| NDUSTRI AL PROCESS FOR PRODUCTI ON OF DI ALKYL CARBONATE
AND DI OL Technical Field The present invention relates
to an industrial process for the production of a

di al kyl carbonate and a diol. Mre particularly, the
present invention relates to a process for
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catal yst. As reaction sy st ens, four systems have been
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used in a process for the production of dinethyl
highasbiired @ cintl reabybanmngllwedhafm‘rgﬂneeilnylasn@ main component
carbonate and nethanol, which is the nost typical
ther@a€Ht®m a lower portion of the column and continuocusly withdraw a
low boiling point reaction mixture containing the dialky! carbonate from
an upper portion of the column, continuously feeding the low boiling point
reaction mixture into another continuous multi-stage distillation column,
and carrying out purification by distillation so as to obtain the dialkyl

carbonate.

Background Art

Several processes for the production of a dialkyl carbonate and a
diol from a reaction between a cyclic carbonate and an aliphatic
monohydric alcoho! have been proposed, but most of these proposals
relate to a catalyst. As reaction systems, four systems have been
proposed hitherto. These four reaction systems are used in a process

for the production of dimethyl carbonate and ethylene glycol from
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exanple. Afirst systemis a conpletely batch reaction
systemin which ethylene carbonate, nethanol and a
catal yst are put into an autoclave, which is a batch
reacti on vessel, and reaction is carried out by
holding for a predeterm ned reaction tinme under an
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exaBﬁ% nt Docunment 1: U. S. Patent No. 3642858, Patent
ent 2: Japanese Patent Application Laid-Open No.
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systemis a systemthat uses an apPar atus in which a )
whidhsisi & |atchnreattion vVesselpeindkdeantionpsotatriedautt by holding

vessel ; ethylene carbonate, nethanol and a catal yst

for ar préddiétermined ee s€Honi tirmev andelr, amappliedhde mperature at a
made to proceed by heating to a predeterm ned
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t with thi t . .
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(copransading e Jsuceatent o e 1678 Faient Hpdliment s:

reaction being carried out using a |arge excess of
JapsnesedlatenteApplicationt !aaud@mendﬂg-%geﬁ?v@ﬁ%. Patgat fyocument

from3 to over 29-hours (see, for exanple, Patent

6: Desanest BatdapApesieaftrehnid Ppenchivi §54.€i48THBN No.
S51- 122025 (corresponding to U S. Patent No.

406 28840 rRRE9BteOGUANstém Inatges Ratgmparatus in which a
Application Laid-Open 2 No. S54-48716 (correspondi ng

distifation cBMAM idBroded 39 tofd¥ & keaction vessel; ethylene

carbonate, methano!l and a catalyst are put into the reaction vessel, and
reaction is made to proceed by heating to a predétermined temperature.
With this system, to make up for methanol distilled off through azeotropy
with the produced dimethyl carbonate, methanol is added to the reaction
vessel continuously or in batches, but in any event with this system the
reaction proceeds only in the reaction vessel, which is batch type, in
which the catalyst, ethylene carbonate and methanol are present. The
reaction is thus batch type, the reaction being carried out using a large
excess of methanol under reflux taking a long time in a range of from 3 to
over 20 hours (see, for example, Patent Document 3: Japanese Patent
Application Laid-Open No. $51-122025 (corresponding to U.S. Patent No.

4062884), Patent Document 4: Japanese Patent Application Laid-Open
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Docurment 11: U.S. Patent No. 3803201). A third system
is a continuous reaction systemin which a m xed

sol ution of ethylene carbonate and nmethanol is
continuously fed into a tubular reactor maintained at
a predetermned reaction tenperature, and a reaction
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of ethyl ene carbonate and nethanol, and then after the
tubukactdartortrhairnt@inegsit a predetesmenedeaation tamperature, and
reaction mxture (see, for exanple, Patent Docunent

a rJactJ@l@aﬁBﬁaré’aimhwﬁn@ unat aoted ait by @ren ciobon@se nrd 2
(corresponding to U. S. Patent No. 4661609), Patent
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U. S.
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reacti on between ethyl ene carbonate and met hano
usexh andiiki passed tbaeugbriheatubulasfeacipt ﬁogﬁiﬂger W‘th the mixed
conti nuous flow reaction systemusing a tubul ar
solutiact of ethyleries canponaidland metiianalharst byearafter the reaction
carbonat e conversion higher than the equilibrium

theceﬁt‘cﬂg& P sepi=Raredeslitbifobiehe aaeticn onixtate ¢seet fonexample,
react| on tenperature. For exanple, according

Pafégb ggt%:ngn d'%;en s[\% #zs%%%pﬁcéﬂaﬁ@mediﬁéﬁmo
63-41432 (corresponding to U.S. Patent No. 4661609), Patent Document
10: U.S. Patent No. 4734518), and a process in which a heterogeneous
catalyst fixed inside the tubular reactor is used (see, for example, Patent
Document 8: Japanese Patent Application Laid-Open No. S63-238043,
Patent Document 9: Japanese Patent Application Laid-Open No.
S64-31737 (corresponding to U.S. Patent No. 4691041)). The reaction
producing dimethy! carbonate and ethylene glycol through reaction
between ethylene carbonate and methano! is an equilibrium reaction, and
hence with this continuous flow reaction system using a tubular reactor, it
is impossible to make the ethylene carbonate conversion higher than the

equilibrium conversion determined by the composition ratio put in and the

reaction temperature. For example, according to Example 1 in Patent
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(corresponding to U S. Patent No. 4661609)), for a
flow reaction at 130C using a starting material put
inwith a nolar ratio of nethanol / ethylene
carbonate = 4 / 1, the ethylene carbonate conversion
is 25% This neans that a | arge anmount of unreacted
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equi pnent is used for suchs arat| urification,.
ethvle@@/eayboaaba 5 4o 1 cthasthy! WF&EBPH%?&%Y?@'Q“ is 25%.
reactive distillation systemfirst disclosed by
Thipresans thatemtiarge @reunt of wxeasted @'eiwéﬂnetﬁﬂ:ﬁhﬁﬂﬂte and
12: Japanese Patent Application Laid-Cpen No.
metiamA& b aifiagein thecometionl fixturepaneseh@separated out,
Application Laid-Qpen No. H4-230243, Patent Docunent

_ recéger%@bgﬂﬁsneec??é@l@teﬂ%bl@th@ﬁhé&e@c@ﬁmﬁ@ in actual fact, with

L Paf ent Docunent 15: Japanese Patent
o P BB P S Pt e
La"ﬁ"uﬁapieg‘g Forgﬁéeﬂ%\gg#mm%&%gg 'ﬁeg‘g kemEhlroopAte%%‘I 041},

Pat ent. No. 0889025, U. S, Pat ent .No. 584 18 Pat e
muchcmipment is isad kel SHEh $eRAILIRM oRY 'Ca%WQsa/%c y, and

(corresponding to European Patent No. 1086940, U.S.
rechawgatioNo. 6346638), Patent Docunent 19: International

Publ i cation No. W000/51954 (corresponding to European
Pat gnfolNth dystnbs dr8actilat @m|lmior6$ysgeu1) firstadmalosed by
Docunment 20: Japanese Patent Application Laid-Open

e Brs X ts Go DR it i e
PafeHit ABPALS I HYFd /OPen No. H4-198141, Patent Document 13:
Japanese Patent Application Laid-Open No. H4-230243, Patent
Document 14: Japanese Patent Application Laid-Open No. H8-176061,
Patent Document 15: Japanese Paient Application Laid-Open No.
H9-183744, Patent Document 16: Japanese Patent Application Laid-Open
No. H9-194435, Patent Document 17: International Publication No.
WO097/23445 (corresponding to European Patent No. 0889025, U.S.
Patent No. 5847189), Patent Document 18: International Publication No.
W099/64382 (corresponding to European Patent No. 1086940, U.S.
Patent No. 6346638), Patent Document 19: Internation.al Publication No.
WO0D00/51954 (corresponding fo European Patent No. 1174406, U.S.
Patent No. 6479689), Patent Document 20: Japanese Patent Application

Laid-Open No. 2002-308804, Patent Document 21: Japanese Patent
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process i n which ethylene carbonate and net hanol are
each continuously fed into a nulti-stage distillation
colum, and reaction is carried out in the presence
of a catalyst in a plurality of stages in the
distillation columm, while the dinethyl carbonate and
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0530615, U.S. Patent No. 5231212), Patent Docunent 23:
the rueseawe Phtacnatalystiiaa pharalitycotostag e in iheodistillation
(corresponding to European Patent No. 0569812, U.S.
colifatrenwhNe. the3 8oheshyl Patieonatedacuhethylzne giycolewbich are
Pat ent Application Laid-COpen No. 2003-119168

prodeeeides P @ pirated! off e Rdtieditadp plibatioasiipnwldch such a
W03/ 006418), Patent Docunent 25: Japanese Patent
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patarioNes assidefs <R et BesEET A oteh sk 25
distillation colum provided on top thereof; (3) a .
Japdoes e aienti Ap pheaticonLaidQpe ndiag HE-+ABAT {corresponding to

reactor; and (4) a reactive distillation system
Eutiyeae P atdi € oh DESIBED, [ 8bIFeatenti b, B30 #8), Patent

follows. 5 In the case of (1) and (3), the upper
Dokiufidnob4t Dapatdd€ PeRERAPMication Laid-Open No. 2003-119168
(corresponding to International Publication No. W0O03/006418), Patent
Document 25: Japanese Patent Application Laid-Open No. 2003-300936,
2003-342209). |

In this way, the processes proposed hitherto for producing the

dialkyl carbonate and the diol from the cyclic carbonate and the aliphatic
monchydric alcohol are the four systems:
(1) a completely batch reaction system;
(2) a batch reaction system using a reaction vessel having a distillation
column provided on top thereof;
(3) a flowing ligquid reaction system using a tubular reactor; and

(4) a reactive distitlation system.

However, there have been problems with these as follows.
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conversion is determ ned by the conposition put in and
the tenperature, and hence the reaction cannot be
carried out to conpletion, and thus the conversion is
| ow. Moreover, in the case of (2), to make the cyclic
car bonat e conversion high, the produced di al kyl

Co AU 910} 0 St e isaranate
conk BRI T0chi B 5, R T lgermporature
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have not related to carrying out the production on an
carbodasé dorveasad e highbltye fpmo dugedidialkyd qeebiooatefmust be
time. That is, these processes have not attained the
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in alarge anount (e.g. not less than 2 ton | hr)
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production of dinethyl carbonate (DMC) and ethyl ene
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as in Table 1. Table 1 6 TABLE 1 PATENT H: cm D : cm

indetriST46afe stabR forkg/groidngelr pe DOAUMENME2 Tavis3dhese

0.106 400

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 tess than 5000 hours).

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

carbonate and methanol are as in Table 1.

Tabie 1
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3750 NOTE 5 26 200 15 (BX) 0.313 NOTE
S NOTE 1 : OLDERSHAW DI ST UWN. NOTE 2: NO
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NOTE 1 : OLDERSHAW DISTILLATION COLUMN.

NOTE 2 : NO DESCRIPTION WHATSOEVER DEFINING DISTILLATION COLUMN.

NOTE 3 : ONLY DESCRIPTION DEFINING DISTILLATION COLUMN IS NUMBER OF
STAGES.

NOTE 4 : NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.

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

In Patent Document 25 (Japanese Patent Application Laid-Open
No. 2003-300936), it is stated at paragraph 0060 “"The present exampie
uses the same process flow as for the preferred mode shown in FIG. 1
described above, and was carried out with the object of operating a
commercial scale apparatus for.-producing dimethyl carbonate and
ethylene glycol through transesterification by a catalytic conversion
reaction between ethylene carbonate and methanol. Note that the
following numerical values in the present example can be adequately
used in the operation of an actual apparatus”, and as that example it is
stated that 3750 kg / hr of dimethyl carbonate was specifically produced.
The scale described in that example corresponds to an annual production

of 30,000 tons or more, and hence this implies that at the time of the
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stated that 3750 kg / hr of dinethyl carbonate was
specifically produced. The scale described in that
exanpl e corresponds to an annual production of 30,000
tons or nore, and hence this inplies that at the tine
of the 7 filing of the patent application for Patent
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Patent Docunent 25 (Japanese Patent Application o

carfied doWhenHiweven»dondahe timaef flingdhepiesaniuappbication,
the theoretically calculated value is stated for the

theld werdhamagbvedfadliaeahy! Merdovat,cin the exaenplesiod Patent
for ethylene glycol is approximtely 85.6% and the

Do '24.7hagESe PR HIRRIS L macOpeney 2003-500630)
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Application_Laid-Open No. 2003-300936)., was deened t
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exam nation not having been requested). Wth the ..

and bactdev it casnot reallyrbensaiddhat e highvdelgbapdnigh selectivity
causes of fluctuation such as conposition variation ]

havilipeleh headhedn dndpactiopiasi therdowasebadtivityliedicates that this
distillation in the distillation colum, and
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colum, and hence continuing stable operation for a

ol RRFTo Dt 27 o esprma g e Laig v
oL HOESOSEAEFYAL, hBeE4 58 agh AU 4ian puly 20, 2005

carbonate and a djol usi t he reacti
due to exam?naﬂon nol( %avmgrbqeen reques e}f?.

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

the reactive distillation apparatus must be cleverly devised. However,
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distillation nmethod stably for a prol onged period of
time while nmaintaining high yields and high
selectivities for the dial kyl carbonate and the diol,
the reactive distillation apparatus nust be cleverly
devi sed. However, 8 the only description of continuous
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be nmass-produced continuously and stably for a
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Selectivity, and at this tinme to further establish an
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di al Kyl carbonate efficiently froma |ow boiling
. ot r ' ] [ I ' r | Iy
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‘ distill|lation cqlum. The present i nvent] :
maggspiasiieed Sttt ousvoanl; Sepr A6 & B hd ¥l pREfd of time
w th the exception of Patent Docupent 25,  th .
withrhigic gie!draasthigh %%I@calvatwmfié:{ﬁgﬂ%@"%# fiper establish
using reactive distillation processes proposed
an lintdustrial pescesefon separatiagont the desiredgiialikylpaibonate
kg / hr. Mreover, with the process of Patent Docunent

effiflentlg ohvanovwboiingopeint reaction orictofe wenhamudusiyd
di met hyl carbonate) froma first step reactive
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. i in . t ; .
S S, DI BLSEP gn Bcn mti
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As shown in Table 1, with the exception of Patent Document 25,
the produced amount of the dialkyl carbonate per hour using reactive
distillation processes proposed hitherto has been a small amount of not
more than 1 kg / hr. Moreover, with the process of Patent Document 25,
a column top component (a mixture of methaho! and dimethyl carbonate)
from a first step reactive distillation column is fed into a second step
distitlation column, and extractive distillation is carried out using ethylene
carbonate. After a mixture of ethylene carbonate and dimethyi
carbonate has been obtained as a column bottom component from the
second step distillation column, this mixture is then further fed into a
third step distillation column, and separation by distillation is carried out

so as to obtain dimethy! carbonate as a column top component and
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second step distillation colum, this mxture is then
further fed into a third step distillation colum,
and separation by distillation is carried out so as
to obtain dinmethyl carbonate as a colum top conponent
and 9 ethyl ene carbonate as a col um bottom conponent

ethy&%ﬁ%‘ {;ﬁ?oéﬁ‘éféj a%tngoFLGi‘rﬁ{ bldtfrh oo mPloHBht fTbaA the third step

] e process of Patent Docunment "25, two col ums
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operated together with one another, and hence it iﬁ
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difficult. D sclosure of Invention Problens to be o
equfement isyexpenbiveant Famthermerenwith tus proaess picayeistillation
invention to provide, for the case of producing a
col @ik usta & e ataddtog ethelr withusie isaldtheirnahar hence it is
anounts (e.g. not less than 2 ton / hr for the

. _ f
expﬁgz@éﬁﬂ&a@%ﬁigﬁgéd 18U pRifon Woull Be diefichrt. for

h a reactive distillation system of
taking a cyclic carbonate and an aliphatic nonohydric
al cohol as starting materials, continuously feeding

..tre star%inﬁ rrg,lterials into a continuous nulti-stage
Disglagyne of IB¥eBYPIm in which a catal yst is present,

and carrying out reacti onr“z;‘\gdI distjllation

si mPtaiiematy be SHxeddhy AVERMAR i ¢ process

according to which the dial kyl carbonate and the di ol

can Ibés prodbieet ofithé pregend énvenfion: to gravidghfor the case of

productivity stably for a prolonged period of tine
prodaicingr@tdihlad ddrbionE18Camd & djolpinefustsialtly irotaigssemounts (e.g.

t han 3000 hours, nore preferably not |Iess than 5000

notgsSihafidn7thefort fie HiARYEedrbdhakéyhndanbbhess than 1.3
can be separated out and purified stably for a
ton?hP 58P 9Rd ABYY BftRigh LMReadtive Hisi&fibhcspitern of taking a cyclic
carbonate and an aliphatic h’lonohy‘dric alcohol! as starting materials,
continuously feeding the starting materials into a continuous multi-stage
distiliation column in which a catalyst is present, and carrying out
reaction and distillation simultaneously in the column, a specific process
according to which the dialkyl carbonate and the diol can be produced
with h'igh selectivity and high productivity stably for a prolonged period of
time (e.g. not less than 1000 hours, preferably not less than 3000 hours,
more preferably not less than 5000 hours), and further the produced
dialkyl carbonate can be separated out and purified stably for a
prolonged period of time with high efficiency.

Means for Solving the Problems

Since the present inventors first disclosed a process for
10



Means for Sol ving the Probl ens Since the present
inventors first disclosed a process for 10

conti nuously producing a dial kyl carbonate and a di ol
using a continuous nulti-stage distillation colum,
t here have been many proposals regarding inproving

conﬁHh%u%ﬁﬁWgrdt‘Héﬁéé%ﬁa[kﬁ/’i‘%‘bﬁbﬁﬁ‘éﬁleb&?@ #Aid §8/ld a %ontlnuous

scal e rating tine aboratory | evel

h
e 18y B A P B AR PrGposels
duction and separation / purificatjiaon o
reggrﬁ:ﬁngt improviag @ngt%@%}a%r oquy)?&]té\géepgpi\fgdb%gn on a small
time based on findings obtained throu?h act ual
scalerpnehehost pperating pmeslahoiateendersl.rane tﬁﬁaﬁ% have been no
carried out studies ained at discovering a specific

disglosuoess whatsdenemodi alspdcifiarpotass andpprargitus enabling mass
produced on an industrial scale of, for exanple, not

prod@éfiohhand geparmtion’ guwrificatod ahkeyrh indubtrialt scateistably for a
not less than 1.3 ton / hr for the diol stably for a

proﬁiﬁé’@%{éj@&rdpﬁnﬁ bhb@ﬁ & tih dingfs éﬁké?ﬁ\féd/tﬁbbt’ryw actual

ductivity, and further enabling the produced

I bo e [
impfedieifatish. 2 el S i EReT Ha R inBRieAtiind Wit studies
a resul.t., the e ' Nt Qr
aimps af i Edve b prRasITC IR L AN SRy Bt Ry LPHfhgnate and
to the first aspect of, t he en ntion, ere
a digldopbgperdicad o anqiadistiial Sﬁai%éi*ﬁpsrempfe nGt less than
production of a d|alkg carbonate and a i ch
2 tamé hti farkihe daalkyhsesbanate mndinat lgss tftan |1n%69§1| &/hr for the
produced froma cyclic carbonate and an aliphatic ]
diohetalblydidrca g rodbngedcpepodsohtime hdtlstdgh sélectivity and high
conti nuously producing a dial kyl carbonate and a di ol
prodiceiigty, aand Factharce fablihg! thle progieedndialkyl carbonate to be

contlnuously feeding the cyclic carbonate

separated out and purified stably for a prolonged pericd of time with high
efficiency. As a result, the present inventors have reached to the
present invention.

That is, according to the first aspect of the present invention,
there are provided:
1. an industrial process for the production of a dialkyl carbonate and a
diol in which the dialky! carbonate and the diol are continucusly produced
from a cyclic carbonate and an aliphatic monohydric alcohol, comprising
the steps of:

(1) continuously producing a dialkyl carbonate and a diol through a
reactive distillation system of continuously feeding the cyclic carbonate

and the aliphatic monohydric alcohol into a continuous muliti-stage

distillation column A in which a catalyst is present, carrying out reaction
11



and the aliphatic nonohydric alcohol into a continuous
mul ti-stage distillation colum A in which a catal yst
is present, carrying out reaction 11 and distillation
si mul taneously in said columm, continuously

W thdrawing a |low boiling point reaction mxture AT

andcd]ighﬁ' FIJH%II 2 ﬁ' &bl ol Wit @ddsly withdrawing
ic nonohy

eac [ ph dric al cohol from an upper

o BTy SRR e i paes s
or RSl R L DA A5 i Ao woper

continuously feeding the I ow boiling point reacti o
portibrtaf thexToluant i ini A @asrods PN, ORI oiRly withdrawing
al i phati ¢ nonohydric al cohol continuousl { Wi t hdr awn
a higﬂ'obbilheg yayiat rpactivonmikturs Agceoniaining thendiol framge lower
istillation colum A into a continuous multi-stage

porfibftaf tRé iclunfirAuima Bigeiddfeont andous! y separating
and purifying into a colum top conponent BT having

: E: ﬂt)fdymdiﬁoﬁﬁaﬂh%hﬁtﬂ{ém' b&find gg it refdipenanixture Ar

a col om conponent havi ng t he

cor\iﬂg}lgénthe(g £’|§<§?§%r88 NPT ‘iﬂgpé’lnﬁﬁ‘ét& Bﬁ%fh’ydrlc alcohol

BRI GSUS multT - St age disti 'l ation
ol um tra col havi n I
congT Ry hwmigayr?’ BRI, uPBAY r%wﬁ"oaﬁo*%%gbﬁnw%s
di anmet er and having. thereinside a gry %Nith#’;l iillati
muHu#b%@edilstléIa&mC%Jmﬂqé W%yﬂ ﬁawwgmalspm‘ sigogdistillation
hol es therein, and further having a gas _outlet having
colams Bsi aked dicntinevusly, sepayatingaanePuilving ip&p l?fTﬁOBan top
in an upper portion of the colum near to the top, a

corhpawiethtdB+ Iheivihg\thegaliphaticsimtm ah ydwit @icdbel @sn maim
bottom of the columm or in a |lower portion of the

corfi BbEhtNBTebd ditP abeshanh Béttbaasonopenént 8z haviig the dialkyl
provided in the upper portion and / or a mddle

car%%rﬁeit%n a8fa H‘ﬁnc% ﬁ)@ﬁp’(l’\élkb(‘? IQ-;LIH et, and at

one second et provid e m ddl e portion
(a) said continuous multi-stage dlsttllatlon column A is a tray

column having a cylindrica! trunk portion having a length Lo (cm) and an
inside diameter Do (cm) and having thereinside a tray with a number of
stages np, the tray having a plurality of holes therein, and further having
a gas outlet having an inside diameter dos {cm) at a top of the column or
in an upper portion of the column near to the top, a liquid outlet having
an inside diameter dg> (cm) at a bottom of the column or in a lower
portion of the column near to the bottom, at least one first iniet provided
in the upper portion and / or a middle portion of the column _t_:elow the
gas outlet, and at [east one second inlet provided in the middie portion
and / or the lower portion of the column above the liquid outlet, wherein

Lo, Dy, na, do1 and do2 satisfy the following formulae (1) to (6):
12



and / or the lower portion of the colum above the
liquid outlet, wherein Lo, Do, no, do, and d02
satisfy the following fornmulae (1) to (6): 12 2100 <_
Lo 5 8000 (1) 1805Do 2000 (2) 45 Lo/ Do540 (3)
20<_no<_120 (4) 3 :5 Do/ dot 520 (5) 5 5 Do / dO02

30 (6); tinuous multi-s

dIStI||at23ﬂb ILlfrm a dIStI||atIO§‘| col um
conprisin stripp section having a,dength L1
(cm, qﬁﬁs c!iﬁélgarﬂP DL (cm and a?h nternal wth
a nurrber of stages nl therei nsi de, and,an enri chnent
section hévi g ADbeddth L2 (cm), an ins(%e di amet er
D2 (cm) and an internal with a nunber of stages n2
therei nsi @6, < mhert2® L1, D1, nl, L2, D#)and n2

satisfythefollovvingforrmlae(7) to (14): 500.<_ L1

3000 (7) 318Ms/ dgl 4000 (8) 2<L1/Dl<_%B) (9) .
105n1540 (10) 700 < L2 <_ 5000 (11) 50 <_ D2 <_ 800

(12) 10<gl2/fp2y ?413@ and 35<_n2100 qul‘)andZ t he
process accﬁrd ng to item1, wherein a produced ampunt

gf {(Eg 38?%%mlint?é‘ﬁ93ﬂﬁh? stﬁgagdls!ﬁl%f’udﬁ‘%l@nﬁpB is br,

cess according to wherein a
disﬁ[lgg%%ecdoﬁ.lnrRHnéo%fpnsmg a stripping section having a length L1 (cm),

an inside diameter Dy (cm) and an internal with a number of stages ny
thereinside, and an enrichment section having a length Lz (cm}, an inside
diameter D, (cm) and an internal with a number of stages n; thereinside,

wherein Ly, D4, ny, Lz, Dg, ahd n, satisfy the following formulae (7) to

(14):

500 < Ly < 3000 @)

100 < Dy < 1000 (8)

2 <Ly /Dy <30 (9)

10 < ny < 40 (10)

700 < L, < 5000 | 1)

50 < D, < 800 (12)
.10$L21D2s50 (13); and
35 < ny < 100 (14).

2. the process according to item 1, wherein a produced amount of the
dialkyl carbonate is not less than 2 ton / hr,

3. the process according to item 1 or 2, wherein a produced amount of
the diol is not less than 1.3 ton / hr.

4. the process according to any one of items 1 to 3, wherein said do+
13



the diol is not less than 1.3 ton / hr. 4. the process
according to any one of itens 1 to 3, wherein said dot
13 and said dO02 satisfy the following forrmula (15); 1
<do, /d02< 5 (15), 5. the process according to any one
of itens 1 to 4, wherein LO, Do, LO / Do, no, Do /

and %hid é?‘zdsQﬁs/fy 4AR foWovAmigdfromt langPsR mul ti - st age
distillTation "~ colum A satisfy respectively 2300 <_LO

5 6000, 200, 0, % <_ L0/ Do <_30¢48p <no <_100,
45 Do /do? ?@11{0‘2"% /d0225, 6. the p$ o%gss

5. 3R HEG%d 2 dj’rﬁ‘@é?fag@'@ﬁfﬁ@dﬁsforig' neleiP®y, Do, Lo/
o SIS T 5" A Bl & oo

< L0/ Do < 20, 40<no< 90, 5<Do/ doi < an
colurde2 sxtjsfy. rasmemmwszsaeo@mﬁ@QlHJ,aaQOoﬁ@mﬂ P@Bs5 < Lo/

1to 6, wherein the tray in said continuous
Do €80, 36tagg 190,14 at Den' del antd Aand & sDeviedpr 2y258.
the process according to item 7, wherein said sieve

6. tt'l@/pwcééschccﬁcﬂﬂ‘ihglmuén e o‘fhﬁ@ﬁsdﬂ Stbl$J atherein Ly, Do, Lo /
colum A has 100 to 1000 holes / n2 in a sieve

g’lo vl\?] ?é‘f he‘a‘?\Qf DY d&thQI‘p§9RF§§nQWLF§ AultPstdgadisllation

cross-sectional area per hole of said
Si ev t agendisyi I 0
col g At 2H Y r%éﬁé?gﬁéﬁf Zﬁﬁﬁmm%%ﬁ*?@sgﬁ&—% 3077 < Lo
process accor to a one ein
Do érgoaﬁéé BoeSy % oPo F]EF Si g@ Smé qu)t"sl 882 %Eb
conti nuous nultl-stage distillatjon g S |nt% .
7. rthrereressaasaonling tosenyiane qidtemscdde cw}%r &ig the tray in
any one of itens 1 to 10, wherein Li,. D L, / D1,
saidicontnuops malfi-stageadistilation codumn:bnisi aigye tray,
multi-stage distillation colum B satisfy 800 < Li <
8. 2809 prdeess abrordif@oto Bem 7., wheBdin said sieve tray in said
continuous multi-stage distillation column A has 100 to 1000 holes / m?
a sieve portion thereof,
9. the process according to item 7 or 8, wherein a cross-sectional area
per hole of said sieve tray in said continuous multi-stage distillation
column A is in a range of from 0.5 to 5 em?,
10. the process according to any one of items 7 to 9, wherein an
aperture ratio of said sieve tray in said continuous multi-stage disttlation
column A is in a range of from 1.5 to 156%.
11. the process according to any one of items 1 to 10, wherein L, Dy,
Ly / Dy, Ny, Ly, Do, Lo / D2, and n; for said continuous muilti-stage
distillation column B satisfy 800 < L4 < 2500, 120 <Dy <800, 5<Ls/ Dy
< 20,13 <nq <25, 1500 < L, <3500, 70 <D, <600, 156 <L/ D; <30, 40

<n: <70, Ly €L, and D; £ Dy,
14



< 20, 13 !5 nl1 25, 1500 < L2 < 3500, 70 <_ D2 <_ 600,
15 < L2/ D2 < 30, 40 n2 < 70, L1 L2, and D2 < D
14 12. the process according to any one of itens 1 to
11, wherein the internal in each of the stripping
section and the enrichnent section of said continuous

12. Mihl R?é@@@s & ddrdiRg itenakploHE o itéme 1 tay1 Rndhlerein ahe

packi he process according to item 12, wherein

mteﬁ‘ﬂél il %taec{gpnglf th@ ?@fﬂ;)lﬂgfsé@.ﬁ téh&ﬁh’égeﬁﬁ‘éh'ni’é‘n{agéctlon of

enric Sal continuous nulti-st age

istillation c r e
saidcapt Ry wﬂ 4F9a¥ JiRuhaTorL BB A diRg AR / or @
contlnuous mul ti-stage distillation colum Bis a
packin@e tray, 15. the process according to item 14,
wherein said sieve tray in said continuous
13. mihe psoagesdstoidingitonites d@n whareimbie ivterpgd in each of
holes I n2 in a sieve portion thereof, and a

the Gteippingaeciiah ai¢ahpezntiohmeamt aecﬁngeob‘aaid comtiiipous
to 5 cnk, 16. the process according to any one of

muﬂti—@f@gé dl@tlﬂ%tld’i’h@bﬁ!mnaB igomeetitayat i on of the dialkyl
carbohate in said colum bottom conponent BB said the

41
14,5018 PGB oS Sl e i) By g sraaly

cori s gl siﬂég”%s?‘i@f’ﬁ%@'qﬂ{“ B, Raligeetay, ,
15 poemresmssnareortas: 1oe: HF BRETRIb 2 i e¥Edrafdn said
distillation colum B is not |ess than

corjinweusmutti-siape distdlation codumn 8 Das ‘2%9:{08:13/ 288" Wles / m?

conponent, 18. the process according to any one of
a sigwpartion ieredferagich asaiabs- secttonal area per hole in a range of

from 0.5 to 5 em?,

16. the process according to any one of items 1 to 15, wherein a
concentration of the dialkyl carbonate in said column bottom component
Bg said the continuous multi-stage distillation column B is not less than
97 % by weight based on 100 % by weight of said column bottom
component,

17. the process according to any one of items 1 to 15, wherein the
concentration of the dialkyl carbonate in said column bottom component
| Bg from said continuocus multi-stage distillation column B is not less than
99 % by weight based on 100 % by Weight of said column bottom
component,

18. the process according to any one of items 1 to 17, wherein said
column top component By from said continuous multi-stage distillation

column B is recycled as a starting material for producing a dialky!
15



col um top conponent BT from said continuous
multi-stage distillation columm B is recycled as a
starting material for producing a dialkyl 15 carbonate
and a diol, 19. the process according to any one of
itens | to 18, wherein the cyclic carbonate conprises

cart W%#a?ﬁfﬁnﬂﬂﬁﬂ%ﬁ "2l conol " compr | Ses et hanol and 1

et hanol , the carhbonate
19. e PLaSSes AsRyIng Sp T od Ry e B it ﬂ@%%fe'“ the
carbonate, and the diol to be produced do
cyck inarbeaajeyeempiisey ethylens srepenafs and f|°ﬁ propylene
addi tion, according to the second aspect of the
carlporatst thé aviphtatin mameedeicealsobal Ramprisesamathangl and / or
carbonate separated out by the process according to

eth@nyl, eredidlkiyl easbdnkte 18, bavprol ucenpcorgsrise baliogeihy!
content of not nore than 0.1 ppm 21. a dial kyl

carEéﬁQPé‘%tr?d %Qadr’éttﬁgt eHfb &N atd eapaatRsdidiaechdi b dwced

one o i tens to 19, which conprises a hal ogen
conﬁéﬂ%éﬁ svigls 4p %é‘ AR of, By e8e 90RG " O,
m giwiql tfog) he i BGIBCIE SpeRid HaPacf SIing hfasept

i ght. Advant ageous Effects of the Invention It has
'nV%@@ﬁ"dltBQW@@dpf%‘ﬁﬂe v i npl enenting the present

invention, a dialkyl carbonate and a diol can be

20. pr adiiedklyleaatbanate acpagated @y theprocess: acearding to any
than 95% preferably not | ess than 97% nore

onepuéfitamabl ¥ toot9)] which lwam peikesoa halogedusontamnt et aicd more than
of not less than 2 ton |/ hr, preferably not |ess than

0.13pRN | hr, nore preferably not |ess than 4

21. a dialkyl carbonate separated out by the process according to any
one of itemé 1 to 19, which comprises a halogen content of not more than
1 ppb,

22. the dialkyl carbonate according to item 20 or 21, which is a.
high-purity dialkyl carbonate having an aliphatic monohydric alpohol

content of not more than 0.1 % by weight.

Advantageous Effects of the Invention

It has been discovered that by implementing the present invention,
a dialkyl carbonate' and a diol can be produced each with a high
selectivity of not less ihan 95%, preferably not less than 97%, more
preferably not less than 99%, on an industrial scale of not less than 2 ton
/ hr, preferably not less than 3 ton / hr, more preferably not less than 4

ton/hr, for the dialkyl carbonate, and not less than 1.3 ton / hr, preferably
16



ton/hr, for the dial kyl carbonate, and not |ess than
1.3 ton / hr, preferably 16 not less than 1.95 ton /
hr, nore preferably not Iess than 2.6 ton / hr, for
the diol, stably for a prolonged period of tinme of not
| ess than 1000 hours, preferably not |ess than 3000

not E@%’éépﬁﬂocarﬁgigﬁ qrﬁpllﬁo?gtpﬂééﬁ abRAAoP#Ess tHQHrz 6 t6®Mhr, for

onate and an ‘ali phati’c nonohydric

e 350 Sl 1 B S0ESoq £ H8/ FULEF gy 1000 nowrs
b G5 S 57560y i oo

Descrlptlon of Drawings FIG | is an _exanp Dgt
houss héroami @ oyickie @mmrm@t%a@@inanrﬁﬁmﬁaatlﬁumn ysgie alcohol, and
distillation colum A used in step (lI) in the present

motgviant aafialkylocatagesteodf highspyshoie. g orehtassthan 96%,
FIG 1) being installed in a trunk portion thereof;

preféfabiy (ofldss faf o, enofe pretaribly wmevwmuwanggmg%) can
conti huous multi -stage distillation colum B used in

be E{Egaréié%oﬂjar?@g)td}?f@%%ﬁﬁ Righ bfffdiencyot shown in

eing installed in a Strippling Section and an
enrichment. section respectively as an internal in a
trunk portion of the conti nuous nul ti-stage

g\b il atl on columm . B. Description of Reference
Bri saription of; rf"‘i”":lgsgas outI et 2: liquid outlet,
3-a to 3-e: inlet, 4aad4- ﬁ .endplatteﬁ
6: iMGerhis amexample Bfnstclh@ﬁ“aﬁ@ ‘”EB’n? Rudng & continuous
multi-stage distillation colum A, Lo: length (cm of
mutti-stagpodistithati o calugindA usedribtstep dhindhe prggent mventlon
portion, do,: inside dianmeter (cm of gas outlet,
no §8jed rmffltd@ysil(ehetrm sch@mafichllgundF bat i ptheirg installed in a
trunk portion thereof; and
FIG. 2 is an example of schematic view showing a continuous
muiti-stage distillation column B used in step (ll), ny and n; stages of
trays (not shown in FIG. 2) being installed in a stripping section and an
enrichment section respectively as an internal in a trunk portion of the

continuous multi-stage distillation column B.

Description of Reference Numerals

In Fig. 1

1: gas outlet, 2: liquid outlet, 3-a to 3-e:inlet, 4-a and 4-b:inlet, 5:
end plate, 6: internal, 7: trunk portion, 10: continuous multi-stage
distillation column A, Lg: length (cm) of trunk portion, Dg: inside
diameter {cm) of trunk portion, do¢: inside diameter (cm) of gas outlet,

dp2: inside diameter (cm) of liquid outlet
17



In Fig. 2 1: gas outlet, 2: liquid outlet, 3-a to 3-c
and 4: inlet, Li: length (cm of stripping section of
the continuous nulti-stage distillation colum B, L2:
l ength (cm) of enrichnent section of the continuous
multi-stage distillation colum B, DI: inside
In Fﬂéja ter (cm) of stripping section of the continuous
1Ti-stage distillation colum B, D2: inside dianeter

1: ogecofllphe 1 on lpmnaLBet sded ooae: AR 5Bt itshgtn (om)

Invention Following is g detail ed..descrinpti of th
of spipping sestian pathe asalinuaud mutrstage Piadiafon'dSiumn B,
invention is a reversible equilibrium )
Lo: teregtbebera) idfi enticbmertae ctinnrehthe éandinugus maulti-stage
following formula in which a dialkyl carbonate (C)
distiratien dalun®)B ar ® prindidedidmatea (cy) ot stippbumsestion of the
(A) and an aliphatic nonohydric alcohol (B): R R20
confiRudils nfulti-Efage AiFBABtIBN-cSlumeh/B, ObD,:GinsidéAliapiter of
(© (D). wherein Rl represents a bivalent group
1 | hat 89kt ' iIPAtigRroIRmn B.
enrighhEhETtlch B (hel FORinLbR ullihtRlye SRRIIMUTRL®
with an al kyl group or aryl group having 1 to 10
carbon atonms. Moreover, R2 represents a nonoval ent

al j phat i ¢ group. hayj 1 to 12.carbon atons, one or
BesiMeds #thgq{w%é@%?ei%‘b?%ﬁgpng optional |y

substituted with an al kyl group or aryl %rou _havigg

1 t Folpwindim asdetailediiesaimtion of thehRI@sEabin¥Enyon.

starting material in the present 18 inventionis a

confiendeactivasehtleel pfresent inventionatsoad evargible. eqyitibrium
transesterification reaction represented by the following formula in which
a dialky! carbonate (C) and a diol (D) are produced from a cyclic

carbonate (A) and an aliphatic monohydric alcohol (B):

Rl

R% oR? R
VAN 2 —p N n
~C P + 2 ROH — ﬁ o’ om
i}
0
(&) (B) (©) )

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

The cyclic carbonate used as a starting material in the present

18



exanpl e, an al kyl ene carbonate such as et hyl ene
carbonate or propyl ene carbonate, or

1, 3-di oxacycl ohexa- 2-one, 1, 3-di oxacycl ohept a- 2- one,
or the like can be preferably used, ethylene
carbonate or propylene carbonate being nore

. r.ef er.abl P e

inveipRiR R EetiEan YTt eBEnist (ﬂi%efﬁ@y'%s?e%eﬁ@?@'%- For
used. Moreover hat r|c al ohoI u

exapiehanalrIons St AT eUchsrS ARy IERh ARG Hate 5F Bropylene
represented by (B) in the above formul a é

carbonateder d. & GioNEICYRHN AR 2 10 &ﬂn?ﬁ@cwoﬁtelﬁﬁ- one, o
that of the diol produced is used. Although possibly

the Vikeycag blegerederablynused, ethylens canboopteiar permdeste

used, exanples include thus nethanol, ethanol,
carl%ﬁaﬁé‘cﬂelhlgsmmésﬁnefékébly asedhdlie toueaselof peocerepent and
buten-1-ol, anyl alcohol (isoners), hexyl alcohol

%hsg'ﬁ‘?f é}hyl'é‘ﬁl%t F‘ér ﬁ@beﬁhﬁ%ﬁﬂﬁ:)ularl‘?%béfe@hﬁwﬁglsed

soners non ISOYTEI‘S dec al cohol

g: ggﬁfescg\rercaﬂg %Iiﬁ?%ﬂgﬁﬂglno(h"ﬁqz@ ?&opgpﬂ%ﬂ' a&ltheNgiher
I RE 8l S hr T A 8 9 o e

net h Icyclohexanol (i somers), y c] ohexano
An @.lmaéi%ynoaohwﬁﬂ ool haviso ?*] w% geiling pint than that of

di et hyl cycl ohexanol (isoners), phenylcycl ohexanol

the(disd progucedsk v yisedal cﬁHbIOUthQﬁl@ﬁﬁyﬂy vaptRg depending on the
(i somers), phenyl propanol (isomers), and so on.

typeust ttes myictic tadsenate pbati cenmnprg@lnmcluaiecﬂhm snethanol,
be substituted with substituents such as hal ogens,

etha®el! pRbpany (isgrs), Calafioaahyls biithlex Yisoheny), 3-buten-1-ol,
groups aryl oxycar bonyl groups, acyl oxy groups, and

amgl Eﬁ@oﬁﬁfg@%mgsl}éggﬁ 'd!EB bl ‘(:éﬂ%ﬂ@*ﬂé’}jrhépﬁjlcﬂ%h@l (isomers),

nes r abl coho s havi'ng

oo PR EBB S A AR LS Pl ttomer)
unéégy?lng Sc?hol Gsomers), dodecyi alcohol (isomers), cyclopentanol,
cyclohexanal, cycloheptanol, cyclooctanol, methylcyclopentanol
(isomers), ethyicyclopentanot (isomers), methylcyclohexanol (isomers),
ethylcyciohexanol (isomers), dimethylcyclohexanol (isomers),
diethylcyclohexanol {isomers), phenylcyclohexanol (isomers), benzyl
alcoho!, phenethyl alcohol (isomers), phenylpropano! (isomers), and so
on. Furthermore, these aliphatic monohydric alcohols may be
substituted with substituents such as halogens, lower alkbxy groups,
cyano groups, alkoxycarbonyl groups, aryloxycarbonyl groups, acyloxy
groups, and nitro groups.

Of such aliphatic monohydric alcohols, ones preferably used are

alcohols having 1 to 6 carbon atoms, more preferably alcohols having 1
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but anol (isonmers). In the case of using ethyl ene
carbonate or propylene carbonate as the cyclic
carbonate, preferable aliphatic nonohydric alcohols
are net hanol and ethanol, nethanol being particularly
preferable. In the process of the present invention, a

to 48?!3?#)%( ﬁ;a%t!o?‘ngfipﬁumeﬁﬁanﬁﬂ[ ee?tﬁ%hdé,np%‘ﬁa h8A¢isiofers), and

on co e met hod of nmaking the

but§goE (4HimBE R, oM B By RIS nd ekt or propylene

di ssolves in the reaction |iquid ungder . reacti

. he n, .
carbgnate [amthe GO susaIBaTate PIRTCRABE aUbatis e Yaric
the liquid phase in the reactive distillation colum
alcofyolsade myethhenehandyethangly mathanabbelng particularly

distillation colum continuously, or in the case of a
prefetaylegeneous catal yst that does not dissolve in the
reaction liquid under the reaction conditions, the

cat ghithle process BldRel Prdxsemr B&NItIom, &hsatalysicis pade to be
system by di sposing the catalyst as a solid in the

preggﬂgggv e Féé%fgbé%ikﬂna%'rv&aiumh%ﬁ e ) ARSLHBY oFl daking the

I'n conblnation. In the case that a honpbgeneous

cat%ﬁéstq: l?é&{ﬂ%ﬁ%@%é&#?éﬂ%r StHdd, Bu h?tﬁ@%%lééf,%yr example, of

onogerneous cat al'yst 'ma

fed in together wth the cyclic carbona
a homosaneeisrerust tat dfsaiiesin i PR ol Sy Lder the
different position to the starting materjals. '(I:_'&e -
reacsindt FORdakenal ke matabesdiscan ke B1afR P hanresesd|nqthe liquid
in aregion below the position at which the catal yst.
phase findhenre activé ehistillationscopmandrybeeding theFatadyst into the
catalyst into a region between the top of the colum
reanivd déstiidaiio hardls)m tcostimbo by, strant ihegcaaeeof al s
are fed in. The catal yst nust be present in at |east

het%r%#;@%%%u@bﬁiﬂy@'@'tha@ﬁjd@ﬁbtHis§bﬁ@$n th@rreaction liquid under
preferably at | east 10 stages. 20 Mdreover, in the

the® PS &b n USSRt b MEHRICISHNYYE ca®l b hald@d ¥ be phSsent in the
reaction system by disposing the catalyst as a solid in the reactive
distillation column: these methods may also be used in combination.

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

The catalyst must be present in at least 5 stages, preferably at least 7

stages, more preferably at least 10 stages.
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catal yst nust be present in at |east 5 stages,
preferably at |east 7 stages, nore preferably at

| east 10 stages. A solid catalyst that al so has an
effect as a packing in the distillation colum may be
used. As the catalyst used in the present invention,

any Y)@%iroﬂ?‘th%atﬁéeé/?g?%ﬁgg}"@ Hét@%gighﬁ%rutsoséﬂﬂ OMtalyst, the

used. anples o a I nclu al kali netals

nd, al kaj i.ne [ tal i tRI i4m

catdlytt BB ber R iR O B BaRy Sraffast AT BrpBi 4t Teast 7 stages,

strontium an barj u basi c ,co unds of, al kal |
morapERle ARl Atiseshd LalagEe: A soligcsptapst it also has an

hydr oxi des, al koxi des, aryl oxi des, and am des; basic
effectgsoanpackmcinihe distilasiogheolma Ny barysedet al s

such as carbonates, bicarbonates, and organic acid

sal As; tHeecatalyst ardew én thehpresant ievieyition nany of various

tributylamne, trihexylam ne, and benzyl di et hyl am ne;

catdlystO kWA TSI htachts eapabemed. CEmHpiiss pitheasatalyst
N-al kyl pyrrol es, N-al kyli ndol es, oxazol es,

inclN‘d%'-kyl i m dazol es, N-al kyl pyrazol es, oxadi azol es,
pyri'di ne, al kyl pyridines, quinoline, alkylquinolines,

i sogul.nel | [ LNnol i.nes., LALRCre 1ithi ;
ot kT fs A REAHR ot et BE EERTae ithiym, sodium.
rimdine,  alkylpyrimdines, .pyrazine, .
POtaFRYIy rUBIHLE. ePF UM, maghs i\ $AIGiEm; strontiymp; apd
am di nes such as di azobi cycl oundecene (DBU) and
bariinazobi cycl ononene (DBN); thallium conpounds such as
thal I ium oxide, thallium halides, thallium hydroxide
t hablaisiencsem ponads, of Rk ali unetdlsrane alkakingi e@ith metals such
sulfate, 21 and thalliumorganic acid salts;
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, alk‘ylpyridines, quinoline,
alkylquinolines, isoquinoline, alkylisoquinoli'nes, acridine, alkylacridines,
phenanthroline, alkylphenanthrolines, pyrimidine, alkyipyrimidines,
pyrazine, alkylpyrazines, triazines, and alkyitriazines;
cyclic amidines such as diazobicycloundecene (DBU) and
diazobicyclononene (DBN);

thallium compounds such as thallium oxide, thallium halides,

thallium hydroxide, thallium carbonate, thallium nitrate, thallium sulfate,
21



tin conpounds such as tributyl met hoxytin,

tributyl ethoxytin, dibutyldinethoxytin,

di et hyl di et hoxytin, dibutyl di et hoxytin,

di but yl phenoxytin, diphenyl nethoxytin, dibutyltin
acetate, tributyltin chloride, and tin

zethyl h fe: Zi conmpounds such as

andépﬁyf%ﬁkgéﬁﬁﬁﬁ:gP%f?%@?zinc, et hyl enedi oxyzi nc, and

di but oxyzi nc; al unm pum ¢o . AS. ] 3

triveranspaandy apRn TPRRLBESURESRIE D EP B,

tributoxide; titanium.conpounds suc S .
dibutyidimetanybin « diRthildio BbRYARnaRG P iRtheYtin,

t et rabut oxytitani um dichlorqdinethOX{titaniun1 . .
dibutylphénogytipodipheayimethoxytini dibutiiniacetaig, tributyltin

titanium acetyl acet onate; phosphorus conpounds such as
chidridgeting fhospthythexanoatdryl phosphi ne,

tri butyl phosphi ne, triphenyl phosphi ne,

tri QHH’Eﬁ?ﬁﬁ?hﬁﬂgmia%”ahﬁbm’@ﬁyzinc, diethoxyzinc,
trioctyl butyl phosphoni um hal i des, and

eth@g@gﬁj%&gﬁ{@ygﬂa%gmg;&m al i des; zirconi um

such as zirconfum hal i des, zirconium

tyl t t i i | KOXi . ) _
cotli @iy goipthES R BenfithTRm gtk Feie, Biuminum

_exanpl e | ead oxi des, sucg.gs PhQ _ Pb02, and Pb304;
triisapr@raNided &N alymiBUBL YIDBIPXES: ang pbs2; | ead

hydr oxi des such as Pb(COH) 2, Pb3%§§€§é2, e
Pb2titaoiyro-pompounds pred( esytetrametbexyttantMas
Na2Pb(Q2, K2Pb(2, NaHPb(Q2, and KHPb(2; pl unbates such
tetraethaafitEniln? teRaOUtoKg HOB LK it lorpd]methappiipgnium,
Ca2Pb™4, and CaPb(O3; 22 | ead carbonates and basic
tet&Akbpropskgttasiven, tisaudihoutate, and titanium acetylacetonate;
phosphorus compounds such as trimethy‘iphosphine,
triethylphosphine, tributylphosphine, triphenylphosphine,
tributylmethylphosphonium halides, trioctylbutylphosphonium halides,
and triphenyimethylphosphonium halides;
zirconium compounds such as zirconium halides, zirconium
acetylacetonate, zirconium alkoxides, and zirconium acetate;
lead and lead-containing compounds, for example lead oxides -
such as PbO, PbO,, and Pb30y;
lead sulfides such as PbS, Pb;S3, and PbS2;
lead hydroxides such as Pb(OH),, Pb3O2(0OH)2, Pbz[PbO2(OH):],
and Ph,O(0OH)3;
plumbites such as NazPb0O,, K;PbO», NaHPbO2, and KHPbO;
plumbates such as NaPbO3, NapH:PbO , KoPb0Oj3, Ky[Pb(OH)6],

K4PbOy, Cazp_b04, and CaPbOsj;
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2PbCO8Pb( OH) 2; al koxyl ead conpounds and aryl oxyl ead
conpounds such as Pb(OCH3)2, (CH3O Pb(CPh), and
Pb(OPh)2; lead salts of organic acids, and carbonates
and basic salts thereof, such as Pb(OCOCH3) 2,

Pb( OCOCH3) 4, and Pb( OCOCH3) 2PbO. 3H20; organol ead

compounds such,as Bu s . :

PRaAq SR BABANSS AT easie: S Ui BRI YR T g and

represents a butyl group, and Ph represents a phenyl
2P0ogyQadyb(PERe: al | oys such as Pb-Na, Pb-Ca, Pb-Ba,

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

zi nalkoxylead aampounds @%ﬁrgmleea&%%&mfﬁ%?”m as

the case that the conpound used dissolves in a
Pb(S@HL) 19(C HBOIPIb{ O Ri), tared RIa(@Pb)z; the reaction

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

CONMPOYA AR dFbrgeafic afcidshambeaebunated and basic salts thereof,
whereas 1n the case that the conpound does not

sudl g5 FoCde aTemOconils, SR Psigngmify Fo0 sHi0
h . Cai
o Do B TRSER e SR 8. P PR B ftuc, PhoPer.
f th ti t ti j . f
Phaftb gpedieb be). s TERET. ShatinsblEt Ty efein, ARG Blksgnts @
di ssolution. Furthernore, ion exchangers such as anion
butyk giabge andifis repeesents arkhanyl 4RWR) gr oups, i on
exchange resins having am de groups, _ion exchange

r esileadhalloyg stcH aasPbelNa, Bpd af P&Bﬂar@é'sg?.oﬁgg Pb-Sb; lead

sel ected from sul fonate groups, carboxyl ate groups and
midesshaich ag gahsna andl ziié dlshdenaind basi ¢ ani on

exchangers having quaternary ammoni um groups as

excmgtggg)@pwcﬁqbia@ EoA(ERIm@s compounds such 23 as

silica, silica-alumna, silica-nmagnesia,

al uningsl I fitat @ boWPound 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 a homogeneous catalyst, whereas
in the case that the compound does not dissolve, the compound can be
used as a solid catalyst. Furthermore, it is also preferable to use, as a
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, or by reacting to bring about dissolution.

Furthermore, ion exchangers such as anion exchange resins

having tertiary amino groups, ion exchange resins having amide groups,
ion exchange resins having at least one type of exchange groups
selected from sulfonate groups, carboxylate groups and phosphate

groups, and solid strongly basic anion exchangers having quaternary

ammonium groups as exchange groups; solid inorganic compounds such
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silicate, various zeolites, various netal -exchanged
zeolites, and ammoni um exchanged zeolites, and so on
can al so be used as the catalyst. As a solid

catalyst, a particularly preferably used one is a
solid strongly basic ani on exchanger having

-guat er nar nmoni_ um.groups as _.exgh ;
as Wligapisiics rNSENE i 1Gar MR STat Po Ay HRSl iR, gallium
__exchange resin having quaternary a niu r oups. as
silicatenarajioys Fnnlitesy Vagioys 6%@%%%3’99655?%0% Sprind
exchanger havi ng quat ernary amoni um grou§§ as
ammoliangexghangsd aeoldes; andyanion eany Also beppsetars the
type strongly basic anion exchanger having quaternary

Catgmm_ni um groups as exchange groups. As a strongly
basi ¢ ani on exchange resin having quaternary anmoni um

ro f i Rablylssdone iypesolid
gtrﬁﬁﬁﬁéwa%tg PpastichRirleprend % LY e iy pes

asi c ani on exchange resin or the |like can be

strcgr)ﬁ(@&:hgglcygn.li'c?ﬁ%x&a@iﬁ%ﬁgﬁyw@g&uﬁté?ﬁgw AFichiai @loups as

Sinis a I ¢ anl on exchange

resi n_having a copo . .
exciandi eNPon SN g St BR T ablK BB S A strongiy pasic anion

uat ernary anmoni um groups-(type | or_ type LI

ex Jesth hano e gy SoftRrEgTaPs aefthange groups.

represented, for exanple, by the.following fornula: 24 .
a cellulogetstrongly basicanisp-exchargpehaying jquatgrpasy ammonium

CH2N(CH3) 3 CH2N(CH3)3 XO Xe ,,,,-~CHCH2- CHCH2- C H
groupd bk’ exthyangkl groupS/NDhi GHR 1M g ardE2eR TH3Y) suppaatsy type
strongly basic anion exchanger having quaternary ammonium groups as
exchange groups. As a strongly basic anion exchange resin having
quaternary ammonium groups as exchangé groups, for example a styrene
type strongly basic anion exchange resin or the like can be preferably
used. A styrene type strongly basic anion exchange resin is a strongly
basic anion exchange resin having a copolymer of styrene and
divinyibenzene as a parent material, and having quaternary ammonium

groups (type 1 or type 1) as exchange groups, and can be schematically

represented, for example, by the folloWing formula:
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CH2N( CH3) 2( C2HAOH) XO XO wherein X represents an
anion; as X, generally at |east one type of anion

selected fromF, d-, Br-, I-, HCO3 , C032', CH3CO2-,
HCOz , 103-, Br03 , and Cl03- is used, preferably at
| east one type of anion selected fromd - Br', HCO3,

MéH—Wﬁ?WGHaS—ePﬁ-ﬁJGWe@WH
parent el t her

mat eri a a gel {ype one or
used, the MR type

trong bagh c ani & ghanger havi ng

guat g y ammoni groups asc ange @oups is

ose having -DCH2CH2NR3X &xc hcmmgﬁ
groups

% :m‘ ce'lweT'th'b"SGIrlﬁ'or"‘a'rl of ty® -
cel’Tu
r

int | ose into trial kyl am noet hyl" groups. Here,
R esents. an al kyl group; nethyl, ethyl, propyl,
butyl or the like is generally used, preferably

nmet hyl or ethyl. Myreover, X represents an anion as

defi ned above. 25 An inorganic carrjer pported type
strongty—6ddic Gileorr CHX‘C‘PQMHiT@Mr nary

anmoni um dgroups as exghange groupp that can be used

in the means organic carrier

that h BX qua amoni um gr ¢iygse )
i ntrod pdi fyi P or all of the

-OH sur

PRS TRag ups of The X nor gggi ¢ carrier.
a SN
e g Core el g ook G s Edbn
al uni na, S|I|<96alumna
titani X®a zeolite, or the like can be used, it being
preferable to use silica, alumna, or silica-alumna,
whpsein Xureprasentst ananipn; a3 Megenpalalheetdaashonsetype of anion
used as the nmethod of nodifying the surface
selected from F°, CI", Br’, I, HCO3', CO,%, CHiCO,, HCOy, 1057, BrOg3',

and CIO3 is used, preférably at least one type of anion selected from CI',
Br, HCO3", and COz?. Moreover, as the structure of the resin parent
material, either a gel type one or a macroreticular (MR) type one can be
used, the MR type being particularly preferable due to the organic
solvent resistance being high.

An example of a cellulose strongly basic anion exchanger having
quaternary ammonium groups as exchange groups is cellulose having
—~OCH2CH3NRsX exchange groups obtained by converting some or all of
the —OH groups in the cellulose into trialkylaminoethyl groups. Here, R
represents an alkyl group; methyl, ethyl, propyl, butyl or the like is
generally used, preferably methyl or ethyl. Moreover, X represents an

anion as defined above.
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hydr oxyl groups of the inorganic carrier. As the solid
strongly basic ani on exchanger havi ng quaternary
anmmoni um groups as exchange groups, a commercially
avai l able one may be used. In this case, the anion
exchanger may al so be used as the transesterification

 GesRPdHorfRbit SR AUbGRER L/ SEb G Aok ghich ©
exchRheRr SuBo S ateE L oA AGRS AE Sk R bR ups that

het erocyclic groups each containin east. o

: g at | . one
canhe inthmP@sant iNVSNYiaN ceansian inalgaRic 6aRAeE that has
thereto heterocyclic groups each containing at |east
hador@®{GiH 7)aljés X q&mtecmarsaammipﬂeﬂeﬂupsylngwwg%d tthereto by
transesterification catalyst. Furthernore, a solid

modifyidlgy 8bmeé orhalt bfthee—OH alurfade tHyalrexyl groups of the
ni trogen-contai ni ng heterocyclic groups have been

ino@%ﬂdﬁéré@ﬁiéﬂt OHare d P RAIANR! ¥re defirfedd dgcabblel arh s generally
sed. Note that a solid catalyst such as an ion

an iﬁi% @rﬂg‘%rﬂnrixtogﬁ;uﬁ?%@}q% Raski ngs itﬁetih%_rﬁéﬁﬁtg%rrier, silica,

VENti on. e catalyst used 1 h
resent.inventi.on ries _2 endi t t . :
alulfigac i AT0huBa, {3AnTE o ROTEE MY e PR P HETsYa. it being

eedi ng in a hgnbgeneoys catal.yst that.dissolyves, i
prefoiablpde: us6 N PaualatHBer arlicese I EoRaIG Ry preferably
__the anmpunt used is generally in a range of from
siliga.0odny ssthod spnbegreed gethe spethed ¢f modityingthgosurface

% by weight, nore preferably from0.01 to 10 % by
hydrexghigroaps of thepootganicotattier.t ot al wei ght of the

cyclic carbonate and the aliphatic nonohydric al cohol

f ed A 1tive ORI 8t ASiceah RITS exidbrad@ear having q@aternary
case of using a sol1d catalyst installed in the

sl i Pk Bndigs ORI g siapy et one
ma?:tgén?%%?i.y i ML c8Ret h8G NN e x¥RhnERr mBYEAR'PBEYused as
the transesterification catalyst after being subjected to ion exchange with
a desired anionic species in advance as pretreatment.

Moreover, a solid catalyst containing a macroreticular or gel-type
organic polymer having bonded thereto heterocyclic groubs each
containing at least one nitrogen atom, or an inorganic carrier having
bonded thereto heterocyclic groups each containing at least one nitrogen
atom can also be preferably used as the transesterification catalyst.
Furthermore, a solid catalyst in which some or all of these
nitrogen-containing heteroc'yclic groups have been converted into a
gquaternary satlt can‘ be similarly used. Note that a solid catalyst such as

an ion exchanger may also act as a packing in the present invention.

An amount of the catalyst used in the present invention varies
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to 60 vol % based on the enpty colum vol unme of the
distillation colum. Wen continuously feeding the
cyclic carbonate into a continuous nulti-stage
distillation colum constituting the reactive
distillation colum A in the present invention, it is

A deﬁHrﬁiﬁ;ganethfeofg}/eﬁé‘%f%@ bétaﬂgEP%%%toe Bt ffth %éenb? a

speci sta or exa I's preferable for the

cortfid g et ﬁg %hg%&h&gﬂeﬁg&@e%qawﬁﬁgeaq%swgé'.x the

lation m fro t one, i nlet pr
feasbﬂme i id, Shefey e ea ffioh ooy aﬂfl%ff'}%éna%wf HeGiis
mul ti-stage dlstlllatlon colum and t (n/3)th st gI
genarghly Heat BNas OtfrféOEbﬁtW%@ Sthitet byé/vg@sht preferably from
distillation colum. This is inportant to ensure.that
0.085df0 28094 bygweidhi, mone qnederabiyhfrasn tth8 1cypc Dc% by weight, as
carbonate and the diol are not contained in a columm

a ptoporidonafethie totad tva@ightabPitee iIcyelieycatbonsa®y Radatiee aliphatic
inlet(s). For this reason, there are preferably not

mohswdfrr@m@ohéﬂgagﬁa {1 %’tﬁftﬁ'i@%&tf%né% 10wﬁ5.%%r in the

yet "nore preferably 5 to 8 stages, ove the cyclic

cad BG4 B BhtallsEYAL G ST RIHR BB RN HEE the

esent I AVen con
S been roduced t,hr ou h reac
Catgﬂﬁ%e%npqu%.raﬁ R HsrE i AR R eI 2 Ve o B 1Em 0.01 t0 75
gth | ene %)3] de ropyl ene oxide or sty rene oxi de and
volgo, edp Pcﬂ%bWA TéVEI(i" O&te @%&Pbﬁed’rﬁtdﬂﬁﬂ'ﬁd’rﬁfﬁmbly from 0. 1

am)unts of such raw material conpounds, the diol, and

to 6@ vel%mehasadsomdhesempiy column volgmenpéithel distiltation column.
present invention. |In the present invention, the
st ar tWheg meoetinalousiy deedimgtheomy alia ctalnbopaoellinto a continuous
di al kyl carbonate and / or diol. The content thereof

mults-sthge dishigladicn plugar b@ﬁ@h@utlﬁ?n@iealréacimea:lifsﬁlll&@lon column
of fromO to 40 % by wei ght preferably fromO to 30

A uov(g!@lg ;?‘ﬁé%ﬁtt '(grvr?ysrﬁé)@ fﬁg‘sg@%fgrrﬂég!}@eg%sﬂ'lm%fbgé’lm?ar%onate to be
fedd'ﬂbké(lsp%acrlﬁgﬂaét%dé? For example, it is preferable for the starting
material cyclic carbonate to be continuously introduced into the
continuous multi-stage distillation column from at least one inlet provided
between the 3™ stage from the top of the continuous multi-stage
distillation column and the (n/3)'" stage from the top of the continuous

.multi-stage distiliation column. This is important to ensure that high
boiling point compounds such as the cyclic carbonate and the diol are
not contained in a column fop component in stagés above the cyclic
carbonate inlet(s). For this reason, there are preferably not less than 3
stages, more preferably 4 to 10 stages, yet more preferably 5 to 8 stages,

above the cyclic carbonate inlet(s).

A cyclic carbonate preferably used in the present invention is one
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the aliphatic nonohydric al cohol / dial kyl carbonate
m xture, and is, for the diol, generally in a range
of fromO to 10 % by wei ght, preferably from 0 to 7 %
by weight, nore preferably fromO to 5 % by weight, in
terms of the percentage by weight of the diol in the

not e¥nthfif rQQﬂ'ﬂbge/n hal hEb¥ed e prodRitethtiso ugh Gelactivh

present eaction industrially, besides fresh cyclic

et FRERO I8 5240 e B 3AHe BB e s Bliplols Banky
promfsy aide S 3%%35582%@%%%13@%@@89%eoa
recovered fromstep ég of the Present i nventi on

confaiginginAYr ABINHSSOR BHCRI By Taatesal EPRMIYUTGs  thediol, and
the starting materials. For exanple, a colum top

so eomaydhusBieosad ras at $tastigly m@ieriatiioihe present invention.
purification in step (Il) is generally a m xture of

t helmithghmidse noimiardian, tHe stattirng matarials fedpomay contain
t hereof together with the dial kyl carbonate, and hence

the'ﬁroloqmtm.%ﬂwta@bpoé@afeeuﬁ@ t Bride ST @bntent Biéief is, for
material in step (I); it is an excellent

the%ﬂﬂflﬂﬁt@éﬂb%ﬁ%% :@érinfalglﬁ 'Eé\er &éedﬁfrbﬂ*/@‘fd QD By weight,

IST1S PpPOSSI anot her process 1s a

pre qr@ﬁﬁyf{éom ﬁhﬁ&ﬁo % bgn»é{agﬁitngﬁég@ te‘Fe e?bl@rﬁgll‘ﬁ?fjto 20 % by
nono roxy c ound, the al, phat.i Ico
weigBngh 8gme ShURe@aTserac Ny gﬁaﬁnﬁb%g SHignate in
. recovered by-produced ali hatlc nonohydri c alcoho
theiiphaticynopshydric eteoliphl kjalkyhcsgranategnixture, pad is, for
been di scovered that in the case that -the content of

thetdiel dgahleyhllydar daasuge 0§ fromal tant@ %damright, preferably from
excel l ent effects of the present invention can be

0 t@c?h%bgdwewﬁt T eereepadebably bdunditals phay weight, in terms of
nmonohydri c al cohol may further contain the aromatic

the® @ﬂtﬁ’rﬁjﬁa@;@/b C\QEPQHP@!‘ tR8 Fbkyh tReYEyslidearbsmalte / diol mixture.
anount s an al kyl aryl carbonate and the diary)

car AR cafing o f'thd Preb¥nPradetieh fMdiidify, besides fresh

cyclic carbonate and / or aliphatic monohydric alcohol newly introduced
into the reaction system, material havihg the cyclic carbonate and / or
the aliphatic monohydric alcohol as a main component thereof recovered
from step (l1) of the present invention and / or another process can also
be preferably used for the starting materials. For example, a column top
component Bt obtained through separation / purification in step (ll) is
generally a mixture of the aliphatic monohydric alcohol as a main
component thereof together with the dialkyl carbonate, and hence it is
preferable to reuse this as some of a starting material in step (1); it is an
excellent characteristic feature of the present invention that this is

possible. An example of another process is a process in which a diaryl
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nonohydri c al cohol may be used as is as a starting

material in the present invention, or nmay be used as

the starting material after the anpunt of contained

matter having a higher boiling point than the

al i phati c nonohydric al cohol has been reduced through
carB’bﬁhlé gt reR Ried Fr%m'th'éedlémgﬂc‘é?l%hat@%ﬂd’ anC8FbMatic

he al i phatic nonohydric alco Into the continuous

mo:%'hfg{jl Vj%gxn%ﬁf;rwhl %boé'lopﬁﬁéﬂg}hénﬁbmné ‘éﬁ{;gﬂo B8ing

rea ation C
by- hﬂqﬁiﬂé%ﬁ”@ tis sigess Badr e g ?a;b Bddvaragyby-produced
For . exanple, it is preferabl e for the starti

aliphatic mnahvgﬁ&ta@qw&wra,l y sppdauls he lS’éa"(gW carbonate, but
continuously introduced into the continuous

it haslheestdigeovdrsdithptin dhecoasenthatithencantendasf thadialkyl
inlet provided between the (n/3) rh stage fromthe

carbopaté ikl saahigeuagsaboNé | estafentieffedtisadf tine polegemt
A and the (2n/3)th stage fromthe top of the

invEAtIbhNEQH hedchievéadgde The rbkbbakired bwr@mrmoéd hliphatic
been di scovered that in the case that the aliphatic

moﬂ?ﬂgmi@ éFc&H(?I%%Fy g.ﬁ?ﬁ’ef‘%o?mté b s g Hﬁg%ﬁ&'rﬂbn'o@gﬁ’rﬁxy

esent 1 nventl on contalns a specl anoun

coﬁé%gﬁ%ﬂi"ﬁa&'ﬁ@r AT AR U Bt ARV foroonate

L R g L T OR
preferably, the aI| hati c nmonohydric al cohol is

mOBQhNdrﬁli-‘oEiQ%thOIi m%gadé%ﬁd Roig s @@iariaguvaterial in the
mul ti-stage distillation colum A fromat |east one

preiseindtingeoticdedobatayebe used (@nibetdtastingemfaterial dtanthe
of the continuous multi-stage distillation colum A

amoanat tdfecd BrHihpdhmsitRgehavion at higgheapbofliid @ otatthanahe
mul ti-stage distillation colum A The starting

allﬁWéﬁé'rﬁbﬁoﬁerc,eglc?dHBI' 48 4sd oh IrBbaceetitfotig UM tilPdtion or the

colum in l'iquid form in a gaseous form “or as a
likdn xture of a liquid and

When continuously feeding the aliphatic mondhydric alcohol into
the continuous multi-stage distillation column A constituting the reactive
distillation column in the present invention, it is preferable for the
aliphatic monohydric alcohol to be fed into a specified stage. For
example, it is preferable for the starting material aliphatic monchydric
alcohol to be continuously introduced into the continuous multi-stage
distillation column A from at least one inlet provided between the (n/3) "
stage from the top of the continuous multi-stage distillation column A and
the (2n/3)" stage from the top of the continuous multi-stage distillation
column A. It has been discovered that in the case that the aliphatic

monochydric alcohol used as a starting material in the present invention
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a gas. O her than feeding the starting materials into
the distillation colum in this way, it is also

preferable to additionally feed in a gaseous starting
material intermttently or continuously froma central
portion and / or a lower portion of the distillation

con&%!nééhnaﬁﬁé@éi@%\&eémm B£ the Rig118f1504 1D dR4tROSs ife SXI¥b &8 above,

en cyclic carb;)nla_te!s c_ontln]tjously fed in a
exch) Sk HHE B 1 Hipslnt ATy FLeHn 5 TERe 6] 4Rking the
atphiss s b HShoN neE) pef ALABE MIRIB Y

colum in a gaseous formand / or a liquid formfrom .
range. | dMeoreqmefenably, themlipbaticrmenahygliiealeeRol Is continuously
distillation colum as descri bed above. The startin
introdueedalrtoatte pbatiemmnlsymwlcbliestaag&miistibatiohectcb,tmny%grom at
in aregion of at |east 5 stages, tEreferably at | east

leadt ShadRdet PRbGidEEbRtARIeN tiel(2a35)" Blagedyem tiné topeof the
distillation colum. In the present invention, a ratio

corgﬁf%&ﬁg .rﬁhﬁi-aﬁfﬁgghﬁsﬂilakm E¥Flinh AGHPeRat@ndBy " tdtage from

i C nmono ric alcohol fed into the reactive
istiklation J C g f e and
theZlel vt tBp (e8P BIEpBR QI BRICR cEREm AL 7T
reaction, conditions, but a lar -ratio h g3l
al ;Cfmﬁ i%aﬁmﬁmaf]%"éagﬁ E[ﬁwégat%0?%“898*‘.0[:'“:%1&[)%rﬁ’é?‘é”at"’"
fed inis generally in a rang$ of from0.01 to 10ﬁ0 liquid and
colummedn arhquid fese 10 SAFEQUS TRHPHSR AT AHIRE gha liquid an
it is preferable to feed in the aliphatic nonohydric
a galscohGthen thandeestingdheastarding rratarials inte thendistilkgtion
mol s of the cyclic carbonate, but if the amount of
coluhen ahithliati gy, nibismidoi predbecabld tosattiitionallyokeeyt éata gaseous
then it is necessary to nake the apparatus |arger. For

statHh n-l‘raﬁ_éﬁ‘:?x'l‘fiﬂtérli‘s‘ﬁtﬂ%t@s{1 oraddmtintiotBly &lomhateatral portion and
nmonohydri c al cohol to the cyclic carbonate is

o EIFAEP Byt PRSI BLER fing, WEreoRes!anathor
preﬁlérrgmaé nrr?éﬁo& Es %%hinuthéﬁtt%% cyclic carbonate is continuously
fed in a liquid form or a gas / liquid mixed form into a stage of the
distillation column above the stages in which the catalyst is present, and
the aliphatic monohydric alcohol is continuously fed into the distillation
column in a gaseous form and / or a liquid form from at least one inlet
provided in a stage of the distillation column as described above. The
starting materials are preferably'rhade to contact the catalyst in a region
of at least 5 stages, preferably at least 7 stages, more preferably at least
10 stages, of the distiilation column. |

In the present invention, a ratio befween 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
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cyclic carbonate remains, then the unreacted cyclic
carbonate nmay react wth the product diol to

by- produce oligoners such as a diner or a triner, and
hence in industrial inplenentation, it is preferable
to reduce the anount of unreacted cyclic carbonate

traﬂ%’e?{f%t?&n G At é’l‘?&%b@ ﬁeaét‘ﬂoﬁ 'E%rﬂ{uﬂ%ﬁ%s it &"Rolar ratio

esen I nvention,” even | above ratl O1S
o 08 gREE BBy AT ST PG RL D

t han 99% nore prefera t han 99%

genel Shvoima T REeeropi 1 a1 008 timesne T?ﬂ igigase the oyolic
i nvention. In the present invention, preferably not

carbesaterconvenssan; ithis preferableital fiegd traﬂb%r?dt@a%c monohydric
conti nuously produced (step (I)) and separated out

alcahdl purarf eedeéstepaf l¢ast 2tthmes themunabeuof bl loé the cyclic
cyclic carbonate continuously fed in to achieve this

carb&n@&éeb@thﬂﬁe?arﬁohm df the aﬁ?ﬁaeroahic}noliyclrle dleohbl used is
. , hore preferanyZOPton based on the

W&éﬁ ehi®fs r‘eéléés é’ké't'ﬁgl aSPaPAR! Rargerbe For such

In a yet nDr erab case, thisTanmount
o R g §§zn%:ézrprfat% gl aiball g the oyelic
A

function, but also these conditions are conbin
to tanypt impte pegipraklySEors Sntacd 2t heFmaa@fmeprlgayé@h unreacted
stably with a high conversion and high selectivit
cycheecafbenate retainsotbhenubes umieactast aggllcona;!tbqn@é Bray react
colum A nust be a tray columm having a cylindrical
withrtivekprodatt diolhy byegp rod eogtdlidameécsis uaidaana idisiefeor a trimer,
di aneter Do (cn) and having thereinside a nunber of

ané Rdfge MY |ﬁ8u@tltiéIaMnBRé’rh%%tﬁtl@hurﬁlé Yeffrablf@ltesreduce the
therein, and further having a gas outlet having an

amlollH a5 gh?é@ fdd cg?ﬁc(c%%cfﬁat% teatlinghgs GRLEBRANa#pddkible.

an upper portion he col umm near

In the process of the present invention, even if the above molar ratio is
not more than 10, the cyclic carbonate conversion can be made to be not
less than 98%, preferably not less than 99%, more preferably not less
than 99.9%. This is another characteristic feature of the present
invention.

In the present invention, preferably not less than 2 ton / hr of the
dialkyl carbonate is continuousiy produced (step (1)) and separated out
and purified (step (I1)); 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.
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to the top, a liquid outlet having an inside di aneter
doe (cm at a bottom of the colum or in a | ower
portion of the colum near to the bottom at | east
one first inlet provided in the upper portion and | or
the middle portion of the colum bel ow the gas

out! $he g&ﬁ iRlolRaAuINSaRRe ANiNAYiGh cdURth dedsed instep (1)

on and '/ ower portion of the
h
i 68 iBhe BBty S Sy SR 1 Fporspecive

6); 2100< Lo< 8000 (1 180,.5 Do 2) _4< 10 .
of tsa @ls(cebatlczmiuﬂ@Hom&L{t@'SOst@%CP @ 3%"5‘3 C%L'a{"[%’ with
< Do/ doe 30 (6). Note that the term "the top ?f t.qﬁ .
congtitioms requihed igspas parke Hie seacting REY LR n%_tab ¥ yitth@ high
top" used in the present invention neans the portion
corfvergidmaridpigh sdlectigitymm &twm‘{\madllyaﬁheamora’snuous multi-stage
approximately 32 0.25 Lo, and the term "the bottom of

disfiﬂﬁt.@m‘ H8TRR A BRuLOYR aRpaY icolunin hialvéngal ytindesralttounk
bot t ont' means the portion fromthe bottom of the

poﬁ@ryﬁgvﬂp H 25 ( \)aQHHO.S‘r'I Rs Rl dfarfetéP DJEE®, and

|ne as I't has been dlscovered t
i i %a@e%“m%aeﬁ:%ﬂ%#e@%s:ws g pruraity of
holsa {haras. and fuidhdi HEViaG He%s gaﬂeﬁ@%vah%n inside diameter

[ ndustrl aI scale of preferably not |ess than
doihcro) at e top fkiie colimenat B AUPPET RN |t§? nB‘?'““"“ near
. less than 1.3 of the diol with a high conversjon
to thahopekeligiid oytletra vinghapriogide idiameter duzy(cra} a4 a bottom

pr ol onged
of the column or in a lower portion of the column near fo the botfom, at
least one first inlet provided in the upper portion and / or the middle
portion of the column below the gas outlet, and at least one second inlet
provided in the middle portion and / or the lower portion of the column

above the liquid outiet, wherein Lo, Do, no, do1 and dg2 satisfy the

following formulae (1) to (8);

2100 < Lo < 8000 (1)
180 < Dy < 2000 (2)
4 < Lo/ Dg< 40 (3)
20 < ng < 120 (4)
3<Dp/fdg1 220 (5); and
5 < Do / doa2 < 30 (8).

Note that the term “the top of the column or the upper portion of
the column near to the top” used in the present invention means the

portion from the top of the column downward as far as approximately
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period of time of, for exanple, not |ess than 1000
hours, preferably not 1|ess than 3000 hours, nore
preferably not | ess than 5000 hours, fromthe cyclic
~carbonate and the aliphatic nonohydric al cohol. The
reason why it has becone possible to produce the

0.26113] Il SREDAIAL eADBotisin BOInPBol @l BF4AL!IbHersFaltion of

such excelT en s by 1 nplenenting the
prqcess accord t he

ng .t reseng, | .0N. .1 t
the Galymn naar §h$§)°q§%'5‘pc@83 oﬁbeegﬁggboﬁghi&ﬁ%o%?ftt%m of the
ef fect brought about when, the above . conditions ar.e .
colwmmypu@rdoastiar as appipytsaiely il tesp #l%e kudsaigfined as
are described below If Lo (cm is less than 2100,
abovieen t he conversion decreases and hence it is not
possible to attain the desired production anount.

Mor §oMas, béenktiepodevedithat dguusirenitheosontvhubas multi-stage
securing the conversion enabling the desired

disfinafest LOARCARhat QifelRired iy, sasfigbthebforimdad 01), (2),
be not nore than 8000. A nore preferable range for Lo

i ' .
G819 47835348 e 04N P08 B ol 088 produced
180, -t hen. it is _not iLble t M desi.r :
on BFCiach R0 ararct pEESoBIY 1288 3et 2ortP i ine i
ui pnent  cost ile. attagining,the desired produgtion.
carBRRME. S18 b PrETHAE NG B85 AN o &1 i BBOOINAS high
nore preferable range for Do (cm is 200 < Do 1000,
conyarsionohigh melectisdy, Baichhighepragretivitys sfaply forig prglonged
/| Do is less than 4 or greater than 40, then stable
perbparaft iiore offefonexadigie, adttiessnthaar 1009 heursf prefgrably not

Do is greater than 40, then the pressure difference

lesBehaee300ehbaps antbreopteoferably hetdessnihare 56088shotion, from the
great, and hence prol onged stabl e operation becones

cyf,?ihrfe 5?@'?122?5? lzéﬁ{e@?ﬁs{ahléﬁrlﬁ%tag?ﬁaﬁéhpamsawohdio iTEE @@3Bon why
it has become possible to produce the dialkyl carbonate and the diol on
an industrial scale rwith such excellent effects by implementing the
process according to the present invention is not clear, but this is
supposed to be due to a composite effect brought about when the above
conditions are combined. Preferable ranges for the respective factors
are described below.

If L (cm) is less than 2100, then the conversion decreases and
hence it is not possible to attain the desired production amount.
Moreover, to keep down the equipment cost while securing the
conversion enabling the desired production amount to be attained, Lo

must be made to be not more than 8000. A more preferable range for Lo

(cm) is 2300 < Ly < 6000, with 2500 < Ly < 5000 being yet more

preferable.
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portion of the columm, and hence side reactions becone
liable to occur, bringing about a decrease in the
selectivity. A nore preferable range for Lo/ Do is 5
5Lo/ Do 530, with 7 < Lo/ Do 5 20 being yet nore
preferable. If nois less than 10, then the conversion

decrfeﬁgq A ECthah 186, fidn ﬁ»pﬁsShBltepds%.met 8 mttdin the

desi red production anmount. Moreover, to keep down the

h
desﬁ%‘ﬂ Q?BHEC proﬁﬂi . SemdrbBYel! ?%e attglﬁmtﬁé%??nent cost

esire |on armunt to
120. Furt
whifl offEI5ing tBR eaised Rindntin ool DigERE ng made to be
bet ween the top and bottom of the col umgm hec:

1
not gneke thaana0RBnccA melaRIEIEEAE EARGRARL o BB) dread0 < Do <

difficult. Moreover, it becones necessary to increase
1000hewitbn®é0 at De<isn o beingwet pone prefefrablene col umm,
and hence side reactions becone |liable to occur,

bri higLpg Dalouess tHaarfamegicatarehee 40t |thenystahlmmerat|on
preferable range for nois 30 < . no <_ 100, with 40

bec'én“iésﬁiﬁﬁc@ﬁ' Ngnyghrtieularprief &7 ah & gréafdr thatpd0,then the
| ess than 3, then the equi prent cost becomss hi gh.

preyg[l?é?vcﬁffer?ncﬁr 9@}@@8@2‘1(&.‘0{0 gﬁ%rﬁ%mféeﬁbldlﬁn becomes

eadrly released the 'outsi de of the system and

o BT R HEP St

Wi t hdr g amount becones. rel ati vel ){Qﬁ&e and ,hence

Morgoyee IBRECATES MREIRATY Ip FRPEATe Hw%wé'rfeaa" the lower
decrease in the conversion is brought about.
porbiodY of 4bpecolyme. Apd Mencedyde Eactiony Ue%gediaw to occur,
with 5 < Dol dog 5 13 being yet nore preferable. If
briping abd2uitsa desseabarinsthe ketectivitgquibmame poeterable range for
beconmes high. Moreover, the |iquid wthdrawal anount

Lo PEGOIRES £ ¢lyat Dyet BOhiv@ihh 7ard] o Mg & S0 Bdingoper ator@npreferable.
becones difficult. If Do/ dO2 is greater than 30,

thent isisf 162 {7 107 teaNtHd @ orivtsibrP diecpbadBd and hence it

pi pi ng becones
is not possible to attain the desired production amount. Moreover, to
keep down the equ.ipment cost while securing the conversion enabling
the desired production amount to be attained, no must be made to be not
more than 120. Furthermore, if no is greater than 120, then the pressure
difference between the top and bottom of the column becomes too great,
and hence prolonged stable operation becomes difficult. Moreover, it
becomes necessary to increase the temperature in the lower portion of
the column, and hence side reactions become liable to occur, bringing
about a decrease in the selectivity. A more preferable range for ng is 30
<-fip < 100, with 40 < ng < 90 being yet more preferable.

If Do / dpy is less than 3, then the eq'uipment cost becomes high.

Moreover, a large amount of a gasecus component is readily released to
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excessi vely fast, and hence erosion becones liable to
occur, bringing about corrosion of the apparatus. A
nore preferable range for Do/ d02 is 7 < Do / dO02
< 25, with 9 < Do/ dO02 5 20 being yet nore
preferable. Furthernore, it has been found that in the

theg%@é?dlé dfthen g&éﬂﬂ antd hewcehelfatheed peaitien igcdmes difficult.

and the d to satisfy the following fornmula (7);

1 0, . <b ( D or s%?ﬂ?éj ;

If DGF{:&% }%aﬁ)g%gee'd&f% Erpg %%{a@t}l g(ul nvent F%Wr%@ﬁ? tt“‘{wlgtldrawal
the continuous nultj-stage distillation c .

amayiat baseventembrely R and BahpetaBle FRAFS actines

__operating conditions with no flooding or weeping,

diffigugand ropreppend depr@a§§ian“T%PO"HngHOék’s? Bﬁaﬁgbé@@wt- A
hours, preferably not | ess than 3000 hours, nore

mope effefetdblemangde$er thahds009 dhsude/ dnds JiSedeithr Hishb / dot <
amounts of the dialkyl carbonate and the diol can be

13 PePdycRt mbirbrdferableni ng a high conversion, high
sel ectivity, and high productivity. A characteristic

f eat Redd thah SNehen aRenéqiiptasht @ostbéddnes high.
35 t'ﬁgﬁd}i[)gi]ﬁ/l@ carbonate and the d?olmfgan be produced ?

ot . r |
MofeBlel. bt uld WiPRFESwaP amOtine beliofe aefatively Mgt and
t he di al kyl cag.baonat . t on:
henggrtaBletnet Alion, BeEpRies Hifflsint, ' EPol’4&"d ghéqf than 30,
ton / hr. The dial kKI car bo at? nd the diol are more
thegy the fiw yatp dhrReah thesfaut outielang Pipng bebames
ton / hr and not less than 1.95 ton / hr respectivegy_, )
exgessively fash, drd s nce @ropier hanamastiable g oggyrngfinging
less than 2.6 ton / hr respectively. Moreover,

abaabicberosibarafthes iagparatast urd rodre pepfenablefrange for Do / doz
present invention is that in the case that Lo, Do, Lo

is 7 OB, Ny, R25, dath 928D, Paly, 10D heind hetanote mrederable.
mul ti-stage distillation colum satisfy

Furthermore, it has been found that in the present invention it is
further preferable for the do4 and the dy2 to satisfy the.following formula
(7);

1<do1/doz<5 (73.

The term “prolonged stable operation” used in the present
invention means that the continuous multi-stage distillation column can
be operated continuously in a steady state based on the operating
conditions with no flooding or weeping, clogging of piping, or erosion for
not less than 1000 hours, preferably not less than 3000 hours, more
preferably not less than 5000 hours, and predetermined amounts of the
dialkyl carbonate and the diol can be produced while maintaining a high

conversion, high selectivity, and high productivity.

A characteristic feature of step (1) of the present invention is that
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respectively 2300 < LO <_ 6000, 200 Do < 1000, 5 <_ LO
/| Do < 30, 30 <_ no < 100, 4 < Do/ do, 15, and 7 5
Do / d02 25, not less than 2.5 ton / hr, preferably
not less than 3 ton / hr, nore preferably not |ess
than 3.5 ton 1 hr of the dial kyl carbonate, and not

theltugﬁﬁgfl r?d}b#{pﬁaetteoan/g H:rleéfr{ | esér?‘ﬁﬁce?%@ﬂlﬂ?ﬁﬂa Prolonged
per@ikphdirap; Saef 3 aﬁeh'pr Oduféﬁwéﬁvur i ?’e é?g’f{%bﬁ@i@ﬁth'gh

invention is that in the case th
- progyctivity fordihe dialkybsarbgnate of rgcp,'@leﬁﬁ]{.hmo%gon l hr and high

mul ti-stage distillation colum satls?/ resq_ectlvely
prodaotivity 1a0 the 8000pf 200 les®dhansd@ tan<d h.o Theodiaiky!
40 < no <_90, 5 < Do/ do, <13, and 9 < Do / d02

carsondfe amd thessiol kae drerpreferablypebduabtyinnah dmeunt of not
than 3.5 ton / hr, nore preferably not |less than 4

Iesé ‘?ﬁah @rtoﬁfl hPardl ﬂ'dfMés§QhBﬁnﬁt995 ténd Iﬁ‘loi'eéséétlbéﬂﬁ yet more
hr, preferably not less than 2.2 ton

pre(f]@fq%lgrl‘?éﬁféaﬂ YhaAtla lt@ﬁ.sl ﬂﬂ?ég dn ?t Iéﬁ‘tl‘@ﬁ@ %ftcﬂli‘? hr

o roguced d' Vit or eac
respRSLNEbn. MSBERERY. i fiatAs sgPEI&nfs ettﬁée%fgtep (j of the

the .36 present invention, h se
presesd mnsntigvef,b/as:yhabghéhmq%ﬁeﬂeg LoaPaed: pPer Boa cyf do1, and

not | ess than 97% nore referably not Iess than 99%
Do #obedoethet eentivoeus: miuiisstager distillatientcalnpmsiadis Ty
generally indicates the cyclic carbonate conversion,
respectivelp23pht< Ly 0oty 200 <bBipng 108Kk Blelbd t'd*alge?;o, 30 < no
the cyclic carbonate conversion be not |ess than 95%

< 1poefexaply daat <! B5sahlan DY/ dpy &€ 26 chet dbsy thah 2&5%on / hr,
than 99% vyet nmore preferably not |ess than 99.5%

pre‘f%félhl B?I $HRAAPS YR i, %%re%‘@?e?@bﬂf/ho’ctleﬁ tAB% 3.5 ton /

exce ent characteristic features “of

hr ﬁgﬂi ;qiﬁ‘e m#l‘bocfhént;é?tn rgcll ﬂ:ogneﬁgqﬁ%;@hg@ttﬁall H? preferably not -
les&than 1.95 ton / hr, more preferably not less than 2.2 ton / hr of the
diol can be produced. Furthermore, another characteristic feature of
step (l) of the present invention is that in the case that Ly, Do, Lo / Do, no,
Do / do1, and Dy / do2 for the continuous multi-stage distillation column
satisfy respectively 2500 < Lo £ 5000, 210 < Do < 800, 7 < Lo/ Do < 20,
40<ng<90,5<Dp/fdp1<13,and 9 S.Do { dp2 < 20, not less than 3 ton /
hr, pfeferably not less than 3.5 ton / hr, more preferably not less than 4

| ton / hr of the dialkyl carbonate, and not less than 1.95 ton { hr,
preferably not less than 2.2 ton / hr, more preferably not less than 2.6
ton / hr of the diol can be produced.

The “selectivity” for each of the dialkyl carbonate and the diol in

the present invention is based on the cyclic carbonate reacted. In the
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The continuous nmulti-stage distillation colum A used
in step (1) is atray colum type distillation colum
having trays as the internal. The term"internal"
used in the present invention neans the part in the
distillation colum where gas and liquid are actually

pre$¥a AigARS, SO beigANER, FEEISE iy 3BYceaigeneray
be %@gﬁ{&} {)g%/\fqrg f lnléﬁ tegtﬁrt?%&g(ygl,\ﬁ?%rt%ﬁl\;%ﬁg%y lnrog)}’es;s than

a Maxfrac tray, a dual flow tray, a grid plate trar}/,
99%. t Mbrepver,dhe tcanvgrsiankintbe preseninvanion generally

Moreover, in step (I), a multi-stage distillation =
indi@altelﬁﬂhbau]"qoﬂc arboaate ayompension, amdhe prasantdnvention it

packed with packings in part of the tray stage portion

beiﬁ%?@éﬁﬁlé’% Make tHexaypliescarb diwtepaskivegsionnbe utiet less than
random packi ngs such as a Raschig ring, a Lessing

of | [ L4 I ' 09%
o5, s it b o s resigy il mon oo

d ' I
vot FablE s raBtH hP e Yida o &, SR mrePRcssaply pot tess
thaBiS8 yesitis aie StihenoxceleRt Shanstpiptf Rt g the
in the present invention 37 nmeans the nunber %r S
presentisveatiorothat ay)highapenyaesioneeaBthe Anainig ‘@%/' e

stages in the case of packings. The nunber of stages n
maintaining baglk sefleatiwitiytin-Wiageawi stillati on col um
having both a tray portion and a portion packed with

packiTiys dohtinwsus meultisstade tdistitlatioar cofumnrAyusethin step (1)
the theoretical nunber of stages. For the reaction

is DULELBIGAM BYFe idisGRaeRaéSIummA HAeing tralyatas the internal.
no

nohydri c alcohol in step (1), it has been discovered

Th%'}%hmt k\?‘ntgtﬁgl” e?@?bgm{ I fRIGRION Ih¥andtfehpaft in the

uctivity can ed even If a plate type
aisFARH AT b e 4yl AP SEMERY MhsUBh o contact
witﬁ grngde?ﬁg{hnérr?edExamples of the tray include a 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. Moreover, in
step (1), a muiti-stage distillation column having both a tray portion and a
portion packed with packings in part of the tray stage portion can also be
used. Examples of the packings include random packings such as a
Raschig ring, é 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. Furthermore, the term “number of

stages n (no, n1, Nz etc.) of the internal” used in the present invention
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nunber of stages and / or a packed colum type
continuous nulti-stage distillation colum is used,
but a plate type distillation colum in which the
internal is the tray is preferable. Furthernore, it
has been discovered that sieve trays each having a

sie porti an C

meajis YelTunbptgofials Tl BEpe BT HAVE 456 the theorstical
rel ati onshi p . between pesfornmance a nent .

numbene SiRgsSacIaIFass et PAC rms% 331?3 st P&f ages n in
preferably has 100 to 1000 hol es n2 in the si

the pass ofi a muibreta\@eeﬂeﬁfaﬁabonu%&mthEh‘GPstPBh By Hﬂvleertlon
to 900 holes / nR, yet nore preferably from 150 to

and8@( dvalcas packRd Mitepaekings ibdhusbihensuims oftbeeaumizer of
the cross-sectional area per hole of each sieve tray

trayssagﬂefr% ahbyrética Rargfeobfistages.5 to 5 cn2. A nore
prefterable cross-sectional area per hole is fromO.7

Furf—'o?'%e Y@écl{f@ﬁ élbﬁngéetﬁﬁ ZH@’C EHEBbBnia%e akd®he aliphatic

her nor e I SCO eredthat it is

o ShYLF) BLoh il SIS, f p3E-UsPhRebiteanal the ign
Cross- SECII onal are OE Qj'bl S I,Nn

cordesSiesehiat scindliinoandcfiah pledln i Sate pilisg cven i

may be the 38 sanme for all of the sieve M rrﬁ
a platef type Toatinrons apelti-stage disyiialiamcpiim '”pWéHE tthe

i nvention neans, for each of the sieve trays in the
intexovzli corpsises tiayst agd fdos pidakingsrhavingna pedatgemined
ratio of the total area of openings in the tray

nurhbepusihs e agals/ andh plictreiddcobumpatype tbatinotals multi-stage
cross-sectional area of holes) to the area of the

dls{:ﬂ%lf:d“rﬁ\ébﬂﬂnhh%sﬁséﬂewmgé plags eyPe digtifatidd cORIma in which
tray having a downconer portion, the area of the

thegfx?@%.gat w;w@ tmy%%‘fagab%“bsf:ﬁf‘mé}%dré’%Wa% bleef

ortion, is taken as the area

d|sgpvtgggﬁt%\féfmgvgqﬁgstf%@é%uem ng"2lsib0& FRRId SRd al48wncomer
portion are particularly good as the tray in terms of the relationship
between performance and equipment cost. It has also been discovered
that each sieve tray preferably has 100 to 1000 holes / m? in the sieve
portion. A more preferable number of holes is from 120 to 900 holes /
m?, yet more preferably from 150 to 800 holes / m®. Moreover, it has

. been discovered that the cross-sectional area per hole of each sieve tray
is preferably in a range of from 0.5 16 5 cm?. A more preferable
cross-sectionai area per hole is from 0.7 to 4 cm?, yet more preferably
from 0.9 to 3 cm?. * Furthermore, it has been discovered that it is
particularly preferable if each sieve tray has 100 to 1000 holes / m?

the sieve portion, and the cross-sectional area per hole is in a range of

from 0.5 to 5 cm?. The number of holes in the sieve portion may be the
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in the continuous nulti-stage distillation colum A is
preferably in a range of froml1l.5 to 15% If the
aperture ratio is less than 1.5% then the apparatus
beconmes large relative to the required production
anount, and hence the equi pment cost becones high.

sanwdc?lo&ﬁrof {I{@s%?é%é‘g@ bt TRay diffepases, and hence
si de

reagt ons ( Yeaction between the reaction

t .

PR P o BRI PR 0B S STy BRI means, for
t th 15% th th d [

sachial Ihe,miouBrausdd e GORLID U TTBLAS fd"'sﬁﬂa's-gy column A,

nmust be increased to attain a high conversion

the ratio ohthe gotall arsa @és@li’ebléwsaﬂbgféeftéﬁl!n!\ﬂhéﬁuﬁb lech gas and
| arge arise. For such reasons, a nore preferable

liquidingm passt (theafodal gressadctionsallarea ofdholgs)ict the agea of the
to 6.0%being yet nore preferable. The aperture ratio

tray R4 vieg tthésé&ﬂﬁeﬁﬂfg@'theﬂémt heNobtathait fot etray having a
continuous multi-stage distillation colum A, or may

dov&’ﬁ&};ﬁ] b;}é‘rt[cn? tHY %’%satof Y& Mdrfion it wHicHSeHBlihy
prefer

0 use a multi-stage distillation colum

sub%ggﬁ?gﬁl%égﬁﬁ%‘zelo .ulégch?&m HJ YW 6ﬁxetr£k??HﬁPﬁrls taken as

gr eat’er TR TR e aperture ratio

of trai? in the lower portion thereof. In step (1),
the;ayeaiP3tRe I tr@%r bonate and the diol are continuously

produced by conti nuous f eedi n the startin bglari al

Cyoilt Basapdandound fumbiie ARATEIFOARHOR ERGNCBRETS Steve trays

into the continuous nulti-stage distillation colum

~in the ebhtihususaralfisstage gistidationcee upmmd aﬁmreé%\rcqhizesrin a range
and distillation sinmultaneously in the colum,

of feeRt MNBawst 5% t Idttesviapereure oatibdslliesg fhaimt . S¥acthemnthe
m xture AT containing the produced dial kyl carbonate

=pEAAMALURORIo MG aRblEifed ot armount, an
hefE8GhkC8qflipthehe ¢t becomes high. Moreover, the residence time
increases, and hence side reactions (e.g. a reaction between the
reaction product diol and unreacted cyclic carbonate) become liable to
occur. Moreover, if the aperture ratio is greater than 15%, then the
residence time in each of the trays decreases, and hence the number of
stages must be increased to attain a high conversion, and thus the
problems described above for when ng is farge arise. For such reasons,
a more preferable range for the aperture ratio is 1.7 to 8.0%, with 1.9 to
6.0% being yet more preferable.

The aperture ratio may be the same for all of the trays in the
continuous multi-stage distiltation column A, or may differ. In the

present invention, it is generally preferable to use a multi-stage

distillation column in which the aperture ratio of trays in the upper portion
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containing the diol froma |ower portion of the colum
Ainaliquid form The reaction tine for the
transesterification reaction carried out in step (I)
is considered to equate to the average residence tine
of the reaction liquid in the continuous nulti-stage

theﬂécgfgiﬁ;déf"ééﬁﬁﬂ ﬁ%#?@e%p%ﬁ?k e T8fict bPR éyéﬂh Yﬁé'l@ﬁver portion

ng on rm'o |nternas In
he distillation colum A and the nunber of stages t he
t unts of the startlng rraterlalsfedln the type

and anmount of the_ cat arpy L I% agy o& Icondlt ﬁ S, I
and‘%@t@ﬁ (brnthe digtydcarppgate Radrs #iRlia e CPQ 880”33’
of from 0.1 to 20 hours, preferably fromQ.5

prodoces], bm@mmeaasabfqedmﬁne atartmgrraaﬁ@ﬂairﬁac"c “carbonate
reaction tenperature varies dependi ng on the ty{)e of

and BéiphsitRy oo hpt eici alcobaipintmdb e usentinuou stmalltiygiage
and anount of the catalyst. The reaction tenperature

dlstlﬁaﬁ%ﬁeééldMn'R ia WBIe acdafalpst A presefB0carryingicut reaction
preferable to increase the reaction tenperature so as

and ‘alsftlf‘QﬂSf‘iS?ntnnﬂ?h%%%ts'h? rtﬂbecoEPHﬁV%bntlrfudli‘ﬁy withdrawing a

ure 1s too hen side reactions

liable. t R
low ﬁeﬁ”@q AdRLEPRRT Hvéﬁa% A 1§ FRLU L diatky
f ly f 50 t
catbgnajeBorean HPPeT PR mft% qrrﬁﬂpre%edaf%%%mé% and
distillation can be carried out vvi
comidnuHshemithdrawing achigh heﬂf%rp@*ﬂh&ﬁafé'@"d“'xwfe As
preferably not nore than 130 C, nore preferably no

comtzirirtdane diol droyea lowes portisrcfihe astumsrh iﬂr%uhlqmd form.
100 C. An excellent characteristic feature of the

pr esERé rigautivn timé ot fthe trhaskesgéritioatiersieactibngarried out in
selectivity, and high productivity can be attai ned

sty Flg W dnSiddted {OWqERtET tHY be@rageniusidence. time of the
over, the reaction pressure varies dependi ng on

re%ﬂ?ontlﬁﬁdoi{n INE ol digs TRURI-sthge UBANAIRHEBMRAIA. The
reaction time varies depending on the form of the internals in the
distillation column A and the number of stages, the amounts of the
starting materials fed in, the type and amount of the catalyst, the reaction
conditions, and so on. The reaction time is generally in a range of from
0.1 to 20 hours, preferably from 0.5 to 15 hours, more preferably from 1
to 10 hours.

The reaction temperature varies depending on the type of the
starting material compounds used, and the type and amount of the
catalyst. The reaction temperature is generally in a range of from 30 to
300 °C. It is preferable to increase the reaction temperature so as to
increase the reaction rate. However, if the reaction temperature is too

high, then side reactions become liable to occur. The reaction
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t her ebet ween, the reaction tenperature, and so on. The
reaction pressure may be any of a reduced pressure,
normal pressure, or an applied pressure, and is
generally in a range of from1l to 2x107 Pa,

preferably from 103 to 107 Pa, nore preferably from

terniageﬁfalttﬁ ré’f&%ugap refatalBR} il iaf"‘hrgg?é‘%fi frobh 39 td250 °C, more

nuous mul'ti-stage “di sti Ion colunn A use
he present yventi-OnAi n I : | g o
pretrafly el sohieens’ G, Yol TRTE aresBedfiiehf g6 g0 °c. n
the e asahAip T e seactive TRSTREAL c2 be Sarriqq,out with the
present invention, step (1) is carried out follow ng
columIt pettomst tgmpeyatuigesebio actimgrredian 180alkypreferably not
carbonate of purity not less than 97% preferably not

mote$hanhdB0 T nrureep pefefrabibnptmobrédhant hdo ), pet maere
separated out with high efficiency. In step (I1), a

prefOribIPUREE mMidite th&h a0 dCst | Anagkoslient wivarBeteristiedeature of
to subject the |low boiling point reaction m xture AT

theg;?ﬂi%,rw Hvdr¥ nﬁ&ﬁﬂ%\?q'ﬁeqﬁi@H‘Ean@"rQRﬂﬂtlﬁlg%nQeF{tgivity, aﬁd

I phati ¢ nonohydric al cohol™ 41 conti nuously w t hdrawn
R he,. e rtiLan. t i |t
nigh; SRITEVER af Bt a8 fed SRE NS M o Bl Eorif Botiom
b istillgtion intg a colpym top conponent hay,.
teriRr i Bnad RETSRYRBHNS FEaal B8O SeTE HAr s dRpaRaITd on the
thereof and a colum bottom con‘poneat r’E;E Eavi nl% t he .
typgi af ke startingaratagal compoupAgdhesd anktegrcompesition
continuous multi-stage distillation colum B used in .
thesebptyelen, thesreacliiendemperatoneongkpareri nd hrireagtion
di al kyl carbonate with a prescribed separation

preafdiirel oy bet ahly off @reduged prgesu perinodnal pressuréy oman
a large amobunt of the | ow boiling point reaction

wPI I AL PG B I EUTIIOR 1 to 26107 Pa
preferably from 10 to 107 Pa, more preferably from 10* to 5x10° Pa.

The material constituting the continuous multi-stage distillation
column A 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 the diol to be produced, stainless steel is
preferable.

In the present invention, step (Il) is carried out following on from
step (1), whereby a high-purity dialkyl carbonate of purity not less than
97%, preferably not less than 99%, more preferably not less than 99.9%
is separated out with high efficiency.'

In step (l1), a continuous multi-stage distillation column B is used

to subject the low boiling point reaction mixture At containing the

produced dialkyl carbonate and the aliphatic monohydric alcohol
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Specifically, the continuous nmulti-stage distillation
colum Bis a distillation colum conprising a
stripping section having a length L, (cm), an inside
diameter D, (cm) and internals with a nunber of stages
n, thereinside, and an enrichnment section having a

conl oAl AR s

wherein L1 , nl, L2, D2, and n2 sa&; sf¥ b
mulfiostags ﬁ’gShBahﬁﬂa@i iy in @1@?869@@ Ay Oaﬁﬂﬁf@ﬁ‘)" Y

100 <_ D1 1000 (8) 2<L1/D1<_30 % 105n1< 40 102
distngation2866G celymnsop pestponen) Bribayinpthe®!iphkgtiand

35 n2 100 (14). It has been discovered that by using
moroBidAccaiidhnl@s a Maimodmpsnagd thieseof laatd ancekironrbottom

B simul taneously satisfying the formulae (7) to (14),

conﬁgbﬁéﬂ? %}Tﬁﬁmn@fthéﬁﬁahw o210 dmetePakd migActbaiponent thereof.

xture pro uced t hrough the reactive distillation

bet ﬁeé]c[)ﬂ‘ﬁ Lﬂﬁr?gigfés%tsﬁﬂgtlbhec@i' 'nﬁ’ﬁ‘aB ifsed in step (II)

nmonohydric a can eparated wth

NGRSt AP e AL PEA SRR e v

car bonat e can be opt ai ned an n i ndustri al
PTeﬁPé‘P@%ﬁPﬁaﬁBPOFe%g‘Q'ﬁﬁﬁyzst? Y foRA Ef%lffﬂgeff@Peé'Oﬂo of time
prol onged period of tinme of, for_ exanple, not |ess
fromharlatge@mount ofgher lorwihailing: ppinisreaaiion soudurR fiw, and
nore preferably not |ess than 5000 hours. Mboreover,

varicgaratindjtions pusittbe simuiika iyl satisfied doeachieve this.
separated out as the col umm

Specifically, the continuous multi-stage distillation column B is a
distillation column comprising a stripping section having a length L1 (cm),
an inside diameter D¢ (cm) and internals with a number of stages n;
thereinside, and an enrichment section having a length L2 (cm), an inside

diameter D, (cm) and internals with a number of stages n; thereinside,

wherein Ly, D, ny, Lz, D2, and n; satisfy the following formutae (7) to

(14);

500 < L4 < 3000 (7)
100 < D¢ < 1000 (8)

2 <Ly/Dy<30 (2)

10 < nq <40 (10)

700 < L, < 5000 (11)

50 < D, < 800 (12)

10< L,/ D2 <50 (13); and
35 < np < 100 (14).

It has been discovered that by using such a continuous
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bott om conponent BB, generally a high purity of not
| ess than 97 % by weight, preferably not |ess than 99
% by wei ght, can be easily attained. 1In step (Il), it
is also easy to nmake the purity of the dialkyl
carbonate obtained as the columm bottom conponent be
n_ul = hi. .our i
mu@fstpdg HsiAaBI L olRh B RFI AT 4uSH; safshhhStplinulac

35 0 i S e A RSN e o

carbonate on an industrial scale h exc

t
progited: BpyaM e FBACING iRt AR S HEEH ThadHa'a RaTbonate

present invention is not clear, but this is supposed
and théaliphatio naonobypois atcaidlezan heoagparated withdigh
the conditions of the fornmulae (1) to (14) are

effiesHdyash tRackecahirmnrisogem tompdrent&pecontaining tohigh
are described below If L1 (cn) is |ess than 500,

cordéftraliBnSePai&dialk gﬁfcfér@oﬁ'l&é é&n ddhebtainddpnngn industrial

section decreases, d hence the desired separation

scaﬁ%é&fgéﬁé%ﬁﬁglg&gtlemﬁt]%%trﬁ‘bnt%‘i’r { M?rs‘iﬁlﬂﬁf fof & pRABNY@M period

Securing .the ‘desired

o GORET T oIS ke FEPLPROTRE  coeabif o Joss
800 L, 2500 .
thmeépwwe.w < Bphy Ry Toab e, OBRRSUE, Ploreover

is not possible to attain the desired disti I | at.i on

regardimg theopetiteof the diadkybearbonategepgratrd &%tas the column
while attaining the desired distillation anmount,

bottust chempadent Bhegeneralipaehigiaputitp®@f motrigss than 97 % by
preferable range for D, (cm is 120 <_ D <_ 800,

wemﬁ'h geferabR) n6t 1699 thahngo yetbyweight ctanabé eadify httained.
D, is lessthan 2 or greater than 30, then prol onged

In §{%? (R oﬂpi%f érs'ooeaengfﬁﬁawg ftl‘E)di Cﬁim%&f i Eilgﬂgilafa?\*ﬂ/@ate

ob%med 3 tRE' 891uifh BBEtEAP Sﬁ?ﬁaﬁéﬁt be an ulira- hlg}h purity of

preferably not less than 99.9 % by welght, more preferably not iess than
99.99 % by weight. The reason why it has become possible to produce,
and separate out and purify, the dialkyl carbonate on an industrial scale
with such excellent effects by implementing the process according to the
present invention is not clear, but this is supposed to be due to a
composite effect brought about when the conditions of the formulae (1) fo .
(14) are combined. Preferable ranges for the respective factors are
described below. |

If Ly (cm) is less than 500, 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, L1 must be made to be not
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If ni is less than 10, then the separation efficiency
for the stripping section decreases and hence the
desired separation efficiency cannot be attained.

Mor eover, to keep down the equi pment cost while
securing the desired separation efficiency, ni nust be

mage t not, nore than ef er.abl e
morffhian 38605 ate pieRiatle At foP Ly GRfPIF gF &L < 2500,
. nmore preferable. If L2 éc?% is |less than 700, then the
WL dGREE o <o8PD; &Rk ¥EE MoEs Parfoalent 'sect i on
decreases, and hence the desired separation )
ef f HcPer{lomk ishess thant 189 nthen NbiedpdPosybledp atéain the
t he equi pnment cost while securing the desired

dessephdistibatienf amcandy, M2reoverbto keep dowrbthemqguipneent cost
than 5000. Furthernore, if L2 is greater than 5000,

whild entdiReng Rhesdusred dfstil Riticn ehvBAD, Dhanusp bandhade to be not
bottom of "the col unmm becones too great, and hence

mo%?ggﬁgﬁﬁ’oﬁt ald %S@b?é%%mé%@% fof 610(;@@]49, 120 < D4 < 800,

't becones necessary td 1ncreas
vl ragure he | ower rt] .the colum, and

W'"ﬁgﬁg%bdegnd@ci)%'ﬁg Y@Sg@ﬁ@&ﬁ%@?ﬁ%'ﬁoccur, A nore

preferabl e range for L2 (c [ 00 < 3500,

b CAf bagoB 181888 Hansg sty Bleafer tan. 30 HelrerdRnged stable

If D2 (cm is less than 50, then it is not possi bleléo_
operatiam meesdifbeuldi st mote pretaralie rangesel /tlg1is 5 <
~ keep down the equi pnment cost while attaining the
L1 HBsi £ &0 ,divithi 71aidiidnDarod bt bed®y yestmoee paesetablge not

nore than 800. A nore preferable range for D2 (cn) is

70 9f B3 is_1e@Q0thamiiilh tBen<théBepardfio noefficieyety fwrthe
preferable. If L2 / D2 is less than 10 or greater than

stripPping b/l eeRbsEs2BhE heRseahicoleBRe@BEparation efficiency
difficult. A nore preferable. range for L2 / D2 is 15

catfel gy MIBCARE koS3 il
seceljrfi}xﬁit%récﬁegﬂre& Qteeparation efficiency, n1 must be made to be not
more than 40. A more preferable range for nq is 13 < nq < 25, with 15 <
Ny < 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
efficiency cannot be attained. Maoreover, to keep down the equipment
cost while securing the desired separation efficiency, L must be made to
be not more than 5000. Furthermore, if L; is greater than 5000, then the
pressure difference between the top and bottom of the column becomes
too great, and hence prolonged stable operation becomes difficult.
Moreover, it becomes necessary to increase the tempe.rature in the fower

portion of the column, and hence side reactions become liable to occur.

A more preferable range for L, (cm) is 1500 < L; < 3500, with 2000 < Lz <
44



enri chnment section decreases and hence the desired
separation efficiency cannot be attai ned. Moreover,
to keep down the equi pment cost while securing the
desi red separation efficiency, n2 nust be nade to be
not nore than 100. Furthernore, if n2 is greater than

00, .then,the di fference between the top and
300@0’8?819 HPHWS@%{%&%%@&@S too great, and hence
prol onged st abl e operation becones diffi :
or HoBarem) i lcasbsa Rty T & itk mosibls,fo attain the
tenperature in the |lower portion of thg col H_]rm, and t t
desired: disfildatippaamicons. bddeReoverbie kEEPEeWN the ggitipment cos
preferable range for n2 is 40 < n2 < 70, with 45 <_
while attaiffndpeheod esieedndiséiljatisfre cabo unt,NBe dBUst ber ad@do be not
continuous nulti-stage distillation columm B used in

mo&d €Rah!800. | 1A hfor¥ preferaiietranye for B2 (cin) 7@ < D2 < 600,
preferably L, < L2.  Furthernore, it is preferable to

with BP& 66@40@681 e‘yfeﬁfrﬁeté préferaBle.| n  the present

i nvenit 6n, the case "t hat 5 L2 and D2 < D, is thus

UL B BT, U 1B i st

contindous multi-stage

distillation col,. used in ste M ' :

opgieiien agapmes vyl | o mofk REETRAng Al fanked Pz is 15 <
packings as the internal .in each of the stripi

Lo LBt £GH0.awith BO ©hei Raen 28568 ING et MO ReTS ke
distillation colum having both'a.tray portion and
por tIf on isplesisethaw 35, thel the separation sticieagy qu ﬁ?
particularly preferable for the internal in both the

endthid mosestiohi decmuséhanehheaceetite desiieshseparation
continuous nmulti-stage distillation colum B used in

efffli8Rcl!danhét BR atthimyd. FMbrssver, ao kéepatowbhettve equipment
I scovered that sieve trays each having a sieve

oo V¥ B3 Pp HUTIATISY g eriiqy s macs o
be R UGS ANDFIVERTRINTORL, if', RA§rEhRR BRAN 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.
A more preferable range for ny is 40 < n < 70, with 45 < nz £ 65 being
yet more preferable.

Moreover, for the continuous multi-stage distillation column B used
in step (1), it is preferable to be L3 < le, more preferably L4 < L,.
Furthermore, it is preferable to be D2 < D4, more preferably D < Di. In
the present invention, the case that Ly < L, and Dz < Dy is thus preferable,

the case that L1 < L, and D2 < D¢ being more preferable.

The continuous muiti-stage distillation column B used in step (ll)
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di scovered that each sieve tray preferably has 150 to
1200 holes / n2 in the sieve portion. A nore

pref erabl e nunber of holes is from200 to 1100 hol es
/| n2, yet nore preferably from 250 to 1000 holes | nR.
Moreover, it has been discovered that the

o oA AR B PSRy s e

pr ef er abl s-sgect.i onal rea r hol e

intefpak it ECly &f e, SRngr seafiPh 998 4hs. %"E'sﬁa{%'ﬁgggca“ A
Furthernnre it has been discovered that

mulbiastage distillatios epliyne havingRoth 2y bray 39“%@ "ang 3 gortion
1200 holes / n2 in the sieve portion, and the

packeas wite paickings aasnapsr beotleeds in a range of from
0.5to 5 cn2. It has been shown that by addlng t he

aboveis partlctiang preférbleofuri theoirgemal in Siodbethe striping
distillation colum B, the object of the present

sectidffAhidothe @hriéh uﬂbtn‘i" JEdidWIo? thastditinLibusheultieskre

i nvention, the dial kyl carbonate produced through the

dlslgﬁgﬁb' VS ﬂhﬁh élﬁé@in'sriebh@ Cfb”bb”é“ly mjmlrtﬁé ®re, it has

| on col um t| nuousl Frawn from

t h f th | U
be%g,gg@, 6F 7 thatBirve traxs dast nedify SF R BorfeR &7d a
dowRFemATeRoRaN e GaRAFAIATY SOk Eg'stgaahf‘ravEf‘sﬁgé&n”‘é‘ﬁ%e

| ow boiling point reaction mxture AT is continuousl
relatdanship befwesh perfrimanoetand esgdpment ¢ost. oit has dlso been

colum B, a low boiling point mxture BT having the
disabivphadithatwemily die ve dtapipoeferbly s 1 SdbbepdH) holes / m?
thereof is continuously w thdrawn from an upper

thepsidveopopfiohhe Aghor@ pref@ralsieesumbienr of hahels ds firgim 200 to
boiling point m xture BB having the dial kyl carbonate

11@? tﬂal&@lmnPO'VéerﬁB?etd}%FfSPsblwroﬁplztsmt@qmo Wol &8 r7anh,

oma lower "portion of the ¢olum in a liquid form

WM R AP o v
of e’ach szeve tl%?fl {s' B(r:’ef%ramy in a range of from 0.5 to 5 cm?. A more
preferable cross-sectional area per hole is from 0.7 to 4 cm?, yet more
preferably from 0.9 to 3 em?. Furthermore, it has been discovered that
it is particularly preferable if each sieve tray has 150 to 1200 hotes / 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 distiltation 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 continuously withdrawn from the upper portion of the columnin a

gaseous form as the low boiling point reaction mixture Ay together with
46



reaction m xture AT may be fed in in a gaseous form
or inaliquid form It is preferable to heat or coo
the low boiling point reaction mxture AT to a
tenperature close to the liquid tenperature in the
vicinity of the feeding inlet of the continuous

t t r h
ahp%dogfcﬁr?%lgyghin%llc dl?tlﬂg‘rf]q'l %ﬁeﬁﬁi?% Spréﬁﬁt@dqﬂute fo
illation r 0S] t.i

genigipll Balng Besbin Prgess: ntﬁf'%jewb i Haipg Frgcffn mixture
fed into the continuous nulti-stage distillat,jon

As isoranrtingausly feer intading apBting oM st -strga distiflatign column
section and the enrichnment section. The continuous |

B, anlbwi beiling: pdiist imixtute Brcbaving Beraliphaticynaashydric alcohol
reboller for heating the distillate, and a refl uxing

as afpaificeimpbhenaherestnd comtantowsly withdrawrbéidrran upper
poi nt reaction mxture AT is generally wthdrawn from

portid® SP‘EF\éW\‘ﬁnﬂqhté gestudiSirm! bild amighl BBTind\point mixture

an anount of not |ess than I2 ton / hr, before beilng
oo IR B ABCEALOUOUS B 4 g eRuth bbb ahefgor

istillatio wher eupon_the | o |
ialsh %ﬁtqrmir@“ﬁt'ﬂwregmﬁ it Bﬁérﬂb i hdiauid
of the distil]ation col and t he hi
formoi Whendeeding the ?cjn%u'agd?w& et gmet Ad into the
| ower portion of the distillation cqurmB In ep
cortinyousHeutibratager distdlation ceduan ﬁqathueclthmiugu point
al cohol in the low boiling point mxture BT can be
reavhibn toixberedy nessbehfed BOiN@ gaseeiushiqripr ef én sbliguid form.
not | ess than 85 % by weight, nore preferably not

It is gﬁ'%fél‘wmg{b ekt ovetabl thé/bbwouarlm%lmnﬁtmgaatubat mdxture At to
the dial kyl carbonate in the hi boi | i ng poi nt

a t@mitetaiu cﬁége%stﬂé’ Iﬂ%l&"%éﬁ"lﬁé’rditﬁre ﬂﬁttHeeﬁmhh?rbig%e

% by wei ght, preferably not |ess than 99 % by wei ght
feeqﬁfx |WI§{ &f Qﬁkyc&&’t{mh%é i s1g2 %ﬁﬁl%ﬁ%luﬁﬁ{ B before
pre era

feeding the low boiling point reaction mixture Ay into the distillation
column B.

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

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

separation by distillation, whereupon the low boiling point mixture By is
47



| ess than 99.99 % by wei ght. Furthernore, the anount
of the alcohol separated out as the nain conponent of
the low boiling point mxture BT is generally not

| ess than 500 kg / hr, preferably not less than I ton
/ hr, nore preferably not less than 2 ton | hr. The

corf {65yl A EBE RGBS B ton cotumn
an B 8PS A Pl B R SRR from tne

carbonate either as is or else after having been
lowginertian wfdheodistillation &aldmn &n anot her process.
This is one preferable enbodi nent of the present
i nvdntstep. (Il theecoasenttation tafethamaliphatic mepwateyddce alcohol
al cohol is insufficient, fresh aliphatic nonohydric
in thleCWWdeHVlgbpoﬁﬂdﬁdxtuTb@hl@n bei hatk peib¥ noitiessehan 80 %
BB separated off in step (I1) has the dialkyl

by Wl?ﬂf‘ab fsTably Nt 1B sS85 %4 ng\ﬁ%grhtarfﬁoﬁ*éﬁn%fegably not

cont ent ) unreacted aliphatic no i ¢ al cohol
o
1es§°cg}abrﬁobﬁ &y ﬁp \ﬁe g@yp}"@ 1 avrerp{r‘?% ot g\ﬁtﬁé’floﬂ%ﬁlﬁ/@%ﬂalkyl
car&’@r&ﬂe m"@n "%%Lsﬁkrérﬁﬁ%uﬁ%{ Bo b sl @s?ﬁa#ee to be

oty ese'bgr'u%f&lb&”y%&ﬁ coraieyablhae %‘%%éﬁ@.méb B bjweignt,

hal ogen, and hence the produced dlalk car bonate can
more prederablynoot leswthan %m%%@ahwalgém yel maneepreferably not
present invention, a high-purity dialkyl carbonate of
lesediaan 00a8 b N Ibyeivm@ig’mt | essthelnarore? thebymeainghof the aicohol
preferably not |ess than 99 % by weight, nore

sepdritedadliy agothd essint BampSiveRt Uf RiieviBwobbilivgtpdi enixture B
preferably not |ess than 99.99 % by weight, wth a

is @é‘h@%ny TIttieRs ﬁfa Pout &7 kA é?gé? @Pho?'l@f;@rtﬁglnﬁ ton { hr,

nore than |det limt for

motrgepﬂe‘fgrﬁg [P HBt ‘P@éé‘HH% 2%8R 7 hPUs The FaTIiNdRPIH (heflow

boiling point mixture By is mostly the dialkyl carbonate, and hence the
low boiling point mixture ET can be reused as aliphatic monohydric
alcohol for reacting with the cyclic carbonate either as is or else after
“having been mixed with alcohol recovered from another process. This is
one preferable embodiment of the present invention. In the case that
the amount of recovered alcohol is insufficient, fresh aliphatic
monohydric alcchol may be added.

The high boiling point mixture Bg separated off in step (i) 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.
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The distillation conditions for the continuous
multi-stage distillation columm B used in step (I1)
vary depending on the formof the internal in the
distillation colum and the nunber of stages, the
type, conposition and anmount of the |ow boiling point

Mofésyér, AR &prefératit ERtboditedlBf RHE! piesdnt! ﬁﬁéﬂti’dl’ﬁy{he

carbonate to be obt al ned through the " separation,

reaﬁﬂo?tn%s Ig?rlgﬁl &HP eé %%Ftﬁ?g%gléﬂlgﬁ éngiggfaﬁgggggatéontammg

&Y at in a range o

nor e pre erabl te ratur e 1,s from170, to
a h3IgHeR. pBhEnEe ﬁ‘@r BraAnged: figikiEgaions eahrhg made to not
col um botton1pressure vari es dependi ng on
cordghbgshalegen @t alk. cdndhe BrREeMEIRG nbatlatgh purity dialkyl
tenperature used, but in the present invention the
carbomlatamiljsonnenitmiicag@aingtmcbﬂ spthan|Ame oy weight,
general |y operated under an applied pressure.

prefbrasiyenot 1des. thahuxo rathy weight henerenpreferadly not less than
multi-stage distillation colum B is preferably in a

99. 'Qa%GByoxilefngét5nfd?e5pré"fB"r§bW Abenats ihangD. @98'/0tl9y weight,
, nmore preferably from1 to 2.5. The mat er i al

w;tﬁgé‘inglﬁ%hn&ﬁfég'nt.CBf”hb?‘fﬁtlft? ‘THEE' 0 S1t elséférhp %é[ more

B us in step 'S gen aII

thafl) e B ORI ?(f—‘k@ﬁfi?ﬁteﬁ%s_ 4y MEiPSATioth ERgrarhy). can
thuis, B S 4IE DRI S Fol | owing |5 a more detai | ed

description of the present invention through

exanthedistidatiper condédipnedenthe memingaussmubti-stage

limted to the follow ng exanples. Exanple 1. Step
distifiaticCosbivmouB usédiinsstege(id) sairydepemdiong omthe>form of the
internal in the distillation column and the number of stages, the type,
composition and amount of the low boiling point reaction mixture Ay fed
in, the purity of the dialky! carbonate to be obtained through the
separation, and so on. The column bottom temperature is generally a
specified temperature in a range of from 150 to 250 °C. A more
preferable temperature range is from 170 to 230 °C, yet more preferably
from 180 to-220 *C. The column bottom pressure varies depending on
the composition in the column and the column bottom temperature used,
but in the present invention the continuous multi-stage distillation column
B is generally 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 the continuous multi-stage distillation
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A continuous nulti-stage distillation colum A as
shown in FIG 1 having Lo = 3300 cm Do = 300 cm Lo
| Do =11, no = 60, Do/ dot = 7.5, and Do/ d02 = 12
was used. The trays in the distillation colum were
sieve trays, each having a cross-sectional area per

coILL}ﬂnbeBi lﬁ‘sé‘dslhfré(’)tgp g?)" Lé %%ﬁe;f?‘il?oé rREtANR M tBAsuch As carbon

and a nu ol'es approximately 180 to 320
. e re rat f.f LAYSA; j
steq) PR staiMpRrRL" 1o, of il foa bl o 4Ly Earbonate
3.27 Ton /[ hr of et ene carbonate.,in,a |liguid form
andi e dghta RensePaTRIRY Gullc STAIMIESS eSS ATRTafaR.
colum A froman inlet (3-a) provided at the 55th
stage fromthe bottom 3.238 Ton / hr of nethanol in
a gaseous form (containing 8.96 % by wei ght of
EXAMRLE® carbonate) and 7.489 ton / hr of nmethanol in
' aliquid form(containing 6.66 % by weight of
di metiwiedy b aaindireZee tailes plesiorigtion afnthie pogsént invention
i ntroduced 50 into the distillation colum A from

thrc%tﬂ%ﬁte%(érﬁ%@eé‘nd Ho gye"r,oméi%@?abn&hﬁvaﬁﬁbn K Age lfrhlnsu to the

bottom The no ratio of the starting materials

LD Wpnto the distillation colum A was net hanol
foll#%{xﬁ%&ﬁ@plgéf bonate = 8.36. The catal yst used was

obt ai ned by adding 4.8 ton of ethylene glycol to 2.5

ton of KOH (48 % by wei ght aqueous sol ution), heating

to approximately 130 C, gradually reducing the
Ex%ﬁ'@é%u“ﬁe, and carrying out heat treatment for

approxi mately 3 hours at approximately 1300 Pa, so as
Sfetpoabroduce a honogeneous sol ution. This catal yst

solution was continuously introduced into the
<Cdntinuloua nanlticstage disfilatioancoiniren A8-e) provi ded at

the 54th stage fromthe bottom (K concentration: 0.1 %

by Avb@hinAse thoni-etdye elistifatipenabrumhedAia® shown in FIG. 1

Reactive distillation was
having Lg = 3300 cm, Do = 300 cm, Lo/ Do = 11, np = B0, Do / dpq1 = 7.5,
and Dg / do2 = 12 was used. The trays in the distillation column were
sieve trays, each having a cross-sectional area per‘hole'in a sieve
portion thereof of approximately 1.3 cm? and a number of holes of
approximately 180 to 320 / m?. The aperture ratio of each of the trays
was in a range of from 2.1 to 4.2%.
<Reactive distiltation>

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

continuously introduced into the distillation column A from an inlet (3-a)
provided at the 55" stage from the bottom. 3.238 Ton / hr of methanol
in a gaseous form (contfaining 8.96 % by weight of dimethyl carbonate)

and 7.489 ton / hr of methanol in a liquid form (containing 6.66 % by

weight of dimethyl carbonate) were respectively continuously introduced
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carried out continuously under conditions of a colum
bottom tenperature of 98 C, a colum top pressure of
approximately 1.118x105 Pa, and a reflux ratio of
0.42. It was possible to attain stable steady state
operation after 24 hours. A low boiling point

o] 5 BB SR T RARBAY (46 BT PEOIAZRE g the 1

net h onat ton _/
sta%{*ﬁ%ﬁbihemtfam o Yhermolgbiefiy of theistaring dntalial
. bottom 2 of the colum at 3.382 ton / hr contajned
introdgsed uio the distibatignasriump was nathannl / ethylgne
met hanol, and 4 kg / hr of unreacted ethyl ene
carbanbhbdaat &.36xcl udi ng the dinethyl carbonate contai ned
in the starting material, the actual produced anount

of ﬁh@théIy%QfmmeMtélr%@ byoaddimg 4.8ntdn of ethylene
excl uding the ethylene glycol contained in the

it [ )
oS98 58 57 1O, 4F 0Pl e doagntish. hoating t

oS 55 L RS 4 B8 i g o
SR e gsémgeqﬁmwa, .

colum B> A continuous nulti-stage_dj sti Lﬁ ation, cql um
as wﬂgogwﬁmaihpmmer@om@i gtiop. = Thocatsl 80%9" was
cm L, / Dt 6.2, nt =18, L2 = 2700 cm 160
cordinueasly mztradmeeg indadhezdistiatien Q;Sutnn Pnfrpﬁn an inlet (3-e)
exanple, sieve trays were used as the internals in
prolvidéd tatetrss 5i4bbistag s dodinothe bt die( e monderdnatieactd.or% by
(cross-sectional area per hole = approximately 1.3

oy b8 cin e carspaes S i SFEacabigtIIEon was
carﬁir o&'ﬁi rretlﬁnﬂ]‘oh@ﬁf GRTRPEBHAIbFLBE A BbNEm#h: Bsohpn /
temperature of 98 °C, a column top pressure of approximately 1.118x10°
Pa, and a reflux ratio of 0.42.

It was possible to attain stable steady state operation after 24
hours. A low boiling point reaction mixture Ay continuously withdrawn
from the top 1 of the column at 10.678 ton / hr contained 4.129 ton / hr of
- dimethyl carbonate, and 6.549 ton / hr of methanol. A liquid
continucusly withdrawn from the bottom 2 of the column at 3.382 ton / hr
contained 2.356 ton / hr of ethylene glycol, 1.014 ton / hr of methanoi,
and 4 kg / hr of unreacted ethylene carbonate. Excluding the dimethyl
carbonate contained in the starting material, the actual produced amount
of dimethyl carbonate was 3.340 ton / hr, and excluding the ethylene

glycol contained in the catalyst solution, the actual produced amount of

ethylene glycol was 2.301 ton / hr. The ethylene carbonate conversion
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carbonate and 6.549 ton / hr of nethanol obtained in
step (1) was continuously fed into the continuous
mul ti-stage distillation columm B froman inlet
(3-b). This inlet was provided between the trays in
the 18th and 19th stages fromthe bottom of the

e SRR 044 4 S0P UF g3 B85 han o0 005,
an TSGR Sl AT BB

approximately 1.46 o MPa, and a reflux ratio of
Stedbﬁ)”bxi mately 1.8. It was possible to attain stable

steady state operation after 24 hours. A columm top
<Cootirormss nBIlticstagadosidllatinin eakmn BFromthe top |1 of

the continuous nulti-stage distillation colum B at

7. 158 doortinudws neohi-stagd disHifiaticoncolumnoB astshowh in FIG. 2
and 0.509 ton / hr of dinmethyl carbonate. The

haVRidane 169TCent, '3} i=0penci & cLDINB 8.20 rfoapp@ent B3700 cm,
avvas 91.49 % by wei Eght. _l\/breovef, Dzj\ col urmrplbottomE

ngmgfg{c@% @2@9%.@”%% Wi 4 il A0 gligom H“?hﬁ’%%(ﬁglple,

ous multi-stage ‘distillation co

.at 3.62 ton / hr ngai ned not l.ess &h :99. 0 ;
sicfls fabeohelp e PRt BTt B% s A6 athy fk SEURPing dection and
nore, than 0.01 % Db wei ght). This nmeans that of the,.
th%ﬁ%tmeegmmYcrr@&%- PG)“HF'@W&ME\ HGBJ@WQ = approximately
mul tj -stage distillation colum B, a(gmroxi mat el y 87. 7%
1. e ‘o am cafshotﬁsgﬁ-@nprwr@at&!vrﬁﬂf darddBdta’) Not e
that the colum top conponent BT was fed as is into
< Selpa radiact byalidtitiationaof coleoirubep AommpanemidAtsed as
some of the starting material for producing the

di nreThgl cslumbenapec amporidret Af dreamialgy401 29 Roal bhped dimethyl
conti nuous operation was carried out under these

caggé‘olghf%%?? Sggn%@“toﬁqohhﬁ'ﬂf'rrﬁet#@ﬁgl Betsmed P tEpYIP was
continuously fed into the continuous multi-stage distitlation column 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 continuously with a column bottom temperature of
approximately 205 °C, a column bottom pressure of approximately 1.46
MPa, and a reflux ratio of approximately 1.8.

It was possible to attain stable steady state operation after 24
hours. A column top component By continuously withdrawn from the top
1 of the continuous multi-stage distillation column B at 7.158 ton / hr
contained 6.549 ton / hr of methanol ahd 0.509 ton / hr of dimethyl

carbonate. The methanol concentration in the column top component By

was 91.49 % by weight. Moreover, a column bottom component Bg
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6000 hours, the amounts of di nethyl carbonate obtained
per hour were 3.62 ton, 3.62 ton, 3.62 ton, 3.62 ton,
and 3.62 ton, and hence operation was very stable.

The purity of the dinmethyl carbonate obtained through .
the separation / purifi cati on was 99.99% i n each case,

| COWHU%D@!J@JI%W&QW) p&ﬂ'hsi %‘E th'éecggiiﬁ%td&”n]tjiti-stage

not  nore t an anpl e

TR AL 52 10 £ R b on 50,00 % o

mul ti-stage djstil atlo

wejighf1ofrgimethy EF”E‘PH?F% ham&mtﬁntm?wr& #@m0-01 % by
was continuously introduced into the distillation

weightdrm fromthe inlet (3-a) provided at the 55th
stage fromthe bottom 4.233 Ton / hr of nethanol 53

i n alggsamand that of dheadimeth 2. cdrbiratevieidyimtoofthe continuous
di met hyl carbonate) and 4.227 ton / hr of nethanol in

mLﬁnlstagleddfsanﬁté@ﬁmcﬂumm% lag@rotifyateMpiadh? piwas obtained as
di nmet carbonate) were respect ively continuously

hldh”fah?ﬂy?gﬂheﬂ%%éﬁb)%ﬁﬁt%t ' L{ngfé ?ﬂaﬁ?ﬁé%lﬁmbge?omr%onent By

provi at t 31st stag

h tom . T t t
was b A Bantdebel TG i PufayRhe %ﬁ?ﬁﬁhﬁﬁsa“ﬁ filiEpspd as
eth e car honat e The
sofis DhERS S8 rie0, mats et prodia T bt mS Tl dhate and
into the distillation colum. Reactive distillation
thengdhyiang alyeelt continuously under conditions of a
colum bottom tenperature of 93 C, a colum top
pr esB welengfe dhppndbn il e lop eratiotx was c@ejedrautaunder dkese
ratio of 0.48. It was possible to attain stable steady
coatitienoperdtenb0af hourg42000utisursh 4000 b BPddtiours, and

reaction m xture AT continuously w thdrawn
6000 hours, the amounts of dimethyl carbonate obtained per hour were
3.62 ton, 3.62 ton, 3.62 ton, 3.62 ton, and 3.62 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.

Example 2:
Step ()

Reactive distillation was carried out under the following conditions
using the same continuous multi-stage distillation column A as in
Example 1.

2.61 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distillation column from the inlet (3-a)

provided at the 55'" stage from the bottom. 4.233 Ton / hr of methanol
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fromthe top 1 of the colum at 8.17 ton / hr
contained 2.84 ton / hr of dinethyl carbonate, and
5.33 ton / hr of methanol. A liquid continuously

wi thdrawn fromthe bottom2 of the colum at 2.937 ton
/ hr contained 1.865 ton / hr of ethylene glycol,

in ég%%dd’é‘fbnh%dﬁntﬁﬁh‘i‘@“?'“ %%Pm?elb%t/of @Fm@fhyl carbonate)

unreact ed et hyl ene carbonate. EXcluding the d

an&%rﬁﬁ'?alto% I%‘?“&iah{bqgla'd?nltlﬂea %I |ﬁ'f‘%9nﬁ?%§ﬁ{{]hlqﬂgqe46 % by

ct aI produced anmount of ona

5% hBhetnll ﬁaaﬂa?sr@;w%ge N G el invoduces
, roduced anpunt of ethylene gl yco was 1.839 t
'nttﬁﬂheméﬂélﬁtw@ﬁ@lewbtfm dheoinjatss(3rb angk 3e0) pgwdmeat the

sgl nmet hyl carbonate selectivity was not |ess than
319stage; froandheHzottohy| efibegimadalr ratioeof tvetstavkingrmoaterials
| ess than 99.99% Step (I1) Separation by distillation

intnoahu cead TR tleetdigtitlatiomeofurhhowasomethanondidthyiléne carbonate
usi ng the sane continuous nulti-stage distillation

= gCPRUNMT R %Sata'éistE%@%pﬂr%d]e td he 6194 WHINBORs QwaeﬁT and

containing 2.84 ton / hr of dinethyl carbonate

was cuht ﬁ’uoﬁﬁw{ |Hﬁ% Wﬁ?%mﬂhhﬂo‘?‘?gom}nﬁt epR(e'a)ctf%sdistmatlon

cont i nuous he "continuous nmul'ti
istillatiqgn colum B m.an_inlet (3:b This in

wallg 'Heofﬁwiac%mgwlmnﬁﬁwnﬂt eé%cow{enﬁ? B
ta?esfrogwthe bottomof the continuous nulti-s g{ 5
tempetaturgebis doi ansoiumn tre RERSWEORS amnrpixmaég 1.046x10

distillation colum B was 7 operated continuously with
Pagaag arfiefbot ratitehBeA®it ure of approximately 205 C, a

col um bottom pressure of approximately 1.46 MPa, and

a rdf vas passib g ta@itain stabdeysteally stateasppostoblafter 24

to attain stable steady state operation after 24
hours. A low boiling point reaction mixture Ay continuously withdrawn
from the top 1 of the cblumn at 8.17 ton / hr contained 2‘.84 ton / hr of
dimethyl carbonate, and 5.33 ton / hr of methanol. A liquid continuously
withdrawn from the bottom 2 of the column at 2.937 ton / hr contained
1.865 ton / hr of ethylene glycol, 1.062 ton / hr of methanol, and 0.2 kg /
hr of unreacted ethylene carbonate. Excluding the dimethyt carbonate
contained in the starting material, the actual produced amount of
dimethyl carbonate was 2.669 ton / hr, and excluding the ethylene glycol
contained in the catalyst solution, the actual produced amount of
ethylene glycol was 1.839 ton / hr. The ethylene carbonate conversion
was 99.99%, the dimethyl carbonate selectivity was not less than 99.99%,
and the ethylene glycol selectivity was not less than 99.99%.

Step (1)

Separation by distillation was carried out under the following
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hours. A columm top conponent BT conti nuously

W thdrawn fromthe top 1 of the continuous

mul ti-stage distillation colum B at 5.76 ton / hr

contained 5.33 ton / hr of nethanol and 0.43 ton / hr

of dimethyl carbonate. The net hanol concentration in

. C . . 0, . i .

copdftidits bR SARR EBhtHbod'E mati-3trb e HiElilen column B as
. W thdr fromthe bottom 2 of the continuous
n E%F¥?9g¥age distillation colum B at 2.41 ton / hr

contajned not |less than 99.99 % by  wei ght of dineth¥l‘

car bbhgteolumn HaRorompanant Asicaitainingd. 8¢ denof, By of dimethy!

wei ght). This neans that of the dinmethyl carbonate fed
carbmmatehancbht3hdons hrof hethael abtainadin step diuwas

B, approxi mately 84. 9% was obtained as high-purity
contineiougly fedbipitatthe dbhtinubats mhdticstage distillatdonasoimn B

BT was fed as is into the reactive distillation

fro®®ldtihigt (@08) ! huyhissRkktawasSPrevided Bétuﬁééhttihfégtrags in the 18"
materi al for producing the dinethyl carbonate and 55

angt hg.he%l% uts)’ﬁr‘%;'orlg rtﬁ%ﬁ%@g@ﬁ? o?gme! E‘Hﬂﬂﬁxﬂﬁg{ ﬁ@.‘dﬁ%t‘(;é%r%sfllsmlatmn

arri e condi tions..

oo S Toe SRS m PSR B SR e
2.4 , 2.4 , 2.41 , 2,41 t 2.41
oPEBATed NGBV 8 Fo bt hatiom s eeraluenaf 1 1 v
of the dinet hél ‘carbonat e obtai ned through_ the
u

appéepyinmately 20purG f a aluem hedtow. poessurecat Rppdoximatgly 1.46

t he hal ogen content was outside the detection limt,
MRagandoa nedhex rétio df approreatgie B8. Step (1)
<Continuous nulti-stage distillation colum A> A

E??at ItgwaLQSpﬂyhttile&ba@&aﬂi stableabtond ¢ dtate operatiomafter 24
hours. A column top component BT continuously withdrawn from the top
1 of the continuous multi-stage distillation column B at 5.76 ton / hr
contained 5.33 ton / hr of methano! and 0.43 ton / hr of dimethy!
carbonate. The methanol concentration in the column top component By
was 92.5 % by weight. Moreover, a column bottom component Bg
continuously withdrawn from the bottom 2 of fhe continuous multi-stage
distillation column B at 2.41 ton / hr contained not fess than 99.99 % by
weight of dimethyl carbonate (methanoi 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 84.9% 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
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having Lo = 3300 cm Do = 300 cm Lo / Do = 11, no =
60, Do/ dog = 7.5, and Do/ d02 = 12 was used. The
trays in the distillation colum were sieve trays,
each having a cross-sectional area per hole in a sieve
portion thereof of approximately 1.3 cnR2 and a nunber

I approximately 220 to 340 / nR2. The
Etthee'ﬁl?Lﬁagc?Lti o of each of the trays was in a range of

f 2.5 to A4.5%. <Reacti ISt ' 7
OB nbBe R PR BT bbEatbR ab Ay fuf UndePthese
condbne. ARest508 Tiptrsp 2 adeis. ADG RS, 6D Rwre, and
the bottom 3.736 Ton / hr of nethanol in a gaseous
6000 hoyrsorthei ainey rgsoof dimpthyl gatbwiai@ abtaiped per hour were

carbonate) and 8.641 ton / hr of nethanol in a liquid

2. 4Motom (2001 abnj 294 6.167, %2 .4yl towei ghd 2f 1dtoret apd hence operation
carbonate) were respectively continuously introduced

wa§6vér§/t gidthie. di phel g @ity Bf ¢RE WM& thNddrB oinaitétsbiainkd through
and 3-c) provided at the 31St- stage fromthe bottom

thergﬁgg?égﬁg{é{apﬁfﬁfatfm £l 9994 M léaf'b[‘%rﬂzlﬂ't'ﬁé%alogen

at1on colum was net hano et hyl ene

ol WS quidndie 10TagOR Rl T ARCRS i e

the distillation colum. Reactive distillation
carried out continuously under conditions of a columm
bottom tenperature of 98 C, a columm top pressure of
Exapirlexdimatel y 1.118x105 Pa, and a reflux ratio of
0.42. It was possible to attain stable steady state
Stepdhation after 24 hours. A low boiling point
reaction m xture AT continuously withdrawn fromthe

<Clomtidu@hs trheltt-etags distillatidh tolurhnhA>cont ai ned 4. 764
ton / hr of dinethyl carbonate, and 7.556 ton / hr of

AL A s 1
having Ly = 3300 cm, Do = 300 cm, Lo/ Do = 11, ng = 80, Do / do1 = 7.5,
and Dy / do2 = 12 was used. The trays in the distillation column were
sieve trays, each having a cross-sectional area per hole in a sieve
portion thereof of approximately 1.3 cm? and a number of holes of
approximately 220 to 340/ m2. The aperture ratio of each of the trays
was in a range of from 2.5 to 4.5%.
<Reactive distillation>

3.773 Ton / hr of ethylene carbonate in a liquid form was
continuously intfroduced into the distillation column from the inlet (3-a)
provided at the 55! stage from the bottom. 3.736 Ton / hr of methanol
in a gaseous form (containing 8.97 % by weight of dimethyl carbonate)

and 8.641 ton / hr of methanol in a liquid form (containing 6.65 % by

weight of dimethyl carbonate) were respectively continuously introduced
56



contained 2.718 ton / hr of ethylene glycol, 1.17 ton
/[ hr of nmethanol, and 4.6 kg / hr of unreacted

et hyl ene carbonate. Excluding the dinethyl carbonate
contained in the starting material, the actua
produced anmount of dinethyl carbonate was 3.854 ton /

. Jhr. and,.excluding the.ethylen | j

intq the BT IO Pt AnE af® LF Sl RbRRpved at the
Sthylene glycol was 2.635 ton / hr.. The ethyl ene .

31 stagrarem shodraiten. mggegmcaé%rai'ﬁeogmt grting materials
carbonate selectivity was not less than 99.99% and

intnad e dhyntnthgldistillatigrecolumnywassmeihaned d ethyhene carbonate
99.99% Step (I1) Separation by distillation was

= 8¢ABr i €fhoutatahger widsenfade doibe the aradhei andn Sxampleel, and
sane continuous nmulti-stage distillation colum B as

wak toptanabasly fdAanteltHENistill 2w edaninnAT Reriotive distillation
4.764 ton / "hr of dimethyl 57 carbonate and 7.556 ton

wab Hrritld ﬁ;@@gﬂénﬁﬁpgwﬁﬂ&@r Sd5ditldns Wl?%\ column bottom

cont1 nuo he continuous multi-s g

terliagt3iusf a8 Sk ndero thitbey Bra 1 i, O allproklisgfy 1 118x10°
stages fromthe bojtom of the continuous nulti-stage
Pag; Ay raf %raga ?l{'rhgé The continuous nulti-stage
B wa

distillation colum as operated continuously wth

a cdtowasmassible dapritatrustable stgashosiak @pﬁrééen@ftaf 24

col um bottom pressure of approximately 1.46 MPa, and
hours.ef Pulow diaitingf papyr wactioeingixtuse A+t continpodisilpiwithdrawn

to attain stable steady state operation after 24

frohpihe.top ¢obiutive tcobumOMREMENB2HB I H i curctashgd 4.764 ton / hr of
wi thdrawmn fromthe top | of the continuous

difiEtRy- SaAgeh ieStahd at 5B &N YA &F Aethaddl. t W liquhd

contai ned 7. 556 ton /  hr of nethanol and 0.675 ton /
confinﬁﬁu%'lg%ﬁ%{aﬁﬂrH’Bﬂ?tlﬁe gmﬂ@oﬁﬂa??ﬁ@'c&lﬁ%ﬁrﬁtr@@@‘ton / hr

I'n the colunmm top conponent
contained 2.718 ton / hr of ethylene glycol, 1.17 ton / hr of methanol, and
4.6 kg / hr of unreacied ethylene carbonate. Excluding the dimethyl
carbonate contained in the starting material, the actual produced amount
of dimethyl carbonate was 3.854 ton / hr, and excluding the ethylene
glycol contained in the catalyst solution, the actual produced amount of
ethylene glycol was 2.655 ton / hr. The ethylene carbonate conversion
was 99.88%, the dimethyl carbonate selectivity was not less than 99.99%,
and the ethylene glycol selectivity was not less than 99.99%.
Step (il)

Separation by distillation was carried out under the following

conditions using the same continuous multi-stage distitlation column B as

in Example 1.

The column top component At contaihing 4.764 ton / hr of dimethyl
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was 91.8 % by wei ght. Mreover, a colum bottom
conponent BB continuously withdrawn fromthe bottom 2
of the continuous nulti-stage distillation colum B
at 4.089 ton / hr contained not |ess than 99.99 % by
wei ght of dimethyl carbonate (nethanol content not

carggh%t%%?% 60/ JW / Hére fﬁét[hamls Aadt ||ﬁa§té15 (hNwas

he con nuou

corf i et %%%Sqtérﬁ?ns‘ff?@su%"uﬁhﬁﬁ Hfiiion Gudito 8

that the colum top conponent BT  was fed as . ih
fromnan;isiet (30)di sThIS Hled waspiaNided hptwerR | bgefaazd% in the 18
sonme of the starting material for producing the
andii19et syagearfbormthe dottomhef thendantingoysonultbsingagdistillation
conti nuous operation was carried out under these

colafiWiB.i oMhe Abhtin iR nglti-stagdstilation 86MMMhoBreas
and 5000 hours, 58 the anounts of dinmethyl carbonate

opé’r@téHn@SnﬂﬁbohtﬂsW With & ’éoﬂﬁ%nt BBttond 18#FPpé edturéd. $B89

and 4.089 ton, and hence operation was very
W t f e 0

il AR P RO En iy .40

each case, .and the en out si de the
MP(?et%Q‘ﬁl%ﬁéflfJﬁl rtath 03 a )ﬁlr%\aggﬁﬁgn 1 ppb. Exarrpl e 4.

Step (1) <Cont,j uous mul ti-stage distillation c

Ao At o inRRRIB orip ratl i siabP s e B ?&%t%BPGﬁﬂaag dtor 24

shown in FIG 1 having Lo = 3300 cm Do =
hourspo A golump topseomponeabBr=canBnuoaisdy wthdhﬂ)fznd‘rqm the top

was used. The trays in the distillation colum were
1 ofi theecondiysiosaoiu lbiastage distibadosecoiwnal Batel. 2t ton / hr

hole in a sieve portion thereof of approximtely 1.3
cofIEinadd7 £58tbAr/ Rf oficheth#®fhol and 0.675 ton / hr of dimethyl
carbonate. The methanol concentration in the column top compoenent By
was 91.8 % by weight. Moreover, a column bottom component Bg
continuously withdrawn from the bottom 2 of the continuous multi-stage
distillation column B at 4.089 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, approximatelry 85.8% was obtained as
high-purity dimethyl carbonate. Note that the column top compenent By
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 ethylene glycol.

Prolonged continucus operation was carried out under these

conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
- B8



approximately 240 to 360 / nR. The aperture ratio of
each of the trays was in a range of from3.0 to 5. 0%
<Reactive distillation> 7.546 Ton / hr of ethylene
carbonate in a liquid formwas continuously
introduced into the distillation colum fromthe inlet
(3= r Q¥ ' t
theatrphind B WRRCIR Eafonpte Hitdfed itr REubBler™s. 08 ton.
ont ai ni .95 % Laht of dimet hyl carhbonate
4.055508, 080 Jmy afid % ORRrein, candl FENCY et e very stable,
(containing 6.66 % by weight of dinethyl carbonate) )
Th%@'ﬁyegf)ég?id/'@l‘%”'%mfh@&?stﬁyobtﬁlﬂsﬂluﬂ'ﬁ@ugw"éﬁ aparation /
distillation colum fromthe inlets (3-b and 3-c¢)
purnificatiosdwas 88<99%1 it eachgeasepanchthedwalogenToentmntawas
ratio of the starting materials introduced into the
outdidé itheat ebectioh Uimityae. medharmie than yppbe carbonate
59 = 8.36. The catal yst was made to be the sane as in
Exanple 1, and was continuously fed into the
distillation colum. Reactive distillation was
Ex&fdike4: out continuously under conditions of a colum
togtenperature of 65 C, a colum top pressure of
St%oggoxi mately 1.118x105 Pa, and a reflux ratio of
.4Z. It was possible to attain stable steady state

operation after 24 ours.. A low boiling point
<CPBRimioe multbetage ASHIBHGRPIRA AT 2 from t he
top 1.of the colum at 24.64 ton / hr contained 9.527
t on A aanténuons mauljistagesbisiil @ tiemeolwmmastgrownhin FIG. 1
of methanol. A liquid continuously withdrawn fromthe
haviowg b =2 3&00 ken,cBb w306k cih, 804/t =/ 1hy ng coBDaibelddo = 7.5,
5.436 ton / hr of ethylene glycol, 2.34 ton / hr of

anddEdhdnrdy, =artlwaBuked. hTrheftrapseaactiad désthydor column were
carbonat e. Excluding the dinethyl carbonate contained

ek S SN MR s’ S AShR by SO IO W# diove
pofti&h 4AEPEoF R £ 0diRfately 1.3 cm? and a number of holes of
approximately 240 to 360 / m?%. The aperture ratio of each of the trays
was in a range of from 3.0 to 5.0%.
<Reactive distillation>

7.546 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distillation column from the inlet (3-a)
provided at the 55" stage from the bottom. 7.742 Ton / hr of methanol
in a gaseous form (containing 8.95 % by weight of dimethy! carbonate)
and 17.282 ton / hr of methanol in a liquid form (containing 6.66 % by
weight of dimethyl carbonate) were respectively continuously introduced
into the distillation column from the inlets {(3-b and 3-¢) provided- at the

31°! stage from the bottom. The molar ratio of the starting materials

introduced into the distillation column was methanol / ethylene carbonate
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gl ycol contained in the catalyst solution, the actual
produced anount of ethylene glycol was 5.31 ton / hr.
The et hyl ene carbonate conversion was 99.7% the

di met hyl carbonate selectivity was not |ess than
99.99% and the ethylene glycol selectivity was not

= 8,78 | TR et nabehale Lo B e B4R ¥ 10 . Ra e 1, and

di still at I B
waehtngobgh P et i3 REidcbl ne’- RESEcesation
2700 cm D2 =160 cm L2/ D2 = 16.9, and n2 = 58 was
wagsearried outicontinupuely usiderecandifionept auselime tor
internal in both the stripping section and the

teraperafurensf 66c1C on ¢oiLvss-topcpiessureaobapproximiatety 1.118x10°
approxi mately 1. 3 cn2, nunber of holes =

PadRiNcPsi 188t Yafidlft 0,490 / n2). 60 <Separation by
distill at| on of colum top conponent AT> The col um

car inare e Ol ST Pple pteddystal® oBbraliGh fHor 24
ﬁh?f | fiioavg?oa! BB bottis3ictia Tintadhfs AGTpaRRKRLRY withdrawn
fromaheciap 1 caheeal Ghabat 24 i B stq%ih%a%rﬁ‘?ééz"f ton / hr of

cont i nuous rrultl-sta e distillation colum B.
dirpsthyheiomale iand dgs 1ddstan ¥ ori ohhmathanels veaéiqwd

operated continuously with a colum bottom tenperature
coonfinuapsipwithd sawn 206 nCihe hoeftarm2boef thencelesyuat 7804 ton / hr

approximately 1.46 MPa, and a reflux ratio of

cofppin®d 504 36 ttoh. Bhr bif othyi@eeilptel,t2.38 tend Ist ebleethanol, and
steady state operation after 24 hours. A colum top

23RN uffegelt MRy kbt | iy drbiny
caéig%ﬁ%_ 4%% n'ﬂ;7[ ﬁ‘?ﬂ{e%ﬁ‘?ﬂp@p&érfa‘?ntﬁe ct@h) BRh8aRPproduced
of dimethyl carbonate was 7.708 ton / hr, and excluding the ethylene
glycot contained in the catalyst solution, the actual produced amount of
ethylene glycol was 5.31 ton / hr. The ethylene carbonate conversion
was 99.7%, the dimethy! carbonate selectivity was not less than 99.99%,
and the ethylene glyco! selectivi*tyrwas not less than 99.99%.
Step (1)
<Continuous multi-stage distillation column B>

A continuous multi-stage distillation column B as shown in FIG. 2
having Ly = 1600 cm, Dy =260 cm, L4 / Dy =6.2, ny = 18, Ly = 2700.cm,
D2 =160 cm, L/ D> =16.9, and n; = 58 was used. In this example,
sieve trays were used as the internal in both the étripping section and the
enrichment section (cross-sectional area per hole = approximately 1.3

m?, number of holes = approximately 530 to 800 / m?).
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carbonate. The methanol concentration in the col um
top conponent BT was 91.2 % by wei ght. Moreover, a
col um bottom conponent BB continuously wi thdrawn
fromthe bottom 2 of the continuous multi-stage
distillation colum B at 8.069 ton / hr contained not

<SpBafafdf by digtatsh °%b%n°fongbgﬁﬁ§}$heﬁwp@at e

con not nore than y We' ght) .
Thi s..neansg. . that of the di rbonat nto the ..
contHRSL" toB aamfenar AT robReiing) &atton Fnt 8F dimethy
ppr Qxi na 84. 7% was o tal ned hi,gh- pur
cadiatiying st 3drid (on Hatieot ARethans| R IRoHo iR dhewes
BT vvas fed as is into the reactive distillation
condonuemsly feghdntobbeuwmntiagousoneltbistage disdillatign column B

materi al for producing the dinmethyl carbonate and the

front hpl iehet (3ol . This Mletongs providéd beiweprthe trayscn the 18"
carried out under these <conditions. After 1000 hours,

and hl@“awgéscffroﬁh MEE IDAtt6aT B BRE Corfthh @b 08 tmibeti- étagre distitfation
was 8.069 ton, and hence operation was very sta

bl
coltﬁﬁn B hePkoh Epu“ Hi‘é(ﬂtl Ef’évgé’r&@%ﬁgg odl Egﬂ.lrthL\QBs

separati on I catlon

e n
opeiteHs #‘%ﬁﬂﬁ!eﬁw‘s'%ﬁ@'tff%eiﬁmn PBIEh ﬁ%hﬁ?f%{#?“e of
Accardi.n pre [ nt| on, it has .
i by 5. Goliioy) Bet{im it surrot Abppriately 1.46
not | ess than 97% preferably not |ess than
MP@%n%} seflpr@atipof approxdnatehad-89. 9o yet nore
preferably not |less than 99.99% and a diol can be
pr odticeais pasibla ho athaighstaldecsticiadyt gtalfe nperation after 24
than 95% preferably not |ess than 97% nore
hopref efabbumnttdpessnipane ADBr ooninucndhs withdrawal ffom the top

of not less than 2 ton [/ hr, preferably not |ess than
1 of theNconfihudly fdties RIGD s 1IRAtibASSoIUMAA B at 16.572 ton / hr
confained 15.114 ton / hr of methanol and 1.458 ton / hr of dimethyl
carbonate. The methanol concentration in the column top component By
was 91.2 % by weight. Moreover, a column bottom component Bg
continuously withdrawn from the bottom 2 of the continuous multi-stage
distillation column B at 8.069 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 84.7% was obtained as
high-purity dimethy! carbonate. Note that the cotumn 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 dimethyl carbonate and

the ethylene glycol.
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ton / hr, for the dial kyl carbonate, and not |ess than

1.3 ton / hr, preferably not less than 1.95 ton / hr,

nore preferably not less than 2.6 ton / hr, for the

diol, with a high yield stably for a prol onged peri od

of time of not |ess than 1000 hours, preferably not

| esprbheig8BAb MIRLBus dRE @it veAsRiarridd ot imdé@these

5000 hours, froma cyclic carbonate and an aliphatic

dri Rl @) - Cidll claj

con{ﬂﬁfggg%éh allgft%rrocess I}ogﬁ'sf he p@ggxl?tti %ﬁﬂo%eihglﬁg?@?nate
btcarb nat ehand a diBOb lt:’nc whi ch, the dial Eew car bonat e tabl
obtaifeq ReThalT aas &8RPI 1l 1Y Nt OPFTAIGH WaR ¥FrY, stable.

car bgnat e, and, _.an al i phati ¢ . nonohydri c, al cohol ,
The prisity Phthe ﬁ’é""ﬁtg& 06?1?0(‘?59 obie %%JQF?UEBJJ\% ng a

di al kyl carbonate and a diol through a reactive .
sepgirstion/purificatjen sva® 0880 nandsthe hedagan cortantcvas outside

carbonate and the aliphatic nonohydric alcohol into a
theawitecticrudinmid| ie. Sictgaordithain Hgppbn col utm A in which

a catalyst is present, carrying out reaction and

distillation sinmultaneously in said colum,

continuously withdrawing a |ow boiling point reaction

e ; i@l ni ng the produced dial kyl carbonate
Inaidl AR

unr te phatic nonohydric al cohol froman
upper, A 0 n.a.gy ok
cont B8 AeCtng Befght MyduliOndifAR§ Y phitbotPed that a
. eaction mxture.AB contajning the digl fr a | oper
dialiyiGabastatenef lgR TRV IF 8" Mafdes s Bian . preferably not
continuously feeding the | ow boiling goi nt reaction
lesgithan Q93T Mae arefiedgbbhacdilasrythataPleR%. eyahtargepreferably
al i phatic nonohydric al cohol continuausly w thdrawn
notfless than @8R %panidoa dib! saindbeqmaduced eanh withseabigh
distillation colum A into a continuous nulti-stage
seldctvityl af hot less than 95%, preferably not less than 97%, more
preferably not less than 99%, on an industrial scale of not less than 2 ton
/ hr, preferably not less than 3 ton / hr, more preferably not less than 4
ton / hr, for the dialkyl carbonate, and not less than 1.3 ton / hr,
preferably not less than 1.95 ton / hr, more preferably not less than 2.6
ton / hr, for the diol, with a high yield stably for a prolonged period of
time of not less than 1000 hours, preferably not fess than 3000 hours,

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

aliphatic monohydric alcohot.
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colum B, and continuously separating and purifying
into a colum top conponent BT having the aliphatic
nonohydri ¢ al cohol as a nmain conponent thereof and a
col um bottom conponent BB havi ng the dial kyl
carbonate as a mai n conponent thereof, wherein: (a)
said continuous nmulti-stagedagys! | ation colum Ais a
tray columm having a cylindrical trunk portion having

Weac@ﬂgt.h Lo (cm and an 63 inside dianmeter Do (cm

ing thereinside a tray with a number of stages

no, the tr vin pl urali f hol
furcher nebhigadstial arrse fef e PEaditPRcst A aialy
at a top of the coluy i n u X

caffsindlenboR 8 ioks WhichaHie AUAME qasBondte A dhediokare

having an inside dianeter dO02 (cn) at a bottom of the
cortihuonisdy prodsacednwirom poeytlin earhdratecandramadiphaiic

the bottom at l|east one first inlet provided in the
mondeydmerdicohondompoisiagnitosliséepsrdafi on of the col um

bel ow the gas outlet, and at | east one second inlet

pr ovml%nﬁhw@slm ﬁ‘ﬁﬂdiuﬂﬂl’gt awuauawdcérwnétfeeahawrd.m through a
portion of the colum above the liquid outlet, wherein

redtiveYisfiflatioh s7OAIY SaRlALRISIE (FRUIMYILAG éﬂﬂg%"“ate
angdn¥ Fhphath 53"%@805'“ §)a*§§389 Thiq BER0ERNAPs Mhytidge

diﬁa%&kéé%aﬁn@ ﬁnpw%hsae&@itelvwe‘». SeEtS 2l Ving out reaction
ang TSIt N STAdEnapUSly e St ek P A Welithdrawing

section having a length L2 (cm, an inside
a low boiling point reaction mixture Ar containing the produced dialkyl

carbonate and unreacted aliphatic monohydric alcchol from an upper
portion of the column A in a gaseous form, and continuously withdrawing
a high boiling point reaction mixture Ag containing the diol from a lower
portion of the column A in a liquid form; and

(Il) continuously feeding the low boiling point rleaction mixture At
'containing the dialkyl carbonate and the aliphatic monohydric alcohol
continuously withdrawn from the upper portion of said continuous
muliti-stage distillation column A into a continuous multi-stage distillation
column B,.and continuously separating and purifying into a column top
component Bt having the aliphatic monohydric alcohol as a main
component thereof and a colﬁmn bottom component Bg having the dialkyl
carbonate as a main component thereof, wherein:

(a) said continuous multi-stage distillation column A is a tray

column having a cylindrical trunk portion having a length Ly (cm) and an
63



di aneter D2 (cn) and an internal with a nunber of
stages n2 thereinside, wherein Li, D, nl, L2, D2,
and n2 satisfy the following fornmulae (7) to (14):
500 L, <_ 3000 (7) 100 DI <_ 1000 (8) 2<L,/Di <30 (9
64 10_<n1540 (10) 7005L2< 5000 (11) 50 D2 800 (12)
insiky- ¥ Rretbe [ﬂolﬁdm)%n@%aﬁungoﬂwdrbﬂﬁsm% atrgypkiteeashumber of

according to Claim1l1, wherein a produced anount of

sta%;@% A e/ br hgqg@‘% Piu@‘ty' @ﬁﬁoté@fh@rélﬁ” dnd“furt%er having

he process cor aim1l or wher éi n

a g%r °8Hﬁ§? hﬁﬁ;mgnfsn dhld b flletks d1ot e tahfé}h]ogﬁpseogolumn or

rocess accor Ing td ny one o
wher ei.n and sai ati sf .
in 38 GHRS MEOT I At Ta Sp1uRhpe R desdie i), 3 Halkbgutiet having
process_according to any one of C ains 1 to 4, wherein
an jipsidsydiametendpsz (em)mat & fottoraed the colunnier ik a tower
continuous nmulti-stage distillation colum A satisfy

pontrpefttheetgluzBoM&at bo theadotipnp 08t leadioorne fliiGnl&bprovided
Lo/ Do 530, 30<_no<_100, 45Do/ do, <15, and75Do/ d02 25. 6.

in fAeeuppesassrtint aind Nort® reiidlensoforCoditie dolumb, below the
wherein Lo, Do, Lo/ Do, no, Do/ do,, and Do / dO02

gad Yutht, drfPat 'IQHQP%d@BbbDﬁHaﬂﬁet g'rétlidédﬂh Qﬁecl‘?\'lélmé Portion
satisfy respectively 2500

and / or the lower portion of the column above the liquid outlet, wherein

Lo, Do, no, do1 and dyz satisfy the following formuiae (1) to (6):

2100 < Lo < 8000 (1)

180 < Do < 2000 ' (2)

4 <Lg/Dg<40 (3)

20 < ng < 120 (4)

3 < Do/ doy 20 (5)
5 < Dy /doz £30 (6); and

(b) said continuous multi-stage distiliation column B is a
distiftation column comprising a stripping section having a length L (cm),
an inside diameter Dy (cm) and an internal with a number of stages n;
thereinside, and an enrichment section having a length L, (cm), an inside
diameter D2 (cm} and an internal with a number of stages n; thereinside,

wherein Ly, Dy, nq, Lz, D2, and n; satisfy the following formulae (7) to

(14):
500 < L4 £3000 (7)
100 < Dy <1000 (8)
2<L4/Dy<530 (9)
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800, 7_Lo/ Do 520, 40sn0590, 55D0/ do, 513, and 95Do /d02< 65
20. 7. The process according to any one of Clains 1 to
6, wherein the tray in said continuous nulti-stage
distillation colum Ais a sieve tray. 8. The process
according to Claim?7, wherein said sieve tray 1in said
conti nuousq i fyl,-Slagge distillation col ugpA has 100
to 1000 holes / n2 in a sieve portion thereof. 9. The
process a din im7 or 8, wherejjy\a

(100 Lgr%;gogae(f (aﬂe) tray in

Cross-secti onaf hol e of said si

sai d conti gpyo |-stage distillatio olum Ais
in a rangeg@fsui}?ogn%% to 5 cn2. 10. Theﬁoi)ocess
according to any one of Clainms 7 to 9, wherein an
aperture riPi®olef/ Baisi5§ eve tray in sai @ &bntinuous
multi-stage distillation columm Ais in a range of
from1.5 t3516% 4 100The process accordi (td).o any one
of Clains 1 to 10, wherein L1, D, L, / D1, nl, L2,

D2, L2 / D2, and n2 for said continuous nulti-stage
distillation colum B satisfy 800 <_ Li 5 2500, 120 5

D, 5800, Th& brdd¥ss dBcotdindic Aaiml30WRetein a produced
< 3500, 705D2<600, 15 L2/ D2 < 30, 40 < n2:5 70, 'L, s

arnlgf%néa@f’u#@ Raliy] 1c?£rboﬂhﬁteﬂ%°§ﬁg??§§‘fﬂéﬂi;E‘Qohof ARy one

aims 1 to wherein ernal i n eac
the stripping section and the enrichnment 66 section
of said continuous nmulti-stage distillation colum B

IS tray d 1l or a packing., 13, The procgess )
accordi ng 1 BEPERGRSD 2CKREH N te fJaimy 49k, Whetaipra produced

of the stripping section and the enrichnent section of

amoyjng of the diol is not less than 1.3 ton / hr.

4. The process according to any one of Claims 1 te 3, wherein

said doy and said dgs satisfy the foliowing formula (15);

1<do1/doz <5 (15).

5. The process according to any one of Claims 1 to 4, wherein
Lo, Do, Lo / Dy, ng, Dp / dg1, and Dy / dg2 for said continuous multi-stage
distillation cofumn A satisfy respectively 2300 < Lo < 6000, 200 < Dg <
1000, 5<15/Dp<30,30<np<100,4<Dg/dos <15, and 7 < Dy / dgs <
25,

6. The process according to any one of Claims 1 to 5, wherein
Lo, Do, Lo / Do, ng, Do / dg1, and Dg / dg> for said continuous multi-stage
distillation column A satisfy respectively 2500 < Lg < 5000, 210 < Dy <

800,75‘.0!]30520,405“0590,5SDD/do1S13,and9SDold02£
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continuous multi-stage distillation columm B is the
tray. 14. The process according to Caim 13, wherein
said tray in said continuous nulti-stage distillation
colum B is a sieve tray. 15.- The process according to
Caim 14, wherein said sieve tray in said continuous

20multi-stage distillation colum B has 150 to 1200
holes / n2 in a sieve portion thereof, and a
cross-sectional area per hole in a range of fromO0.5
to 5 cnk. 16. The process according to any one of

ai al Ty ca BerRiost Y EEBaPR IS AP bER 0P Iplfs 1 tag, wherein
the e Seld EarbifiEud bl SAGR O pRlian i c8BymR A & sieve

wei ght of said colum bottom conponent. 17. The

traj; ocess according to any one of daims 1 to 15,
wherein the concentration of the dialkyl carbonate in
said colum bottom conponent BB from said conti nuous
multi-stage distillation colum Bis not |ess than 99
% byBwei ghTheasestexs a00oidiny YeiGIAIMOT, SdidretnlsdTd sieve tray
bott om conponent. 67 18. The process according to any

in 98/ ebnfindig®s hnt.m-é_iadge WhieliBa i 0Pt 8| LARhUTThd<CR00 to 1000 holes
conponent BT from sai d conti nuous nulti-stage

/ it s !a!éi@gll%eg?oﬁ%lgrme?ebﬁ recycled as a starting

mat eri al producing a dialkyl carbonate and a

diol. 19. The process according to any one of Clains 1

to 18, wherein the cyclic carbonate conprises

et hyl ene carbonate and / or_nirop | ene_carbonate, .the
I

al i phati ¢ hOROPLRFSSS AFEBF ladas7 Gfe® nMNATEIRA |

or ethanol, the dialkyl carbonate to be produced
crosgrpectienaliansenper delleifasaichpieye drayiirsiayd continuous
carbonate, and the diol to
multi-stage distillation column A is in a range of from 0.5 to 5 cm?.

10. The process accbrding to any one of Claims 7 to 9, wherein
an aperture ratio of said sieve tray in said continuous multi-stage

distillation column A is in a range of from 1.5 to 15%.

1. The process according to any one of Claims 1 to 10,
wherein Ly, D4, Ly / Dy, nq, L3, D2, L2 / D3, and n; for said continuous
multi-stage distillation column B satisfy 800 < Ly < 2500, 120 < D, < 800,
5<Ly/ Dy 520,_135n1 £ 25,1500 <L, <3500,70< D, <600, 151,/
D2 <30,40<n,<70,Ly <ty and D, < Ds.

12, The process according to any one of Claims 1 to 11,

wherein the internal in each of the stripping section and the enrichment
66



be produced conprises ethylene glycol and / or

propyl ene glycol. 20. A dial kyl carbonate separated
out by the process according to any one of Clains 1
to 19, which conprises a hal ogen content of not nore
than 0.1 ppm 21. A dial kyl carbonate separated out by

sect Brfq.sfa‘%asc@f?ﬁﬁﬁekg%ﬁﬂ - é’Hﬁstﬂiatﬁ%ﬁ'dﬂiuhﬁ ® jPa tray and /

conprises a al ogen cont ent of not nore than 1

&pdl% The di al kyl carbonate according to Caim 20
or% aalhl ch is a high-purity dialkyl carbonate

havi ng an al i phati c nonohydric al cohol content of not
more than 0.1 % by weight. 68

13. The process according to Claim 12, wherein the internat in
each of the stripping section and the enrichment section of said

continuous multi-stage distillation column B is the tray.

14. The process according to Claim 13, wherein said fray in

said continuous muiti-stage distillation column B is a sieve {ray.

15. The process according to Claim 14, wherein said sieve tray
in said continuous multi-stage distillation column B has 150 tc 1200
holes / m? in a sieve portion thereof, and a cross-sectional area per hole

in a range of from 0.5 to 5 cm?.

16. The process according fo any one of Claims 1 to 15,
wherein a concentration of the dialkyl carbonate in said column bottom
component Bg said the continuous multi-stage distiliation column B is not
less than 97 % by weight based on 100 % by weight of said column

bottom component.

17. The process according to any one of Claims 1 to 15,
wherein the concentration of the dialkyl carbonate in said column bottom
component Bg from said continuous multi-stage distiliation column B is

not less than 99 % by weight based on 100 % by weight of said column

bottom component.
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18. The process according to any one of Claims 1 to 17,
wherein said column top component Bt from said continuous multi-stage
distillation column B is recycled as a starting material for producing a

dialkyl carbonate and a diol.

19. The process according to any one of Claims 1 to 18,
wherein the cyclic carbonate comprises'ethylene carbonate and / or
propylene carbonate, the aliphatic monohydric alcohol comprises
methanol and / or ethanol, the dialky!l carbonate to be produced
comprises dimethyl carbonate and / or diethyl carbonate, and the diol to

be produced comprises ethylene glycol and / or propylene glycol.

20. A dialkyt carbonate separated out by the process according

to any one of Claims 1 to 19, which comprises a halogen content of not

more than 0.1 ppm.

21. A dialkyl carbonate separated out by the process according

to any one of Claims 1 to 19, which comprises a halogen content of not

more than 1 ppb.

22. The dialkyl carbonate according to Claim 20 or 21, which is
a high-purity dialkyl carbonate having an aliphatic monohydric alcohol

content of not more than 0.1 % by weight.
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