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A0501 VP70/ KAN PROCESS FOR | NDUSTRI ALLY PRODUCI NG
ADS0HVR AMCANARBONATE 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. More particularly, the present

PR e R D R D A A R NATE

the diol with the high ably for a prol onged
period of tinme through g’?ga@tllézll‘e 10 distillation

‘system of taking a cyclic carbonate and an aliphatic

nonohydri ¢ al cohol as starting materials, continuously

feeding the starting materials into a continuous
Techmi¢al Fildge distillation colum in which a catalyst

is present, and carrying out reaction'and distillation

si Mg present inventite retatemto B35 Bebksfrial prosess for the

Several processes for the production of a dialkyl

prode@tidenar @ ankil cdipbnatoana aediol ivith zehigheyiald: yidore
carbonate and an aliphatic nonohydric al cohol have

partit%g?gng,; ﬁg@gggeﬁgﬁn@ﬁﬁoﬂf rélagess t@@?‘gé@éﬁs Forriadaserially

‘ reaction systens, ur systenms have
prodiFfg JBL6E HGOgPE A e, gHIRRE caPbbnafei@nd he dibPitn the
vian el REETSr SBvAISRG B8t i O a5 2ot
distifieqen gﬁs@mﬁ%ﬁa{lﬁ}lﬁ sohg %M@a@%b A gaﬁhﬂg?%%nm

and a catal yst are put into an autocl|ave,

1 -1
monohydric alcoho! as starting materials, continuously feeding the
starting materials into a continuous multiéstage distillation column in
which a catalyst is present, and carrying out reaction and distillation

simultaneously in the column.

Background Art

Several 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 proposed, but most of these proposals
relate to a catalyst. As reaction systems, four systems have been
proposed hitherto. These four reaction systems are used in a process
for the production of dimethyl carbonate and ethylene glycol from
ethylene carbonate and methanol, which is the most typical reaction
example.

A first system is a completely batch reaction system in which

ethylene carbonate, methano! and a catalyst are put into an autoclave,
1



10

15

20

25

70/ KAN which is a batch reaction vessel and
A05C£1 Q@?Béﬂb‘ls carried out by holding for a

predeterm ned reaction tine under an applied
tenperature at a reaction tenperature above the
boi i ng point of nmethanol (see, for exanple, Patent

P RTBAh kB O i aniod Bisptang
e I bt i M e

No. S54- 6302 u Pa ent cunept  6: Pa nt
reaci{giy fempasatice 2bgyenth boil ﬂgla%ﬁé)fa s@?stf%fn
is a stemthat uses an apparatus_ in
exampie; Hyaéenbﬁwmmhb lér%v?’@é@nérN@oéfiﬁ?BéBr é’a%’ﬁfﬁn
vessel ; ethylene carbonate, nethanol and a cataly
Docunnenph?. Japanedse Patent mpplmwn Laid- OPGHICNDorS54J-48715
made to proceed by heating to a predeterm ned
(coriespending ¢o U\ .t Ratdnt Ny s4 £81678) nRlatenp Domument 5:
nmet hanol distilled off through azeotropy wth the

Japé’ﬁ@géqﬂgtéhtmébb}ibaﬁéhbeﬂﬂi@péﬁtﬂ‘ér%M@SmePa‘tént Mocument
reaction 15 vessel continuously or in bat ches, but in

6: JABUNRLE DAL ﬁPAb%'h%a%?(:ﬁ{ B4 %Peheﬁst 'ssh-qwﬁmbs only

Ion'vesse S batch type, whi ch

or e ReC o sy Bl 03 %%%rt?ﬁﬂiﬁﬁsﬁgﬁstr%%%"%{@m in which a

reaction bei ng carrjged, out u3| exc
distiiatiom Solumdefs pepyided op; *@0 8 g"’oﬁ%"? '8@ Y&s 548!'%?3
from3 to 20 over 20 hours (see, for exanpl e Pat ent
carbnatesrmethapapandsa qatalyst are putdate dhergastigieverse!, and
S51- 122025 (corresponding to U S. Patent No. -
reactis 38 4nadeatce pro@eed ipnheating pare peedatermined temperature.
Application Laid-Open No. S54-48716 (corresponding to
WithtBis Bgbtarh, 0. mAaRE 703 3pr rhetieaihol Aixtiifehofflihrdugh azeotropy
Pat ent No. 3803201) 25 Athird systemis a continuous

with' ﬂf’%tdreﬂu%é‘éﬁ Gﬁ%éﬂwm&’bﬁﬂex%etﬁﬂhét |©8ddleetd Yheé R action
carbonate and anol is continuously f into a

vessel continuously or in batches, but in any event W|th this system the

reaction proceeds only in the reaction vessel, which is batch type, in

which the catalyst, ethylene carbonate and methano! are present. The

reaction is thus batch type, the reaction being carried out using a large

~excess of methanol under reflux taking a long time in a range of from 3 to

over 20 hours (see, for example, Patent Document 3: Japanese Patent
Application Laid-Open No. $51-122025 (corfesponding 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
0 .
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2 A0501 VP70/ KAN tubul ar reactor maintained at a
A0S0 \HIE/EAN ned reaction tenperature, and a reaction

m xture contai ning unreacted ethyl ene carbonate and
met hanol and di net hyl carbonate and et hyl ene gl ycol
whi ch are produced is continuously withdrawn in a

iquid formfroma ut | [ |
tubulgtagetof BaliBINE 40 Fradilatiiy Sl tsacticif tamgeratife. and
catal yst . used. .That is, there,ar r i jch
a reachaRupLrUse CanteiNng Uhgeactan Stfiyferd SaiRanate m‘ﬁgh
the tubul ar reactor together with the nm xeg sobuti on
methanok agdahimetaribonate aed rihylens alveabwhishere Rroduced
reaction the catalyst is separated out fromthe .
is cordimuéoslynwithdrawrsém a fiquidstanpl from an eutleion the other side.
Docunent 7: Japanese Patent Application Laid-OQpen No.

Eith&P2f4W3Brécesses nontied depdadingRandhe fisom o8abeosatalyst
Pat ent cunent 10: U.S. Patent No. 4734518), and a

used’ Tt i%f‘ tM‘@Lé'éré a proeeegeineatic @ Rbységénaods catalyst is
I nside the tubular reactor is used (see, for exanple,

uso 2 B REREEH oy RS T B g it the mivec
ol BE LRI o BhEEE St B o P romcton

reacti on producing dinethyl carbonate and et hyl eng

the gRIRIYSt 1% SERRTAte QUL BAM AbadEReiian, MIX b, g fnfer example.
and nethanol is an equilibrium reaction, angd hen

Patewt Dochirenbft iJapanese Ratead Applicatjan elrﬁ"as&i?@fh

tubul ar reactor, it is inpossible to nake the ethyl ene
S63c41i #8RatcorrespoadimgtoHi GhePatenh Nched GG 16 0B, Patent
conversion determ ned by the conposition ratio put in

Docaiffle ht18 OF @A S.i PAtdFITNY. 24 71345 1 8)r and aanprocesadaowdicly a
to Exanple 1 in Patent Docunent 7 (Japanese Patent

20 Rk 3yt RS s | decisedt(ees, f
et B N T B e s ot 1"

exab i, S4B A4 AL TG Hatbhs AP AaR ia-Open No.
SSS%%'O%%? Patent Document 9: japanese Patent Application Laid-Open
No. S64-31737 (corresponding to U.S. Patent No. 4691041)). The
reaction producing dimethyl carbonate and efhylene glycol through
reaction between ethylene carbonate and methanol is an equilibrium
reaction, and hence with this continuous fiow reaction System using a
tubular reactor, it is impossible to make the ethylene carbonate
conversion higher than the equilibrium conversion determined by the
composition ratio put in and the reaction temperature. For example,
according to Example 1 in Patent Documeht 7 (Japanese Patent
Application Laid-Open No. 863-41432 (corresponding to U.S. Patent No.
4661609)), for a flow reaction at 130°C using a starting material put in

with a molar ratio of methanol / ethylene carbonate = 4 / 1, the ethylene
3
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3 P70/ KAN car bonate conversion is 25% This
A05%\2ﬁ28m a |l arge anount of unreacted ethyl ene

carbonate and net hanol renmining in the reaction
m xture nust be separated out, recovered, and
recircul ated back into the reactor, and in actual

Fect o
car e, hibissczeme CrTTeiBinIbarelaRg amaunt o

cQrrespondin o U.S _Pat )] h :
unregiieg eV Ieb8 katranateabf mBthaRol Pt jndHg eaction
. recover and recjrculation. A fourth systemis .
mixtugadnist be §9paratchﬁ%y§%ﬂ¥?ﬁ<§taaasfay%g%ﬂ]a@d Bagk into the
present inventors (see, for exanple, Patent Docunent
reactor, angdneaciual Gapds with the ipresess o BateehBpgyment ¢
H4- 198141, Patent Docunent 13: Japanese Patent

(JapimBse Ratent Wepplicption NaaidHp230N4B, S84+ 3hT 37 Hsaurnesponding
14: Japanese Patent Application Laid-Qpen No.

to UH8- PHieRt.NoPaBenip40gumundh Equigmeteiscu®ateiar such
Application Laid-Qpen No. H9-183744, Patent Docunent

sep%&tgﬁgggfﬁ@a‘?ﬂirﬁna‘ecﬁﬂ%ﬂﬁ %t1ri7d3 Pedirtdidtnem. 15 No.

atent’ Docune I nt er nati onal
Pubj i Ne) MDO7 j
pare POkl SyBlkm 8 4 feRHB BRI 2yshnt firsy URRABSed by
Docunept 18:. I nternatjonal Publ i ' 4
the PESSEEL IRYRRIATS: kot caranien P ABAL Iyt £ He6anese
Pat ent No. 6346638), Patent C 9: | rnati onal,.
PateqbAPEACASIOM LA S DEINE1 56 AAT4 Ls patanhFa g iehi3:
European Patent No. 1174406, U. S. Patent No. _
JapanesesBptemaAppiicasiambaid pepMNanéid-230243, Patent
Application Laid-Open No. 2002-308804, Patent
Doddeeentriy: apinese Patefd topplicabiohi laid-OpaniNe 8176061,
No. 2004-131394), that is a continuous production

PatehP Psdumenth 8y gpankeacP ataioApplicatiombaidv®penrNo.
each continuously 25 fed into a nulti-stage

s SRSV, 40U DB 4o SN P RN A RUAILY Latd-Oper
No.tﬁﬁ-%iaﬁbt ¥41@ht Document 17: International Publication No.
WOQ97/23445 (corresponding to European Patent No. 0889025, U.S.
Patent No. 5847189), Patent Document 18: International Publication No.
W099/64382 (corresponding to European Patent No. 1086940, U.S.
Patent No. 6346638), Patent Document 19: International Publication No.
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 distiliation column, and reaction is carried out in

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

4
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70/ KAN col um, while the dinethyl carbonate
AOSOiﬁ?whw ene glycol which are produced are
separated off. Patent applications in which such a

reactive distillation systemis used have subsequently
been filed by other conpanies (see, for exanple,

conf B Mgy J5E6, St S gy which re
orodGEbir At SoskrAIEn F p GFF Je

No. H6-9507 (correspondi ng to _European Patent
reachiyeobisAlialion systent ysenaeye SUTTETianty Hitepiipd by other
24: Japanese Patent Application Laid-

n No.
compaoig (sees fav exasples d%mtﬂn*d?psumﬁ@?ﬁif i@panese Patent
Publication No. WO03/006418), Patent Docunent 25:
ApplicationdeaidaOpen Nl H5a211&8 30 dogesp ansd ingoss Edgopea@n
Pat ent Docunent 26: Japanese Patent Application
Patdrti NoOosB0®15, 2083 Ft2ndNo. 5231312 )wBatentddocument 23:
processes proposed hitherto for producing the 15

Jap%i@%éﬁafé‘ft%ﬂ?ﬂ@aﬂﬁﬁ L 4Ry-tigdn N@NHB2® 50T (E6erresponding to

rbonate a e al i phatic nonohydric al cohol are

Euré@%éﬂf&@ﬁ%@S%@%ﬁ (E‘:I?gp'Ffét%'rﬁ N&! 8B 503G ‘Fihtent

ch Teaction systemusing a réaction
vessel - havi ng a distillation. Aravi. deg 0
Docliffii,?4” saperese Pasenhardlitiey L Op et Nes 2088 110168
a tubul ar reactor; and 4) a reactjv ISt '
(cors%@@ndl%ﬁfé\}@.t?rwé%ahév@"&@éwfbﬁ%ma&/%&ﬁhggepate"‘
as follows. In the case of (1) and (3), the wopei
Document 3b: apanese Patenbérplication laidg-opansNo. 2003-300936,
determ ned .by the conposition put in and the
PatéetrDoatment 2625 spanése Ratemt ApplicationckaidoOpen No.

carried out to conpletion, and thus the conversion is
200B0o342ppbpgover, in the case of (2), to make the cyclic

In this way, the processes proposed hitherto for producing the
dialkyl carbonate and the diol 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 vesse! having a distillation

column provided on top thereof;
(3) a flowing liquid reaction syétem 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 carbdnate
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
5
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70/ KAN car bonat e conversi on high, the
Aosoar@@%é% i al kyl carbonate nust be distilled off

using a very large anount of the aliphatic nonohydric
al cohol, and a long reaction tine is required. In the
case of (4), the reaction can be nmade to proceed wth

carb&ﬁt&@én&@@i&h%@ﬁ.tthé”gﬂ&dﬁbéd)dia(k%bl cdrboWatetmust be
we of (4

ver, processe proposed hitherto have
. ohel j t [ A i '

distiiBgof i BV, ffas Sl S iheURHNE Mofohgaric alcohol,
tipe, and have.not.rel ate o] [ 0 ;

and 3 [t FPaRYGH UM i Gedtitee. °HEHS et (4f.the reaction can

rol onged period of tine. That is, these

be rhade Wuprokeed wilh @ bighp e conyeplasslangvlh 45 15 or (3).
carbonate 10 continuously in a |arge amunt (e.g. not, .

Howenr, phiagessesrof (4r prepased hithero have dﬁ!ﬁat@dpgq ipsgducing
of time (e.g. not |ess than 1000 hours, preferably not

the Heslkyl kanbdnale and the miok efthefrdnasinglhamadusts onhfer a short
5000 hours). For exanple, the maxi num val ues of the

peribdl 8htin{ét aff) havlé FBttRatddioaarrymy oot therprdduction on an
stages (n) of the reactive distillation colum, the

indJsﬁere@t%W?&r B Htgo d pefiod BEtime. CaRAN, d¢hese
ous producti

and the contin ctfion time T (hr) in exanples
prodasitsS Jiye. py rEfRERIS bikgY pf pTSUIEING & BRARYPcarbonate
confipUSH VK30 AN BRBTI U ble-dmef et 2 (R hr Staply for @
prolz_t_mn . p@kr%;ih [o_f}g{;ep(r@mg%?wgg tJFI%nquO% ggupé,lgr(sefdé?'gbly not
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
production time T (hr) in examples disclosed for the production of
dimethyl carbonate (DMC) and ethylene glycol (EG) from ethylene

carbonate and methanol are as in Table 1.

Table 1




AOS&%ZWO 0.473 NOTES 18 200 4 PACKI NG COLUWN
932 NOTE 5 19 NOTE Il 5 60 0.275 NOTES 20
NOTE 1 5 60 0.258 NOTES 21 NOTE 'l 5 60 0.258 NOTE 5

22 250 3 PACKI NG COLUWN (Raeft 0.392 NOTE 5 23 NOTE 2
NOTE2NOTE20.532NOTE5 24NOTE3NOTE342NOTE4

NOTE 5 25 NOTE 3 E 5 26 200 15
PACKI NG COLUWN (BX) o.BA . OLDERSHAW

DI STI LLATI ON COLUWN. NOTE 2: DESCRI PTI ON VWHATSOEVER
DEFI NI NG DI STI LLATI ON COLUMN. NOTE 3: ONLY
p T ON—DEFNMNG DI TI CLATT ON_COLUVN T S_NUVBER -
m NdFem: | NG temcH PTIHONSTMGFSCRVER P :asuceD T ¢ hr

X . SUEVEH RE! 1 NG
A S T W A U =l N0
pPdbent ci®@ni 125 Blapanese pPar#hi Applifat 9427 NOTE 5
L4Bd- Oppn 18®. 100353009E ., it 48 stated| at 0¢Baqr hNOTE 5

OQ@O thpt 2d&e presgnt egmmmﬁ@) 5amg. g¥20CepFSNOTE 5
f i.!g\’/\vv Idb ﬁﬁ E1C |PT ergr T MOOE" SEPWh 1 n‘? I—I 927]5 NOTE 5
;f\é‘ﬁ\r;;)lprmuaég 1:4’ cO rcibl_scal pegg;;: laf Ll igﬂ NOTE S

pdduci hdN@TEdt |yl &ar bohat e and88 et hyl en qlw NOTE 5
t lpough| t r gggesteri f3 cat | RACKING COLUMN (Risgtig)f Cc@BS2Z si PriNOTE 5

TSACTT O RBTEST) NOTE 2/ 'F. 2 PNOTER 210 neiNg¥ds NPTROTE 5
B A AN R M L
a®Sact upINGPES 4t MOTE 3 as thaBlexanplelit 3760 NOTES

st2gt ed {hato875Q0 kg15 hr | RPACKINGECOLUMN (BX) pnatdBiBas NOTE 5
Cﬁ;ﬁkﬁ%@ m gga@i descri bed 1 n that
%g ?I%%I FIRINE ST LATION CoLUMN.
NOTE 3 : ONLY DESCRIPTION DEFINING DISTILLATION COLUMN IS NUMBER OF
STAGES.
NOTE 4 : NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.

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

N 1% J

In Patent Document 25 (Japanese Patent Application Laid-Open

No. 2003-300938), it is stated at paragraph 0060 that “The present
example uses the same process flow as for the preferred mode shown in

5 FIiG. 1 described above, and was carried out with the object of operating
a commercial scale apparatus for producing dimethyl carbonate and
ethylene glycol through transesterification by a catalytic conversion
reaction between ethylene carbonate and methanol. Note that the
following numerical values ih the present example can be adequately

10 used in the operation of an actual apparatus”, and as that example it is
stated that 3750 kg / hr of dimethyl carbonate was specifically produced.
The scale described in that example corresponds to an annual production

of 30,000 tons or more, and hence this implies that at the time of the
7
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of tons or nore, and hence this inplies that at
A05q1h\£'§?9}£f8”8$f the 7 A0O501 VP70/KAN filing of the patent

application for Patent Docunent 25 (Japanese Patent
Application Laid-Open No. 2003-300936) (April 9,
2002), operation of the world's first |arge scale

flllni%‘f'{ﬁhoeé{erﬂl Q@{:}ilh‘éhﬁﬂ @;ri Paté %%u'i‘ﬁén@%n(.]a?ﬁéﬁeéd Patent

en at t time o l'ing the present

renfEfLh zﬁé%“m*@eag@angéoaﬁmw 19220073 Bperaton o e

ane Pat en | icat n Lai
worldl 85 8b e soals SBrerhial tmoﬁa”fggsmscess had been
theoretically calculated value is stated for
carrigthomt. ofHawaweryevenrabthe é"‘BPcﬁfuéléBQ thf?%e?/ﬁ apglication,
for ethylene glycol is approximtely 85.6% and the
theredisenof the abiovenfacbat adl el Moseoxey, Tothe @xampte of Patent
cannot really be said that a high yield and high

Docapi&nt 25i (hapdresse PatentApplication LaidrOpen big. 20@3-300936),
| ow selectivity indicates that this process has a

exa%ﬁg%edéf\i%aﬁﬁhﬁ adNthd thisbratacalPy ediculiatad valuesis stated for

at Patent Docunent 25 (Japanese Patent

the ﬁﬂ%u £b¥ i ﬁlh?l %?Gon%ﬁgg%c gg%?lﬁ)tﬁﬁa%eﬂﬁefﬂ?deﬂwene ’

eén w awn on 5 15 dugé to

oty B8 e TRp e B AR Ay 14 ymatety s0.4%
andd?u%r“?gé i} gfagyogf{teu | t?g(;f’%ggm%ctoq]?\;na Isya{e 6{’}@ f\i s%ﬁ'ectlwty

distillation in the distillation colum, ,?nd . .
havedmpen attaiaedr i i paitigHianhtbesione selpcliyfiyindicates that this

col um, and hence 20 continui ng stable eration for a
propess dreged fatal ddawbacknas ian nmgusmaslm ustiommprocess. (Note

difficulties, and in particular these difficulties are

alsd thahPatbRE DFGenHam 181¢Japanest Rateihi Appligagion Laid-Open
anmount s. To continue nmass production of a dialkyl

No.220 9 8m?aéjkj%|en¥éti% hage tE6H iwithdeiwhi oh Allpr26, 2005
for a prolonged period of tine while

dug e@g{%'n’?m ao%‘?n'?:‘t%[ﬁ\ghglngé?ﬂg‘éguﬁieaﬂ ectivities for

al kyl" carbo ‘
With the reactive distillation method, there are very many causes

of fluctuation such as composition variation due to reaction and
composition variation due to distillation in the distillation column, and
temperature variation and pressufe 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. Tp continue
mass production of a dialkyl carbonate and a diol using the reactive
distiliation method stably for a prolongéd period of time while maintaining
high yields and high selectivities for the dialkyl carbonate and the diol,

the reactive distillation apparatus must be cleverly devised. However,
8



the re ive distillation apparatus nust be cleverly
A0506!|é(ﬁéfygl%~. wever, 8 A0501 VP70/ KAN the only

description of continuous stable production for a
prol onged period of tine with the reactive
distillation nmethod proposed hitherto has been the

e G0 A ARBRLEE cORe T p BB Toricpioionoes
por L8 B o b AR APk nero has

Probl ens to be Sol ved the_l nventi [1..0iS an_ ohiect
been the 100 te il hawen BateRt Pegwaent fg (4aRaddsd Hitent
10 produci ng a dial kyl carbonate and a di ol
Applicatisn riaid-Qpen No.gd4ah88h4d) @nd Patppt Decumentn1d
ton / hr for the dial kyl carbonate, and not | ess than
(JapanéseoPateht ApplicdtioniiLaid-Opeaulb. H4-230243).
distillation systemof taking a .cyclic carbonate and
an aliphatic nmonohydric al cohol as starting
materials, continuously feeding the starting materials
Discl&d @ éaoqiqm,hmlw 15 nulti-stage distillation colum
I'n V\E‘II ch a honbgeneous catalyst is present, and
carg Vi out neael] , LShLLLatNwONn simul taneously
n FeBISp b b S gaa Y 1R Tbehfiord

C process according to which

S biSLBPIRS B o B S BB T case o

prochinarbua iy rabansty 3ud,ma el istER ofb arss amounts (e-g.

more preferably not |ess than 5000 hours) with a high

not {gss thanviten f/dhir Byl thendialiy| pesbpeate saRgenohiess than 1.3
present inventors first disclosed a process for .

ton ¢ titfonthestiolpthreging rémctiveldistillatiomsysteraref takdng a
di ol using the 25 continuous nmulti-stage distillation

B G e
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 according to which the dialkyl carbonate and
the diol 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 carbonate and the diol using the

continuous multi-stage distillation column, there have been many

proposals regarding improving this process. However, these have been
9
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‘ VP70/ KAN on a small scal e and short operating
A05q91i %§Bé%§atory | evel, and there have been no

di scl osures what soever on a specific process or -
apparatus enabling mass production on an industria
scale stably for a prolonged period of tinme based on

ond EﬁfjéIFg%a?@ﬁid“%ﬂoﬁ@aégétgﬁtiﬁﬁtﬁﬁie |dpoRitery aéven. ard there

prezent Inventors ~thus®carried out studies ainmed
naving] 9 B4 e SRR 3 BERHE Hokss ot spparatus
enablif s pRATUFUPRAN Bay BURLial Ah41s STRBLE 18P afpicinged

ton / hr for the diol with a _high vield stab for _a .
peripdopbtigeel hased @nofindings gbiaing ﬁh@%ﬂqwb)@ﬁg‘?wntam“-
hi gh productivity. As a result, the present inventors .
Thehanes erdaintventoos thave thus sarriegy et isbudiemaimeg at discovering
according to the first aspect of the present )
a spevifiatp otess bevadliavgetipe aiated carboaatenand ttheadiol to be
process for producing a dial kyl carbonate and a di ol
prodiiced omiirtthd istritilddale oRTapatamplel hotlesoithane2 ton / hr
continuously produced through a reactive distillation

for e WTANQ Jaqr;b?%t? £¢ ot 18350 9. 318naNhr f6F BREdi6l with a

mﬁnohyd ic a ?0 ol as sta:rtl ng materials, conprising
ot et 8Pty iy §HRbIGHAUE oG8 U Nirld By Hidh Wbrectviy and
nigh epee TN - SRhch Beb it b6 hp BT RRBRRERS RV edchéd to the

si nul tanequsly in said colum, and continuously
presenhin@ntigNa | ow boiling point reaction mxture 25
contai ning a produced di al kyl carbonate from an .upper,
por That isf asmodding tatheifirst aspeciuof the pregent invention,
conti nuously w thdrawi ng a high boiling
there are provided:

1. an industrial process for 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 c'yclic carbonate and an

aliphatic monohydric alcohol as starting materials, comprising the steps
of:

continuously fe.eding 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,
and

continuously withdrawing a low boiling point reaction mixture
containing a produced dialkyl carbonate from an upper portion of said

column in a gaseous form, and continuously withdrawing a high boiling
10
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10 AOS&lA P70/ KAN poi nt reaction m xture contai ni ng
A05Q1hEP 4P roma | ower portion of said colum in a

liquid form wherein: said continuous nulti-stage
distillation colum conprises a structure having a
cylindrical trunk portion having a length L (cm and

) ins a : l Y, id
poinf Feadtioft hiifuflsCCEhinthg 1b ARt thégh, SolieP ot of sa
gfls_outhietﬁﬁvi ng an_inside dianeter d1 (cm at a top
colugyn iR UgUIdIorm, W N ner portion of the col um
near to the top, a liquid q(fdutliet.havi n& an_inside
di Aridesortinughp multi-siagecdisttiation colymp,copiprises a
| ower portion of the colum near to the botton]n at 1(3
structiet hawing iar eylindrical prunk aedtiop having,pdength:l §gm) and an
and/or a mddle portion of the colum bel ow the gas

insideitdiameterdd dcmeant laeing:trays withea nymberfosiagesa
central portion and/or the |lower portion of the colum

theraPe¥Rld Nend ifdHiné rava Vil avdes outlet(Havingeahdngide ldiameter d4
(cm satisfies the fornula (1); 15 2100 s L:5 8000

)
(cmé@tza ?Igéséf{‘ﬁ\éi Pﬁitﬂ'ﬁpgéla[ﬁé;a?f Lllgg:@grﬁlgl‘ﬁoﬁ BE the! aBTamn near to

ati's or mu : 2000 (2); (3) a
e ) . BB TP B2y o Botom o
e e a4 YB B e By, o
least aneriisstAnIgtcpoReaNe e UPRARORIAN ander & midalé portion
of t;grcnéjllu?nr(lsgeélowséh%/ %gs‘gﬁufa?,) and at least one second inlet
provided in the central portion and/or the lower portion of the column
above the liquid outlet, wherein:
(1) the length L (cm) satisfies the formuta (1);
2100 < L <8000 (M
(2) the inside diameter D (cm) of the column satisfies the formula
(), |
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

inside diameter d; (cm) of the gas outlet satisfies the formula (5),

3<D/dy<20 (5),
11



1 P70/ KAN (6) a ratio of the inside dianmeter D
A05Q1<1M€9§% e colum to the inside dianmeter d2 (cm of

the liquid outlet satisfies the formula (6);
550/ d2530 (6), and (7) a weir height of each of the
trays is in a range of from3 to 20 5 cm 2. the

p“i?ﬁsasrd. G4 del @rﬁst%‘;? (Bl SRES GO AR e
insids digelen s o thraianl obfBaetisles e RrMIETe):
/[ hr, 10 4. the process accordl ng to &/)I'one of itens

| to 3, \Aherelﬁédpd@hl <ad@ sald d23 and ¢ he
formula (7); 5dl1/ d2 : 5 (7), 5. the process
acd@) i mgir émgbt ofeagh iofdhe trays Is invadagae of frpm 3 to 20
/ Db n, D/ di1, and D/ d2 for said continuous
5 ecm,nmulti-stage distillation colum 15 satisfy
respectively 2300 5 L:5 6000, 200 S D <_ 1000, 5:_ L

2. kh®procis §@cond|n@%to_h@9n41 ,_Whetein alfroduced amount of the

and7SD/ d2: 25, 6. the process according to any one of

d.aliégle?ﬁrdsalde‘f' $1858 thanP2 tbr// Ry, N, D/ dl, and D/

conti nuous nulti-stage distillation colum

5. 1A' fhabEREEhTG 1 W br 2 Wilrel e o %R afmount
of W ET TS Rot eohilbeB RERNILAE Lol 570k 5 <
trays is in a range of from3.5 to 15 _cm
10 4. rSh@clé%c%ﬁ:Q:@PGPﬁ@'ﬁQ)t%lﬁﬂyoHBeo‘Pf Itﬁgh%11t°(8 whmﬂé%‘d dy and

~the weir height of each of the trays is in a range of
said damaﬁtl&fyttl:efgnnmaa ¢7);t he process according to any

one of items 1 to 8 wherein an aperture ratio of
each of the trayg ds/idy & Fange of froff),.5 to 10%
5. the process according to any one of items 1 to 4, wherein L, D, L/ D,
n, D/ dy, and D / d; for said continuous multi-stage distillation column
15 satisfy respectively 2300 < L < 6000, 200 < D <1000, 5 <L/ D <30, 30 <
n<100,4<D/dy<15,and 7<D/d: <25,
6. the process according to any one of items 1 to 5, wherein L, D, L/ D,
n, D/ dy, and D / d; for said continuous multi-stage distillation column
satisfy respectively 2500 L <5000,210<D <800,7<L/D<20,40<
20 n<90,5<D/dy<13 and8<D/d; <20,
7. the process according to any one of items 1 to 6, wherein the weir
height of each of the trays is in a range of from 3.5 to 15 cm,
8. the process according to any one of items 1 to 7, wherein the weir
height of each of the trays is in a range of from 4 to 13 cm,

25 9. the process according to any one of items 1 to 8, wherein an

aperture ratio of each of the trays is in a range of from 1.5 to 10%,
12
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2 A0501 VP70/ KAN 10. the process.according to any one
A0505fV|?¥@||ﬁAN to 9, wherein the aperture ratio of each

of the trays is in a range of from1.7 to 8.0% 11,
the process according to any one of itens | to 10,
wherein the aperture ratio of each of the trays is in

0. ABRBESebl & Y ng e Y B o
avrE Bt 3 1 B Yl B8

item 12, wherein said sieve tra has 1%(% {1@ %
. htheprpcessiaceending, t&/enpscnrw itemsebito !t' ergifa the
process according to item 12 or 13, wherein o
aperturs satiocof eash ofithe trays imie aafaagecpfsfr@m 1t Pdp 6%,
in arange of fromO0.5 to 5 cn2. In addition,

12. atiseplonessoatberdiagotvlaaypene aoff itehns prteséiu wherein each of
i nvention, there are provided: 15. a continuous

said"frhis- astﬁ%ﬂe&iaylrﬁwﬁg #@lievd fortioraandi agowhcofder
transesterification between a cyclic carbonate and an

portﬂlr{ phati ¢ rnonohydric al cohol and distillation, the
conti nuous multi-st age distillation colum

c risi r i I
13, Zﬁﬁtwe%@n?c%étﬂ@ﬁ t Besh fﬂ&hgﬁ%?%*r'*’%ai%“?%éf%v has 100
A. hunber .of sta rovd ded inside said
to 1{:’[{"@ ??’P off? sé"géée‘éﬁtq%’? \B‘%? m i nS| de di amet er
n) provided at a top of _the col E'@
14. uéberprmﬁs&;ﬁcgprdm toifem tesr 135 w f?b’ba 9’9#%&#&“0"3‘
outlet having an inside diameter d2 (cn) provided at,a
are@pescholencbsaihsieve tray 68 inra zangacef FOmibA ©r Srom’.
colum near to the bottom

In addition, according to the second aspect of the present
invention, there are provided:
15. a continuous multi-stage distillation column for carrying out
transesterification between a cyclic carbonate and an aliphatic
monochydric alcoho!l 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 tfay having a number of stages n provided inside said trunk
portion;

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

a liquid outlet having an inside diameter d, (cm) provided at a

bottom of the column or in a lower portion of the column near to the

bottom;

13
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13 A0501 VP70/KAN at |east one first inlet provided in
AOSHEPBAANportion and | or a niddle portion of the
col um bel ow said gas outlet; and at |east one second
inlet provided in the mddle portion and I or the
Iomer portion of the colum above said liquid outlet;

rel n 1
° 13 8 e b bl ot o SRRl Sorke, g8
of the colu satisfies ft
m'dci@OB%ti@GCPf( ecg?@"ab? W@%a Q%qﬁglét ﬁg‘LJ(cn) to
the inside dianeter D (cm) of the colu at|S|es
t heatf leasiiene secondsinlet proyided ipghe my |gR,RRd / or
of stages n satisfies the fornmula (4); 15 105n 5120
the loWer p(AYion ofithe cxflutire abesiedeait liqwicdoutlgten) of the
colum to the inside dianmeter d, (cm of the gas

outWwBersid:i sfies the formul a (5);' 350/ d, <_20 (5),
(6) aratio of the inside dianmeter D (cm of the

col RefhRy f the | d
outq}’g? satllggﬂtlhgg (ltc@ fggpﬁuﬁéa (6) féﬁggig%ég 30 (6)I ggld

(7) a weir hei gﬂoef O‘H the trays is |n(-p)range

of from3 to 2 the conti nuous nul tT-'St age

ngébdﬁﬂaeéhﬁs”e?é“aa”ﬁeiérf B s B S8 o rmute
@' "
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
inside diameter d; (cm) of the gas outiet satisfies the formula (5);
3<D/d;<20 (5),
(6) a ratio oflthe 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) a weir height of each of the trays is in a range of from 3 to 20
cm,
16. the continuous multi-stage distillation column according to item 15,

wherein said d4 and said d; satisfy the formula (7);

1<di/da<bH (7).
14
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14 A0501 VP70/KAN 17. the continuous multi-stage
A0S0 VRTD/KAN on col urm according to item 15 or 16,

wherein L, DO L/ D, n, D/ di, and D/ d2 for said
continuous nulti-stage distillation colum satisfy
respectively 2300 5 L 5 6000, 200 : D: _1000, 5

L/ D530, 305n; 5100, 45 i. . 4 ; 205 . 1

17. 45 ConbAeus i Fos (S BistidyBh oglupth Hopraing totfem 15
accordi ng, tqo any Qne f, {tens t 7, Wiereipn L )

or 16, wherep LpD. G Bagu 1B//duBne,D L for sHi hibfiguous

-~ multi-stage distillation colum satisfy res ectivela/

multestans distiation2acturonsatisfyrespestively 2300 < L < 6000, 200 <
590,5: Dd,: 13, and9 10 D/ d2 :_ 20, 19. the

D < t000| Bugus/ Dkt 80sB8gs nlics100| 4t £dh /abl §Mb.a300rTishl / d2 <
to any one of itens 15 to 18, wherein the weir height

25, of each tray is in a range of from3.5 to 15 cm 20.
the continuous nulti-stage distillation colum

18. ?ﬁg@rc%!n@ﬁ]jdd’u P ﬂgtaéé diktillh6oR d6hurin Hecovdingito any one

wei r height of each tray is in a range of from4
. 1 1 s cQnt }yNyo | i S 4 [
or ndfhel 0,17, WIS G0N0k ! bl 8L fRa T gh ot e
wherein ap. apertur.e..ratio of each tr. LS.
contfiogs gniili-5tege fissiByo, Solian safift keesdefiypBLEsg0 < 1 <
distillation colum according to an n itens, 15
5000340, < ther 89, 718 lahdd &2, A% 8+ & 98aBre ) 4yte 313 and @ <
range of from1.7 to 8.0% 23. the continuous
D / daikt20st age distillation colum according to any one
of itenms 15 to 22, wherein the aperture ratio of each
19. t thy dentimuaus anghi-stageédistitiatinrocoturencagcoedingnto any one
continuous nulti-stage distillation colum according.
of itthdA% 188, wherein the weir height of each tray is in a range of
from 3.5 to 15 cm,
20. the continuous multi-stage distillation column according to any one
of items 15 to 19, wherein the weir height of each tray is in a range of

from 4 to 13 cm,
21. the continuous multi-stage distillation column according to any one
of items 15 to 20, wherein an aperture ratio of each tray is in a range of
from 1.5 to 10%,
22. the continuous multi-stage distillation column according to any one
of items 15 to 21, wherein the aperture ratio of each tray is in a range of
from 1.7 to 8.0%,
23. the continuous multi-stage distillation column according to any one
of items 15 to 22, wherein the aperture ratio of each tray is in a range of
from 1.9 to 6.0%,

24. the continuous multi-stage distillation column according to any one
15
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15 A0501 VP70/KAN of itenms 15 to 23, wherein said.tray
ADSON VRYQYKADE tray having a sieve portion and a

downconer portion, 25. the continuous nulti-stage
distillation colum according to item 24, wherein
said sieve tray has 100 to 1000 holes / nR2 in said

of |terSFh§¥ 518, Hrlh&?ewgg‘f(gftrac%‘i;s g QFe\H’ WHSWn? a sieve portion

'umn "accordi'ng to
or 25, mherelnrﬁocross sectional area per hole of sald

and §|@Q/‘€nPPH§/eF RO range of from0.5 to 5 cn2. 10
Advant ageous Effects of .nyention Lt has been

25. dthe SONtRLQUEMY rstﬁﬂeﬁéﬁ?ﬁﬂboﬂh@mge?ﬁc‘?frﬂ}ﬂﬂt'i"o\’iem 24,
a dial kyl carbonate and a diol can be produced eac

whemgihtsaidhsigive tralyebasvi @9 tartDQP thelasHi Gy iy said 8?9‘%?0”'“
| ess than 95% preferably not less than 97% nore

ther@éeferably not |ess than 99% on an industrial scale
15 not less than 2 ton /" hr, preferably not |ess

26. t ﬂ?@ &ﬁt%é}u@rmuﬁ%@a éfcﬁéﬁﬂabio)n polurhesactoeding tooitem 24
for the dial kyl carbonate and not less than

/
or Zﬁogveﬁeg{éééner agegéeée‘i'{t % () Shéféaaf %a% digve trby isina

ess t 26ton hr, for th

2pr ol onged period of ti me of not
ranqeegk ff%ngi%é)%%rhszm preferably not |ess than 3000
hours, 20 nore preferably not | ess than 5000 hours,
froma cyclic carbonate and an aliphatic nmonohydric

al cohol . Brief Description of Drawing FIG 1 is an
AdveptageeusiEHentsefilBvani®ng of a continuous 25

mul ti-stage distillation colum for carrying out

pr el dvas beeendisogvered tl'thstIllTHﬂBmﬁ%f(bﬂﬂrm%BWWt invention,

provided inside a trunk portion thereof n stages 16
a diAN6AlcafBeH4teNand a diol can be produced each with a high
selectivity and with a high yield of not less than 95%, preferably not less
than 97%, more preferably not less than 99%, on an industrial scale of
not less than 2 ton / hr, preferably not less than 3 ton / hr, more
preferably not less than 4 ten / hr, for the dialkyl carbonate, and not less
than 1.3 ton / hr, prefera.bly not less than 1.95 ton / hr, more preferably
not less than 2.6 ton / hr, for the diol, stably for a prolonged period of
time of not less than 1000 hours, preferably not less than 3000 hours,

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

aliphatic monohydric alcohol.

Brief Description of Drawing
FIG. 1 is an example of schematic drawing of a continuous
multi-stage distillation column for carrying out the present invention, the

distillation column having provided inside a trunk portion thereof n stages
16
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15

20

shown scherratl cally in FIG 1) each having a
AOS(@‘LVFW@& ina range of from3 to 20 cm
Description of Reference Nunerals: 5 1. gas outlet; 2:
quuid out | et; 3 ato 3-e: inlet; 4-ato 4-b: inlet;
: end plate; 6: internal; 7: trunk portion; 10:
t indESi | I
of "9?@ (MR TN Shaticaly i PG, 1) SR nEvng™s welr HRIGh in a
or i nside dianmeter of gas outlet; d2:
ran %?tfcfggmdlgr??egéjcrg liquid outlet (cm. 10 Best Mode
for Carrying Qut the Invention Following is a detailed
description of the present invention. The reaction of
the present invention is a reversible equilibrium
Descriptins od RefargncenNuaRialsh represented by fol | owi ng
formula in which a 15 dial kyl carbonate and a diol are
1: gpsoniutiett f 2odiquidyautiet;caBrafatd-eirivlety 4ia pod-bs inlet; 5:
nonohydric alcohol; R 0\~ 0 + 2 ROH Teo ~u R= + HO
end'plate; 0 6:0nté¥ndIB) T:Qruqk) portiengi M (Ricortinaeastmuiti-stage
bi val ent group -(CH2)m (mis an integer from2 to

distflationeMniRr eLoehfth BY dF@orR PFortiodr psth) beiDdinside diameter
optional Iy substituted 20 W|th an al kyl group or aryl

of tAlr}! o?ﬂph”(g:rmjt 0410 GRE ﬁ’l'éﬁer Wlﬁ%btletm dz msade

représen noval ent - a t| C gro avi ng

ca bon nnre of t he hydrogens thereof

diarggiey °63 08040501 it ed with an 17 A0501
VP70/KAN aIkyI group or aryl group having 1 to 10
car bon at ons.

Best Mode for Carrying Out the Invention
Following is a detailed description of the present invention. |
The reaction of the present invention is a reversible equilibrium
transesterification reaction represented by following formuia in which a
dialkyl carbonate and a diol are produced from a cyclic carbonate and an |

aliphatic monohydric alcohol,

Rl
R0 _ OR® R!
N —_—
0 ~C /0 + 2 R*0H -—— ‘\%" + HO/ \OH
1l 0
0
(A) {B) ) (1))

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

17
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ljc, carbonate used as a starting material in
A“‘ﬂ?"ﬁ@é,%ﬁt invention is a conpound represented by
(A) in the above fornula. For exanple, an al kyl ene

carbonate such as ethyl ene carbonate or propylene 5
carbonate, or 1, 3-di oxacycl ohexa-2-one,

alky% rcﬁ‘?g: gf*%ﬁgi gg&& et jifgee 18" Otdiﬁbbhkﬁtdiﬁﬁ be

e car onate or pr opyI ene
or ok tp 2%&4{065%38%?%&'%%3‘3%@%#@% "-‘o'ﬁ%‘?@‘s #’ese"t

, rticularl r ef er abl ver e ali hatlc

invelidiemisia coMRRiRd aBssaitaa SYoALIN the qbpVe JBIRUIS. F
material is a conpound represented by (B) in the above

exampleuian allyenei gachonatenuahas ethylennrarenate or propylene
| ower boiling point than that of the diol produced is

carborate /0t holigliopasyciohexandrong, deBedigixasysiobaptata pae, or
of the cyclic carbonate used, exanples of the

the dikkiepbahilve ppafdnadil cus@d,cewlehmbaﬂmnmanqdrppylene
et hanol , propanol ¥| soners), allyl alcohol, 15 butanol

cartﬁn‘laﬁaf@b%)ng Inbré ?ffe'feﬁ&blyatﬁ@éd Qi@é’h@'edéeﬁ @Wr%)curbm%t and

cohol I soners), heptyl alcohol (isoners), octyl
I
o G 1B IETE Sl B
I

Syiﬁﬂq{ga“' fofie S%w"%@%?ﬁﬁﬁ%”“?ﬁk%é% 841%2%@5#0 he other
stal PR To P pPLB AL Faire N BHESVTB i g above formula

(i.soners), dlnethylcyclohexanol |soner ?
An aliphaficcianahydrieialcobohbayjng & lawer Hpilingseind than that of

(i somers), benzyl al cohol, phenethyl al cohol
the(d|9bpmod)1peﬂhenrys@dopaﬁdbﬂlo(lgbqrmslb.ly yadyig depending on the

Furt hernore, these aliphatic nonohydric al cohols may

typdafsihestitlit erarbonateubsdd | grahmplescdf tHd adip hetiogesisohydric
| ower al koxy groups, cyano groups, al koxycarbonyl

alcOh OHRfcluda medh ¥ AdY befhdndr, Bﬁaniﬂ}(i%eggpuﬂﬁy! algbhol,
nitro groups. 18 A0501 VP70/KAN OF such al i phatl c

butdRBPYrhErSY, DB Sn-PRUIS abh il STcHo!l (1$6/e35F, hexyl alcohol
(isomers), heptyl alcohol (isomers), octyl alcohot (isomers), nony! alcohol
(isomers), decyl alcohol (isomers), undecyl alcohol (isomers), dodecyl
alcohol (isomers), cyclopentanol, cyclohexanol, cycloheptanol,
cyclooctanol, methylcyclopentanol (isomers), ethylcyclopentanol
(isomers), methylcyclohexanol (isomers), ethylcyclohexanol (isomers),
dimethylcyclohexanol (isomers), diethylcyclohexanol (isomers),
phehyicyclohexanol (isomers), benzyl alcohol, phenethyl alcohol
(isomers), phenylpropanol (isomers), and so on. Furthermore, these
aliphatic monohydric alcohols may be substituted with substituents such
as halogens, lower alkoxy groups, cyano groups, alkoxycarbonyl groups,

aryloxycarbonyl groups, acyloxy groups, and nitro groups. |
18
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cohol aving 1 to 6 carbon atons, nore preferably
A°5§+ ygﬁgf@'\ﬁavi ng 1 to 4 carbon atons, i.e. nethanol,
et hanol , propanol (isomers), and butanol (isoners).

In the case of using ethylene carbonate or propylene 5
carbonate as the cyclic carbonate preferable

o1 1 uich, ERRRRE ifendhyitie slcdns oneg dretgably used are
alc%‘i&ﬁm&%@? 1838 daybpn 8*%5%&%%@‘% {dRERly 'fiopRls having 1

reactive dlstlllatlo col u The 10 neth d_of kln

to 4 ¢RropiaiemSs st catet loetharckpropanaldisaiersinald

but it is preferable to feed the catalyst into the
butaralktisomers)st iln| the Qﬁsecﬂ’fuﬁﬁlftgaﬁih}‘l'@é\?sp?‘%%“ﬁ&et°<5 Pfopv'e"e

make the catal yst be present in a liquid phase in the
carbenate as thestitlietcarhoratempreferatie aliphkatinanoniedydric

honobgeneous catal yst is continuously fed into 15 the

achtﬁﬂ%tal\éen@btﬁﬁdridlaén@fbthah@ﬂmméthanlmrhzgngepalﬁtlwaalwst
may be fed in together with the cyclic carbonate

@}%{b%_ the aliphatic nonohydric alcohol, or may be
pre ed 1n at a different position to the startlng

d| s ﬁ%sbrgr? @g 58§8H|ﬂ§ %iﬁ@#rég@fw‘?‘iﬁ@ atibh, id'Romogeneous

AR urm|fOI ow t he position a

coib b BEgEhES w&&n?é“@%p@aﬂeﬁp thipg,
the top of the colum and the é’E%ﬁ ¥TE

metned of making Fae Sampgencous Galalyst bRopiosent Biavbe any
be present in at |east 5 st a&wsﬁa referabl¥ at least 7

methtatheyt tosepraferablmty feed alyst sptosthegeagtive
catal yst used in the present invention, any of various

disfiBatiehat olsinsn loontind o osiyhs o les to ncake Hbeusatalysk beppeasent in
include; alkali netals and al kaline earth netals such

ot T an

In the case that the homogeneous catalyst is continuously fed into
the reactive distillation coluh'm, the homogeneous catalyst may be fed in
together with the cyclic carbonate and/or the aliphatic monohydric
alcohol, or may be fed in at a different position to the starting materials.
The reaction actually proceeds in the distillation column in a region
below the position at which the catalyst is fed in, and hence it is
preferable to feed the catalyst into a region b.etween the top of the
column and the position(s) at which the starting materials are fed in.
The catalyst must be present in at least 5 stagee, preferably at least 7
stages, more preferably at least 10 stages.

As the catalyst used in the present invention, any of various

catalysts known from hitherto can be used. Examples include;

alkali metals and alkaline earth metals such as lithium, sodium,
19
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asi ¢ conpounds of alkali netals and al kaline
A050é3{?-505{'@"5l s such as hydrides, hydroxides, alkoxides,

aryl oxi des, and am des; 5 basic conpounds of alkali
nmetal s and al kaline earth netals such as carbonates,
bi car bonates, and organic acid salts; tertiary am nes

potagﬁﬁj‘rgeﬁyyiﬂ&%ﬁ%%?am nyﬁ#ﬁééﬂ]rﬁ”‘c@%nuﬁﬁ' s@entaithnand

trogen: cont ai ni ng
het er oaromati ¢ conmpounds such as 10 N al kyl pyrrol es,
barium| ky| i ndol es, oxazol es N-al kyl i mi dazol es,

N-al kyl pyrazol es oxa zol e ri di
mquwn@yn%pﬁa 36 mef}'&ﬂ% 31ksling.arth metals such
|squ|noI|ne al kyl i soqui nol i nes, acridine,
as hadkgd@;rlnwldrm@desm%h@mdﬁsolawécx eﬁylmrﬁéﬂﬂﬁ%l i nes,
pyri m di ne, alkyl pyrimdines, pyrazine,
al Wyagigreampeainds ofaikal metalsaang |alkalinenesrthimetals such
cyclic am dines such as di azobi cycl oundecene (DBU) and

as cﬁ'rﬁéﬁ'ﬁ%éycbmtéw%d bhgahicacidgadisids such as
['1um oxide, thalliumhalides, thallium hydroxide,

th&i}e‘ IHW%WE?CNQ@M‘IEW@"‘WH@ erifltgldmine, trihexylamine,

I'Tum organi c acid salts; 20 tin
e L o
O A RS a A, AR A BF A S Boyngls sheh oo

acetate, trlbutyltln chl-orid

*Niakdimidazoles,
N-atkydpypriotesahbalkylindeles, gs. ylimidazole
di met hoxyzi nc, diethoxyzinc, 25 ethylenedloxy2|nc

N- aﬁwipﬁra)mlas;:mxadlazlom newridimgoatiadpyidines, auing! Hlﬁ’m
trimethoxide, alum num 20 A0501 VP70/ KAN

alkquuim@lmwomaimmm.aalalhthqu:mbimem doridine, alkylacndmes
phenanthroline, alkylphenanthrolines, pyrimidine, alkylpyrimidines,
pyrazine, alkylpyrazines, triazines, and alkyltriazines;

cyclic amidines such as diazobicycloundecene (DBU) and
diazobicyclononene (DBN);

thallium compounds such as thallium oxide, thallium halides,
thallium hydroxide, thallium éarbonate, thalliium nitrate, thallium sulféte,
and thallium organic acid salts;

tin compounds such as tributylmethoxytin, tributylethoxytin,
dibutyldimethoxytin, diethyldiethoxytin, dibutyldiethoxytin,
dibutylphenoxytin, diphenylmethoxytin, dibutyltin acetate, tributyltin
chloride, and tin 2-ethylhexanoate;

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

aluminum compounds such as aluminum trimethoxide, aluminum
20



i tani um conpounds such as tetranethoxytitani um
A05Q1eVPZQﬂ%Nyt itanium tetrabutoxytitanium

di chl or odi net hoxytitanium - tetrai sopropoxytitani um
titanium acetate, and titanium acetyl acetonate; 5
phosphorus conmpounds such as trinmet hyl phosphi ne,

. ' 0 | : Qﬁﬁﬂine,

ﬂuséﬁ é#é%b#%H%@gﬁﬂﬁg“hbbpvtxpﬂﬁnet yi phosphoni um
hal i des, trloct tyl d
L i sdp Rt AR R afetRol i vt

onpounds such as zirconium halides,, zircon

tetrapMRap BN de AR SRy LR BIDX ihIof R B Eky P?rn'"m
acetate; and; |ead and |ead- contalnln? conpounds

tetraisoprbpoxytigabilrctitagiyn agetate, apgbtitaniym P&ﬁxlacet"“atﬁ
| ead sul fides such as PbS, Pb2S3, and PbS2; | ead

5 hydplbasphsresi cdompobhderizch Etsammmzlphosphine,
Pb2[ PbQ2(OH) 2], 15 and Pb20(OH) 2;. plunbites such as

tnet'iﬁ#ﬁ’ﬁ@g Iﬁ@bﬁﬂaum&%!mdtrmﬁgt phagsphihe; es such

Na2Pp(C3, Na2H2 PbG3, K2[Pb(OH) 6], K4PbO4,

tnb-??(gﬁéoq)ﬁy M saSEﬁ%ﬁ%ﬁ%’e@g%@gg?}lﬁjgg?ﬂobghb%ﬁﬂi halides,
d h :
ana 3y AT R FRTBRIRARcRRI  ANBBY S5 5o Tond cai s of
SLgﬁ‘“rggnW@%af L ng.gg@ﬁ haiflds JiPE6ARIm

Pb( OCOCH3 bO. 3H2O 2 anol e ounds such as
10 acebrlameionAley2irooDAYE alkaKslEs, ndRARARLUR F5ai8) 2hd:

Bu3PbOH, and Ph2PbO (wherein Bu represents a 21 A0501
VP7IHad\rarthie,adg:mﬂp;nlagdc@mm@,efqrse)gamquad oxides
suc?\r::plgbo, PbO2, and Pb3Oy4;
lead sulfides such as PbS, Pb;S3, and PbS;
lead hydroxides such as Pb(OH)z, Pb302(OH)2, Pb2[PbO2(OH):],
15 and PbaO(OH)z;
plumbites such as Na;Pb0O,, K;PbO2, NaHPbO2, and KHPbO;
plumbates such as Na;PbO3, Naz2HzPbO4, K2PbOs, K2{Pb(OH)s],
K4PbO4, CasPb04, and CaPbOs3;;
lead carbonates and basic salts thereof such as PbCO3 and
20 2PbCO3;-Pb(OH)2; | |
alkoxylead compounds and aryloxylead compounds such as
Pb(OCH3)2, (CH30)Pb(OPh), and Pb(OPh)2;
| lead salts of organic acids, and carbonates and basic salts thereof,
such as Pb(OCOCHS3;)2, Pb(OCOCH;)s, and Pb{OCOCH3)2:PbO-3H:0;
25 organolead compounds such as BusPb, PhyPb, BusPbCl, PhisPbBr,

PhiPb (or PhgPbz), BuzsPbOH, and Ph,PbO (wherein Bu represents a
21
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| .oys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, and
AOS#’E%@%IK;R ad m nerals such as gal ena and zi nc bl ende;

and hydrates of such |ead conmpounds. 5 In the case
that the compound used di ssolves in a starting
material of the reaction, the reaction m xture, a

oun ST Y AR 8RS atfe Hnpfparbigycomoune can ve
horfeganalbistan parPR:RG, B ire Bheahn £5n. Snk Bo-sb;
e aRoSTEh S BhRE A TR B9

reacti on by-product or the like in advance, or by

r eaRydrafesoobsunh ledsucompawndsi on. The anmount of the
catal yst used in the present invention varies
depmthegase that thepeooipoundamsed yssolveds, irbat stasting
generally in a range of from0.0001 to 50 % by

mategia) of, the péScabhY thé TeatRAP Miftw@, % byavtioahby-product or
nore preferably from0.01 to 10 % by weight, as a

the WkePhk! %}n?gl{ chpl B uyEd @“sttl'ﬁ{/ hb!?ﬁogéﬁb'b%s cat |Iyrs1t as is.

carbonate a e al i phati c nonohydric al cohol fe

Aitq"i‘lﬁaiit\y%l?,ti?riéiélgf)[?;l[eﬁékﬁ%% (t)Jl?fsree &% ?hggldjﬁhpgﬂ%s catalyst, a

mtati'ons on cort rnuol
. clig,carbopate and .t he aliphatic monghydric al cohol

mixfule, oBtB 0B FiadBiahare orBBaYDG AR HHYLE if £ skl

constitfuting the reactive distillation colyum jn the
matgrialoi theJRENBN, TRy SECAIRh bR FagEHON RipIRRuct or

|l ong as the cyclic carbonate and the aliphatic
the fdikeoity advancel, cunby reacting tm@élng)ab@mtaﬁssphetlon-

catalyst in a region of at least 5 stages, preferably

~ at Thasambmitagiethe matalystaisedibh thet pleserit invesitiarevaries
25 of the distillation colunmm. That is, the cyclic

depedingase taéotfybl@eoﬁltlhehﬁtbwstm@@ysut s @m%ﬁn abgange of

continuously fed in froma required nunber of

frorﬁucl’fi??_o\s'irgglgﬁg?tsitb?: ‘?Sf?"@,ﬂ écﬁcﬁigﬁiabﬂrf frof® OQQUSit%U203°/u by weight,
more preferably from 0.01 to 10 % by weight, as a proportion of the total
weight of the cyclic carbonate and the aliphatic monohydric alcohol fed in
as the starting materials.

There are no particular limitations on the methdd of continuously
feeding the cyclic carbonate and the aliphatic monohydric alcohol into a
continuous muiti-stage distillation column constituting the reactive
distillation column in the present invention; any feeding method may-be
used so long as the cyclic carbonate and the aliphatic monohydric
alcohol can be made to contact the catalyst in a region 6f 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
22




satisfying the conditions described earlier. Moreover,
A0S hYPY carbonate and the aliphatic nonohydric

al cohol may be introduced into the sane stage of the

distillation colum, or may be introduced into 5

different stages to one another. The starting

intefEp i aé%: 2 -h?fﬁ?aiﬁ?;ﬂéa%?ﬁ@"g%%b%@@é‘?éﬁ%b'r*%‘é’“‘ﬁ"?
] I, qui . L O f eed]
satishirgithe sandiians denasingit Sarer; | Moldsver i i

this way, it is also preferable to additionally feed ..
carbenategapdoiine adiphatia m@m@ﬂcalcphpémﬂvﬂkﬁ]f'f{VOgPWd into

continuously froma |ower portion of the distillation:
the camestalyerebthee distibation golefen aor enaytbedntroduced into
whi ch the cyclic carbonate is continuously fed in a

5 difféleiit stalg@gneon aasther.l iquid nmixed forminto a stage
of the distillation colum above the stages in which

¢ heTﬁglt éﬂaNfﬁPl\gi M atbpRAs laredfed S,Bﬁtiﬁumyiiﬁtmnermétiiu@tion

al co 'S continuously fed in a gaseous form and /

coltﬁ‘lhg?iin: %gﬁ@gf fgﬂﬁ’!%ﬂf 9I élé‘fﬁéﬁ’é‘ﬁbrnﬁcﬁrt 48 @liif((i:@?e of a liquid and

colu S case, the cy
carb te .Of ,couL,se ' -al {4 i atillati
a g%nomﬁrct@% feeding ilh? ﬁigéﬁﬁgﬂépﬁﬁslegnwgn{ﬁ% fistillation
starting materials fed in _may.cqontain... th rodyct
colyma oy thigawaynik 1 alsd praterais 10 aRAtiananr 18REIb, gaseous
is, for 20 the dial k¥l carbonate, generally ina .

10 startingeaterialontermittaotly, i contigtously dremnaailpwaropegion of the
to 30 % by weight, nore preferably fromO to 20 % by
distigatioh,colemer mMofedver, mnatherprefeyabls grethed imene in
di al kyl carbonate in the aliphatic nonohydric al cohol

whichdind lsybliéaimgemisx(t@mﬁnuondw tedfinra liquéddioom or a gas /
generally in a range of fromO to 10 % by wei ght,

quLﬁH GhBicP krhl it 2p s_@a%? of thebdistigtién qRUMmPatcvetiy stages

rom0O to 5 % by weig in ternms of the percentage

i NS a3 o B 129 G ichconol i
co Eneljc’c?ﬁlyrfse%tnjl %ngiaggg%rijoarlnt %hdegirdaeﬁqm(ﬁgrm into the lower
portion of the distillation column. In this case, the cyclic carbonate may
of course contain the aliphatic monohydric alcohol.

In the present invention, the starting materials fed in may contain
the product dialkyl carbonate and / or diol. The content thereof is, for
the dialkyl carbonate, generally in a range of from 0 to 40 % by weight,
preferably from 0 to 30 % by weight, more preferably from 0 to 20 % by
weight, in terms of the percentage by weight of the dialkyl rcarbonate 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 § % by weight, in terms of

the percentage by weight of the diol in the cyclic carbonate / diol mixture.
23
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YGLi bonate and | or aliphatic nonohydric al cohol
A05oﬁe%?84%oduced into the reaction system materi al

having the cyclic carbonate and | or the aliphatic

nonohydri c al cohol as a mmi n conmponent thereof

recovered 5 fromthis process and / or another process

ca f nt f@actiBA indRIStiady, besides fresh
VReT eafyihG SUiHe prefent e e

materi a S an exXx ent characteristic ature

v ghon B 1 6PRAGR: bl AT by Mroauces
into ha thacliomvetsmb R B avigah Sy Sl Earf AR Ery or

‘ npnohiggic al cohol bhei ng, by-produced in thlf rocass : d

the aliheticomanehydriealcabal akca B3l comeensnl thateirecovere
nmonohydri c al cohol generally often contains the

frondthiskytocesbamat £ ortannthespnaaestonanyalsexhe Rieierably used
an al kyl aryl ether and so on, and nmay al so contain

for thenktartimy nisterfalen lalikwn exgelieat mharaetetisticdeatyre of the
carbonate and so on. The by-produced 15 aliphatic

pre BRI o tRAEhisTRY pBSsitied aAnisxample Tfanother process
material In the present invention, or may be used as

is at#&t%gﬁsg fHLgg}i%tagqhé‘%gé@ma%%%réﬂuw@tf%mes dialkyl

I ng polnt than that o

th | i_phat i i I :
car il HRA b HURU bR BBy SRR s REnatic
morsThy i Aebb Beteahy HeachRen B ods 5P fdverea.
an al kyl ene oxi de such as ethyl ene oxide, rcip | ene
Theoseweﬂedsbyr@mdw@@lmt&%mnoavgwpo%@% ¢tally often

carbonate containing small anmounts of these raw
container il dialkydwarbooate hthe iatomatic raonebydsaxy compound, an
starting material in the present 25 invention. In the
alkylr£138 sthietvand isehona anat mayealsecontain smalh@snoantshef an

cyclic 24 A0501 VP70/KAN carbonate and the aliphatic
alkyIaMeHrvorfdteont diadyl Bafbémats anet s8on. The by-produced
aliphatic monohydric alcohol may be used as is as a starting material in
the present invention, or may be used as the starting material after
amount of contained material having a higher boiling paint than that of -
the aliphatic monohydric alcohol has been reduced through distillation or
the like.

A cyclic carbonate preferably used in the present invention is one
produced through reaction between, for example, an alkylene oxide such
as ethylene oxide, propylene oxide or styrene oxide and carbon dioxide;
a cyclic carbonate containing small amounts of these faw material
compounds or the like may be used as a starting material in the present

invention.

In the present invention, a ratio between the amounts of the cyclic
24
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di still.ation colum varies according to the type and
Aos%mhkblﬁht he transesterification catalyst and the

reaction conditions, but a nolar ratio of the

al i phati c nonohydric al cohol to the cyclic carbonate

fed inis 5 generally in a range of from0.01 to 1000
carbHﬂHlaé' and t'h'%céﬁgﬁ?tih%o% dric C‘aﬂFBﬁBP\@d GREY eh&iredctive

| rS]Ior_efera o feed I Ithealp_hatlc m)nohydricf
arstgEEE oty BB Sehudhel 6 g iy ifolreA e
tranpgateliERGoREREINR) any iR EseRtolfandtints L FTolar ratio

ch 10 reason the nplar ratjo of {he aliphati ..
of themlipatic rasaohKiNcAReD i e SyaifGalboRate fed in is

preferably in a range of from2 to 20, npre preferably ]
genératly 3n a sange gkfrom:00rtef 4099 timessm Fotipciease the cyclic
Furthernore, if much unreacted cyclic carbonate )
carb@iaie gonveesid)dt igprefé mxbleyty feed dnitheaalip haticrmadtohydric
with the product diol to by-produce oligoners.such as

alcdhdli fBANBxcedd ofRit 1eh3t tineddhel mumbadusof mals of the cyclic
I mpl ementation, it is preferable to reduce the anount

car@&ng%eﬁ‘ﬁ{ ﬁdth%’%H&uﬁlabp?ﬁétﬁié]ﬁﬂﬁh%Bﬁo%dﬁécﬁlc;%ol used is
possitle. 'Int t

H o e pr locess of e present 1 nventlon,
o 815, o, B4R TR b o P AR Eor sur
W N

characteristic feature of the present _jinvention. In
carbapate és drreferakdytinoa rapger of LW Adp 20,0aTRpreferaply from 3
I hr of the dialkyl carbonate is continuously
to 15, ogetehret peeferabhuframdute 2. t Farthgineee cifmyeh unreacted
continuously fed in to achieve this is generally 2.2 P
cyclienc@fbdndte, rexnalies atfien 2hé dhiemctedheyclimcarbonate may react
“preferably 2.0 Pton / hr, based on the anount P (ton

with the) Mdd&tedi‘i!il%kb/}&m'éﬂ%%abﬁ?bmm suenuned. dimeeor a trimer,
yet 25 A0501 VP70/ KAN nore preferable case, this

andABHYe it thPSstiRfSnifehfehition NRNslpRfBraBR to reduce the

-amount of unreacted cyclic carbonate remaining as much as possible.

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

In the present inve.ntion, preferably not less than 2 ton / hr of the
dialky! carbonate is continuously prbduced; the minimum amount of the
cyclic carbonate continuously fed in to achieve this is generally 2.2 P ton |
! hr, preferably 2.1 P ton / hr, more preferably 2.0 P ton / hr, based on the

amount P (ton / hr) of the dialkyl carbonate to be produced. In ayet
25
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[ hr. FIG 1 is an exanple of schematic draw ng
ADsQ;"h‘JWﬂM exanpl e of the continuous nulti-stage

distillation colum for carrying out the 5 production
process according to the present invention. Here, the
continuous multi-stage distillation colum 10 used in

moréﬁe@%ﬁf@?%’aégvﬁ%i 8H1cﬁ§'ﬁg 4 be i‘haﬁi%gfit% febd\tha® 1.9 P ton

respectrve ove and ow a
cylindrical trunk portion 7 having a length L (cm and
I'Ar.an inside dianeter D (cm, and having thereinside

trays 6 wwth a nunber of 10 stgges n,, and futther
Iy b 160 GARMRIeL0n sTeEalc draminacraniing 4n example of
(cm at a top of the colum or in an _upper portion, of
the coaticslomwsnmutirstage distilalioncolugmn éob@ﬂf@ﬁng au the
an inside dianeter d2 (cm at a bottomof the colum

production provess pocordingofo tive presemt ineantips. t hdere, the
bottom at Ieast one first inlet 3 provided in the

conﬂHQBhspzwmiifﬂla%%ddfstmat@oMUMhnin 19 psediinrthe présent
columm bel ow the gas outlet 1, and at | east one second

inve%rﬂ &t c%n?{)ﬂ%geéj stfudtife RAAhg BRatplates Biréspeciively above
ower portion of the

\i/ver col utm above the liquid outlet
n ijo

and e B A RUEdAGeM3ink BAIRER, ThaThb g entil 10fEm) and an

. distillatio ut, al reactj,on the t]

insifls amfer Bl baied T BRG: B ThelyaEce Wik & iver of
ton / hr of the dial kyl carbonate, and,/ or_prefgerabl

stages n,ewd Turherhavingra 0as ostiatit Ravinadn ingids, Aiameter d;
prol onged period of time. Note that FIG 1 is nFrer

(cmyrat artbpdointhre cofummeoc dntamuppempertjor ofdhe column’near to
distillation colum according to the present

theitopen liquid audldtedbmvihg aminsidgediametér dod(cmhat asbottom of
is not limted to that shown in FIG 1. 25 The

the G b e sSna lbwettpartich ofitheatslame sleamtathersbttgm, at
to the present invention satisfies not only '

Iea%@ﬁ}e{i&%}apgfﬂﬁmiﬂspﬁﬂeﬂ'{é Yipper porior?&nt0bet a middlel

ation function, but rather these

porﬁ%rﬁdciﬁ ilﬁgsco%ﬁ'ﬁ 8@6@%%5@ outlet 1, and at least one second
inlet 4 provided in the middle portion and / or the Ibwer portion of the
column above the liquid outlet 2, and moreover must be made to satisfy
various conditions so as to be able to carry out not only distillation but
also reaction at the same time so as to be able to produce preferably not
less than 2 ton / hr of the »dia!kyl carbonate and / or preferably not less
than 1.3 ton / hr of the diol stably for a prolohged period of time. Note
that FIG. 1 is merely one embodiment of the continuous muiti-stage
distillation column according to the present invention, and hence the
arrangement of the trays 6 is not limited to that shown in FIG. 1.

The continuous multi-stage distillation column according to the

present invention satisfies not only conditions from the perspective of the
26 '
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ondi tiops required so as nmake the reaction proceed
A05§1 ?ngﬂgﬁwh a high conversion and high selectivity.

More specifically, in the continuous nulti-stage
distillation colum 5 according to the present
invention; (1) the length L (cm nust satisfy the

o yheon, PSSP R8sk Dongftg B e wit
conlgH ekl B 48 e S s RO Bl % v

colymm nust satisfy . the fornmula (3); 45L/D<_40 (3),
conyglsipRcangHen seleathdbs n nust satisfy the fornul a

(4); 15 10_5n<_120 (4), (5) a ratio of the inside,

di Mererspecifigallyt inHbeceentinupystmaitizstagedistilatien column

dl (cm of the gas outlet nust satisfy the fornula

~accéfging t th&predend iAQeqbipn;(6) a ratio of the inside

diameter D (cm) of the colum to the 20 inside

di appt Reudt saisfyottié dormusa (43fisfy the
fo?(n‘ﬁltgfe(g;‘éﬂgjg_ ngl12530 (%Il,iar?g (7)ra vvei(rﬁhei g%t of

each of the tr i bgggp @ range of fronygy to 20
cm Note that ta%gog}rsmgt he top of the col u% )o'r t he

Fﬁp@eﬁg&r H&Eﬂteoﬁialﬁg{éngﬁ ﬁé}gxs@?ttﬁ;%aéggﬂphhﬁl#Q@atﬁSQhe

ese rnventl rcron rrom

f to&ogé the colum downward as far as approxi mtely 27
ormy P70/ KAN 0.25 L, and the term"the bottom of the

colum or the lower portion of the
180 < D < 2000 (2),

(3) a ratio of the length L (cm) to the inside diameter D (cm) of the
column must satisfy the formula (3);
. 4<L/D<40 (3),
(4) the number of stages n must satisfy the formuia (4);
10 <n <120 (4),
(5) a ratio of the inside diameter D {cm) of the column to the
inside diameter dy (cm) of the gas outlet must satisfy the formula (5);
3 <D/dq<20 (5).
(8) é ratio of the inside diameter D (cm) of the column to the
inside diameter dz (cm) of the liquid outlet must satisfy the formula (6);
5<D/d;<30 (6), and
(7) a weir height of each of the trays must be in a range of from 3
to 20 cm.
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
27
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to the bottont neans the portion fromthe
A°5@‘Em€?‘§{h columm upward as far as approxi mately
0.25 L. Here, "L" is defined as above. 5 It has been
di scovered that by using the continuous nulti-stage
distillation colum that sinultaneously satisfying the

0. 2§ 3 f&’rﬁ)@?yé%rh{) {HR) boti Jfotrhé"’BbPE\?'n 8r Yﬁé r|oWHr9¢516rti3n of the

e trays 1s Ih arange o rom3 cm as

n )
coldav | "€ 8 $Be b Bffhinl meldts, M Bt "%2*32 §“°""”%f the
eferabl no | ess than .2 ton / the.dlal
colfIapENAd A7 far 38 BBrOMAS A 25:Cs Hedf L3 Bfdhined as
hr of the d| oI with a high conversion, hi gh
aboyelectivity, and high productivity st abl y for a
prol onged period of tine of, for exanple, not |ess
t halt h@9beardiscoyeredthat hynesingethe coatingsns nueits stage
nore preferably not | ess than 5000 hours, fromthe
distiljation cslupomahat shdulthmeﬁdsivasatctsﬁybmghhérimm:ﬂae (1) to (6),
al cohol. The reason why it has becone possible to

andPfOWRPCh Wﬁe%éi%ﬂétqﬁlﬁ%ﬂoéaéh%ﬁﬂﬁb thgysliPin %nra’ﬂge of from 3

i ndustrial scale with such excellent effects

to 20"BhE 4R e Howy cﬁear T?E‘Cﬁ'ﬂa‘ lifkyl %atrB%nErtSS.ﬁm the diol can

I nvention IS not ut this i's suppose

oo 00, PP G A Lo I 2 on

of thRialke] nathonals ABAH of REelRiablHgrgh ook thARH- 3ty e of

trays" used in the present, invention neans, for ea

the (ﬁloi/Méth Gahioh sonversian.; highageleriivity, and d'HthB!'Qﬁ#Pt“”ty
t he height of a plate provided for holding in |iquid.

stably torsaquajongedt geriod efatimebfi fer example;, ot legsithan 1000
held in by the weir undergoes gas / 25 liquid contact

howk! preéerablyi mot lessf tham GO0 hourp| avore gréferabdy thhatyless than
so that reaction and distillation are carried out

5oomhbenr§uwm%e Ly Sl %a&ﬁoﬁ@@%ﬁ&’?ﬂé@ﬁbmﬂéIrnuﬂuhlyu ric

fed onto the tray overflows fromthe top of the weir,
alcGRE1.! SThe reason why it has become possible to produce the dialkyl
carbonate and the diol on an industrial scale with such excellent effects
by implementing the process according to the present invention is not
clear, but this is supposed to be due to a composite effect brought about
when the conditions of the formulae (1) to (6) and the condition on tﬁe
weir height of each of the trays are combined.

The term “the weir height of each of the trays” used in the present
invention means, for each of the trays in the muilti-stage distillation
column, the height of a plate provided for holding in liquid. In a steady
state, in each of the trays, the liquid held in by the weir undergoes gas /
liquid contact with gas rising up from openings provided in the tray, so

that reaction and distillation are carried out while bubbling. Liquid
28
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thus fed onto the tray one stage bel ow. Mbdreover, the
A0S0 LVR7046A8Nt ure ratio of each of the trays" used in the
present invention neans, for each of the trays in the
mul ti-stage 5 distillation col um, .a rati o between the
total area of the openi ngs in the tray through whi ch

as _an c ass and 82 t n
conﬁﬂeegsgtb s riyiter i B ofiguBhecirof hy BB o fle WiryBnd is
downconer portion, the a of the portlon in which
thusyfesiante the kaynens ?ftﬁg@cgﬁf‘% excl udi ng the
downconer portion, is taken as the area of the tray.
10 Megepvescthe texriapartues satio @Beachéafcthqxéravs used in the
distillation nethod in which not only distillation is
present iremtivn bueansi fier eachcof theitsaymiinitbe mudti-stagene
same time, and a high conversion and high selectivity
dlstilmt@@nchﬂhﬁdn aratiat batwedn the tstal areat 6f the idpdnings in the
been di scover'ed that in addition to the above

tray{g{ e tuﬁre'i): é@ncﬁﬁhﬂﬁi %%?i phk8thnd tan aréasf thantray having

e wei r her'ght each of the trays be in
the%?sfocp%%ilfnyé 3 i nﬂacgt%o c%r Qﬁl be Congeflﬁgr%nc%mer portion,
the,a&rﬁ?eegt ot 800 Y itbf Ls@&%mte@tfﬁ%ﬁhtée”se

i mproved. Pr eferabl e ranges, for the r ectiv
excluding the dowreemeseBimHyis taken as %f?—% qithe tray,
2100, then the conversion decreases and hence it is
‘not Tihespresent invantiom relategeto raecaqﬁtomeiﬂﬂmaaﬁﬂumethod in
Mor eover, to keep down the equi pment cost while
whishcniot !ml)t diéstiltativarisi carrievhoutriput rathésgieaedion is carried out
production amount to be attained, L nust be made to

at the S8eThinte t 438 BOIGh S rsIeioneled Ayl sraegavttqr(mgh yield)
(cm 25 is 2300 5 L 6000, with 2500 < L

are?@f&?ﬁﬁ?ﬂ tt:f?’bﬁlé’\f@ftﬁfsaqt ms bEeR &&'@o\ﬁe‘iehet%“attlhaéddltton to

I's not poss e to attain the 29 A050

theﬁéﬁcgﬁgr%m%f@aﬁﬁg théﬂ{h 3URistled, NPiE MPortd Rt ’ft??ﬁake the

weir height of each of the trays be in a specified range as above. It has
also been discovered that, in addition to these conditions, by further
making the aperture ratio be in a specified range, the ad_\(ehtages of the
present invention can be improved. Preferable ranges for the respective

factors are described below.

If L (cm) is less than 2100, then the conversion decreases and

- hence it is not possible to attain the desired production amount.

Moreover, to keep down the equipment cost while securing the

conversion enabling the desired production amount to be attained, L must

be made to be not more than 8000. A more preferable range for L (cm)

is 2300 < L < 6000, with 2500 < L < 5000 being yet more preferable.

if D (cm) is less than 180, then it is not possible to attain the
29
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[ i ning the desired production anount, D nust
Aﬁ@@‘#@&@% be not nore than 2000. A nore preferable
range for D (cm) is 200 5 D <_ 1000, wth 210 < D5
800 being yet nore preferable. 5 1f LI Dis less than
4 or greater than 40, then stable operation becones
des?ﬂrt]e;cfn bfﬁ%ﬁctibﬂ Aoyl %oré&végé tto\iﬂégﬁpﬁ]&ﬁh%é Bgfmiﬁﬂrent cost

pressure difference e top an _
wnii H4T e S gL ABHA D, BRSHE 23 A bRF e to be not

Moreover, it bhecones necessary to increase the '
moresthih 2000 | A el BIRIErabIe,5anas o5 AR5 29, <R 1000,
_hence side reactions becone liable to occur, bringing
withBd@ <D de808abeing yetanoee adeferable. A nore preferable
range for L/ Dis 5<_ L/ D< 30, wwth7< L/ D _
5 20f bdildgsessrtban gref grastar. than 40, shepsstatieroperation
then the conversion decreases and hence it is not
bedoras iffidwtat taipattivuldesifried pingveatemtrawdd,. then the
Moreover, to keep 15 down the equi pnent cost while .

pre§8GHe idiffetdfc HMNSAPIENRDY bAE BORoALSF TRE column becomes
production anount to be attained, .n nust be made to be

too'ﬁ&at?ﬁgﬁl bEﬂEe%loﬁébﬂ&%ﬁé%pékg%ﬁ bt b%rd#ﬂéﬂlc-f.

A € priessur rence between the tOp an
MoferEhiLhebeinse nieRt dni it iedelfis tafiHbratifé in the lower
Port@ipal e oI AN CTERCRGIEs st ons BeEBRmiRble fo occur,

_hence side reactions becone |iable to occur, bringjing
bringifg abhout & dasteaseindhecselagtivity. A mere prefpeabls sange for
range for nis 30 5 n <_ 100, with 40 < n 5 90 bei n%
L / yris Sosd pDeke3@pinvdth <D / Di< 28 Heing yetamare pheferable.
t he equi pnment cost becones high. 25 Modreover, a |arge :
amoufh ief led sodERPUD, dhepotirniconversioh decrehsesaand hence it is
the outside of the system and hence stable operation

notts688mle dbf ditsit ih?] kifO8 Hroduetio Bimdudt./ Moreover, to keep

greater than 20, then the gaseous conponent wi t hdr awal

“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,
and hence prolonged stable operation becomes difficult. Moreover, it
becomes necessary to increase the femperature 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 n is 30
< n £ 100, with 40 < n £ 90 being yet more preferable.

If D/ d4 is less than 3, then the equipment cost becomes high.
Moreover, a large amount of a gaseous component is readily released to

the outside of the system, and hence stable operation becomes difficult.




anmount becones relatively | ow, and hence stable

AOS@HMPLOMANbecones  difficult, and noreover a decrease
in the conversion is brought about. A nore preferable
range for D/ di is 4<_D/ d, 515, wth 55 D/ di
S 135being yet nore preferable. If D/ d2 is less

royfels brosfa it diFind st Bhibips wiharawa

rel t| ve a hence tabl e ation

amaynt betpmes FEBYVE]Y low. G RSl obgfatiohiEcomes
flow rate through the liquid outlet and piping b

dlffmultem'stm&@q/veragtde@mﬁeem&emwﬁf%ﬁdﬁé&rqu!ﬁm%bout A
to occur, bringing about corrosion of the apparatus.

mora m:eferabﬁ eaalecforaDged{ @8 4</Ddad{ < 15, wittDb/<d2/d, < 13
25, with 9:5 D/ d2 5 20 being yet nore preferable.

5 beifyetenope oreferdisie. been found that in the present

invention it is further preferable for the d, and the

d2 thDSIaaiﬁYeéﬁth 'so é\gtﬁéfé&&!u méRt cost bbﬁf&ﬁdaﬁﬁgh

(7) The wei r hel g each of the trays nust be in
f h f
oMo ATy o gt - anc

[n the ent inve tj.0
henga%faalﬁw%r# Z%%omﬁs o %ﬂ!t 'JEH T ([ Bisatardnan 30,
catalﬁ i S present, ﬂ a residence tine
theqibe; figw eatenthuaugtfhe fig a%t ?*saaﬂre'@tw %‘F%‘F‘&? to
the reaction tinme. In the case that the weir heig
10 excessivaly fastt Bad hapseperagiontbrcemascliablato cqpqth'e brmglng
catalyst is fed inis low, the reaction tine becone
abaliardrroston edthienapparatuse tAanoreipreferabiecramgeifor D / d; is
hi gh, the reaction tinme 25 becone long. In the present

7 <ibvedy k25, aetienaklDy / dhe 2 beingyetnsordi praferablean
are carried out in stages in which the catalyst is

Preg fheﬁ'ﬁgre3ilt HE®' de\fP?@ﬁM“ﬂhﬁ&”‘lhfth%abké’ébﬁb’lnventlon it is
distillation i's carried out in stages in which th

furth@rd retkraSile for the d; and the d; to satisfy the following formula
15 (7);
1<di/das5 (7).

The weir height of each of the trays must be in a range of from 3
to 20 cm. This weir height affects the residence time of the liquid in
each of the trays. In the present invention, the reaction generally

20 proceeds in a liquid part in which the catalyst is present, and hence the
residence time of the liquid in each of the trays is directly related _to the
reaction time. In the case that the weir height of each of. the trays below
the stage at which the catalyst is fed in is low, the reaction time become
short, whereas in the case that this weir height is high, the reaction time

25 become long. In the present invention, generally, the reaction and

distillation are carried ocut in stages in which the catalyst is present, and
31 '
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resent. In the present invention, if the weir

o ot
- AOSQL M tOIMN ower than 3 cm then it becomes difficult

to attain the desired high conversion. Mreover, if 5
the weir height is higher than 20 cm then production
of high boiling point by-products through side

purERE{T B3 g, FESBFARCCRLY E eABB RGRIN tne catalyst i
i ncreases, and hence it becones, difficult to attain

not preseBli ectivity. Moreover, the pressure difference
bet ween the top .and bottgomof the distillation colu
10 imthepresendinvestes. it the waisheight;is Jowerdt Qcm' then
out the distillation operatjon stably. For such )
it becemessdifficult to pttainthsl desuadchigh convergion.heMpteover, if
of each of the trays'is from3.5to 15 cm wth from
the wveio Heighhisdiighey ehann®@ emy ¢hengiozd udtion loéighehoiling point
-the present invention, the weir height 15 may be the

by-prygudter trrblugh _sId@ré?é‘l}lénsC(%.gﬁh edddteon Datwden the reaction

present invention, it is preferable to use a

progie ok 868 Sh 41l L401C BaVERrte 11 Stgoct 4] honco

N§: ek | . 1 i&. hei i\
becfes Wiinicws argiEkin B pefecifiy. “Mgtedibr fE Frddtyre
...O0f each qf the .trays is,preferab in,.a,.range of. 20

diffgiesiia betwseinshé b aid Hsdt ot 8t tnplySnbaRER oAb
. 1.5% then the apgaratus becones | arge relahivg,tq .
increps e @nd diense duberememdifficult te catey autithe distillation

equi pnent cost becones hi gh. Moreover, the residence
operation stablyases, and hence side reactions becone

liable to occur. Moreover, if the aperture ratio is

gr eRioersudiamea8onst kemdreepreferdbhe eangeefaritheawnieiheight of
of the trays decreases, and hence the nunber of stages

cachel 88 IraPSIFSRR B 1 13, 0rf WBYSRAELS (oo vet
moéé’g{%mee[ S F@ftHBrAdreCin TRk Sredbitmditio? fHY Weir height
may be the same for all of the trays, or may differ. In the present
invention, it is preferable to use a multi-stage distillation column in which
the weir height in reaction stages in which the catalyst is present is
higher than the weir height in stages in which the catalyst is not present.
The aperture ratio of each of the trays is preferably in a range of
from 1.5 to 10%. If the aperture ratio is less than 1.5%, then the
apparatus becomes large relative to the required production amount; and
hence the equiprﬁent cost becomes high. Moreover, the residence time
increases, and hence side reactions become liable to occur. Moreover,
if the aperture ratio is greater than 10%, then the residence time in each

of the trays decreases, and hence the number of stages must be

increased to attain a high conversion, and thus the problems described
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Sﬁ?? for the aperture ratiois froml1l.7 to 8.0% wth
A05€)f| AOEAN, 6. 0% bei ng yet nore preferable.

Furthernmore, in the present invention, the aperture
ratio may be the sanme for all of the trays, or may
differ. In the 5 present invention, it is general ly

el e, Ted AL el Ry teravte
canb8 5k The SRGHGSR I i 1 P8 I ¥4 o

prol onged stabl e operation” used jn the present 10
beinguat MorerRieterable: oburthersnotaninothe: present snyention, the
continuously in a steady state based on the operating
apectursi ratiosmaytie tbefsave foy, allafptheytrays, eggnay differ.  In the
pi pi ng, or erosion for not |ess than 1000 hours,

prepenat énebhtionotit is generaly mEdérable to usera mulsti-emtagby
not | ess than 5000 hours, and predeterm ned anounts

dlsﬁ’lflailBﬁ Qél@'n‘fb('m%hmmﬂ’i@ apurtufe rdtiol oFﬂ'aybeinlﬂ'ae upper portion
produced whil e naintaining the high conversion,

theféégfﬁé gY%%ﬁ%r ﬁﬁg} g@%%béﬁ@ﬁé‘?hh\ﬁ' oy trﬁ?scll?\a 58\9«'9? ﬁ&rtlon

Inventron I's di al k
the é\%{)onate and the di ol can be produced st ably for a
E onged period of tine each with hi gh sel ectivity

and era roduct i.vi ty 2
o 2R et npkaldndad slfbfe SpataLin: st jf Rheamﬁﬁrgh
productivity for the diol of not less than 1.3 ton
inveptionh@eans that epemiiancambea parided outgentippeusly '" a
preferably produced in an anount of not |ess than 3
steady state based oot the opearatingl cobditbong with no flooding, weeping,
respectively, yet nore preferably not less than 4 ton

clogginig afcpipirig,| eserdsion Pobnotress thanetpeOthowts;. preferably not
Mor eover, 25 another characteristic feature of the

IesQVtHQWBODOVI%‘MQr}nbfi’etﬂ‘l%tferé‘bFWﬁoP?és?s thaat5000 Powrs, and
n, D/ dl, and D/ 'd2 for the continuous

e SR O A g . g o
produced while maintaining the high conversion, high selectlwty, and
high productivity. |

A characteristic feature of the present invention is that the dialkyl
carbonate and the dio! 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
the diol of not {ess than 1.3 ton / hr. The dialkyl carbonate and the diol
are more preferably produced in an amount of not less than 3 ton / hr
and not less than 1.95 ton / hr respectively, yet more preferably not less
than 4 ton / hr and not less than 2.6 ton / hr respectively. Moreover,
another characteristic feature of the present invention is that in the case

that L, D, L/ D, n, D/d4, and D / d; for the continuous multi-stage
33
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0, 305n5100, 4<_Dl d, 515, and75D/ d2525, not | ess
AOSSH;}#?%%RNM [ hr, preferably not less than 3 ton /

nor e preferably not less than 3.5 ton / hr of the
d| aI kyl carbonate, and not less than 1.6 ton / 5 hr,
preferably not less than 1.95 ton / hr, nore

d*stﬁ@ﬁ'i%%é%ﬁwéah?iifhﬁﬁ%ctéﬁﬁf A0 Y, Chop? 446 6% 1000,
5 < LP'E 30, 30 B T 5 Ll 015hash and7 5P (5 L5, not less

caonti nuous nultj-stage distillation colum sati

than B den & Bryprefesably not lsgstham$ tony ar, mese Pr@yeﬁabiv not
D<_ [/ 10 20,40< n<_90,5< D/di<_13, and

lessothan 25 120, hbr ofckhe dinlkyBcanbonater andrnot lesmtharesks ton /
than 3.5 ton / hr, nore preferably not less than 4 °

hr, praferably nbttlbss dhalnleQ&aohdrmt, anor@Pprederaklysnohbess than
1.95 ton / hr, preferably not less than 2.2 ton / hr,

2.2 'lBhel F of Qhétﬂlblwn bésﬁrddﬁ’éb@ 6Fdrﬂﬁbl‘mbi'eoﬁnbhﬁer
can be produced. 15 The "selectivity"” for each of

cha}QStéjr'iéﬁé‘lféa ebﬂf“'l’ﬁs %éﬂ’t%%ﬂhd is tHSt P eRETE -ase t that L, D,

I nvent IS cycC onat e reacte

e

L/ bnd @g %n@@%?% for tfﬁ%%ﬁ*?'ﬁ&e@f%*ré% Fibiahen
| ess t 97% feranl I t han %

colyffnesd ?Fv tespetBusbl 2808 £ilnk $0bg, 830+ Bk 808 s L /D <
generally 20 indicates the cyclic carbonate

20, Ahel éﬂ, 5 8 PHedpretd3nandn@enD 662i< 200elwfgless than 3 ton /

possi bl e to make the cyclic carbonate conversion be

hr, poefdrably nodriessttamddd dont hr,moore queferablyonos less shan 4.
preferably not | ess than 99% yet nore preferably not

tonl/dssof hhae dalkhcstbdiateprandnetdeaslthanol. 9% 4en Ahan
99.9% It is one of the excellent characteristic

pref@Ribly afotolesshth AP 202 898Nt hir "RITEI Prefebably Rt &8s than 2.6

conversion can be naintained while maintaining high

tonToh 6k kNb ol Ralbe PRGuc 20501 VP70/ KAN

The “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
99%. Moreover. the “conversion” in the present invention generally
indicates the cyclic carbonate conversion, ih the present invention it
being possible to make the cyclic carbonate conversion be not iess than
95%, preferably not less than 97%, more preferably not less than 99%,
yet more preferably not less than 99.5%, still more preferably not less
than 99.9%. It is one of the excellent characteristic features of the
present invention that the high conversion can be maintained while

maintaining high selectivity in this way.
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continuous multi-stage distillation colum used in
A05QH¥P5939%Nt invention is a distillation colum havi ng
n stages of trays therein. Exanples of the trays
i nclude a bubble-cap tray, a sieve tray, a ripple
tray, a ballast tray, a valve tray, a counterfl ow

tr e Fanio 8 bittistdee sk HRet eblpn Gedih' e present

invenlior & a ¢ fplldtien Sotudn befe n Stegrs @kﬂfmﬁﬁsrem

mul ti-stage distillation colum in which the cataly
Examplastofthe éraysincivdeca hubkle-eapdiay: ansiexe Vaao@sflpple
not take place (e.g. stages above the stage at which
trayt bebabast yray, i vaive dray; el countedflawstray| an Unitrexitsay, a
in which these stages are packed with packings, i.e. a

Supevirbic- tthgoa MBifiad atayma dualflowavapgaptitd plate dyay, a
portion and a portion packed with packings, is also

turbB??L&E?H@tra@(%‘Nl&él ®fay. [t e kikBYS In fifd @é%eatmnume are

uch asaRaSC|gr|ng a Lessing ring, a Pal

sta éé‘gn tﬁ‘e%*}cﬁgﬁ ﬁ”-s'té#;@' &’i’étﬁ%fg § g@ﬂgfﬂgwhuch the

pac

catdfyth it ol br¥af Q?%i?*cehfaca%a%% B e F Iy, deg ot take

packing or ditschgrid, Furthe r th erm"nrrbr
plads (gtgag%@ges aboye; eﬁ@é@é@érﬂi’ fhe catpbet s freguced), a
nunber of trays in the case of the trays, and t
distillatioetaodammunivehichr thesestages @are eag&eéththepackings i.e.a
packi ngs. The 20 nunber of stages n in the case of a
mulbiu tages disiél latieni ¢olamprhaxihgrivotinai trgy portiom andag portion
portion and a portion packed with packings is thus the

packeth with pAcknygecis afso preferable.t hExampled iof 2henpatleings
of stages. For the process according to the present

t t t
includées r'a%orhhﬁ;ig'ﬁﬁ geﬁfﬁ‘ch YsSaARAELAIG i é‘q_é‘sisﬁhglrm?ya Pall

conversi on l ectivity, and high 5 pr oduc

in 0 B 3R [ RIS RN SRR ek AB MM Fon
pac ?ﬁé 'o?'nH%'ildPa d%v}mé:%[i'euctu%dApoas&m\g/Ps?L%%'g 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 trays in the case of the trays, and
the theoretical number of stages in the case of the packings. The
number of stages n in the case of a multi-stage distillation column having
both a tray portion and a portion packed with packings is thus the sum of
the nurﬁber of trays and the theoretical number of stages.

For the process acéording to the present invention, it has been
discovered that the high conversion, high selectivity, and high

productivity can be attained if n stages of any of the above trays are

used, but that sieve trays each having a sieve portion and a downcomer
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j e particularly good as the trays in terns of
Aos(ﬁ?wwﬁonshi p between performance and equi pnment
cost. It has al so been discovered that each sieve

tray preferably has 100 to 1000 holes / nR2 in the
sieve portion. A nore preferable nunber of holes is

portf&gg@rézgg%ngti’%tﬂﬁﬁ’ygbﬁg é%/ghggtraygtin{?éﬁﬁ'@ﬁgﬁﬁéwiéﬂiahgmp

betvigd % ?e@ﬂm@?%f aHg %é@fpévéﬁf&'o%ﬁa' FhR5eSt60 F%'sm{s&overed
thatigach dleve dry prefaapiy Eéfwsqeﬁbpinéb inthia sieve

0.9 to 3 cnt. FurthernDre |t has been di scovered that
portian.j s AL Vg preferable rweber & holes isatromil@:te SO0 holes /
has 100 to 1000 holes/n2 in the sieve portion, and
m?, yet rooos preéerdhlydroar 450pky 880l holes ¥ ma r Mareoder, it has
from 0.5 to 5 cn2. The nunber of holes in the sieve

beenaliscoveray thatithe cross-séetiondl areal per Hicte Dt 64¥R sieve tray
or may differ. It has been shown that by adding the

is prETeY&bRPHlial i ﬁbﬁ‘eoﬁjtg?dg?mua H?Hrb:sm%fég&ble

distillation co the pres

n b i '
crossT¥ER}oAAI 8 ﬁ?ﬁ‘v*e‘;'}%?%ﬁf B 7514 Gy %yb“%erab'v
ol are c nuousl rodu ed b contlnu
ff°"¥ Beathos ST F é”h?:%rFBBFé't@ Ben Bisive i ihat tis
oh drlc al as startin materlalsmto 20 t
partigIar LB LATSTabIs SLeagk Tipve rayt nan 190 tord 40D Relenia? in the
catal yst is resent, carryi ng out reaction and
sievgi ertioa: ppd mrew@uqna natés perdralenis in a range of from
continuously withdrawing a | ow boiling point reaction

0.5 to %t amé. cBheaiuwnbertdfechplexiirn ¢hle dieveyportivoonay de the same
froman upper portion of the colum in a gaseous

for dlbohthensien@ntiaysous! may diffsawi ng a high boiling 25
poi nt reaction m xture containing the diol froma

L\g\gg?é\%?ﬁﬁs%uﬁﬁﬂlatcﬁb%ﬂlh@ the ab'ové EBhHitidNs to the
continuous multi-stage distillation column, the object of the present
invention can be attained more easily.

When carrying out the present invention, the diaikyl carbonate and
the diol are continuously produced by continuously feeding a cyclic
carbonate and an aliphatic monohydric al;:ohol as starting materials into‘
the continuous multi-stage distillation column in which a catalyst is
present, carrying out reaction and distillation simultaneously in the
column, continuously withdrawing a low boiling point reaction mixture
containing the produced dialkyl cafbonate 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 liquid form.
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Moregver, in the present invention, as the continuous
A059ééﬁfnﬁKﬁN the starting material cyclic carbonate and

al i phatic nonohydric al cohol into the continuous

mul ti-stage distillation colum, the cyclic carbonate

and t he aIiphatic nonohydri c al cohol may be fed in as

i q{‘f” R T 84 Rpec T, P T g def dpecing of

n one pl ace luralit | aces, i

the SiHinGspafesial svc'na@a#eaage@?@ allphitic pEsRghyfrc alcohol
bel ow the gas outlet in the up portion of the -

intodths ppn&mw&mu}ﬂnstagerﬂﬂﬁfduaf innvgelyme hthe pyiclie carbonate
carbonate or the starting material containing a | arge

andathealipbatichmanahydri¢ Galcehbbmay besféddnias a starting material
distillation colum in a liquid formfrominlet(s) in

mixtiv@ opp@paratéiyoin el ligoed fodd andar bF angaseds form, from
distill at| on colum, and the aliphatic nonohydric

mIe?{ﬂoﬁﬁivn?édt 'i‘neof\é lalcedo P& § dy 'Iithi?tﬁ\hEEQQnathé Sﬁi{iﬁroportion

ahount the aliphatic nono ric alcohol Is fe

L e M
porfifSs fifE. iShugigh a it o A B ﬁmtﬂl“ i Wil ke EEfig,,"

r ef er abl .. The reactio tlrrefor tg .
Ca”g?ﬁﬁé"é&r e staftinghmalgsial soniaininga afgeramns!@t of the cyclic
gr esent invention is considered to equate to
carboantgds fediintadbe distiblation welugucin an lqukth@rm rfremeinlet(s)
continuous multi-stage distillation 20 colum. The
in theagppen poirtienvar thes miikjaHed owdiam of thef distillatidgmheolumn, and
internals in the distillation colum and the nunber

the ailiph@ige moh BAydrRUAIcH Y] dMthe Starting nawirédl 6bAtdidtng a
in, the type and anount of the catalyst, the reaction

Iarg@ﬁ%éuﬁf‘%f tﬁ@dalﬁﬂ'zé’ﬂc mBA {d aIednawE cgm féY

a range of from 0.1 to 20 hours, pre era rom

s UEVER e n%%ngps:tiﬁrﬁ&zamangﬂ%aeozréva&aéqgnme
por{ig% BWﬁeqfowtehr por For’ﬁ%?%evgg umn above the liquid outlet in the
lower portion of the distillation column is also preferable.

The reaction time for the transesterification reaction carried out in
the present invention is considered to equate to the average residence
time of the reaction liquid in the continuous multi-stage distillation
column. The reaction time varies depending on the form of the internals
in the distillation column and the number of stages, the amounts of the
starting materials fed in, the type and amount of the catalyst, the reaction
conditions, and so on. The reaction time is generally in a range of from
0.1 to 20 hours, preferably from 0.5 to 15 hours, more preferably from 1

to 10 hours.

The reaction temperature varies depending on the type of the
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starting material conpounds used, and the type and
AOSHYBRO/KANt he catal yst. The reaction tenperature is

generally in a range of from30 to 300 C. It is
preferable to increase the reaction tenperature so as
to increase the reaction rate. However, if the

st A BRFRED 48 o Y opdd B ifpunt of he

tenperature is, thus preferably in a range of fro
catalysbaot os reacion arthelay e 1S aensrayTaBoa cands B dfem 30 to
preferably from60 to 150 C. In the_ present
300 i°@.eniti isnprefiesabla doiinerease itheagantien tepperature $o as to
out with the columm bottomtenperature set to not .
increase theared&ioc, rape ef ddaweyenpif the reactiondemperature is too
nore preferably not nore than 110 C, yet nore

highRriple®r Sile/ réattionsebébomelNable tévocoure! |'Ehe reaction
characteristic feature of the present invention is

temBQ%tJrQﬁsﬂrﬂfé E?Qgﬁaﬂl?rin AiraAgachefiony 40/ to @B U, ghore
ity can

roducti v e attalned even with such a | ow

il e S M B B emso 0.
the frarebLIalEhEobaunsTBRNE elfieaO < ROEHETRY O, witn the
coid{gg%t;)tc%gnb é&%ﬂ%y%éeﬁg%&egqﬁe edug%‘bagé?ispf{lé?grably not

generally in a range of from1l to 2x107 Pa, .
morner Hian 480 °€; nerepreferablymot mare than 41§, yedmore
104 to 5x106 Pa. 20 The material constituting the
prefarabilynatsmonetthast 400 T st iAn sxicehlendothara eeigtichfeature of
the present invention is generally a netallic materi al

the peRenmdSnvantionh R et tie digh dornaersien) high sedectividy, and
the quality of the dialkyl carbonate and the diol to

B L | " H
hlgmwglt}%gﬁ@%l Féh%@ fAesindLelvehswrhed eeii fow2folumn bottom

lowing 1s a nore detailed description of
on A GE"NABEY e AP YSEEHEAATS finaing on e
typlaior? ttl%ds{é)rt:tnhgematerial compounds used and the composition
therebetween, the reaction temperature, and so on. The reaction
pressure may be any of a reduced pressure, normal pressure, or an
applied pressure, and ié generally in a range of from 1 to 2x107 Pa,
preferably from 103 to 107 Pa, more preferably from 10* to 5x10° Pa.

The material constituting the continuous multi-stage distillation

column used in the present invention is generally a metallic material such

as carbon steel or stainless steel. In terms of the quality of the dialkyl

carbonate and the diol to be produced, stainless steel is preferable.

EXAMPLES

Following is a more detailed description of the present invention
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foll owi ng exanpl es. Exanple 1: 5 <Conti nuous

AOS50LVP7OMANe distillation col urm> A conti nuous

mul ti-stage distillation colum as shown in FIG 1
havi ng L= 3300cm D =300cm L/D=
11, n=60, D/ dt =7.5,andDl d2 = 12 was used. The trays in
the distillatiaon colum, were sieye tra
throughr SsamRles; orHpwaNel, §i6 RrssentinyRBYENLIEAESikE%o the
t hereof 10 of approximately 1.3 cn2 and a nunber of
followdngsesamyppsoxi mately 180 to 320/ n2. The weir
hei ght of each of the trays in stages above a stage
where the cyclic carbonate was fed in (the 55th stage
fromthe botton) was 5 cm and the weir 'height of

Exaffsle ¢f the trays in stages at and below the stage
where the cyclic carbonate was fed in was 6 cm

<Co'}ﬁrrﬁpa(&§ maRi-s géﬁﬂﬁimbﬁdnaébmmh*%h of the trays
In arange of from2.1to 2% <Reactive

%éadrftg.bﬁqe%%aﬁ. Kok ditilatii Lodiheras AR nFFG. 1

cont I uousl I ntroduced 1 nto

oL AR T TR REE LB S 54 P A . ana o

hanol 20 form(c. 8 96 %h
4, Mngt?gﬁg%o‘ﬁsﬁﬂ rorThe e pnabe ISR Pk 8RR Wei Ypve trays,

methanol in a liquid form (containing 6.66 %b \ ¢
eachehghingh ciors-sectionad arescpenhiale ibsthe siang portion thereo
continuously introduced into the distillation colum

of dpproximatety (33 wmhang a)nymberdefihates oé appneximaighy 180 to
fromthe bottom The nolar ratio of the starting

320Ph#.I Phé Wair méighdusfedathiaf theetriyet in btages abnvera stage
vvas nmet hanol / ethyl ene carbonate = 8.36. 39 A0501

& sitdthye dddimthe bbttom
whefe! %(%?CR% %ﬁ':dﬁl' ﬁy&%&b%\@g ggéh@of KD (48 04 by )

waé'\%' gm, Mqﬂﬂswéﬂ] H&ifHY of B58h' SEtHE trays in stages at and below

the stage where the cyclic carbonate was fed in Was 6 cm. Moreover,
the aperture ratio of each of the trays was in a range of from 2.1 10 4.2%.
<Reactive distillation>

3.27 Ton / hr of ethylene carbonate in a IiQL_zid form was
continuously introduced into the distillation column from an inlet (3-a)
provided at the 55'" stage from the bottom. 3.238 Ton / hr of methanol
in a gaseous form (containing 8.96 % by weight of dimethy! carbonate)
and 7.489 ton / hr of methanol in a liquid form (containing 6.66 % by
weight of dimethyl carbonate) were respectively continuously introduced
into the distillation column from inlets (3-b and 3-c) provided at the 31t
stage from the bottom. The molar ratio of the starting materials

introduced into the distillation column was methanol / ethylene carbonate

= 8.36.
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approximately 130 C, gradually reduci ng the pressure,
ADS04NPZBMANNG out heat treatnent for approximately 3
- hours at approxinmately 1300 Pa, so 5 as to produce a
honbgeneous sol ution. This catal yst solution was
continuously introduced into the distillation colum
froman inlet (3-e) rovi ded, at the.54th_stage.f
{ hhcasalvet usadivad otaimes by 3d3)na dob Jnh Bt etiVisne
et hyl ene carbonate fed in). Reactive distillation was,
glycohtoiz8 tan otmm(m&bwmmghémq9%§%tlan&ohaﬁ§m9 to
bottom 10 tenperature of 98 C, a colum top pressure
app Sxiammtedyx 180 eCy gratiuatlyofedirsingathe preesurs, and cayying out
0.42. It was possible to attain stable steady state
heaPh¥athient ffi 8pproxinietely .3 Aouew dtoappraxipuately 1300 Pa, so
reaction mxture withdrawn fromthe top | of the

as té;Bl*HHhéé‘aahS 696 Bolafon00! PHisugafHlyst Redition was

changer "and 15 thus turned into a liquid. The liquid

conl ol 5B S s hofRia et (3o

10.678, .t h tained,4..129 / o[ d
providegoantas b4t staas drodh e tattdR (KkendinPatighgH 1% by
weighf basest op effly|en GarboraR: Achud. 2. B5actyg flstiliafion was

~ethylene glycol, 20 1.014 ton / hr of nethanol, and 4

carigd/outr continnossty endarrserditions vmeelumpotiomg
t he di met hyl carbonate contained in the starting

tempeirati® of 98e° Caal calumnddpcpre sswen of @p ptioximiajely 1.118x10°
carbonate was 3.340 ton / hr, and excluding the

Pa, &4l lzereflgk ¥adlo 6P0t42ned in the catalyst sol ution,
t he actual produced anobunt of ethyl ene glycol was

2. 3&3\@{5%@3#%5 gBeattﬁ@] StablecSfeddy 3040 Bpepatensaner 24

was I met carbonate " selectivity was
vl T PR BT B LR rom e top 1 o
tno 25,0206 P10l 0nged cpntl uous ReRaUiR 4FdALREnGYH 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 /
hr of methanol. A liquid continuously withdrawn from the bottom 2 of the
column at 3.382 ton / hr contained 2.3_56 ton / hr of ethylene glycol,
1.014 ton / hr of methanol, and 4 kg / hr of unreacted ethylene carbonate.
Excluding the dimethyl carbonate contained in the starting material, the
actual produced amount of dimethyl carbonate was 3.340 ton 'I hr, and
excluding the ethylene glycol contained in the catalyst solution, the
actual produced amount of ethylene glycol was 2.301 ton/ hr. The
ethylene carbonate conversion was 99.88%, the dimethyl carbonate

selectivity was not less than 89.99%, and the ethylene glycol selectivity
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conditions. After 500 hours, 2000 hours, 4000 hours,
AQSBOVYB7OMAN, and 6000 hours, the actual produced

amounts per hour were 3.340 ton, 3.340 5 ton, 3.340
ton, 3.340 ton, and 3.340 ton respectively for
di met hyl carbonate, and 2.301 ton, 2.301 ton, 2.301

ton % 3 2.301 ton respectively for
Waséwﬁ/\eesr%q'&?'} 9"e ethyl ene carbonate conversions

wer e respectlvely 99.90% 99.89% 99. 89% 839%;

99.Revonged aprtinkpus eRekatiapves car RF( P’-'Z %@?%tﬁ‘gge

respectively not |less than 99.99% not |ess &8)058 n
condRicitgy Adter 588 hovars, ROODho s, 4000 hows, &OUFS and

and not less than 99.99% and the ethyl ene glgcol

6006che6is, \this astwelr procasped imelptsiper hewks waren3 A ®don, 3.340
not | ess than 99.99% not |ess than 99.99% not | ess

ton I 33 P%RI% 34@0 doROtar 35340 a0n9R IRS6tivéslyFoandireethyl
Reactlve distillation was carried out under the

car%ﬁ% 8 889 2 %'1ttcﬁfsz A fn { he36 B NC ZIBOAURIE, and 2,301 ton

age |st| 'ation co um as in Exanple 1. 2.61

res;&%ﬁttlyﬁ{}r °f9ﬁwtx”§b‘§2§{y§§l ﬂ’i‘?teeipkférg? gt'al‘HPPﬂaftérch sions were

ation colum

reséégyr{’y%ﬂég'g%gn(ggﬂg@r éqgﬁq/h b%f%?ﬁ'ﬁ%% ﬁb%ethe dimethyl

carbanatmselgotitics werer Eepeciyel bééd%% @@"»ﬁ% gt less
form (containing 1.46 %Qéywa ght of dine

than H0.89% e notdess tbame8 i nafnlessuthan )QQ é?%-dﬁﬁgdmt less
into the distillation colum fromthe inlets (3-b and

thaR-39.99%yY ateltvé ethyletis glytalgselaciivitine weresespectively not
The nolar ratio of the starting materials introduced

les$ r’lhgnt 9g. QQJ%SHdt' [BisOh a0 DAND9YRSHOEIdEthan 89.8@%neaot less
carbonate = 8.73. The 41 A0501 VP70/KAN catal yst was

thaﬂ'aéiﬁ é@h,%ﬁ&ﬁpﬁj@?s%ah% le 1, and was

cont i nuows Ato the distillation colum.
Reactive distillation was carried out continuously
under conditions of a colum bottomtenperature of 93

Exa?ﬁ':ple 2:

Reactive distillation was carried out under the following conditions
using the same continuous multi-stage distillation column as in Example
1. - 2.61 Ton Ir hr of éfhyléne‘ carbonate in a liquid form was continuously
introduced into the distillation column from the inlet (3-a) provided at the
55" gtage from the bottom. 4.233 Ton / hr of methanol in a gaseous
form (containing 2.41 % by weight of dimethy! carbonate) and 4.227 ton /
hr of methanol in a liquid form (containing 1.46 % by weight of dimethyl
carbonate) were respectiveiy continuously introduced into the distillation
column from the inlets (3-b and 3-;) provided at the 31% stage from the
bottom. The molar ratio of the starting materials introduced into the

distillation column was methanol / ethylene carbonate = 8.73. The
41 '
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a colum top pressure of approximtely 1.046x105 Pa,
A05Odn\ﬂ:’30/||‘é°i'ﬂux ratio 5 of 0.48. It was possible to

attain stable steady state operation after 24 hours.
A low boiling point reaction.m xture withdrawn from
the top 1 of the columm in a gaseous form was cool ed

catah@én\gpgﬁg |t fé(ga aﬂﬁféa@ﬂ?a&ﬂg ?éjnfxﬁjrfrhe@v%%%h@muously
fed indp e distiation Go h@%ﬁa ﬁ?%@is it ﬁgf'o‘?@% Gl But

_ (_Jl|msth?/ car bonat e, and 33 ton / hr of Pl' ﬁ3°0

contingouslycundeneand ifionst ﬁﬁaavm!umarhqtﬁenb&mm@ e phE
colum at 2.937 ton / hr contained 1.865 ton / hr of

a cotlimyl te pgkgsare oflappoxioratelynr .046xddidnal angha reflux ratio
kg / hr of unreacted ethylene 15 carbonate. Excl uding

of 0i4w di met hyl carbonate contained in the starting
mat eri al , the act ual produced anmount of dinethyl

canpQnid ¢ re 86 AttdiAnstapie steadyestedop@ration after 24

et hyI ene g ycol contained in the catalyst solution,

houﬁJ‘ Sg\ctowlbfﬁggaﬁggﬂ.}he et f?yrf’h&h'iﬁé ﬂ\d}'a)ﬁ'@ri"frd\ﬁsthe top 1 of

ene carponate conversion

e hAL it SoT IR e ESEITBLAG € et ik ier anc

selectivity was not S tha 99 99% Pr ol oy
thus Gmad s B Raue.on  heiauel 1o talling pEIt REksion mixture,
conditions. After 1000 hours, 2000 hour s,.. 3000, hour s
whichwssaortinueysiywithdsawn fram theqdisttiatinn calum at 8.17 ton
hour were 2.669 ton, 2.669 ton, 2.669 ton, and 2.

669
/ hr} oontaimpe-i84ltpni/ionr of dittethyt sapbonate, and 42.3bon / hr of
ton, 42 A0501 VP70/KAN 1.839 ton, 1.839 ton, and

methahdl. tWhh@ﬁeeﬁnmﬁhduélﬁ;ﬁwﬂﬂmawmfmmdhle bottem 2 of the
et hyl ene carbonate conversions were respectively

confiySBF, 957381 HERMHna . 086561 / thotiemibnt olycol
1.062 ton / hr of methanol, and 0.2 kg / hr of unreacted ethylene
carbonate.

Excluding the dimethyl carbonate contained in the starting
material, the actual produced amount of dimethyl carbonate was 2.669
ton / hr, and excluding the ethylene glycol contained in the catalyst
solution, the actual produced amount of ethylene giycol was 1.839 ton /
hr. The ethylene carbonate conversibn was 98.99%, the dimethyl
carbonate selectivity was not less than 99.99%, and the ethylene glycol
selectivity was not less than 99.99%. |

Prolonged continuous operation was carried out under these

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

the actual produced amounts per hour were 2.669 ton, 2.669 ton, 2.669

ton, and 2.669 ton respectively for dimethyl carbonate, and 1.839 ton,
42




respectively not |less than 99.99% not |ess than
AD56% /KA "1 ess than 5 99.99% and not |ess than
99.99% and the ethylene glycol selectivities were
respectively not |ess than 99.99% not |ess than
99.99% not |less than 99.99% and not |ess than

1.0 28501 BARTRT, it e URHRLMY o2 PRRone aivcol e
ethyjons saripda Oganvﬁ%é%:nsiégersnrmew\gqlm pd:99%° &8-90%.

were sieve tra each haV|ng a cross-sectjonal area
99.98%,~and 9% m\ﬂéwhﬂ. sAarppaateselgetivities were
approximately 1.3 cn2 and a nunber of hol es of
respeptivelyantllgse1banc99 D40 notniessTHameS:.98% gnet gss than
each of the trays in stages above a stage where the

5 99.99%, andaidoraisetivas 920906, ahdethebethypeageglyomhsdiectivities
bottom) was 5 cm and the weir height of each of the

were' ?é@péé‘tlﬁéﬂ#gﬁﬁt vés@mﬁaheé@we%he.oitlase thagy 99198%, not less
cyclic carbonate was in was 6 cm Nbreover, t he

thaffi%e 8%, tai*d4“23}'e§%‘*§a9§%9§®n%7 N of ethyrene

carbonate in a liquid formwas continuously
|ntroduced into.the distillation colum fromthe inlet
% provided at the 55th stage fromthe bottom
Exagnp 3ton / hr of nmethanol in a gaseous form

_ (containing 8.97 % by wei %ht of di methyl carbonat e?
10 and Ascentintens mirtics tage mﬂatlﬂn&qlumﬂ ascshawn in FIG. 1
(containing 6.65 % by 25 wei ght of dinmethyl carbonate)
hawiegd. =886t ¢wel) =800 emolsy P il poue &P, Pritds #né.5, and D /
distillation colum fromthe inlets (3-b and 3-c¢)

d> #ry wksl ugled. heThdArags0n thie/QistAtatids icoduage Werensidwe trays,
bottom The nolar ratio of the starting materials

eadH“h'éWHQ%jc'ré‘é@-stétqlﬂéltél‘é@jr)'e‘?rh&@' itThe'\@se V@ patidn thereof
et hyl ené carbonate = he cat al yst was made to

of Qﬁ?f@fﬁﬂg&“ IBI E}ngenﬁm eac ve | stWW%ﬂw 220 to

15 340/ m2  The weir height of each of the trays in stages above a stage
where the cyclic carbonate was fed in (the 55'" stage from the bottom)
was 5 6m, and the weir height of each of the trays in stages at and below
the stage where the cyclic carbonate was fed in was 8 cm. Moreover,
the aperture ratio of each of the trays was in a range of from 2.1 to 4.2%.

- 20 3.773 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distillation column from the inlet (3-a)
provided at the 55! stage from the bottom. 3.736 Ton / hr of methanol
in a gaseous form (containing 8.97 % by weight of dimethyl carbonate)
and 8.641 ton / hr of methanol in a liquid form (containing 6.65 % by

26 weight of dimethyl carbonate) were respectively continuously introduce‘d

into the distillation column from the inlets (3-b and 3-c) provided at the
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5 was carried out continuously under conditions of a
AOS0IVBEVO/KANt om tenperature of 98 C, a columm top
pressure of approximately 1.118x105 Pa, and a refl ux
ratio of 0.42. It was possible to attain stable steady
state operation after 24 hours. A low boiling point

reaction mxtyre wth wn fromthe t 0 :
31° SGagmirom KRS { of REROISDEU Aot btdrfhg Waterials
exchanger and thus turned into a liquid. The liguid_.
intrqd;:me;b%mtmtjw@@iiﬁtilla&aat %Wmmwaﬁé?gﬂ?ﬁ"&ﬂ' f \ﬁééy'%“e carbonate
continuously withdrawn fromthe distillation colum at
= 8.73. 3Thercatalyst wasrmaidectp herthe seme ax inExamele. and
carbonate, and 7.556 ton / hr of nmethanol. Aliquid
wasCEvhtinueus |y fad tints the distittation tolurom ofReactive distillation
colum at 3.902 ton | hr contained 2.718 ton | hr of

was%éﬁi{d‘%uﬁ'd@rﬁ'inuéu&ﬁ/ uhger/cdriditionsebhancd lumncdttém
kg / hr o

unr eact ed ‘et hyl ene carbonate. Excl uding

| temhgf%ﬁ.irgff’apﬁhe&@;%?@u%\ﬁ?nﬁqgﬁ%ﬁ%drﬁ B-Fﬁpifréﬂﬂ'lﬁg?ly 1.118x10°

pro mount of "di met
car ponat.e was,.3. 8 n/ hr, and excluding the
Pa, ang peirfiyr falp @gﬁté?'ned in the catal yst sol ution,:
the 20 actual  produced, a t of efh ne gl
2. ciwaspossible tnattaimsiakle € P4ta18 g et far 24
99. 88% the dinethyl carbonate  select,i it% vas n&s £ th
houress A lew tmuiliagopoimtareantion mixtuee witherawe igam the jop of the
was not |ess than 99.99% Prolonged continuous

colwmer it & agasesus dormedasucoaletk using schest exediangsfsand thus
After 1000 hours, 2000 hours, 3000 hours, and 5000

turdisto atifguiact URthepigaidc kv drailingsp piert reactioneneixture, which
.854 ton, 3.854 ton, 3.854 44 A0501 VP70/ KAN ton,

3
waéegngi-n%%stwwtﬁamhi #ehy therdidtimatioy coRurhanat 42.32don / hr,
2.655 ton, "2.655 ton, 2.655 ton, and 2.655 ton

corf T4 1B4ehel 1 SPA A XGRborile, v 598 ton  hr o
meé‘% 5 :/? \/I-\3|90é.§ \(;@qliﬁrqugg's?yg%itﬁcn%v%.'fPtSl“yéhé:B'bWt@f the
co.lumn at 3.902 ton / hr contained 2.718 ton / hr of ethylene glycol, 1.17
ton / hr of methanol, and 4.6 kg / hr of unreacted ethylene carbonate.
Excluding the dimethyl carbonate contained in the starting material, the
actual produced amount of dimethyl carbonate was 3.854 ton / hr, and
excluding the ethylene glycol contained in the catalyst solution, the
actual produced amount of ethylene glycol was 2.655 ton / hr. The
ethylene carbonate conversion was 99.88%, the dimethyl carbonate
selectivity was not less than 99.99%, and the ethyiene glycol selectivity
was not less than 99.99%.

Prolonged continuous operation was carried out under these

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

the actual produced amounts per hour were 3.854 ton, 3.854 ton, 3.854
44
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S respectively not less than 99.99% not |ess than
AOSQDVBIY/KAN: | ess than 99.99% and not |ess than

99.99% and the ethylene glycol selectivities were
respectively not |ess than 99.99% not |ess than
99.99% not |less than 99.99% and not |ess than

99. 9994, .10, Exanpl e 4: [ =

ton, ad 3 5 7 Lapemntiuefi AGLHIME SutBongtAnd 2.655 ton.
L. =3300 D =300c L 11, n=60...D/ =7,

2.6 fong 2 885 @Rend7e605:541 repnetiel, 97 afyBRE Blyge!. the
were sieve trays, each having a cross-secti I

ethylenencatbonatensoaversions wess ragpacdively @-90&’2' ¢4.59%,
approximately 1.3 cn2 and a nunber of holes of

09.99%, e dr@@ED9% Athe dingdby) capbomate weilectivitips ware

- each of the trays in stages above a stage where the

ress¥6livelyCADPIESE ehwasoH b %n ndtHessHthiar 08989 %, omot fess than

botton) was 5 cm and the weir height of each of the
99.%?/2%’,551!18‘ rfc%tal%%% flar? 0. bobpvandpestrofienecaiyddiselectivities

Y ic ca onate was fed in vvashlo cm l\/breoyer, 20
werg( FRAREChIS, ABLIhS hRLR Yotk ok 18KE tHAN DO BOKAMNIR less
. L qui d. f . I
thafi g S0 canch it 188S 3nafi 94, 2ol um from the il et

(3-a) provided at the 55th stage fromthe bottom
7.742 Ton / hr of nmethanol in a gaseous form
(containing 8.95 % by wei ght of dinethyl carbonate) 25
Exampled4:282 ton / hr of nethanol in a liquid form _
(containing 6.66 % by weight of dinmethyl carbonate)
ver & ceatiacicusemultiestadge distiNation raalumnl asashpwsoin FIG. 1
VP70/ KAN into the distillation colum fromthe inlets
haviRghL a1d380cempro Ged ein,tihe D 3141, atadd,fDandi ke7.5, and D /
bo?tom The nolar ratio of the starting nmaterials

d 'H‘LZ QU edeldt OThBetraStin! ihd dnftilfiomtolamnwdr@sieve trays,
et hyl ene carbonate ="8.36. The catal yst was nade to
ol p4Vind Y RuSip B IGH i PRI oo pion thereos

distillat

~ of apprommate(w 1.3 cm? and a number of holes of approximately 240 to

360 / m2. The weir height of each of the trays in stages above a stage
where the cyclic carbonate was fed in (the 55" stage from the bottom)
was 5 cm, and the weir height of each of the trays in stages at and below
the stage where the cyclic carbonate Was fed in was 10 cm. Moreover,
the aperture ratio of each of the trays was in a range of from 3.0 to 5.0%.
7.546 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distillation column from the inlet (3-a)
provided at the 55" stage from the bottom. 7.742 Ton / hr of methanol
in a gaseous form (containing 8.95 % by wéight of dimethyl carbonate)
and 17.282 ton / hr of methanol in a liquid form (’contaiﬁing 6.66 % by

weight of dimethyl carbonate) were respectively continuously introduced
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was carried out continuously under conditions of a
AOSQHVRFR/ tenperature of 65 C, a colum top pressure
of approximtely 1.118x105 Pa, and a reflux ratio of
0.42. It was possible to attain stable steady state
operation after 24 10 hours. A |ow boiling point

mtoessgémﬁmorgggz@@@ T A U85 00 piae ot
excnan

31 a0 8o oM S8 R ac T RermiAlar shto W%ﬁ%@é%&”a's

. contlnqouslgV\/lthdravvnfromthe distl Iath? ﬁ‘ b t

intrgdueed intothe distillaionacaliimo was methangl / gt M%‘%ﬁ;ﬂf cnate
carbonate, and 15.114 ton / 15 hr of nethanal. A

= 8.BBqui Theccatalystiwiag madaitahe themame apin dhamegle hand
colum at 7.804 ton / hr contained 5.436 ton /hr of

waseddwiirneusly ted.info 34e distillation cblumnhanBeactive distliation
/' hr of unreacted ethylene carbonate. Excluding the

was ﬂﬁtéwlotﬁaé@ﬁﬂﬁhsuwmu@&obamnim1§barat coummttop al ,
actual produced ‘anount of dinethyl carbonate was

temég?%ﬁuteo bé“igé%r‘@?l%ﬁg@;%%?ﬁ M?eeo ‘daﬂr%&ﬁnalwﬁph 118x10°

ai ne act ual
uce yl ene glycol mas 5 31 ton | hr.
aeE §V%ﬁéﬁ5h$£8ﬁ%$e conversion was 99.7% the
dInEth car bg | ectjvity was no | ess t
00, Soyas kpeHIBIe tn, ARl Bials s Blate 9P%€?ﬁ8taﬂe' 24
| ess than 99.99% Prol oqéed cont i nuoui g%erattj xﬁ f
hougsy r ifedpwAsoling paind reaftien mhdure yithdigwa fregpine t°P 1o
hours, the actual produced. anpbunt per hour was 7.
the tomlufror inliargakegbusafdronaas canded Eingoa heat wh@eger and
VP70/ KAN et hyl ene gl ycol, the. ethyl ene carbonate ]
thus eoveegiinto \aaEiq&B:I.SO/arﬁdﬂﬁquiﬂ ewhlybiliray poimt eeaction mixture,
selectivity was not |ess than 99.99% and the

wh.@hhmhsnf‘oﬁweehsﬁpbﬁmdwwry P& 1Y distiitatibArcSandv %t 24.641
Industrial Applicability According to the present.
ton /Wﬁ%rﬁ%méa 32PN HirssrufhethyNesridifate, and 15.114 ton /
hr of methanol. A liquid continuously withdrawn from the bottom 2 of the
column at 7.804 ton / hr contained 5.436 ton / hr of ethylene glycol, 2.34
ton / hr of methanol, and 23 kg / hr of unreacted ethylene carbonate.
Excluding the dimethyl carbonate contained in the starting material, the
actual produced amount of dimethyl carbonate was 7.708 ton / hr, and
excluding the ethylene glycol contained in the catalyst solution, the
actual produced amount of ethylene glycol was 5.31 ton / hr. The
ethylene carbonate conversion was 99.7%, the dimethyl carbonate
selectivity was not less than 99.99%, and the ethylene glycol selectivity

was not less than 99.99%. Prolonged continuous operation was carried

out under these conditions. After 1000 hours, the actual produced

amount per hour was 7.708 ton for dimethyl carbonate, and 5.31 ton for
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di al kyl carbonate and the diol can be produced each
AO05Q% VR78/MANh selectivity of not |ess than 95%

preferably not | ess than 97% nore preferably not
| ess than 99% on an industrial scale of not |ess than
2 ton 10 / hr, preferably not less than 3 ton / hr,

nore preferabl | e 4 :
ethyfiaf g Eof: (i Ao RebOR cofraidl wd@pe8%, the
. referably not |ess. than 1.95 ton /. hr,
dimdiryicramanals selecdiitionas 3ot i8e thi of 3%, and the
wth a high yield stably for a gl‘rol oﬁ&gggaperiod of
ethyiens glycedisalectivitiamasood less thanpSE dPae v not | ess
t han 3000 hours, 15 nore preferably not |ess than 5000
hours, fromthe cyclic carbonate and the aliphatic
nmonohydri c al cohol. 47 A0501 VP70/ KAN CLAI M5 W
InddtdidnAgplidabilitgust rial process for producing a

di al kyl carbonate and 5 a diol in which the dialkyl

car ReRatiny b the predlemifveptidn) ey bepnodistavered that the
through a reactive distillation systemof taking a

‘ . i . . |
dial§YF cpEbofiate ¥t rd MofeaR B oMU SBLA RPA DR
cqnt.i nuqusl.y, feedin ' ‘ el Shd '
sl 438014 SO Bty T Bl o 38, more
whi ch a honobgeneou tal yst .i resent . carrying. oyt
preferably Qivtdeasdnan Pe%: OR 2 dnAushialsFyle oF nigtféssthan 2 ton
colum, and continuously w thdrawi ng a_I| ow boil.i n%
/ hrpprefenaidy inadriessxthate 3 o &b Mmoregraferably aat less than 4
di al kyl carbonate from an upper portion of said
ton ddiwyrforitheadigdsglocarianate , aamd awtt liessolnarny 1vd taarhrng
-~ a high boiling point reaction mxture containing the
prefi@lbl{ st ReIsoiRin H095itom bhrsaiate 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 5000 hours, from the cyclic carbonate and

the aliphatic monohydric alcohol.
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colum in a liquid form wherein: said continuous
AOSQH VPYOMANEe distillation colum conprises a 20

structure having a cylindrical trunk portion having a
length L (cm and an inside dianeter D (cn) and
having trays with a nunber of stages n thereinside,
and further having a gas etp_t,jfm{ havi ng an inside
di aneter d, (cm at a top O %e colum or in an
upper portion of the colum near to the top, a liquid

We B%Fbt havi ng an inside dianeter d2 (cm) at a bottom
of 25 the colum or in a |ower portion of the colum
near to the bottom at |east one first inlet provided
in the upper portion and/or a mddle portion 48 A0501
VP7D/ KAN AN industibabiproeesefor podusing @ dialkyhgagponate and
| east one second inlet provided in the central

a dipPin wiichAndWeodialkgl lcarbonpbe ta nxh tivé dibkacelcontinupusly
the liquid outlet, wherein: (1) the length L (cm

prod@tédithpSughe reastva diktillatore$98tm 6Dfdking) a dyjlic
the inside dianeter D (cn) of the columm satisfies the

C
aligiatic Mo - g mbtérals,
carf 351 el s, opol e Mndts g it

confPRMARER LTl S0 & o o )
10 iaploissubl ebbin Thesing Rhsbllgn fls doqerisos
multi-slage distilagon(@lumejnavhiah 8 Bemagsneris Satalyst is
di aneter D (cm of the columm to the
present,
carrying out reaction and distillation simultaneously.in said column,
and
continuously withdrawing a low boiling point reaction mixture
containing a produced dialkyl carbonate from an upper portion of said
column in a gaseous form, and continuously withdrawing a high boiling
point reaction mixture containing the dio! from a lower portion of said
column in a liquid form, wherein: |
said continuous multi-stage distillation column comprises a
structure having a cylindrical trunk portion having a length L (cm) and an
inside diameter D (cm) and having trays with a number of stages n
thereinside, and further having a gas outlet having an inside diameter d4
(cm) at a top of the column or in an upper portion of the column near to
the top, a liquid outlet having an inside diameter d2 (cm) at a bottom of

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

least one first inlet provided in the upper portion and/or a middle portion
48



inside dianmeter d2 (cm of the liquid outlet satisfies
AOS50INéPTOKANA (6): 55D d2: 30 (6),and 20 (7) a weir

hei ght of each of the trays is in a range of from3 to

20 cm 2. The process according to claim1, wherein a

produced anount of the dialkyl carbonate is not |less

than 2 ton hr, 25 3. T : r.q Ciad
of the gplumn pielay therges aytils Bt B3 IpRRF e, SR dCiely
of the diol is not lLess than 1.3 ton / hr. 4. (T
proviged éast%esr‘aﬁaigwdloo{h?"ﬁ@f i‘?e dpwersPartign of Krﬂf?ePSl‘H“"
said dl and said d2 satisfy the formula (7); 5
abovsdhediquisl pujlet, wherednprocess according to any one
of lains 1. to 4, wherein L, D L/ D n, D/ di,
and 1P thederigth kdceh)csatisfies thenfomiula (s
distillation colum satisfy respectively 2300 5 L 5
6000, 200 <_ Dz4pd@00.< 8000 (1),
5 L/ D<_30, 305n< 100, 4< D/ di1<_15, and75D/ d2525. 6. The .
pr i ' tgathsfigbaheiformula
L, o@ﬁi‘eﬁﬁﬁaﬁ @%rﬁggﬁ?ma@gﬁb%}f tgga?%d;gi? conti nuous
2 multi-stage distillation columm satisfy respectively
(2).2500 5 L:5 5000, 210 5 D 5 800, 7 15 < L/D
520, 40: 5n<_90, 5

d1.!9 and 9:5.D/¢3..:!:- 20. 7.
The process acc i%e Fﬁ(m/ one of C gé}ns | to 6,

\pgﬁé‘g gfraﬁt{gm‘mﬁ\é lggig%gtk&mggggkhgrhiﬁq Pg@@/ﬁe@r b"(dhn) of the

according to any one of Clainms | to 7, wherein the
columnrsatistias thie taromulsf (3ne trays is in a range of from

4 to 13 cm 9. The process according to any one of
Clains | to 8, pheteiD <a#0 aperture rat(By, of each of
the trays is in a range of from1l.5 to 10%
(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 dy (cm) of the gas outlet satisfies the formula (5);
3<D/dy <20 (5),
(6) a ratio of the inside diameter D (cm) of the column to the B
inside diameter d, (cm) of the liquid outlet satisfies the formula (6);
5<D/d; <30 (6), and

(7) a weir height of each of the trays is in a range of from 3 to 20

cm.

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 the
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25 10. The process according to any one of Clains 1 to
A050d VRRQIKAM 50 A0501 VP70/ KAN the aperture ratio of

each of the trays is in a range of from1l.7 to 8. 0%

11. The process according to any one of Clains 1 to

10, wherein the aperture rati o of each of the trays
a ran

IS | f t,Q 0% Ty process
Pfod%@efawrﬁc’sgk}edﬂe 5 natdﬁﬁ'!?ﬁf% {31%“\/01'2'?& n each
of said trays is a sieve tray having a sieve portion
and a downconer portion. 10 13. The process according
to Caim12, wherein said sieve tray has 100 to 10 _
hoes / mthe proaeds danasdiag tooany neef ClaimsThdo 3 "wherein
process according to Claim12 or 13, wherein a 15
saidad pandseald doaatisfgatheefornolla ()7);sai d sieve tray is in
a range of from0.5 to 5 cnR2. 15. A continuous
mul ti-stage di gtild@atgorx ol um for carrying out (7).
transesterrfrcatron between a cyclic carbonate and an
al i phatic 20 nonohydric al cohol and distillation, the
continuous nulti-stage distillation colum

co;%r LSLnﬁ%%apré\élg'sgdéé%@lddﬁb%gf(aﬂ rér‘l@%f E%'iﬂ'% % to 4 wherein

[ag0) d d k

L. 038" b 0P, F ot 747 2B, s tab sid Sariniple 'ﬁr’ﬁﬁégaﬁéun
disti‘l(ar;?onprc%\lltlugn%dsgttis?y trggpggtlvglly é%%%lsvl_P 750/65A 00, 200 < D <1000,

55LID$30,30$n$100,4SDId15'15,and7$Dld2525.

8. 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 respectively 2500 <L <5000, 210<D <800, 7
<L/D<20,40<n<90,5<D/dy<13, and 9<D/d;<20.

7. The process according‘to any one of Claims 1 to 6, wherein

the weir height of each of the trays is in a range of from 3.5 to 15 cm.

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

the weir height of each of the trays is in a range of from 4 to 13 cm.

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

an aperture ratio of each of the trays is in a range of from 1.5 to 10%.

10. The process according to any one of Claims 1 to 9, wherein
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the columm or in an upper portion of the colum near
AOS5010VPHB/KAN; a |iquid outlet having an inside dianeter

d2 (cnm) provided at a bottomof the colum or in a

| ower portion of the colum near to the bottom 5 at

| east one first inlet provided in the upper portion

and / or p ion _of .the caq 0
the apgriawe| tatio Bt dagh PLabe Wals 805 & tale, 8@?‘3’9“ 17t 8.0%.
the middle portion and I or the |ower portion of the
col um above said liquid outlet; wherein: 10 (1) the

length L (cm satisfies the fornula (1); 2100 <
800D (1) , THe)probessrateardingrie: anymne @f %I'aimfe“fcm Gﬂm
satisfies the formula (2); 180 <_ D <_ 2000 (2),

wheféin thé fﬂpé}'t@fe thtiol ehgabhlof thg ttays fein asrange of from 1.9 to
dianmeter D (cn) of the columm satisfies the formula

6.0%3); 4 <_ L/ D<_40 (3), (4) the nunber of stages n
satlsflesthefornula(4) 10 5 n :5 120 (4), 20 (5
aratio of the inside dianeter D (cm of the colum to
t he insi de dianeter dl (cm) of the gas outl et

t he f I PG <
"1 of THE Rioens Apaaiding’Rr ety of8 ¢Rbials Teo 11,
el RSP T is eos Vo frask fRyindd fisVé pRitipn and a
a weir height of each of the trays is in a range of
dovufrrcmmertmri@n 52 A0501 VP70/ KAN.

13. The process according to Claim 12, wherein said sieve tray

has 100 to 1000 holes / m? in said sieve portion thereof.

14, The process according to Claim 12 or 13, wherein a
cross-sectional area per hole of said sieve tray is in a range of from 0.5

to 5 cm?®.

15. A continuous multi-stage distillation column for carrying out
transeéterification 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 a number of stages n provided inside said trunk
portion;

a gas outlet having an inside diameter dy (cm) provided at a top of
bl
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cm 16. The continuous nulti-stage distillation colum
AOSQLVEYOMKANt 0 O ai m 15, wherein said dl and said d2

satisfy the formula (7); 5d 2 : 5 (7). 17. The
continuous nulti-stage distillation colum according
to Caim1l15 or 16, wherein L,, D, LID, n, D/ dl1, and

tne Bofuyfih 420n B, HpeSRHeAEY B SHpifqBpAT e Hd ha'iopr
gg%ho;‘%%869%}&19088@%{%ﬁ1s?}995g,aa§g’c_e£5qa {gr_n)T%%ovided at a

conti nuous multi=stage distillatio ol u accor di h

bottosn of theoerlusmn @ring tPB'VQroP?r?t,‘OWFgr €,CPIuTRN Eeﬁfg,gt e
n, D/ di, and D/ d2 for 15 said continuous

bottomhti - stage distillation colum satisfy respectively
2500 L55000, 210: 5 D5800, 75L/ D520, 405 n<90, 550/ d, 513,
andat Rradl oRe_fAGt inket Frovidedt imthaisppertpodiegand / or a
distillation colum according to 20 any one of Cains

middfe porfidn SheH@icdILhth veléwheaidhgasiowttet) dndy is in a
range of from3.5 to 15 cm 20. The conti nuous

Tl 4 16480608 ddhdipt SRviABAFRCME iddle paviiorand / or

erein t wei r hei ght of each

e Yoo e SR S A g Buge, 1O°0L

colum according to any one of Clainms 15 to 20,
wheW&& eHh aperture ratio of each tray is in a range

ff 1.5 to 10% 5 22, The, conti I ti-st
di st1) the lengtholutam)sadisfisn 18 loumpiBAdor o ai m 15

to 21, wherein the aperture ratio of each tray is in a
range of from 12700cs & §98000 (1),

(2) the inside diameter D (cm) of the column satisfigs 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 ndmber of stages n satisfies the formula (4);
10 < n <120 (4),
(5) a ratio of the inside diameter D (cm) of the column to the
inside diameter d4 (cm) of the gas outlet satisfies the formula (5);
3sD/dy<20 (5,
(6) a ratio of the inside diameter D (cm) of the column to the
inside diameter d2 (cm) of the liquid outlet satisfies the formula (6),
5<D/dxs 30 (6), and

(7) a weir height of each of the trays is in a range of from 3 to 20
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23. The continuous nulti-stage distillation colum
A05%k¥879ﬁ9§“t0 10 any one of Clains 15 to 22, wherein
the aperture ratio of each tray is in a range of from
1.9 to 6.0% 24. The continuous multi-stage
di stillation colum according to any one of Cains 15
to 23, wherein said tray is a sieve tray having a 15
sieve portion and a downconer portion. 25. The
continuous nulti-stage distillation colum according
to Caim24, wherein said sieve tray has 100 to 1000
holes / n2 in said sieve portion,tpgripf. 288§6. Thed. t
cont@nuoukhengantingeus raulil-stage digtidation, cqlumnasgerding to
to Claim24 or 25, wherein a cross-sectional area per
Claimli®, ofheegion saidsd1tang saiid dznsatisBhihe dermudan (@b to

5 cnm. 54

cm.

1<dy/d2<5 (7).

17. The continuous multi-stage distillation column according to
Claim 15 or 16, wherein L, D, L/ D, n, D/ d4, and D / d; for said
continuous multi-stage distillation c'olumn satisfy respectively 2300 <L <
6000, 200 <D <1000,55L/D<30,30<n<100,4<D/d; <15, and?7

<D /dy<25.

18. The continuous multi:stage distillation column according to
any one of Claims 15 to 17, whereinL, D, L/ D, n, D/ d4, and D / d: for
said continuous‘multhstage distillation column satisfy respectivély 2500 <
L<5000,210<D<800,7<L/D<20,40<n<90,5<D/d;<13, and
9 <D /ds < 20. |

19. The continuous multi-stage distillation column according to
any one of Claims 15 to 18, wherein the weir height of each tray is in a

range of from 3.5 to 15 cm.

20. The continuous multi-stage distillation column according to
any one of Claims 15 to 19, wherein the weir height of each tray is in a

range of from 4 to 13 cm.
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21. The continuous multi-stage distillation column according to
any one of Claims 15 to 20, wherein an aperture ratio of each tray is in a

range of from 1.5 to 10%.

22. The continuous multi-stage distillation column according to
any one of Claims 15 to 21, wherein the aperture ratio of each tray is in a

range of from 1.7 to 8.0%.

23, The continuous multi-stage distiliation column according to
any one of Claims 15 to 22, wherein the aperture ratio of each tray is in a

range of from 1.9 to 6.0%.

24. The continuous multi-stage distillation column according to
any one of Claims 15 to 23, wherein said tray is a sieve tray having a

sieve portion and a downcomer portion.

25. The continuous multi-stage distillation column according to
Claim 24, wherein said sieve tray has 100 to 1000 holes / m? in said

sieve portion thereof.

26. The continuous multi-stage distillation column according to
Claim 24 or 25, wherein a cross-sectional area per hole of said sieve {ray

is in a range of from 0.5 to 5 cm?.
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