10

15

20

25

| NDUSTRI AL PROCESS FOR SEPARATI NG OUT DI ALKYL
CARBONATE Technical Field The present invention
relates to a process for subjecting a low 5 boiling
poi nt reaction m xture containing a |large anmount of a
di al kyl. carbonate and an al i phati c nonohydric al cohol

INDYSRARE R RS PR SEPARA ST DU TIIARTECARBENATE

al cohol to separation by distillation into a colum

top conponent BT having the aliphatic nonohydric

al cohol as a main 10 conponent thereof and a col umm
Techiéeablri®ldnponent BB having the dialkyl carbonate as a

mai n conponent thereof stably for a prol onged period

of Thtei peeseniuitveralidy .reBatelsgtaanprovassl forAsubjattivg a low

distillation process for producing a dial kyl carbonate

bo|i|ng?«ﬂndirebctibl’rpﬁﬂhtm@acbhwinhﬁ? GERITgR syiurt shabdiadk el
an aliphatic nonohydric al cohol was first

carb8hate &R a'?b’ahﬁﬁaﬂb%%ﬁowﬁﬁé‘h%éhéﬁﬁﬁod t'i’é‘é&'lhro u%tg a

Docunment 1: Japanese Patent Application Laid

t
reacf'le'e%ggﬁlﬁglﬁrﬁg?aéﬁb@?W%&ﬁggg@é@d@gﬁg the aliphatic
{

mongRF4HEGRpSno B SRSeTR Ev, ARL iRin I, pi A ol

Appl i L No. HO-183744 Pat ent Do t 5
compSBantsr Sauri Thagiihnats sooany weﬁlcag*qhgﬂ%ﬁ%sn

Pat ent Docunent 6: International Publicatjon
compenend tharegi-anda sehdmiybettarm camannent By élmvfrm the dialkyl

0889025, U.S. Patent No.5847189). Patent Docunent 7:
carbenate @st agnain Rewhpenenthace ol etaigaegz prolonged period of

(corresponding to European 1 Patent No. 1086940, U.S.
time Padastridldy.6346638) . Pat ent Docunent 8:

Background Art

A reactive distillation process for producing a dialky! carbonate
and a diol through reaction between a cyclic carbonate and an aliphatic
monohydric 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. Patent Document 4: Japanese Patent
Application Laid-Open No. H9-183744 Patent Document 5: Japanese
Patent Application L.aid-Open No.H8-194435. Patent Document 6:
international Pubiication No. W087/23445 (corresponding to European
Patent No. 0889025, U.S. Patent N0.5847189). Patent Document 7:

International Publication No. W089/64382 (corresponding to European
1
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I nternational Publication No. W00/51954
(corresponding to European Patent No. 1174406, U.S.
Pat ent No. 6479689). Patent Docunent 9: Japanese
Pat ent Application Laid-Cpen No. 2002-308804 and
Patent 5 Docunent 10: Japanese Patent Application

Patelfints, TABAY30, 41 éé*%ﬁ?@ﬂ-PQ?P%%@??%#“@%@@M* 8:
'nter?élﬁr%ﬁ?éﬁﬁﬁg%&%ﬁn@h? W?foef?féﬁ'g'é%ge%%ﬂﬁ%ﬂﬁﬁ CakpEgpean

Lai d-q1oen No. (corresgond ng to European
PatepfiNg m44@§3¢b§5 P@Ieznt Me: G479 QQ%P@smhﬁgcumﬁr@rﬂ

Docunent 12: Japanese Patent Application Laid-Open
Japanese-B-aden Appdiaatispo haiithdO pe nBN oo 26412 -3 8804 Bnd Patent

0569812, U.S. Patent No.5359118). Patent Docunent 13:

Docurapabe<e Rapanése Maldrdal pphicatod-ICpieik Oyen A320091631394),
(I'nternational Publication No. WO03/006418). Patent

pateﬁb@m igatibhis MMHIERSUER anfedBtlé CRSLINAtISD $p4@riNSTused
003- 300936 and Patent Docunent 15: Japanese

havepélﬁﬁgé éHPI:X sRld BBehaf'll‘édog? H}ﬁratl Oﬁaﬁégngfeoﬁﬁt% €

case O usl reactive syst em

Docqlrﬁaﬁ‘i lqn. édﬁwé&@%\}%@é%}y?@%@ﬁé& d M’StéH 8830

conversi on

roces raposed hi rt.o, hay od ci ng
(corBRBSHAR P & BBP 38R a8 BAINS: B3R S e flr% i

anmou for a short period of tine, and have not
No.5231212). ¢ P@t@aﬂr%w@mnt 12-)apangse Batent Application

i ndustrial scale stably for a prol onged period of
LaidtQpen NaaHB8-950heerrpspoadiag tonBueopeand? atgmelio: 569812,

obj ect of producing a dial kyl carbonate continuously
U.S.iRatentaMgdb3691h8).(RatentnDo cuessnt 18n Japanesge Ratent

stably for a 25 prolonged period of tinme (e.g. not
Appliczgiort baid X0penhgr 2008-4flon@8 yintetnatlieaal Prdiliciith No.

hours, nore preferably not |ess than 5000 hours). 2
WO003/006418). Patent Document 14: Japanese Patent Application
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 distillation
processes proposed hitherto have related o 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).
2



For exanple, the maxi num values of the height (H cm,
dianeter (D cm, and nunber of stages (n) of the
reactive distillation colum, the produced amount P
(kg / hr) of dinmethyl carbonate, and the conti nuous
production time T (hr) in exanples disclosed for the

o1 § i alpte, d bRk ilaf SRR ET it g g ameter

[ 1. Table 1 L PATENT NT H: cm
0: ). Endifispraidtages (0T ol the fractiye Gtilbgign GpIumn, the
0.106 400 4 160 40 0.427 NOTES 5 160 5 40 0.473
prodiepd amountod (kapabki READatiN cerkenate. and thereostingous
NOTE I 5 60 0.275 NOTE 5 9 NOTE 1 5 60 0.258 I\IO_TE 5
produgtinoriime 3 @v) on2seamptes diselozsal fortexipredootiomNo f
(Raschig) 0.392 NOTES 12 NOTE 2 NOTE 2 NOTE 2 0.532

dimetkyEcarbasaNOTEMCNGTE 8tHyleNETElYcNPEGS from &iBfede
NOTE 3 30 3750 NOTES 15 200 15 PACKI NG COLUWN ( BX)

carbOndia Id methaddiark as GhDESI@AYY DI STI LLATI ON COLUMN.
NOTE 2: NO DESCRI PTI ON WHATSOEVER DEFI NI NG

Tabi&1STI LLATI ON COLUMN. NOTE 3: ONLY DESCRI PTI ON
DEFI NI NG DI STI LLATI ON COLUWN | S NUMBER OF STAGES.

TABLE 1

ngéﬂﬁ“éh H:cm | D:cm NO. STAGES : n P:kg/hr| T:hr
1 100 2 30 0.106 400
: | 160 5 40 0.427 |NOTES5
5 160 5 40 0.473 |NOTE S5
7 200 4 PACKING COLUMN (Dixon)| 0.932 |[NOTES5
8 NOTE 1 5 60 0.275 |NOTES
9 NOTE 1 5 60 0.258 [NOTES
10 NOTE 1 5 60 0.258 |NOTES
11 250 3 PACKING COLUMN (Raschig)| 0.392 |NOTES5
12 NOTE 2 | NOTE 2 NOTE 2 0.532 |NOTES5
13 NOTE 3 | NOTE 3 42 NOTE 4 | NOTE 5
14 NOTE 3| NOTE 3 30 3750 |NOTES
15 200 15 PACKING COLUMN (BX) 0.313 |NOTES5

NOTE 1 : OLDERSHAW DISTILLATION COLUMN.

NOTE 2:
NOTE 3:

NO DESCRIPTION WHATSOEVER DEFINING DISTILLATION COLUMN.

ONLY DESCRIPTION DEFINING DISTILLATION COLUMN IS
NUMBER OF STAGES.

NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.

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

NOTE 4:
NOTE 5:

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 fiow as for the preferred mode shown in FIG. 1
3
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NOTE 4: NO DESCRI PTI ON WHATSOEVER OF PRODUCED AMOUNT
NOTE 5: NO DESCRI PTI ON WHATSCEVER REGARDI NG STABLE
PRODUCTI ON FOR PROLONGED PERI OD OF TIME. |In Patent
Docunent 14 (Japanese Patent Application Laid-Open 10
No. 2003-300936), it is stated at paragraph 0060 "The

: : SS.if |
desFTRE o TS wals Sartie, SA Rt i hiecR ¥ Mol
s carried out with the object of.operating a
comiFteil dcqie Qbarsiysatak p&YFing, 6HTBITY o rhange and
arbonate and ethyl ene glycol_ through ) )
ethy@%e@&%r’ﬁ%m Uansgsietidcatipn by sadakitisnconversion
reaction between ethyl ene carbonate and nmet hanol. Note
reactiggtbetwesnfathylene ¢arbepateand anatsanel. t hsope dbabthe
exanpl e can be adequately wused in the operation of an

followingaiumppaedivadiies dndhesptéseneraamme tanh e sideqrhtely
that 3750 kg / hr of dinmethyl carbonate was

usedsipethd iopdrhYion oflacedctudingppastaisieand Bsdhiat é@hgm it is
exanpl e corresponds to an annual production of 30,000

et USRIy 0K QIR Cal STl Ep IO Huces

f
t L. j aid- ;
Tho RESHIRRclbeh B FECEERUR, cdDRila 10 g BT roduction
' ' r cal e nmer ci.al  pl ant, ysing thi.s
of 3¢iB0dichs bk Hhatd 46 ente 6 ThplBscMatcariie fhp o1 the
e L of filing the present. application, there is not
filing, ok thg Ratenkaprlicatian TpPadest Desimentcld (irpagese Patent
Patent 15 Docunent 14 (Japanese Patent Application
Applicatiprobaid 1@pepdie. 200538800938JaARK 8h@ e ape rasicas of the
the theoretically calculated value is stated for the
worldigdinst largeisestlaydoromdrsial plantodsivepthisupradess helddbeen
for ethylene glycol is approximtely 85.6% and the
carrisd|cadt i vilowe ve rapiverx atreh eltim@Sof #ingattte peasent application,
cannot really be said that a high yield and high
theresid Aot thetabove fact at all. Moreover, in the example of Patent
Document 14 (Japanese Patent Application Laid-Open No. 2003-300936),
exactly the same value as the theoretically calcuiated value is stated for
the amount of dimethyl carbonate produced, but the yield for ethylene
glycol is approximately 85.6%, and the selectivity is approximately 88.4%,
and hence it cannot really 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 to have been withdrawn on July 26, 2005
due to examination not having been requested).

With the reactive distillation method, there are very many causes

of fluctuation such as composition variation due to reaction and
4
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20 have been attained. In particular, the |ow
selectivity indicates that this process has a fatal
~drawback as an industrial production process. (Note
al so that Patent Docunent 14 (Japanese Patent
Application Laid-Open No. 2003-300936) was deened to

. been _w.t hdrawn, on.July,.26,. 2005 . 0
comp3¥fiatiiReiiialt isid 3idhts8 pctiw gjstifaidp colump. and
reactive djstillatjon nmethod, there are very man
tempegidee Varatior aj PsﬁswﬁhVaya&zﬂfbb@ithﬁcﬁpfiﬁmagnenhence
due to reaction and 4 conposition variation due to
contimuinpl stabilewperatian deeai pralongedcpeied, oktime is
tenperature variation and pressure variation in the
accocmpanied bydmiaencdifficaltiesuand ist phrtecwpertheisendifficulties are
prol onged period of tine is acconpani ed by many

furthdrfihcreddé@dn thedcase sl haadliag largeeasiolntsul tTeesoatitwue
5 further increased in the case of handling I arge

mas$§PreauetiolPof ad iaﬂlé?l cHRSSnatP avel h HioPlusing itﬁlblkbéa_ ctive

carbonate and a diol using the reactive distillation

st SRSIAS Bl JoRsOpRIBTAGRERSIRICbY 1% ity Spaintaining
. ] ' . d. t he di t [ .

nioh Y81 BbiigtEsRERE it b Phipy) E3FuBRAEA AN the ol

the rEASGYE: Sist1310n AHRATGEEAT Unb Dol aHerlY HEWFSd ( REPWever.
reactive distillation nmethod proposed hitherto has

the apdyreseriptiontef gootinseus stabbarriadysdiaméar ajprolonged
(Japanese Patent Application Laid-Open No. H4-198141)

periathaf tamenwitbhdhenesactive (diatilation petbod proposed ihdtherto has
Lai d- Open No. H4-230243). 15 The present inventors

beenthe 200M e 0@ hosingdn dPaterdubbcuatentdqUiapanese Patent
distillation process that enables a dial kyl carbonate

Applrizdicon diadli-OpebeNoTa$5-1UPIUCEE neOPht RO DY U mMmBAt 2
stably for a prolonged period of time wth high yield

(Japﬁggﬁaithe?ﬁ'RBbii&bE%n PYid-op &5 NSV R4.BR9243)has al so

The 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 por_tion of the
reactive distillation coclumn. 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
5
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necessary to establish an industrial process for
separating out the 20 desired dial kyl carbonate froma
| ow boiling point reaction m xture continuously
withdrawn in a | arge anount from an upper portion of
the reactive distillation colum. The present

prock AR HUbA REAF Y Bobha 3B BbBR Y Aot s than

Egcu nt 14 25 ;Jaﬁanese Patent Application Lajid-Op

kg / ORI YN IhRP IRcRAR B Pateptfosement m&uﬁyranese
carbonate per hour using reactive distill atl on 5

Patept Ameplication dpide@piein M- 12003302236 h 3 e@lumantemt of

not nore than 1 kg / hr. Moreover, wth the process
compéneat éatmbDdanesft thanapamhdimé’ﬂi;dnd:amcqﬂatcee)tﬁrom a first
Lai d- Open No. 2003-300936), a colum top conponent (a

step mextctive dfstitkittem@olanth (B fed ito easdovad Btebr distalation
first 5 step reactive distillation colum is fed into

coluns o5l &3 £t vé ﬂtéillléilbﬁnis EQHNE mﬂnt‘i‘sﬁ‘?g bflfYle¥® carbonate.

dlstlllatlon is carried out using ethylene carbonate.

Aftel‘A‘Qt fxtﬁrén lQﬁee&%ﬂal Lt Céﬁ&%ﬂ@% uﬁ{;%@quﬁt&%lhas been

car onat e een as

obnaRSAER LR, bR R MR Sjafp tistitation

distillat. nlO ol u and. s rati dlstll atlon
colufis ehis Aibiis fs §a8 Flatri: caeh ity aethiit Siah sustabat a8
a colum top conponent and ethyl ene carbonate as
Colum, (Ad §@P@6ﬁi'@6n§)§r€hﬁt!”ﬂﬂ@m tsheaknied putep as to obtain
distillation colum. That is, with the process of
dimethykaarimnateeas a £olunpates coPapenent Al ethylieoe carbonate
Lai d- Open No. 2003-300936), two colums nust be used

as atom:l[ls\rsbpaircana:dmpodlblmtfhlytn thea bhoirdt stepuiligtilbatidomecolumn.
m xture of nethanol and dinethyl carbonate, and hence

ThatliBe wath tRETIYo ceB sCyP PRI ENE Do dhERe M| $apdhbBet Phfent
process, four distillation colums nust be

Application Laid-Open No. 2003-300936), two columns must be used to

separate the dimethyl carbonate out from the mixture of methanol and

dimethy! 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 stabie operation would be difficult.

Disclosure of Invention

Problems to be Solved by the Invention

It is an object of the present invention to provide a specific
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
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operated together with one another, and hence it is
expected that prolonged stable operation would be
difficult. 20 D sclosure of Invention Problens to be
Solved by the Invention It is an object of the present
invention to provide a specific apparatus and process

*“’°%§ﬁ af’ ﬁégg‘%%‘?%sd'?@!!?ﬁ?’h?%é%# 3 3R Rlofle | HpoRate and
th @a%gﬁgﬂafﬁ FiY alaatolras E%@Eﬁjqﬁl’gaffaé%gateﬁwrw@%sw
reactive distillation process of taking a c

feeding the ftarting makerials HHQt@&QﬂiHM\?dSl"ﬁUHI-@MQE distillation
starting materials, continuously feeding the starting

columgx by Mdughuawh@mogeneomsouatamst is pragentii and |daarying out
columm in which a honbogeneous catal yst is present, and

reactianrgnddlistitlafionesichultanandistly $shitheatdlumn, so as to separate
simul taneously in the colum, so as to separate the

the 1baMbBAINg PDIRETE4Cti6AGHI N rE1 b dﬁ@nllpaudhswtélaabbmmn top
into a colum top corrponent havi ng the ali phatic

com;ﬁ'@ﬁéhv & KadifPhive aﬁ@ 'rﬁbnlﬁﬁgﬂﬁ%eé‘l Iotr{bﬂrfé"é A4in2

col utm bot t om™conpon hav t he

comfgRRRTING 40,4 oA Bl P 6800 i
e S bR LR TG 8 SEES4%  BESE G145 ¥ o

car bopat to e se arated out by dlstlllatlon in an
time dnguatri | it is ABrobiaes tonarevidecsish @ specific

stably for a proI onged period of tine (e.g. not |ess
apparatis ancoprecess thatpsedpeypeasiveand Baabdedbendiatkyl

nore preferably 15 not |ess than 5000 hours). Means
carbépatsstd Hengepasatedwutnsy distillation in an amount of, for example,

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).

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
muiti-stage distillation column A in which a homogeneous catalyst is
present by taking a cyclic carbonate and an aliphatic monohydric alcoho!
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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That is, according to the first aspect of the present
invention, there are provided: 1. in an industria
process for separating out a dial kyl carbonate, 20
conprising the steps of: continuously feeding starting
materials into a continuous nulti-stage distillation

: ! i ch: e .aly ng .
contgHIEs brodutad tidl BT AIETR4I BB sy BIGRR"A in &
I .@noh_dri c alcohol as the starting materials; 25

lqul ng out reactive distillation in said colum A
conti nuously w thdrawi ng a hi boi | i ng point reaction
mi £PAti@usly wishesawing %'nglbéﬂ Re Bt reastian Mpxdure Ar
portion of said colum Aina liquid form
contatingnaipuekyosid dizlkyl ngrizonate aeid they atiphatic exenobydric
m xture AT containing a produced dial kyl carbonate
alcobobfrome aai uplpari portiowiof ddid cAuahe #hin af gaseensuiopar;
portion of said columm A in a gaseous form

copbhtinidilsly ffeeding s%ﬁdciohpblohmﬂg 'mﬂnp%ﬁbtlbﬁaquﬁﬁe At into
m xture AT into a continuous nul |-stage distillation

a coﬁﬂhHB@sBmLﬂﬂdst%grer HistliRn %%gqfrﬁ{a distillation

into a colum top conponent vi'ng the al i phatic

no 0
2 S R SRPEa B B FATPR IR & HRLRY to’p cBifbonent
C anent reof , wherein
B1 “5%%9@%@4&%%m%'aﬂﬁgaessa'wim‘?ﬁenmaﬁ &%ﬂponent thereof
mul ti - st %g distillation colum B conpri
and g;caipmn FPr@oq:Ql'WlPod'tﬁﬁ)trlehﬁgV'Hgsfﬂﬂ E!ﬁ'hg' §@§bpaﬁte as a
having a | ength ngh an inside diameter DL (cm
malﬂa@@m@nentem@eqh ereitberinyprasergest wahich comprises:

t herei nside, and an enrichnent section having a | ength
LZSg't;h):pnhinnum deulti-stage distillation column B comprises a
distiltation column comprising a stripping section having a length Ly (cm),

an inside diameter Dy (cm) and an internal with a number of stages n;,
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 L1, D4, n4, L2, D2, and n; satisfy the following formulae (1) to (8);

500 < L4 < 3000 (1)
100 < Dy < 1000 (2)
2<L,/Dy<30 (3)
10 < ny < 40 (4)
700 < L, < 5000 (5)
50 < D, < 800 (6)
10 <L,/ Dz < 50 (7), and
35 < np <100 (8),

2. the process according to item 1, wherein an amount of the dialkyl
8
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di aneter D2 (cn) and an internal with a nunber of
stages n2 thereinside, wherein L,, D1, nl, L2, D2,
and n2 satisfy the followng fornmulae (1) to (8); 500
5 Li 5 3000 (1) 100 <D, <_ 1000 (2) 20 2 <_Li I/ D,
< 30 (3) 10 5n1 5 40 (4) 700 5 L2 <_ 5000 (5)

ot g ooratf i ohe P en 4 0 AP, 25,°

wherei n an amobunt of the dial kyl 8 carbonate to be
separated out is not less than 2 ton / hr, 3. the
%ocess according to item1l or_ 2, wher ei n LI, D, L1/
e pppces acqording tp item Ay Axwharedaild, Rnthnlidus ni, Lz,
mul ti-stage distillation colum B 5 satisfy 800 5 L1
D2, lz £2BR0 ant 6. Fobsadd samtisueus InultiBtageadistillation oplimn B
25, 1500 5 L2 5 3500, 70 5 D2 5 600, 15 5 L2 / D2 5

satis3p .80 <5 N2 2500, 120 & D2< 860d 2 IS/ Py, <R0,1 18 < ny < 25,
process according to any one of itens 1 to 3, wherein

1500 R4, kndsgoakoi & Gf\ghe@é fecqt,r/ Belmosgm sfﬁz andot R < L,,

enri chment section of sai d ‘confi nuol ti-stage
andgsé Iatlon cqurmBlsatray and / or a packing,
e "process according to item4, wherein the

o A BE0Ghed BB 16"y BB AR SF A FRErfne

tillatio e tra

, di th
interfalip ganh OF theBrinac&tiot A1 the et Amgdsction of

said tci:n%muous multi-stage distillation column B is a tray and / or a
packing,

5. the process according to item 4, wherein the internal 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 according 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 muiti-stage distiliation column B has a column bottom
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7. the process according to item 6, 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 fromO0.5 to 5 cn2, 8. the process according
toitem®6 or 7, wherein said sieve tray has 200 20 to

l [ [ i t'on t hereof, and the
tem#%ggfgéritsq éﬂﬁge %r@ghg 1%0%963 ¢h a range of from
0.7 to 4 cn2, 9. the process ac y
enpreces: doqgiohy 18 ohes 6F fama F%ﬁzs\ﬁﬁ%e'fo%'d
les / nR in said sieve portion thereof, and t
Contt!'r'-tpééﬁ queiti-stage distliatpneplema B has aaneékuwawdma range
0.9 to 3 cn2, 25 10. the process according to any one
of fram Dit%eite 5, to 9, wherein said continuous nulti-stage
distillation colum B has a colum bottom 9

2. tehweratess dactadirgde ahy formoiiemhs RO 18, vhereimea
process according to any one of itens 1 to 10, wherein

conceditehtieAUf theodsalkyl tarbbAgte (iih sdil| cBlugin Rttom Eomddnent
areflux ratioin arange of fromO0.5to 5 5 12. the

Bs isPhBE Foss RERI ST mfaotgftv\ﬁé\z;m;beqﬁd bhe O]"/at@y%lg\l‘gedfeéé‘ld

concentration carbonate 1n s

colur\?\ﬁ gm}omtct gﬂhgﬂ%gnent is not |ess than 97 % by

base % by vvel ght of said colum bottom
cQnpaonent rocess accordin
13. | ?@efac'?ssw%ﬁém@-tﬂ Y e rﬁatf’ 5% Phighin a
di a r id colum b m conponent
Concie@t 'Fé’?fst?ﬁwa 'bgp%'ia?ométﬁgh'ﬂ CiHH‘rl@@t%focomPO“e"t
ght of said colum bottom conponent, 14. the
Be ISpn@ tess 1ba0rd9 % hy weighbhassid pneh@0 Fotby veriohtafes aid
concentration of the dial kyl carbonate in said
columanl battolw tccoonpooepbnent
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 items 1 to 14, wherein said
column top component By is recycled as a starting material 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 methancl 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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15 BB is not less than 99.9 % by wei ght based on 100 %
by wei ght of said colum bottom conponent, 15. the
process according to any one of itens 1 to 14, wherein
said columm top conponent BT is recycled as a
starting material for producing the dialkyl carbonate

17. g?ct?l !délé’ﬂbmﬁ%elg%%rel ﬁe[E{ﬁﬁ?%}y@f{@?gggg%ﬁcica&&ﬁa% any
one SETBARCEE B GO oS AR ot o han

net hanol and / or ethanol, and the dial kyl carbonate

0.1 RRIpe separated out conprises dinethyl carbonate and
/ or. diethyl carbonate. 25 Further, according to the

18. saciatkdsprbongte seppratsdnout byetite process@asarding to any
provided: 10 17. a dial kyl carbonate separated out by

one ofiitemedets 16 cwhiimgomprisys sohalmjen toorteht tof A6t more than
whi ch conprises a hal ogen content of not nore than

1 ppb, 1 ppm 18. a dial kyl carbonate separated out by the
process according to any 5 one of items 1 to 16, which

19. clzmaoaiaﬁw BaPBb AL aeRBlr8MHg 96 if¥Hh 1PIdt 182w H&h%gpﬂses

t he di al kyl carbonate accord| ng to item

an afPhalle ABRoRYRRIc Al AePeahan BIRBLHofs thiftr % by
welgﬁyrtherrmre accordl ng to the third aspect of the

present invention, there are provided: 20. a

I R4BR ko F5LS dherthirhesBec sl dne Bresent invention,
there gpé%(i'tolv? ea | ow boi |l i ng point
20. a continuous multi-stage distillation column being a continuous
multi-stage distillation column B for subjecting a low boiling point
reaction mixture Ar containing a produced dialkyl carbonate and an
aliphatic monohydric alcohot 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 dialkyl
carbonate as a main component thereof, the low boiling point reaction
mixture At having been obtained by taking a cyclic carbonate and the
atiphatic monohydric alcoho! 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 diot 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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reaction m xture AT containing a produced di al kyl
carbonate and an 15 ali phatic nonohydric al cohol to
separation by distillation into a colum top. .|
conmponent BT having the aliphatic nonohydric al cohol
as a main conponent thereof and a col um bottom
gasé&f@%‘ﬁﬂ ing the dialkyl carbonate as a main
conponent ereof, the | ow boiling point reaction

en, obt aj.n tak cyclic
caFBihEe @Tgﬂ%’w%%@ §F?%%§'Fﬁﬂﬂﬁﬁ8h% nh SHprises:
starting .materials, caontin ouslt%/ fe&e g the starti ng{
rra?e?tl ngntecuor i YInGod Jengih iListep @nénﬁfd%ﬂll@m er Dy
um A in which a honogeneous cat al IS present,
(cm)c%md Amiptennal vdth aveumhes of stages rin rtafenwdmamd
conti nuously w thdrawi ng a high boiling point
r eabt érichiment seeondmnaving adeagph ddufom ) danlinkidendiameter
| ower portion of the 25 colum in a liquid form and
D2 (ampaintuansinge maihwithva niumber| afvstagds nY theeeiiside;
reaction m xture AT from an upper portion of the
colvgreim L3, T, 4Rs90) D, Oéﬁtl W8afakly R QoﬂBWihBUI%‘ﬁ'lulae (1)
mul ti-stage di stillation colum B conprises:
to (8§tr| ppi ng section having a length L1 (cn), an inside
di aneter D1 (cm and an internal with a number of

stages n enei and 5 an enrichpgnt section
havi ng aéPQ tLH %?#ﬁ?ﬁ an inside dia ter D2 (cm
and an | rn nunber of stage

t her ei nsi h@ ﬁﬂeref(ﬂoﬁl nl, L2, gliég) and n2

satisfy the f0||OMAn% fornulae (1) to (8); 500 L1 5
3000 (1)2 96170815 1000 (2) 2<(3V D1530 (3)
10<_n1540 (4)

10 <n;y <40 (4)
700 < Ly < 5000 (5)

50 < D, < 800 (6)

10 <Ly / Dy <50 (7), and
35 <n; <100 (8),

21. the continuous multi-stage distillation column according to item 20,
wherein L4, Dy, L1/ D4, nq, L2, Dz, Ly / D3, and n» satisfy 800 < L, < 2500,
120 <Dy £800,5<Ly/Dy<20,13 <ny<25,1500 <L, <3500, 70 <D,
£600,15<L;/D;<30,40<n,;=<70,Ly <Ly and D; <Dy,

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

section is the tray,
12
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700 <_ L2 5 5000 (5) 50 <_ D2 800 (6) 15 10 <_ L2 /
D2 550 (7), and 35 < n2 <_ 100 (8), 21. the
continuous nulti-stage distillation colum according
to item?20, wherein L1, D1, Li / D1, nl, L2, D2, L2/
D2, and n2 satisfy 800 < L| < _ 2500, 120 5 D1 800 5

24 %JCSE‘P%@S #3140 pfugRon'clfmf fdooraiig18:rom 23,

the continuous nulti-stage

Whe'lc?]'st |‘+1ﬁ Vg& Isjﬁ%eg{&&dl ng toitem20 or 21,

erein.the |nternal i n each of the stripping sect
25. aHie cRati wﬂ%m@m—sm cistiliatign Galumngcardiag to item 24,
Packln% the continuous nulti-stage_distillation
whegdp 581 a%’@é’ﬁdtrﬁg hasitadnito 2200 holeer/eni inhe sievemuation
in each of the stripping section and the enrichnent
thereefstandh a srassesectipnal 2arda pehdialenisi inuauanygd of fesrage.5 to 5
dlstlllatlon col um according to item 23, wherein
cm?,sai d tray is a sieve tray, 25. the continuous
mul ti-stage distillation colum according to item 24,

26. Vs ebhtisriol s hME-§fa)e B@émléﬁoh%&l%% Kl @i néﬁ%o |ﬂsm 24

a sieve pOI‘tI on 5 ther eo and a cross-sectional™ are

or 258vhBeb aid %lé‘véQ % Stﬁ?p‘t% 21508 oleS PmZ ségnemeve

conti nuous multi-sta tion colum ‘accord

90”'%@0*&‘%?% capditey cl‘i;ﬁe-&%é? 134 P Hlbrieoft aJange of
from cr? ss sectional area per ho! eisina range of 10
f 70'?10' 4 cnR, 27. the continuous nulti-stage

di sti l I ation columm accordin ? to any one
27. ‘the continuous muiti-stage distilfation column according to any one

of items 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?®.

Advantageous Effects of Invention

By implementing the present invention, using a single distillation
column B on a low boiling point reaction mixture A; containing a large
amount of a dialkyl carbonate and an aliphatic monohydric aicohol 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 B+ having the aliphatic monohydric alcoho! as a main
13
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of items 24 to 26, wherein said sieve trays has 250 to
1000 holes / n2 in said sieve portion thereof, and
the cross-sectional area per hole is in a range of
fromO0.9 to 3 cnk. 15 Advant ageous Effects of

I nvention By inplenmenting the present invention, using

comeFbffifefiet L AT HTR Byt SH B g8 e

Lal kyl carbonate and an oh dr| al cohol

CabeHskefos AdDagR o pPBaeREdRerPah 5tatlY BXd Prelorigsd period of
|.ati on_process of taking a cyclic carbonate and

t'met'ﬂ U§F"%H5t| hiygohaveikeean @Bﬁ@ovase@taaspeﬁg‘lc apparatus and

materials, continuously feeding the starting materials
process dhat cost inexqensivaland strafgedihst diallyl oarbohaten té be

i n which a honbgeneous catalyst is present, and
sepacated iond ydisttbationrinaad ameuinttlcff fon examp leanastulelss than 2

in the 25 colum, separation by distillation can be
ton /dar sigdyder 4 W@lc&@@dj WEtid@RT thABP@gNthdtTlelavinah 4000

al i phati1 ¢ nonohydric alcohol as a nain 13 conponent

hours hﬁi'@ﬂsfrafyl‘? rﬂJtC|%|s§"thd‘iP§b®'@ ﬁBUPé’”Fr(HreBﬁ]er ?‘)‘I'?HEFQEF?,SS than

di al kyl carbonate as mai n conponent
5000f96uﬁ%9rolonged peri od of tinme |ndustr|ally. There

have been di scovered a specific apparatus and process

that are inexpensive and enabl e the dial kyl carbonate

to be 5 separated out by distillation in an anmount of,
B .ff r exanple, .not less than 2 ton / hr stably for a

rie ﬂ?ﬁﬁﬁﬂ@ HefLY@WN%time (e.g. not |ess than 1000

hour s, preferably not | ess than 3000 hours, nore

prBt@r Absyam@xaraple of acheoetichdems pf alcomtingous

Description of Drawing FIG 1 is an exanple of
multisstagendistiNatéon afolanuo® fowoasrying out the present invention,

trays (not shown in FIG. 1) being installed as internals in each of a
stripping section and an enrichment section in a trunk portion of the

continuous multi-stage distiliation column B.

Description of Reference Numerals:

1: gas outlet; 2: liquid outlet; 3-a to 3-c and 4: inlet; L4: length (cm)
of stripping section of the continuous multi-stage distillation column B;
L2t length (cm) of enrichment section of the continuous multi-stage
distillation column B; D1: inside diameter (cm) of stripping section of
the continuous multi-stage 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



mul ti-stage distillation colum B for carrying out the
present invention, trays (not shown in FIG 1) being
installed as internals in each of a stripping section
and an enrichment section in a trunk portion of the 15
continuous multi-stage distillation colum B.
Descri ption of Reference Nunerals: 1: gas outlet; 2: |
| i qui Bheueastiorsof the prasentdinventinonis a revecsibieequilibrium
(cm) of stripping section of the continuous
trankestetifigatidinsteattonaepresemed; by follawing dogmiulgdn) which a
of enrichnment section of the continuous nulti-stage
didiRyl thrdomate anda dol @re prsduweedifromt &cyctiy cafbonate and an
stripping section of the continuous nulti-stage

aﬁlbﬁhh 'rﬂbin‘ﬁg}@lﬁé‘@?cghom: i nside dianmeter (cm of

enr i chment e continuous nulti-stage distillation
colum B. 25 Best Modde for Carrying Qut the Invention
Fol | owi nﬁl‘i s a detail ed descripti or;ﬁ;)f t he present
inventiogn., 14 The reaction of .the S I nvent i oR'

is a r‘b\% r;‘PbI e qiR0lpr i u—Fansest S@'ﬁnf cdtiony/ oy
reaction represented by follow ng for lla in which a

di al kyl @arbonate and a diol are produced froma

cyclic carbonate and an aliphatic nonohydric al cohol;
R 0-/ @2 ROH--(BR0O\VOR + p HgESOH 11 0 0 (p)
(A (B (Q (D 5

wherein R! represents a bivalent group —(CHz2)m— (m is an integer from 2
to 6), one or more of the hydrogens thereof being optionally substituted
with an alkyl group or aryl group having 1 to 10 carbon atoms. Moreover,
R? represents a monovalent aliphatic group having 1 to 12 carbon atoms,
10 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 propyl.ene
15 carbonate, or 1,3-dioxacyciohexa-2-one, 1,3-dioxacyclohepta-2-one, or
the like can be preferably used, ethylene carbonate or propylene
carbonate being more preferably used due to ease of procurement and
so on, and ethylene carbonate being particulariy preferably used.
Moreover, the aliphatic monohydric alcohcl used as the other
20 starting material is a compound represented by (B) in the above formula.
An aliphatic monohydric alcohol having a lower boiling point than that of
the diol produced is used. Although possibly varying depending on the

16
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wherein R represents a bivalent group -(CH2)m (mis
an integer from2 to 6), one or nore of the hydrogens
t hereof being optionally substituted wth an al kyl
group or aryl group having I to 10 carbon atons.
Moreover, R2 represents a nonoval ent aliphatic group

o I ST BB o8 A0 b, apeno
ror R ANt ST

present invention is a conpound represented
a'°°|('9-\b('ﬁﬁmﬁfé)amlﬁd?ﬂhpb(lspéﬁefséxé'lﬁn*& aéeolaokylrseﬁ@erS) octyl
carbonate such as ethyl ene carbonate or propylene 15
alcolak ﬁaﬁmey,s)onon,wmcogabymomher@}. 2emyd, alcohol (isomers),
1, 3-di oxacycl ohepta-2-one, or the like can be

undemydfadcahbl (isveder=) ddewycaicbhdmd i( Esameps Rpyycopentanol,
carbonate being nore preferably used due to ease of

cyclaiexan eIMRiYic|8hd ptafo R by Ao cRiny, ThEtIHAE ?@l&ﬁ&mt@ﬂd}g
particularly preferably used. Mbr eover’, the ali phati c

(|sonﬁf@f§)h3é(ihyl70ﬁﬂ6BBH'taHé?@rsgméekgnm%ﬁ'[yﬁ?%@r@nﬁtqp (isomers),

terial ound ove

ethylcgEieh dxandl(Shiefy B ﬁ“‘%‘*ﬂgi’&@ﬁh?kéﬂg%@ﬁi‘%ﬁﬁwd s
d'etfﬁﬁ%ﬂc*sﬁ' AR é’ri»%lsg LligndlHaRBERRD T sOmPES), Hihzy
alco rb”cﬁi atanetradareno gu%bﬁrﬁéé‘s?)'lm%esr?ﬁ%&aaSLkmn"i"e?s")“%lnd 0

(isomers), hexyl alcohol (isoners hept yl al cohol

. (Fedhersiorepdhgse alipbatic psehydsic aleofyolsamayhbe

(i somers), decyl alcohol (isoners), 5 undecyl al cohol

subs(itu_;i@rdemm subdtityéntd sukhl a:éitmiugea)s, lowelr glkokggroups,
cycl ohexanol, cycl oheptanol, cycl ooctanol,

cya nnegﬂqdpm@lkp&@bahbbn?/( gS@npss)aryI@)dWaW@hQDglﬁb apel acyloxy
(i sonmers), nethylcycl ohexanol (1soners),

group$ hxhaysitehgranpk. (i soners), dinet hyl cycl ohexanol
(isomers),

Of such aliphatic monohydric aicohols, ones preferably used are
alcohols having 1 to 8 carbon atoms, more preferably alcohols having 1
to 4 carbon atoms, i.e. methanol, ethanol, propanocl (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, methanol 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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di et hyl cycl ohexanol (isoners), phenyl cycl ohexanol

(i soners), benzyl 10 al cohol, phenethyl al cohol

(i somers), phenyl propanol (isomers), and so on.

Furt hernore, these aliphatic nonohydric al cohols may
be substituted with substituents such as hal ogens,

p'eSé‘F)'ﬂéa gliy &%@éﬁmu ﬁbﬁk}%@%@ﬁ%@%@v!ww@?@hﬁgWand
D) bR B Sada that i Haispg one s Fataleh o Gos tinuaygvifed into

to 6 carbon atons, nore preferably al cohols having 1

the regclivead isdHlatiomsolumn Ardhpahemoganesies catabpdmpay be fed
(isonmers), and butanol (isoners). In the case of

in togeteyr aﬁﬁylleee:ycﬁzircboaebcﬁnaﬂre andpyobetbe aiphatiatmoashydric
the cyclic carbonate, preferable aliphatic nonohydric

alcoR6l, drcwm) bedferl Irehihandiff@rghtepdsitin toehbastalrtihgi maiterials.
particularly preferable. In the process according to

The w@cmﬁ%maluwmctﬁus n ther@mnmwﬁw %\@ﬂrmSA ihsa rf&@eon
be present “in the reactive distillation colum A

belowhﬁn bgggoﬁfat'@hhﬁtﬁé‘ tdgay&‘g%ﬁ%flr?aéﬁb &’%ln is

pref r%a%ﬂmﬁifecemﬁ%?a}gﬂiﬁ LR §%sﬁs%® {'Lera Qe

colurﬁ&%ﬁﬁs ehsg%qr'uda‘i Which Rbecatadfipdnatngals are fed in.
onpgeneous cataly Is continuously fed into

The P@bﬁivsmwﬂsbm mr@tsecm ot rast Sta%agﬁ@n@g'@ﬁ%@m at teast 7
be fed in together with the cyclic

cat al yst ej%m
stagesys et prefedablyat dagstilOpstades.nonohydric 5 al cohol ,
or may be fed in at a different position to the
st At theg cabalyst alsed inhiee rpresieintringentialn, yamy ofecadsolis
the distillation colum Ain a region belowthe _
catalyess kindwifrovhi Bithbh® ahdysisdd T Bskanipledndf e catialyst
i's
include;
alkali metals and alkaline earth metals such as lithium, sodium,
potassium, rubidium, cesium, magnesium, calcium, strontium, and
barium;
basic compounds of alkali metals and alkaline earth metals such
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 triethylamine, 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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preferable to feed the catal yst into a regi on between
the top of the colum and the position(s) at which
the starting materials are fed in. 10 The catal yst
must be present in at |east 5 stages, preferably at

| east 7 stages, nore preferably at |east 10 stages.

alkylduihBfines! z%dﬁ Sﬁbﬁﬁﬁeﬁ'glkv‘% Lﬁﬁ?ﬂé&?n\é@?“lﬁg aemﬁla%fndmes.

vari ous rtd can

h cat al ncl ude net al.
oner R U el VG i " AR yifhiRes,
ot ass rubl di um,. cesi um ium., cal ci um

Pyragmeon%Mﬁ?vra?r?dnesawamn%s@e@%ﬂyﬁaj%ngﬁ' 2l kal i
nmetals and al kaline earth nmetals such rides,
hy Y6l fEBidigesosuebBas ds@x@&ncy@éouadacanedé,BUz@n
basi ¢ conpounds of alkali netals and al kaline earth
diazobkicyicdosankneadBA)bonat es, bi carbonates, and organic
acid salts; tertiary am nes such as triethyl am ne,

t r thall W rdompounidsesychrasithalliamd ddday thaRiuml valides,
ni trogen-contai ni ng heteroaromati c conpounds such as

thallRim Ni)ﬁiﬂ@édl@éf HRARRIm %ﬂb@ﬂdt@d%ﬁﬁlurﬁxﬁiﬁétﬁs thallium suifate,
N-al Kylim dazol es, N-al kyl pyrazol es, oxadi azol es,

and ﬂYeE(I'IQ'n‘i‘%rg?hW'aQ‘X& gyipes, quinoline, 17

yl'qui n8l'i nes, T soqui'nol i ne, al kylisoquinolines,

i ﬁ*ﬁﬂﬁ%ﬁﬁﬁb"é93&?#4?@&%@%%% Bhvivaihpzytin,
dlbu&\fé@ﬁé Ikyhp%é’i ?éﬁ?‘}i |Heglgﬂﬁ>ﬂd5§ﬂoxytm

dlazoblcycloundecene di azobi cycl ongnene

dibuiyteRgnoxitn .djﬁheawba@ﬁ'agxmh dal@,umam a¢etade; tdbutyltin

thal i um hal i des,
chloride, and tin 2- ethylhexanoate

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

aluminum compounds such as aluminum frimethoxide, 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,
tributylmethylphosphonium halides, trioctylbutylphosphonium halides,
and triphenylmethylphosphonium 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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thal | i um hydroxi de, thallium carbonate, thallium
nitrate, thalliumsulfate, and thallium organic acid
salts; tin conmpounds such as tributyl methoxytin,
tributyl ethoxytin, 10 dibutyl di methoxytin,

di et hyl di et hoxytin, dibutyldi ethoxytin,

dib phenaxytin, _di phenyl met hoxytin, dibutyltin
Suckéﬁﬁ%,’qﬁ?ﬁsu?&'ﬁ Pﬁ:’Bdhl oride, and tin

2- et hyl hexanoate; zin onpounds suyc S

di ﬁ%@%&bﬁﬁaﬁasw%ﬁﬁoéyﬁﬁ?z%t %93 ﬁ%@pbxyzi nc, and

di but oxyzi nc; 15 al um num conpounds such as alumn

1 164 iydroxides sHoluas Rp(@Edpr BPo@zbOH)an balBROAH)2],

tributoxide; titanium conpounds such as
and PbLOH{H hoxyt i tani um  tetraet hoxytitani um
tetrabut oxytitani um dichl orodi nmet hoxytitani um

t epl@winbAEOB0sktas NaPDOL] KaPbOn, d¢aHRE0, a88d KHPbO,;
titani um acetyl acetonate; 20 phosphorus conpounds such

as pl it 8% | UG BRI R, PO, NAYHPPBERN KPR O,, K2[Pb(OH)s],
tri butyl phosphi ne, triphenyl phosphi ne,

i b hy, {.um hal i des,
K4P4¢f'o§?§F§3%y|%ﬁ@?5%‘3§?’dm hal i des, and
try I | phaosphani. hal j,des: zirgconi u
ColEnE RArBEhAe B Baie' Bt iR i Bhe gy and
et onate, zirconium al koxi des, and zirconi um
2pb§@éf%bé@%éhd and | ead- cont ai ni ng conmpounds, for
exanpl e | ead oxides 18 such as PbO Pb02, and Pb304;
| ealkaxylepdecompaiings prg apyoxylea ¢ompepoundsaguch as

hydr oxi des such as Pb(OH)2, Pb302(CH) 2,
Pb(G‘E

Bl P A3 e 2P b( Oftty), Rrrb POIOP h)z; pl unbi t es such as
Na2Pb®2, K2Pb(2, NaHPb(®2, and KHPbOZ;

lead salts of organic acids, and carbonates and basic salts thereof,
such as Ph(OCOCH;)2, Pb(OCOCH;3)4, and Pb(OCOCH3)2'Pb0O+3H20;

organcolead compounds such as BusPb, PhsPb, BusPbCl, Phi;PbBr,
PhsPb (or PhgPbz), BusPbOH, and Ph:PbO (wherein Bu represents a
butyl group, and Ph represents a phenyl group);

lead ailoys 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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pl unbat es such as Na2Pb(O3, Na2H2PbO4, K2Pb(B,

K2[ Pb(COH) 6], K4PbO4, Ca2PbO4, and CaPb03; | ead
carbonat es and basic salts thereof such as PbCO3 and
2PbCO8Pb( OH) 2; 10 al koxyl ead conpounds and aryl oxyl ead
conpounds such as Pb(OCH3) 2, (CH3O) Pb(OPh), and

antL At COF 1ficgtalec i Beolfasdb R Vs
depecBifaendhésiel Biamatebinksed 5ibis SHRRGTN agange o

Ph3Ph (or Ph6Pb2), Bu3PbCH, and Ph2PbQ év\,herel
fromr%&%% $0% bt Yeight refarabishfroan Ce90a: to aop%ehwwelght
group); lead alloys such as Pb-Na, Pb-Ca, Pb-Ba,
mor@prs?ara&hyi fremah:01 éad O fé bar wiesghticas @spg@w@rta)ramd the total

zinc bl ende; and hydrates of such | ead conpounds. 20

weight dfithecageli¢ harbbhate ambtind aljsthtic ssohvbydric alcohol fed in
starting naterial of the reaction, the reaction

as tHE staMthhg thateriglgon by-product or the like, the
corrpounc%J can be used as the honpbgeneous catal yst as

' SThe'NatﬂenﬁbJYﬂtVoulPP Iinﬁltghéﬂspéﬁftﬁbai'?ﬂe%ba S Eonfifiuously

t he hom)geneo S cata m xt ure obtal ned by

feedﬁnia[qS gﬁﬁ’lfc ?%Fﬁm?é‘t%daﬁﬁ ﬁﬁ!’:ﬂph%tl?; HoHJH |2'5alcohol into a

e reacti ron m
I eactl on

r the |like n ad nce
contiriigis HBJ'F'YS%Q% Ao Sl A RoR g ng‘l?niél%‘?“"e
I:ﬁ@ cat | yst .used in the present invention vari
distillatiend: %'mﬂee@l&sw inyendians| §3Y fesding tm?-t yad may be
generally in a range of from0.0001 to 50 %b
used/@o dang as éhercpsilic cadme oatdandotiv a%ptbsatmrrmmohydﬂce
preferably fromO0.01 to 10 % by weight, as a
alcohobpantbemade ttbecomtaxdt the catalyst in a region of at least 5
stages, preferably at least 7 stages, more preferably at least 10 stages,
of the distillation column 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 alcchol may be introduced
into the same stage of the distillation column, or may be introduced into
different stages to one another.

The starting materiais 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 additionally 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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5 wei ght of the cyclic carbonate and the aliphatic
nmonohydri c al cohol fed in as the starting materi al s.
There are no particular limtations on the nethod of
conti nuously feeding the cyclic carbonate and the

al i phati c nonohydric alcohol into a continuous

metHB i3 c3ie” dFwhighi ekl &l SirkiRRath BN iiaalBiy i in a tiquia

i nvention;.any, feedi met hod be sed.so . long a
form, G 84t 1 iditiymes TR e amtsast i Augiatien CSlumn

al cohol can be made to contact, the catalyst in a )
above:Hie stagesiin whigh the Gaigesst isrerasen @nd the Aliphatic

stages, nore preferably at | east 10 stages, of the
mondhydricl alcotel dalaamtinuoaain fad in ehgaspoliscfarm lemehi or a

and the 15 aliphatic nonohydric al cohol can be
liqguid dortmnindosthe feeder portiom of thes dis#dationnbelunok. | nhethis case,

in stages of the continuous nulti-stage distillation

the ydlwBarberaics hayaftdtrureends htdiAsthéealphleid eNdIBydric
Moreover, the <cyclic carbonate and the aliphatic

alcof®nohydric al cohol may be introduced into the sane
stage of the distillation colum, or may be introduced

in ' r t St ' .
B b &rRresertrRYentioft thel SRl taETals 188, FLfy) B8ntain
I tha liquid for i n.a . gaseous faqr r_as.a

the AiBGR Al %arplinidte R0y ofafod nERe anters BerdSt fie for

tarting, materials into the distillation. co Ain,

the digfkyl.garbonates gars%afblwemarmn@q ef %ﬁnt%ﬁawym/gf%we'ght
in a 25 gaseous starting material intermttently or

preferaily fuemsP of 3@ by svRight pararneoprefierahly fiami &’ tat3®¥e by
colum A. Mreover, another preferable 20 nethod is

weigbhein tenmns af theepeyee ntageblyomaiss 0f the diatkyd carponate in the
inaliquid formor agas / liquid mxed forminto a

aliphatizgmafohydridistohbay idialigdl camboradievidixtuees taage s, i for the

which the catalyst is present, and the aliphatic

diol, generally in a range of from 0 to 10 % by weight, preferably from 0
to 7 % by weight, more preferably from 0 to 5§ % by weight, in terms of
the percentage by 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 monchydric 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 exceilent 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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nmonohydric al cohol is continuously fed in a gaseous
formand / or a 51iquid forminto the |ower portion
of the distillation colum. In this case, the cyclic
carbonate may of course contain the aliphatic
nmonohydric alcohol. In the present invention, the

. V. I 0

The Sogoteféy B Brodusel #ib s TrpROk uhic ARG by often
IS or ,.10 the dial kyl ,carbonatg, generally in a

contalis, % didfioih Grbo e85 AoTant BRBoEISDYY rednpeund, an
to 30 % by weight, nore preferably fromO to 20 % by

alky‘v\%hérﬁt,heirrﬁ'?%ﬁ%oﬂf at"rﬁ’e”tﬂ:)f adse £edtain saxall gmekats of an
di al kyl carbonate in the aliphatic nonohydric al cohol

alkyl agyl ganpionateb dhatdianykecarkonatel aind, sé @n.t hd hedbgtproduced
generally in a range of fromO to 10 % by wei ght,

aliphatief evarbblyydrioral@ohdl teay ¢ g edeaghis, asrar staptieigenatibyial in
fromO to 5 %by wight, in ternms of the percentage

the presentinoention, Bromdybbheséd dd thé JtRANTG enatelial after

m xture. \Wen carrying out the present reaction

amouRfe$ comhined Pesidtes q‘\é@ﬁ{;q S%ﬁi{ﬂ'h%ﬁﬁéﬁfg@agggﬂ”ﬂ\nét% Phat of

al i phatic nonohydric al coh I ey intr _
the IR AONTHTE Soglt HAL b F50uLEa RIGHE distitation or

cohol as a mmi n conponent thereof recovered from
I's process and / or another process can al so be
preferably used for the starting materials. It is an
ex@{é?rleé’ﬁ@rcﬁa?lé‘éli“epi% ppate praferailyryeed jp dbenpresent
X invention that this is possible. An exanple of another
iInventigR dg Pne pradpcedetyoughreactianhetwaenafaoasample, an
produced froma dial kyl 25 carbonate and an aromatic
alkylgprodyidiecosych g ethylenehoxidé pheo pyleneoarideoircstyrene oxide
al cohol being by-produced in this process and
and cadbmredéolxide? la Thelicesanbarrestebyo ntaifivg $nedll rabudts of these
nonohydri c al cohol generally often contains the

raw rg'ﬁ@éhﬁl cOMPONAHS.or 1 AkeNTHAYChBUNSEY O YstaPiRgUn@terial in

the |

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 cyclic 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

reasons, the molar ratio of the aliphatic monohydric alcohol to the cyclic
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al kyl aryl ether and so on, and may al so contain snall
anounts of an alkyl aryl carbonate, the diaryl
carbonate and so on. The by-produced 5 aliphatic
nonohydri c al cohol may be used as is as a starting
material in the present i nvention, or may be used as
the, starti after . .amou of ,cant ai ne
carch§Bus VS ielar A, BLpeohn PO 2 S0 SRR na%dfesﬁb'v from 3
t he aliphatic nonohydric_al cohol _has been re&
to 18.nve{i§167@ Brefarablbirasn 5 i+ k& Urtoe WBPERw mush unreacted
cyclic carbonate preferably used in the present
cyclicngamianate eemaéngs e daetuniaapiedeeyelio sapeonats may react
for exanple, an al kyl ene oxide such as ethyl ene
with dkederoduatpgiodte yiptedacesoligeme mxsdeh and diandoor a trimer,
di oxi de; a cyclic carbonate containing snmall anounts
and hbnideereind esYrigtiniplaimsoratsmdi isrprefferabliectorrydtice the
used as a starting material in 15 the present

amohﬂ’l’%‘?tdrﬂ"éadtédt IR %é?ﬂénhfﬁ’?@ﬁeﬂﬂin@ arsaHLR:rpﬁkV\?@é‘smle

t he anounts of e cyclic carbonate and the aliphatic

In th@oﬁ%ﬁfé’éé of %Qoﬁ‘fgsédﬂdidvrétn‘?% e?ﬁéﬁ% {NE atftivy hﬁ)c#l%lr'hr%‘?no is

m varil es accor nd” anmount

not pERERARLRLO. B8R °§$%ﬁé*&a%n&ﬁwﬁiﬂaﬁrBfﬂ%md? to be not
loss JRRBS8 Ty PrpfarsaigaobIeTs Cb'éﬂi“cqéﬁggggwrﬁffégaﬁlgwt less
i ncrease the cyclic carbonate conversion, it

than @8 ab| Ehiso st avather eharactasistic EeﬂBHGhQHFh% present
al cohol in an excess of at least 2 times the nunber of

inventibs. of the cyclic carbonate, but if the anount of
the aliphatic nonohydric al cohol used is 25 too great,

t hém the preswedeissvantidn prferably appiaess thaha2 gen./ oof the
such reasons, the nolar ratio of the aliphatic

sl Ete b IS Mnicuepuialiss SsumBsIedie g
sepdrafi@ndby 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 P ton / hr,
more preferably 2.0 P ton / hr, based on the amount P (ton / hr) of the
dialkyl carbonate to be produced. In a yet more preferable 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

carbonate and / or preferably not less than 1.3 ton / hr of the diol stably
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to 15, yet nore preferably from5 to 12. Furthernore,
i f much unreacted cyclic carbonate remains, then the
unreacted cyclic carbonate nmay react wth the product
diol to by-produce oligonmers such as a dinmer or a
trimer, 5 and hence in industrial inplenentation, it

i fer e the anount of unreacted
for acé%ﬁﬁggggaggﬁgt e0 m ning as nuch as possi ble. In
h ocess of .the pres i nventi o
2o R B ANy inYSnEIom dhe By ElG fRatDoale i%?.%lphat'c
ar bonat e conversion can be nade to be not |ess
monoRygrigralcensdiarengkanas stasiingonatatats ptha éF%ﬂB!"W Hb’ite”ms
l ess 10 than 99.9% This is another characteristic
are gontinueusty ferd iptcethecontinuus onulti-atage distation column A
invention, preferably not less than 2 ton / hr of the
in whilichl the hoandgenee usscatahysinisopses yemh, rdactive didtdlation is
subjected to the separation by distillation in use of

carriedeogP M the YoIumn W, -5 higle bdiilhyl peint reaktioroirtud Ag
the m ni num anount of the cyclic carbonate

contéﬁﬂﬁg’%‘%‘éhﬁcﬁﬁddldlriftdblﬂ%h@élﬁlx Wnﬁndrﬁ\nﬂ??ﬂrﬁ'é Yowef portion

preferab

of thgrﬁg %rrﬁ‘#? P%’H? aollgufcﬁﬂfl/m h% 43564 Bﬂgfﬁpﬁmf‘%agﬁt&h%lxture

car onat eto

At c%ﬁ{a}irgm e@ﬁéﬁéc‘iﬂggé%[lg qqﬂrhb'o%@t?%lﬁ ttgﬁaglﬁgﬁangq%oﬁw%hydnc
alcofL 3 EPafinuguRty MHFOa 6 o %B%bﬁé?%?wmﬂ"ékééfcﬁwei‘%%rumn A

distillation process in the present invention,
in a gaseeystiofmbuanéa ppnémgws:lmltirswg%diwﬂ@mnmolﬁm B is
be a continuous nulti-stage distillation colum that
usedetmBubjeciotheidw balitipwg poti readiion atixturedat icoseparation by
carried out at the sane tinme so as to 25 be able to
distipatidndetpraetehahhytopotohgaenémipBrhaving tHe adiphigtic

di al kyl carbonate and / or preferably not |ess than
mondhydiienlcohbl Afs hNfath @onspahklt tBéreof and a column bottom
component Bg having the dialkyl carbonate as a main component thereof.

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

Specifically, the continuous multi-stage distillation column B is a
distillation column comprising a stripping section having a length L4 (cm),
an inside diameter Dy (cm) and an internal with a number of stages n,
thereinside, and an enrichment section having a length L, (cm), an inside

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

wherein L4, D1, nq, L2, D2, and n; satisfy the following formulae (1) to (8);
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for a prolonged period of tinme. In the present
i nvention, the cyclic carbonate and the aliphatic
nmonohydric al cohol are taken as starting materials,
the starting materials are continuously fed into the
continuous multi-stage distillation colum A5 in
which th onqQge catal yst is presgnt, reactive
distill aspgngﬁ'é 2%@% out in the cotUm A, a high
boi | i ng |_r|Joi nt reaction mxture AB conjaining a
produced 1800F RPs=<cb¥®Pnuousl y wi t hdr aw® )X rom a | ower
portion of the colum Ain aliquid form and a | ow
boi ling Bofitt FBactBdn ni xture AT con®ining a
produced di al kyl carbonate and the aliphatic
nonohydr 1® 4akekthol is continuously ()t hdrawn from
an upper portion of the columm A in a gaseous form
and a coFponyaus<BYF0 - stage distillat{gn colum B is
used to subject the |ow boiling point reaction mxture
AT to sepgpraippg #yo distillation int colum top
conponent BT having the aliphatic nonohydric al cohol
as a mai RaC ongnt reof and a colu om 15
corrponentri0E§€’>r[I%aC|BﬁgS :5% di al kyl car bong?t}ékégt& a main
conmponent, .t hereof,.. . The conti nuous mnul fj,- st age
distill afspoﬁ Ne errp B used in the pres@t i nvention
nmust, have a function separating out the dialkyl
calRatedh difcoverad bRy aHntlsveh 2 contindiali
stably for a prolonged period of tine froma |arge
multizatags distilatiopeeeivingn Brsinul@neguslysatislyingdhe formulae
condi tions nmust be sinultaneously satisfied to achieve
(1) to KB3. aSpatkyli cattionateheandm iseparatediaut-andguurified as a
distillation colum Bis a distillation colum
columanpottemgoanponeppiBras acpurity dviotgless tan 97.% by weight
(cm), an inside dianeter D, (cn) and an internal with

on af iﬁd_&‘@ﬁﬁapégat@@ﬁr@kerém?ﬁwﬁés@thmd: ton ¢rHr stmytfor a
section having a length L2 (cm, an inside 25 dianeter

iRt l- A n
ol S Bor o e S Ter 4ot 6P 5ag fnahpog ours

preferdbly hott88s 4P W09 ABLPY! AforelprdfraBly not Iess than 5000

hours from a large amount of a low boiling point reaction mixture Ay that
has been produced through reactive distillation between a cyclic
carbonate and an aliphatic monohydric aicohol. Regarding the purity of
the dialkyl carbonate separated out, generally a high purity of not less
than 97 % by weight, preferably not less than 99 % by weight, can be
easily attained. In the present 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

industrial scale with such excellent effects by implementing the process
25



10

15

20

25

24 500sL,s3000 (1) 1005Di < 1000 (2) 25L,/D, 530 (3)
10 5 nl 5 40 (4) 5 700 <_ L2 5 5000 (5) 50 5 D2 5 800
(6) 105L2/D2550 (7),and 35 <_n2 100 (8). It has
been di scovered that by using such a continuous 10

mul ti-stage distillation colum B sinultaneously

I sfyi . fo | ge ) N ] I
of tngneeflethyintiorl ot Heatibbe iy 15 upbEatdto,pe due toa
col uim bott om conpopen B at,,a purity of | gss
compasitS B os5raus Bhabouh when thestrnditads ol the forinuias (1) to
preferably not less than 2 ton | hr stably for a
(8) apestnhELGeri od of time of, for exanple, not |ess
than 1000 hours, 15 preferably not |ess than 3000
hoBrefenahle namefes &t thenoespestiverfactammarerdeseribedrbelow.
a large anount of a low boiling point reaction m xture

ATlft ba{cmhas leesntharn800edhehr thegbepeaationeefficiency for the
distillation between a cyclic carbonate and an

stripFlﬁgab_ébti@ﬂmaerwsiéég, aheohehce MRgaddsitadt S§epatdtioy efficiency
he di al kyl carbonate separated out, generally a high

cann%‘{rﬂef Wt inﬁglth g@%&eégekhﬂ{‘ ht% p’a8Wn e Q‘qwi@ﬁﬁérﬁr@@éﬂ/whiie

not lTess t y welg can be easi attal ned.

seculfhd fife HeSFRY seReidioreiciendvoks dnidhod Ml IgiE not

more Aot 8R0S Moseobr Hbrbld SalaR i i 800 < Lo < 2500
. preferably not |less than 99.99 % by weight. The reason

with {00 € ks 2608 ReiRe YR BIEcPiefedaple-at e out and

purify the dial kyl carbonate on an . )
If Dy (cm) is less than 100, then it is not possible to attain the

desired distillation amount. Moreover, to keep down the equipment cost
while attaining the desired distillation amount, D1 must be made to be not
more than 1000. A more preferable range for Dy (cm) is 120 < D4 < 800,
with 150 < Dy < 600 being yet more preferable.

If Ly / Dy is less than 2 or greater than 30, then prolonged stable
operation becomes difficult. A more preferable range forL;/D4is § <
L1/ Dy <20, with 7 <L¢/ Dy <15 being yet more preferable.

if nq is less than 10, then the separation 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, n1 must be made to be not
more than 40. A more preferable range for nyis 13 < ny < 25, with 156 <
ni £ 20 being yet more preferable.

if Lo (cm) is less than 700, then the separation efficiency for the

enrichment section decreases, and hence the desired separation
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i ndustrial scale with such excellent effects by

i npl ementing the process 25 of the present invention
is not clear, but this is supposed to be due to a
conposite effect brought about when the conditions of
the fornmulae (1) to (8) are conbined. Preferable

anges_for . the tive factors, are descr.i

efficlg&y fanfiot,p4 HEIBEa:, 1 MoEdsver tonkerl Tehr 4 BFuMhent
efficiency for the stripping sectigon decreases,

cost yehite serringithefaspad draration ef ﬁﬁ@;ﬂcve 96339 made to
attai ned. Moreover, to keep down the equi pment cost

be nahmere thenb00) + hEuwtheimareefd ais areatarn tham&P0Q,ithen the
nmust be made to be not nore than 3000. A nore

prespusd difibrencarngdwenn the(top) and BoRot bf the @dotmn becomes
with 1000 < L1 <_ 2000 being yet nore preferable. If

too grkatcahd ﬁehCQSpMcngéaostatmerb;i»éraitsomclzieqmﬁeishiifafictwlt.
attain the desired distillation anount. Mreover, to

MordeRRS, §ove h?e@%dé‘ﬁ%%tryot@ﬁincr%'sbetﬁ& Eé&‘n‘ﬁ»‘e’iﬁtlﬁﬁéem the lower

desi f ed dlstlllatlon anbunt, D, nust be nade to be not

portiGB! 6t IREBolaRGy AndHéndd 8168 TBLENEMI LI PlabTENoldecur.
A mqrﬁawe?@raﬁlﬁeﬁaaps| sl ePdip oG8 br adole sflE¥dto < L. <

fficult. A nore_preferable range for L, / D, is 5 <_
300q_l’Je;ngJye MoFe RiE f% I8.1i / D, 5 15 being yet nore
preferabl e. If n, is less than 10, then the separation

ef i Be d68Y) Foleshthap 59, then HgsSréret passitierioagtiainihe

hence the desired separation efficienc cannot be
desired distdtationraoeant. t Mecepven o kaepeip,wprtmt equipment cost
while securing the desired separation efficiency, ni
whilemattaibimgrtide desibed histillation ahour).DAmustebe made to be not

preferable range for nl is 13 < nl < 25, with 15 ni
moresthZ® 8T0.NJAYRio rEDh €efer 8bRS #Rhge for D2 (cm) is 70 < D, < 600,
with 80 < D2 < 400 being yet more preferable.

If Lo / D; is less than 10 or greater than 50, then prolonged stable
operation becomes difficult. A more preferable range for L2/ D2 is 156 <
L, / Do, £ 30, with 20 < L,/ D, < 28 being vet more preferable.

If n; is less than 35, then the separation efficiency for the
enrichment section decreases and hence the desired separation
efficiency cannot be attained. Moreover, to keep down the equipment
cost while securing the desired separation efficiency, n; must be made to
be not more than 100. Furthermore, if n; is greater than 100, then the
pressure difference between the top and bottom of the column becomes
too great, and hence prolonged stable operation becomes difficult.

Moreover, it becomes necessary to increase the temperature in the lower

portion of the column, and hence side reactions become liable to occur.
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25 If L2 (cm is less than 700, then the separation
efficiency for the enrichnent section decreases, and
hence the desired separation 26 efficiency cannot be
attai ned. Mreover, to keep down the equi pnment cost
whil e securing the desired separation efficiency, L2

must b Q_ bg not. retha 00.,. Furt her
A mtepesfardBiE sBoe 080 SR b WihedE.s B2 2 65 being
|ffere?ce bet ween the top and bottom of the col um
yet peEeRISTeralyg. great, and hence prol onged stabl e
operation becones difficult. reover, it bec
neMRESQVER; cﬁorﬁbeeca:sretlw@useny@r-ﬂt%@e Jigtiilagiorogetumn B in
portlon of the columm, and hence side reactions becone
the priestsnd immmn..prefﬁenab@ by ef bs,aborer praferabty L2 < @)
is 1500 5 L2 5 3500, with 2000 <_ L2 5 3000 being yet
Furtmrmopéebeéwa@n(mz kfDP2more) pieferably Dhaa (3, ihehe

it is not possible to attain the desired distillation

pres@ﬁ‘?qﬁﬁlenw@he%ﬁrcaéé’ tk§ep oM éﬁt? RO [Q{T‘Fé‘tthﬁgsﬂreferable

e attaining the desired distillation anount,
the pre éﬁggﬁgdﬂfﬁ 6120& myr%anﬁ;hﬁ%égﬂe@m 600, with
b2 <§h?§g eaeﬂﬁo n%%'nﬁ%rée%'aq"%bﬁf R s Riaion
colum eISr Breferablioa dttian colygnhaythd fiays shudof packings
bei ng yet nore preferable. If n2 is |less than

28
as trr;s m*ﬁf@ﬁimea%"émff Abportrigiring wacljon @and ke aichmedtt

section decreases and hence the desired separation 20
sectiefif.i cThectervariindernhal”atsed nndhelprasantr inventioe meana the
t he equi pnment cost while securing the desired
part $egheadistitlatfdn coburan, whareugds bedidaid arebsctuad lynbreught
than 100. Furthernore, if n2 is greater than 100, then

into tBatadt ReEHbActANGBIANCEEREMIFAES dithe e y@Nthdladkoa of

t he col um becones
bubble-cap tray, 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 packings 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 Goodroll
packing or Glitschgrid. A multi-stage distillation column having both a
tray portion and a portion packed with 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

stages n in the case of a continuous multi-stage distillation column
28
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too great, and hence prol onged stable operation
becones difficult. 25 Mdreover, it becones necessary
to increase the tenperature in the |ower portion of
the columm, and hence side reactions beconme liable to
occur. 27 A nore preferable range for n2'is 40 5 n2 5
70, with 45 5 n2 5 65 being,. yet r referaple. .
havigg;ballied (1o PATonBRY: SRITLON Parked kR agkinGs issfhus the
colum B in the present invention, preferably L, <_
sum |of theppemprest ef HiAxs @nddmeztrse%ﬁttmr%F@,erp@éﬁaw-y
D2 5 D, nore preferably D2 < D1. In the present
i nieibegpresdan ioaentidmtit lis partizudadyprefembiesfamihe internal
preferable, the case that Li < L2 and D2 < D1 being
in bothrihepstripping eectiont edthesentichnvent seotionhef the continuous
continuous nulti-stage distillation colum B is

multREei g8 b atidnsédlundhi B Ro a8 Hray. haFuRthdmiy e, it K been
packings 10 as the internal in ‘each of the stripping

discﬁl@&téd)?h gié\r@tﬁ}@t %g@grﬁa\?ﬁ@ L% evESoftidMand a downcomer

nternal™ used resent™ 1 nvention neans t

nart i [stillati 0 : |is QU G 5
portigfLare BatiiFyfasT i a8 st REs RS Eolseiehio
Exanples of the trays include a,k bubhle-c ray, a
betwaed Befiornands as BBt st aclt Hasgioa tap discovered
tray, a 15 counterflow tray, an Unifrax tray, .a :
that eager siexe trayyprefenakly hasi 180 toatd0@iholesclym s iy the sieve
grid plate tray, a turbogrid plate tray, a Kittel
portipnay, Agnotepreferableaxamblessobhotes ip ftenng@0itact 1@@ holes /
random packi ngs such as a Raschig ring, a Lessing

m?, yéthmora Pasferabhgfroan B60 tsadiD® hades|/nndl oMeasidver, ik has
D xon packing, a McMahon packing or Heli-Pak, or

beerpHistvered toakinweroysiserticitalMetd ppadf hélenphkach sieve tray
Techno- pack, Flexipac, a Sul zer packing, a Goodroll

o w31 i Aigscftich o ot aam ol prtarnl
crosBAKAMh M Br 2 PErNESI SR RAINT D . FE013 %2, yet more preferably
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 object
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 continuocusly withdrawn from the upper portion of the column in a
gaseous form as the low boiling point reaction mixture Ay together with

aliphatic monohydric alcohol that has remained unreacted due to

generally being used in excess. The low boiling point reaction mixture
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Furthernore, the term "nunber of stages n of the
internal s" used in the present invention neans the
nunber of trays in the case of trays, and the 25

t heoretical nunber of stages in the case of packings.
The nunber of stages n in the case of a continuous

Ar iSTEObtinRbERy 168 ihjo 3h58§%ﬁ‘3'h“3“?ﬁ%8§“’ 8ta8e distifatidif kolumn
B, a JoW,paiily PRIt e BRaing e alipRati monofydRE alconol

particularly preferable for the internal in both the
as asmafrpspﬁyo@eem dheesrf isneortpuonstn WithedrawR fspm Ap upper
continuous 5 nulti-stage distillation colum B to be
portipnagf threcolemminea gasaaysifeesm,dird @ bigh bailingspeind mixture
trays each having a sieve portion and a downconer
Bs hpuirtg tine aliallpdréarbdreteyag@ohain ¢dwmporenti thereoifds of
the relationship between performance and equi pnent

contitRBuslytwithd rawdofronsa Hhﬁéﬁ?@rrﬁdn déhtie eatlini RY@ liquid
tray preferably has 150 to 1200 holes / n2 in the

formS| el {POdin %4’? §|Imgf:)%hﬂWé’aéW%lﬂﬁr@ﬂﬁﬁﬂbSthe

from 200 to 1100 yet nore preferably from

contmdé)nmgo E%@t%ﬁétiﬂgtlowbéaﬂmﬁ B, thd' 5w l?(?‘?'ﬁa point

di'scovere CroSs-sect | onal area
ach sieve tra i, S f er.abl na.r fro
reacfi3RimbxEie Ar Hay e FEF 15118 Gasbsld BORE, B 162 Tapug form.
. from0.7 to 4.c nor e eferab 15 f
Itis er@feqrafvée LRI PF REOHIPE, 1oV bl G ik eAGHArGRIKHATE At to
particularly preferable if each sieve tray has
a temserawrm@lmeotceém Iruidrtemperafusednpthve viginitynef the
cross-sectional area per hole is in a range of from
feedinginlet ®fctih@. contihasusermultinshage distilatiandialgmme& before

above conditions to the continuous multi-stage

feedifigsthé llaiv boilirg painBreabitonbhbxture 20; ditot thee distskkation
i nvention can be attained nore easily. In the present
columpvBntion, the dial kyl carbonate produced through

Moreover, the position from which the low boiling point reaction
mixture A~ is fed into the continuous multi-stage distiliation column B is
preferably around between the stripping section and the enrichment
section. The continuous multi-stage distiliation column B preferably has
a reboiler for heating the distillate, and a refluxing apparatus. |

In the present invention, the low boiling point reaction mixture A+
is generally withdrawn from the continuous multi-stage distillation column
A in an amount of not fess than 2 ton / hr, before being fed into the
continuous multi-stage distillation 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,

and the high boiling point mixture Bg is continuously withdrawn from the
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the reactive distillation in the continuous

mul ti-stage distillation colum A is continuously

wi t hdrawn fromthe upper portion of the colum in a
gaseous formas the |ow boiling point reaction mxture
AT together with 25 aliphatic nonohydric al cohol that

has renai upreact.ed duge t generally being used in
lowef BartBh of Ehe s BTRHER, ERBIMB BEact on wixture 20 AT
i's co tinuously fed.jnto the continyopus ti-
o 18 She e InyeRtIcR), e GaneaniTapRahihe ﬁ?ﬁ?ﬁcm
haV|ng the aliphatic nonohydric al cohol as a mmi
mongbygseaicohrtirdhei low beiling Reiny mixtuee Hmcapde emade to be
upper portion of the colum in a gaseous form and a
not lesgithlami 80 byiweightx pueterablpmhdtaleissgthare 88 % byl weight,
carbonate as a main conponent thereof is continuously

more\préfbrably fnotness! et 900% bgrwefghthe_ Malrgower nthee
ltquid form Wen feeding the | ow boiling point

concbﬁ?ét'l@ﬁ d'f'tﬁeuﬂﬁalﬁyl bﬁ?@ohﬁﬁe IﬁQﬂb' RighBoMng ipoihf@fixture Bg
distillation columh B, the |ow boiling point reaction

f
can Pty flad®ige i 'g%g'f b BT R8T ABIGh. Jirefrably not
o A
'esssﬁ%bé’%t)ar%f 3yabt BRTR 81“?@?&“{ @%5&%?&#1%". 9 by weight,
it f th dj f th
et riare réferablyimiet fass 1ih o8 B Tebucrafdt | deitthgrmare. the
| ow boi | i ng poi nt reactl on m xture AT into the
amount of thatalsehod GapaTated wmséb@emalm@rﬂegnﬁnérpffwow
which the I ow boiling point reaction mxture AT
boilingpaint enidtere Gt isngenerally tnotskesgethn s 500 lgi/ohr, preferably
colum B is preferably around between the stripping

not lessttham &rtdnt hbr.emarehpeeferabbchbbiesTitbaccdttonuohs The
mul ti-stage distillation colum B preferably has a

remdinber|dfrthfeOloariiling poimtdhpttulrb B £is andsy rthkl didikg
apparatus. 20 In the present invention, the | ow

carb8Akté NEnBEhcE RRE! loW bBiIKRY Foifit mixture Br can be reused as

aliphatic monohydric alcoho! 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 dialky! 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

invention, the reaction is carried out using starting materials and catalyst
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is generally wthdrawmn fromthe continuous nulti-stage
distillation colum A in an anmount of not |less than 2
ton / hr, before being fed into the continuous

mul ti-stage distillation colum B and thus subjected
to the separation by distillation, whereupon the |ow

not %bq'ki rﬁ‘ﬁ\gogp %Io'ape?gf,“ %%Eﬂf%gﬁea 83:%@%@15?1 EQFﬁ@H’Qte can

oint mxture BB is continuousl
be M5 e PRI h%éﬁgreav@faﬁmt'noﬁ SpresRNt Invention, a
distillation colu the present jnvention, rf"‘
hlghﬂaﬂd%ﬂfﬁkvbﬁaépoﬂﬁée é’lfufiﬂﬂﬁ?'waﬁﬁﬁo%‘}tjh%s thaniy % by
the I ow boiling point mxture BT can be made to be
weighbt preterabhymaddesstpanc0ghte, by e ghtbnyorepretarabinaiot less
85 % by weight, 5 nore preferably not |ess than 90 %
thant89 ®et/gbly. wiiy kel wast, moine predacaibbyr ot tesothahdO 3198l Ky by
carbonate in the high boiling point mxture BB can

weightswith Behardrern eobtenPbf IRismbhethan §obppwe phéferably not
preferably not |ess than 99 % by wei ght, nore

mor@fﬁéﬁrﬁglpb An 'tﬁﬁ§ b@@%sﬂg Sot4iRgde ght yet nore
preferably not Iess than 99.99 % by wei ght.

CuTHH RIS ARABAY Yor el BEnBRERIR) prARN A

I'n conmponent of th I'ng poi-nt

d'st"”éé%’ér%ﬁ hi BB i'ﬁﬂ%ﬁb"fSPﬁi%VEﬁHOﬁD\Q%WPSPQMM on the

Iesstha 2 ton emai nder,, of t
formigs) (e attsaPals i 0ardsHHatO Ml ipn ARd dha) Rymber St stages,
carbonate, and hence the |ow boiling point mxture BT
the typs, @@mquéwm@%amwaef thedawhbating poishesa¢iien
reacting with the cyclic carbonate either as is or
mixtigtes Areffeckin, Hine pyrivyef thexdialyt badbonats te depobtained
from another process. This is one preferable
throwegthdhensapacdtidmeapdeseon. i nYRset¢alomn bdttemctesmapehature is
t he anmbunt of recovered al cohol is insufficient, fresh

genecrhilphatspecimaahess peraturehial a FangecoRedsA-150 to 250 °C. A

more preferable temperature range is from 170 to 230 °C, yet more
preferably from 180 to 220 °C. The coiumn 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 operated 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

quality of the dialkyl carbonate and diol produced and subjected to the
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20 The high boiling point mxture BB separated off in
the present invention has the dial kyl carbonate as
the main conponent thereof, and has a content of
unreact ed aliphatic nmonohydric al cohol of not nore
than 3 % by wei ght preferably not nore than | % by

La re than 0.1 % by

SGP%E@E}' sl 855, &t %ﬂégé'{"&ﬁgf})aw more than 0.01 % 25

by wei ght. Moreover, in a preferable enbodi nent of the

present invention, the reaction is carried out usi ng

starting materials and catalyst 31 not containing a
EXAMFleg&n, and hence the produced dial kyl carbonate can

be made to not contain a halogen at all. In the

pr Eodimwingvisnairapre aethilgid- gesctiptidinabk yihe qrelsemdtiavehtion

concentration not less than 97 % by weight,

thro g leferaahplesiot HoeagsvéhaheOprdédyt imicrition i®mt limited to the
preferably not less 5 than 99.9 % by wei ght, yet nore

fo||ow*"qeéqg,@1h gt less than 99.99 % by weight, wth a
hal ogen content of not nore than 0.1 ppm preferably

Exarﬂp qrore than | ppb, can thus be easily obtained. The
stillation conditions for the continuous nulti-stage

?yé{aléﬁékﬁﬂﬁgﬁmggf %ﬁsﬁﬂl’aﬂé}‘f cﬁmgﬁ?hbeéﬁaﬁ?@ﬁﬁ% G- 1
oy LB L A U B 8 b o .
reaction m xture AT fed in, the purity of the dialkyl

D2 =cth@ &t b2t PneE 58t avd na Ar2Bigvas ksegkpalmth '@nexﬁﬁ'tP'e

so on. The colum bottomtenperature is generally a
sievg feays waret eapdras the internalarigdath thestipping sestion and
A 15 nore preferable tenperature range is from170 to
the @ftciinendtsentien (predesaotiorfalaneBper hdl20=@pprhoximately

col um bottom pressure varies depending on the

1.3 arafipeahibemof Rolée Cabproxiangtdlhe3 oo ltoaddotmdm

tenperature used, but 1n the present invention the

COAL & 1HFAHY mﬂtéha?tc%gﬁammg ethylene carbonate (EC) and
methanol (MeOH) (malar 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 distillation was
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 dimethyl carbonate, was
continuously fed into the continuous multi-stage distillation coiumn B
from an inlet 3-b. This inlet was provided between the trays in the 18"
and 19" stages from the bottom of the continuous multi-stage distillation

column B.

The continuous multi-stage distillation column B was operated
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distillation colum B is generally operated under an
applied pressure. 20 Mdreover, the reflux ratio for
the continuous nulti-stage distillation colum B is
preferably in a range of fromO0.5 to 5, nore
preferably from 0.8 to 3, yet nore preferably from1

°°"‘i!‘q‘n°f”§?ﬁoglsmr§%tt°%§ﬁ4a8§w@fi‘?‘ +§%t§28c:ol %ﬁé%ﬂn};\at&l% 205 °C,

the present invention is
a COﬁaﬂal bOO RRPERFETS oE R CIMaRICT cBb MPhsand:Aotagiux ratio
t eel . In terps of the quality of the dial kyl

of aw%me hadeBdi ol produced and subjected to the 32
separation, stainless steel is preferable. EXAWPLES
Folt msmgossnbdertm@ttam stakie ataady statsmoperatien after 24
present invention 5 through exanples. However, the

hourpr esemoiumretdp @omponent IBtoatinuo usthe witlmmamhrfgom the top
exanpl es. Exanple 1: A continuous nulti-stage

1 of thétddrithiudus @ﬁhﬂﬂ@t@g@iﬁ:ﬁhﬂﬁﬂdrﬁc&h@mﬁ dto5i0®tdn /hr

1600 cm D, =260cm L, / D, =6.2, n, =18, L2 =
contaiff¥y Q”644]t@m[32hr O?Grﬁe?mmé?ahdm 436%0R./ RNBf @?m*etﬁ?l
was uséd hi's exanple, sieve trays were used as

carbbfg1é Nt el'rl'[E‘seCﬂtH)amt&ﬁ@@nﬁﬁho‘?ﬂmﬁwé%@lu% ?tﬂ;glcgtngﬁonent Br

enri chme I'on (Cross-sectional area

PL 9%J, nat el number

was S3P82 %R Sdiondo ABRapVeF i potamty hp?ﬁcwa GRmRPPENt Bo
cont ai ni t hyl epe caybonate ( nd 15 net hanol
contingyly (WA W Graes Bo 5831‘4@1%'9&"3'%% Jylti-stage
KOH in ethyl en%Tg col subj ected to the
distilatigarealusm & it n Kh rmﬁ@mm@dtnqinle@mtmrbw 99 % by
wei ght based on EC) vvas continuously fed into a

weighb ofi dioveth vindarbosisdgd mié Htandlat o nterdatathmoxe thah 0.01 % by
reactive distillation was

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 Bt
was fed as is into the reactive distillation column A, and thus used as
some of the starting material for producing 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 hour 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 99.99% in each case, and the halogen

content was outside the detection limit, i.e. not more than 1 ppb.
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carried out, whereby 8.18 ton / hr of a columm top
conponent AT was 20 conti nuously w thdrawn. The col umm
top conponent AT, which contained 4.644 ton / hr of
met hanol and 3.536 ton / hr of dinethyl carbonate, was
continuously fed into the continuous nulti-stage
distillation colum B froman inlet 3-b. This inlet
was provided between the trays in the 18th and 19th
st s fromthe bottom of the continuous nulti-stage
Exarapgqg% lation 25 coI urm B The continuous nul ti-stage
distillation colu perated 33 conti nuousl
wi Reactbe G'W'%%H?Brﬁ'ﬂ%r%me&hw 836P°Hﬁb‘? SERAAsIoN zos
C, ~a columm bottom pressure of approximately 1.46
purifigationwere carriad out usingthamangi eantinyousgnuiti-stage
possible to attain stable steady state operation after
distilkdtisnhmlusnn B ariduthe same prpoesst as8Tndoxaimpleuk| y The
wi thdrawn fromthe top 1 of the continuous
columiw top songsodent Wy, athieh walsugontinabusiPvitlodrawhfrom the
contai ned 4.644 ton / hr of methanol and 0.436 ton |

top d¥' thd cdhﬁﬁw@ds niAtiboRRje distfati®h AN ame an tAld on
in the columm top conponent BT was 91.42 % by wei ght.

dnsulv'}?{:ﬁg"@dlu Qi Uirf‘zg%tnoﬁhgogﬁﬂpﬁ%ﬁé dé7 48R/ RHBYTh¥thano!

ravvn m t he bottom e continuous

ans S04 0P b BN 7 b hridiop;Himpgnent Ar

was GBnGRURLSHK| T84 R dhengpnBnUpHS BUlBsHp0edisiilzieN cajumn B

into the continuous 15 nulti-stage distillation
fromcq)m et B-Dappr oxi matel y 87. 7% was obt ai ned as
purity di nethyl carbonate. Note that the colum
I% wasppossibl@to aliain stable steady statecopesatipneafter 24
d| stillation colum A and thus used as
hours. The column top component By, which was continucusly
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

some of the starting material for producing the dimethy! carbonate and
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some of the starting material for producing the
di met hyl carbonate and the diol. 20 Prol onged
conti'nuous operation was carried out under these
conditions. After 500 hours, 2000 hours, 4000 hours,
5000 hours, and 6000 hours, the produced anounts of
the(gbgethyl carbonate per hour were 3.1 ton, 3.1 ton,
“ton, 3.1 ton, and 3.1 ton, and hence operation was

ve t abl e purity of .the dineth car bongt e
obPAP ﬁ%r&mw%eszﬁb%r@mrhwaﬁqcpr%ep.wfcaf'asﬁ these
99.99% i n each case, and the halo cont ent

was
conditiensde After S bouss. Epﬂlot hoprs, ﬂaD res,t Q0 haips, and
34 Exanple 2: Reactive distillation and di net hyl
600 hobosathe prpdussidoamoumtsr of dirasitbyl eerkonate ped hour were
usi ng the sane continuous nulti-stage 5 distillation

4.65d0hyrm 6B ol 4165 temep4BDcens and 4ro5xanphadlhehbe operation
col um top conponent AT, which was continuously

was Verpdtable.f r Cl"ﬁd parity AT ble HNAetiPR ¢§%ﬁa@bbtaaﬁb@gﬁ1rough
distillation colum A (reactive distillation colum)

e g PRSYioF UAe RS it o, e haooen
contgi e A6LUERAEP R APRRBD (P84 P ARSI AR Y o

froman inlet 3-b. It was possible to attain stable
st eady state operation after 24 hours. The columm top
g)onent BT, which was continuously wthdrawn from
Exarﬂq 86p 1 of the continuous multi-stage distillation
colum 15 B at 7.62 ton / hr, contained 6.967 ton / hr
of Ane@mHAbP usHa ulticBageodistillationcoditmet Byas sraywndodsIG. 1
The net hanol concentration in the columm top
was usegdonem tHH3 ewamPle 43idwdyrays were Wbed@sethe tihternals in
col um bottom
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 dimethy! carbonate separation /
purification were carried out using the same process as in Exampie 1.
The column top component Ay, which was continuously withdrawn from
the top of the continuous multi-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 At was continuously introduced into the continuous
multi-stage distillation column B from an intet 3-b.

It was possible to attain stable steady state operation after 24
hours. The column top component By, which was continuously

withdrawn from the top 1 of the continuous multi-stage distillation column
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conponent BB, which was continuously w thdrawn from
the bottom 2 of the continuous nulti-stage
distillation colum B at 4.65 ton / hr, 20 contained
not | ess than 99.99 % by wei ght of di nmethyl carbonate
(met hanol content not nore than 0.01 % by weight).

B at Fg%?ztﬁj-[]i nry Sbpfhinledf 19,45 Q?Shafﬁgﬁ?gﬁﬁﬁ;‘%ﬁ@ hRYC1 96 ton /
hr of 5@@@% iitstatee. Ko anekaR N heoRGROREISH ik dhesriumn top

was fed as is into the reactive distillation
come@naﬁﬁ By wa$d91 i3 % dutwaightonMaeieavad, shargglggn bottom
mat eri al for producing the di nethyl carbonate and 35
comparedt &s, Whishowasdcontinuously vapad caworfromstivahattam 2 of
out under these conditions. After 500 hours, 2000

the duntisuoddGHuhtdwtage digtillatiorscohnin B0 I tes / Hiheontained
produced anmounts of di nethyl carbonate per hour were 5

not 16s8haP99%08 3% PP weight de:ﬂmé‘th% cla?Bonaté (%@ﬁrdrﬂﬂ content

and hence operation was very stable. The purity of

not th?e‘ihEﬁt@)m SR §h @bt ai ned through the

separati on purifica n was 99.99%in each case, and

L IniEs gﬁﬁ?gﬁ%ﬂ%ﬁ% “@Eﬁ%ﬁ&ﬁi%ﬁa'%e*%&%%?e tinuous
mulwéta%éﬁgﬁﬁﬂ? oRi go'@?éh&r“,egglg‘r@mﬁﬁiwae Wias phfeined as
elnternalsm both the stri glng section and the

hlghﬁ?ﬂ"'%ﬁﬁﬂ? @ﬂcw@w%ﬁe@ssblgéettha ahe eplumpdeprrampeonent Br
approximately 1.3 cnR, nunber of holes = approxi mately

was fed sEois teothe reaytivedistillation eelumatA oandndius used as
di met hyl carbonate separation / purification were

some axfrthedstartingsmagetiz feaproducing thesdimmethydrqdrbohate 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, 9.3 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

alcohol, a high-purity dialkyl carbonate of purity not less than 97%,
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The col um top conponent AT, which was continuously
W thdrawn from the top of the continuous nulti-stage
distillation colum A (reactive 20 distillation
colum) at 24.54 ton / hr, contained 13.934 ton / hr
of nethanol and 10.606 ton / hr of dinethyl

prefg Al nuotﬁrsqs}hﬁ?rg S EFh pFoeRIFn} Jef8than 00.9%, can

tage d ion colu rom ap ,inl

be offaiechB%n ipatistal sSis St m*é%ﬁe@&w 8t hr.plsferably
operati on after 24 25 hours, The column to onen

not Igss tRRNCA tRas/ banmm@oegef;eram Ret deps tham ‘EH opr.awith a
of the continuous nulti-stage distillation colunn 36 B

highatields stablyofer a mrolengedipridod N fotime ofi notHessfthan 1000
nmet hanol and 1.306 ton | hr of dinethyl carbonate.

5 hoursherebrtaiylnatolessnthrant 3OO0 houns, ownenpréferably not less than

conmponent BT was 91.43 % by wei ght. Mreover, the

500 Abui®. bott om conponent BB, which was conti nuously
W thdrawn fromthe bottom2 of 5 the conti nuous
mul ti-stage distillation colum B at 9.3 ton / hr,
contai ned not |less than 99.99 % by wei ght of dinethyl
carbonate (nethanol content not nore than 0.01 % by
wei ght). This neans that of the dinethyl carbonate fed
into the continuous multi-stage distillation colum
B, approximately 87. 7% was obtained as 10 high-purity
di met hyl carbonate. Note that the colunmm top conponent
BT was fed as is into the reactive distillation colum
A, and thus used as sone of the starting material for
produci ng the dinethyl carbonate and the diol.
Prol onged conti nuous operation was carried out under
these 15 conditions. After 500 hours, 2000 hours, and
3000 hours, the produced anounts of dinethyl
carbonate per hour were 9.3 ton, 9.3 ton, and 9.3
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ton, and hence operation was very stable. The purity
of the dinethyl carbonate obtained through the
separation / purification was 99.99%in each case,
and the hal ogen content was outside the detection
l[imt, i.e. 20 not nore than 1 ppb. Industria
Applicability According na resent invention, it
has been di scovered that, " fromout of a dialkyl
Vvetggkﬁonate_and a diol produced through a reactive 25
Fllation systen1fron1a cyclic carbonate and an

al i phati ¢ nonphydr.i ¢ al cohol,, a high-purit a
catbonat 1 G RSl Rracess (aTse8aoatng Suiadlialiyl,
not |less than 99% nore preferably not |ess than
carbopate, cemprigadobtaastrRs @: an i ndustrial scale of not
less than 2 ton / hr, preferably not less than 3 ton
/ bontimman@yééedhb@ystadﬁngematenﬁais toom corinuaws h a
high yield stably for a prolonged period of tine of

multinstad e sdstihatiohOfdlumh Qlirs whichf 2 talrhp geoledusseatdigst is
3000 hours, nore preferably not |less than 5000 hours.

preséft BiyAldiing V¢ c%ﬁbf%arboddteaé‘nd W%ﬂwlﬂitl@hﬁ@ﬁ@ﬁyﬁ fie alcohol

separfating out "a dialkyl carbonate, conprising the

as thd E&ﬁ'tﬂf n{ht%(g[g|gnuousl y feeding starting materials

|n 0 a continuous nulti-stage distillation colum A

o Eiflo B RAAIRE s Gfatbrh.pfid BBRSARAY acono
glsg%)[qﬁ W a H\‘/ﬁﬂ@f%ﬁrﬁé %nﬂicgﬂ\r E)}éltl?ﬁg %uc}ing ?ggtcjti\é?\ mixture Ag

containing a produced diol from a lower portion of said column Ain a
liquid form;

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

continuously feeding said low boiling point reaction mixture Ay into
a continuous multi-stage distillation column B; and

carrying out 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, wherein the improvement which comprises:

said continuous multi-stage distillation column B comprises a
distillation column comprising a stripping section having a length L4 (cm),
an inside diameter Dy {cm) and an internal with a number of stages n;

thereinside, and an enrichment section having a length L2 (cm), an inside

diameter D, (cm) and an internal with a number of stages n; thereinside,
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10 continuously w thdrawi ng a hi gh boiling point
reaction mxture AB containing a produced diol froma
| oner portion of said colum Ain a liquid form
continuously withdrawing a | ow boiling point reaction
m xture AT containing a produced dial kyl carbonate

whe B8 LoD Bin b Ger A K prtard Ind (GHeHinG ARALEE to (8):

conti nuously feedi aid | ow boiling int reaction
m xture ﬁ%olﬁtl-d éﬂggitl nuous mul ti -stgﬁe di stillation

colum B; and carr out separation distillation
into a cdPOmh Bop 1V: onent BT havi ng(g)he al i phatic
nonohydri c al cohol as a main conmponent thereof 20 and
a col um2oitidnDgadBénent BB havi ng t hi@d)di al kyl
carbonate as a main conponent thereof, wherein the

i nprovemOt<whi<oconpri ses: said conf4)nuous

mul ti-stage distillation colum B conprises a

di stillaypengqql 4gpEenprising a strip@)ng section
havi ng a Iength L1 (crr) an inside dianeter DO (cm

and an ig eg a nunber of stageggyni 25
t her ei nsi an enrlchnent section Having a Il ength

L2 (cm, .a&n |ns meter D2 (cm nternal
wth a nuﬁb%#‘ o/f §t'a S n2 thereinsi de(ﬂ %8] wher ei n
L1, D1, g and n2 satlsfytheE{oIIovvln

f or mul ae J?ﬁ 20‘5( 500 5 LI <_ 3000(§1) 100 5 D1 5
1000 (2) 25L1/D 530 (3) 510 < n, :_ 40 (4) 700 5
L2 5 5000 (5) 50< _D25800 (6) 10 5 L2/ D2:5 50 (7),

and
2. The process according to Claim 1, wherein an amount of

the diatkyl carbonate to be separated out is not less than 2 ton / hr.

3. The process according to Claim 1 or 2, wherein L4, D4, L1/
D4, ny, L2, D2, L2 / D2, and n2 for said continuous multi-stage distillation
column B satisfy 800 <L, <2500, 120<D,<800,5<Ly/D1<20,13<
n, <25, 1500 <L, £3500,70<D;<600,15<L,/D,<30,40=<n2<70,

Ly <L, and D; < Dy.

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.

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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35 5 n2 5 100 (8). 10 2. The process according to

Caiml1, wherein an anount of the dialkyl carbonate

to be separated out is not less than 2 ton / hr. 3.

The process according to Claim1l or 2, wherein L1, D
Li 15 D1, nl1, L2, D2, L2 / D2, and n2 for said

cont@ﬁ{éﬂfHf#?'-%ﬁéﬁgﬁt@hséélbﬁ 5ol 8. 5 ST
20, 13 <_ nl <_ 25, 1500 !5 L2 5 3500, 70 <_ D2 5
600, 15 5 L2/ D2 :5 30, 40 5n2 !5 70, Li 5 L2, and
D2 < DI, 20 4. The process according to any one
d fins 1The Brogess eceording toelaiam 5; whelein @ralfiﬁéay is a
stripping section and the enrichnment section of said
sievedray.nuous nulti-stage distillation colum Bis a tray
and / or a packing. 25 5. The process according to
Claim4, wherein the internal in each of the
stripping section and the enrichnent section of said
407cont | TheUBrddedd aTcadfiny 86 IClannl NwWiHreIm sAidssiele tray
tray. 6. The process according to C aim5, wherein

t [ r ordi ng
ras FEOCLLIANN it RO K PRI IS I,

cmsy%%%.dnsiﬂa% BetR8 AON} boRAdbE om0 o 5 om?,

ss-secti onal” area I'n"a range o
0.5 to 5 cnk2. 10 8. The process according to Claimé6
or 7, wherein said sieve tray has 200 to 1100 holes /
m2_in sa'g Si eve ortlon t hereof, .and the ) L
cr Bss- sedPiecRERC 2acserdig o ilaim @ arahgwharefn said sieve
0.7 to 4 cnR.
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 ocne 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,
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9. The process according to any one of Clains 6 to 8,
wherein 15 said sieve tray has 250 to 1000 holes/ n®
in said sieve portion thereof, and the
cross-sectional area per hole is in a range of from
0.9 to 3 cnR. 10. The process according to any one of

whe iR BehehBiratisift thé 4Bk ERMORER T Ry cLAHF bottom

comSRRELBLab et 1895 8 oh S8l RS St 18y woion

wherein said continuous nulti-stage distillation

of said|aminm padtamregmpenatio in a range of from0.5 to
5. 25 12. The process according to any one of Clains 1
to 11, 41 wherein a concentration of the dial kyl
carbonate in said columm bottom conponent BB is not

| e$3. t halTh@/pfb deys svaicgblrd e 6ol 201y d0@ 86 Dlaimsghto 1H,
said col um bottom conponent. 5 13. The process

wheih W dbRgen®ration @Tehel d@lﬁ?maﬂbéﬁaﬂ@m sui¢ ' i0nth bottom
concentration of the dial kyl carbonate in said colum

com;ggéégf“gﬁci%g@%}f%@s BBah 949 H)F%Jbﬁ?rba%%cﬁbhﬁﬁ\@i%hﬁy weight

y wel ght of "said”columm bottom

of sl AN potiorh oo BB Concentrat i on of the .

- dialkyl carbonate in said columm bottom conponent BB
is not |less than 99.9 % by wei ght based on 100 % by

wei 8ht of said colum bottom conponent. %i? 15. The

prdless ABCOPERGRES dcaRyIbKEt®@NY angseh Giaima 1 to 13,
wherein said colum top conponent BT is recycled as a

whersiara cogcenteation ofitbe diadkykcapenatalinisiajg colupvnodtom
and the diol.

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 Claims 1 to 14,
wherein said column top component By is recycled as a starting material

for producing the dialkyl carbonate and the diol.

16. The process according to any one of Claims 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 dimethy! 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
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16. The process according to any one of Clains 1 to
15, 20 wherein the cyclic carbonate conprises:
et hyl ene carbonate and / or propyl ene carbonate, the
al i phati c nonohydric al cohol conprises nethanol and /
or ethanol, and the dial kyl carbonate to be separated
es di net hyl carbonate and / or diethyl
moréggﬁ onaﬁgﬁb% 17. A dial kyl carbonate separated out by
the process according to any one of Clains | to 16,
whi ch conprises a hal ogen content of not 42 nore than
0.1 ppm 18, A dial kyl carbonate separated out by
pr d8ess &céwmh@ar%ﬂa@ sgparatedcoat iy the d)r%e?«ﬁh@%f’fdmg
conprises a hal ogen content of not 5 nore than 1
to amponenef Gilaimgi1 g@ﬁtﬁmuheclh@@mmmags‘:taa h@llfagemlqor&em@f not
whi ch conprises an aliphatic nonohydric al coho
morectimaertt ppb.not nore than 0.1 % by weight. 10 20. A
continuous nulti-stage distillation colum being a
continuous multi-stage distillation colum B for
subjecting a | ow boiling point reaction mxture AT

coRpbai ni ‘T%eadFHIR?PESHb&hé&&ﬁ'cc@?ﬂhfﬁ‘% TR #7 or 18, which
al i phati c nonohydric al cohol to separation by

com;?r‘@éé'ér‘?‘%'hﬁ}'ﬁdtm th 4fe aﬁé h%‘? OMBAY R InH Y tHain

he"al nono ydr*c al co as a main conponent

d a colum bottom corrponent BB havi ng t he
[+)
0.1 %M&%lg%@ar bonate as a main conmponent thereof, the

| ow boiling point reaction mxture AT having been

obt ai ned by taking a cyclic carbonate and the

al i phati c nonohydric al cohol as starting nat erl al s,

c025| nuods9ntBHaUSgMRititHage: distiliafiomcolumns bping 2
continuous nulti-stage distillation colum A

continuous multi-stage dlstll?ation column B for subjecting a low boiling

point reaction mixture Ay 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
column in a liquid form, and continuously withdrawing the low boiling
point reaction mixture Ay from an upper portion of the column in a

gaseous form, wherein
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in which a honbgeneous catal yst is present, carrying
out reactive distillation in the colum A,

conti nuously wi thdrawi ng a hi gh boiling point
reaction m xture AB containing a produced diol froma
| ower portion of the colum in a liquid form and

CO AR RS Mo A0BE L4 e

colu in a seoys f.orm wherein 43 said.con i uous
muPITRBE SO NRYIBE 2PURH &1 f’-.%rég lamater D
strippin sectlon haV|n a length L1 (cm, ~an inside
(cm)@ngrareintprnal wigh an@um%ern@%s esinitherpimyide; &nd
stages n, thereinside; and an enrichnment section
haanr@nachm@thsaetion rl)aviag arlehgéh dizafernprangnpiig digmeter
and an internal with a nunber of stages n2
D (drhpaeidnandatemrwith & huberlf, stage R, thedeindide;
satisfy the following formulae (1) to (8); 500 <_ L,
5 dhreid L, B0 rﬁ, B, ED%OQIQd(r? saﬂi@?fﬂhe/falléﬁﬂng%rﬂrmlae (1)
< nl< 64 06’5 12 < 2000 50 5 D2 5 800
to (8 6) 10<_ L2/E2< 50 (7),and 15 35 <_ n2 100 (8). 21.
he continuous nulti-stage dlstlllatlon colunn

accordin o_.,d ai , Wherein L1, / D, ni,
L2, D2, Egblsbz,ggﬁo&gz satisfy 800 < “)L 5 2500, 120
5 DL <_ 888 g): 5 JB; DL <20, 13 n1.§ 25, 1500 5 L2
< 20 35080 8= OQ 600, 15 5 L2 /(% 30, 40 < n2
70, L1 <, 12, and 0 < D1.

Z<Ly/Dy<3 (3)
10 £ ny £ 40 (4)
700 < L, < 5000 (5)
50 < D, < 800 (6)
10<L,/ D250 (7), and
35<n; <100 (8).
21. The continuous multi-stage distillation column according to

Claim 20, wherein Ly, D4, L1/ Dy, nq, L2, D2, L2 / D2, and n; satisfy 800 <
L1 £2500,120<D1<800,5<L1/Dy<20,13<n1=<25,1500<L;¢<

3500, 70 < D2<600,15<L,/D;,<30,40<n;<70,L4=<L3 and D; < Ds.

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 continucus multi-stage distillation column according to
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22. The continuous nulti-stage distillation colum
according to Caim?20 or 21, wherein the internal in
each of the stripping section and the enrichnent
section is a tray and / or a packing. 25 23. The
continuous nulti-stage distillation colum according

4 ' ' i [ i t
Clairh 22 Mg iTHRS It B Sagh It e flri@ff §Rcfbn; 4fid the
b ..:Jhe. cgntinuous nulti-stage distillation
enrm&ﬁﬁé%%égggpdl% ?6”%- d ai m 23, vvlgler ein said tray is
a sieve tray. 25. The continuous nulti-stage
distillation colum according to Caim24, wherein
said sieve tray has 150 to 1200 holes / n2 In a sieve
poti on THereentinipysamedtisstagecdissiltation eglpemn aecerding to
isin arange of from 10 0.5 to 5 cnR. 26. The
Clairodtil,i whensimshid ts4adge adsistvid tray. on col uim accor di ng
to Caim?24 or 25, wherein said sieve trays has 200

to 1100 holes / n2 in said sieve portion thereof, and
the cross-sectional area per hole is in a 15 range of

frg 0. 7The doktiRuodé mlUMg- a8k AiHmtIBH bb;ﬁﬁ&@glsﬁgoﬁing to

distillation colum according™to any one o
_ T . 0
Clairh 2 £ uSRENELRIS VS AL N0 1208 AP IPSiove

porti@ﬁgﬁ%séﬁg%ﬁa% £5§§-§eeétic?rgapgl'eea ipseri I'Qolae {salnrgg roafngfer %';nfrom

0.5 to 5 cm?.

26. The continuous multi-stage 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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