PROCESS FOR | NDUSTRI ALLY PRODUCI NG 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 with a high yield. Mre
particularly, the present invention relates to a
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yield stably for a prol OMrﬁgﬁLOd of time by a

reactive distillation s taking a cyclic

carbonate and an ali phatic nonohydric al cohol as

starting materials, continuously feeding the starting

materials into a continuous nulti-stage distillation
Teckwicainfiefd whi ch a catal yst is present, and carrying

out reaction and distillation sinmultaneously in the
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a conpl etely batch reaction systemin which ethylene

~ system ®iiakeng mecialis caihenateAnd yan aliphgila mepghgdric alcohol
autocl ave, which is a batch reaction vessel, and ]

as stading onateriabs, réatinuously fepdinggthie séarting materials into a
predeterm ned reaction tinme under an applied

contisupasanuii-stage distillation column in which a catalyst is present,

and carrying out reaction and distillation simultaneously in the column.

Backgrbund Art

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

A first system is a completely batch reaction system in which
ethylene carbonate, methano! and a catalyst are put into an autoclave,

which is a batch reaction vessel, and reaction is carried out by holding
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reaction tenperature above the boiling point of

nmet hanol (see, for exanple, Patent Docunent 1. U S.
Pat ent No. 3642858, Patent Docunent 2: Japanese
Pat ent Application Laid-Open No. S54-48715
(corresponding to U S. Patent No. 4181676), Patent

for a1 g ined BEALT LM Euind¥iceh Fhnled i ehifire at o

readifdh t§fncintiinga bes the belacpaint of npdEnpl (se6. for
distillation colum is provided on top of a reaction
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are put into the reaction vessel, and reaction is
Docomuent 8: prageress &y dieat iApp licatiopricidi Gpemétb. $54-48715
tenperature. Wth this system to nake up for
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. r ' \ i S PRt.C j whi ch
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present. The reaction is th atch type, th . .
PR SEs T aSteRt 13 Bcevlem dhab Usbk.pY b patiiys ipy which a
. nmethanol under reflux taking a _long tine in a range, of
distilladiprs codumyy is providag on ke ofrpreagtppl wessel afhylene
Docunent 3: Japanese Patent Application Laid-Open No.
carlgmiatez a0ethaovot eeshanchtadystoate puthateiheNeaction vessel, and
4062884), Patent Docunent 4: Japanese Patent

readipph iisahade {capdetped b Noeadhng 46 dlprédeotemsimditemperature.
U S. Patent No. 4307032), Patent Docunent 11: U.S.

WitPahRNEy SR m3883Aakk: up fokirh8tsasbPadtHled It LS azeotropy
reaction systemin which a mxed solution of ethylene

wit BB BBRXTRLCL ol A AUBNERYL RIS the roaction
vesé&”@gﬁ%%ﬁrslﬁn& i% batches, but in any event with this system the
reaction proceeds only in the reaction vessel, which is batch type, in
which the catalyst, ethylene carbonate and methanol are present. The
reaction is thus batch type, the reaction being carried out using a large
excess of methanol under reflux taking a long time in a range of from 3 to
over 20 hours (see, for example, Patent Document 3: Japanese Patent
Application Laid-Open No. §51-122025 (corresponding to U.S. Patent No.
4062884), Patent Document 4: Japanese Patent Application Laid-Open
No. §54-4B716 (corresponding to U.S. Patent No. 4307032), Patent
Document 11: U.S. Patent No. 3803201).

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

solution of ethylene carbonate and methanol is continuously fed into a

tubular reactor maintained at a predetermined reaction temperature, and
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a reaction m xture containing unreacted ethyl ene
carbonate and nethanol and di nethyl carbonate and

et hyl ene glycol which are produced is continuously
withdrawn in.a liquid formfroman outlet on the other
si de. Either of two processes is used depending on

the, f th t al t d., That i
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nmet hanol, and then after the reaction the catal yst is
is cerfinuausdy withérawntinea igpgdi farrmifsamran (autéet eprthe other side.
exanpl e, Patent Docunment 7: Japanese Patent

Eithépfi teed iprocedisesGeensdld . déFe dd it ofcthe éspanal thee catalyst
U. S. Patent No. 4661609), Patent Docunent 10: U. S

useﬁat eHatMy, thetédd® a Rt PP AsNEh & H’thhéberheous catalyst is

eterogeneous catal yst fixed inside the tubular

s R SRS, SO o v
So'mrapbﬁ%ne ‘egposE A &?Qf%%ﬂ@%d 1ol &tepghe feaction

No. 4691041)). The reaction  produci ng di met
the gatalyshis sararatrdi ewkirony dbe Eerﬁ(?i@%q\“lé‘éef? Q%ee- for example,
bet ween et hyl ene carbonate and met hanol is an
PateauDaaiment e alapanesaftatendrspplicationnt-sid-6pemibas
fl ow reaction systemusing a tubular reactor, it is
63-4 182 Hicloiree $ pondky thid) &.hiy bbteret bh:r.b@ﬁﬁiﬁﬂ%,n?attehbﬁ)ocument
hi gher than the equilibriumconversion determn ned by

10: UNS. oarnsi Noo 7343 P8 pUind ™ prdcébs infwhish enheterogeneous
tenperature. For exanple, according to Exanple 1 in
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mount. of unreacted et hyl ene car bgnat .
864 3173? {corresponding to U.S. Patent?\lo. 3681%41)). The reaction

producing dimethyl carbonate and ethylene glycol through reaction
between ethylene carbonate and methanol is an equilibrium reaction, and
hence with this continuous flow reaction system using a tubular reactor, it
is impossible to make the ethylene carbonate conversion higher than the
equilibrium conversion determined by the composition ratio put in and the
 reaction temperature. For example, according to Example 1 in Patent |
Document 7 (Japanese Patent Application Laid-Open No. 863-41432
(corresponding to U.S. Patent No. 4661609)), for a flow reaction at

130°C using a starting material put in with a molar ratio of methanol /
ethylene carbonate = 4 / 1, the ethylene carbonate conversion is 25%.

This means that a large amount of unreacted ethylene carbonate and
3



3 nmethanol remaining in the reaction m xture nust be
separated out, recovered, and recircul ated back into
the reactor, and in actual fact, with the process of
Pat ent Docunent 9 (Japanese Patent Application

Lai d- Open No. S64-31737 (corresponding to U S. Patent

. 4691041 . ch eqgyi pnment .| r _
metbaaf Bemining,in Ahedeaiion JooguPs 1Sy b8 sebafhted out,
recirculation, A fourth systemis a reactive. \
recayered, |and sRclipslaiad bRk intedhscieadisT. aRd ipy actya! fact, with
inventors (see, for exanple, Patent Docunent 12:
the papoess ©f Patent: Dagpment Pofl apanespdlateat Application,
Pat ent Docunent 13: Japanese Patent Application

Laid-@pk Oy, 564-847370a43reBpoaring Rocir®@nPatént Npad684041)),
Pat ent Application Laid-Cpen No. H9-176061, Patent
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Ho- 183744, Patent Docunent 16: Japanese Patent

; [ ion Laid-Open No. H9-194435, Patent Docunent
rec@gﬂtaltmr nati onal Publication No. W97/23445
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Docunent 19: International Publication No. _W00/51954

PaterbAppdisatinmyaid-Gnespan At 138 140, PatenyBpcument 13:

Patent No. 6479689), Patent Docunent 20: Japanese
Jap&ateet PApphi AppilicatidmLaidqﬁperNOZMM, Prieaht
Docunent 21: Japanese Patent Application Laid-Open

DocenerPA4- 1Rpiffese Hiftentt 9 pp keatidb nuoais -Orpetudto .0H9-176061,
process in which ethylene carbonate and net hanol are

Patgf DAL opdfgom mentubbicaligel dle0i s
Hg-gﬁgf}’ﬁl‘iﬁgﬂageﬁﬁt bBcantd i 36t aptnsdé¥aieh? Aglfiication Laid-Open
No. H9-194435, Patent Document 17: International Publication No.
WO97/23445 (corresponding to European Patent No. 0889025, U.S.
Patent No. 5847189), Patent Document 18: International Publication No.
W099/64382 (corresponding to European Patent No. 1086940, U.S.
Patent No. 6346638), Patent Document 19: international Publication No.
WO00/51954 (corresponding to European Patent No. 1174406, U.S.
Patent No. 6479689), Patent Document 20: Japanese Patent Application
Laid-Open No. 2002~308804, Patent Document 21: Japanese Patent
Application Laid-Open No. 2004-131394), that is a continuous production
process in which ethylehe carbonate and methanol are each continuously
fed into a multi-stage distillation column, and reaction is carried out in

the presence of a catalyst in a plurality of stages in the distillation

column, while dimethyl carbonate and ethylene glycol which are
| 4




col um, whil e dinethyl carbonate and et hyl ene gl ycol
which are 4 produced are separated off. Patent
applications in which such a reactive distillation
systemis used have subsequently been filed by other
conpani es (see, for exanple Pat ent. Docunent 22:
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5231212), Patent Docunent 23:
reaﬁﬁvedIsgﬁam%ﬁvmmdﬁdua@mw SHbsespiently been filed by other
(corres(ri503 nding to European Patent No. 0569812, U.S.

conparies (gne sBEoaxanpleafiatent Dhocument222: Japanese Patent
Pat ent Application Laid-Cpen No. 2003-119168

Appliatiors hend: @penhoNbntHsn24 38848l (dorbéspehdimg Mo. European
W03/ 006418), Patent Docunent 25: Japanese Patent
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Document 26: Japanese Patent Application Laid
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the tenmperature, and hence the reaction cannot be

200ga3422@g?_ut to conpletion, and thus the

In this way, the processes proposed hitherto for prdducing the
dialkyl carbonates and the diols from the cyclic carbonate and the
aliphatic monohydric alcohol are the four systems:

(1) a completely batch reaction system;

(2) a batch reaction system using a reaction vessel having a distillation
column provided on top thereof;

(3) a flowing liquid reaction system using a tubular reactor; and

(4) a reactive distillation system.

However, there have been problems with these as follows.

In the case of (1) and (3), the upper limit of the cyclic carbonate
conversion is determined by the composition put in and the temperature,
and hence the reaction cannot be carried out to completion, and thus the
conversion is low. Moreover, in the case of (2), to make the cyclic

carbonate conversion high, the produced dialkyl carbonate must be
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conversion is |low. Mreover, in the case of (2), to
make the cyclic carbonate conversion high, the
produced di al kyl carbonate nust be 5 distilled off
using a very large anount of the aliphatic nonohydric
al cohol, and a long reaction tine is required. In the
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diol either in small anpbunts or for a short period
be miadke, tapdobaed with adtighed a@wmgnrt@acmwmhéﬂ (2) or (3).
production on an industrial scale stably for a
Howe vé et gaye 0 0f ¢4) proposeiiahithertd have relateddseproducing
have not attained the object of producing a dialkyl

the (a%m%aia%ofrmbl ANQURLYdid) eﬂtﬁ@;r uesai@wrambangs ot%or a short
less’than 2 ton / hr) stably for a prolonged period
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"ess nore pref er not

mdqéloo ?soctjése)%%b%ﬁga&ngé?lo%qq}ed %50@% tﬁjn%.g ?[}fﬁ h§ these
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t he continuous production time T ( hrg. i n_exanp
confing@usdydnfadacgee agnodnt (edh oot lRsethgn %éaadnlat)estably for a
(DMC) and et hyl ene glycol (EG from ethyl ene

proloardexh plegicd dfriimiea(elg. avad lessi thafall0@0L hotad| preferably not
TABLE 1 PATENT H: cmD: cm NO STAGES : n P : kg/hr

lessTthahr300HNT mard refedblf. ddle¥than 5000 hours).

For example, the maximum values of the height (H: cm), diameter
(D: cm), and number of stages (n) of the reactive distillation column, the
amount produced P (kg / hr) of dimethyl carbonate, and the continuous
production time T (hr) in examples disclosed for the production of
dimethyl carbonate (DMC) and ethyiene glycol (EG) from ethylene
carbonate and methanol are as in Tabie 1.
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Note that Patent Document 25 (Japanese Patent Application

Laid-Open No. 2003-300936) (paragraph 0060) describes that “The

present example uses the same process flow as for the preferred mode

shown in FIG. 1 described above, and was carried out with the cbject 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.

It should

be noted

that the following numerical values in the present example can be

adequately used in the operation of an actua! 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
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adequately used in the operation of an actua
apparatus”, and as that exanple it is stated that
3750 kg / hr of dinethyl carbonate was specifically
produced. The scal e described in that exanple
corresponds to an annual production of 30,000 tons or

a3 f, et b 58k e ol i P SBcument
(Japanese Patent Applicati on Lai d- Open
25 (da@mé’@temﬁrnnh@tload@ﬂ Opsar Ma. &OQ# 3002936) (April 9,

world's first large scale commercial plant usyr;g this
200p) oopesatiad tetre seondsdficst largevwesale, cemunesntial pdant using
time of filing the present invention application,

thistpi®cedsshadtbéba daciedibudl | .Holesereceveni at the time of filing
exanpl e of Patent Docunment 25 (Japanese Patent

the P@ééﬁ@ﬁh@@nhbﬂ'é’ ?ﬁSEtEB‘ﬁ tﬁ@?@@q{bgc?’@e f£438t bY. t Moreover,

ane val ue as eoreti cal Iy cal cul ated value is

ol S o PRSP Qoo ELL a6t i cation
o R 8 AP A SRR TG i epreiaty
and h| gh selectivity have been atq&al ned

cal%at%ma;iue Ism@teevtogéhscmmgﬁ ﬁdveaﬂéﬁt%mem@arbonate.

process has a fatal drawback as an industrial
but phedield for ptbylene glyerldsanppreximaieldy &h.60cangnthes
(Japanese Patent Application Laid-Open No.
sele1BatyB 0D aPProwimaden88.4 %0 dred heareom itvcahdobweally be said
July 26, 2005 due to exam nation not having been

that 84Hght giddd Nd highesdleativityehaietbdémiatrainedt hoth particular,
there are very many causes of fluctuation such as

the ngél'etdtﬁ)g%ﬁi%@g'tgé‘ tﬁﬁ?th% b?@&é b OhAN fa2MBPSbaRK as an

variatio Istillation int edlstlllatlon
o G i BB BA, QAL RBRETP Mistamprg 25
(Jap r%sattel gtgr&rApchaklongEaldO%ﬁgr? l\?o Eb% 550936) was deemed
to have been withdrawn on July 26, 2005 due to examination not having
been requested).

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

maintaining high yields and high selectivities for the dialkyl carbonates
8



acconpani ed by many difficulties, and in particular
these difficulties are further increased in the case
of handling | arge amounts. To continue nass
production of the dialkyl carbonates and the diols
using the reactive distillation met hod stably for a
pr ol ghged erlod of ti mai nt ai n ' .
andiihg J1Sn 4R e aehie disirafian ?BPaf%%JSthLP%'Fégé‘eve”Y devised.
carbonates 8 and the diols, the reactive distill.ati
Howgyalh 2hBsomYsHeBErBiant of ot uaks staplePERduEHE N2
description of continuous stable production for a
prolpngiesh pediogst of dinefwithrthenreactive distidatiod method proposed
distillation method proposed hitherto has been the
hith2f® hasdPdehdhies200 téad 60t hdorsiimiRateht(Dapamessd 12 (Japanese
Pat ent Application Laid-Cpen No. H4-198141) and Patent
PatQ‘?FAﬁ?]‘ka}ﬁJn (HA@a0pen Ral ¢d- 9@l 4 $pbndPhtéAt Dsument 13

230243). Disclosure of Invention Problens to be

(JagRhyed %éﬁ%égggggbﬂwam APpéR 98] A28 pr esent

invention to for the case o pro u0|ng
di al kyl carbonates and diols industrially in large
anmounts (e.g. not less than 2 ton / hr for the
di al kyl carbonates and not less than 1.3 ton / hr
Disglgsurgofglnyent "?'P‘lrough a reactive distillation system
of taking a clic carbonate and an -ali phatic

nDthqulﬁrOSatloc%ﬂ(ﬁOb’§dsba(rtlhlawb’wemﬁl@ﬁ| al s,

continuously feeding the starting materi als into a
contti isumnbjeut of -theagee st invertiom tognomiden fonthe case of
honobgeneous catalyst is present, and carrying out

prod@aitig analRkye cairbbhklkées izond dioly iranestvigdily imldige amounts (e.qg.
colum, a specific process in which the dialkyl

not g@f?‘iﬁﬁheﬁ; t8RY ﬁh?old'tl%sdlaﬂéﬂ Oy mstece G hidthedd than 1.3

ectivitfy and high productivity stably for a

ton 2rl‘ﬂJ 196 %Iszth @h?éégc han8§6‘(g%§ﬁ)oﬁ§?§té&09f taking a

ours, pre era nor e

cycPtr:ecaerlbabla%ena(\)ﬁdlaenS%IItprﬁ% ;c591°é’n$‘r‘%yéﬁé aWcoﬂo? as starting

materials, continuously feeding the starting materials into a continuous
multi-stage distillation column in which a homogeneous catalyst is
present, and carrying out reaction and distillation simultaneously in the
column, a specific process in which the dialky! carbonates and the diols
can be produced with high selectivity and high productivity stably for a
prolonged period of time (e.g. not less than 1000 hours, preferably not
less than 3000 hours, more preferably not less than 5000 'hours) with a
high yield.

Means for Solving the Problems

Since the present inventors first disclosed a process for
continuously producing the dialkyl carbonates and the diols using the

continuous multi-stage distillation column, there have been many
9



hi gh yield. Means for Solving the Problens Since the

present inventors first disclosed a process for

conti nuously producing the dial kyl carbonates and the
diols using the continuous nmulti-stage distillation

colum, there have been many 9 proposal s regarding

. . . _ h h
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production on an industrial scale st abl_¥_ for a
haverbtengee dipelasirest whiatsoguee@®roa SReRifisgRIRSS REAPparatus
t hrough actual inplenentation. The present inventors
enabding tiass produetiorubnsamdndastiiakscate distlyvtari agprodonged
specific process enabling the dialkyl carbonates and
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or exanple, not less than 2 ton / hr for the dialkyl

s
Thegﬁé%’g@ﬁ’fsﬁg%ﬁ&frgq{aﬁéstﬁﬁgh@@ﬁﬂeé o.tLﬂglEtf)de'?é'sfé?hét?%tadiscovering

or a prolonged perio time w

high. yield high [V a ' Ciy Vgt Vit

2 spedific blofess M dhe Yy EF iRy BRUHS tidts to be
the present .invention. That js, in the first aspect .,of

progiigefl 8 e indvatiancalmat far exampls; godlesd Hhah 2%on / hr
rocess for industrially producing a dial k}/l car bgnaé_e

for Hel diatkydicanbonatesnandanefi lass thamdhdrigme! Brdor e diols
diol are continuously produced through a reactive o

stabliystarl 4 giriodongedt period obkime vt echigh yaelsorzigh aatectivity
an aliphatic nonohydric al cohol as starting

andBigi ipabductiony. i SABG résult] ¢the preflsentdniemiors have reached

feeding the starting materials into a continuous

to the present invention.

That is, in the first aspect of the present invention, there are
provides:
1. a process for industrially producing a dialky!l carbonate and a diol in
which the dialkyl carbonate and the diot are continuously produced
through a reactive distillation system of taking a cyclic carbonate and an
aliphatic monohydric alcohol as starting materials, comprising the steps
of:

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

carrying out reaction and distillation simultaneously in said
column;

continuously withdrawing a low boiling point reaction mixture

containing the produced dialkyl carbonate from an upper portion of the
10




mul ti-stage distillation colum in which a honbgeneous
catalyst is present; carrying out reaction and
distillation simultaneously in said colum;
continuously withdrawing a | ow boiling point reaction
rri xture containing the produced dial kyl carbonate

froman e tion of the 10 colum in a gaseous
colymgngin Qrﬁigg%ﬂt’g%r 605187 t hdr awi ng a hi gh boi I i ng

poi nt reaction nmi xture, containing.the dj

| onepnpisuausly ovithdeawing @ high ;?qqllaal 'ﬂ@rfﬁlac%on mixiure

wherein: said continuous nulti-stage distillation
containing thengiolsteorma lowwengordan ef th ceduiroin maliadig form,

length L (cm and an inside diameter D (cn) and
\thm@whng thereinside a tray with nunber of stages n, and

conprises a gas outlet having an inside dianeter dl

(Crkapd @Y {ﬂﬁﬂuﬂ‘is ultRBiSd e tdiStitiakivM cOlumi ¢omprseEs a

portion of the colum near to the top, a liquid
o8l BFKi oAby RitoY MFGEH | orky Sharar e ameter 0

olu near othebt n inl
e 5y E b3 e g i e
portion of the c m bel Qqw sai nd at
com@agﬁsowasseeaﬁl@tcim\@ﬂg ap dOF’EFg‘?jdi %lﬂeﬂef.ﬂ G?'B?;!%PH%%" ata
and / or-the |lower portion of the columm above said
toplafgihiel columax or Wndhei wppen partien ehihe qolupy near to the top, a
satisfies the fornmula (1); 2100 < L:5 8000 (1), (2)
L liquiteouthet He vin guast msnﬁe(m@metert te (coi)uproddedsat asbettem of
formula (2);
the column or in the lower portion of the column near to the bottom, at
least one first inlet provided in the upper portion and / or a middle portion
of the column below said gas outlet, and at least one second inlet
provided in the middle portion and / or the lower portion of the column
v above said liquid outlet, wherein:
(1) the length L (cm) satisfies the formula (1);
2100 < L <8000 (1),
(2) the inside diameter D (cm) of the column satisfies the formula

(2);
) 180 < D < 2000 - (2),

(3) a ratio of the length L (cm) to the inside diameter D (cm) of the
column satisfies the formula (3);
4<L/ID<40 (3),
(4) the number of stages n satisfies the formula (4);
; 10 < n <120 _ (4),

(5) a ratio of the inside diameter D (cm) of the column to the
11




180 < D <_ 2000 (2), (3) aratio of the length L (cm
to the inside dianeter D (cn) of the columm satisfies
the formula (3); 45L/D<_40 (3), (4) the nunber of
stages n satisfies the formula (4); 105n:5120 (4),
(5) aratio of the inside dianeter D (cn of the

insiR, ¢ e 47 (60 FENE oA dEpEs St il e hPuIEZS)

(5), (6) aratio of the i nsi de di ameter D (czg of the
colum to the 3ssPdeddiadd: er d2 (cm of t h&9)i quid
outlet satisfies the formula (6); 5 <
(6) (B)aadratit) ohithegoside eliameterdd (eahot tlag q@umn 30 the
range of from1.5 to 10% 2. the process according to

insideediahmetdredeilomy of tivedieplidnoutiet satisfies theafapnula (6);
carbonate is not less than 2 ton / hr, 3. the process

according to item b py,x 3gherein a produced(aymantj of
the diol is not less than 1.3 ton /| hr, 4. the process

oS EARRATEEY A1 B AN I17 e MR 0 6t 0%

T A e
aialfal S Sl RS e copum satisty
3. tﬁgogmis% atcgrqg)mg;té?tegg% Zég%zwhgv)gwg lerodD%eg ‘amount of

process according to any one of itens 1 to 5, wherein
theldioDjs lnot |1Bss than 1.3 ton / hr,
4. the process according to any one of items 1 to 3, wherein said d, and
said d, satisfy the formula (7);

1<di/d;<5 (7).

5. the process according to any one of items 1 to 4, wherein L, D, L/ D,
n, D /d4, and D/ d, for said continuous muiti-stage distillation column
satisfy the following formulae; 2300 < L < 6000, 200 <D <1000,5<L/D
<30,30<n<100,4<D/dy <15, and 7 < D/ d, <25, respectively,
6. the process according to any one of items 1 to 5, wherein L, D, L/ D,
n, D /dy, and D / d2 for said continuous multi-stage distillation column
satisfy the following formulae; 2500 <L < 5000,210 <D <800,7<L/D
<20,40<n<90,5<D/d;<13,and 9 <D /d; <20, respectively,
7. the process according to any one of items 1 to 6, wherein the aperture
ratio of each tray is in a range of from 1.7 to 8.0%,
8. the process according to any one of items 1 to 7, wherein the aperture

ratio of each tray is in a range of from 1.9 to 6.0%,

9. the process according to any one of items 1 to 8, wherein said tray is
12



n, D/ di, and D/ d2 for said continuous nulti-stage
distillation colum satisfy the follow ng fornul ae;
2500 <_ L < 5000, 210 < D< 800, 7< L/ D <_ 20,
40 < n< 90, 5< D/ di <13, and 9 < D/ d2 <_
20, respectively, 7. the process according to any one

a siByayr il havind, & VEro i BriPEddhhasrit BedlioREces

according to any one of itens to, 7, erein.,the

10. HhRRrecess, agcardingetr Hem §/ wéerw"aswvﬁaéem trayhap 400 to
to 6.0% 9, the process according to any one of itens

1000 holes, / miciresaid sieve martion thereofsi eve tray having a
sieve portion and a downconer portion, 10. the process

11. Hos proicegst @ce o ming, tortenei9nosdid] whereint aayrasssseotional area
to 1000 holes / nR in said sieve portion thereof, 11.

per Hefle BOSERP sRAEOtHIYIEs 19 o Ergd ofrfrath vbeabes tm?,
cross-sectional area per hole of said sieve tray is

12, g@%}r@%% Qf:cfnfd’iﬁ‘?gtog ;t‘ehﬁ%ggp gi%ﬁmhéhéirpé%séﬁure ratio (a

to rtem a aperture ratio
.(a iqQ 0 l..cr -S ' rea I
ratip i A 3ol Clgsd S8 Rondl WG e 1e8 Bon Hota  Bred Ttne
. area of the hole portion) said sieve trgy is in _a c o
Sle%ﬁgaeteom 3jhing éﬁ?oa'@%%f%ﬁ ) PPBH?@@?&%‘%‘%V& tray Is in
the second aspect of the present invention, there are
a rangsy plideem1.9 50 &R nuous nulti-stage distillation
colum for carrying out transesterification between a
cycln additibnpaceocadihgto dhepsecod asprelyaf the presedt
and distillation, the continuous multi-stage
invehtidn) tieéieoare Praviidednpri sing: a cylindrical trunk
portion having a length L (cn) and an inside dianeter
13. 3 £6Mlinuous multi-stage distillation column for carrying out
transesterification between a cyclic carbonate and an aliphatic
monohydric alcohol and distillation, the continuous multi-stage distillation
column comprising:
a cylindrical trunk portion having a length L (cm) and an inside
diameter D (cm);
a tray having number of stages n provided inside said trunk
portion;
a gas outlet having an inside diameter d4 (cm) provided at a top of
said column or in an upper portion of said column near to the top;
a liquid outlet having an inside diameter d, (cm) provided at a
bottom of said column or in a lower portion of said column near to the
bottom;

at least one first inlet provided in the upper portion and / or a

middle portion of said column below said gas outtet; and
13



a tray having nunber of stages n provided inside said
trunk portion; a gas outlet having an inside dianeter
dl (cnm) provided at a top of said colum or in an
upper portion of said colum near to the top; a liquid
outl et having an inside dianeter d2 (cn) provided at a

col A e PReCsERaa ot o GeeRH iFE hidile dotfitand / or

rovi ded.in the upper, porti.on and,/ .or . m ddl e ,
the BoRr S0510R ol alBl chios Ao mgid 48wl o thet Wperain:
at | east one second inlet provided in the mddle

por {1 bthedangtil (ame sadisdiespthre fermsiadddd col um
above said liquid outlet; wherein: (1) the length L

(cm satisfies EheOfolnul80QQ); 2100<_L< 80Q0),(1),
(2) the inside dianeter D (cn) of the colum satisfies

t he(2pthellinside? Hiarh®er D<(@8)Bbf(fhHe colrhnasatisfiesdthe formula
the. length L (cm to the inside dianmeter D (cm of

(2):t he colum satisfies the formula (3); 4< L/D< 40 (3),
(4) the nunber of stages n satisfies the fornmula (4);

0. (cmy of the MBPRTESRE " ngiae ai amet ok2h (am.
o eSO R R Tomais, 1% TR Timpterp (o) of the
coll}n(':lrr? secl)tfishg% t%%' ?gpmﬂﬁ: %?t])(?
4<L/D<40 (3),
(4) the number of stages n satisfies the formula (4);
10<n <120 A (4),
(5) a ratio of the inside diameter D (cm) of the column to the
inside diameter d4 (cm) of the gas outlet satisfies the formula (5);
3<D/dy<20 (5),
(6) a ratio of the inside diameter D (cm) of the column to the
inside diameter d; (cm) of the liquid outlet satisfies the formula (6);
5<D/d;<30 (6}, and
(7) an aperture ratio of each tray is in a range of from 1.5 to 10%,
14. the continuous multi-stage distillation column according to item 13,
wherein said d\ and said d; satisfy the formula (7);
1<di/d2<5 (7).
15. the continuous multi-stage distillation column according to item 13 or
14, wherein L, D, L/ D, n, D/ d4, and D / d, for said continuous

multi-stage distillation column satisfy the following formulae; 2300 < L <

6000, 200 <D <1000,5<L/D<30,30<n<100,4<D/dy<15,and 7
14



inside dianmeter d2 (cm of the liquid outlet satisfies
the formula (6); 5 < D/ d2 < 30 (6), and (7) an
aperture ratio of each tray is in a range of from1.5
to 10% 14. the continuous nulti-stage distillation
col urm according to item 13, wherein said d, and said

qude f¥e§€80{l9 la (7); 1 < dl1/ d2 < 5 (7), 15.
t'he? conlnuo -stage distillation colum

10 RSO R.b 53l aMAYSE Sl P ) one o
tema33 to 1, Sﬂhégéf“ 350 L80neD (6o 2nd'D / 8 o'esasiam
30, 30 <_ n < 100 4 < D/ dl <_ 15, and 7 14 5
coninuoup)ultiesirgs distifalios. celiunagratisfydie Fﬁllqwm &gémulae
distillation colum according to any one of itens 13

25000<15< S0o0ei210s D.<BO0, OO ol /ID/< @0, 40hd D 902 §arD / dy <
said continuous nmulti-st age distillation colum

13, %fﬁd of ¥ tbhadg‘ali@vw detivelyae; 2500:5 L:5
5000, 210: 800, L/D520 40: _n:5 90,5: _Dd 13,

17.3A4 @onhn@ousdt%.ultl«szig e@ﬁ?ﬁﬁﬂldﬁ'dﬁluﬂﬂn abl’:l@rdmg to any one of

conti nuous mul ti-st ag di st ation colum accordi ng

v T fherd 5T S g OB a7 4 Foppe o

e tinuous nulti-stage distillation colum

from 1:87({;‘? D‘b any of items 13 to 17, wherein the
a erture ratio of each tray_is.in a range of ,from1l.9

18. eeC@%lﬂ@QUStmyl@rﬁialmélﬁlllﬁmn %‘tiagtn acserding f@any of
colum according to any one of itens 13 to 18,

itemwdiZete 195 wherein the apsirtyee ratip ofaeanh tsagiisva a range of
portion and a downconer portion,

from 1.9 to 6.0%,

19. the continuous multi-stage distillation column according to any one of
items 13 to 18, wherein said tray is a sieve tray having a sieve portioﬁ
and a downcomer portion,

20. the continuous multi-stage distillation column according to item 19,
wherein said sieve tray has 100 to 1000 holes / m? in said sieve portion
thereof,

21. the continuous multi-stage distillation column according to item 19 or
20, wherein a cross-sectional area per hole of said sieve tray is in a
range of from 0.5 to 5 cm?,

22. the continuous multi-stage distillation column according to item 20 or
21, wherein a aperture ratio (a ratio of a total cross-sectional area of the
holes to a total area of the sieve plate containing the area of the hole

portion} of said sieve tray is in a range of from 1.9 to 6.0%.
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20. the continuous nmulti-stage distillation colum
according to item 19, wherein said sieve tray has 100
to 1000 holes / nR2 in said sieve portion thereof, 21.
the continuous nulti-stage distillation colum
according to item 19 or 20, wherein a cross-sectional

r rh ' ' fray is in a range of
Ad\%r'ﬁ%wg%.%éjst %If%cggréﬁa%% F’#‘ﬁ%ﬁ%éhtl nuous multi-stage
distillation colum according to item 20 or 21,
wherein a aperture ratio (a ratio of a total
cross-sectional area of the holes to a total area of .
t heltshag dgrmdiscovwetetithat biyeimplementingethmpsesent invention,
portion) of said sieve tray is in a range of from1.9
the tdiabkyl%arb® natesna ad dbesd il s exars bef ptdduced eadlonvith a high
has been di scovered that by inplenenting the present

yieldnyeata eigh ddiectivitykyf neanbesahan 95%,hvefdrably pat less than
be produced each with a high vyield and a hi gh

07 % Chisid %/éﬁér%i)l ”%t' 1833 lltﬂﬁi‘gg%/‘? oﬁréﬁ ¢ha0LYriAPE chRS B not

t han nore” preferab not |ess than 99% on an

Iesép?@#e:%gﬁb lf}lgf‘ e%r?ﬁér é??ésst. ?ﬁﬁn% t98 / hi' greb;freferably

ess ton nor e pr e
t | / h t he,di al k b
not]@gs 1fieh 248M / ‘nQﬁ forsthd gia k) chpPbaLs ’bPQ%L'&SP jetg than 1.3

than 1.95 ton nore preferably not |ess
ton/dar, /prmferata)l.y @ﬂél%ﬁ%ﬂaans‘t 25 {on bihra MRS Bﬁaﬁﬁﬂdﬂv.%t less

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

thaned§ tamnh repdor Hoardiplswstablyfer @ atolpnged pesikd wéiime of not
5000 hours, fromthe cyclic carbonates and the

lessthahat®@0 ﬂmluisyqrﬁe(feeéblqhnbisleﬁ it fed n 3300 ihgursn mbre
the Drawing FIG 1 shows an exanple of schematic

prefé @M h & |dset PN HoTP U urguFidmthageyélic idarbahia®8s and the
column for carrying out the present invention, the

aliphatic monohydric alcohols.

Brief Descriptibn of the Drawing

FiG. 1 shows an example of schematic drawing of the continuous
multi-stage distillation column for carrying out the present invention, the
distillation column having a tray with n stages (shown schematically in
FI1G. 1) provided inside a trunk portion thereof.
Description of Reference Numerals
1: gas outlet; 2: liquid outlet; 3-a to 3-e: inlet; 4-a to 4-b: inlet; 5:
end plate; 6: tray; 7: trunk portion; 10: continuous multi-stage
distillation column; L: length of trunk portion (cm); D: inside diameter
of trunk portion (cm); d4: inside diameter of gas outlet; dz: inside

diameter of liquid outlet (cm).
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distillation colum having a tray with n stages (shown
schematically in FIG 1) provided inside a trunk
portion thereof. Description of Reference Nunerals
gas outlet; 2: liquid outlet; 3-a to 3-e: inlet; 4-
to 4-b: inlet; 5 end plate 6: tray; 7: trunk

rti,ong .._can stage distillation

Bt JiblE Vor CarSiph @P‘t’*ﬁﬁﬁ%wﬂ%n “(om D i nsie
di apeter . of trunk portion 5? |nS| de, di aneter, .
of bhéh%dpﬂewmazthﬁrgretﬁeentdnn ﬁ&t@neﬁ desqiiRp G ip datail.
(cm. 16 Best Mdde for Carrying Qut the Invention In
t heThel teadtinn afdbeppeesent imventionisia reversibbegquilibrium
detail. The reaction of the present invention is a

transeste sificiagi crrweactionure priegsamedt ey ifdlloatingrforaadai @h in which
represented by followng formula (I) in which a :

a dﬂ'llélrlkdérﬁiﬂiél@éhﬁ é@oﬁa‘ﬂé%ro@ﬁﬁ:dﬁ pebifedl cyichi® @arbonate and
ic carbonate and an aliphatic nonohydric al cohol;

on Sy e e, 0 L)) on

bi val ent group -(CH2)m (mis an integer from2 to 6),

one oa nore of hydrogens thereof being optionally

subs uted with an alkyl gro r | group Rkaving

1 150:ar ben 2RI . merwg‘ r@?grese tw (1)
m)novﬁ(ent al i phatic group having 11 to 12 ¢

atonmsg one or nore of hydrogens t Bereof bei ng

optionally substituted with an alkyl group or aryl

grouQAﬁavi ng 1 t?B)lo car bon atorrs.(c) D)

1:
a

wherein, R' represents a bivalent group —(CHz)m— (m is an integer from 2
to 6), one or more of hydrogens thereof being optionally substituted with
an alkyl group or aryl group having 1 to 10 carbon atoms. Moreover, R?
represents a moncvalent aliphatic group having 1 to 12 carbon atoms,
one or more of hydrogens thereof being optionally substituted with an
alkyl group or aryl group having 1 to 10 carbon atoms.

The cyclic carbonate used as a starting material in the present
invention is a compound represented by (A) in the above formula (l).
Preferable examples of the cyclic carbonate include alkylene carbonates
such as ethylene carbonate or propylene carbonate;
1,3-dioxacyclohexa-2-one, 1,3—dioxacyc|ohebta—2-one, or the like,
ethylene carbonate or propylene carbonate being more preferable due to
ease of procurement and so on, and ethylene carbonate being
particularly preferable.

Moreover, the aliphatic monohydric alcoho!l used as the other

17



The cyclic carbonate used as a starting material in
the present invention is a conpound represented by
(A) in the above fornula (1). Preferable exanpl es of
the cyclic carbonate include al kyl ene carbonates such
as et hyl ene carbonate or propyl ene carbonate;

stari@n%i ﬁ-iég qz"r%lcfsogt@pgﬁgﬁgfﬂ%%%as[déﬁéﬁcé? o@} @hgig'a%rb%e formula

(). pr o i CaTHoBB AT coA Py &G B Ik BoUiagpoint than

particul arly preferable. Mreover, the aliphatic
thaheﬁd.shgzomm pibdatsed issugeds tAkhougdy P0§$lt§Nd\fQFYﬂ1@9 depending
material is a conpound represented by (B) in the above
on e type of(tHe cyblicadrponiate. wwmdheaaintpleiscohtie rdiphafic
a lower boiling point than that of the diol produced

monShydfd. aldHuIuakI RS shéihaval Wthﬂn@ﬁp@ﬁd?aﬂol @rsdrhers) allyl
type of the cyclic carbonate. used, exanples of the

alc&“ iH’\?t’a‘hol(")@ H?éq[f 0336%@9'1(’&1)1?%#5@‘?%696[‘?1 somers), hexyl

pr 'SONer s) al cohol , "but anol

wASSETEE o S B R g, o
alcSh§Oligonts Satady 4l éew%é"r@%ﬁ%x " S@%%fésco*@yégemem

aIcohoI &lsoners cycl opent anol cyclohexano
dodggyl @lephahdisomeys), datqlan@ntahel Y pbexganl agy¥cloheptanol,
(i somers), ethylcyclopentanol (isoners),
cycmmlrtqlcnwﬁ»gdnwclo(nemﬁepé)(l,sczmaysshy@ﬂl‘miex@lwentanol
(i somers), dinethylcycl ohexanol (isoners),
(isonetdiy | myethplegcioloéxdneb(isomers )plethylopaibbeeaandl (isomers),
(i soners), benzyl al cohol, phenethyl al cohol

dlm@'tﬁ?IWc%he&Eﬂ%W(inlﬁéﬂg’i dib%l@?ﬁv"ﬁﬂohékaﬁél QBomers),
hérnore, these aliphatic nonohydric al cohols may

oheBISHERHAS et SHhEhast SHEf, penelpusgeono
(isogﬁgpﬂs, phenylpropanol (isomers), or so on. Furthermore, these
aliphatic monohydric alcohols may be substituted with substituents such
as halogens, lower alkoxy groups, cyano groups, alkoxycarbonyl groups,
aryloxycarbonyl groups, acyloxy groups, and nitro groups.

Of such aliphatic monohydric alcohols, ones preferably used are
alcohols having 1 to 6 carbon atoms, more preferably alcohols having 1
to 4 carbon atoms, i.e. methanoi, ethanol, propanol (isomers), and
butanol (isomers). In the case of using ethylene carbonate or propylene
carbonate as the cyclic carbonate, preferable aliphatic monohydric
alcohols are methanol and ethanol, methanol being particularly
preferable,

In the process of the present invention, a homogeneous catalyst is

made to be present in the reactive distillation column. The method of
18



aryl oxycar bonyl groups, acyloxy groups, and nitro
groups. O such aliphatic nonohydric al cohols, ones
preferably used are alcohols having 1 to 6 carbon
atons, nore preferably alcohols having 1 to 4 carbon
atons, i.e. nethanol, ethanol propanol (isoners), and

SR TR VNG A %%f%%rﬁﬂ?nethod but it
carbonate, preferable aliphatic nonohydrig | coho
is PEs teraBIhdadPamhiheoalABISt INEe HRsTeaRtie Gstifrliandreyimn

preferable. In the process of the present invention, a
contiomogsiy aos asdcamake the caddlystobe@rpsestrin a hiquid phase in
reactive distillation colum. The nethod of 18 making

the réactivendistidRitiorc gbdliyiet. be present may be any net hod,
but it is preferable to feed the catalyst into the

reagi k& cHsd théﬁiﬂ@%&ﬁbggﬁeo@@n&awwﬂy c%@at#ﬁ.:d@slg fed into
make the catalyst be present in a liquid phase in

the rSQE’h\!\éed%'tﬁfdtHrfE o0 8 h o u@?ﬁe?ﬁg%éttﬁyst:ﬁ%y be fed in

eous ca i's’'continuo
activy, i still.ation col.umm u

rootFutfdhehyelBohaiie Anelal e ATBRAIR, BrefaRyaRt

and/ or the all hatic dric aI ohol r .be feqd .
alcqhplaOramay; b8 ﬁ&lqoa&at ﬁfg’ied’ tepesifial 19 ﬁﬁ pgting %‘.aqe“a'&

‘The reaction actually proceeds in the distillation
Thecisraetion mciuadlyi piocardin tthe gissiltation solumincin ankegion

catalyst is fed in, and hence it is preferable to

beldwetthet pesdamala)tsnhlaﬂ tha cadglyst iscfedban ahd hemeefit ihe
colum and the position(s) at which the starting

preférbdleé absfeidthe & dtalystTiheo caray i betweeretins esprdf the
at |l east 5 stages, preferably at least 7 stages, nore

coldmglf %ﬁg?‘(ﬁ(‘et BPﬁl}gﬂﬁs&]& ?ﬁ)ﬁ;&g%hsgﬁdéﬂggcﬁméﬁﬂs wyedrddin.
The catalyst must be present in at least 5 stages, preferably at least 7
stages, more preferably at least 10 stages.

As the catalyst used in the present invention, any of various
catalysts knpwn from hitherto can be used. Examples of the catalyst
include:

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

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

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

tertiary amines such as triethylamine, tributylamine, trihexylamine,

and benzyldiethylamine;
19



catal ysts known from hitherto can be used. Exanpl es of
the catalyst include: alkali netals and al kal i ne
earth nmetals such as lithium sodium potassium

rubi di um cesium magnesium cal cium strontium and
barium basic conpounds of alkali netals and al kal i ne

ear I . ' ' I Ldes,

o yIPEel-Safliilindheterbafihaye EhRHo s Buth o8

nmet al s nd | Kk rth neta arb nat es,
N-affkwiRyE ‘FulGeghés. coderdles, Wealky BiAgzsTas nos

such as trlethylan1ne tributyl am ne, trlhex Ian1ne
N-adikyipysazgles.co ¥ @noles, pgrmlneogélﬁw@aﬁltdanﬁsngumolme

het er oaromati ¢ conmpounds such as N-al kyl pyrrol es,
alkyaqalikglinedolissquinding,ealk yNsalgjholindaz alcekline, alkylacridines,

N-al kyl pyrazol es, oxadi azol es, pyridine,

pherlanthpyling ra¢i$ylpm1lérmitlhm6hne@| lowirinidinki aekylpyrimidines,
i soqui noli ne, al kylisoquinolines, acridine,

pyrablnd, a&[ﬁﬂb@%neeh?ﬂﬁﬂmﬁéﬂ b8 alRYitrialiregnt hrol i nes,

pyri midi rimdines, pyrazine,
aI k t gl : LAZRes cl
é&ﬁﬁéa%'b@ﬁes $h46 o%e?*y%?%%'ﬁﬁ‘gﬁé%’éﬂ%%éb? Drosand
zobi cycl onon thal I'i um conpounds such as
dla%‘ﬁﬁﬁ"%ﬂ%ﬁ'??&@ ﬁ?ﬁ&f)l’l um hal i des, thal I'i um hydroxi de,
thal | i um car bonat e, thalllumnltrate thalllﬂ 7 )
sul thallium gempryindsusiish gmtkaliin deides thallpm halides,
conpounds such as tributyl met hoxytin, _
thatlrumanMMdethaillum|Qﬂjbﬁrtﬂt#ettgaﬁy-tmmltrafe. thallium sulfate,
di et hyl di et hoxytin, dibutyidi ethoxytin,
anddttoal iyirp ergaxy e iacidcéajtaa:nyl met hoxytin, dibutyltin
acetate, tributyltin
tin compounds such as tributylmethoxytin, tributylethoxytin,
dibutyldimethoxytin, diethyldiethoxytin, dibutyldiethoxytin,
dibutylphenoxytin, diphenylmethoxytin, dibutyltin acetate, tributyltin
chloride, and tin 2-ethylhexanoate;
zinc compounds such as dimethoxyzinc, diethoxyzinc,
ethylenedioxyzinc, and dibutoxyzinc;
aluminum compounds such as aluminum trimethoxide, aluminum
trilsopropoxide, and aluminum tributoxide;
titanium compounds such as teiramethoxytitanium,
tetraethoxytitanium, tetrabutoxytitanium, dichlorodimethoxytitanium,
tetraisopropoxytitanium, titanium acetate, and titanium acetylacetonate,
phosphorus compounds such as trimethyiphosphine,
triethylphosphine, tributylphosphine, triphenylphosphine,
tributylmethylphosphonium halides, trioctylbutylphosphonium halides,

and triphenylmethylphosphonium halides;
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chloride, and tin 2-ethyl hexanoate; zinc conpounds
such as di nmet hoxyzi nc, diethoxyzinc,

et hyl enedi oxyzi nc, and di but oxyzi nc; al um num
conmpounds such as al um num tri nmet hoxi de, al um num
triisopropoxide, and alum numtributoxide; titanium

AN S SRR e, ironium
e et

phosphorus conpounds, such as tri nmet hyl phosphi ne, ]
t r i le@sy apHo -lq:@,ntamlngtgcprpp@gmqsqet,yor example lead oxides
tri phenyl phosphine, tributyl nmethyl phosphoni um

suchads PO, Ph@gctghdRHiQhosphoni um halides, and trip
henyl met hyl phosphoni um hal i des; 20 zirconi um conpounds

sucleatssaifigesisuvmaki PBS, Phs/Sorand Pw8et yl acet onat e,
zi rconi um al koxi des, and zirconi um acetate; |ead and

| eal%‘a%oHgg%&ki%ﬁao§2§[§EﬁU£‘£’SPb(@H?£XPBPb§§©¢ﬂ9, %ngggz(omz].

such as and Pb304: ead sulfides suc

3, and PbS2; | ead hydroxi des such as Pb(OH) 2,
a""ﬁﬁ@é??@ﬁﬁf; Pb2[ PbC2(OH) 2], and Pb20(OH)2; pl unbit es

ol R bUSE, Rieh S 02 nKar DRl KE s, and KHPLO:
Car PONBDBESS 8L aFcNaab O3 1A 2P S ReP PFe0iSbRB(OH)el
2PbCO8Pb( OH) 2; al koxyl ead conpounds and aryl oxyl ead
KaPb&hp duasgRb&ucand CaPbOs;
lead carbonates and basic salts thereof such as PbCOe, and
2PbCQ3 Pb(OH)2;
alkoxylead compounds and aryloxylead compounds such as
Pb(OCH3)2, (CH30)Pb(OPh), and Pb(CPh)3;
lead salts of organic acids, and carbonates and basic salts thereof,
such as Pb(OCOCH3;)2, Pb(OCOCH3)4, and Pb(OCOCH;)2-Pb0O-3H:0;
organolead compounds such as BusPb, PhsPb, BuzPbCl, Ph3PbBr,
Ph3sPb (or PhgPb2), BusPbOH, and Ph;PbO (wherein Bu represents a
butyl group, and Ph represents a phenyl group};
lead alloys such as Pb-Na, Pb-Ca, Ph-Ba, Pb-Sn, and Pb-S8b; lead
minerals such as galena and zinc blende; and
hydrates of such lead compouhds.
In the case that the compound used dissolves in the starting
material of the reaction, the reaction mixture, a reaction by-product or

the like, the compound can be used as is as the homogeneous catalyst.

Alternatively, it is also preferable to use, as the homogeneous catalyst, a
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Pb( OCH3) 2, (CH30)Pb(OPh), and Pb(OPh)2; |ead salts of
organi ¢ aci ds, and carbonates and basic salts thereof,
such as Pb(OCOCH3) 2, Pb(OCOCH3)4, and

Pb( OCOCH3) 2Pb0. 3H20; or ganol ead conpounds such as
Bu4Pb, Ph4Pb, Bu3PbCl, Ph3PbBr, Ph3Pb (or Ph6Pb2),

mlxmpg%m FhaisRer \rﬁ@eé o Hun@é@iﬁ%\fv\?ﬁa (}H\ét %/fa rting

represe gro

matdffal & te peactien iﬁsﬁgk%f&m&?ﬁeea@ﬂe %ﬂ%ﬂgﬁﬁ%&?dw or

of such | ead corrpounds In the,case that the conpound
the likeq ofi BY dPASSINtte Rsing Ao issRItiPRl of the

reaction, the reaction mxture, a reaction by-product
or ThBeamdwjt ohthe capalysd used e theepresentsinventipn varies
honogeneous catalyst. Alternatively, it is also

depemhefiggadh ehkotypeeof dise tdatahmtogeadobsit datganestallyairla range of
m xture obtained by dissolving a conpound as above in

frorh I8 0DI0AT 16 B0 A BYyeWedghOfpidieralSRCiroen 0. nbs feaot way weight,
m xture, the reaction by-product or the like, or by

moure ?Fﬁ/%% ng r‘nn@ Pyl o5 Hy ngnt d9% pﬂg,gahueﬁ dfe total

e present ‘i nventi'on va

we'gﬁﬁgﬁih R S oy B BB Bconor e

preferably fromO0.005 to 20 % by weight, nore
as tgeﬁegﬁfém%/m?t(ﬁﬂajsm to 10 %by wei ght, as a
proportion of the total t of the cycl
car bbedecargmnot m%rtmm@ﬁdtmtla%@rﬁ\@h?ﬂrtlh@ mettbﬁéﬂ of egntipuously
as the starting nmaterials. There are no particul ar
feeding the iaytdicocatthenatet bad tfe atiphiaticomiyohyededialgohied into a
cyclic carbonate and the aliphatic nonohydric al cohol
contiffud s noditi-5 e i stillatioat eglemih donstiuiting tioe uemactive

constituting the reactive
distillation column in the present invention; any feeding method may be
used so long as the cyclic carbonate and the aliphatic monohydric
alcohol can be made to contact the catalyst in a region of at least 5
stages, preferably at least 7 stages, more preferably at least 10 stages,
of the distillation column. That is, the cyclic carbonate and the aliphatic
monohydric alcohol can be continuously fed in from a required number of
inlets in stages of the continuous multi-stage distillation column
satisfying the conditions described above. Moreover, the cyclic
carbonate and the aliphatic monchydric alcohol may be introduced into
-the same stage of the distillation column, or may be infroduced into
different stages to one another.

The starting materials are fed continuously into the distillation

column in a liquid form, in a gaseous form, or as a mixture of a liquid and

a gas. ‘Other than feeding the starting materials into the distillation
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distillation colum in the present invention; any
feedi ng nethod may be wused so long as the cyclic
carbonate and the aliphatic nonohydric alcohol can be
made to contact the catalyst in a region of at least 5
stages, preferably at |east 7 stages, nore preferably

colftn {iifis, ey B alseapet tiatif dor ST R0 HDos lqaseous
aJ cohol ca __be con_ti nyously fed in frqQm a eqfi red .
starking atgrial intersttan Jy egopfinuelistbifom.ie lowsr portion of

mul ti-stage distillation colum satisfying the ) .
the eiatlllationscakyoni bddossover, momeprefceﬁ@bg%nemoci is one in

carbonate and the aliphatic nonohydric al cohol may be
whichtthedogelic icarbontate isacentshagasbf fedend siguiid formnor a gas /

colum, or may be introduced into different stages to

liqueden et Pefm iMbe aSsBide Y thet gidthlaticn eof@mn above the stages
continuously into the distillation colum in a liquid

in V\Lfﬂgmtyéégg.tﬂ@ﬁggﬁotr%g%ﬁ}t, et aliphatlEnndh dﬂé‘f\cohol is

eg I'ng the starting materials
k0t 0 istillati I ' hj: M
contitbdsIg Eeck & FasEhuf toBRLARD 4 B iRutYouh ot the tower
tartj terial intermttently or continuously from
porfing ottt Fefliabanarolime: aiidihis &ase (55 GHaic carbdhate may
Mor eover, another preferable nmethod is one in which
of copgseyepntaipdhsoatipbatic menahydicajcebalin a 1iquid
formor a gas / liquid mxed forminto a stage of the i
di stn thetpresesd| inve ndisoy cthehstantinge matesialpifeld irmeay contain

catalyst is present, and the aliphatic nonohydric

dial&lt caobonate cond V rodigll o diad {he prodaetais Thencantent thereof
or aliquid forminto the |ower portion of the

is, @rsthe HaIkQD caebdRBte | fehBrallganca rhRgecottiom 0 to 40 % by
carbonate may of courSe contain the aliphatic

woiRRCEHEICHER S0 107 U6 1 SR8, S fiterbby rom o t
20 %gh?g&%fﬁtgﬂgot%rﬁ{s df the 354 N% d1BGePh Y WSight o fhe dialky!
carbonate in the aliphatic monohydric alcohol / dialkyl carbonate mixture,
and is, for the diol, generally in a range of from 0 to 10 % by weight,
preferably from 0 to 7 % by weight, more preferably from 0 to 5§ % by
weight, in terms of the percentage by weight of the diol in the cyclic
carbonate / diol mixture.

When carrying out the prgsent reaction industrially, besides fresh
cyclic carbonate and / or aliphatic monohydric alcohol newly introduced
into the reaction system, material having the cyclic carbonate and / or
the aliphatic monohydric alcohol as a main component thereof recovered
from this process and / or another process can also be preferably used

for the starting materials. It is an excellent characteristic feature of the

present invention that this is possible. An example of another process
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is, for the dial kyl carbonate, generally in a range of
fromO to 40 % by weight, preferably fromO to 30 %
by wei ght, nore preferably fromO to 20 % by wei ght,
in ternms of the percentage by weight of the dialkyl
carbonate in the aliphatic nonohydric al cohol /

s agpflids JFMITAR, St Rasntiats e B SRR M the dialkyl

referably . fromO tQ 7 %b i ght, nore preferahl .
carBpBate a5 1agaspmas gRenohyOreRiampeREth dheal Rhetic
by weight of the diol in the cyclic carbonate / diol
momndhydrie. aledel hging by-eduaesd b éisnpreesss iagid recovered.
industrially; besides fresh cyclic carbonate and / or
Theatepdnatied nyap hydiuced & lqphafic meahp hiydricodlosdio| generally often
the reaction system material having the cyclic

conegineofied diangt/catbonidie, dhé Rrainmatigunehptyidrokycob®pound, an

as a main conponent thereof recovered fromthis

alkﬂré’ﬁﬁse?g%'i‘daﬁd §r0 ?g?"a{?'ﬁfenﬂyp%‘?éé cotltaft _§9l|15’ﬁ amounts of an -

prefierably use starting materials. It is an

X I a ri:Sti f re
atkfh G o ShE S BLY £l are Rnck o8 fc"THE by Rigduced
._process 3 S a process in which the diaryl carhonate. . .
aliphiatiys finndivdnicra BRBoT arkRe teeth Rde S e Sarting Material in
aromat i ¢ nonohydr oxy conpound, the aliphatic .
the pyesepdrinveatiodh ' Bawnbenysed Arthel startingmptedal after
and recovered. The recovered by-produced aliphatic
amomwnbbf dandained materdalehaving af highercbatlingpaint than that of
di al kyl carbonate, the aromatic nonohydroxy compound,
the arlip iy Imanghydtitealcotbisva9 heeande daged! Swocgtht distillation or
smal | amounts of an al kyl aryl carbonate, the diaryl
the ¢iddbonat e and so on. The by-produced aliphatic
nonohydri ¢ al cohol may be used as is as the starting

mat ?hieab}/le’?c éa*?ﬁoﬂ.%?ﬁeﬂ;;etfél?‘é{ﬂ” L1884 iﬁrtH@pr@§eH§?ﬁvéﬁtion is

the starting materia er nount of cohtal ned

onenB}c%liJ@éd qﬂY&Ughare*Hc‘Hb%{ bkéQWeieq'ﬁ ﬁ%‘?i&aﬁlﬂ%}, talﬁaﬁilajlene oxide

such as ethylene oxide, propylene oxide or styrene oxide and carbon
dioxide; a cyclic carbonate containing small amounts of these raw
material compounds or the like may be used as the starting material in
the present invention.

In the present invention, a ratio between the amounts of the cyclic
carbonate and the aliphatic monohydric alcohol fed into the reactive
distillation column varies according to the type and amount of the
fransesterification catalyst and the reaction conditions, but a molar ratio
of the aliphatic monohydric alcohol to the cyclic carbonate fed in is
generally in a range of from 0.01 to 1000 times. To increase the cyclic

carbonate conversion, it is preferable to feed in the aliphatic monohydric

alcohol in an excess of at least 2 times the number of mols of the cyclic
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t he aliphatic nonohydric al cohol has been reduced
through distillation or the Iike. The cyclic
carbonate preferably used in the present invention is
one produced through reaction between, for exanple, an
al kyl ene oxi de such as ethyl ene oxide, propyl ene

Xxi de o tyrene oxid car.bpn,. di oxi de;,a cycljc .
carBgnainabut ibfita amayt st e alBRALicomaiasi e FIEohS! used is
material conpounds or the |ike may be used as the
too greati biyendt és ingcassaryHe malktheanratatys. largefnhe For such
present invention, a ratio between the anounts of the
reasgakj the qaolban aatio aofdthehalighiadicatm an olvyditig drlicohall ¢oHble cyclic
fed into the reactive distillation colum varies

carbenatdiis predetaiglyt oa i adfrémo toh20, more preferably 3 from
transesterification catalyst and the reaction

> | . ¢ . .
o SR 1S eMsrARPARIISLcl 2! Fbmebetgl iFmuch unreacted
cycﬂ%nc,eé %dr}’st\qqegr@éryg ?lﬁ%,etl'?é n flﬁggﬂg Qrégct'é(a &?tglﬁ])c tc:atrmlf)ga-[g may react

I NCr ease car bonate convers

preferable to feed in the aliphatic nonohydric,. .

wit 5o fetdial il hepiicd lgBmete RUERSE < dimer aya trimer,
nols of the cyclic 24 carbonate, but if the apount, of

and henge; imHdustiidmpriementatign itysraferable, t¢ reduce the
then it is necessary to nake the apparatus |arger. For_

ameuoh of ngweantedt ¢climcarbensai® remainénalaspmitch as possible.
nonohydri c al cohol to the cyclic carbonate is '

In theep oedry of the pergeEnfoinverdio?, evedf therabpvefmobdl yatio is
3 from to 15, yet nore preferably from5 to 12.

nothHbr8ahawr €0, the BydlicbaARSEhAtE condldr§icthchanBéanade to be not
remai ns, then the unreacted cyclic carbonate may react

Ies%“tgﬁnt@@%Qrﬁ%}agifhog‘rE%Q%'tﬁéﬂdgg%,%ioggrf?rrel?e%'ﬁfy Adt less

Imer or a trinmer, ence I n 1 ndustria

thahBY SR AR bhotfaPERFAEIL i (BRAECH 16 AU
invél lginpl €

in the present invention, preferably not less than 2 ton / hr of the
dialkyl carbonate is continuocusly produced; the minimum amount of the
cyclic carbonate continuously fed in to achieve this is generally 2.2 P ton
/ hr, preferably 2.1 P ton / hr, more preferably 2.0 P ton/hr, relative to 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 1.8 P ton
! hr.

FIG. 1 shows an example of schematic drawing of the continuous
multi-stage distillation column for carrying out the production process
according to the present invention. Here, the continuous multi-stage
distillation column 10 used in the present invention comprises a structure

having end plates 5 respectively above and below a cylindrical frunk
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In the process of the present invention, even if the
above nolar ratio is not nore than 10, the cyclic
carbonat e conversion can be made to be not |ess than
98% preferably not |ess than 99% nore preferably not
less than 99.9% This is another characteristic

featyre of th nvetlon
porticiGdhnaying g EeEaiE ol SpECan Asids digfdterBemyand
di al kyl carbonate is continuqusly produced t he
havmmthﬁrﬁ@mﬁta trav ﬁeW'tEy'cUmea‘PB§Fﬁﬂ%s dbrﬂ”‘ﬁdlﬂ%?ygas outlet
fed into achieve this is generally 2.2 P ton | hr,
1 haxisgeantngide diemeteridhigmiatea popfaf tie godumnPor in an upper
ton/hr, relative to the anount P (ton / hr) of the

portiibal dfythec gohomat aeho tbether tubicadiquid autiet 2 having an inside
pref erabl e case, this anmount can be nade to be |ess

drathPé‘r 4, {chh Cﬁﬁf‘a boftom ffGhelcshAnh @rnlr?éa!mdrér gbrtion of the

sc ematrc awi ng of the continuous nulti-stage

coicﬁhﬁtr‘lééﬂb QHeCE’cHB‘H? fQ{ Lé’?étré'hg%r%‘ftmié}% F{%oc%jeérgcﬂntdﬁg in the

ocess accord resent 1 nventi on

ntlnousrru -sta dISI|| 10 usgd i
upp?ﬁmﬁé 38 bt MG Bsbtion. Bt '55&93%”@ bejglf file b
pl at es spectivel y, ahoyv n

0uﬂe§;|1. g ! e@ﬁim@%eﬁw trﬁ tz%haam ﬁ};aadr ér{@[ PILP[e¥ifed in

and an inside diameter D (cm, and having thereinside
the midddg potiam amghber tbe lomegreportioaref the celymd abovetthe

1 having an inside dianeter dl1 (cn) at a top of the
liqueblowtletd?, andamouppeer rpost benmade be sadisfyrvaraustaonditions

the top, a liquid outlet 2 having an inside dianeter

so d@t4 &Y adle aobsditrgro@f nbhendpldigtiliationnbat la¢sereaction at the
portion of the colum near to the bottom at |east

sanf8inté s asNoebeab tc??:r@fl%édr?r%fb?ab notN88§ than 2 ton / hr

portion and / or a mddlie portion of the colum bel ow

of tr@?%azggfyér %’{doﬁiat% aftfd A9 &f P@Péﬁab‘i’{?%oﬁel‘é%@dtﬂﬂ 9t 3300 hr of

rovi
the diol stably for a prolonged period of time. Note that FIG. 1 merely

shows one embodiment of the continuous multi-stage distillation column
according to the present invention, and hence the arrangement of the
tray 6 is not limited to that shown in FIG. 1.

The continuous multi-stage distiilation column according to the
present invention satisfies not only conditions from the perspective of the
distitlation function, but rather these conditions are combined with
ccnditions reguired so as make the reaction proceed stably with a high
conversion and high selectivity, specifically:

(1) the length L (cm) must satisfy the following formula (1);

2100 < L <8000 (1),
(2) the inside diameter D {cm) of the column must satisfy the

following formula (2);
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the mddle portion and / or the | ower portion of the
columm above the liquid outlet 2, and noreover nust
be made to satisfy various conditions so as to be
able to carry out not only distillation but also
reacti on at the same tinme so as to be able to produce

pref erably not ha on / hr of the dial kyl
carbonate and / @6 %be &@Bby not | ess than 252 ton /

hr of the diogl stably for a_prolonged perjod of tine.

ot B adetia ef tharenath L éHmmooe Lrige tameder Dhicim) of the

continuous nulti-stage distillation columm according

coluront meisprsedisfy hhﬂ/émh?tbwmg doommbéadé)t he arrangenent of
the tray 6 is not limted to that showmn in FIG 1.
The continuous 4nd Li/-Btagk di stillatiof3yol um
according to the present invention satisfies not only

congiyt & ik BBT *df%tagre%pﬁqﬁu&fs satisfpehedictidwiny f@nnuia (4);
function, but rather these conditions are conbi ned

Wi th condltlon Ukrf-’fq so as nmake the reagj on
proceed stably ‘\E\?t ﬂ h conversion and hi I"?]

a1 Y el pERRRLIPRES Lefﬁnfei*’e(lf?‘?c@l%% {Oqﬂbﬁﬁdhe
ms*éstqig%%t% (B ol et s 86t 60 TBE Mg

(3) aratio of the Iength L (cnm) to the inside
fOI’fﬂU Br D (cm) of the colum nust satisfy the
following fornula (3); 4.5 L/D<_40 (3), (4) the nunber
of stages n nus$ <sBtfdfy<@ife fol |l ow ng fornul(&),(4);
10< n<_120 (4), (5) aratio of the inside dianeter D
(cnMiga rahip eblthaninsedé iidameter D (cm) of the column to the
inside diameter d2 {(cm) of the liquid outlet must satisfy the following
formula (6);
5<D/d;<30 (6), and

(7) an aperture ratio of each tray must be in a range of from 1.5 to
10%.

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
0.25L, and the term “the bottom of the column or the lower portion of the
column near to the bottom” means the portion from the bottom of the
column upward as far as approximately 0.25 L. Here, “L" is defined as
above.

[t has been discovered that by using the continuous multi-stage

distiilation column that simultaneously satisfies the above formulae (1) to

(6), and for which the aperture ratio of each tray is in a range of from 1.5
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inside dianmeter dl1 (cm of the gas outlet nust satisfy
the following formula (5); 3 < D/ dl < 20 (5), (6)
a ratio of the inside dianeter D (cm of the columm to
the inside dianeter d2 (cnm) of the liquid outlet nust
satisfy the followwng fornmula (6); 5 <D/ d2< 30 (6),

R 7 e r. i\O t 4 a3y
to 1%’ o VS forh t70ni i fNY R te, Afic theplig) oan be
f the colum, or, t he upper, portiop,of  the colu nea
producedon ap Miketrial SHICHIBEHEARUEAO! JASHARRD GHER ! br for
portion fromthe top of the colum downward as far as
the dp@)lkakicladb@mte@%)&r piiederally aptlesndhapt 1 chien /thyefor the
colum or the |ower portion of the columm near to the
diolowithcarthighaosnvérsipor high seleativity, botk bighoprodectivity stably
columm upward as far as approxinmately 0.25 L. Here,

for alproléngelli pedodsof tihmy of, fér Braniigen mbtslegeetteth MI0P0 hours,
by using the continuous nmulti-stage distillation

pre#ég?mgyi?%sé'tto'ﬂéﬁ( %)f)’@@uﬁb&iréaﬁfo?é' Srefef8bAPAYVE less than 5000

to and for which the aperture ratio

houft, 3R she e prBoRaNRat g Aimhsti nbfighFiRaldbnot
oo g R LRSS, e dhe BRERbp G E5H 0B, BlfEfEbArmonate
an 3 S o e Bt S e o5l st 5

hi gh productivity stably for a prolonged period of o
implemending the presesseof thr present aventioo isonet clear, but this is

preferably not | ess than 3000 hours, nore preferably
suppoteldets behdne 3008 composite effect brought about when the
conditions of the above formulae (1) to (8) and the condition on the
aperture ratio of each tray are combined.

The term “the aperture ratio of each tray” used in the present
invention means, for each tray in the muiti-stage distillation column, the
ratio between the total area of openings in the tray through which gas
and liquid can pass and the area of the tray having these openings
therein. Note that for the tray having a downcomer portion, the area of
the portion in which bubbling substantially occurs, i.e. exclud‘ing the
downcomer portion, is taken as the area of the tray.

The present invention relates to the reactive distillation method in
which not only distiilation is carried out but rather reaction is carried out
at the same time, and a high conversion and hiQh selectivity (high yield)
are attained; for achieve this, it has been discovered that in addition to

the above formulae (1) to (6) being satisfied, it is important to make the

aperture ratio be in a specified range as above. It should be noted that
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hours, fromthe cyclic carbonate and the aliphatic
nmonohydri c al cohol. The reason why it has becone
possi bl e to produce the dial kyl carbonate and the
diol on an industrial scale with such excell ent

effects by inplenenting the process of the present

prefdPieibi Ahdas B9t 1id $85peBtive! fciohs arsl@lesiflehi bdfw.

rrpos br oug about

Conth HEMLf %%et%i@ 08 R Ine ot in fprkiSes and

conpi ed The t theaertureratlo of each tray'
heﬂ@@eﬂ 'ﬁnn@heoﬁls&lénfto attm@ﬁhe&ewgﬁsprqdﬁctm@mpapt. n
the multi-stage distillation colum, the ratio
Motesiwegeriotkeep stawn dhesegtipspent mg:@hvmhtleesetmayng Hheugh
which gas and liquid can pass and the area of the

conveagidrenzb | irmg site eemired produetimaniouet tdble attaindd, L must
' tray having a downcomer portion, the area of the

be ll%{dé 86 B nMiRBr&¥RBhI E0BUDHA @:‘i‘éié"p'r&fé’—]‘é‘b‘ﬂésran' eefor L (cm)
excluding the downconer portion, is taken as the area

is 2800 28 I gbOOTh it 2R < %@’%bb'oo\qﬁiﬁ%%%%BP? ipn‘éferabie

reacti vé drstillation mét
dis s cajrie ut, but. rea
car 11 Bftin? s 15 1habSTa0 Tneh it g haTiadaiibls, fa Atfaip the
and, hi sel ectivit ( h yield are attai

desé@ﬂ E\Vggf‘ﬁf@" am Q@%rapye&v& kgePn PW%“%&QH'BH“’-'M cost
to the above fornulae (1) to (6) being satisfied, it

while attaipingthetdesisgd pneguciien eureunht Donystibe made to be not
speci fied range as above. It should be noted that 28

mone #ian 20@0 r adgewreopréfeeabbs paogeviorf Batconsisa280 < D < 1000,
described below. If L (cm is less than 2100, then the

witle 2M\0ekshod SUar bease yedtforégrefetdbles not possible to
attain the desired producti on anount. Mboreover, to

CEnlLCE0D (S8R GREAISHE 305 e opeation
becBfdl I@tiEM. L (MY rticular, if L / D is greater than 40, then the
pressure difference between the top and bottom of the celumn becomes
too great, and hence prolonged stable operation becomes difficult.
Moreover, it becomes necessary to increase the temperature in the lower
portion of the cotumn, and hence side reactions become liable to occur,
bringing about a decrease in the selectivity. A more preferable range for
L/Dis5<L/D <30, with7 <L /D <20 being yet more preferable.

If n is less than 10, 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, n must be made to be not

more than 120. Furthermore, if n is greater than 120, then the pressure

difference between the top and bottom of the column becomes too great,
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be made to be not nore than 8000. A nore preferable

range for L (cn) is 2300 < L < 6000, with 2500 <_ L

<_ 5000 being yet nore preferable. If D (cn) is |less

than 180, then it is not possible to attain the

desired production anount. Mreover, to keep down the
andCBhER"Blo16hEb HALIE ShEPAIbRT e CUmBE  itRkul, O HGeBTer, it

nore preferabl e range for

be s Sy T Ba Ty DR e R LS F 2pB.ower Portion of

Dis less than 4 or greater than 40, then stable L
the galumn oand rese siderrmaatians pecemeilahlarto pecpry brnging
is greater than 40, then the pressure difference
abopdtavdecrenset iopthengebectivityof A meoreopiefierableresge tr n is 30
great, and hence prol onged stable operation becones

< nd D0 With 40Ver 8av @0, beindgetmhoragressadlylet o i ncrease
the tenmperature in the lower portion of the colum,

and|fpncg, 35 48sé eaan INshERAAREefLFthent @i BEcomes high.
bri ngi ng about a decrease in the selectivity. A nore

MoBISIh T\ 8Bt of = gaRebhstdmploriarnt Sty bleased to
the; GBS, the: skt ?deéﬁ?éfh%%@;%ioéé SR Betaifgg irtioutt
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production ambunt to be attained, n nust be made to be
amoeunt besomesdglatieelyHawhangohiencestabie opesatian begemes
120, then the pressure difference between the top and

diffimadt,camdfimoheocet andebezaseinttbe gorwersied isndrdegbtabout. A
prol onged stabl e operation becones difficult.

mofdpeefe@tablétrankrc fieD NAGassaKyDL odi Ren6aseth < D /1 dy < 13
tenperature in the | ower portion of the columm, and

beiﬁ%ry:éi Wit pRIetasrRs becone liable to occur, bringing
about a decrease in the selectivity. A nore preferable
rangepf Py, r?silés_é%an 5, then the equipment cost becomes high.

Moreover, the liquid withdrawal amount becomes relatively high, and
hence stable operation becomes difficult. 1f D / d; is greater than 30,
‘then the flow rate through the liquid outlet and piping becomes
excessively fast, and hence erosion becomes liable to occur, bringing
about corrosion of the apparatus. A more preferable range for D/ d; is
7<D/d; <25, with9 <D/ d> <20 being yet more preferable.

Furthermore, it has been found in the present invention that it is
still more preferabie if said d1 and said d; satisfy the following formula
(7);

1<dy/d2<5 (7).

The aperture ratio of each tray must be in a range of from 1.5 to

10%. |f the aperture ratio is less than 1.5%, then the apparatus
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< n <_ 100, with 40 < n <_ 90 being yet nore

preferable. If D/ d, is less than 3, then the

equi pnent cost becomes hi gh. Mreover, a |arge anount

of a gaseous conponent is readily released to the

out si de of the systen1 and hence stabl e operation

beconmes diffjcult. fer than 20, then
becpmey aras seladimpiert evmqmr%%fo%&?@mn agRUREsand Hehce the

relatively |ow, and hence stable operation becone
equiiment wast becomesebigh. a Mietaase tha nasddepredimepincreases,

i s brought about. A nore preferable range forDd, is
and4veitd side ieadtidn£%8/gl, asehttidrebatween the geaction product

preferable. If D/ d2 is less than 5 then the

dlol%’d RifReh ctedtcpareeasbbhate) bbebany diablétte bequi.d Moreover,
hdrawal anount becones rel atively high, and hence

if thg-.-ltr égker ﬁgﬁﬁ%g@ d?%%‘?gFithfTO%Ulthen' I'hé)rési‘i'j%r{c% time for each

hen the flow rate through

| ,qui d outl | [
tray afidades; ShooitaRednRlaBRERT S, SKigse ¥Rl Tor pffining 2
vt} G S b5 75 et e B AL gt A above for
20 bei ng yet nore preferable. Furtherm? It has heen
wherpinig lafgenaripees dner sSHEENGPIHhA Nrere blg yangedpE the
-preferable if said d, and said d2 satlsfy t he
apefturieoratig i$ dr.ifuica 8. Q"’i),,w&hd 9dto 6.9% beimg mpre preferable.
aperture ratio of each tray nust be in a range of from

1. SFuethelridiord firt tiee avestut énvantion| theemsettnae ratigay be
then the apparatus 30 becones |large relative to the

the 'sRHE 184 Al B@'Ltﬁb' l‘?ﬁwg”wﬂ%a yadigfeenqp fheepregghpiMvéntion, it is
cost becones high reover, the residence tine

geng@?éjﬁ%ﬁgg?l&ﬁé@?@?ﬁ%gﬁu tP@féQ@r&ﬁsﬁﬂaﬁonacéﬁﬂfﬁh' iAwhich
the aperture ratio of the tray in the upper portion thereof is greater than
the aperture ratio of the tray in the lower portion thereof.

The term “proionged stable operation” used in the present
invention means that the continucus multi-stage distiltation column can
be operated continuously in a steady state based on the operating
conditions with no flooding, 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 the high
conversion, high selectivity, and high productivity.

A characteristic feature of the present invention is that the dialkyl
carbonate and the diol can be produced stably for a prolonged period of

time each with high selectivity and preferably with high productivity for

the diaikyl carbonate of not less than 2 ton / hr and high productivity for
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di ol and unreacted cyclic carbonate) becone liable to
occur. Moreover, if the aperture ratio is greater
than 10% then the residence tinme for each tray
decreases, and hence the nunber of stages required for
attaining a high conversion increases, and hence the

e BPEERREEAE S 1y b i g oo

ratiois 1.7 to 0% with 1.9 to 6 g% nor e
are m@wepagf%rahiurnmqﬁ%m B AR WYALeEARO I8 ihash3 tane/ hr
aperture ratio may be the sane for all of the trays,
andorohgssdtlidrerl. 9Bntamé hirrespeactivalgnyesmore pu‘gferab!y not less
generally preferable to use the nulti-stage

thardidston | &iri and andiuess thamicB toihe hapespectivedyi o Méreover,
the tray in the upper portion thereof is greater than

ano{m@r aﬁﬁ?ééfeenﬁﬁé if@allird BE thegrdsedtiaviediin POthadM the case
thereof. The term "prol onged stabl e operation"” used in

th t I
that Leporl??age " Sﬁf 01y ESEPB?J?T)EQE&ESBHH%'U%URHAQH stage

tation co
nuoysly in.a_.stead t
d'stﬁ%ﬁm R R 'ae 1A B §§3’°° F4§'< B 1000,
rosi on for ess than 0 ho
5< br epeg ﬁo¥ n &sk09nd s gbé@’*h%u 'Hé%(e) ﬁrgﬁélsa%pya"d the
not |ess than 5000 hours, and predeterm ned anpunt
apertwre ratio lofleach femaie iR range fplofrogar BetOpﬁon(wcéth %ess than
whi | e mai ntaining the high conversion, hig

2.5 ¢ehdchi, \prieferably hoyleps dhant3 vony. ha mm;ean;rteefersblycnot less
feature of the present invention is that the dialkyl

thare & baoat £ harst lﬂ'hfdthlkyl eanbbaaps odrndedottedd yhanr1.8 ton / hr,
prol onged period of time each with high selectivity

pref@Ebly Hotraksytndrd R. @5 4BnPr REUGIDrEi ﬁbéf%@ébhﬁﬁo@“lébg}than 2.2

carbonate of not less than 2 'ton / hr and

ton ?rlﬁdblfc%é('cgéﬂl F:%'h b%?@?ﬁl&%@ogngh{ﬂ%rﬁlg éﬁgfhn%r 2hhPActeristic
fea r&ﬁ-fcp‘rﬂfl rBrs%% Cr(?ge'npon XAt ﬁ{e Qe fivat lt_hﬁn /D,n, D/
dy, and D / d; for the continucus multi-stage distillation column satisfy
respectively 2500 < L <5000,210<D <800,7<L/D<20,40<n<90,
5<D/dy <13, and 9 <D /d; < 20, and the aperture ratio of each tray is
in a range of from 1.9 to 6.0%, not less than 3 ton / hr, preferably 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 dioi can be
produced.

The term “selectivity” for each of the dialkyl carbonate and the dio!
in the present invention is based on the cyclic carbonate reacted. In the

present invention, a high selectivity of not less than 95% can generally

be attained, preferably not less than 97%, more preferably not less than
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and not less than 1.95 ton / hr respectively, yet nore
preferably not less than 4 ton / hr and not |ess than
2.6 ton / hr respectively. Moreover, another
characteristic feature of the present invention is
that in the case that L, DO L/ D, n, D/ di, and D/
A2 for the continuoug rrultl-sta,g di stlllapon col um
99%at Moreoandbei lrIny "oapyersion’Jn hispresen mvwﬁon generally
1000, 5<_L/ D530, 30<_n<_100, 4< D/d <15, and
indizates dbeodyclicichebonpte Conwarsion, 7 tkadieseny inyention it
range of from1.7 to 8.0% not less than 2.5 ton /
beiny powsibky ébinyaketthieesgclib@ardonate/cdnversion be not less than
preferably not less than 3.5 ton / hr of the dialkyl
Qs%a?F@Féﬁbﬁ,l H 188k thassorea milore peefdrably noriekertilry 99%,

| ess t an 1 95 ton / hr, nore preferably not |ess

yet%éréfew ﬁle%f Hh“ﬂ@'gob%agtlﬁ BFQ%‘F@rabIN not less

I nor e, er C aracteristic eat
a5, W b A BB fflg ootk b1 v

nulti-sta i still n _col um, sati sf res ctl
pre%@blwemﬁqnd@@édheah@?\scanxer%w cande ma Whie

< n < 5< D/ dl < 13, and 9 <_ D/d2<_20
maiphaining lugéwselaﬂr\atyméhwea@wray is in a range of

from1.9 to 6.0% not less than 3 ton / hr, preferably

not Theesentinan . Biultirstager distiliatipn afalne yisest in éke present

than 4 ton / hr of the dialkyl carbonate, and not
inveresentisan disGfation dolumn afiagahistages oltse thay thérein.

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

Exa‘hflplfé?oﬁ'tﬁb %29 ifeluds edpasBle itp tRIYNA %@é@@&ra/ytar rtpple tray,
for each of the dialkyl carbonate an 'the diol 1in th

a bQﬂEs?fFr?J,rB’%??]vé’@r DARRMBIIL YL I EURAIBNREG, o

reac r'ésent 1 nvention |gh se

sunfrefih 14, S ¥fée§%'ifﬁ nagHig! ﬂBW"&R’efaeﬁﬁg‘l §faq8t“F¥s?

99% Mor er, the t ‘conv
turb&@éférﬂ%amm. 3 '&@Aéf%v | g the like.

stages in the continuous multi-stage distillation column in which the

%e case tﬁa?there are

catalyst is not present and hence reaction substantially does not take
place (e.g. stages above the stage at which the catalyst is introduced), a
distillation column in which these stages are packed with the packings,
i.e. a multi-stage distillation column having both a tray portion and a
portion packed with the packings, is also preferable. Examples of the
packings include irregular packings such as a Raschig ring, a Lessihg
ring, a Pall ring, a Berl saddle, a Intalox saddle, a Dixon packing, a
McMahon packing or Heli-Pak, or regular packings such as Mellapak,
Gempak, Techno-pack, Flexipac, a Sulzer packing, a Goodroll packing or
Glitschgrid. Furthermore, the term “number of stages n” used in the

present invention means the number of tray in the case of the trays, and
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i ndicates the cyclic carbonate conversion, in the
present invention it being possible to nmake the
cyclic carbonate conversion be not |less than 95%
preferably not |ess than 97% nore preferably not |ess
than 99% yet nore preferably not |ess than 99. 5%

il r referably not .l ess _than .9%_ |t s ope
the SheprefiEaCalinet op stades ndhe chaaieh e prakinh® fife
present invention that the high conversiop can be
numpehehistages in thabasaolithg m@ﬂ-%@s:@cmshlf@ﬂ?n G@fugnn
way. The continuous nulti-stage distillation colum ]
havingddth theetrayegertion iandthe qrontiom paicked with packings is thus
colum having n stages of the tray therein. Exanples
the glurh e theanuiiisd ude teaysibbidetmapheoeetical aumiset pfistages.
ripple tray, a ballast tray, a valve tray, a

COURbethEYYddeds offhbMpidstnitindentn, SerRld baer HAcovered
a Maxtrac tray, a dual flowtray, a grid plate tray, a
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e case er'e he COEII nu

mul t,i.z st age di stillati C ' [ teal yst
attafieq)Jf Py Sk BAnhbnSBer 2R SATRENEE, phtadel Sieve

not take place (e.g. stages aboye the stage at which
traysneag h‘sﬁ'vg@ ?§'§3H?rmﬂt‘ng)a,“£a ‘X‘P‘é’ﬂicplr%ﬁ gﬁ”@&l"uﬁf?i n

whi ch these stages are packed with the packings, i.e. -
particularly gewnshasdine: tralyst irote gos wrtheaeladiasshipb etwgen

portion and a portion packed with the packings, is

perfd remapcefardielgeip Bentptest. of [ithhas gisckiews diacbudesd that each
i rregul ar packings such as a Raschig ring, a Lessing

sievd by préRifably Mas a0Berd 19@ddheles/ Im?t ah ehessiedlieepostion. A
D xon packing, a MMahon packing or Heli-Pak, or

moreeP b @&rabié HutBef WihaesMal 12036 906ERBRYs / m?, yet more

Techno- pack, Flexipac, a sul zer packing, a Goodrol |l
0

glgglebgj ta Qdd g%{ﬂgé ildmz.Fgrl\ﬁBFé(?@éle’it has bEER agb{%red that

re
P use

n the resent 1dvention nean

the %llj'g?.gfsé)cf:tictaﬁgya'rga tpheer Rofe o?feécr]'le stié\?g?raya?sd p%%ferably ina

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 cm?.
Furthermore, it has been discovered that it is particularly preferable if
each sieve tray has 100 to 1000 holes / m? in 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 same for all of the sieve
trays, or may differ.

It has also been discovered that, for such sieve trays, the aperture
ratio of each tray is generally in a range of from 1.5 to 10%, preferably
from 1.7 to 8.0%, it is particularly preferable if the aperture ratio of each
tray in a range of from 1.9 to 6.0%.

It has been shown that by adding the abhove conditions to the
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the theoretical nunber of stages in the case of the
packi ng. The nunber of stages n in the case of the
mul ti-stage distillation colum .  having both the tray
portion and the portion packed with packings is thus
the sum of the nunber of trays and the theoretical

cortifs Shufl- 2453 diRLNSHRERRRER. n bieRt Siile present

.. conversion, high selectivity, and high productivity
InvegHopecan ke, atking Woé?a%%%ﬂbf any of the above trays
are used, but that sieve trays each having a sieve

por WhanagaIrrying wd der ppreenbinwentioas the gialky aggbenate and
as the trays in ternms of the relationship between

theptiof @reecortiandustyippodntedobsy .cantimesusllysteddbag the cyclic
di scovered that each sieve tray preferably has 100 to

carbor@té A s theRipatibandhehgdpy hicthollas Theestarting materials
preferable nunmber of holes is 120 to 900 holes / :
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scovere the cross-sectional are
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colymn. grratippas %B‘l'ﬁ‘q‘ AN, 8 10w Bodipg Paift fRAFHNeMixture
it has been discovered that it is Particularly i
contatipgaihe: predusgdrdiglisylecarhgn atgsronn the upper wsirtien of the
n2 in the sieve portion, and the cross-sectional area
colpenn frolaegasepusadaramgandfcantimuousiy withdrasvingha high boiling
nunber of holes in the sieve portion nmay be the sane
poifibreattionf mikieirei @yetaihimy she adiomnordi thieclowét ploation of the
al so been discovered that, for such sieve trays, the

col@RRi iv&eliquad Formf each tray is generally in a range
of from1.5 to 10% preferably from1.7 to 8.0% it

i s fd M T h % hgr ﬁi;ééé%?ﬂ ?\r\}étnti&g, tégqg:bgé/oﬁn{iﬁhio‘&soﬁeeding of

eac tray rn ara om t has been

thesﬁg\oﬁnhr}%tatg}’ia?%@icﬂ% éé]leboarpa()t\éeaﬁgnéjlmllngﬁé rﬁSn’oIFﬁ(dric alcohol

into the continuous muiti-stage distilation column, the cyclic carbonate
and the aliphatic mbnohydric alcohol may be fed in as a starting materiat
mixture or Separately, in a liquid form and / or a gaseous form, from
inlet(s) provided in one piabe or a plurality of places in the upper portion
or the middle portion of the column below the gas outlet in the upper
portion of.the distillation column. A method in which the cyclic
carbonate or the starting material containing a large amount of the cyclic
carbonate is fed into the distillation column in a liquid form from inlet(s)
in the upper portion or the middle portion of the distillation column, and
the aliphatic monohydric alcohol or the starting material containing a

large amount of the aliphatic monohydric alcohol is fed into the

distillation column in a gaseous form from inlet(s) provided in the middle
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34 continuous nulti-stage distillation colum, the
object of the present invention can be attained nore
easily. When carrying out the present invention, the
di al kyl carbonate and the diol are continuously
produced by continuously feeding the cyclic car bonat e

porfiah i 1< IOWRF PATHBR BR N IO A0 aaﬁlqu'% SUfldt in the

distillation colum in which the cataly is present,
lowerpoyting olithe é’d&tlllehoancomr@mIﬁl%lﬁponr%fer'rabi%neousl y

in the colum, continuously withdrawi ng a | ow boiling
poi Tiber remxtiam tim etfor dhecransestegfication ceactian carried out in
di al kyl carbonate fromthe upper portion of the

the pekEENt iiRventiaopeiRUSohSIdaredntb equidteuiautie avierhdearésigence
a high boiling point reaction m xture containing the

timeg'o?'thferf&aét'ik?n 'qufeﬁatuﬁwﬂé eBnéinddifs n?@l&nugfag@ dashuaub@h

orm NMbreover e pr esent I nvention, as
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con S mul |st|IIat|o ol um '

in ﬂa%.ﬁdaﬁﬁﬁ o RalymE & hachumiBR] sfacsr th Sinfillfle of the

: in as _a startin rraterlal m xture ratel}a,' .

startwgamaf@mlsﬁmﬂran g type anghagmnunt of K\[lef lyst, the reaction

_ inlet(s) provided in one place or a plurality of

congditices, andt e apped heoreaction dimenis generallydnta sange of from
the columm bel ow the gas outlet in the upper portion

0.1 ¢b 20 alirst, ipresefatrycfobom®. 5 Aonts axliisn mbie prefierably from 1
cyclic carbonate or the starting material containing

to 1® haygs. anount of the cyclic carbonate is fed into
the distillation colum in a liquid formfrominlet(s)

I N The HEPE |0H9FH£@réa%Hré hfﬁ{?ﬂ@i{e&)é’f?dh‘goﬁn‘%é Bpe of the

distillation co hat 1 ¢ “nonohydriic
stafSEhFbal ESFIAIIAL BoBB, S A8 R RhR el ot
catél@%t. 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
temperature is thus preferably in a range of from 40 to 250 °C, more
preferably from 50 to 200 °C, yet more preferably from 60 to 150 °C. In
the present invention, the reactive distillation can be carried out with the
column bottom temperature set to not more than 150 °C, preferabiy not
more than 130 °C, more preferably not more than 110 °C, yet more
preferably not more than 100 °C. An excellent characteristic feature of
the present invention is that the high conversion, high selectivity, and
high productivity can be attained even with such a low column bottom

temperature. Moreover, the reaction pressure varies depending on the
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distillation colum in a gaseous formfrominlet(s)
provided in the mddle 35 portion or the | ower portion
of the colum above the liquid outlet in the |ower
portion of the distillation colum is also preferable.
The reaction tine for the transesterification reaction

rh.ed . ] . r nventkLqn., n
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appliee peess andndlgemmlisand asmange offfeomedctd 8r 107 rﬁéa
is generally in a range of from 0.1 to 20 hours,
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1 to 10 hours. The reaction tenperature varies
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preferably in a range of from40 to 250 C, nore
preferably from50 to 200 C, yet nore preferably from
60 to 150 C. In the present invention, the reactive

EXAMRIESBati on can be carried out with the colum
bottom tenperature set to not nore than 150 C,
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Example 1:
<Continuous multi-stage distillation cotlumn>

A continuous multi-stage distitiation column as shown in FIG. 1
having L = 3300 cm, D =300cm,L/D=11,n=60,D/d;=7.5,and D/
dz = 12 was used. The trays in the distillation column were sieve trays,
each having the cross-secfional area per hole in the sieve portion thereof
of approximately 1.3 cm? and a number of holes of approximately 180 to
32/ m?. The aperture ratio of each of the trays was in a range of from
2.11t04.2%.
<Reactive distillation>

3.27 Ton / hr of ethylene carbonate in a liquid form was
37



hi gh productivity can be attained even with such a | ow
columm bottom tenperature. Moreover, the reaction
pressure varies depending on the 36 type of the
starting material conmpounds used and the conposition

t her ebet ween, the reaction tenperature and so on. The

.eaction. pressure.my,.be an are e Ur
configiausT eﬁrasf%cecﬁm%th%&a g lsnegg&f@ﬁdfaﬁb Abinfet (3-a)
gener al | range_of froml to 0
prowﬂ@ﬂeaaé% 5 stags from dherhottagt.c é $38. 1 § hr@fymethanol
1,04 to 5x106 Pa. The material constituting the
in acgaseausUormicontainig &.86i ¥ byiweighioolidimethyl carbonate)
the present invention is generally a netallic materi al

andsnd89 asndarbof méttrdnol irshdigliesforsh €ebntaimingrénd 6ot by
the quality of the dialkyl carbonate and diol to be

weighp%lﬁfcﬁ%etM'déirB%ﬁaﬁéFWeﬂér@éﬁé@f@@hﬁconﬁﬁﬁ%ﬁ introduced

lowng is a nore de | ed descrlptlon of the

mtoplrheesﬁ till BHMEALEQAUm A H OOthI 812 'tt?g-.mc{;'g"\'?)v ?vfdé‘?:l at the 31%

I nvention IS not m oW n

s e Eﬁ?@ruml&hi\?ﬁswﬁ%ﬁ%s% pEuR materials

lntrggétggbhh%ttlgog%a tﬂ'rﬁth?_’n ,Sch \M:}lrltlrivanlng‘B%tthﬂqal I]t]aﬁyl'lgng carbonate
and D) d2 = 12 was used. The trays in the
= 8d@6stillation colum were sieve trays, each having the
cross-sectional area per hole in the sieve portion
t heTaef catdlyappisexi watsebbtaingdcbyp adding Aben affethylene
hol es of approximately 180 to 32 / nR. The aperture
glydditico2c8 teacdf KOH 48t ¥apy wlaiighmaqueam@es@fmfdm)mhé’aﬂng to

to 4.2% <Reactive distillation>
approximately 130 °C, gradually reducing the pressure, and carrying out
heat treatment for approximately 3 hours at approximately 1300 Pa, so
as to produce a homogeneous solution. This catalyst solution was
continuously introduced into the distillation column from an inlet (3-e)
provided at the 54!" stage from the bottom (K concentration: 0.1 % by
weight, based on ethylene carbonate fed in). Reactive distillation was
carried out continuously under conditions of a column bottom
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 withdrawn from the top 1 of
the column in a gaseous form was cooled using a heat exchanger and
thus turned into a liquid. The liquid low boiling point reaction mixture,

which was continuously withdrawn from the distillation column at 10.678

ton / hr, contained 4.129 ton / hr of dimethyl carbonate, and 6.549 ton /
a8



3.27 Ton / hr of ethylene carbonate in a liquid form
was 37 continuously introduced into the distillation
colum froman inlet (3-a) provided at the 55th stage
fromthe bottom 3.238 Ton / hr of nmethanol in a
gaseous form (containing 8.96 % by wei ght of dinethyl

t 7. on / h L. elu]!
hr of SpARE0RL i Al E8n }%Evua%s @ﬂvﬂﬁéwﬁ{ﬁm%@ botiBhf.2 of the
bonat t ly, i d
colq%a;.og{‘aese%ggsm b Sateuaie- BBy BT el ﬁ%né‘:é&ao'
rovided at the 31st stage fromthe bottom The nol
1.0t4itpo bhrfansthanphgandteidal §r ohupeaetad iefhhhslem%carbonate—
di stillation colum was nethanol / ethylene carbonate

Exchudind6thd imethgl yarbonate wamtained nindheystadtingynvatérial, the
ton of ethylene glycol to 2.5 ton of KOH (48 % by

actusll Phid @6k A otnt Wl difetldadbdridte WABI DFIREShY hr, and
130 C, gradually reducing the pressure, and carrying

excRHflng eiﬁgﬁt{g@giyp&ﬂrc@tﬁ’ﬂlﬂéﬂ”wmé/ c%tQ@‘é‘tSscﬂhtlon, the
aplpr X1 mat el 0 as to roducg homdgleneous

actfh pddiead Mg tRL D Rt T4 BholIrama P et 1 el

ethyIZAEAAR AN BIE COnYeIRIRN Wah OB SoHactip BHnErRy EAl Snate
carbonate fed in). Reactive distillation was carrie

selenfivity was netdess thasr 98991q.i and the ethvdenarglysod cﬁﬁlectlwty

tenperature of 98 C, a columm top pressure of
wasappt dﬂ’ssrﬂhehygg.%%xl% Pa, and a reflux ratio of
~ 0.42. It was possible to attain stable steady state

opePab oy ed tcomtivuo e wpseratidrowdsochrmgdpmiinunder these
reaction mxture withdrawn fromthe top 1 of the

conBftidRY. | AR HEDROHE U JDYBShEARE £4006! KSR, BBO0 hours, and
exchanger and thus turned into a liquid. The Iliquid
6000°H6BR | {HWY AR AF pFSAGELATaMoHE Ser hour were 3.340 ton, 3.340
ton, 3.340 ton, 3.340 ton, and 3.340 ton respectively for dimethyl
carbonate, and 2.301 ton, 2.301 ton, 2.301 ton, 2.301 ton, and 2.301 ton
respectively for ethylene glycol, the ethylene carbonate conversions were
respectively 99.80%, 99.89%, 99.89%, 99.88%, and 99.88%, the dimethyl
carbonate selectivities were respectively not less than 99.99%, not less
than 99.99%, not less than 99.99%, not less than 89.899%, and not less
than 99.99%, and the ethylene glycol selectivities were respectively not

less than 99.99%, not less than 99.99%, not less than 99.99%, not less

than 99.99%, and not less than 99.99%.

Example 2:
Reactive distillation was carried out under the following conditions

using the same continuous multi-stage distillation column as in Example
39



whi ch was continuously wthdrawn fromthe distillation
colum at 10.678 ton / hr, contained 4.129 ton / hr
of di nethyl carbonate, and 6.549 ton / 38 hr of

met hanol. A liquid continuously withdrawn fromthe
bottom 2 of the colum at 3.382 ton / hr contained

. RBISTERY GnBF #AbyR coRBoR¥Edh.a bl i, wa¥ cBhtinuousty
ntr§R6838 58,0 sl 1 i Wt 158 BFBELS A BLQUREY ot the

gof , di net hyl carbonate was 3.340 ton / hr, and .
55"stagrifientthe bokprane 4RpcoloBdrihphsaethandlin a gaseous
catal yst solution, the actual produced anount of
fornat(epindaimiggy2di1 dabyeweight of cﬁm&thy’m@rbenaye)aﬁ@d 4.227 ton /
carbonate conversion was 99.88% the dinethyl

hr ofahethahel iisel Bquid fosmwadntainings$.4686 BOwWedght afddimethyl
t he ethyl ene glycol selectivity was not |ess than

98n8 8l @GRLtRRNY deRueReNAIAPBdWRRdCEND thé distillation
Carunge?&%@e conditiogs. Af t er 50% hours, 2000 hours,

4000, ; ad( U s&

col i ¥rBR fie IS (2Y And™in) PRAARR"HEE 31 5kGS from the

. 340 ton, 3,340 ton, .and 3. 340 ton r IV
botfliier e malaorlie Or BG sthsgihy biftes2BIRlpledhto the
. ton, 2.301 ton, and 2.301 fon respectively fo

distifagoarrolgme aras e rw%h LRbwanebrarhotate o 8Tk The
were respectively 99.90% 99.89% 99.89% 99.88% and

catalysgavas thadgitecbfythe sammastie Expaeple/it pag wasccontinuously
respectively not less than 99.99% not |less than

fed 96t e distiila¢ion chbum9. IBeachioe distdlatiom veas e@xried out
and not less than 99.99% and the ethyl ene glycol

consigluRsUsyi dndsr vehditieapastt a \wllumobott@Easterpar@rédés 93 °C,

not |ess than 99.99% not | ess than 99.99% not |ess
a cORAANIBpOBPas Y BPlagfiokihBdeP9. 388% 16X P®! &nd a reflux ratio
of 0.48.

It was possible to attain stable steady state operation after 24
hours. A low boiling point reaction mixture withdrawn from the top 1 of
the column in a gaseous form was cooled using a heat exchanger and
thus turned into a liquid. The liquid low boiling point reaction mixture,
which was continuously withdrawn from the distillation column 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 methano!, and 0.2 kg / hr of unreacted ethylene
carbonate. Excluding the dimethyl carbonate contained in the starting

material, the actual produced amount of dimethyl carbonate was 2.669

ton / hr, and excluding the ethylene glycol contained in the catalyst
40
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Reactive distillation was carried out under the
follow ng conditions wusing the sanme conti nuous

mul ti-stage distillation colunm as in Exanple 39 1.
2.61 Ton / hr of ethylene carbonate in a liquid form
was continuously introduced into the distillation

con B4 e oM S S8 1,958 on
v SRS St L A

form(contalnlngl46 % by wei ght of di e‘}
carkanats sedgctivity was et lass than 9. Hac{msapdu & sthylepe glycol

into the distillation colum fromthe inlets (3-b and
selectiyityveas et lasstthar898.98%age fromthe bottom The
molar ratio of the starting materials introduced into

t heprdigigéd ddmmeel s opavatiorewWmnohrfiedt byt ender these
carbonate = 8.73. The catalyst was nade to be the

conﬁ‘ﬂ?@gés 'A‘ftgfqm@h%’urénéo\(ﬁﬁhBQ%' BQBQSIHMuré edndN$000 hours,

stillation colum! "Reactive distillation was

the Caac{tpg??)rg%gregfﬁl;ﬂe&g?ﬁgét\é&%%%grwé é‘@ BB Pl 2 EB(%"’(Hﬁ“ 2.669

col uni top pr'essure o
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5erat|on after 24 hours. Alow b |I|nq P H
1.8384em;, oh 8% tan candt h&3ften resPerlvedy Tef &t Y{%e glycol, the

colum in a gaseous formwas cool ed using a
ethylertecgebonate agnersionewene respectively 9$h%9%,q%9099%
| ow boiling point reaction m xture, which was
90.900% i andus9 09t hheadiméthyhdarbosiatei delactinties|weare at
8.17 ton /[ hr, contained 2.84 ton / hr of dinethyl

res aEHQBRH} fotdBdsthdh oMY %N K lesEtHEem@9.90%| avitdess than
conti nuously w t hdrawn fromthe bottom 2 of the

b t /
99. gtgh’*yjréﬁg nt%tygegs’ H‘P@n O%é;@@‘;ﬁ”%ﬁﬁ?ﬂ% éﬁ@?@aﬁ]eg I%cé‘lrs@fectlwtles

wel}égrésyécﬁvewqﬁg?%gg tﬁ%ﬂyéﬁ.%%, not less than 99.99%, not less

than 99.99%, and not less than 99.99%.

Example 3:

The continuous multi-stage distillation column as shown in FIG. 1
having L=3300cm, D=300cm,L/D=11, n=60,D/dy=7.5 and D/
d> = 12 was used. The trays in the distillation column were sieve trays,
each having the cross-sectional area per hole in the sieve portion thereof
of approximately 1.3 cm?® and a number of holes of approximately 220 to
340 / m?. The aperture ratio of each of the trays was in a range of from
2.5t0 4.5%.

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

continuously introduced into the distillation column from the inlet (3-a)
| 41




carbonate. Excluding the di nethyl carbonate contai ned
in the starting 5 material, the actual produced anount
of di nethyl carbonate was 2.669 ton / hr, and

excl uding the ethylene glycol contained in the

catal yst 40 solution, the actual produced amount of

pro B, SRS 285151485 o0 Roh Wt S PR ) o metnano

car bonat sel ctivit S | ess th 99
in GRS RoNSITeRD Gromtaining: Bea? i by Waishich fidethiirarbonate)
99.99% Prol onged conti nuous operation was carried out
andhd torddr obmethane) inag tligruidoteoTmaeBtaingng thedr % by
3000 hours, and 5000 hours, the actual produced

welgzlrrbofltdsnmethyhmrrbmaadeejzme respedively continpossdy introduced
ton, and 2.669 ton respectively for dinethyl

lntOOtWebQTEﬂI%tt@ﬁd:dlu&ﬁQ fiarh, thelirld®s (Bnb ahdB39¢c) proviated at the
39 ton respectively for ethylene glycol, the

5 0 on |
SN N —

mtrf@éﬁggah&;ﬁl ﬁ@ﬁs’t*ﬂatti Q no ﬂggg%jléﬁé carbonate
and | ess than ,99.9 and the .et
= 8.4 cof heorRiAIVs! m%%@% 409%%313 $986, 45 Jf FEaHiR .t and
99.99% not | ess, than 99. 99% . not Iess tg(aﬂr% 99.99%.. .,
waspgantipuousdy fedantadheodistilatinn eotumpne Gth{f déstillation
mul ti-stage distillation colum as shown in FIG 1
washaafmgd lcut3contionpuply wWeErceenditipng of sy celwmn bottam
= 7.5, and DI d2 = 12 was used. The trays in the

temgiesaitdieabt @8 Ol unoohene toipepeessases of appioXimataly he18x10°
cross-sectional area per hole in the sieve portion

Pa, ta1fd @Ofefl@% rakier ekonapel y 1.3 cn? and a nunber of

hol es of approximately 220 to 340 / nR2. The aperture

rat 1oyt FGEiTE thhstthlP¥BatieSsidady S#aRF oBkrhti8R after 24
hours. A low boiling point reaction mixture withdrawn from the top of the
column in a gaseous form was cooled using a heat exchanger and thus
turned into a liquid. The liquid low boiling point reaction mixture, which
was continuously withdrawn from the distillation column at 12.32 ton / hr,
contained 4.764 ton / hr of dimethyl carbonate, and 7.556 ton / hr of
methanol. A liquid continuously withdrawn from the bottom of the
column at 3.902 ton / hr contained 2.718 ton / hr of ethylene glycol, 1.17
ton / hr of methanol, and 4.6 kg / hr of unreacted ethylene carbonate.
| Excluding the dimethyl carbonate contained in the starting material, the
actual produced amount of dimethyl carbonate was 3.854 ton / hr, and
excluding the ethylene 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
42



2.5t0 4.5% i 3.773 Ton / hr of ethylene carbonate in
a liquid formwas continuously introduced into the
distillation colum fromthe inlet (3-a) 41 provided
at the 55th stage fromthe bottom 3.736 Ton / hr of
met hanol in a gaseous form (containing 8.97 % by

wel ght of dimethyl, carhan ) _a 8.641 .ton /, hr  of -
selgidifiinaras fif 1esg et Gnop Ao B g, (g8R8, gly¥ol Setectivity
wei ght of di nethyl carbonate) were respectively
was PRt ilags tbay QHtJ%%uced into the distillation colum
fromthe inlets (3-b and 3-c) provided at the 315
st afeolonged ortnsous operatimwasicasrietl eteupdertthese
materials introduced into the distillation colum was

congigtibasol After MO houas p@0@0ehours, 3800Theurs,aandy®B00 hours,
was made to be the sane as in Exanple 1, and was

the GRitLENYRESuE elBdm dlimts! Bér Botirl Wepé IRB540I0HTE 854 ton, 3.854
Reactive distillation was carried out continuously
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usi ng a heat exchanger and thus turned into a |iquid.
99.988 | agdi W 198Vbsheidigeibivicarbaratersefestivitées we ks

was continuously withdrawn fromthe distillation

respettivelyanotdess tham 99199%, auwtt kissethan B@49088m hohltess$ than
di met hyl carbonate, and 7.556 ton / hr of nethanol. A

99 .90 dndondi [ByxIshan \99. BdCaantr 08 khisyleeld giycdl delectivities
colum at 3.902 ton / hr contained 2.718 ton / hr of

wer%l‘k}’é;ﬁé‘@ti%mﬁbt Idsd fhaho®a /9d%, HotTRsBaMIN 99N999, Gnot less

r of react ed et hyl ene carbonate. Excluding

thah o Ga%! Wiy A8t RO0EYRARBEJERT 11 the starting

Example 4:

The continuous multi-stage distillation column as shown in FIG. 1
having L = 3300 cm,D=300cm,L/D=11,n=60,D/dy=7.5, and D/
dz = 12 was used. The trays in the distillation column were sieve trays,
each having the cross-sectional area per hole in the sieve portion thereof
of approximately 1.3 cm? and a number of holes of approximately 240 to
360 / m?. The aperture ratio of each of the trays was in a range of from
3.0 to 5.0%.

7.546 Ton / hr of ethylene carbonate in a liquid form was
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 dimethyl carbonate)
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actual produced armount of dinethyl carbonate was 3. 854
ton / hr, and excluding the ethylene glycol contained
in the catalyst solution, the actual produced anmpunt
of ethylene glycol was 2.655 ton / hr. The ethylene
car bonat e conversion was 99.88% the di nethyl
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on, and 3.854 ton respectively for dinethy
31, stagm4rem theibpt&ss. t ohhe mokBsratim ofzthesstar@mg materials
2.655 ton respectively for ethylene glycol, the

intretingkeenimtoatheodistd | zivon excsluoms wes emeﬂmmmltﬂ gthylene carbonate
99.99% 99.99% 99.99% and 99.99% the dinethyl

= 8C#H. bOWeecéﬁél%l ivyAd 'rﬁﬁdé’etfoebefm%p§ﬁfnéléb)’nn2kahﬁ§|% 1, and
than 99.99% not |ess than 99.99% not | ess than
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trvities were respectively not

waRaP g "19@@5052%#@84‘5@3}‘ 3%(3295?'1“4&53 e Mo I8

nmul ti-stage tillati olum as shown in FIG
eMBRIAKE G B3 oC by [3-SOURN IR PTESALES, G SpROMMAlly 1.118x10°

d2 = 12 was used. The trays in the distillation colum
Pa,\gnd asreflextiadies of Gdeh having the cross-sectional

area per hole in the sieve portion thereof of"

applowiasepesgible Iocattaémstableisbeadypistate epeghtion after 24

approximately 240 to 360 / nR2. The aperture ratio of
houeach Aflowhisoliiray p olasréactionhandetusé withdrawnOfroen $he%op 1 of
the column in a gaseous form was cooled using a heat exchanger and
thus turned into a liquid. The liquid low boiling point reaction mixture,
which was continuously withdrawn from the distillation column at 24.641
ton / hr, contained 9.527 ton / hr of dimethy! carbonate, and 15.114 ton /
hr of methanol. A liquid continuously withdrawn from the bottom 2 of the
column at 7.804 ton / hr contained 5.436 ton / hr of ethylene glycol, 2.34
ton / hr of methanol, and 23 kg / hr of unreacted ethylene carbonate.
Excluding the dimethyl carbonate contained in the starting material, the
actual produced amount of dimethyl carbonate was 7.708 ton / hr, and
excluding the ethylene glycol contained in the catalyst solution, the
actual produced amount of ethylene glycol was 5.31 ton / hr. The
ethylene carbonate conversion was 99.7%, the dimethyl carbonate

selectivity was not less than 99.99%, and the ethylene glycol selectivity

was not less than 92.99%.
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7.546 Ton / hr of ethylene carbonate in a liquid form

was continuously introduced into the distillation

colum fromthe inlet (3-a) provided at the 55th

stage fromthe bottom 7.742 Ton / hr of nethanol in

a gaseous form (containing 8.95 % by wei ght of

di ngt hyl car bonat 4 . t o)
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di met hyl carbgnate) were respectjvely continuou
confli{oumiucATier 1000 heUgh <ihe HatiBhPEatHERS ABIUTeper hour was

inlets (3-b and 3-c) provided at the 31st stage from
7.7 @8 dobdiarghimathy | marbonatei @anst 5: 3t tenafar ethylaner gce!, the

introduced into the distillation colum was nethanol /
ethythyl eacbcratooanwersidh s 988 ¥at thiey dimedbyhedebonate

be the sane as in Exanple 1, and was continuously fed
selddtivity adlinditilbkattham 00l 99%, dedchievetidilehiel gptdairselectivity

was carried out continuously under conditions of a

t ture of 65 C, a colum top pressure

Wasgﬁbgg%?%gﬁﬁ&giy 11.%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

reaction m xgurte withdrawmn fromthe top 1 of the
'"d%%VUﬂﬁgpﬂnéaéﬁggous formwas cool ed using a heat

exchanger and thus turned into a |iquid. The_ liquid
| owASSPrding teithe PeageRibMvANtan it h%%&?%&éscoveff*d that the
continuously withdrawn fromthe distillation colum at

dialkyl eatbonate /and thedhivhicasdbe. producead eaah withianbigty|
carbonate, and 15.114 ton / hr of methanol. A liquid

selactivity wiusdtlyleds tiam\@b %! prefémbigtnoilesothahe37%, more
columm at 7.804 ton / hr contained 5.436 ton / hr of

prefiAyI¢Ho10e%s har? %% bPnah iRduetrisPskarelof meiess Kyan 2 ton
/" hr of unreacted ethylene carbonate. Excluding the

7 iy REBteHElg MO RRCURARMT Y fr” s RPreidiy TR Eie than 4
ton Z"h7r(,)§otr({Re/dilgﬁkyiaggrbonate, 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 less than 3000 hours,

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

aliphatic monohydric alcohol.
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excl uding the ethylene glycol contained in the
catal yst solution, the actual produced anount of
et hyl ene glycol was 5.31 ton / hr. The ethylene
carbonat e conversion was 99.7% the di nethyl carbonate
selectivity was not |ess than 99.99% and the ethyl ene
glycol selectivity was nei| ARS8 than 99.99% 44
Prol onged conti nuous operation was carried out under
t he conditions. After 1000 hours, the actual

We ﬁr%'g'ﬁced anount per hour was 7.708 ton for dinethyl

carponate, and 5.31 ton for, ethylepe glycol., .the
ct it ene Aagersetardrsusiigiviisdicle & diatkylrargpnate and
carbonate selectivity was not |ess than 99.99% and
a diphén avighethie glighyl casbepateiand thadigdareceantingpusly
99.99% Industrial Applicability According to the
progqueseihronghna ireactive distilizdion diystemcoédaking ateyclic
di al kyl carbonate and the diol can be produced each

carbéiiiterafdoln Sepleatic Whbyoblydiiy al@sisolt Herstablihg materials,
preferably not less than 97% nore preferably not

! 9 .an industrial scale of not |ess than
conifS/ s e o

eferably not less than 3 ton / hr, nore
pre . . £ OF )
Car eonanue i fe88Md 108 artifl matbriplgintd '8 Coftikhpus
ot, | ess. than . 1.95 ton / hr. . nor refer S
mufiiiacs gistiasn solufdn i punighon h B eh o Whal s
stably for a prolonged period of tinme of not |ess
' presemfi 1000 hours, preferably not |ess than 3000 hours,
more preferably not |ess than 5000 hours, from a .
cyctaurying mutatea ctien and distbilation siondtgaerushy bosagid
45 CLAI M5
column;
continuously withdrawing a low boiling point reaction mixture
containing the produced dialkyl carbonate from an upper portion of the
i column in a gaseous form; and
continuously withdrawing a high boiling point reaction mixture
containing the diol from a fower portion of the column in a liquid form,
wherein:
said continuous multi-stage distillation column comprises a
) cylindrical trunk portion having a length L {(cm) and an inside diameter D
(cm) and having thereinside a tray with number of stages n, and
comprises a gas outlet having an inside diameter d{ (cm) provided at a
top of the column or in the upper portion of the column near {o the top, a
liquid outlet having an inside diameter d; (cm) provided at a bottom of

3 the column or in the lower portion of the column near to the bottom, at

least one first inlet provided in the upper portion and / or a middle portion
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W claim 1. A process for industrially producing a
di al kyl carbonate and a diol in which the dialkyl
carbonate and the diol are continuously produced
through a reactive distillation systemof taking a
cyclic carbonate and an aliphatic nmonohydric al coho

of tRa &1ﬁ'i4iﬁ éldagﬁis oﬁﬂggr%:ﬁl:lnegt F%‘fsﬂ a st 6nd inlet

con I nuous y hé"s I g

proyigfasy (968 i poitic ﬁéﬁnﬁ*'fﬁwﬁ§:%?*8ﬁ°*hhg Siumn

reactjon and distillatign sinultaneously in said
aboyg said ligyid |Q+Ukﬁislw/hﬁ\iq|ﬁdravm ng a | ow boiling point
reaction mxture containing the produced dialKkyl
car bbnthe length dn(wppeatisdias tme sormuda (dgi urm in a
gaseous form and continuously w thdrawi ng a high

boiling point r2400ioh wigd®de containing tKd)diol
froma lower portion of the colum in a liquid form

whe(®y fhe sasrﬁetaﬁmew@w (&iind)i oSt e ot min bheisfied the formula
col unn conprises a cylindrical trunk portion having a

(2 )Iength L (cnm) and an inside dianeter D (cn) and
'having thereinside a tray with nunber of stages n and

conprises a gas tI h LAg an inside dia r

(cm provided ai]gg ﬁ)p %‘#bphe columm or in t?z upper

portjion of th ol um ar, t 0

outi ayAting 5 €j 'l%‘igige'ﬂl(ﬁﬁﬁt ﬁ?ﬁ 8%\5? Hl‘%'%e(!iﬁﬂ D,{cq) of the

bottom of | the colum or in the |ower portion of the
colyvnusatinties the forenuta {3 at | east one first inlet

provided in the upper portion and / or a mddle
portion 46 4<L/D<40 (3),

(4) the number of stages n satisfies the formula (4);
10 <n <120 (4),
(5) a ratio of the inside diameter D (cm) of the column to the
inside diameter d4 (cm) of the gas outlet satisfies the formula (5);
3<Db/dy <20 (5),
(6) a ratio of the inside diameter D (cm) of the column to the
inside diameter d; (.cm) of the liquid outlet satisfies the formula (6);
5<D/dy; <30 (6), and

(7) an aperture ratio of each tray is in a range of from 1.5 to 10%.

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

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

3. The process according to Claim 1 or 2, wherein a produced

amount of the diol is not less than 1.3 ton / hr.
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of the colum bel ow said gas outlet, and at |east one
second inlet provided in the mddle portion and / or
the | ower portion of the colum above said liquid
outlet, wherein: (1) the length L (cm satisfies the
formula (1); 2100 <_ L <_ 8000 (1), (2) the inside
dianeter D (cn) of the colum satisfies the fornula
(2); 180<_D <2000 (2), (3) aratio of the length L

tot [ ' ' f 1 :
(bt 0 L T Bt SRR Bin 16y Bl B CIBHUTT go 3, wherein
said g and ajd 8 Satiesy Thertariler e [ nside d ameter D
(cm) of the colum to the inside dianeter dl1 (cm of
the gas outlet $aidsfids<the formula (5); 3:(8)Ddi:5
20 (5), (6) aratio of the inside dianeter D (cm of

the columm to the inside diameter d2 (cm of the
liquid outlet satisfies the fornula (6); 5 < D/ d2

<_ B0 (6) Thangrddessaceeeding ¢oraiy enef ob@hirhsay tos4, wherein
in arange of froml.5 to 10% 2. The process

L, RCE' P 9 D9 &, 3 b /Wef& 8ard BbAtineRs ﬂ{m/ﬂiﬂétéﬁ%

t'Ee diral kyl ‘carbonate is not I'ess than 2 ton / hr.
o BB RS it R toae 230812 55 6m0. 200

b 1860, 'S 86°55°8 £S°66] 2910 A0V <°18, 8haF L B/ o, <

25, respectively.

6. The process according to any one of Claims 1 to 5, wherein
L,D,L/D,n, D/d4, and D/ d> for said continuous multi-stage
distillation column satisfy the following formulae; 2500 < L. < 5000, 210 <
D<800,7<L/D<20,40<n<90,5<D/d{<13,and 9 <D /d;<20,

respectively.

7. The process according to any one of Claims 1 to 86, wherein

the aperture ratio of each tray is in a range of from 1.7 to 8.0%.

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

the aperture ratio of each tray is in a range of from 1.9 to 6.0%.

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

said tray is a sieve tray having a sieve portion and a downcomer portion.
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said d1 and said d2 satisfy the formula (7); 1 < _ d, /
d2 55 (7). 5. The process according to any one of
Cains | to 4, wherein L, Db L/ D, n, D/ di, and D
/ d2 for said continuous multi-stage distillation
col umm satisfythefollovvingforrrulae; 2300 5L 5

500?(3 O'Ehg< OOO S gcggkéﬂg;g%g&%ga—r\vﬁgw%]gg% %’ieve tray

nasC1 88581 856 leR i Akalsite ReflShuing st  nuous |

mJItl-stage di sti IIatlon columm sati sfy the foll ow ng
formul ae; 2500 < L <_ 5000, 210

D5800, 7<_L/ D<_20, 40<_n<_90, 5<_D/ d1513, and 95D/ d2<_20,
respéct i vEhg. proceleapcocding brladnng droldpwhereinfa
Clains 1 to 6, wherein the aperture ratio of each

crodg-Redtioridl ardapae Milef 6P8ad Sidwe $ré7),%s 8n alh@ngeosehvm 0.5
according to any one of Clainms 1 to wherein the

to 5APRture ratio of each tray is in a range of from1.9
to 6.0% 9. The process according to any one of Cains
| to 8, wherein said tray is a sieve tray having a
sieve portion and a downconmer portion. 48 10. The

pro ss ording to claim rein,said e tra

PooT200 1 bhgoris dhasacrorBing:td oians; A DbT . Aifprel
thereof 11. The process according to CI aim9 or

apmﬁeraﬁl% (aciadio of & totah arogseseplipnabpearofsthey hﬁ'@%éo a
tray is in arange of fromO0.5 to 5 cnR. 12. The

totaprareasef tie sidvaglate Cagitainiogothel areaief then hole portion) of
aperture ratio (a ratio of a total cross-sectional

saidisteveitrandés holesangeaf from 1.9 to 6.0%.

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

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

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

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

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

at least one first inlet provided in the upper portion and / or a
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total area of the sieve plate containing the area of
the hole portion) of said sieve tray is in a range of
from1.9 to 6.0% 13. A continuous nulti-stage
distillation colum for carrying out
transesterification between a cyclic carbonate and an

- qal ' ' lc istillation, the
mice HA st oﬁ%%ﬁﬁy%[ Q&:ﬁ&.eﬁ?@ P8l ghs"ahghnand
|S|n I|n al trunk portion hayin ,
|e55 1825 bnp taoRd ISl aeovidsdin thS it Pationgnd / or
havi ng nunber of stages n provided |nS|de sald trunk
the jewaropertioyaf waid edlumaniakowes saidilinuidi autietr wherein:
(cm provided at a top of said colum or in an upper
por {1 pthefleagthl Lc(tmsatisfies dheHertmapa (@)t i qui d
outlet having an inside dianeter d2 (cm provided at a

bottom of said gebpna [0k gmo@ | ower portion gff)said
colum near to the bottom at |east one first inlet

Pr oy2 b Ptk liAsidE diPRRtePT "{bﬁﬂ @f”ﬂwé cBiufin égtlg'ﬂ@ 'ﬁna formula

porti'on of sald colum bel'ow’sali d gas out
(Z)Ieast one second inlet provided in the n1dd|e portlon
‘and / or the | ower portlon of said colum above said

liquid outlet; e| the length L (cm
satisfies the f ﬁwﬁ §&b°2100< L< 8000 (1)2} (2)
the jnside dianeter of the colunn satisfies the

for h1 2 1329 o1 186 lenth l<(eQUdi the ‘pSplendrampEeED (i) of the

length L (cn? to the inside dianeter D (cm of the
column satisfies the formula (3});

4<L/D<40 (3),
(4) the number of stages n satisfies the formula (4);
10 <n <120 (4),
(5) a ratio of the inside diameter D {cm) of the column to the
inside diameter d4 (cm) of the gas outlet satisfies the formula (5);
3<D/dy <20 | (5),
(8) a ratic of the inside diametér D (cm) of the column to the
inside diameter d, (cm) of the liquid outlet satisfies the formula (6);
5<D/d;<30 (6), and

(7) an aperture ratio of each tray is in a range of from 1.5 to 10%.

14, The continuous multi-stage distillation column according to
Claim 13, wherein said d4 and said d; satisfy the formuta (7);

1<di/d<5 (7).

15. The continuous multi-stage distillation column according to
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colum satisfies the formula (3); 45L/D<_40 (3), (4)
the nunber of stages n satisfies the forrmula (4); 10
< n <_120 (4), (5 aratio of the inside diameter D

(cm of the colum to the inside dianeter di (cm of
the gas outlet satisfies the fornula (5); 3<Dd, < 20

C|ai(n'-?)1'3 Qﬁ)uﬁt Wﬂtér&.?i_ e ingi de ﬁfc?‘fr?ﬁd D (Y c?rfségf

de diraneter d f the I qui

fw A R B 0 Rl Yoo

Th I
2300 21l 160081208 5 240004158 L4 DS 30n3b < 0ireia0, 4 <D/ dy

said d, and said d2 satisfy the fornula (7);

< 15,<gdd/'ﬂK_D5/ dz)< 2515espestivalyi nuous nul ti - st age
distillation colum according to 50 Claim13 or 14,
wherein L, DL L/ D, n, D/ dl, and D/ d2 for said
continuous nulti-stage distillation colum satisfy the

fol hgwi ngThHEr ddhBRUOUS multi-stalg_]e distillation column according to
2300<_L< 6000, 200<_D<_1000, 5< L/ D5 30, 30<_n<_

anyi@ﬁeﬁr%%mé 15510 A% yih&reiR L, g)z II%F ffﬁp%ﬁt iRl D / d, for

e cont1nuous milti-st age 'ation cof um

salBEHH Bl I UPL1 05 b BPfEe %@wﬂsa. A Buino
o 2680 40488 SR00 1212 35 59, 4 < 0.

D< 20, 40 <n< 90, 5D/ d, < 13 and9D/d2

< D4 dp& 18eqpebi v & ¥ .d219 20resaantivRlyus nul ti - st age
distillation colum according to

17. The continuous multi-stage distillation column according to
any one of Claims 13 to 16, wherein the aperture ratio of each tray is in a

range of from 1.7 to 8.0%.

18. The continuous multi-stage distillation column according to
any of Claims 13 to 17, wherein the aperture ratio of each tray is in a

range of from 1.9 to 6.0%.

19. The continuous multi-stage distillation column according to
any one of Claims 13 to 18, wherein said tray is a sieve tray having a

sieve portion and a downcomer portion.

20. The continuous multi-stage distillation column according to
Claim 19, wherein said sieve tray has 100 to 1000 holes / m? in said

sieve portion thereof.
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any one of Clainms 13 to 16, wherein the aperture ratio
of each tray is in a range of from1.7 to 8. 0% 18.
The continuous nulti-stage distillation colum
according to any of Clains 13 to 17, wherein the
aperture ratio of each tray is in a range of from1l.9
to 6.0% 19. The continuous nulti-stage distillation
colum according to any one of Cains 13 to 18,

or fion anbeacaftnbBig FuBliTstah® BRI R sqilfif ageording to

mul p1-stage distillation colum according to i _C aim,
Claffy 14yt 20 wiharein dpEoTs 5P AN alow ad PRI IRoPESard fgeve tray
. .in said sieve portion thereof. 61 21. The continuous
is inm@ tange afefransG.51tat d ®ntol um according to daim 19

or 20, wherein a cross-sectional area per hole of said

sieve tray is in a range of from0.5to 5 cnR2. 22.

The continuous nulti-stage distillation colum

accgpdi ngThe céhBhlibd@ ®iullstayeedritiliftiandiufth Galtoeding to

(aratio of a total cross-sectional area of the holes
Clahfl 200, WHeh d ?Be?h?r\é_eaé)('iét(s SR 8 BotdiGodke8ectional

0 a range

of ~the 'hole portion said sieve tray is In
areffof (HEhb1ds 8 218741 2fea of the sieve plate containing the area of

the hole portion) of said sieve tray is in a range of from 1.9 to 6.0%.

52




