24, wherein said sieve tray has 150 to 1200
holes / n2 in a sieve portion thereof, and a
cross-sectional area per hole is in a range of from

10 £3i@ dehiinGals mAiti-Sr8geadistilatioh elimmSBa@émprises:
di stillation colum according to Caim24 or 25, .

S SR A DO G it dnr o
(omBB8 T bl s et 115t 7 TbBedrbld 6P

according .to any one of  ai 24 t 6, wherein said
si @reenrggmnﬁaé sechian haysed s iangth Enécm)- &l {nsidg diameter

portion thereof, and the cross-sectional area per 20
D2 (en)cand aminteraagavith & nomben of stagesm: theyeinside;

wherein L1, D1, n4, L2, D2, and n; satisfy the following formulae (1)

to (8);

500 < Ly < 3000 (1)

100 < D4 < 1000 (2)

2<Ll4/Dy<30 (3)

10 < nq < 40 | (4)

700 < Lz < 5000 (5)

50 < D, < 800 (6)

10 <L, /Dy < 50 (7), and
35<n, <100 (8).

21. The continuous multi-stage distillation column according to

Claim 20, wherein Ly, D4, L4 / D4, ny, Lz, D2, L2 / D2, and n3 satisfy 800 <
L1 £2500,120<D4y<800,5<L,/D:y<20,13<n1<25,1500<sL><

3500,70<D,<600,15<1L,/D2<30,40<n2=<70, Ly <Lz and Dz £ Dy,

22. The continuous multi-stage distillation column according to
Claim 20 or 21, wherein the internal in each of the stripping section and

the enrichment section is a tray and / or a packing.

23. The continuous multi-stage distillation column according to
44
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Claim 22, wherein the internal in each of the stripping section and the

enrichment section is the tray.

24, The continuous multi-stage distillation column according to

Claim 23, wherein said tray is a sieve tray.

25. The continuous multi-stage distillation column according to
Claim 24, wherein said sieve tray has 150 to 1200 holes / m? in a sieve
portion thereof, and a cross-sectional area per hole is in a range of from

0.5 to 5 cm?.

26. The continuous multi-sfage distillation column according to
Claim 24 or 25, wherein said sieve trays has 200 to 1100 holes / m? in
said sieve portion thereof, and the cross-sectional area per hole is in a

range of from 0.7 to 4 cm?.

27. The continuous multi-stage distillation column according to
any one of Claims 24 to 26, wherein said sieve trays has 250 to 1000
holes / m? in said sieve portion thereof, and the cross-sectional area per'

hole is in a range of from 0.9 to 3 cm?.
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