Al 74/ KAN PROCESS FOR | NDUSTRI ALLY PRODUCI NG

A05050\2ﬁ‘ky RBONATE AND DI OL Technical Field 5 The
present invention relates to an industrial process for
the production of a dialkyl carbonate and a diol with
a high yield. Mre parti cularly, the present
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period of tinme by a react illation 10 system of

taking a cyclic carbonate and an aliphatic nonohydric

al cohol as starting materials, continuously feeding:

the starting materials into a continuous nulti-stage
Techdical Fliakd on col um in which a catalyst is present,

and carrying out reaction and distillation
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reaction systens, four systens have
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, systgywéﬁakmm evche carhpnate and gehaliphatic mangh cohol
catal yst are put into an autoclave, which is a batch

as starting onatesials, continueusly teedisgcthe starting materials into a
hol ding 1 A0501 VP74/KAN for a predeterm ned reaction

continveusndalti-stagepdistidiatompeotumneirmwhich a catalyst is present,

and carrying out reaction and distillation simultaneously in the column.

Backgrbund Art

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

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

which is a batch reaction vessel, and reaction is carried out by holding
1
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reaction tenperature above the boiling point of
AM%\’RZWNS%; for exanple, Patent Docunent 1. U. S
Pat ent No. 3642858, Patent Docunent 2: Japanese
Pat ent Application Laid-COpen No. S54-48715 5
(corresponding to U S. Patent No. 4181676), Patent

for §BFA88rsinec PRGBARR SRGCHNHEPH SEHIRRL bobTRRe at o

Appl | cation, Lai d: Open,,No 54-148726),. A.seco system
reachiBM,{<Ppeintiie Abavethe boling MAIGE of mAtEARE! (sS85 TSt
distillation colum is provided on top of a _reactiaon
examplgePatenhagument darh haPatent Naundf44888a Ratenty st
are put into the reaction vessel, and reactionis
Documéntt2: papacesebfatent Apglicatwmplaidi@peannba. S54-48715
tenperature. Wth this system to nake up for

(corrspuemdingdts Ul IS eRlatérit Nt auign 82@ntPatent Diocumeat 5:
produced di net hyl carbonate, nethanol is added to the

Japdifdsd iIFstent S5961ic408h NAIRUSPeP NJ. B A6ITE, PutenDocument
any event with this systemthe 15 reaction proceeds

. . N . o in
6: JealgsP faferCREblRALETT Al Olilod NoP S¥%-adraty. |
ar r nt. The .reactioni h at t ;
e BRERRRLsvg i 5 2 GV5T0m TratgdEe s Hrf drndfBtud 1 which a
. ..[rethanol under reflux taking a_long tine in a, range of
distiflabipnacebimpyis, PERVIREE &N 19R.OT A Rstion vesspl; aliiyiehe
Docunent 3: Japanese Patent 20 Application Laid-Open
carbagates methvanel andra satalyst aye: putingo the épackion vessel, and
4062884), Patent Docunent 4: Japanese Pat ent
reacopl isarade tbap tbcgmeah byNoeaBg- Usalsredeterpipeddiempeoature.
U S. Patent No. 4307032), Patent Docunent 11: U.S.

WithPeiendyiem 360 Wrake .upAféh mathsirrsl efistitled offnthroughsazeotropy
reaction systemin which a mxed 25 solution of

with&hley b Fo@u 84 lttﬁﬁ?éﬁl R rEBna8 O méthaHullisna@deintd Bk reaction

into a tubular redctor maintained at a predeterm ned

vosdSESHARUERERPER ot By P ANYFAA i R o ne
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 refilux taking a long time in a range of from 3 to
over 20 hours (see, for example, Patent Document 3: Japanese Patent
Application Laid-Open No. $51-122025 (corresponding to U.S. Patent No.
4062884), Patent Document 4: Japanese Patent Application Laid-Open
No. S54-48716 (corresponding to U.S. Patent No. 4307032), Patent
Document 11: U.S. Patent No. 3803201).

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

solution of ethylene carbonate and methanol is continuously fed into a

tubular reactor maintained at a predetermined reaction temperature, and




met hanol and di net hyl carbonate and et hyl ene gl ycol
AO0SOANYRA4AAN pr oduced is continuously withdrawn in a
liquid formfroman outlet, on the other side. Either
of two processes is used depending on the formof the
catal yst 5 used. That is, there are a process in which

a_honogeneous catalyst |s e ' gh
a refoStUBIEre elelr it ybleal il eyl 325RE HYY
of ethyl ene carhonate and nethapnol, and then after the
methaneh apd dimet t%ﬁr;watg %@éﬁﬁﬂi@n%& yepLRIRR are produced
reaction m xture (see, for exanple, Patent Docunent )
is continupusbswithdrawn ip@ liguid sSarmairampgshontiet an the other side.
63-41432 (corresponding to U S. Patent No. 4661609),

Eith&abénwdDpcocesses 16 usedSdeparatinghon thessespf thedcatalyst
process in which a heterogeneous catalyst fixed

5 used.nsiThattige thebalsre 4 precessiin which @homégenesasniatalyst is
Patent Docunent 8: Japanese Patent Application

usedi oS g 156 e gt oghufly iemrars ineo

: ' P . 46 :

soluf B SRRV sEPhthle S Hestipgl BN n afif g reaction

the Sathiat i aaparaten autdrom: e ieReLa BT TuRaloEnicd example,
with this continuous flow reaction syst m_gsbn% a

Patqn}blapsum%ab{f’opl,ananesesHa&ga&ﬁnﬂlmt@owi@ riqpen No.
et hyl ene carbonate conversi on higher than the 20

10 63-444d2 i(normn-cmdﬂegstmhl.SetFéahantdSOby*&ﬁ@Q:Q))nﬂ%et&ntoﬁocument

ratio put in and the reaction tenperature. For
10: x8mPFatemddor di734 518 ) e hepfiocas i avhiichDe hietenogéneous
(Japanese Patent Application Laid-Open No. S63-41432

cata@;fﬂrfiﬁéaqﬂ_%ii@e the fdbwlaPaéastoMNs uéedl@EHd,)forf@xample, Patent
flow reaction at 130C using a starting nmaterial put in

DocW%.tas‘T%gfafe;”stél?a?%gﬂgy@@ggé% A_ﬁgﬁgpé'ne%. $63-238043,

carbonat e € conversi on

Patqyi Fochmell g E PARSEAIRIBAYRh, Hid Rar V.

15 8642;5??}3? Pc%rifgsf)gﬁdlrnega%il?.%.nli’éigﬁ’FN@Stlﬁg‘%i?%a}r ajfﬁ% 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

20 equilibrium conversion determined by the composition ratio put in and the

 reaction temperature. For example, according to Example 1 in Patent '
Document 7 (Japanese Patent Application Laid-Open No. S63-41432.
(corresponding to U.S. Patent No. 4661609)), for a flow reaction at
130°C using a starting material put in with a molar ratio of methanol /

25 ethylene carbonate = 4 / 1, the ethylene carbonate conversion is 25%.

This means that a large amount of unreacted ethylene carbonate and
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recovered, and recircul ated back into the reactor, and
AOSOInVBE4KANT act, with the process of Patent Docunent 9
(Japanese Patent Application Laid-Qpen No. S64-31737
(corresponding to U S. Patent No. 4691041)), 5 nuch
equi pnent is used for such separation, purification,

,.and . [ | ati .. f t t [
metthaiset e in Hie sracharcmiye Ml e Sebdrtedqut.
present inventors (see, for exanple, Paten .Doc%msnt .
recoygredagiferecirguiatad bask iota tha reacte actual fact, with

H4- 198141, Patent Docunent 13: 10 Japanese Patent
the pyoressiof dtateait Dopement. 9 Hdapanese, PateshApplisaliht
- 14: Japanese Patent Application Laid-Qpen No.
LaidEQpkrotinl, S6£#3 £N3 7 Peonresponiding bpdh& P atardnNo. 4691041)),
Application Laid-Qpen No. H9-183744, Patent Docunent

mucﬁﬁéqdﬁﬁﬁéﬁﬁ‘iﬁs Rl for®ith e p #atich Jp Gifieatide, recovery, and
HO- 194435, Patent Docunent 17: International

: Leation No. 15 W97/ 23445 (corresponding to
rec'%ﬁ%ﬁ‘gg‘h Patent No. 0889025, U.S. Patent No.

5847189 a .Dac 185, L ' . :
P 10d{thor M i9g0EPRRtius YistMaEldIkkeh first disslosed by
Pat ent, No. 1086940, U.S. Patent . BR46638 Rat ent
the BERSARhINESOr S 8PRaTPE/RXATPRI RATSRH DR UMegh 25 hipanese
‘(eorrespondi ng to European Patent No. 1174406, 'U.S. %%
Patent: ApplisstiosulzasbOpemrNenHpd 8814+t PatentBosusment 13
Patent Application Laid-Open No. 2002-308804, Patent
Japanesedtatedtt: Applicatien [Raid=Ripemib. Har230243, Pajant
No. 2004-131394), that is a.continuous production

Docommees $4t JaphindsecPateah A ppidation ¢ aid<0 penhNoolH8+£76061,
each continuously fed into a nulti-stage distillation

Patérf! BOurd@At A%acfdpiihese Wt@n@d\ﬁyﬁcéﬂﬂoﬁiéigeowmme

f a catalyst in a plurality of stages in the

0

o257 4 SOt ! Joa TR EIRHEAPBIRtos LaieOper
No. HE- P4 BLtSh! DdRimBht 3PR! Ini8H 80Sn k" PUBIfARIF NG
WQ097/23445 (corresponding to European Patent No. 0889025, uU.S.
Patent No. 5847189), Patent Document 18: International Publication No.
W0099/64382 (corresponding to European Patent No. 1086940, U.S.
Patent No. 6346638), Patent Document 19: International Publication No.
WO000/51954 (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 ethylene 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 .
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active distillation systemis used have subsequently
AOS(%E’H-’W%U by other conpanies (see, for exanpl e,
Pat ent Docunent 22: Japanese Patent Application
Lai d- Open No. H5-213830 (corresponding to European 5
Patent No. 0530615, U.S. Patent No. 5231212), Patent

prodiied &b spparal Bl Palsitapphceafihs Pyl %ﬁec?\ a

0569812, U.S. Patent No. 5359118), Patent Docune

reaciive digliliatien systam ippsiseshhaye s_%b%e%entlbaobeen filed by other
2003-119168 (corresponding to Internati onal

compagiies {seen foin exagopleacBai®)t Desumnent @2Dclapamese Patent
Japanese Patent Application Laid-COpen No. 2003-300936,

Apphaation Deid+Open MNo. BiGR1383P{tontesiunidingt to European
Lai d- Open No. 2003-342209). In this way, the

PatdWtoNSs DTB0B PPOERS. Pafedit!Nof 82 300 iPMteiteD oL dni 23
carbonates and the diols fromthe cyclic carbonate and

Japéﬁ@sé%ﬂérﬂ??ﬁ%ﬁggﬂngﬁeyg dyqﬁ%mﬂ?' HBLD50F )gé?lgrr%sp(oﬂdmg to

systens: ch reaction s

Eu“:}r éff-?“?fe‘;rﬁﬁﬁih%@%ﬁf”pﬁé%r”%ﬁehﬁ%%ﬁéﬁ??ﬁl g’

Docipihbf4: JAangss Fatant BRRIGALICH LaiarQBRGrR, A3 119168
However, there have been problens with these as

(corregpending to dntermational PupligatioreNo. (WO 03064 18) .t Patent

of the cyclic carbonate conversion is determ ned by
Documento2bodapane seuPatenaippleatiembaid:Qpen Nanc20tb3+c3é)0936
the reaction cannot be carried out to conpletion, and

Patentubochene 26260 napatiaxe iIFateatAddlicatien Laid- Up%rﬁhﬁ:e
of (2), to nmake the cyclic carbonate conversion high,

2003!@4m@gl\rced di al kyl carbonate nust be 5 A0501
VP74/ KAN di stilled off using a very |arge anount of

thqnofHi @R} CtHP pPBYEE56s P oY ¥¥ed hitherto for producing 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 distiliation
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
' 5



and a long reaction tinme is required. In the case of
ADSQUYP7d4kANeacti on can be nmade to proceed with a

hi gher conversion than with (1), (2) or (3). However,

processes of (4) proposed -hitherto have related to

producing 5 the dial kyl carbonate and the diol either

. ..lN.S anounts oy for _a s erion
distil{GICORHSING HOVRTY: (210 ARGHLLS Rl qm%tmsnbarﬁaw alcohol,
industrial scale stably for a prolonged pg
and @ lang Teactipg timeeirereguisedssdd the £ass o (¢ Htﬁjf?ﬁ'étw" can
obj ect of producing a dial kyl carbonate continuously
be made tbappcesd with (@ highenconyessiomthan with /(1hr (2) or (3).
stably for a 10 prol onged period of tinme (e.g. not

Howeses, phooedf88 dfo(#)sprapeded dithenothavesslateantspddducing
hours nore preferably not |ess than 5000 hours). For

5 the 3?@@ Earﬁaﬁaf@é'rﬁ}lfﬁé/ %ﬂrolleértﬁbrtrhesrhﬁillgé‘hddﬁtscm for a short
di unber of stages (n) of the

oo 851 474 L Sy G B on o
. 15 .product |l o f.qr
indusFriBl B5HIR aranh. o A %Pgsgrﬁé‘ﬂﬁf’ St Hig: amdfat ©, these
et hyl e lycol (EG t ar bonat e, and
ProcasSes, DAVE: SohatiaIed NG abjeRiypbpiodianihe @ﬁﬁr'@wa’"a*e
TABLE 1 PATENT H: cm D : cm NO.. STAGES . n P :
continuoysly imedavgeramounio(e2gsmdd less than 21is>n16d51r!s Szt@biv for a
0.427 NOTE 5 16 160 5 40 0.473 NOTES 18 200 4
10 proleagedNs: GodUyNtinDe Xend. 0obtessithans1000 hvans, prefecably not
0.275 NOTES 20 NOTE 1 5 60 0.258 NOTES
less than 3000 hours, more preferably not less than 5000 hours).
For example, the maximum values of the height (H: cm), diameter
(D: cm), and number of stages (n) of the reactive distillation column, the
amount produced P (kg / hr) of dimethyl carbonate, and the continuous
15 production time T (hr) in examples disclosed for the production of
dimethyl carbonate (DMC) and ethylene glyool (EG) from ethylene

carbonate and methanol are as in Table 1.

Table 1
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21 NOTE 1 5 60 0.258 NOTE 5 22 250 3 PACKI NG COLUWN
AOSONRREMIKAN 0. 392 NOTE 5 23 NOTE 2 NOTE 2 NOTE 2 0. 532
NOTE 5 24 NOTE 3 NOTE 3 42 NOTE 4 NOTE 5 25 NOTE 3
NOTE 3 30 3750 NOTE 5 26 200 15 PACKI NG COLUWN ( BX)
0.313 NOTE 5 NOTE 1 : OLDERSHAW DI STI LLATI ON COLUWN.
NOTE 2: NO DESCRI PTI ON WHATSCEVER DEFI NI NG
DI STI LLATI ON COLUMN. DESCRI PTI ON
DEFI NI NG DI STI LLATI ON UVBER OF STAGES.
NOTE 4: NO DESCR! PTI ON WHATSCEVER OF PRODUCED AVOUNT.

] -: : 'v_ ~» oTran —
DB SHHETL Y o

NBt:dkgfirat| T:hr.
aggfor [t heygy ef ¢
ot ve,_dndz ilb {

D FNEU SIhGES'EIrNE

1P R‘lrh{}:dl.ﬂﬁﬂdik&f Ob.932 . | NOTES
dj S(Pt hvl :NqTﬁﬂn o bl yr‘nl t rﬁ f fg NOTE S
t pAnses cat al yt8@& converki 08-258 NOTE 5
reacti on NErpaer) etlisyl ene carborgg e and nptha®ess. || NOTE S
sagw d e di ead Ih%[ [“I?'A&@NGEQQ‘. _ Calp.369' UEF NOTE 5

3 LIIU ¥ d-KE'znf ClAAlT T y QE. galtll NOTES
eRénpl j iNOTE 3s{ aN&IEt:h 3750 k4?1 hr of | diN@Tg4| | NOTES
casbonal NOBE 3 3pNOTEZ A | y proddced. The| scA760 NOTE 5

1 eféﬂp' @mtmemm(m an p@yaual | NOTE 5

TOT e, ce TS

NOTE ) OLDERSHAWIDISFHAATIAN GALUMNC: ne ti e of ¢ he

NOTE 2 : N§ DESCRIPHION-WHATSOEVER DEFINNG PISULLATION GQLUMN.
NOTE 3 : ONLY DESCRIPTION DEFINING DISTILLATION COLUMN IS NUMBER OF

STAGES.

NOTE 4 : NO DESCRIPTION WHATSOEVER OF PRCDUCED AMOUNT.

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

Note that Patent Document 25 (Japaneée Patent Appiicatidn
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 object of
operating a commercial scale apparatus for producing dimethyl carbonate
and ethylene glycol through transesterification by a catalytic conversion
reaction between ethylene carbonate and methanol. It should be noted
that the following numerical values in the present example can be
adequately used in the operation of an actual apparatus”, and as that
éxample 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
7




10

156

20

25

25 (Japanese Patent Application Laid-COpen No.
A050206é7$5@§%6) (April 9, 2002), operation of the
world's first |large scale conmercial plant using this
process had been carried out. However, even at the
time of filing 5 the present invention application,

that 5548 BB ot Poto AL R Begop o Ptent Document
25 ({Shancaesatant heplisation Heligpee e, PRoSiS0bese Gprit o,

stated for the produced ampunt of dinethyl carbonate, .
2002)utoperationiod ther werld)s itst darge scale gainpgneiakplant using
85.6% and the 10 selectivity is approximately 88.4%
this pnocéssdmd bemmparriedadlly bHowever,éxan atithehtipiepf filing
and high selectivity have been attained. In

the padduinientiomappicatidmcthere is hotithetfact tatallt hiMoreover,
process has a fatal drawback as an industri al

in th%\’]QQHﬁ{eﬂle'”%PWéﬁigpcfd\!%&n%'ﬁ’ (MﬁhntbmthﬂCAﬁBﬁbaiﬁn

apanese Pat ent I cation Lai d-Open
. 42 - 3 d Vv ' r :
Loid SRR S0 3080 0038T e chy, B SR Dalid B 16 eoretically
requested). .Wth, t reactive distillat]i :
calop fRleE uglle, if sisitad ol FRE Préfuted amAACRr Bibdifiyl carbonate,
conmposition variation due to reagtiqgn, a 0NMposi.ti on
but the yieldoferdethylene; kool is iarproximately ggi-qs&’a{?%‘i the
colum, and 20 tenperature variation and pressure _
selegtivity: isoap proximeataly B 4% nansehescecis mannetgaliypecsaid
operation for a prolonged period of tine is
thatax hogiparie bkl almyd higty selddtiviy theess baen attapaedi cdhgparticular,
these difficulties are further increased in the case

the Riw n8ktivity ivdica P taSthiSp s las adatal drawback as an
production of the dial kyl carbonates and the diols

ind déih?g ggggu%ﬁd"eﬁ%#é’ﬁ f'r; %tlhio:t{agélbentﬂmt patbritt Polcument 25

pro period o me "W mal ntai ning hi gh
ol PR AAGhA SR RN b0k was dseme
to héggi t%éﬁ Withirawd of nJual_e%,aﬁﬂﬁsn&'&te % khmiShtidn not having
been requested).

With the reactive distillation method, there are very many causes
of fluctuation such as compdsition variation due to reacfion énd
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




However, the only description of conti nuous stabl e
AOS%\&BZ&&K&M for a prolonged period of tinme with the

reactive distillation nethod proposed hitherto has
been the 200 to 400 hours in Patent Docunent 12
(Japanese 5 Patent Application Laid-COpen No.

an Bl oLl oA oy s ERUGF B By doviset

| nvention Proplens to be Solved by t [nvenfiqn 1Q It
HoweyeZn th anly Grsarmeligheerontinvoms: siblg RicEiHdion foF o

t he case of roduci ng dial kyl carbonates and diols
PTOIGhﬂadtﬁeﬁDﬂyOf timexwjth theueastive gistillation smethed proposed

ton / hr for the dialkyl carbonates, and not |ess than
hitheartd hasbeemthé 200 he 400 IhurshinoBgbent Dexutreat 12 (Japanese

distillation systemof taking a cyclic carbonate and

Pateait Apphbation DaibOpen NG| Hahd0844 19t and iPaterit Document 13
materi als, continuously feeding the starting materials

Ja 'ﬁgfé%é‘ ht Agpiication Ligialope g, IH423e248p! UM in
(Jap I ch ﬁgmgg eouas cat al yst 9is present, ancharryi ng
out reaction and distillation sinmultaneously in the

colum, a specific process in which the dialkyl

Di gar bon%\tﬁs ang. the diols can be produced w th. high
ISCIRPHUET A f'yeg P gh productivity stably for a 20

praql onged period of tinme (e.g. not, I'ess than 1000
ho%@,q’qﬁm o be ?%\‘6@"?%&@339(%@"@@% hours, nore
preferably not |less than 5000 hours) with a high
yi dt ds aveahjedtoof the \nregentdnpesbioanto pravide.nor the case of
present inventors first disclosed a process for 25

procumihgndialisylycarbahiaiesyandedidilalikdustraallpintlasgeramoumts (e.g.
diols using the continuous nmulti-stage distillation

not RYs!than s /vio g digiRy | SafBbRAteE/4hdAbt less than 1.3

proposal s regardi ng i nproving this process. However,

ton { IhﬁgS{ gggfgi?gg;tq@ye ! %g%é?tﬁ\g?gﬁsﬁﬂﬂﬁﬁh%&s@ﬁrﬁtﬂdwng a
cyclic carbonate and an aliphatic monohydric alcohol 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 dialkyl 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
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have been no di scl osures what soever on a specific
A05Q;k VPZ44AN apparatus enabling mass production on an

i ndustrial scale stably for a prolonged 5 period of

ti me based on findings obtained through actual

inpl enentation. The present inventors have thus

arried out,.st at _discover,i S
prosile o e d@nrﬁa"aé'iﬂr&Presﬁssnaﬂéﬁ%&e@f i€t dfave been
pr oduced n an i ndystri al ale o

on a.$m3) sBalpandsBorhanesatipg time laferators laval.@nd there
carbonates and not less than 1.3 ton / hr for the

havejibsien no distlogures whatseienfican R spegifie PrPEOSH thagparatu_s
hi gh yield, high selectivity and high productivity.

enabking massl produnctiopn erean industrial sdadestably fied a pmolonged
the present invention. That is, in the first aspect of

peribeoffinfe blasiety ot findindgd ebtaied timougldactuab m’h lémentation.
process for industrially producing a dialkyl car onate

Thej{l@s%rﬂ'sﬂbe‘n@oré’"ﬂ'a% s gh‘f‘hg)dl oﬁ w@seaﬁﬁédté‘lemscovenng

are cont1 nuousl Yy proauce a reactive

a selcifiG ARl HakARoInd agmgﬁﬁgsmegaarmﬂaemewto be

startin

orod 4 ) B RN R B oo A 2 1on 1
Itl-staedlstlllatlon colurmln whi ch neous
for {hgy diajkyl pgrbanesﬁfwndcapi yesE than 1ehian grf"a e diols

distillation sinmultaneously in said colum; 25
stabdy for miprelonged period o timeowitboa high yield: highseleativity
m xture containing the produced dial kyl carbonate
and fhighn prodygtévitypor Asoa mdsultethel préfeotl infEntoisNhawe rsached
in a gaseous form and continuously w thdrawing a high
to tH®ipreB8nPehPéntigacti on m xture
That is, in the first aspect of the present invention, there are
provides: |
1. a process for industrially producing a dialkyl carbonate and a diol in
which the dialkyl carbonate and the diol are continuously produced
through a reactive distillation system of taking a cyclic carbonate and an
aliphatic monohydric alcohol as starting materials, comprising the steps
of:
continuously feeding the starting materials into a continuous
multi-stage distillation column in which a homogeneous catalyst is
present;
carrying out reaction and distillation simultaneously in said

column;

continuously withdrawing a low boiling point reaction mixture

containing the produced dialkyl carbonate from an upper portion of the
10
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containing the diol froma |ower portion of the colum
AQ5G1INVR74 d form wherein: 5 said continuous

mul ti-stage distillation colunm conprises a

cylindrical trunk portion having a length L (cm and

an inside dianeter D (cm and having thereinside a

tr ?/ W th nurrbe{? of stgges n, and conprises a gas
00'0615} @ G3FPRYSIPThsPBE di aneter d1 (cn) provided at a

top of the column or in the upper, portipn of the .
colcontimiauslyowithdrawing a f'@gmwi"agoaw& reaction, nawture
inside dianmeter d2 (cm provided at a bottomof th
contatnimgnthe diol frieen loleweppoartion of thesalumanin r?eklﬂu!@) form,
the bottom at |Ileast one first inlet provided in the
whetgiper portion and / or a mddle portion of the colum
bel ow said gas outlet, and at | east one second inlet

Pr @4idesbntinibas %GWl%’tﬁ.étdi%mm&ibd colummecbmymises a
portion of the colum 15 above sald l'iquid outlet,

! ri‘sciﬂélﬂh%meter D
cv"'%&}%ﬂ Grplssalilin LG 7 16RBH Lo T BCstag A
t.he. col u S r
(em)3nd B Herdlheids Biray it f engf’ﬁ stéfeg b ande
i nsi de di anet C the, colum sa
compgisas 4 935 0@[@%5\"’3%&&0'"&35‘6 di emeweéhﬁ?mirpf&‘ﬁded ata
stages n satisfies the formula (4); 25 105n< 120 (#.
top pbthe aalumn e inHdie HPPEE Rﬂfélﬂﬂ é”if the(eaiirap 1Rar to the top,
colum to the 11 A0501 VP74/KAN inside dianeter di
liquidcoptiet hahwingaan dnside diamieder ek (om) psevided @t)a bottom of
35D/ di 520 (5),
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
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/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
11
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6) a ratio of the inside dianeter D.(cn) of the
AOSoVEFA/KANt he inside dianmeter d2 (cnm) of the liquid

outl et satisfies the formula (6); 5 5< D/d2< 30
(6),and (7) an aperture ratio of each tray is in a
range of from21.5 to 10% 2. the process according to

. .jtem1, wherejn a prpduced a nt _pf.th d; al ;

inside, Apmate! ds (edn) pEaBe: Fan cilfelnsatipfieddne; faniila (51
according to iteml1l or 2, wherein a produced anmount of
10 the diol is3nsDVebs<t2@n 1.3 ton / hr, £5nhe
process according to any one of itens 1 to 3, wherein
sai(6) é ratid ofsthiedingideadiasnetehP (eminaifdhgzgolumnitaythe
/| d2 <5 (7), 5. the process according to any one of

insidd diambetee &b, (ohpofitheliqiid butled satisfies the/fodtmulan(b);
D/ d2 for said continuous nulti-stage distillation

colum satisfyg the /f@l koypng formul ae; 230 , lairfd
6000, 200 5 D giOO({, 45"<_ L/ D <_ 30, 300(<6i) n <

rlg ggéa.f\?gegrtﬁ’rbe Fﬁéfbf 846h 4ra @s/ila;jaﬁéépéé’ of from 1.5 to 10%,

process atcor any one of
itens 1 t

05 erein, L ) , [ oGkl
2. thg Brgpashiacaariing oL, i mnereo aPrpfupel aniinCief the
20 satisfy the foll ow formul ae: 2500 _< L 5 5000,
dla'&n*of:&f_b@%testﬁonot less thap 2}0205 Ao <n<_ 90, 5< D
/ d, 513, and 9 5 D/ d2 5 20, respectively, 7. the
3. the peecesa@rnandingite wam dner & whesainia psogducgeamount of
the aperture ratio of each tray is in a range of from
the diol ison8t (24s 8hanhk 3ptwcédy, according to any one of
items 1 to 7, wherein the aperture 25 ratio of each

4. theé processadcd@iag tof ahynd of items. %o 3, wiherepn caidd, and
according to any one of itens 1 to 8, wherein said

said El%dt?sf ]tﬁ MPAY-KAN a sieve tray having a sieve
portion gn a downcofrer portion, 10. the process

according to it ergin said sieve tray s 100
ac £24; /4Ly (PP

5. the process according to any one of items 1 to 4, whereinl, 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 < D/ dz <25, respectively,

6. the process according to any one of items 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/dy<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
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1000 holes / nR2 in said sieve portion thereof, 11. the
ADSQI IRV KAN cording to item 9 or 10, wherein a

cross-sectional area 5 per hole of said sieve tray is
in arange of from0.5 to 5 cnR2, 12. the process
according to item 10 or 11, wherein a aperture ratio

.(a ,ratjo of a total crpss-sectignal_ a hol es
a sievp tayohayig &.56v8 parian A9 4 3PMnGilrHion .
area of the hol e portion f said,sieye tray is in
10. thenpeocass ageording éoet@;}; 8 whareinsaid sievacdiayd %a' 00 to
to the second aspect of the present invention, there
100k holes d\mgéu:sajd. sigveoportiondbenept, - st age

distillation colum for carrying out

11. theaprocsdss alcicoading tbdtemed aa tQcivherein ooross-wettional area
al i phatic nonohydric alcohol and distillation, the

per KOIY bP4@i@ sitVbitraydsanta yahgleasf fiom 0.6oto Bnem?,
conprising: a cylindrical trunk portion having a

12. *heenﬁf'@césé %c&pﬁ’n@%i if$indeo oif MEWHerBih @hpettireiyatio (a
av S k

ng nunber o ages n provided inside said trun

iP5 Bl B KPR hrdR i e oleieiels e g ne

siovBHiabS et it aPR 5k Pl iy ot S8k gay e in
bottom of said colum or in a |lower portion of said

a raggewinfreeat .Pda Bd%pot t omp 25 at | east one first

inlet provided in the upper portion and / or a mddle

pordniaddidiors aaccerdingrtdbthesesaind gapestfdhe aresant

A0501 VP74/ KAN at | east one second inlet provided in
invehtionyittiére ax@ provided! / or the |ower portion of said

col um above said liquid outlet; wherein:
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 d1 (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 outlet; and
13
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the length L (c satisfies the fornmula (1
A05C£11{¢B€&§%Uog(1) (5”)( 2) tlhe :nS| de di aneter g)zcrr) of

the columm satisfies the fornula (2); 180:5 D 5 2000
(2), (3) aratio of the. length L (cm to the inside
di aneter D (cm of the colum satisfies the formula

st JFAed o SRbn il probifnd 18l g8l Pajifn ana o
e PSR o oA fouR 450 YR il Wt
satisfies the fornu ;15 35D/ d, 520 (5), (6) a

r at(ild the Hﬂgthnbl(ﬁw)&%%fléﬁ the fapmela {h5 col um to
the inside diameter d2 (cm of the liquid outlet

satisfies the far0fukal (GBN005_<D¥ d2<_30 (6),ehd (7)
an aperture ratio of each tray is in a range of from

1. §2)ch&Omside dibmeéter DAeimobuhentdiuimntsxtisfies the formula
distillation colum according to item 13, wherein

(2);sald d, and said d2 satisfy the formula (7);
15d1/d2< 5 (7), 15. the continuous nulti-stage

di stillation coféﬁnlac g'g to item 13 or ()2’1)4

vvherelnL D /dl and D/ d2 f ‘sai d

3 o' Faliorsr e endbF Lt bo the' Ingla§ HigHTa RO (M) of the

1000 5.5 L/D : 530 05 5100 45D/ dl 515,and 7 14 A0501
colujpy Satiglies the fesmyila )respectlvely, 16. the

continuous nulti-stage distillation colum according
to any one of 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 d, {cm) of the gas outlet satisfies the formula (5);
3<D/d1s20 (),
(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 dy and said d; satisfy the formuia (7);
1<di/d255 (7), |
15. the continuous multi-stage distillation column according to item 13 or
14, wherein L, D, L/ D, n, D/ dy, and D / d; for said continuous
muiti-stage distillation column satisfy the following formulae; 2300 <L <

6000, 200D <1000,5<L/D=<30,30sn<100,4<sD/dy<15,and7
14
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ite to 15, wherein L, Db L/ D, n, D/ di, and D
A05Q1 Ugﬁlﬂé&gai d continuous nulti-stage distillation
colum satisfy the follow ng fornul ae; 5

25005L55000, 2105D5800, 75L/ D: 5 20, 405n590, 55D/ dl <_ 13,
and 9 < D/ d2 5 20, respectively, 17. the continuous

ti-stage digtillation colum according to any one
<D gﬂz %@B@q%wﬁy, wherein the aperture ratio of each
ray is.in arange of from1,.7 to 8.0% 10 18. the

16. {hish Eomisud ity fcetage disiliation Salicap arcoraing dprany one of
. to any of itens 13 to 17, wherein the aperture ratio
itemgs 134en15, wherein b, D ArlgP. o1, Dihrdm and B dy for said

the continuous nulti-stage distillation colum
contineoudimylti-stage distillation celemmsatisiythewfolowingaiodmulae;

tray is a sieve tray having a sieve portion 15 and a

2500encoBI0@oZ106ND 200 NE <N DoRE, A0IL in §t9MES < D / dy <
distillation colum according to item 19, wherein

13' Sad% BVther"‘Ythi‘ésé?gtig%lbl.ooo holes / n2 in said

sieve portion there the continuous nulti-stage
Cotillari I S ,
17. Bk, SEUNTHAGE S14081ER, bR 2¥ordfR 8, gy one o
. tr I S,hLN range of fromO0.5.t0.5 C 22. th
items, ¥t i whirei dhe e b elid 81 2 aYalso bt & tanae of
tgiteﬁéq or 21, wherein a aperture ratio (a ratio
fromyd. 4 tp# 8%cr oss-sectional area of the holes to a

total area of the sieve plate containing the area of
18. the centinumup muitioalage distilatioaeoturay accardiagtengay of

of from1.9 to 6.0% 15 A0501 VP74/ KAN Advant ageous
itemsf 1 3dps16f whereimtbhet aperture radid of e atite trayeiseih ahtange of

by inplenmenting the present invention, the dialkyl
frontarPaoas ©%and the diols can be produced each with a

hi gh ,
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 portion
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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5 {{i eld and a high selectivity of not. | ess than 95%
AOSG\ ¥PEABAN not | ess than 97% nore preferably not

| ess than 99% on an industrial scale of not |ess
than 2 ton / hr, preferably not less than 3 ton / hr,
nore preferably not less than 4 ton / hr, for the

di al kyl ¢ onat e and not.less than 1.3 ton / hr,
Advapfagdons FAEER GEthelaveRtars on /0 fore

preferably not less 10 than 2.6 ton / hr, for the

diols, stably for a prolonged period of tinme of not

| ess than 1000 hours, preferably not |ess than 3000 . ,

hout hasnbeen giscomespdythatiby émplemanting thepresent Gyention,

the cyclic carbonates and the aliphatic nonohydric

the dialkyibtarbdhatiss endtse dipls oandie predDcad egchl withia high
shows an exanpl e of schematic drawi ng of the

yield &Hd BURigh s8lddtivity /ot Risd thadn %%pbwef_felfa\_tﬁ!?! not less than
carrying out the present invention, the distillation

97 % hid¥e JP%Y%féblﬁnﬁbﬁr%% }fﬂag ﬁ%gg:jl G MMustrial scale of not

schemat'i ca rovi i nside a trunk

less¥H 2T TAF byefetally didsiiedtiin 331 ERG" il preforanty
not [ iR 4ten ddii it she Ha Ry eetngnatassidnd qtdess than 1.3
o Bhrsteran i bpoti Bl P ebibfu o o
than 20§ tons’ hasior therdiaisNstably fara Arelocaedypegoduef time of not
Invention In the followi ng, the present invention is

lessdttram iM090 houde} préferably rnatdeisisotharf 300€ hboassnmore
invention is a reversible equilibrium

preferaBhenoeness aAbNCH000EH6LRS TroRi e bydicdoyafisdhateand the
formila (1) in which 5 a dial kyl carbonate and a di ol

alip%ﬁg%&%éﬁ%@%é‘hm@ ic carbonate and an aliphatic
Brief Descriptibn of the Drawing

FIG. 1 shows Ian 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
FIG. 1) provided inside a trunk portion thereof.
Description of Reference Numerals
1: gas outlet; 2: liquid outlet; 3-ato 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); dy: inside diameter of gas outlet; da: inside

diameter of liquid outlet (cm).
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+ RROH . RO OR2 + HEY' R'CH (1) Cu OO

A05C[1A\/P(MK'°("¢) (D) wherein, Rl represents a bival ent
group -(CH2)m (mis aninteger from2 to 6), one or
nore of hydrogens thereof being optionally substituted
with 10 an al kyl group or aryl group having | to 10

Bestflasilsdt %&%%ﬁe@ﬁﬁfveﬁtigéSfES‘nSa?oﬁ”wi'ni”ér
TOiR B P e Pessanb fysniBh S Headuibeasl dstail

carbon atons. The cyclic carbonate used as a, startln%
matldie seactionnef tre frasentdnyaotinn; isnaireversiigoeauiliorium
represented by (A) in the above formula (1).

tran sesterifata opxreastion seprésented by fedlawing formulaigl in which
al kyl ene carbonates such as ethyl ene carbonate or '

a diﬂkgp)daftbﬂnmé trdizediollafd grodacgd|fobaxa- &yclie carbonate and

di oxacycl ohepta-2-one, or the like, ethylene

an aliphRhfovbhPd ARYalReholar bonate being nore preferable
due to 20 ease of procurenent and so on, and ethyl ene
carbonate being particularly preferable Mor eover ,

t he |phat|c nonohydri ¢ al cohol used as the other 17
AO VP74/ KAN starting nmateri &0j s GRtonmpound R!
ﬁt ed y2R3PH n Bbove fogul a+ (I hes (1)

allp tlc nonohydri ¢ al cohol haV|q8 a | owner oiliéa*
poi nijgthan that of the diol produfed is used.

Al t hough possi bly varying depending on the type of
the @gyclic carb te. used, exanpggf of the allﬁﬁatlc
5 nmonohydric al cohol include nethanol, ethano

propanol (isoners), allyl alcohol, but anol (|soners),

where IR Nidp Alse YA AVERIY g(élﬁ?'l‘ibﬂg)mlle(ﬁﬁl 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?2
represents -a monovalent 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 (1).
Preferable examples of the cyclic carbonate include alkylene carbonates
such as ethylene carbonate or propylene carbonate;
1,3-dioxacyciohexa-2-one, 1,3-dioxacycloheﬁtauz-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 monchydric alcohol used as the other

17
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al cohol (isomers), heptyl alcohol (isoners), octyl
A0504 VBKG(K'{\Nsoners) nonyl al cohol (isoners), decyl
al cohol (isoners), undecyl alcohol (isomers), dodecyl
al cohol (isoners), cyclopentanol, cycl ohexanol,
cycl oheptanol, 10 cycl ooctanol, nethylcycl opentano

sarFTRS LT KPR e ani A BETE] 1ty ove ormut
0. BBl AN IS SES3T Ryl A Ebibe polipa point than

(isoners), benzyl al cohol, phenethyl al coho

that afdhecdigl pindusedispses. (Alhaugl) passibly varying depending
Furthernore, these 15 aliphatic nonohydric al cohols

on theytype stitke iayolidcaihonatehssedy examplas of dbe aliphatic
hal ogens, | ower al koxy groups, cyano groups,

mondhyadric aldehyl irlodpsmethanbbxettearool) propanel(isomers), allyl
acyl oxy groups, and nitro groups. O such aliphatic

alcoﬁB‘I‘OBMt’éhél AsoPRers), @Bﬁfe:ﬁfﬁfoqfrah‘\w #I%%cﬁf(fsomers) hexyl

al cohol's having 1 to 6 carbon atons, nore preferabl

aicoﬁ'o?ﬁ lﬁerl‘éyh gﬁ(l %ggbghgls‘iﬁhggﬁ)‘é é’t‘ﬁ'algoﬁol glsomers) nonyl

scob S@rsué ORGSR ARG hors,

dodde lehial (snmaTerorY BRI RO E&E&%éﬁa@é&c&n&aﬁep anol,
25 In the process of the present invention,

cycln@ﬁt@@abcmstbukcan%mentﬁnoiaﬂeomrsé ptbﬁl@uplqmem@ol
reactive distillation colum. The nmethod of 18 A0501

(isoviers) Knietinyl yejohlexanaidisoreers) cethylgycldhexanalefisomers),
may be any nethod, but it is preferable to feed the

dlm@mwbyctohé}tahélhﬁsbﬁmfsl) vdiethylcydlehexara isomers),
continuously so as to nmake the catal yst be present in

pheﬁyidy%%ﬁeﬂam (Isombh®), 'seiyVaIcdhdl] Ph%tﬂé!ﬁyPﬁlékﬂ‘i‘ol 5

In the case that t'ﬂe hormgeneous catalyst is
(so ) ENETpARGE o MBI BE 40 By e, hose
aliphatic monohydric alcohols may be substituted with substituents such
as halogens, lower alkoxy groups, cyano groups, alkoxycarbonyl groups,
aryloxycarbo.ny_i groups, acyloxy groups, and nitro groups.

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

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

made to be present in the reactive distitlatibn column. The method of
18
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together with the cyclic carbonate and/or the

A050] Bﬁﬁ{Wrmnohydrl c alcohol, or may be fed in at a
di fferent position to the starting materials. The
reaction actually proceeds in the distillation columm
in a region 10 bel ow the position at which the

makiitL ihe HorbBasfihduy ﬁ?ﬂﬁggﬂéﬂes'ﬁéﬁéﬁmﬁﬁﬁ 8y msinpg, but it
is prodetania B 1pedrBe FHalIhinEtng yeach §td°"5§'i'a.t@3bﬁ9'vwn

at least 5 stages, preferably at least 7  stages,
contiueusiynsg as to snake theseatalyst be peesent madiguid Bbé‘ée in
in the present invention, any of various catalysts
the feantivé distilatibarcaluean. be used. Exanpl es of the
catal yst include: alkali netals and al kaline earth

metialthesgabeahat ithbi Womoysheous catabstiisncontibudusiy fed into
cesi um magnesi um cal cium strontium and 20 barium

the n%%t?vég]gﬁua%n%lﬁlnkﬁ' thﬁﬁiﬁhég%’i‘n‘éo@lé‘éhtﬂ?s?%éb be fed in

nmet al s as hydri des droxi'des, al koxi d

togei‘ﬁ lé @'tlggge f\ﬂ'ﬂlc.aﬂ]aijﬁén?ﬁé‘ ?%gﬂﬁﬁh%c% foh dric

I N€ ear suc as carpona
and or

arbonat an sal e I .
atofHT 5L 18 ingites diffefen Pﬂ%ﬁ?pﬂgrm?esﬁf?"yg materials.
ri hexyl am ne and benzyl di et hyl 9 'A0501
The RasTimARNly ARoSeREa I the HISUTBHPD,RRINETR A ERGION
such as N-al kyl pyrrol es, Nalkylindoles, oxazol es,
below ﬂn«wosmoa\za{ whichNhg egtalystisfed inoand hepresit is
pyridi ne, al kyl pyridines, quinoline, alkylquinolines,

prefecable twfeed,tha &gtdlystjintooainegiondretweemr the top of the
al kyl acri di nes, 5 phenanthroline,

colupi ik drih @ ia¥ifibh(€F at WHich. fheh etaging hmtermlél ans fed in.
pyrazine, alkyl pyrazines, triazines, and

The dt4lydt Miste 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 knqwn from hitherto can be used. Examples of the catalyst
include:

alkali metals and alkaline earth metals such as Iitﬁium, sodium,
potassium, rubidium, cesiuni, 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;
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cyClL 1 di nes such as di azobi cycl oundecene (DBU) and
AwQ#‘é‘?ZEﬂW& ononene (DBN); thallium conpounds such as
thallium oxide, thalliumhalides, 10 thallium

hydr oxi de, thallium carbonate, thalliumnitrate,
thalliumsulfate, and thalliumorganic acid salts;

VPR BT Bfatnds ouohas

- N-albyRtfofie i iolfoaleRnteralety e Simidazates,

cetate, tributyltin 15 chloride, and {in L
N-alﬁymwizn&%neaaeaaéqlﬁ@, RFmed Alkyinyridines, quinoline,
di met hoxyzi nc, diethoxyzinc, ethylenedioxyzinc, and
alkyuinotinesi, isoquinelimeabiotisaauisoliness, acriding, ralkylacridines,
trinmethoxi de, alum num triisopropoxide, and alum num

phenanthrodined alk#phenanthnolives pyrimiding) alkylpyrimidines,
tetranmet hoxytitanium tetraethoxytitani um

pyrazehé 2RIKyIpYFainesl Triakifes O apd andyiriadinkdni um

tetrai sopropoxytitanium titaniumacetate, and
titau n i as
tr iR haRElg S SHeRg: HiaP B PG i deedR (9B 1) Ra
. I i {.ri phenyl phosphi ne, 25
d'“%’h‘%ﬂ'{%%&%&ﬁ? on!oum %a}oi deg, . ' :
tripctyl butyl phosphoni um hal.ides, and .
¢ BRI RRIEN Ruch, 48 1T . S5Gesthellivey hakides.
zi rconi um conpounds such as zirconi um hal i des, .
thalljumcByd iexidgs dhatliwey eachenats, hallium aitkate.dhalligm sulfate,
zirconium acetate; |ead and | ead-contai ni ng conmpounds,

and thallaxanpiganicaacidxsalds; such as PbO, Pb02, and Pb304;
5 lead sul fides such as PbS, Pb2S3, and PbS2; | ead

hydiroxxotiesosnds susciPasQiButyinddaoonia, tributylethoxytin,
Pb2[ PbC2( OH) 2] , .
dibutyldimethoxytin, diethyldiethoxytin, dibutyldiethoxytin, _
dibutylphenoxytin, diphenylmethoxytin, dibutyltin acetate, tributyitin
chtoride, and tin 2-ethylhexanoate;
zinc compounds such as dimethoxyzinc, diethoxyzinc,
ethylenedioxyzinc, and dibutoxyzinc;
aluminum compounds such as éluminum trimethoxide, aluminum
tritsopropoxide, and aluminum tributoxide;
titanium compounds such as tetramethoxytitanium,
tetraethoxytitanium, tetrabutoxytitanium, dichlorodimethoxytitanium,
tetraisopropoxytitanium, titanium acetate, and titanium acetylacetonate;
phosphorus compounds such as trimethylphosphine,
triethylphosphine, tributylphosphine, triphenylphosphine,
tributyimethylphosphonium halides, trioctylbutylphosphonium halides,

and triphenyimethylphosphonium halides;
20




(OH) 2; plunbites such as Na2PbQ2, K2PbC2,
Amﬂ&ilﬁggﬁ& nd KHPbQ2; plunbates such as Na2Pb(Ca,
Na2H2PbO4, K2PbQ3, K2[ Pb(CH)5], 10 KAPbO45 Ca2PbOA,

and CaPbO3; | ead carbonates and basic salts thereof
such as PbCO3 and 2PbCQO3Pb(OH)2; al koxyl ead conpounds

and: . | ch: . ( R ;
(AT BB BE i 34°2iepnid hpiEes; ziroonium
aci ds, and carbonates,and basic sakts t.h f uch
acetylacalonateygjreomy 8. a0e A Aseele oo
orgggol ead conpounds such as Bu4Pb, _Ph4Pb, ng%bcdl, .
Phieadanplend-¢entaning spmppupdefon gxappis,tgad oxides
(wherein Bu represents a butyl group, and Ph
such aprReEhtRb&pland/ PbyQuip); 20 | ead all oys such as
Pb- Na, Pb-Ca, Pb-Ba, Pb-Sn; and Pb-Sb; lead mnerals
sutbadssufidezasach as Rb®)| Phd8;, andl Rp&Bzat es of such
| ead conpounds. In the case that the conmpound used
di 36aHMPEdidkitiBe Sieh EHsBb(OM)B! lmis@:f(OIHﬁ,rlébﬂlﬂz%tDtg(hOH)zl,
e

the reaction m xture, a reaction by-product or

and ||56§Q3 anz.corrpound can be used as is as the
horfogenedlis catal yst. Alternatively, it is also

hostinTiRis witqt By NhePBR- K05 Nl ing KHPBO,
" At SUREcRs Mitetoh QpuNeFRRE BeckePhSs. KalPb(OH)I

béjsproduct or the like, or by reacting to bring about
KePBPgsGanlRs, and GaRRP30f the catal yst used in the

present invention varies 5 depending on the type of

t hdeadt cashmnatesdandubasic galterthereof sughr aadabeO: and

fromO0.0001 to 50 % by weight, preferably from 0. 005
2PbCOL2PHCOH) el ght

alkoxylead compounds and aryloxylead compounds such as
Pb(OCH3)2, (CH30)Pb(OPh), and Pb(OPh);;

lead salts of organic acids, and carbonates and basic salts thereof,
such as Pb(OCOCH3;)-, Pb(OCOCI—_I3)4, and Pb{OCOCHSs)2-PbO-3H20;

organolead compounds such as BusPb, PhyPb, BuzPbCl, Ph;3PbBr,
PhsPb (or PhgPbs), BusPbOH, and Ph;PbO (wherein Bu represents a
butyl group, and Ph represents a phenyl group);

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

hydrates of such lead 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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r ferably from0.01 to 10 % by weight, as a
Awog&%ﬁm of the total weight of the cyclic
carbonate and the aliphatic nonohydric al cohol fed in

as the starting materials. 10 There are no particul ar
limtations on the nmethod of continuously feeding the

. n rs..C

mixtfi bR R4 B SARIAE AT REBYE fCuft, §fefing
constiptuting the reactive.distillation colu

matq;w%'sehih?ﬁ@ {56 the (P A Ea T PR o e dagtion Bytptaguct or

as the cyclic carbonate and the aliphatic

the 'Hiﬁ)o%bhf reacfing doryling AP ot disroIubiOtbnt act t he
catalyst in a region of at least 5 stages, preferably
at Thenamaunpt afidbe catadyst usedapl gheapreaaat invertiapeearies
of the distillation colum. That is, the cyclic

deparidipgnohethenty pd ofahiepbatdlyst IlBEdh)biltj is génehally iara bange of
continuously fed in froma required nunber of inlets

from 0. @U@ﬂ% 56 % sy Wdightupreferably TRAMoS. 005 te 20004 By weight,
col utm 20 satisfying the condltlons descri bed above.

mor%r@ﬁélga;tlalgtﬂﬁ Eﬂ)‘i% ’f | Vet taEea?rbB'?ﬁ‘hbﬁ of the total

rod ced

el hiTechatia e s Mt i oA oo i

rials ar feFI continuously into the distillation

as t%sgﬁftu% MARNAI%Huid form in a gaseous form or as a
m xture of a liquid and a gas. Qher than feeding
st drenegan@tng particularolimitations ion the meﬁwd\@jmpntmuously
VP74/ KAN colum in this way, it is also preferable to
feedinigitheocytliy clarbdniate anghékee aiphatic tnapohydeid alcohol into a
intermttently or continuously fromthe | ower portion

contiiuotsendititstaget distiliationmeoliMmrecuastitwting the reactive
preferable nethod is one in which the cyclic

d|5t|ﬁ§h*b‘?ﬁébﬁﬂh% TPfHé Z:‘l‘@ﬂéh?( ih@entibn2 dd)ﬂféé’difrfy Meéthod may be
gas / [1Tquid mx ormlntoastage of

usedlss, 1drl§%:s:fhpef§ T e
atlcoﬁ!o‘f%%onI 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 monohydric alcohol may be introduced into

-the same stage of the distillation column, or may be introduced into

different stages to one another.
The starting materials are fed continuously into the distillation
coiumn 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
22
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continuously fed in a gaseous formand / or a liquid
AOSKYRY#MANt he | ower portion of the distillation

colum. In this case, the cyclic carbonate my of
course contain the aliphatic nonohydric alcohol. 10 In
the present invention, the starting materials fed in

oot Wy L ke EARESERNS FLSelifSnL' 1ol [P Beseous
start\i&égﬁg?te gﬂ@,@ir abeﬁ n & ra g-SJOf frﬁén oﬁl'tlolﬁglre?ﬁgrtion of

preferably fromO to 20 %b wei g interrrB of
the @)@ﬂ%lﬁft%éoﬂﬁml gMOF@pVﬁﬁeaﬂloihﬂf/ P"?ge'@é?@dﬁ&ﬁamin's one in
the aliphatic nonohydric alcohol / dialkyl carbonate ‘
which theicyclicacarbonateots coptisiusiuslydedrial aiquidafaramgs a gas /
of fromO to 10 % by weight, preferably fromO to 7 %
liquilymiwegformiinto @stageadd thé distilationScéiubyn akoghthe stages
in ternms of the percentage by weight of the diol in

in whhfh $HE | dfalyat iRoprdsent, Hiid tﬁwlwwatueqnmeny@ard Hidshol is

out the present reaction industrially; besides fresh

cont?ﬂ%bglffé&’?ﬁai gaﬁ%t/s rn‘?"dﬁ&‘?.tdrca gﬁ@ﬂﬂ%ﬁ'hﬁrﬂ'ocﬂféﬂlower

oduce nto € reaction tem materi

o 18 Bl A1l 1 9l bty

recovered . fromthis process a anot her process
of ceursecontain HhemiiPialic meaoby i, afdtil 1 ng

materials. It is an excellent characteristic feature

of lnhkhe present invartienothe startinggnaterialssfed dn may contain

exanpl e of anot her process 23 A0501 VP74/KAN is a
diallpylocabonaterandly ohdioll being ¢thetproatuctss privel werdent ghereof

t he di al kyl carbonate and the aromati c nonohydroxy

is, fepReuigikyincadrite! igenamaibhirla rareje afdroive 0ty 40 % by
by- produced in this process and recovered. The

weldtﬂcg’rgl'ff W{ﬁbﬁ?@cﬁﬁ%' %Ob?twe Oglgﬂqhwél prefé 819! from O to

gen en 5 contains I'kyl carbonate; the

20 VUSRS o G BBIPenIat Y Wigh ot o
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 pr_esent 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
23




al kyl aryl carbonate, the diaryl carbonate and so on.
A050fh Kﬁ Nduced ali phati c nonohydric al cohol may be

used as is as the starting material in the present

i nvention, or may be used as the starting nateri al

after 10 anmount of contained material having a higher

. boi ling .poi pt than t.hat, of . the, alipbhati i.Cy:

is a BrosrgF iRaRieh 1R7 AiaRu Serponre I BrBHMERAABH thefwatky
li ke. Th clic carbonat ef er abl ed j.n the )

carbpneie AN tbe-aIamells MEMONIIATLGOMAGHTE Hiaalinhatic
between, for exanple, an alkylene oxide 15 such as

monghiydrishaleoh elcbeintg pyrereduwsed dndhis pypeassanddegeyered.
car bon di oxi de; a cyclic carbonate containing snal

The aecornesedfby-iproduced aliphaticamoowipainicialoohohgenerally often
may be used as the starting material in the present

5 contaivenhicdialkyl b oNaRsthe arsmaticymonolwd xXyetonsound, an
the amounts of the cyclic 20 carbonate and the

a%kyglla'gf?ﬁﬂét %Bgﬁ@ﬂ,%ﬁa Fiﬁﬁ?'alESdcbﬁ‘FaQnté‘rﬁa|le§ﬁ¢dd’|ﬂsdof an -

ati on umm varies according to the type an

> . ot
ateyf BRY(bafb ot iHeh BRRHA Babofidle g EP0K?' T8 B Produced
._aliphatic, nmonohydri.c alcohol to the cyclic¢c cajbonate s
alipfidiEHonenygi Hifiaot may Ba e d &% [ syt S fraterial in
times. To increase the cyclic 25 carbonate conveysion,
the presentinvention cof nagde uﬁ%eséhﬁpﬁwﬂamﬁmﬁﬁ&r
al cohol in an excess of at least 2 tines the nunber of
10 amowntpfotontainedcmateriad handog a/bighenhaiingpeind thieu that of
if the amount of the aliphatic nonohydric al cohol used
the aliphatic moersthydriemicohok hascesenrreducethkieraugh distillation or
apparatus larger. For such reasons, the nolar ratio
the ket he ali phati c nonohydric al cohol to the cyclic
carbonate is preferably in a range of from2 to 20,

g S RO ArH ol LTS Ao i
one f@@%%%&f th Y FeabliSh BERwEBRERSH 3Qaﬁ¥ﬁllg', Sarf IRV oxide

reac

15 such as ethylene oxide, propylene oxide or styrene oxide and carbon
dioxide; a cyclic carbon_ate 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

20 carbonate and the aliphatic monohydric alcohol fed into the reactive
distillation column varies according to the type and amount of the
transesterification catalyst and the reaction conditidns, 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

256 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
24
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h the product diol to by-produce oligoners such as
A05%13Fﬂéﬂ06 atrimer, and hence in industrial
i mpl enentation, it is preferable to reduce the anount
of unreacted cyclic carbonate remaining as nuch as
possible 10 I'n the process of the present invention,

eve bove nDIar atio. not e .t.han 10, .
carbe ey it BEE Rl {15 & '@m% RioABhyghERgonp) used is
| ess tgan 98% greferabl not ss than 99% nore
too greate t E"y'trfét“ e’ssaty f@@kgo erapparat %iﬂ’ﬂ@r’ F°f such
characteristic feature of the present invention.
reasans, Hhepmalentratiovehthemliphatie monghydric akmholam tbe cyclic
ton | hr of the dialkyl carbonate is continuously
carbpmateciedp referabiyimavangeaf rbm Reto 2¢cImore prisfeedlzly 3 from
continuously fed in to achieve this is generally 2.2 P

to 15,08et/mbl‘e pre¢éeilsipl frorm & B 120 /FhftheMicrel ithRié®luhreacted
2.0 Pton/hr, relative to the anount P (ton /' hr) of

cycltd“& bFYé réﬁ(é%ﬁ%attﬁehoth@uﬁwﬂh‘gfdj nzgﬂcacé’l%torfé}e”ﬁ‘{aey react

pre erable case, this anount can to be

witr BCpte et el ra e ARHHRLS SIS S ffver or  trmer,
and fieida il indlsiat MelsnaBiifitham & hithieBid thddice, the

continuous multi-stage 25 distillation colum 10 used

amqwttqﬁuar%@,@md FuolAGaTRonGIpr fesBaining: AsdRUEE asnpAsFidle.
end plates 5 respectively above and bel ow a

In thg pragesesof thapkesenhiboantiondenen fdhe ahovehmwilag ratio is
length L (cn) and an inside dianeter D (cm, and

not heorenthamd(xithe declic icaabohade tdonmverséon afars begermade to be not
and has a gas outlet 1 having an inside dianeter d,

less(than 88%, peefetably e otdedsnttan BG%nWbreﬁ?bﬂlP%&fless
the colum near to the top, a liquid outlet 2 having

tharfD9i 9% deTﬁ;é" i€ Hidthef frﬂé}?ctéigsﬁcbl‘étatt%é ‘Ufoth{éﬁgi;é’éé‘ﬁ?

or in a lower portion o ol 'umm near t | _
mve?%totrﬁm at least one first inlet 3 (a, e) provided in

in the present invention, preferably not less than 2 ton / hr of the
dialkyl carbonate is continuously produced; the minimum amount of the
cyclic carbonate continuously fed in to achieve this is generally 2.2 P ton

/ hr, preferably 2.1 P ton / hr, more preferably 2.0 P ton/hr, relative to the

“amount P (ton / hr) of the diaikyl carbonate to be produced. In a yet

more preferable case, this amount can be made to be less than 1.9 P ton
/ hr.

FIG. 1 shows an example of schematic drawing of the continuous
multi-stage distillation colurhn 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 trunk
25
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upper portion and / or a mddle portion of the colum
AOf’QieVBW‘FK&NgaS outlet 1, and at |east one second inlet
3 (b, ¢) and 4 (a, b) provided in the mddle portion
and / or the |l ower portion of the colunm above the 10
liquid outlet 2,7 and noreover nust be made to satisfy

varLous conditio be.ahle tp ca out not
portig 7 R AdenGingu e and alt ifeee ?'qrnée@rrécmﬁn@nd
so as to be able to produce preferably not |ess than
havipgrtherginsige aHeayiGwith numben eStaB§s/"or"-‘"|5|r b#sr%ﬂaf outlet
not less than 1.3 ton / hr of the diol stably for a
1 haying @tyinsiger dimmeter dacrmoat at togx of itkee ¢olsneior insan upper
shows one enbodi ment of the continuous nulti-stage
portidirs of thet¢alnmpinear tathetdpna liquideutltets2itaving an inside
i nvention, and hence the arrangenent of the tray 6 is

duanimarldmémq dtoa thttoheMheé 't dilfan br inhe léﬂr@rlmtﬁh of the

mul ti-stage distillation colum according to th

coluﬁLﬁ%%‘H r {0 MRS Wt rﬁatdt%?gféﬁﬁt H’nl@?@'té' tQ?‘zJ B(rgziéd in the

erspecti ve at Ion func

"Ppé'_ihﬁfﬁséh%i& (AR B Tﬁ* R ctlimer BB thBoas
outigh . and °°”£%§%°Bn?2§e3983ﬂn@554¥>§'ci)n%néaei wbFprolided in

formula (1); 2100sL58000 (1), 25 (2) the inside

the middia EPVDOOCdefOT Hhe dewerponiian o4ithergoluman above the
following formula (2); 26 A0501 VP74/KAN 180 5 D :

liquidoootieR 2, ar8) norenver ofustize Ivadetto satisfy varidus conditions
i nside diameter D (cn) of the colum nust satisfy the

so akold bei ale to warey OUt;nat onlyl distMatiod but3aisdbrédgtibheat the
nunber of stages n nust satisfy the follow ng formul a

samedime $8 &s fobd blé4Ab produce preferably not less than 2 ton / hr

of the dialkyl carbonate and / or preferably not less than 1.3 ton / hr of |
the diol stably 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 muilti-stage distillation column éccording to the
present invention satisfies not only conditions from the perspective of the
distillation function, but rather these conditions are combined with
conditions required 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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5) aratio of the inside diameter D (cm of the
ADSQUoVEFWKANt he inside dianmeter d1 (cm) of the gas

outl et nust satisfy the followwng fornula (5); 10

3: Dd, 520 (5), (6) aratio of the inside dianmeter D

(cm of the colum to the inside dianeter d2 (cm of

the liquid outlet t isfy the foll ow n formul a
(6); 55D/ di%Q gtﬁ(%iatnz%d 15 (7) an apertdre ratio
of each tray nmust be in range of from1 5 tao

a . 0%
Not(8) eneatietaf the langth b{cm) foéhednside @am?éeaé%épm) of the
portion of the colum near to the top" used in the
colummeseust satisfy the follamdangrformueat (Bn from the top of
t he col um downward as far as approximately 20 0. 25L,

and the term "yhe |bptD end0f the colum(3); the | ower
portion of the colum near to the bottonf neans the

POr(ah QRef rﬁ@ﬁ‘iﬂéfof&@%@tﬁ% o st sSPslyThe!PoREWing formula (4);

as approxi mtely . Here, "L" i's defined as

above. It has [ ered that by using e
conti nuous nul B{%-egtrggsszS distillation col um't hat

Si tanegusly,.,satisfies. th Y r e

(o8 BB Ot e diAmBtet D) fomf FraSehfimiito the
. .in arange of from1.5 27 A0501 VP74/ KAN {0,10% as i.n
inside diamaleridietamY P! theeoas aulet fuslsal shotns falSwite

can be produced on an industrial scale of preferably
formda (8ss than 2 ton / hr for the dialkyl carbonate

and/ or preferably not less than 1.3 ton / hr for the

diol with a hi gh<ddriveey i 20, high sel ectivitfh),and

hi gh productivity stably 5 for a prol onged period of

ti nB)ad rafier oLt PhSidediamessr OhemlWtHweotumn to the

preferably not |ess than 3000 hours, nore preferably
insid@dihRTStelr BN (ARY B f the liquid outlet must satisfy the following
formula (6); |
5<D/d2<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.

it has been discovered that by using the continuous multi-stage

distillation 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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hours, fromthe cyclic carbonate and the aliphatic
Aw%‘ﬁ%@ﬁ"é 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 10 inplenenting the process of the present

Covent. : L .

to 10{3:5R sh el 3BV, SefT (). M AHRY! EprBPRRRERMd heiol can be
condj tions .of, the above fornulLae (.1 6

prodBgRd oncn srausbialisgale, ol HEISGHHIY nafifsy tjRa A 0n / br for
conbi ned. The term "the aperture ratio, of gla g-tr !

the diadkyli eathenateaagion greferably aipthiesssthan,, 8dop £ Kaim the
in the nulti-stage distillation colum, the ratio

diol mithwaehigh conweasicn,chight seleativits amd thight pegductivitystably

which gas and liquid can pass and the area of the

for d peyldmyed peried oftime o Sortehaampte, hiot deshdhahot000ours,
tray having a downcomer portion, the area of the

pref@fiBlyofot NeddkKanBOGO IHuirsy babpdiprafédalsigostsieds than 5000
excl udi ng the 20 downconer portion, is taken as the

hour%gg?&ftﬁé‘%ﬁiﬁc?m%eﬁggttﬁ#&&ﬂhiﬂ% fr@ﬁﬁdﬁe d186hol.

ive di ation net 1ch no

Cotillati : . _ . .
The taBspphy 1 s BRgarif SusiBIe 19 Bradyde Ao IR sorbonate
d high selectjvity (high yield ttained;, f
and $6gidiof orm pocindustisé sbale 8 shisn BEellent PHitens Py
. to 25 the above formulae (1) to (6) being satisfied ..
implementingdhie Rrecess aiithe: Reesapiinvantionds najcigargbut this is
speci fied range as above. It should be noted that 28

supposed toiye/duatpratcomposite &ffect broughtabesiekbendhe
factors are described below If L (cnm) is less than

conditidhs bhehetdisovefommian (dgcoedeandrthe tendition drsthe
not possible to attain the desired production anmount.

apeMOFé t4tio of @A BrayCdfe cotnbGIdd TNt cost whil e
securing the 5 conversion enabling the desired

oL HE B R Bbaf S S B blebsoto Wepigront
inve‘ﬁ:@n means, for each tray in the multi-stage distillation column, the
ratio between the total area of openings in the tray through which gas
and liquid can péss 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. excludving the
downcomer portion, is taken as the areé of the tray.

The present invention relates to the reactive distiHation method in
which not only distillation is carried out but rather reaction is carried out
at the same time, and a high conversion and hi‘gh selectivity (high yield)
are attained, for achieve this, it has been discovered that in addition to
the above formulae (1) to (8) being satisfied, it is important to make the

aperture ratio be in a specified range as above. It should be noted that
‘ 28
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L 5 6000, with 2500 <_ L:5 5000 being yet
Aosdﬂoyé%ﬂ@?@r able. If D(cm) is |lessthan 180, then it is
not possible to attain the desired production anount.

Mor eover, to keep down the equi pnment cost 10 while
attaining the desired production anount, D nust be

rofffe o Jos o3 focty 5, BTER Belgo
I R 20 b et an

dlfflcult articul ar, i regter than 40,
hengg dtig pot I@%ﬁ‘gk%iﬂ @tm!ﬂfmesﬁ!@élv@& %eausﬂent 3pou-
bottom of the colum beconmes too great, and hence
Moreoveonipekeepatownothe equipmeniopest Uﬂhﬁlﬁ gacuring the
Mor eover, it becones necessary to increase the

_comtaa@enam‘uablihg theedésired produdction dmobat ol bemattainegd, L must

hence side reactions becone |iable to occur, bringing

be m@aéttoabéa%teﬁr&frel thd 8099 . eCAl ol - 3pp%f§f’ail§laol‘ﬂﬁ€é8fb|rﬂ_ (cm)
range for 20 L/ Dis 5< L/ Ds 30, wth

is 2?91@25 ?_hé "BOAE with fsgbeé irgkg@“"?‘?#@ﬁce t: ﬁﬁﬁstﬁﬁ%\‘tejrgble.

e conversion decreases an

0S¢l p.red.pL 1.QR: ) PP
PRGN ﬂ?@?&%ﬁ@?ﬁbe ns A bhgsig Y attain the
ecuring the conversion, enabling the
des',seé Inanpuns bMGHRGYSH o Heer dowh thepayipment cost
ot 25 nore than 120. Furthernore, if nis greater
whllerﬁﬂamg thedesired, peeduetiongamoynts £ “b‘&\/\kﬁrf“@ﬁ’@ to be not
top and bottom of the col um becones too great,
moradban 20040, KA rande perferablel tangel for &Kem)psr%@ﬂcmD < 1000
becomes difficult. Modreover, it becones necessary to

wnthlmoea@ﬁsemmngryéumnmpré&rh@\l\er portion of the
columm, and hence side reactions becone liable to

ocqen. / iy it &g théﬁWbrﬁr@%lé?Qﬁﬁn' 40! fh?eﬁ ¥table b'ph\ratlon
A nore preferable range Tor nis 30 5 n5 100, with

ook B haHBuE  £1ob ol 18 48, it
pressure difference between the top and bottom of the column becomes
too great, and hence prolonged stable operation becomes difficult.
Moreover, it becomes necessary to increase the temperature in the lower
portion of the column, and hence side reactions become liable to occur,
bringing about a decrease in the selectivity. A more preferable range for
L/Dis5<L/D<x<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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regver, a |large anmount of a gaseous conponent is
AO5QE¥5’7I4M@I eased to the outside of the system and
hence stabl e operation becones difficult. |If D/ d,
is greater than 20, then the gaseous conponent
wi t hdrawal 10 anount becones relatively |ow, and hence

. Cep oV
and Hefed ofBRIReE aRR Shhratiol B%%h‘g%?abo'%”"e Kafhover, it
ef erabl e range .for j

becgm,gq ngcegsaiyﬂongﬁﬁa%ttﬂﬁb@nﬁpé@g}rg&n thq #owef Qﬁrtlon of
is less than 5, then the equi pment cost becones hi % '

the ¢glumpneand hepige sidgureactionarkesemantiahle ke asfwy, bringing
rel atively high, and hence stable operation becomss

about &if dectease fin the seleictiviteat Armonharpreferableerange for n is 30
flow rate through the liquid outlet and piping becomes

< n extE8sWi] 40fasi < S0 ddinaceeemeieoprdfesabts. | iable to
occur, bringing about corrosion of the apparatus. A

morjg IJS”IQLers’J‘@s% a9 3, [ierPthe @quipmettt dost bBcbnilds high.
25, with 9 D/ d2 5'20 being yet nore preferable.

MorEB%?eE’TB"rgﬁﬁﬂmW &?eﬁtrqaﬁ%ﬂn\%sr 'cBanS‘ n&h ?@?{e?délgi released to

nvent € pre era Ie
sat | fo f (WL, iy
the Sa%@‘%séf s isu8i ALS 1€ 43P\ BpB¥aden Yesghen aifficutt
rapge,.of fro 5.to 10% Ifthea tuy
1t D% B> BeAlECtin 70 i ine gasaous barhaonh wiliigrawal
VP74/ KAN becones Iarﬁe relative to the required
amqunideecomesar@ativelyiaw and hence stahlgneperatian becomes
beconmes hi gh. Mreover, the residence tine increases,
diffieatt, de:mmied:alereade'ms@eirgtha coruersion isthoesghtrabout. A
reacti on product diol and unreacted cyclic carbonate)
moreegaterabRPrange feear/. d Mg doxedd ./ dy k18 hwitho8r<{ D ¢ dq < 13
ratio is greater than 10% then the resi 'dence tinme for

beifiyet rhbfy p¥efé@AAes. and hence the nunber of stages
required for attaining a

If D/ d; is less than 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 /dz is
7<D/dy <25, with9 <D /d; <20 being yet more preferable.

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

1<di/d2<5 (7).

The aperture ratio of each tray must be in a range of from 1.\5 to

10%. If the aperture ratio is less than 1.5%, then the apparatus
30




h conversion increases, and hence the probl ens
A05Qie BY#&Nabove for when n is large arise. For such
reasons, a preferable range for the aperture ratio is
1.7 to 8.0% with 1.9 to 6.0% being nore preferable.
10 Furthernore, in the present |nvent| on, the aperture

ratiq nmay be ..the sgne for.a travs, . qQr
becdppdarovfaintivare it refbirad pfedncfipb aa%'é’r\‘éﬁaﬁr@/he""e the
preferable to use the multi - stag a':StIH tion,co
equipment eest besomesthigh. r Moseyernthg rey! %F%é"ﬁﬁdBFfeases
portion thereof is greater than the aperture ratio of
~ and hemcer side neaktio .Opax reavtiondrefyveen thereaction product
"prol onged stable operation” used in the present
diol amdenhreactezheyclicatatbonate)ttecome hiabls tetcopur. Moreover,
distillation colum can be operated continuously in a

if thétawhtuﬁé hfiobRsgreafert fharPRO%! thh thendsidengevtite for each
| oodi ng, weepi ng, clogging of plplng, or erosion

oy iy Sy e G epy A ooqted oyt
h'gh?@%iﬁaé‘"@%aﬁ&j?‘ﬁ%% R U BBz gbibea above for
o TBARAR, n3F 434B0. A RN b r

present_inventi on | s that the dialk carbonate and
apettnéecra&lo tsail. bdo B HFac withs 129 tp 6&"0&)@% By&iPpriarale.
of 25 tinme each with high selectivity and preferably
wi tFutthghmuoredintthe present invention kihe aparbuea satip may be
not less than 2 ton / hr and high productivity for 31

the QR fOPAN ¥ thé ieayl obr afaydifferssin ihe freseaninvention, it is
The di al kyl carbonate and the diol are nore

gen@faﬂifb?@fé’réﬁt@%ﬁge't‘heaﬁn.ﬂ eOfigtiatien cdlbam 3n which
not less than 1.95 ton / hr

the %E%?ﬁg%?’aet'%( quﬁ\te f?&rf rg{lgé ngn%ryﬂaﬂioﬁ Eiﬁére&hf’@g‘?eh?é‘r than

ess I respective

e BREEGHE R Tl T T

rrul '{Dhe Splgggl proﬁg%ggtf -sta2b!1;:ocgpépaetlgr?mus%om the present
invention means that the continuous multi-stage distillation column can
be operated continuously in a steady state based on the operating
conditions with no flooding, 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 predeterminéd amounts of the
dialky! 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 dialkyl carbonate of not less than 2 ton / hr and high productivity for
31
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distillation colum satisfy respectively 2300 5 L:5
A0S040dd74¥FN< D s 1000, 5:5 L/D 530, 305n<_100, 450/ di

515, and 750/ d2525, and the aperture ratio of each tray
isin arange of from1.7 to 8.0% not |ess than 10
2.5 ton / hr, preferably not less than 3 ton / hr,

the BLAASL A HAR 2 W] 1% Pb Y etk nd the aio

f bly I than 1.95 t
are wﬁegfﬁpyah& praducedan an zampgwt/ofﬂv%rgﬁ%éhano? ten{ hr

be produced. Furthernore, another characteristic
and neilese than hdhHtendnhr respeactivaly, gqhmorprpltqf@reab@not less
that L, DO L/ D, n, D/ 15 di, and D/ d2 for the
thanoétohnuboand ot {esadhadi 216 tmmtllmnre:spemhvekyt sMpreover,
respectively 2500 < L :r, 5000, 210 :5 D5 800, 7 :5

anothe/r d?néa%ien%@tc_f’eét@eﬂﬁ theb presént inveRtiaR, lsamhtﬁnqtle case
d2:5 20, and the aperture ratio of each tray is

that 'L” i) Laﬁg‘;argfnff &{n &PE B9 f Po/ﬂ tﬁ@tcdrﬂﬁﬁlétﬁ‘é"i‘nﬁlﬂ efade

pbref ess t ton , nore

sl msmr@"%ah%@%%@@@?ﬁweg Y £ gosCaipes s 1000
e < U 55, s S BT AL EAL B 45

‘term "selectivit for, each of the dialkyl car

aperiyue trntewdpf)paqmyrfawelsp&nege'.atngwgrfw% | t%éggfo of jgss than
cyclic carbonate reacted. In the 25 present

2.5 ot édurj preferabiymatclesst than ¥ tin Ady, ineeee prafersbly aiot less
generally be attained, preferably not |ess than 97%

than@r&tondﬂw albltherdihllkﬂscanttimtesadwm- leBEAhatN1®%on / hr,
Mor eover, the term "conversion"” in the present

prefe SRt hoh 18€92Rah! .95 toh 7airembie pretéiablyaidvisdsthan 2.2
convérsion, in the present invention it being

c
ton Pﬂ?ﬁfbt'h% P @gé‘ﬁprﬁg g?gbl ;lf ﬁ@fnéﬁ’ﬁ&&r@”‘ﬁf&t‘h@? difaracteristic

not 1ess less than 97% nore

featff of b i‘ﬁ%%é@éﬁé%r‘@é’% £ gt Iniffe, GR56 Hef e Pkl 0. . D
di, qrécz{hj gé {"h% inn%oon AT e?gl;c-lz %staﬁa?%ﬁcct:g u'n‘c\’}\'scatlsfy
respectively 2500 <L < 65000,210<D<800,7<L/Dx< 20, 40 < n < 90,
5<D/dy<13,and 9 <D/ d; <20, and the éperture 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 diol can be
produced.

The term “selectivity” for each of the dialkyl carbonate and the diol
in the present invention is based on the cyclic carbonate reacted. In the
present invention, a high selectivity of not less than 95% can generally

be attained, preferably not less than 97%, more preferably not less than
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resent invention that the high conversion can be
A05 Vﬁ?&ﬂﬁ%ﬂ while maintaining high selectivity in this
way. The continuous nulti-stage distillation colum
used in the present 10 invention is a distillation
colunn having n.stages of the tray therein. Exanples
e tra nclude bubb C a a si.eve tra
99 /orl D ogeprv hec\ term, ‘gsqm{qr@ona?qéf\g@qut |5|vent|c¥n generally
counterflom1tra an Unifrax tray, a,6 Su erfrac tr
%§V05|t

mdl%ﬁtﬁéx?h%@ypllﬁyca@q{tﬂile WBMP{?'&)P 'in the g %\'f%'f*'e"!‘f
turbogrid plate tray, a Kittel tray, or the like.

beinghposaiiettcamakeetiee any@lmscatb@eate gonversian bmng’s Iess than
multi-stage distillation colum in which the catalyst

95%i, prederpblsnot lessl than@7 Y% anorepredesablyt nat lgssitkan 39%,
not take place (e.g. stages above the stage at which

yet ﬁ)fdﬁecﬁiéﬂe‘fﬁbly fot NES9LHARIVY. 5% , til Mo préferablyhdtniess

which these stages are packed wi'th the packings, i.e.

tharP9BLdéd - Sjage o%%f fHé‘bkEBll‘éﬂ't?ﬂhr‘%‘f?ﬁgt@%tﬂréé zi.‘:)f the

porfron and ortion pack ackl ngs

profi EE}t?%i?ﬁ?hgféiﬁEheé%ﬁ\se%eh#’%ﬁM&?a'“{’ i

a,Pa rin a Berl. saddle, a Intalox saddle, a
ma"ﬁ%{%i{‘%&'&ﬂ rﬁfle&%\’ SJ¥8¥ing or HeI | -Pak or
re ular packi ngs such as Mel | apak,
Techit®- qsmknuw&xnpbta-stagsmlsémq&mpﬁgima- ¢8@edip the present
packing or 26 ditschgrid. Furthernore, the term
invehtiothés aodistiltatéen woluswd havinga s;agesmtf thevtray therein.
nmeans the nunber of tray in the case of the trays, and

Exadip 88560t T KMt iude aftasisble-cap fraybersieivestrayea ripple tray,
the case of the packing. The nunber of stages n in

a bdll“a%tcﬁﬁg af vaR@ frayt - ebadtedicwitrapt ARTUARIaNray, a
having both the tray portl on and the portion packed

SUPWSQ{’E@S’% 3981 x?ré(f‘ ' anea”o%l?' rﬂ(?g t'ggﬁ E%? tlﬁie %4y Sa

eore I ca r

turbgggtcgﬁz?% trta[]yﬁ ﬁ) kt?tigpf,r | nVo nﬂ\p ﬂgp I*Ahaﬂbéf%%e that there are

st:algséesI Frftthéléa/ntaﬁggugIr%u-lt?—s?gsgttljl\éltltll)étlon cofumn in which the
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 whichi 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 Lessiﬁg
ring, a Pall ring, a Berl saddie, 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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ained if n stages of any of the above trays are
A05QJ|SVH74M that sieve trays each having a sieve

portion and a downconer portion are particularly good
as the trays in ternms of the relationship between 10
per f or mance and eqU|pnent cost. It has al so been

i scovered that e S| eve ra f. b 10@,t0
the gl impier FY iages IT shhHadd Y ThE hEckMy. OThe
ref abl e nunber, of hol e s 120.to 900, .holes./ nR
numbier Glstagas B8 th Faseoot e daaNstacs distlipgian falumn
it has been di scovered that the cross-sectional area
havipgr bath theftraygrortion andrthe portipefpacked withpagkings is thus
range of fromO0.5 to 5 cn2. A nore preferable
the supsef thetnumblerafetraysrantidhe ihedreticad Mumbet afretages.
yet nore preferably fromO0.9 to 3 cn2. Furthernore,

it h@stie prodbss vt présent invéntiohl ichhsrbeen discovered
preferable if each sieve tray has 100 to 1000 hol es /

thatrf?ue' I(atmEoﬁ\lﬁ\‘@Id?Prﬁl s?%lﬁuhﬂ? aﬁﬂ‘ﬁigh%dﬁlﬂltvgfﬁ be

IS in aran from?0.5 to
attaﬁt&?ﬁ’?pc&?%ﬁe&f LA t&‘le If%}%\?eo\éé? #ﬁ‘af? s ‘ii,tl?@%ﬁf‘é?meve
di d h
tray§ SHORAGVING SN S s Yifhiafig %ﬂip'? A
of from1.5 to 10% preferably L @i %@ '
particulagly geodas ;thﬂrtéﬂéﬁdﬂlt@fms phihg @UP ha? t&fee"

each 25 tray in a range of from1l.9 to 6.0% It has
perfocmangeand: equipmealidioss. t Ht hasoalsa been discoverad that each
34 A0501 VP74/ KAN continuous nulti-stage distillation

sieveotrayrpreéfeeabhy has DOOttoe1 POOdeotes J miein then sievelportion. A
attained nore easily. Wien carrying out the present

morkny&iferable himseabkHoleariBon20 8oa@00 Hdlasdi W2, 3/et more

conti nuously produced by continuously feeding { he

pref&)‘ﬁb 15001'%[ E@Wﬁ@léﬁ“?j myhe Mdr@lﬁiérc i"RA8Yéeh Wiscovered that

aco as the starting materitals into the conti nuous

the E}%éé s%tc?ﬂaenﬂ' atda pRY' RGeSt Uakn SieV¥ (Ry! 18°pFéfAabTY in a

range of from 0.5 to 5 cm?. A more preferable cross-sectional area per
hole is from 0.7 to 4 cm?, yet more preferably from 0.9.t0 3 cm?.
Furthermore, it has been discovered that it is particularly preferable if
each sieve tray has 100 to 1000 holes / m? in the sie\fe portion, and fﬁe
cross-sectional area per hole is in a range of from 0.5 t6 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 above conditions to the
34
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gresent, carrying out reaction and distillation
A05QT MR7ddANuS| y in the colum, continuously

wi t hdrawi ng a | ow boiling point reaction mxture
cont ai ni ng the produced di al kyl carbonate fromthe
upper portion of the 10 colum in a gaseous form and

i nuQust.y with i i i ng. j
confillbliBJtlsthoe Asilatid s i e BRistChEthe prpsent
. eﬁ'ﬁ”ion O{H thtﬁ@' co(*_unn in a. liquid form Moreover, in
inveniion, cagbe attainad mere,easilY: conti nuous feeding of
the starting material cyclic carbonate and aliphatic '
nmondhan careyioahevt the prasent iavestona thesdialkyl cafhgpate and
di stillation colum, the cyclic carbonate and the
the diolpaee contimuuslyiprod used bynegntinubasly feading the cyclic
starting material mxture or separately, in a liquid
carbfoxiateasfd/ thy atiptaticonrorishiydrit raloohoblast (e sparting edaterials
in one place or a plurality of places in the upper

intoRfe! baﬁpnt%_dshﬁ‘dmdﬂ P aidtiIPatioh ddlfamlerhm{ e idakalyst is

gas outlet in the upper 20 portion of the distillation

P : Lo ¢
pret Thrr i blIP TpaBuMH SR dRLfAlldf simBIEAE Forglin' e
li bonate..is fed int distillat]

ool BruP TR ehBehFipaH By Rl bl Hpoh fcure
contiol 3 Bropice RS FANSL carBonate drof 18 uiaBorteA of the
material containing a 25 |arge anmount_of the aliphatic |
colurandnya gasenusifiorm; ardkgonting ausly withdrawing ahigh boiling
colum in a gaseous formfrominlet(s) provided in the

pointi e ctioB kG oe cdrtainday the dialnfrom the lowesn ppdion @f the
of the colum above the liquid outlet in the |ower

colymhtinoa lifuidh®red.stillation colum is also preferable.
The reaction tine for the transesterification reaction

car gictdoVel, if'thé FrelemtGRlvehfivt) i the THtividas Feelding of

equate to the average residence 5 time of the reaction

e 518 gl daLBPAAE KalthaMio! e B oRbbgEre picono

. f the i.nternal . PTI "
mtoothet con mtu%usamsultz-stage distillation column, the cyclic carbonate

and the aliph.atic monochydric alcohol may be fed in as a starting material
mixture or éep.arately, in a liquid form and / or a gaseous form, from
inlet(s) provided in one place or a plurality of places in fhe 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 mbnohydric 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
35




in the distillation colum and the nunber of stages,
AOSUINEPEAMIANS of the starting materials fed in, the

type and anount of the catalyst, the reaction
conditions, and so on. The reaction tinme is generally
in arange of from10 0.1 to 20 hours, preferably from

0.5 to, 15 hours, nore eferably from t s
portigincof a8 tonet Bhpienial e, Spoth ap8ik the' fiatfs d4ighin the

of the starting material conppunjjs useg;h algd the type
lowesodian ef the digdillationcpdumnrie ajer Preipralklfper at ure

is generally in a range of from30 to 15 300 C. It is .

pr ditee zeactipo fime fosthe heanseaterdicatiopaeaction sareed out in

to increase the reaction rate. However, if the

the pressEntoinveritien 38 wonsidered toneghate berthei average residence
becone |iable to occur. The reaction tenperature is

timel GUEh@ TR Nqu #n tREXSOIinHbAE MAIticstage distiation
preferably from50 to 200 C, yet nore preferably from

colu t°lTl}%%)r&ciiﬂn%@m@@aHb%sﬁah?h\%}’lﬁtdtrﬁgheEgm:rﬁfifﬁé\iﬁternals

| Sti I On can be carried o

. bot,t tenpergture se r 1

in th BlMARRHALHE 2 18 IR o $138bs, AeCampunts of the
nore than 11 .Y re referably t nmoce thap .

starljng matafjals deflionihe Typacabe anountet i Eiavelothe reaction
present invention is that the high conversjon, high

condisions.iand 50 gRd JBheirgacticnytioe Js genesallyeima; rangsy of from
even with such a | ow colunm bottom tenperature. '

0.1 tw28chours peeferably dropr@ssto d S/houes, twyenprefgrably from 1
the 36 A0501 VP74/KAN type of the starting materi al

to 100yp@rg1ds used and the conposition therebetween, the
reacti on tenperature, and so on. The reaction

pr epRE R8P emperature Variescdepending On Iﬁl@érwrne of the
pressure, or an applied pressure, and I's generally in

starfgbtefll SHbbutASZARd. BAd he 3756 1 g e
catag?éﬁ r : ﬁlhpfgqn]asct:tiiéﬁ“tieﬂgpé&%u?g 8 JuiRsailid 'a ARG 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, preferably 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 sucﬁ a low column bottom

temperature. Moreover, the reaction pressure varies depending on the
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col um used in the present invention is generally a
AOSOFYRBY #MKANat eri al such as carbon steel or stainless

steel. In terms of the quality of the dialkyl
carbonate and diol to be produced, stainless steel is
preferable. 10 EXAMPLES Following is a nore detailed

d | QLU f . £ Nt 4
type afiid Btaiudoaftiidl ESRHadiYE HRsH antrY EBmposition
linted tg the follow ng exanples, 15 Exa 1 ..
therebahyERDeoeaastion Lmthakire. #nd FQ onumEnk reaction
continuous nulti-stage distillation colunn as shown in
pressuce mayngiany pf a3ppduaed Rressods normalipressye, or an
Dd, = 7.5, and D 20 d2 = 12 was used. The trays jn
appliéd piessure paindniscgenemallgrin airanget obfromehtn 2xl0'npa,

the cross-sectional area per hole in the sieve portion

preféhgsigofron®™ 02 987 R4 embré. prefistabiy fromutdrbto &x10° Pa.
hol es of approximately 180 to 32 /M2 . The aperture

r aty e phafAtd Obntitutingthe e6ntiudusandttiKtaleodistiidtion
to 4.2% 25 <Reactive distillation> 3.27 Ton hr of

colu@y%)/s%iﬁ?ﬁ .";F}%ts%r{trin@ebito | 1§ g%@r}ﬁ’ﬁ? a Wel‘éqﬁ?]ma_terial such

conti'nuously introduced into the distillation
col umm from an, i.n] et - rpvi t .
as cEPBAM Heahalr sainiees,tad) M fEugE biithe Bfahy bf tha%ialky
aseous form (caontaining 8. 96 %.b i ght, of di nmethyl
carbifiaigranddioh 8 be PEOCHERS: StaInIEbRcrteaIds AreTarat iy |
form (containing 6.66 % by 5 weight of dinethyl
carbonate) were respectively continuously introduced

into the distillation colum frominlets (3-b and 3-c¢)
EXAMBLERd at the 31st

Following is a more detailed descriptioh of the present invention

through examples. However, the présent invention is not limited to the

following examples.

Example 1:
<Continuous multi-stage distillation column>

- A continuous multi-stage distillation column as shown in FIG. 1
having L = 3300 cm, D=300cm,L/D=11,n= 60,. D/di=7.5,and D/
d2 = 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 180 to

32/ m?. The aperture ratio of each of the trays was in a range of from

2.1t 4.2%.
<Reactive distillation>

3.27 Ton / hr of ethylene carbonate in a liquid form was
37
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stage fromthe bottom The nolar ratio of the starting
A05%V§7FMN introduced into the distillation colum was

nmet hanol / ethyl ene carbonate = 8.36. 10 The catal yst

used was obtai ned by adding 4.8 ton of ethylene

glycol to 2.5 ton of KOH (48 % by wei ght aqueous

contiubhs Rl traSRbaBin8 TSI couh frol & tter(c-a)
provided Acihe 858G Fam.ARS ROMSHIge LasE 18R,/ RAT Methanol

. This catal yst solution was 15 continuously introduced

in ajgasequs farmt(aardainingc®9bnt tbweiaht of limethyj carbonate)
provi ded at the 54th stage fromthe bottom (K

and God88ntomaf ihorof meth@nioy invaeligutid foame(cantadning 6086 % by
carbonate fed in). Reactive distillation was carried

weightt of githiethplsarb omary) werdireispettivielp coitimiobslyt imtroduced
tenperature of 98 C, a columm top pressure of

into 3AB! @LTIRIAAY cbidmicidm iRRet8x3-8ndnd 3-2)/grovidédcatothe 31°
0.42. It was possible to attain stable steady state

stag@Pfioth 'tRB I%{tBFn .24Tr{1é° Molar ?allﬁw?ﬁ gh% iosggiﬁlg{; %Fﬁ% rials

reaction m xture withdrawn from

intrcifieR sofo T HERatiol FotiThn #8s Pefpld: lfTlens sarbonate

lgw boiling point reaction m xture, 25 which was
= 8-§§nti nuously withdrawn fromthe distillation columm at
10.678 ton / hr, contained 4.129 ton / hr of dinet hYl
car bee natalystiused spas abtainad hoadding B pf eshylene
nmet hanol. A liquid continuously withdrawn fromthe
glycbdtto@oS2tari of HEOH (48186 By waeigh? aquedussalotiva)pbeating to
2.356 ton / hr of ethylene glycol, 1.014 ton / hr of
appretintatelly 1801 °¢, kgrad udliyofedocear tieg preBsuescand carrying out

carbonate. Excluding the dimethyl carbonate contai ned

I'|<~:aiO pécﬁl?néﬁﬁfdﬂégﬁgﬁiiﬁﬁéﬂl %h%klgsaé’tt H?bﬁi%? fﬁ@@'ﬁa. SO

met hy onate wa ton ;
as tggﬁéﬁl‘ﬁ% gﬁ)ﬁﬁpf&éﬁ(ﬂ?ﬁgs YoiGhbnCOrtRIdedtd 1Yst Lo 1ution 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 conditio»r.:s 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 /
38



act.ual produced amount of ethylene glycol was 2.301
AOSQILMPF4ANThe et hyl ene carbonate conversi on was

99.88% the dinethyl carbonate selectivity was not

| ess than 99.99% and the ethylene glycol selectivity

10 was not |ess than 99.99% Prol onged continuous

o of AR “@%Jﬁﬁf@' el U3t SRS 14 Bgtom 2 of the
couf or P34 851 Sl 2 BRSS9 i e Wi

340 ton respectlvel for dinethyl 15 car bonate an
1. 012' tan /thynof methanal, anz:l dolsgt/ohr of unreaciad %Mensmarbonate-
ton respectively for ethylene glycol, the ethyl ene
Exclugling rtheed metheyist arbo vateccontaiped m/blhq sdartingomaterial, the
‘99. 89% 99.89%.99.88% and 99.88% the dinethyl
actuaiprodaiced ahmsuntvof idémethyEcaelsorate way 30840/ tess/ hr, and
than 99.99% not less than 99.99% not |ess than

exclaaiﬁg%er@fhwéﬁé | BI%%rRQ?ﬁedmﬁ tﬁ@tcéﬁﬂ?sggolﬁﬁé‘n, the

and ‘'t he ethyl ene glycol selectivities were

actugf FfHfckE] ¥nilnt EE?BB%@W&?‘V 20243 T0bd o, The
ethyiple arhcTiate, EMSreiB el SRR  the Y @*?@N*V-féafmate
seleflihi waw oal Bord shaB.S8 Faskoma L iRE S hilins BidRianectivity

1. 2.61 Ton / hr of ethylene carbonate inaliquid
wasfphleastham@he8di y introduced into the
" distillation colum fromthe inlet (3-a) provided at

t hePralbnigest egatinuomst bpebationrvag. agietbout underf these

met hanol in a gaseous form (containing 2.41 % by
condRiciE. OAfEMB00 oWy, 0G0 hownid 4000 hours, 50D hotfrs, and

nmet hanol in a liquid form (containing 1.46 % by wei ght

f t t
6000 hcs’u th acﬁ?&lﬁﬁr‘?ﬂﬂf‘& rRoliRtP PEr Gl w eawsbu 3.340

Intro UCE Into atlon colum fromthe

ton,it%.lgﬁtos tdrr; 8,346 t3nCh¥ ‘3‘.’3@'@ YoR rddpective lytdt 4fint & HY!

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 99.90%, 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 99.99%, 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 fbllowing conditions

using the same continuous multi-stage distiilation column as in Example
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of The nolar ratio of the starting materials
A0S %V{:gg}ﬁlg into the distillation colum was nethanol
/| ethylene carbonate = 8.73. The 10 catal yst was made

to be the sane as in Exanple 1, and was continuously
fed into the distillation colum. Reactive

1. EfbitDhit o SyiRhs Chrpate B e MUORF 1 RES continuously
intrcfycd (068 G SHEBpoBBRIRR PRAC g dufkl ) HimuiRd at the
551 S AGPropb ARG BEAM.ondra b 8 (¥ R methaRGR o f oBggous
1 of the colum in a gaseous formwas cool ed using a
forméeentaining get 1 Hedby weightiehdimethy earanate) amd 4.227 ton /
liquid low boiling point reaction m xture, which was

hr of eméihmreisinyavid uidr form f(containénglits 46l Y%aby omeightuaf dimethyl
8.17 ton 20 / hr, contained 2.84 ton / hr of dinethyl

carboHate)avére aeepécﬁ%elp@dntmumislgrmmed Anto the distillation
continuously wthdrawn fromthe bottom 2 of the

N / ' ) st/
couining e s i SETptsd slin p stageiom

met hanol, an

/ 0 te Y, : N
ottpy sl MAtRE TRESET S 5B naRRREIR IntellikERto the
. Jmterial , the actual, produce nount  of di.met
dist Bt Sotu RiCwE S thEss / SihyiaRe aBoatig igs. The
et hyl ene glycol contained in the_catalyst 40,6 A0501 .
catamﬁmnw{%ttpd?ﬁ thasameas ip B hafd was continuously
et hyl ene glycol was 1.839 ton | hr. The ethylene |
fed intobthendistibationstalumnas Reactiyeidistiiatiomyas carried out
carbonate selectivity was not |ess than 99.99% and

contiheotishy lerde rotonditiorselofa columnvbottom teagserstane of 93 °C,
99.99% 5 Prol onged conti nuous operation was carried

a cdluhﬁﬁgggoﬁé%%iﬁe sragprofimateiyt 04800 NP, and@@0feflux ratio

hour s, 00 hours, and 5000 hours, the actual

of ogﬁgggced amounts per hour were 2.669 ton, 2.669 ton,

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 methanol, and 0.2 kg / hr of unreacted ethylene
carbonate. Excluding the dimethy! carbonate dontained in the starting
material, the actual produced amcount of dimethyl carbonate was 2.669

ton / hr, and excluding the ethylene glycol contained in the catalyst
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ton, and 2.669 ton respectively for dinethyl
AO5QLVBFASAN and 1.839 ton, 1.839 ton, 1.839 ton, and

1.839 ton respectively f or et hyl ene egcoI, the 10
et hyl ene carbonate conversions were respectively
99.999@ 99.99% 99.99% and 99.99% the dinethyl

solufigm, 158 Sethalptodused aniRuGY s EIRTHine WiYeBlhvad 17830 ton /
99, 999 d t | th 99.,99%
hr. (Thedthyleae sarbanate anusriionavas a9 s hidethy
99.99% not less than 99.99% not |ess 15 than 99.99%

carboratecselestivithwaopotdess thaandd L%, and ébﬂt?ﬂi%%e glycol!

mul ti-stage distillation colunm as shown in FIG 1
seleb@Muﬁ}gwhs—nBBwsslthaBQQW/ocm L/ D=11, n =60, D
= 7.5 and D 20 d2 = 12 was used. The trays in

t hq:fbl&hlglédabbﬁﬁnwl;mpwaﬂoalwae ¢amied cedamderthgse
the cross-sectional area per hole in the sieve portion

congﬁﬁirﬁ&’f A‘?{era?ﬁbexﬁaﬁlése | 406 80 houirs, BVO@ HylFeamd 5000 hours,

r oxi mat fo 340 / nR. The aperture
| o, 0of f
the B3 %age/of;@e%d %@%ﬁé /pa%'sh%?é*%ﬁaéﬁﬁéé‘%gf’@b%?éw. 19h%2 660
li rmwas d
ton.aad i 658 B ceparatveDR o imatay( FarsgnatE, agdcy 839 ton,
VP74/ KAN ded h 55 h f
1.835 10, 10B3P W, ik RARAON respeghLebubT inlene Glycol, the
(containing 8.97 % by weight of dinethyl car bonate
ethyledescarbionate convessians werel raspectivajyi ¥948%. ° .99%,
(containing 6.65 % by weight of dinethyl carbonate)

09.98% 46d 199009 the dimethglshybonatedededtiition weree
distillation colum fromthe inlets (3-b and 3-c¢)

res&é@ﬂhé@dnat 1688 thaASH9 ToHae ridtdesshdmBooes % wotriese than

ratio the starting materials introduced into the

A @ Aesd h2Ra'the egRAIN YEketivities
90.86%. And | 1eSS, H{Eh 22 8%, 806 the, SHTYIORE gl dEtbetvit
wergxre pleect:ll\iel?y not less than 99.99%, 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/d{=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)
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continuously fed into the distillation colum.
A05QQe\éB?‘ﬂ/\Vé\"dh stillation 10 was carried out continuously

under conditions of a colum bottom tenperature of 98

C, a colum top pressure of approximately 1.118x105
Pa, and a reflux ratio of 0.42. It was possible to

prouH4E LB BHE S RO 23 PBBETpA ] B thano
o 55 ek 5 BRG] St

The liquid | ow boiling point reaction mxture %glg

and R84 don hbeafi ethanal Ava tiayid faemKcantaining,R-65 % by
colum at 12.32 ton / hr contained 4.764 ton / hr of

weighitneh dirhetlaybcarhenate)weresespestively comtinieusiyointraduced
liquid continuously withdrawn fromthe bottom of the

into @ﬁecdibwm&tﬁin gohoRnt fromt the iatetsa(3xbdafd7d&)tprovided at the
of ethylene glycol, 1.17 ton / hr of nethanol, and

31% éﬁﬁgb%énﬁ Eh@fbd’t‘i‘éﬁﬁ‘?t ?He%’ﬁﬂéﬁﬂétlé%pﬂf@b%rtm% materials
udi ng the di nethyl carbonate contained int

e
-8, 23r u?f'aﬁ' (oG RSB e sAEHEN Trgrele 1 anc

ycol was 2 655 ton | ene garbonate. ... ..
wasGannupoRwied otamhe dintinaion & r'ivfear pdigagtive distillation
A0501 VP74/ KAN sel ectivity was not | ess than 99.99%
wasgarriernt cstigoriieugusbounder canditions gha sRlumB Lottam,
99.99% Prol onged conti nuous operation was carried out 5
tempersiurehet 88 Wndi ¢olansn taptpregsioe abapproziovatekyud s118x10
3000 hours, and 5000 hours, 5 the actual produced

Pa, ameMatrefRet ratiorofer42 3. 854 ton, 3.854 ton, 3.854 ton,
and 3.854 ton respectively for di met hyl carbonate, and

2. 6I?5~5933crssapﬁ=.55o fﬁi;nzs%et%aﬂﬂgta?te%éefﬂmon after 24

respectl ene glycol, the ethylene

houggr 9%5 /f&vs ARG SoMtSrelfttfor RTiRehld WithdriWwi? $78m 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 bot.tdm 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 fhe 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



10

15

20

26

99% and 99.99% the dinethyl carbonate
AOSQJBVEZNMM es were 10 respectively not |ess than

99.99% not |ess than 99.99% not |ess than 99.99%

and not |ess than 99.99% and the ethylene glycol

selectivities were respectively not |ess than 99.99%
ess tha

seleffvityis 06 4ens 1ah8895 %" nd B slflvishR glyol Sblectivity

nultl-st dlStIE}eatlon colum as shown in FIG 1
wasRlb lgp % 300cm L/D= 11, n=60, D/d, =7.5,
and D/ d2 = 12 was used. Thetrays in the
di Srolpageshcestinweuseppesation waay%arrl%@wtnmﬁqgtmﬁ%e
cross-sectional area per hole in the sieve portion
conditiorenf Afterf 180 Prhoiirst2090 haursBe0@ hourspiasd 6000 hours,
hol es of approximately 240 to 360 / nR. The aperture

the aatu®l pfod@edd FImbhats parshoas werea3854donf 3.854 toh,(3.854
to 5.0% 7.546 Ton / hr of ethylene carbonate in a

ton,! ARy BBW{Bﬂ‘@é?ﬁéeﬂ?éy‘%‘ﬁhYmb@ﬁYPgﬂ%é@ 0ahde.6855 ton,

I'stillation co he 1 nle 25 provi ded

2. Gsﬁi{é hgf’é&@ tghaqaﬁ\é h%}g%[t%nbf’éé %Etr%gely@rg%ﬂ'ylg% glycol, the

gaseous m ( cO
di rreth ‘car bonate
oth 9n§893'3mmtp Eoheflats Were.s qﬁ&ﬁ#&l%@?@? AR
% b ht of di met hyl carbonat %
90.84%,and 9. §5%.ihedimetyy| Larbanate se %v'm@ were
distillation colum fromthe inlets (3-b and 3-

3-¢)
respeciivelydnat less than99.99%e notdessHbano 80 39 %1 mothigss than
ratio of the starting nmaterials 5 introduced into the

99.&9%Liaﬂchtrimnessltthmn 20s99%, hamd Ithe ethyleneglyezobsedectivities
8.36. The catal yst was nade to be the sanme as in

werE&%@ﬁ&tﬂvel?ﬁ%l WS THeEn lgBJQO%ynbeqiesﬁﬁﬁahf@Q 99%, not less
distillation colum. Reactive distillation was

thar?@'&?!r 99‘% OHhd9of | 6%“ gy19gy,condi tions of a colum

tenperature o col'um top pressure of
apprOX|nater 1.118x105

Example 4:

The continuous multi-stage disfillation column as shown in FIG. 1
havingL=3300cm,D=300cm,L/D=11,n=60,D/dy=7.5,and D/
d2 = 12 was used. The trays in the distillation column were sieve trays,
each having the cross-sectional area per hole in the sieve pbrtion 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 columnlfrom the iniet (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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and a reflux ratio of 0.42. It was possible to
A05Q&V§’7|4ﬂ§4\ﬂbl e steady state operation after 24 hours.
A low boiling point reaction mxture w thdrawn from
the top 1 of the columm in a gaseous form was cool ed

using a heat exchanger and thus turned into a |iquid.

d Io . DO (hoi g, f & t|on m tu £ Sap o
and {282 ins % Wksharp! IR b ThrBhe it Gia prag: by
welgﬁgtl é ol ﬁ#ggé tggge) y%elréowgpm alt? y/corpzﬁ?négus{y t|1r|;troduced
nmet hanol . A l'iquid continuously wthdrawn fromt
into $bet diatiltatign tquéurrtrbfrmm the inlgts (3dnandy3- ‘é)onf%ﬂﬁ’&ﬂ at the
5 436 ton / hr of ethylene glycol, 2.34 ton / hr of
31%rstagenfrom d¢hd bettem./ Fheofmalar aticed thé\starking materials
carbonate. 20 Excluding the dinmethyl carbonate

intrediéed nato ithetdistiiation belumnewiasl methanoh¢tethlylene carbonate
produced anmount of dinmethyl carbonate was 7.708 ton /

= 8.B8. aPHe @é@lg@q Was! Hﬁa&cf]hd'w?hs'%ﬁb &9 E X% p Eé 1, and

the catal yst solution actual produced anou

e I

wascLoHiRB Y 84 1HRS she sl Bfasion pRIdR, . FREHCEE 8#% lation
was, not SS th n 99. 90/ nd t

wasgagyie o santinuBiaL Bndef “Condfhne pLatofllAn: 'g’Rag%

44 A0501 VP74‘4 KAN Prol onged continuoug operation 5
tempaFATW® of G5, ideA COMUBN ToPrATES TS Ofxwoxuvetﬂ%ﬂsﬂﬂxw

the actual produced anount per hour was 7.708 ton for
Pa, gindcatsaflwaratinae®0.4&d 5.31 ton for ethylene glycol,

the ethylene carbonate conversion was 99.8% the

di nittvngs posdiblete dttain stablei steahsstate dpesatibanafter 24
99.99% and the ethylene glycol selectivity was not

hout$ss A [vap BR1iR3%pointdeddtion miixelie WithdiawAFeondtig top 1 of

to the present invention, it has been discovered that

the EB rﬁh%%&éﬂﬁérﬁ?ﬁﬁ%éegoim uding £ Bk RENSNGEF and

eac
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 dimethyl carbonate, and 15.114 ton /
hr of methanol. A liquid continuously withdrawn from the bottom 2 of the
column at 7.804 tdn / 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 produeed amount of ethy[ene glycol was 5.31ton / hr. The

ethylene carbonate conversion was 99.7%, the dimethyl carbonate

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

was not less than 99.99%.
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selectivity of not |ess than 95% preferably not |ess
AOSQINR74ANDre preferably not |less than 99% on an

i ndustrial scale of not less than 2 ton / hr,

preferably not less than 3 ton / hr, nore preferably

not less than 4 ton | hr, for the dial kyl carbonate,

ang, not less than 1.3 ton /..hr, 15 pref
C nirolongeReRafrous PESraticLmas ST BBL ey biese
ton / hr, for the diol, with alvéggﬂjel stabl¥ for_a
condjtigngngehftes 1000 drours; theactua qad, AMeupt P& hour was
preferably not |ess than 3000 hours, nore preferably
7.7080ton éek dimethgboarbonate, andd.3 1ctan fer ethylans glyeel. the
an aliphatic nonohydric al cohol. 45 A0501 VP74/ KAN
ethylénhe Marb\dhateaconvérsidnpwascd3s. &% thedlimethylicarbonate
produci ng a di al kyl carbonate and a diol in which the

seletivity vasan bpeE S thad 9999 0and the @thylermaglycé! selectivity
produced through a reactive distillation system of

wastrfd‘ti %%Satﬁﬁlggz_gg%_r bonate and an aliphatic nonohydric

al cohol™ as starting materials, conprising the steps
of : continuously feeding the starting naterials into a

continuous nulti-stage distillation colum in which a

honogenequs catal yst is 10 present; carrying out
'"dl’rsé'&@?%ﬂpciéﬁﬂ)b'ﬁitt\éti |l ation sinmultaneously in said

col um; continuously w thdrawi ng a, L ow boili poi nt

r eddecordipoxiauthe presestinngnlies, it b@@c aepi %!%»Pﬂvefed that the

carbonate from an upper portion of the 15 colum in a

~ diallgglseatsonaterangnthe diol cao e prafdusedaennl withi ghigh

boiling point reaction mxture containing the diol
seleotivityaof atriensrtham96 | peeferabin niat leski tixard 9736 nmore

preferably not less than 99%, on an industrial scale of not less than 2 ton
/ hr, preferably not less than 3 ton / hr, more preferably not less than 4
ton / hr, for the dialkyl carbonate, and not less than 1.3 ton / hr,
preferably not less than 1.95 ton / hr, more preferably not less than 2.6
ton / hr, for the diol, with a high yield stably for a prolonged period of
time of not less than 1000 hours, preferably not less than 3000 hours,
more preferably not less than 5.000 hours, from a cyclic carbonate and an

aliphatic monohydric alcohol.
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ip, said continuous nulti-stage distillation
A05mm—pri ses a 20 cylindrical trunk portion having
alength L (cm and an inside dianmeter D (cm and
having thereinside a tray with nunber of stages n, and
conprises a gas outlet having an inside dianeter d,
(cm provided at a top %L?ﬁﬁ“ ol um or in the upper
portion of the colum near 10 e top, a liquid
W ‘glutl et having an inside dianeter d2 (cm provided at a
€ ¢/8{Tom of 25 the colum or in the | ower portion of the
colum near to the bottom , | eqst ,one fiLrst inlegt
pr dvi ded A Hr?ﬁ%sﬁﬁﬁéﬂnﬁﬁglri%iv Meg}-’cé?gé" FH%@I% carbonate and
portion 46 A0501 VP74/ KAN of the colum bel ow said
a digjain winickitheadialky! catkenate asdcthel dial are candinurMsiyn
the mddle portion and / or the lower portion of the
produedhthroiylva seactive glistiliationesystamraf taking)a wyelic
length L (cn) satisfies the fornula (1); 5 2100 < L:5

carb®ile(dnd draliptatid mdifo iy ariet ficoRal &y stédrtine neslerials,
satisfies the formula (2); 180 5 D 5 2000 (2), (3) a

comPgi%iﬁgﬁﬁteLQFeﬂseB&th L (cm) to the inside diameter D

e 10 colum satisfies the formula (3);

L b 4 O VR o, o o

mut-idpge defiRtER soivn iy ShoriptRiedis Pamist i

the formula (5); 35D/d1520 (5), (6) a ratio of the
presai; de diameter D (cm) of the colum to the

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
column in a gaseous form; and

continuously withdrawing a high boiling point reaction mixture
containing the diol from a lower portion of the column in a fiquid 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 ga‘s outlet having an inside diameter d, (cm) provided at a
top of the column or in the upper portion of the column near to the top, a
liquid outiet having an inside diameter d; (cm) provided at a bottom of
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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i Nsi jameter d2 (cm) of the liquid outlet satisfies

AMOH@’? a (6): 5< D' d2< 30 (6),and 20 (7) an
aperture ratio of each tray is in a range of from1.5
to 10% 2. The process according to Caim1l, wherein
a produced anount of the dial kyl carbonate is not

of the'8BIIMALEIW Reid Has Butiet, By BE %6486 oRGCEE oA infet

produced anount

o BEEABR g o 4 R coar

wher ei n ﬁsajd d2 satisfy the formula (7);

abo@%"ﬂd*&‘“g Q%'et whgrethe process accordl ng to any
one of O ains to 4, where n, D/ d,,
and 1D thedienigéh lsécm)caaﬁlsfm%dben{wmul@t b)e

distillation colum satisfy the follow ng fornul ae;
2300 5 L:5. 60@3,002€0L < 8000 (1),
D51000, 55L/ D<_30, 30<_n_<100, 45D/ d, 515, and 75D/ d25 10

25 (29 Etﬁéemslldé'dﬁanﬁete'mb (@mpasshemummgatrsfm/ thedormula
Clains 1 to 5, wherein L, Db L/ D, n, D/ d,, and

(2).D/ d2 for sald conti nuous multi-stage di stillation
"colum satisfy the followi ng fornulae; 2500 5 L:5

5000, 210 15 D @ém 40<_n590, 5500 d, GZ') and
95D/ d2520, res The process accbrding to
any ne o ns I R t
 ratigyof 15 Aeggﬁsﬁg@reft 1B, ¥jad3fighigfers3'igin) of the
h process accor di ng to any one of Clainms | to 7,
columm&ahs“%é giermula (3dii o of each tray is in a range

of from1l.9 to 6. 0%
4<L/D<40 (3),

(4) the number of stages n satisfies the formula (4);
10<ns<120 (4),
(5) a ratio of the inside diameter D (cm) of the column to the
inside diameter dy (cm) of the gas outlet satisfies the formula (5); -
3<D/d1<20 (5),
(6) a ratio of the inside diameter D (cm) of _the column to the
inside diameter d» (cm) of the liquid outlet satisfies the formula (6);
5<D/d;<30 (8), and

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

2. The process according to Claim 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 riot less than 1.3 ton / hr.
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9. cess according to any one of Clains | to 8,
AD5Q&ﬁg;2§ﬂ8&§5 said tray is a sieve tray having a sieve
portion and a downconer portion. 48 A0501 VP74/ KAN
10. The process according to claim9, wherein said
sieve tray has 100 to 1000 holes / nR in said sieve
portion thereof. 11. The process according to Caim?9
or 10, wherein a 5 cross-sectional area per hole of

sal sie ray s in ar D
e s bBYchBe Ausbidif i nk iR Br i1 W, wherein
aperture ratio (a rath&o of a tz_} cross-secti onal
said g cang saibdpatisfydhe famild 4()area of the sieve
pl ate containing the area of the hole portion) of said
sieve tray is insadrhdge< & from 1.9 to 6.0%7)13. A
continuous nulti-stage distillation columm for
carrying out  transesterification between a cyclic
carbonate and an aliphatic 15 nonohydric al cohol and

di g.i 11 atTe proBesscaétonding touhhy-criedd Clgihid Hato 4p wherein
colunn conpr|5|ng a cylindrical trunk portion having

L, D2 U PEOLR b fam) Fﬂadnaﬁdyfar%%ldgsﬂﬂm@cﬁu@ rﬁﬁfﬁ—stégbf ay

havi nd nunber stages n provi side said trunk

distﬁloajrf Ori):cb?ﬁna'n&sgﬂggp ?I&%qé*lgaghggfcﬁﬂrd@# df&(?dn %ﬁtfﬁdﬁi 200 <
D s(g@ﬁde?g @Lﬁ@lﬂgﬁcqr'ﬁn éenﬁéérﬁ&o'l‘? £0' B 5o %:'bfgé( P4 d; <
ottomof said colum or in a | ower portlon of sai

25, respedtiMel: to the 25 bottom at |east one first
inlet provided in the upper portion and / or a 49

6. The process according to any one of Claims 1 to 5, wherein
L,D,L/D, n, D/dy, 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/dy<13,and 9<D/dz<20,

respectively.

7. The process according to any one of Claims 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 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.



74/ KAN m ddl e portion of said colum bel ow
A050§1‘g\§§’}§@ utlet; and at | east one second inlet
provided in the mddle portion and / or the |ower

portion of said columm above said liquid outlet;
wherein: (1) the Iength L (cm satisfies the formula

(4o, e W g 0, S50 Ve e
v BT b B ol L5 i 17,

formula (3); 4< L/D< 40 (3), (4) the nunber of stages
n satisfies the formula (4); 10 _<n 5 120 (4), (5 a
rati o of the inside dianeter é of the colum to
t hd1.15 iTie peodesasagording de Clgim Beogdd, ouberein a
satisfies the fornula (5); 35D/d1520 (5), (6) a ratio
crosstsébfiohakadeadperhbbe ob s(aid)siefvettreydsl imma ramgenef from 0.5
inside dianmeter d2 (cm of the liquid outlet satisfies
to 5tdpg2fornula (6); 550/ d2530 (6), and 20 (7) an
aperture ratio of each tray is in a range of from1.5
to 10% 14. The continuous nulti-stage distillation
col unn accordi ng to Caim13, wherein said dl1 and

refans o %%ﬁéséggri?oﬁ"ﬂgﬁag@c@@? q 80, hereitha

di t 50 A0501 VP74/ KA
ape%ﬁ(r:grraltlrc])g(a ?atlo of a total cross- sectlonal 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%.

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 dy (cm) provided at a top of
said column or in an upper portion of .said cofumn 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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' 14, wherein L, DL L/ D, n, D/ dj, and D
AOS& ?ﬁf‘b&‘\&; d continuous nulti-stage distillation
colum satisfy the follow ng fornulae; 23005L<_6000,

2005D51000, 5: 5 L/ D<_30, 305n5100, 45D/ di 5 15, and 7 <_
D/ d2:5 25, respectively. 5 16. The conti nuous

miadlé pprfibA°E.SaRt bol e Rl WHITAE I, g 71, 1@
ot <2t \dast oS andiie iRtAIE M s HigeTs aartion.and / or
500< L< 5000, 2105D5800, 75L/ D520, 405n;5 90, 5 10 5 D
the foyer poriign ahaaid s%ivemn aboyeraaid gggyitqux@t;.whqrem:
The continuous nmulti-stage distillation colum

accdndihgglengthaby(conesatistiesi the fermulaét)wherein the

aperture ratio of each tray is in a range of from1.7

to 8.0% 15 18.21T0@ <hnd 8BOOQs nul ti-stage (1),
distillation colum according to any of Clains 13 to

17, () vecinsitleediireter B /(c’ih%@:f%ee@@mmhaé‘atiiﬁié@ the formula
range of from1.9 to 6.0% 20 19. The conti nuous

(2);rrulti -stage distillation colum according to any one
of Cainms 13 to 18, wherein said tray is a sieve tray

having a siev rt o a downconer portjen. 20.

The conti nuouseh@?tslt bs%a%gﬂ?ji stillation col ukmn

accqnding,to ai 9 rein sai.d _si.eve fray has

160D T88k5° a6 e TeRaHh L (erl) 3o Wb iide s BN le L of the

51 A0501 VP74/ KAN 21. The continuous multi-stage
columasatisfies thedaimulac®i ding to daim 19 or 20,

wherein a cross-sectional area per hole of said sieve
tray is in a rhsge/d) €£40m 0.5 to 5 cnt. (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 d, (cm) of the gas outlet satisfies the formula (5);
3<D/dy<20 o (5),
(6) a ratio 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 d and said d, satisfy the formula (7);

1<di/dz<5 (7).

15. The continuous multi-stage distillation column according to
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5 22. The continuous nmulti-stage distillation colum
A050:4-VBY 4 to Cdaim20 or 21, \?\here-i n a aperture ratio
(aratio 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

craiff 15'8Mu% Whéréin® bt 7D, n, D 7 dy, 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 < D / d2 < 25, respectively.

16. The continuous multi-stage distillation column according to
any one of Claims 13 to 15, wherein L, D, L/ 'D, n,D/dy,and D/ d-; for
said continuous mﬁlti-stage distillation column satisfy the following
formulae; 2500 < L < 5000, 210 <D <800,7<L/D<20,40<n<90,5

<D/dy <13, and 9 <D/ d: < 20, respectively.

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 muiti-stage distiliation 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.
b1
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21. The continuous multi-stage distillation column according to
Claim 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
Claim 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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