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75/ KAN PROCESS FOR | NDUSTRI ALLY PRODUCI NG
A0SO KA e NATE AND DL W TH H G Y1 ELD Tethni cal
Field 5 The present invention relates to an industria
process for the production of a dialkyl carbonate and
a diol with a high yield. More particularly, the
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rially pro uci ng | arge anmounts of the dial kyl

car bonat e and t'?keNﬁ @HOWM I@H \yil lg stably for a
i re roug

prol onged period 0 a rea Tve
distillation 10 system of taking a cyclic carbonate
and an aliphatic nmonohydric al cohol as starting
materials, continuously feeding the starting materials
Technigal Eieldont i nuous multi-stage distillation colum in
which a catalyst is present, and carrying out
5 r eddre pneseat ineemiontredates helaminedusirialipragess for the
colum. 15 Background Art Several processes for the
prodoctidur of endixdlky! dashénate andaadie! avidh a higholyielkdm More
reacti on between a cyclic carbonate and an aliphatic

partn%%'l’@hydfhé piesendlinartioherdlape SR6SE Probeksfestindustrially
these proposals relate to a catalyst. As reaction
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reaction systens are use process
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0 systfeaRIRkitd 8 Sibid SAehoRats RHLB Al AnBHEShOHATE Biconol
et hyl ene carbonate, nethanol and a catal yst are p
as stafﬁwgam%ﬁﬁraﬂisa@@ntlmwyu teedipgtioie stal XHQOH‘M@P into a
and reaction is carried out by holding 1 A0501

contxmmuKmuftmstagprcbaaﬂammealuma-cm wihich ree cabalbyst 48 present,
appl i ed tenperature at a

and carrying out reaction and distillation simultaneously in the column.

15 Background Art
Several processes for the production of a dialkyl carbonate and a
diol from a reaction between a cyclic carbonate and an aliphatic
monohydric alcohol have been proposed, but most of these proposals
relate to a catalyst. As reaction systems, four systems have been
20 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
25 ethylene carbonate, methanol and a catalyst are put into an autoclave,

which is a batch reaction vessel, and reaction is carried out by holding
1
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enper ature above the boiling point of
AOS(E@?’E?{;@FA@SGG for exanple, Patent Docunent 1. U. S
Pat ent No. 3642858, Patent Docunent 2: Japanese
Pat ent Application Laid-COpen No. S54-48715 5
(corresponding to U S. Patent No. 4181676), Patent

for SFRgathrned 1SR T Uhabrild Sy e dana at o

reac/t\@a'téy ééi’%t%lﬁ% % Nt 1 bowq’ﬁﬁgﬁ&m@f g\ﬁt@ﬁﬁgwsé&?ffsm
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exaipplé . Patenh pement &, i Faientiianipdaaae, Fatent s,

are put into the reactiagn vessel, and _reaction js
Docymant &: Japanasenlatent AnplicationLaidi@pennble. S54-48715
tenperature. Wth this system to nake up for
(corresmandinglitetll IS .cBatemnt Nor. Aitd16Z6pt Papgnt Wadumeat 5:
produced di net hyl carbonate, nethanol is added to the
JapareseiRatenteApplicationi bai:OpenNo 1S H&6IEE3, Patenth Document
any event with this systemthe 15 reaction proceeds

6 Jﬁghhebé Pb@eﬁ?Aﬁb'h@ﬁtNﬁﬁEﬁ'id OpeANbS S54-a38728). in

ich the catal yst, ethylene carbonate and net hanol

ar %%%%%‘?-E& g{”é‘m 1%%"3;‘95‘?&1 ?héPH§eFaéﬁ'bﬁﬁ’é}%ftuylﬁ which a

reaction carrie ut using a large 'excess of

distiRy Sl 5%""?#§5‘§ gh .81 f@%é%% gush BifificHe

carq@a%g%g l%% %B - g&ﬁttn%re( sﬁgll%&a og'ﬁlgx%k%noeessel, and
4062884), Patent Docunent 4: Japanese Patent :

reackig is 0ade toapEpagRG by\peating mBredetaratipesdtengpesature.
U.S. Patent No. 4307032), Patent Docunent 11: U.S.

Wittpthiensysiem3603a0ks. ummhmeltltgmledmsrt&l@ ofinthiroughs azeotropy
reaction systemin which a mxed 25 solution of

withetitey peod ucedbdinge th yd roh riseinateo Im e th ool isnaddedytd thie reaction
into a tubular reactor maintained at a predeterm ned

ves$&a66 haR ubYEPE o liH IPatcHEs , L WORP AnYPEwé KEWith ma.cgy@fém the
m xture contal ning et hylene carbonate and net hanol

reactB ¢ prBtBeds only in the reaction vessel, which is batch type, in

which the catalyst, ethylene carbonate and methanol are present. The

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

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

over 20 hours (see, for example, Patent Document 3: Japanese Patent
Application Laid-Open No. $51-122025 (corresponding to U.S. Patent No.
4062884), Patent Document 4: Japanese Patent Application. Laid-Open
No. S64-48716 (corresponding to U.S. Patent No. 4307032), Patent
Document 11: U.S. Patent No. 3803201).

A third system is a continuous reaction system in which a mixed
solution of ethylene carbonate and methanol is continuously fed into a

tubular reactor maintained at a predetermined reaction temperature, and
2
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Aos%n{lézgw and di methyl carbonate and ethyl ene glycol

produced is continuously withdrawn in a
liquid formfroman outlet on the other side. Either
of two processes is used depending on the formof 5
the catal yst used. That is, there are a process in

a redie *@?Wﬁ'“&%&%ﬁ%&é{'ﬁéﬁ%?ﬁq’l AT qunich are
unreiftellh, Shelli RRRYy CREHAET %F'? ?“ﬂfs'gﬁép@ BeL o AP

he reaction m xture, Pat en
prod{%&#@ nihyBS A thATEHn 1P LA thim SramcprPuldet on the
63- 41432 (corresponding to U S. Patent. No.
Oth%@adsog)Eltbaf afitwopprosessesds used dependingoon the form of
4734518), and a process in which a heterogeneous
the @&tadyytsuseuxedT hatisicthere atp@ process inwhichuadiomogeneous
(see, for exanple, Patent Docunent 8: Japanese Patent

- catalygtl iscasednabd i Passebticthrotgh 8 dBuldrateadtobdogether with

9: Japanese Patent Application Laid-Open 15 No.
the fided Lolntiohobf ewp%éleawohlafe ad &rém%m%%%iéd after

The reaction producing dinethyl carbonate and

the ﬁéa iGh&he! & é(}@ n%%lﬂstHFBaréf?cFUu‘Tﬁh@ﬁ W?eﬁ&ﬂ%heﬁ‘?xture (see,

onate an anol " 1s an equl um react

for ity Bfé;"s?*%'&@%%a%ﬁﬂ?'”ﬁ’ﬁ?%é#%é@?’ﬁ%ﬁﬁ'ﬁﬁﬁbém t3ig-Open
No. Bk 32, (§Hreenpending 1R o nPASATb NS L@égi‘énbﬂ Patsht

in and the reaction tenperature.

rati o put
Documarh £0: UsSedfatans No. B7A445 185 3nd mpEasesninwhicha
(Japanese Patent Application Laid-QOpen No. S63-41432
heterogenespendatalyst fided insidentheNtubulkaEaaddpy is fused (see, for
flow reaction at 130C using a starting material put in

exampley Patantiegument B.0japahbseoPatenst Apipditatiar bandit®pen No.
=4/ 1, the ethylene carbonate conversion is 25%

sssImsonsamatbhatD@cuﬁwﬁ @NPHPAneE e3P ARIMIAYPTieaiN Laid-Open
unreact ed et hyl ene carbonate and nethanol renaining in
No. S84-5399%7 forresponding to U.S. Patent No. 4691041)). The
reaction producing dimethyl carbonate and ethylene glycol through
reaction between ethylene carbonate and methanol is an equilibrium
reaction, and hence with this continuous flow reaction system using a
tubular reactor, it is impossible to make the ethylene carbonate
conversion higher than the equilibrium conversion determined by the
composition ratio put in and the reaction temperature. For example,
according to Example 1 in Patent Document 7 (Japanese Patent
Application Laid-Open No. S63-41432 (correspond.ing to U.S. Patent No.
4661609)), for a flow reaction at 130°C using a starting material put in

with a molar ratio of methanol / ethylene carbonate = 4 / 1, the ethylene

carbonate conversion is 25%. This means that a large amount of
3



- 10

16

20

25

W st be separated out, recovered, and
AOS(?qe §ﬁf'§?[ded back into the reactor, and in actual
fact, with the process of Patent Docunent 9 (Japanese

Pat ent Application Laid-Open No. S64-31737
(corresponding 5 to U S. Patent No. 4691041)), much

unrediitcB&ty Iéﬁ Uééﬁbér% SHAR m%@ﬁghal irﬁfhalﬁiﬂgfih%b' fdhction

recovery, reC| TCU ation ourt systemis a

mlxt'iﬁé%h b‘@ §E I'Q{é((?'?:ucty éé&éré&taﬁugfét Pﬁﬂs@% ﬁéfk into the

sen |nven ors (see or exanpl e
reaaér,lé@ iﬁea?%aaaﬁ‘@%&mh'eé:%b%%a%% BateRt quwent 0
o B SR i B s B R Bfhonaing

H9- 176061, Patent Docunent 15: Japanese Patent
to UA@leaigntd\IpLaﬁ&m&ﬂ)l\mwmgmBmt isaused fossuat
16: Japanese Patent Application Laid-Open No.
sepainatioddparification, Rooveny; ahd récireulatiomnal
Publ i cati on No. 15 W97/23445 (corresponding to

EurppeanhPaystemNg. a (8t tixe. diétﬁlatud?ﬁfsqeteﬁioflrst disclosed by
5847189), Patent Docunent 18: |nternational

the Ek@ééﬁﬂﬁﬁhl‘ﬁ? 9(1?\(%%93/ gdé’)?%n?em Pﬁoé’ﬁ{@d&mﬁn@‘l@pﬁ’ﬁanese

at ent Y688 6346638) | Pat ent

PateAPEIGation, Ef—r%@%baﬂé' *@éﬁ?%?ﬁf%&?%éﬁ?ié:
Japiﬁ%&ﬂ?&ﬁaﬁ%agf Ation: AR RS 2Hd7239800. P Btk et
Docunent 21: Japanese Patent, Applicatign Lajd-CQpen

Docimentbd: dapangse Patent Arplication d@id-Gpedubla. Jio-176061,

process in which ethylene carbonate and net hanol are
PatenicRoctimentidds | Japanese Ratent Applicatiagd aidsOpemiNen
colum, and reaction is carried out in 25 the presence
H9-1)83344atﬂaamtt Docamentr 46| UgpaheseaPatenhAlppdication Laid-Open
distillation colum, while the product dinethyl

No. He-b@w 35 apatehhﬂmﬁn&ww Rtern4tiéAaP Pubiticdtidii No.
separ at ed of f. Patent applications in which such a
WOOPAP34XS (dotiddpShifiY to European Patent No. 0889025, U.S.
Patent No. 5847188), Patent Document 18: International Publication No.
WO0909/64382 (corresponding to European Patent No. 1086940, U.S.
Patent No. 6346638), Patent Document 19: International Publication No.
WO000/51954 (corresponding to European Patent No. 1174406, U.S.
Patent No. 6479689), Patent Document 20: Japanese Patent Application
Laid-Open No. 2002-308804, Patent Document 21: Japanese Patent
Application Laid-Open No. 2004-131394), that is.a continuous production
process in which ethylene carbonate and methanol are each continuously
fed into a multi-stage distillation column, and reaction is carried out in

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

column, while the product dimethyl carbonate and ethylene glycol are
4
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A | S ,used have subsequently been filed by other
A°5°30\2%Z§@(see, for exanple, Patent Docunent 22:

Japanese Patent Application Laid-Open No. H5-213830
(correspondi ng to European Patent No. 5 0530615, U. S.
Patent No. 5231212), Patent Document 23: Japanese

sopdaLEHaOnIS S AL EHE o B OF R sopptva sigtiatin
R TCAE DI N T T T

(correspgndin to Internatjonal Publicati
for exampliociatsnt Pacment drelapanese %‘&d'ﬂréeg{\g’ﬁt'eﬂt
plicati on Lai d- OQpen No. 2003-300936, Patent

Laid C’@WENO 2165—361;3&33&@6@2[&6#@%@9|t@aEH6QP§andE’%@ht
2003-342209). In this way, the processes proposed

053061 5Lk 8. fRatgntoNoci52P 1212 i Raterit Dachoment23ndapanese
diol fromthe cyclic carbonate and the aliphatic

Patemmpplicatiopl LalbRlOpe® NG eHBCO50Y $tormspdndihp ® European
conpl etely batch reaction system (2) a batch reaction

Pate?MSNSmO‘EGWd? SCtPé?cBn‘fENée?35@Vl'1rg, Patent 'I:')bé‘&hf&ht 24:

col umm provi ded on top thereo lowing liquid
Japdiidte FRRA 6P a1 EH %‘@?ﬁ?ﬁ%&'%@é@éﬂf’?ﬁ%ﬁ‘e@a@%m"d'"g
to IndfivafiRab Thifitation ¥ Yﬁ@PEibe%Béy?’attE%&ﬁS%@%@t 25:
Japa s BBt ApRicatRg KRl DReT: NoagopansGiatt Raent

carried out to conpletion, and thus the conversion i

Documgent\dfcdapanese iaéectaéwpdfca(tzan Laddr@ren: Ne. (%Qﬂ3-é342209)

25 carbonate conversion high, the produced dial kyl
carhdhdis avaystheprodesses | pre pafsiedibitheréo for produgeng the
anmount of the aliphatic nonohydric alcohol, 5 A0501

daalléﬁ@éﬂ’é‘%a@t@daﬁd'mwmcﬂa%hﬂhéldV%IicScéﬁmlnéféianldﬂtﬁéghphatm
case of (4), the reaction can

monohydric alcohol are the four systems:

(1) a completely batch reaction system;

(2) a batch reaction system using a reaction vessel having a distillation

column provided on top thereof;

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

(4) a reactive distillation system.

However, there have been problems with these as follows.

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

carbonate conversion high, the produced dialkyl carbonate must be

distilled off using a very large amount of the aliphatic monohydric alcohol,
5
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{,0 proceed with a higher conversion than with
A°5°?§f'??€/§‘ﬁ"gr (3). However, processes of (4) proposed

hitherto have related to producing the dialkyl
carbonate and the diol either in small amounts or for
a short 5 period of tine, and have not related to

and g?gﬁﬁ;@%&iénttﬂﬁepfsowiir@ﬂ. ONnAthe cadesSéf Wj th&téaction can

r a prolonged period of time. That is, these
i a e : Cc
be i I5TDRRE AE AN EohyEr AR Chal wibh RIYCI2OR (3).
e.g. _not less than 2 ton I, hr) stably for .
HowpiBToRERcesRss st G Rranbyad Hitheitdhake Pridleddgproducing
hours, preferably not 10 |ess than 3080 hoi‘:ﬂi’ m)‘ge
the jadkyl eargonie apdsthe dirisedben o smalimmoupispriclon ashort
maxi mum val ues of the height (H cn), dianeter (D,
periadnof time, ambdavst not aglatechio sarryipgreutthe production on an
distillation colum, the anount produced P (kg / hr)

indusfridl seale stablybforaa @rodongetepenodi ofutiomse. pibdids; dthese
time T (hr) in exanples disclosed for the production

processés Havetivl aftaikedahe ébjdet engraddvingna dibyiogl carbonate
(EG fromethylene carbonate and nethanol are as in

conthosly I g ApLGLE!HReEARER 2 BATEN ey for o
oro 43883 A8 RSP o 35 00 o ol FTOf T ABHATS o
e YFEE SagbSedTIE dhteDredeZitly ThE 18es 1BaNE60d RoGR).

For examble, the maximum v_alues 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
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AI\/[lJNT NOTE 5: I\IO DESCRI PTI ON V\HATS(]EVER REGARDI NG
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rg‘lr‘ti NR car hnn@ﬂp and neth 'r?ﬁb th!OTES
t Bht t He NOTBE oy ngSnuﬁari cal vaéBues in the P258ent| NOTES
ezanpl § capsge gdeqaatel \PAGKING GOIUMNTR Dpe 920N PfNOTE 5

a93aCtt Ydlngrpo! I NOTE 2|V 2> 'NOTES 'l gl5n2 NOTE 5
“ﬁ‘gz?d*c o NOTE A LADIES | he crard? hoocr) ohANOTE fo;] NOTE 5

eRBnpl  NOTE3pOnNOTES dn annual3®r oduct i bn 36030, PNOTE &
t s or] nopeop afpd hmce hﬂﬁm(memm.wnm at 0t318 t i PeNOTE 5

ot} KT ok Wi BRSEER T3 EBLumn

Nl.(ypgzgpmﬂ]n PEEINING DISTILLATIO UMN ls’ NUMBER OF
TAGES.
NOTE 4 : NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.
NOTE 5 : NO DESCRIPTION WHATSOEVER REGARDING STABLE PRODUCTION
FOR PROLONGED PERIOD OF TIME.

In Patent Document 25 (Japanese Patent Application Laid-Open

No. 2003-300936) (paragraph 0060), it is stated that “The present
example uses the same process flow as for the preferred mode shown in

5 FIG. 1 described above, and was carried out with the object of operating
a commercial scale apparatus for producing dimethyl carbonate and
ethylene glycol through transesterification by a catalytic convlersion
reaction between ethylene carbonate and methanol. Note that the
following numerical values in 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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y [ rst large scale commercial plant using this
Aw‘%ﬂ!t’gs"@‘%@d been <carried out. However, even at the
time of filing the present application, 5 there is not

t he above fact at all. Mreover, in the exanple of
Patent Docunent 25 (Japanese Patent Application

filing Hr e BR10 appHCafiohr ok PorEHf odumBf e ddakBeaPatent
[ e n di h ,ab e viel ¢

AppRERABACoRERINGn Mo 2BB=2BoBRBIAAH T 952b02)5 opefpfion o the
selectiyity is r oxi mat el 8.,4%. 10 .and hence |t

worlgls, 1sst Jatde 52618 Bommarsiabp Aty nging 13 Rraness had been
selectivity have been attained. |In particular, the

carriegvosd| edioweneri gyeaaatthe time;of Bling hea-ptesent application,
fatal drawback as an industrial production process.

thereNst rot the@hdwa f@et ahialDocMareoves, (1 therecmple eftPatent
Application Laid-Open No. 2003-300936) was deened to

Dochavenb2en(JsiparesevP atend W pp Réati@i QaitdsOpen No. 2003-300936),
exam nation not having been requested). Wth the

exaéBpthevVafics{alebisOthaTBh 0Fbti¢ ANy @ a3E GlatetvaRY is stated for
causes of fluctuation such as conposition variation

the QFQ?PPPH%UM ﬁgi%ﬁwﬁémdﬂ‘at‘éﬂﬂtﬂtf@x%ﬁ fdt ethylene

atton 1n the ) ation” col'unm, and

oty TR A AT S 5 Mo M B ftely 88.4%,

andqnee it eaBaot Trafly-bemaircnela MBaaalt A Rldh selegtivity
further increased in the case of handling |a

rqge

havehren attaigegont impartigatay, thedow ssle@tﬂvwnéngi%atﬁﬂ that this
carbonate and the diol using the reactive

prociss hialsaaifataihdtawbaskads arf ind ustpiad | proghecttinn ipsdcess. (Note
time while maintaining 25 high yields and high

alscsth#cPiavént Bi)dtﬂ'hethBi'(Jiébaheearlbafa’itGApgﬂchl’lierdLaid-Open
- the reactive distillation apparatus nust be cleverly

No. 300300 988FVRIs deBnfd@d Ya/e/HeEdh With®dwn on July 26, 2005

descrlption_o ~continuous stable production for a

cuelchRREfatF AR LIS TER B ErercL e
With the reactive distillation method, there are very many causes

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

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



10

15

20

25

00 to 400 hours in Patent Docunent 12
AOSOq IB-fﬁig?gaPatent Appl i cation Laid-Qpen No. H4-198141)
and Patent Docunent 13 5 (Japanese Patent Application
Lai d- Open No. H4-230243). Disclosure of Invention
Problenms to be Solved by the Invention It is an object

the @ﬁlf@&s@ﬁﬁﬁ%‘ﬁ of % ?ﬁ?r‘dﬁhé %té’ﬁl‘évb?@duéﬁbntﬂ?ﬁ & Pr8ldkiged

0 "producl ng a car bonate and a di o

peru?%gﬁfﬁrhr 19 tlﬂbergl ﬁv@”@i‘é‘?ﬁ gnetl'ﬂiéﬁ ﬁﬁﬁsb'&aﬁﬁgﬁrto has

Car ess
bee%ﬁ@?fﬁ%ﬁ?ﬂ#é%h&%}? i%vﬁ?%”ﬂwat 7 ta¥nase Batent
Appiigadon -Baan R by 188345t 6 ant T dgumant 13 s

into a contlnuous 15 nultl-stage dlstlllatlon col umm
(Japanam Patenhbppjwation LaidDpen No. Hé 30243 hnd
carrying out reaction and distillation S|nultaneously
in the columm, a specific process in which the
di al kyl carbonate and the diol can be produced wth

Dischogilires of ¢alvertion and hi gh productivity stably for a
prol onged period of tinme (e.g. not |ess than 1000

ho 00 hours, nore
pr grz’}bz!\gfrsj ﬁ?)f%@ ggg@%ﬁqﬁ( Eg%gntﬁgﬁﬁgﬁow th a high

yiel g FMeé‘Béen t90f ﬁfé ﬁr?ggh?? \%ﬂgbg §}6‘\9‘?ﬂe% or the case of

present i nventors NS EMEgE CEss
ont i nu progucin d| al k nat e and
p"°d3ﬁ°65‘9&s Al Batbarald anif ot AR B afffasints (e.g.
, there have been y. proposal s regardj

not lieﬁ»ar g tan & hrige .d{%hbearb@ne% ardenet[gss than 1.3

A0501 VP75/KAN on a snall scale and short operatin
ton 4 hpdor sherdiobr thiopgh a arctive distilationssystems of taking a

di scl osures what soever on a speci fic process or
cyclimpparkzonate anabanralipRatic modobtyidoit afcahol aslstariing

scale stably for a prol onged
materials, continuously feeding the starting materials into a continuous
multi-stage distillation column in which a homogeneous catalyst is
present, and carrying out reaction and distillation simultaneously in the
column, a specific process in which the dialkyl 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



10

15

20

25

[ ti me based on findings obtained through
A“"ﬁiYBZQ"ﬁP& enentation. 5 The present inventors have
thus carried out studies ainmed at discovering a
speci fic process enabling the dial kyl carbonate and
the diol to be produced on an industrial scale of,

on af§h W@E@ie‘aagﬂo%bﬁsépéﬁﬁné tiie I'aHUratéﬂ)f‘ 16Ve1, Hrid fkbiere

car lonate_ an nﬁ_t ess an~1.3 ton / hr for _the di ol
nave AR et i UL sVl 5 GPERARE pRSEHRE G apparatus

a result, the. present .invent.ors have i ye t
enabling shess pronttiieh pruan iodU3168] SerlE Bsabhe Yt pdhrdiBRged
.aspect of the present, invenption, .there ar pvi ded: .
periad of tymecbasedopn Jindingsngbtained téwoqgj} a&ﬁag(a"angefae"fatw"-
di ol industriall 15 with a high yield in which the .
The ¢iraskept iouebborst gaaﬂdthusecarroedamet stigiesnaignedat discovering
produced through a reactive distillation system of
a spezifinpracesgcénablinghiheatialaygt canbahapid arid the diby tio ibe
al cohol as starting materials, conprising the steps

prodifced ont ARUAdYstribeeeiald dfheosbrampie, Triteldssl thamioten / hr
continuous 20 nmulti-stage distillation colum in

for tHB! &Elg}%hgﬁ%ﬁéﬁ‘ﬁn@hél Y&és tRanP SR ¥ HfdiH didli stably

reactl ati1on sinmultaneously in the

with R 1ok 3o LBHTphaled P B9 (b AN BoPébiiy anc
ARG R PR ER MG Pt e R

boiling point reaction mxture 10 A0501 VP75/ KAN :
pres@ditiavenitPn-he diol froma lower portion of the colum

inaliquid form wherein: (a) said continuous. )

nul Thatismgecevrtingl ta then first aspect afrthecprasent invention,

- there are provided:

1. a process for producing a dialkyl carbonate and a diol industrially

with a high yield in which the dialkyl carbonate and the diol are
continuously produced through a reactive distiliation system of taking a
cyclic carbonate and an aliphatic monohydric.alcohol as starting
materials, comprising the steps of:

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

carrying out reaction and distillation simultaneously in the column;

continuously withdrawing a low boiling point reaction mixture

~ containing the produced dialkyl carbonate from an upper portion of said

column in a gaseous form; and

continuously withdrawing a high boiling point reaction mixture
10
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I type distillation colum having a
AOSO&W?@W trunk portion 5 having a length L (cm
and an inside dianmeter D (cn) and having a structure

having an internal with a nunber of stages n, said
internal being a tray having a plurality of holes,

cont%?n‘i’n ‘{hbhgfolzfﬁﬂn;rf‘gtlﬁt\nﬁs@%bﬁtof e | bBﬂuﬂ'ﬂ iMnai 1iuid form,

ter op of the columm or in the
wher%'?lﬁ portion of the colum near to the top, a liquid
et havi ng an inside 10 dianeter d2 (cm at the
t he on _of

colahRalbsoninGaKS Buikshiage ql@ﬁﬁ?‘!&ﬁ&ﬂw W@?'sesa

rOV|ded in the wupper portion and / or a
tray pemmanty@re disdiliatiomrumsnhawingaa cy, mrg%a' t&HakaROTt'O“
| east one second inlet provided in the mddle portion
havingd length Lhembaead aorinside sliamatesd) (sm)adaddhaving a
liquid outlet, wherein: 15 (1) the length L (cm

structatée Haviagt &e ifhtemaliawith)a nubiber of stagessnpeaid intgrnal
the inside dianeter D (cn) of the columm satisfies the

& gas outlet
in 44l BRIy 50 mon g, st

hawﬁﬁe nun%i?fé aIérﬁ%téPﬁﬂ;(%g@“ ftlfag)stopﬁgf- é)%cﬂQn'{r?’b’r in(the upper

er orf stages ormul a

porifiel iy e

aramgiot .5 S o33 v Re DSRRIHY T $ it 65308 o
the agamt ot The Bevttame 2t lobod 14 Mgt Suiek frrobadefdn the
upp;rograglrjtllc?n (a6r2d / or a middle portion of the column below the gas
outlet, and at least one second inlet provided in the middle portion and /
or the lower portion of the column above the liquid outlet, wherein:

(1) the length L (cm) satisfies the formula (1),

2100 < L < 8000 M,

(2) the inside diameter D (cm) of the column satisfies the
formutla (2);

180 < D <2000 (2),

(3) a ratio of the length L (cm) to the inside diarﬁeter D (cm)
of the column satisfies the formula (3);

4<L/D<40 (3),

(4) the number of stages n satisfies the formula (4);

10 <n<120 (4),

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

the inside diameter d4 (cm) of the gas outlet satisfies the formula (5);
11
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0 (6); 5 (b) the starting material cyclic
POSEYBRARARY, (O 5 (e sLerting mterial oy

is continuously introduced into said
continuous multi-stage distillation colum from at
| east one said first inlet provided between the 3d
stage fromthe top of said continuous nulti-stage

distillaty emygojuemp@nd the (n/3)th stegpe gfgpm the

top of said cont | nuous rrultl-stage disti'llation
col um; |
monohy dr K€ J(8)% t{lwg%fstth%r Ldosﬂ Ie%foa‘jé rlﬁt o?ﬂz‘tg'gghen?olumn to

the 33ife @Amatered; [Py @b fialid %iﬁ AatER R Tareflla (6);

(n/3) th stage fromthe top of sald conti nuous

nul ti-st &8 Bi’sda K13@i on colum and t¥#:(2n/3)th

stage fromthe top of said continuous nulti-stage

di s(gl)lthgt startingsmaderigh cyddic earkgrataiie cpattinde#SWhe
tray installed not |ower than a stage where the

intraduded inky baidiicentmuous muiktketage idistillatiogecofurhnoitom at
2.5to0 10% (e) an aperture ratio of the tray

least e kshedl firet iMiedovided béveénanevdérstaigeefromithe top of
carbonate is introduced and not |ower than a stage 20

said"66hfn LB sAMUMi: %t?@ena RS b5 c."i.‘ilﬁﬁﬂpladoetﬁé“'(ﬁm@"t 8thge from

is In a range of to 8% and an aperture
t I t
the { of g & b A R oo o

' f f 59 t h
o d6) dheg SR fing.mateRial il miAtic HohRbEAri nétﬁ‘ﬁ RIS, e
di al kyl carbonatels not, | ess than 2 t {] 2i
contipsoubipiniredicsd inte sRigceent laeea.sdr'wg t%‘aigﬁeﬁisl“!ﬁt'o"

2, wherein the produced anmount of the diol is no
coluneg fromaat 1east one/said, Sacoﬂddnﬁ#bpé@ﬂdﬁﬂcbﬁt)wﬁgnt the (n/3) ™
any one of itenms 1 to 3, wherein said d, and
stage from the top of said continuous multi-stage distillation column and
the (2n/3)"" stage from the top of said continuous multi-stage distillation
column; |
(d) an aperture ratio of the tray installed not lower than a stage
where the cyclic carbonate is introduced is in a range of from 2.5 to 10%;
(e) an aperture rathio of the tray' installed not higher than the stage
where the cyclic carbonate is introduced and not lower than a stage
where the aliphatic monohydric alcohol is introduced is in a range of from
2 to 8%; and
(f) an aperture ratio of the tray installed not higher than the stage
where the aliphatic monohydric alcohol is introduced is in a range of from

1.5to 5%,

2. the process according to item 1, wherein a produced amount of the

dialkyl carbonate is not less than 2 ton / hr,
12
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[ tisfy the formula (7); 515 dl/ d2 < 5
AOSC?I?\{ET% e process according to any one of itens 1 to

4, wherein L, Db L/ D, n, D/ di1, and D/ d2 for
said continuous multi-stage distillation colum
satisfy respectively 2300 s L <_ 6000, 200 5 D 5 1000,
s prhck ' Opfts_ Hthe'Bfoduced amount
3. %ﬁ@réfgfgéc%rdé.ﬁgt%d”ﬁeﬂq of 2_WHereihotherp

e process according to any one of

v°f thégﬁr'%ségb?%%%?ﬁéﬁgﬂ?‘ﬂfﬂ|er${ agDé dPét iDI I/a?ilbnaggl EFT{‘I

< : <
4. aélpsrg%pggs e&tzl ,iﬁlgﬁoggggf:g@g!‘dfgztg%,%&l té%% vq]ﬁ{De?n 83%% dy and
. 9<_D/d2<_20, 7. the process according to any one of

Saldideﬁ@tlﬁﬂéhe,fqmwléi&)ﬁhe 15 aperture ratio of the

tray installed not |ower than said stage where the

cyclic carbonatle<idy I dero8uced is in a range of frigdh3

to 8% the aperture ratio of the tray installed not
5. thglproceaanaseoingage anjespetdfeiteps 1 cdo 4amiteratin Li,sD, L/ D,

i ntroduced and not | ower than said stage where the

n, D3 HPhahtcD MBP9HY daid I Pbus muRi-seagé istiflatidbracolumn
range of fromz2.5 to 7% and the 20 aperture rati o of

sau{,fg{grégﬁ%q;\g 22568 @{éy@ggp@g.ﬂ ‘i’?Bba%es"\*.‘?fﬁisnso, 30 <

¢ honohydr isTintroduced is

ange Qf, fra .8 to, 4.5%, 8 e process according
ns ?gbaﬁysdﬁe{ i Sménﬁni’ {s PS/\ﬂﬁegr glt* the aperture
ratio of the tray installed not, lower thap the stage
6. §hemagess sechidingie anycaReet LR 1B BeWherai Ly D, L /D,
range of from3.5 to 6% the aperture ratig of the
n, Dif dy, pngt B4 deo fapsaid gentinyeus multssiage gistilation cetumn
A0501 VP75/ KAN cyclic carbonate is introduced and not
satisfyneespéctivelye2508ge WSRO0 h210akipaBDO, nosdnydd i< 20, 40 <
al cohol is introduced is in a range of from3 to 5.5%
n < 80¢ 5 keDap@y kKU1, BAd 9 OD Flag L 2@, installed not

hi gher than the stage
7. the process according to any one of items 1 to 6, wherein the
aperture ratio of the tray installed not lower than said stage where the
cyclic carbonate is introduced is in a range of from 3 to 8%, the aperture
ratio of the tray installed not higher than said stage where the cyclic
carbonate is introduced and not lower than said stage where the aliphatic
monohydric alcohol is introduced is in a range of from 2.5 to _7%, and the
aperture ratio of the tray installed not higher than said stage where the
aliphatic monbhydric alcohol is introduced is in a range of from 1.8 to
4.5%,
8. the process according to any one of items 1 to 7, wherein the
aperture ratio of the tray installed not lower than the stage where the

cyclic carbonate is introduced is in a range of from 3.5 to 6%, the

aperture ratio of the tray installed not higher than the stage where the
13
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al i phati c nonohydric al cohol is introduced
AOSWPﬁsmnge of from 5 2 to 4% 9. the process
according to any one of itens 1 to 8, wherein said

tray is a sieve tray having a sieve portion and a
downconer portion, the process according to item

cyclit cﬁ\ﬂ%ﬁége f?lﬁ'trﬁb?i\‘:%dt éﬁpsn&a&%vq‘gp bhéq th@08td Y Ghére the

I'n salrd sieve portion there the ocess

atp 58 aRSphAeid s o furdUFhetNsanhENGER IR o 1o 5.5,
[ ddi
and EBARETYR catie of KaS grax dnetalled Bt NjaheriBaD The stage
provided: 12. a continuous nmultj-stage distillation
whetwtnmalmaaarmpn@@y&mc alephohisskdreduced dsiigna range of from
between a cyclic carbonate and an aliphatic

2 toPhohydric al cohol and distillation, wherein: (a) the
continuous multi-stage distillation colum conpri ses:

9. theyrovdsiscatcording foahyooneafi itens t eog8hwhereih said tray is
an inside dianeter D (cm; 20 a tray having nunber of

[ r ai @ﬁs
R i Do L T D

t !
10. ¢ #oBrodkhs FELyfding 1o R ¢ IREIER saRf sfbvd Hays has 100
ide di aneter d? bot t f th

to 1@@%@'6&?’3 T B b e B e, o o
ST Proabeschctatinactd item ¥ apdsh whetH iR Grogs-sctional
portl on of the columm bel ow said gas outlet; and at
areq pasthalreoksaithsieve drays isinadrangef frpauile5jor §icsm’.

and / or the |lower portion of the colum above said
| i dai addittdret according to the second aspect of the present

invention, there are provided:
12. a continuous multi-stage distillation column for carrying out
transesterification between a cyclic carbonate and an aliphatic
monohydric alcohol and distiilation, wherein:

(a) the continuous multi-stage distiliation column comprises:

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

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

a gas outlet having an inside diameter d4 (¢m) 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;

at least one first inlet provided in the upper portion and / or a
14
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LR, aaD (1) the length L (cm satisfies the
AO5@ME%%25§Q%N); 2100 : L :_ 8000 (1), (2) the inside
di ameter D (cm) of the colum satisfies the fornula
(2); 180 <_ D :_ 2000 (2), 10 (3) aratio of the
length L (cm) to the inside diameter D (cm) of the

: I : Sk f c 3) et " 3), 4

middig SRS o 3heCtohlfin PR Said g BhtiercAd . (1)
< : 20 (4), .1 ' L asi d I:
>~ aipest dhit Ssehd it Brhld e T shd middle BettiBRTg i / or
f th | et tisfi t he for nmul ,

the B o558} i oS aBEw b S IS okl o arer o
D (cm of the colum to the inside dianmeter d2 (cm
of Winereinguid outlet satisfies the fornula (6), 20
5< D/d2< 30 (6); (b) the starting material cyclic
car bonat €1) $hedenigthdugty) satisfielsdbe fiortmulaaf b,
continuous multi-stage distillation colum from at

| east one sai d2Migk I’ 800provi ded bet ween (f)¢ 3rd
stage fromthe top of said continuous nulti-stage

di stil | ag??rﬂhsqhﬁm Hidmidier (m/(émwcﬂﬁ@fbl&mmn 3atisfres the

top of saird continuous nmulti-stage distillation

fomﬁ_ﬁglﬂ?g? (c) the starting material aliphatic nonohydric
al'cofiol is 15 A0501 VP75/KAN conti nuously introduced

romat Ieast dAD SPE 00 Tri et *provi dedDet een
i t1 st 430 Ruratip Atateo P RaiR brfCamyto The iRide dameter D (cm)
of the column satisfies the formula (3);
4<L/D<x<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/ds<20 (5), and
(6) a ratio of the inside diameter D (cm) of the column to
the inside diameter d> (cm) of the liquid outlet satisfies the formula (6),
5<D/d; <30 (8);
(b) the starting material cyclic carbonate is continuously
introduced into said continuous multi-stage distillation column from at
least one said first inlet provided between the 3™ stage from the top of

said continuous multi-stage distillation column and the (n/3)" stage from

the top of said continuous multi-stage distillation column;

(c) the starting material aliphatic monohydric alcohol is
15
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the (2n/3)th stage fromthe top of said continuous
A0S0 YYD e distillation 5 colum; (d) an aperture
ratio of the tray installed not |lower than a stage
where the cyclic carbonate is introduced is in a range
of from2.5 to 10% (e) an aperture ratio of the tray

cont T4 ghic P8l Bt 08 A RFLARS ORI 31648, it
colu S 6o S A S L e'gfﬁ#‘cf\#ageanagm?%ﬁ&@% (o3

ratio of the tray_ installed not hlgher t Pe st age
stagenkspan the tepi phaaid cantarions mult-stage StlH? IG@UE‘éﬁJm" and
isin arange of from 1.5 to 5% 15 13. the
the @mB)Yustagenfriam -theapp of sEidicantimueds untitistage digtillation
toitem12, wherein said dt and said d2 satisfy the
colubminul a (7); 15d1/d2<_5 (7), 14. the continuous
mul ti-stage distillation colum according to item 12

or (4% anvapieatird-rafto df thePtrdy iffdtalldid nehtower tHanfarstage

said continuous 20 multi-stage distillation colum

whefhady A BREbRRYY i€ iRftegiucedis B rarfgl of fram 2.5 to 10%;
acégﬁo%t@erﬁfea Q0K FRB 15, 1P blayt 18y Hshbt hbh aF 1FighRR stage
wheF the. QYelif oar Epnﬁf%tﬁs Sntrefusen ant Spf Tok8pd 353%?%399

2500 <_ L 5000, 210:5 D5<800, 75L/D: 5 20,40!'5 n:
wheoe the @j/|ghat|ggn§mrgdr1t5 ajeoig! gpmmNpeg/lgzm gdange of from

16. the continuous nmulti-stage distillation colum

-2 todB%oratichg to any one of itenms 12 to 15, wherein the

aperture ratio of the tray installed not
(f) an aperture ratio of the tray installed not higher than the stage

where the aliphatic monohydric alcohol is introduced is in a range of from
1.5 to 5%,
13. the continuous multi-stage distillation column according to item 12,
wherein said dy and said d; satisfy the formula (7);

1<dy/d2<5 (7N,
14. the continuous multi-stage distillation column according to item 12
or 13, wherein L, D, L/ D, n, D/ dy, and D / d; for said continuous
multi-stage distillation column satisfy respectively 2300 < L < 6000, 200 <
D<1000,6<L/D<30,30sn<100,4<D/dy<15,and7<D/d2<
25,
15. the continuous multi-stage distillation column according to any one
of items 12 to 14, wherein L, D, L/ D, n, D/ d4, and D / d; for said
continuous multi-stage distillation column satisfy respectively 2500 < L <

5000,210<D<800,7<L/D<20,40<n<80,56<D/dy<13,and 9 <
16
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ower than said stage where the cyclic carbonate is
A05q1nVP3§ﬂ%U isinab5range of from3 to 8% the

aperture ratio of the tray installed not higher than
sai d stage where the cyclic carbonate is introduced
and not |lower than said stage where the aliphatic
chﬁmn?é] dric alcohol is introduced is in a range of
»5 to 7% and the.aperture ratio. of the tray
instal led not hi her than %:ﬁ d. st agﬁ{wher q?
6. athprraniinugusHpufti-stagetistiliation coymgqaceardiag p any one
range of from1.8 to 4.5% 17. the continuous
of itams 12stwmds, avherginatheapesturenratie f dhegtray insjaligd not
of items 12 to 16, wherein the aperture ratio of the
lowenr than nsaudlsltagerwherem cycho caabanatege intraducerdtis in a
cyclic carbonate is introduced is in a range of from

rangs offfPof’B toh8%a e dperirel mathd dffthet tray instabdedenbt higher
not hi gher 15 than sard st age where the cyclic

tharf/\ﬁéh?%?ﬁge'\ﬁhéE%‘tﬁ@%|@E§rBQhaké"i‘@ﬁntrbﬂ%e’iﬁbﬁdsﬁéﬂﬁower

ere t al iphatic ohydric al cohol is introduced

thar| §?H‘ st?g% Fggftlgglrén’lnfeﬁ?flecﬁnOt&wy@?%é?’@glﬁ@ﬁé H{t?oduced is in

sta ere,t phat. nDnoh o
a rafiggy 61 fitin 7.5 fo, 7o ARgL e SpELIYS faffad B by fnaatied not
conti nuous mul ti-s i st on col u or di
highes ) said SSaoe whers she thaieﬁéwemw Ti¢ alegnolrs,
sieve tray having a sieve portlon and a domnconer
intrgducedris inoa rangecohfiamolid tai:P%st age distillation
colum according to item 18, wherein said sieve tray

17. hdbel®OntinuoL8OM Uit stage distillation ¢odumreapoording temny one
t hereof, 20. the continuous nulti-stage distillation

of itePhs/ M2 65 a@,dvheréin tHe BmpEttude rafioWf e/ idy\Mstalled not
wherein a cross-sectional area per hole of said sieve

lowéf F‘Z%?::,S%P g@wgﬁnrﬁftﬁé eftfcTdrdondtBls iNdhedie8898Sn a
range of from 3.5 to 6%, the aperture ratio of the tray installed not higher
than said stage where the cyclic carbonate is introduced and not lower
than said stage where the aliphatic monohydric alcohol is introduced is in
a range of from 3 to 5.5%, and the aperture ratio of the trays installed not
higher than said stage where the aliphatic monohydric alcohol is
introduced is in a range of from 2 to 4%,

18. the continuous multi-stage distillation column according to any one
of items 12 to 17, wherein said tray is a sieve tray having a sieve portion
and a downcomer portion,

19. the continuous multi-stage distiilation column according to item 18,
wherein said sieve tray has 100 to 1000 holes / m? in said sieve portion

thereof,

20. the continuous multi-stage distillation column according to item 18
17




| een discovered that by inplenenting the
AM%‘(‘JE@E@&‘@V%H on, the dial kyl carbonate and the di ol

can be produced each with a high yield and a high
selectivity of not |ess than 95% preferably not |ess
t han 97% nore preferably not |ess than 99% on an

n t . .
or 187 WRAifi 3584 &ctihal 47¢q PHihofe bERdid Wieve ypy is in a
not .l.ess 4 4 o0n / hr, for the dial kyl
ranq,eaplg(;ﬁ%q"e&o%&aaﬂ;ﬂnless than 1.3 ton / hr, preferably
not less than 1.95 ton / hr, nore preferably'not | ess
than 2.6 ton / hr, for the diol, stably for a
prol onged period of tine of not |ess than 1000 hours,
Advantageaus \Efiects e§dnveploBO00 hours, nore preferably
not |ess than 5000 hours, froma cyclic carbonate and
an lélhgshbeen discovereydthat by iotpde memiBsgrheTp @saRt invention,
DRAWNGS FIG 1 is an exanple of schematic draw ng of
the ti@kypebrboause and the dispead beiprloducsd edchwiftra high yield
carrying out the present invention, the 20

andd ﬁﬁ%ﬁ's@lé@ﬂvﬂ Wﬁoh%mhaw@m Oﬁre?bi*ﬁﬁﬁl notﬂ’leéé WaN 97%,

e internals (1n F 1, a tray is shown
moréwl%’fgﬁéﬁ@egé% 185 ‘fhgﬁdgges'etsﬁ ﬁ%'e 'f\#ll?r%trra ;éé%l% of not less than

ui ut | i nl
2 tof P preferabll n?é‘fsﬁaetbm 3o et Bk SlgetaB ot fss
n, cont j nyou Itl-sta t||| tion
thar@mmﬂql hr ?%H@?wh@ﬁﬂw GAr R n Tegs thas aes ton / hr,
di aneter 18 A0501 VP75/KAN (cm trunk portl on,
prefengblie net deas dharc h)9%togdshoumose prederablysnatb 1635 than 2.6
di aneter (cm of liquid outlet. Best Mdde for Carrying
ton Oir, foethe\diot,i skabBy For laoproipniged peeicd loddime of not less than
description of the present invention. The reaction of
10000 GFEL SErEferabBNhib®Ness thahe3000i b @rssomorepigfarably not
less than 5000 hours, from a cyclic carbonate and an aliphatic

monohydric alcohol.

DESCRIPTION OF DRAWINGS

FIG. 1 is an example of schematic-drawing of the continuous
multi-stage distillation column for carrying out the present invention, the
distillation column having number of stages n of trays as the internals (in

FIG. 1, a tray is shown schematically) provided inside a trunk portion -

thereof.

Description of Reference Numerals:

1. gas outlet, 2: liquid outlet, 3-a to 3-e: inlet, 4-a to 4-b: inlet, 5:
end plate, 6: internal, 7: trunk portion, 10: continuous multi-stage

distillation column, L: length (cm) of trunk portion, D: inside diameter
18
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Jjfication reaction represented by follow ng
AOS(?‘LWZKIEE which a dial kyl carbonate (C) and a di ol

(D) are produced froma cyclic carbonate (A) and an
al i phati c nonohydric alcohol (B). 0/ R \CO0O + 2 RO
RRO\COR +/ g\OH II 0 0 (A (B (O (D 10
(cm )RSk fbcﬁ%idrﬂprﬁgﬁri%id% id A stk Q:’rﬁ}Jbe'QQE'Zé)mIg(,m S : inside
an i nteger from to 6), one or hore of "the hydrogens
; j { ly substituted wth an al kyl
d'ar%?géurz%qugjrf;lﬁ‘@po%gnﬁgvi ng 1 to 10 carbon atons.
Moreover, R2 represents a nonoval ent aliphatic group
having 1 to 12 carbon atons, 15 one or nore of the
hydr ogens t hereof bejn tionally substituted with an
Bes&wgdp&éaﬂﬂ"&gyQubF%%SﬁHQW‘H@ 1 to 10 carbon atons.
The_cyclic carbonate used as a starting material in
thngﬁewem isimdetailed deseriptiopoohthe ayeseattiavepion.
(A) in the above formula. For exanple, an alkyl ene
carboeaeactiorhofithet pnedsoret ivevelnditai és ar revensibEneqdlibrium
carbonate, or 1, 3-di oxacycl ohexa- 2-one,

trantedtfifisation peedlion Jepresented thefdlidwingfobtula in which a

preferably used, ethylene carbonate or propyl ene

dialk @Qﬂi’éﬁa&?gﬁg 47y %'Hf&f@a?Q;Wﬁﬁﬁc@Wf%?%%Z?gcﬁé carbonate

pr ocur enment 19 A0501 5 N so on, an yl ene
b j: ' efeerabl y used.

(A) ﬁ,@Fie%@§I$$ﬁéggp$§h§§(?gf%L%%%r< ‘al cohol used as the
other starting material is a conpound represented by
(B) i g, the above fornmula. An aliphatic nonohydric

I

al co having a | ower boiling R& pt okhan that of! 5
t hé’ﬁ o}ﬁ:ced i HROHs usee—Al t houghchossibl y BT Y1 Vg
depenbing on the g

0

(4) (B) © D)

wherein I'\_’1 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
alkyl group or aryl group having 1 to 10 carbon atoms.

The cyclic carbonate used as a starting material in the present
invention is a compound represented by (A) in the above formula. For
example, an alkylene carbonate such as ethylene carbonate or propyiene
carbonate, or 1,3-dioxacyclohexa-2-one, 1,3-dioxacyclohepta-2-one, or
the like can be preferably used, ethylene carbonate or propylene
carbonate being more preferably used due to ease of procurement and
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£V, fhe cyclic carbonate used, exanpl es of
A°5°&|\9€E nmonohydri ¢ al cohol include nethanol,

et hanol , propanol (isoners), allyl alcohol, butano
- (isoners), 3-buten-l-ol, anyl alcohol (isomers), hexyl
al cohol (isoners), heptyl al cohol (isoners), octyl

50 of), SHIPbtf A ERIooRSHY behgoiuckiahhOrererin gl
o SHiRhotas 3&%@@9%@@@%&#% A5YS08I 55834 she other
warbs PR RSUSHEH et i i evve ot

él soners), dinethyl cycl ohexanol (| somer
An aliphatic syenehydsisoalcohal having algwehyiimpem&mﬁm that of
(i soners), benzyl al cohol, phenethyl al cohol
the mmdumd)dlopisemslqd opAﬁbIOL(gtspmsa;bly varying depending on the
- Furthernore, these aliphatic nonohydric al cohols may

typebsf thdlyicliet earbvandites ubetli texahplesiof algshdtic mgenehydric
| ower al koxy groups, cyano groups, al koxycarbonyl

a|coab@wéiudé\wémwr mﬁahogrgtwanepmb@m@ﬁ)owm #sehol,
nitro groups 0o suchalphatlc nmonohydri c

butaﬂoqg lﬁbgﬁng E’ut@‘rF‘laQI yal’r'lﬁ'gr ag{aﬁol s%‘?ﬁ?}éhgﬁﬁygaléoho!

ons, nore’'pre y al coho

(o beby BB 5GP GERL AT Bt arcono
osomggys gy o B B IS o PR g adecy
25 al cohol s are net hanol and et hanol, nethanol being

alcopad lisamersy, cyelopendans), ovcladsxangly syriahentansl.

process of the present invention, a honpbgeneous
cycloactayst, methmclmpebmrmle(ssnmens)t ethyleyciopentanol
distillation colum. The nethod of naking the

(nsohmeglemn?«lcwlahmm (s erers) naﬂl)beyamhmmmd(lsbniers)

preferable to feed the catalyst into the

cimg R FRALBNb (sp el W gL samaret
phenylcyclohexanol (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, alkexycarbonyl groups,
aryloxycarbonyl groups, acyloxy groups, and nitro groups.

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

carbonate as the cyclic carbonate, preferable aliphatic monohydric

alcohols are methanol and ethanol, methanol being particutarly

- preferable.
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t ive distillation colum. In the case that the
A05Q42\?ngﬂ§@ﬂs catal yst is continuously fed into the

reactive distillation colum, the honbgeneous cat al yst

may be fed in together with the cyclic carbonate

and/or the aliphatic nonohydric 10 al cohol, or may be

fed.in. a L f fer.ent | td 1 he ' I ;

e Bréodte o 4R pREen! fiqfhioRtadicitddiqous catalyst is

| lation col ym i

mad he: Ris<anioin Hie reaeDyer istllari 00 P T fbthoa of

preferable to feed the catalyst into a regi on between .
making thghemaganequs ¢atalysd %@rsggmmﬂygage any,method, but it
the starting materials are fed in. 15 The catal yst
is preferabte po deedtthiencatalyshintewthe sgastiver disdiltatign solumn
| east 7 stages, nore preferably at |east 10 stages.
conthsubbehcebaay tb make ihe théalyst benpresentin anliquid pdfase in
various catalysts known from hitherto can be used.

the RRACINVEisfillbfidncédRImAt include: 20 alkali netals
and al kaline earth nmetals such as lithium sodium

Po iﬂsﬁ'léjﬁbs[auﬁia‘il)ﬂ@ hSﬁﬁ&gbeHﬁgr@éﬂa%t Psabépﬁﬁ};_ously fed into

strontium and arium I c conmpounds of alkali

tne EA2l7e HGLMaF ), ESLGA, PN U Ry be rea in

ooelBuuBIRR S ot Fhfl B aTEEE i

acid salts; 21 A0501 VP75/KAN tertiary am ne% sych as. |
alcohaleoRynayi be fedrinpat al difiefentmositiop ik staging materials.

benzyl di et hyl am ne; nitrogen-containing heteroaromatic
TheoeandinrdsictuaHy groceeglskin pye rdistidationaceiumpda agegion

oxazol es, N-al kylim dazoles, 5 N al kyl pyrazol es, _
belowdheazosition py whiichetheaclayalystiigifedsin, anddience it is
preferable to feed the catalyst into a region between the top of the
column and the position(s) at which the starting materials are fed in.
The catalyst must be present in at least 5 stages, preferably at least 7
stages, more preferably at least 10 stages.

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

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

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

basic compounds of alkali metals and alkaline earth metals such

as carbonates, bicarbonates, and organic acid salts;
21



'AOSOall 5p&gﬂml i nes, isoquinoline, alkylisoquinolines,
acridrne, al kylacridines, phenanthroline,

al kyl phenant hrol i nes, pyrimdine, alkylpyrim dines,
pyrazi ne, al kyl pyrazines, triazines, and
al kyltriazines; cyclic am dines such as

di agptpa By ahfinedeseeR dIRibtRANamiIke, drid1dpiaiiMenaieéeylamine,

(DBN); thallium conpounds such as thallium oxide,

and ?%?L#ngi{géhgli@ﬁ?u t hal I i um hydroxi de, thallium

mnitrate, thalliumsulfate, and

thal.l i or L C.aci | tS. 1. S
< iPSRrEEABRs fifl6 e oRpuldtls FBIMPLUGRs Wikeh T
i putyl di met hoxyt.in, .di ethyl diethoxytin, .
N-alhy Bk p SN AR 0188 b aRDRHERO Ry Kylimidazoles,
di phenyl net hoxytin, dibutyltin acetate, tributyltin
5 N-a!BMmeaa@,leanaxarslhaao@tsnwm&m@lbyiwrﬂﬁlr@ﬁmmrne,
such as di net hoxyzi nc, diethoxyzinc,
alkybguinodinedi, dggguimnolinedatk yis axyiniotine sg| agridine, alkylacridines,
conpounds such as 20 al um num tri net hoxi de, al um num

phets ht'r&@mrnwcmkgmh@ndnﬂiwﬁmn pyrimbdine i alkky|pytiatidines,
conpounds such as tetranmet hoxytitani um

pyrazthé 281IAPY A ¥ YU BridAhE 8D e H K i fid 2ifle s ;

di chl orodi et hoxytitani um tetrai’sopr opoxytitani um
titan : d.Lif:ani I '
T RARGIRRE = B ot a0 BN TbBU  and
._tri.ethvl phosphi .ributyl phosphi ne,
10 d'a@h'%gﬁﬂ%\ﬁ%m?&'}- 22 AD501 VP75/ KAN
tri putyl met hyl phosphoni um hal i des, . . .
{1 DA B O MARIGH Suish Rarthaddai gxise. thallium halides,
henyl met hyl phosphoni um hal i des; zirconi um conpounds
thalkughhydroxides thaMiven cageonate.challinm ailsaie othalbipm sulfate,
zi rconi um al koxi des, and zirconium acetate; and 5 | ead
and dhdllivtaderganiai acklgsaldlspounds, for exanpl e | ead oxi des
tin compounds such as tributylmethoxytin, tributylethoxytin,
15 dibutyldimethoxytin, diethyldiethoxytin, dibutyldiethoxytin,
dibutylphenoxytin, diphenylmethoxytin, dibutyltin acetate, tributyitin
chloride, and tin 2-ethylhexanoate;
zinc compounds such as dimethoxyzinc, diethoxyzinc,
ethylenedioxyzinc, and dibutoxyzinc; aluminum compounds such as
20 aluminum trimethoxide, aluminum triisopropoxide, and aluminum
tribu{oxide;
titanium compounds such as tetramethoxytitanium,
tetraethoxytitanium, tetrabutoxytitanium, dichlorodimethoxytitanium,
tetraisopropoxytitanium, titanium acetate, and titanium acetylacetonate;

25 phosphorus compounds such as trimethylphosphine,

triethylphosphine, tributylphosphine, triphenylphosphine,
22




AOS@S@B'{S@%@O’ Pb02, and Pb304; |ead sul fides such as

and PbS2; |ead hydroxi des such as
Pb(OH) 2, Pb302(0OH) 2, Pb2[Pb2(CH)2], and Pb20(0OH) 2;
10 plunbites such as Na2PbQ2, K2PbO2, NaHPb(O2, and
KHPbQ2; pl unbates such as Na2Pb(03, Na2H2PbO4, K2Pb(3,

tribd@[rﬁﬁ(WospMM’h%quOQQ%WEﬁBSpthm Hgiides,

carbonates and basic salts theredf such as PbCO3 a
ans ST APPSR R 5, o) 10

OB B S B e RS
acelylApBLATAles RIFEaRIB) AIKOX Hps oAnd, AR lUnbaiate: 20d

Ph3Pb (or Ph6Pb2), Bu3PbOH, and Ph2PbO (wherein Bu
5 r edeadeand lgadsgoptaipingcompeunds, Jpr @xample lpadmxides
group); lead alloys such as Pb-Na, Pb-Ca, Pb-Ba,
suclPlasSRb G nB by, And Ries,;niema aLfides lsuch galRhS, HhkSa, and
zi nc bl ende; and hydrates of such | ead conpounds. 25
PbshLn the case that the conpound used dissolves in a
starting material of the reaction, the reaction

ni Nb:éﬁehyétr?]ﬁiﬂ"etsi QGCHYaQWﬂW)z?r%b%(ng@m}, ?Eéﬁ*W(OH)zl.

the Iike; e conpound can be use s as

rplsmcg us catalyst. Alternatively, it is also
andpre? efggﬁé’to use, as the hompgeneous catal yst, a

10 L UrmeReac I as Na PR REPROS, NRHREEET BHH kipO-:
ialiipabatas sychoas Az b Do NaxaeOn: KaERSae KakPD(OH)e]
K4PbO,, CaPb0O4, and CaPbQ;;
lead carbonates and basic salts thereof such as PbCO; and
2PbCO3-Pb(OH)2;
15 alkoxylead compounds and aryloxylead compounds such as
Pb(OCHs)z, (CH3:0)Pb(OPh), and Pb(OPh);3; |
lead salts of organic acids, and carbonates and basic salts thereof,
such as Pb(OCOCHs),, Pb(OCOCHS;)4, and Pb(OCOCH3)2-PbO-3H;0;
organolead compounds such as BusPb, PhyPb, BusPbCl, PhsPbBr,
20 Ph3Pb (or PhgPb3), Bu;PbOH, and Ph,PbO (wherein Bu represents a
butyl group, and Ph represents a phenyl group);
lead alloys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, and Pb-Sb;
lead minerals such as galena and zinc blende; and
hydrates of such lead compounds.
26 In the case that the compound used dissolves in a starting

material of the reaction, the reaction mixture, a reaction by-product or
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of the catalyst used in the present
ADs(ﬁW@Zanri es depending on the type of the
catal yst used, but is generally in a range of from
0.0001 to 50 % by weight, preferably from0.005 to 20
% by weight, nore preferably fromO0.01 to 10 % by

the I fHe Bolhar&as 'Y uskd! Qﬁ is4thé hombgeineusd katalyst.

cyclic carbonate and the aliphatic nmonohydric al cohol

Ao}y Tt B AEIAHBIEIRCIRA. 3o M RaERObEAURSS eyt

. Julti-sta distillation colum constitutjng,the .
mixtiige QHIAUISd Y Aissaving dBFAROYS qaiEpguRLLIY the Starting
invention, it is inportant for the cyclic 15 ca bonatg
matedahef the reacion, %F??‘éﬂoﬁt%’éﬁWSprPfﬁe@atl%ﬂ heroduct or
starting material cyclic carbonate nust be
the libatinradvange; or tydreactingtto brisg abaut disselution.
mul ti-stage distillation colum fromat |east one

i nIEe mmuoudeédf thet estmiyshasaddirstlag présent tineentipnovaries
the continuous nulti-stage distillation colum and

depén@irdod) tHe $ypeoff thenthtiflybPRiseld, thet rogeheraly iRta range of

mul ti-stage distillation colum. This is inportant to

fronﬁgzﬁ?’@mtﬁaﬁor%@y angéo’rig'trﬁ,gﬁéiaf)h}r%tbl GfF@ﬁuuo.Ctioﬂéhz@%tH\gweight,

I c carbonate ar not contained in
ty 1 Ratdie ahqv .l
morg HebTRed 88, fiREF RLF'so, Forhray VIGRRYT 488 rrdpefon 6 the total
. preferably not | ess than stages, ,hore preferably 4 .
weidh af i QYclle' catbanats’And e, Blphatitomipdo iyEhé Bkofio! fed in
above the cyclic carbonate inlet(s). A cyclic
as tharyianting PadeEAlHl y used in the present invention is
one 24 A0501 VP75/KAN not containing a hal ogen that
hadMbem conditusas ly feedimg tbaceyelic cacbavate into the
exanpl e, an al kyl ene oxi de such as et hyl ene oxi de,

continopuk aneli-gtdgeodistillatiore colinm sodstituting tihieore aietivé
cyclic carbonate containing small anounts of such raw

distiMRRI ableMHPRY IS preBentiiAlentidh, Gt 70 i oFeant oISt cyclic
used as the starting material in the present
carddh4tel tPBe fed into a specified stage. Specifically, the starting
material cyclic carbonate must be continuously introduced into the
continuous multi-stage distillation column from at Ieas_f one inlet provided
between the 3" stage from the top of the continuous multi-stage
distillation column and the (n/3)!" stage from the top of the continuous
multi-stage distillation column. This is important to ensure that high
boiling point compounds such as the cyclic carbonate and the diol are
not contained in a column top component in the stages above the cyclic
carbonate inlet(s). For this reason, there are preferably not less than 3
stages, more preferably 4 to 10 stages, yet more preferably 5 to 8 stages,

above the cyclic carbonate inlet(s).

A cyclic carbonate preferably used in the present invention is one
24
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sent invention, the starting materi al

Aoséjﬁdﬁﬁyﬁ% nmonohydri ¢ al cohol may be a high-purity

al i phati c nonohydric al cohol, or may contain other

conmpounds. For exanple, it is preferable to use an

al i phati c nonohydric al cohol containing in a range of

.1 0

not EoRIhiAG 4 Rafgtn el Hag besl o[ $8uCelantELgR YRR

al cohgl and the djal rbon t e .
benfifofenPiérty &sea'aﬁ‘ﬁé\rlﬁa% Srﬁénghyﬁ BiFyjdng gide.

Vi ng s dial k car onat co ent

prORﬁﬁﬁwelO%'dt%%? yidRe igR NG ceTRORIHe, oif FIcligrsarbonate

to 10 % b i ght. 15 VWhen carrylng out the present
contaiaitg sma @uraaunés of susdsrawsmatesial coppeunds: Kbedi®l, and

and/ or aliphatic nonohydric al cohol newly introduced
so amiray bleus dex used agdthenstarting matenialiinghehpresent invention.

carbonate and/or the aliphatic nonohydric al cohol as

a npi the pressabinyéstion! thewtaeting mhteriat hliphatic asenohydric
and/ or anot her process can al so be preferably used for

alco%%ltrhgysﬁé”d hg&?-gﬁlrﬂyeéh hatic mandhyiriealiéshol, or may contain

characteristi the present invention t

othérhéé LH‘P&SQ'I b'l:%raé%gh SEPLBR 18 Cég! ?héhgtlc

oce s I'n" whi ch OIcaLbonate 'S pro
mongl u%a‘fg?hefspngm@'ﬁﬁeamn%kaﬁgﬁﬁ S*J?moﬂ@? Y% BV weight of

duced in this process and recove . 25 The .
the F’@&Y@P@B B?aﬁ&ﬁﬁ%ﬁ% t%&??ad fﬁﬂﬁ&rﬂﬁ{ﬂ & aliphatiss monohydric
ener al I% contains the dialkyl carbonate, but it has
a coga!rar@mé evdindeyl earbanatene 1125 mose prefesakiate ase an
that the content of the dial kyl carbonate is in a

aliphatigemasodiyadlré;; aleodel haningthiscdialey! chebpnatecontent in a
i nvention .can be achieved. The recovered by-produced

rangd ioffabirc 109 reMZIRE bykeiat, yey niord prsferablpiffomt Pao 10 %
aromat i ¢ nonohydr oxy conpound an al kyl aryl ether,

by Ht. anmounts 5 of an alkyl aryl carbonate and the
di aryl carbonate, and so on. The

When carrying out the present reaction industrially, besides fresh
cyclic carbonate and/or aliphatic monohydric alcohol newly introduced
into the reaction system, material having the cyclic carbonate and/or the
aliphatic monohydric alcohol as a main component thereof recovered
from this_ proceés and/or another process can also be preferably used for
the starting materials. It is an excellent characteristic feature of the

present invention that this is possible. An example of another process

is a process in which a diaryl carbonate is produced from the dialkyl

carbonate and the aromatic monohydroxy compound, the aliphatic
monohydric alcohol being by-produced in this process and recovered.
The recovered by-produced aliphatic monohydric alcohol generally

contains the dialkyl carbonate, but it has been discovered that in the
25
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by-produced al i phati ¢ nonohydric al cohol nmay be used
AOSOIVPESAAN start | ng material in the present

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

after the anount of contained material having a higher

boiling point than that of the aliphatic nonohydric

cas YA e SSHUBAE B AR [CAIS0RAR .1 g 148 oo,
T ML Y e

distillation colum in.the present gﬂvention, it is .

recovgpedkyrprogucestaliphaticamanahyiig @lcehgl may furthescontain
fed into a specified stage. 15 Specifically, in the

the araypatic morahydnexyt tempaiind ngnralkyi asyl aklh@ha&mall amounts
nmonohydri ¢ al cohol nust be continuously introduced

of anrdlkyl Aeylccath onates andulhe déardeatbenadteatinshsoodmmm The
fromat |east one inlet provided between the (n/3) th

by-p¥bafieelr 2liphAfict MR rhyditc @eshoU Ay el Usedtagés as a starting
distillation colum and the (2n/3)th stage fromthe

et 9 AN 0un B b FitppeOegt s thalyshung mater

atof & by TR 80 V353 Bidhet i pt than
s AR B SR oA LA B

ing the aliphatic nonohydric alcohol inlet(s) be

. maki ]
- distiflatiers padbevik®i n this specified range. 25 Mre

preferably, the aliphatic nonohydric alcohol is ]
condhergehtinuousiy feeding the aliphatintmenehydric alcohol into
mul ti-stage distillation colum fromat 26 A0501

the YerfihkaNg madti-stage distillationi cdnietcomestitutiag the seabtive
stage fromthe top of the continuous nulti-stage

distifiatidd talimn FPivehrasdnt havERTIOP), lih i imperiamnfdhthe
top of the continuous nulti-stage distillation colum.

a!ipﬂ?@&%ﬁ?hﬂhﬁ@r??ftféﬁélstd"b% feedjiriﬂgﬁéiéb’é’éiﬁ'eﬂ sfige ! he

ati olum I1n allqu orm 1 n a ga eous

SpeEﬁf&Hlly?rinaﬁeap%ééH{ Fn@énﬁ‘o“ W&%tgpﬁng material aliphatic

monohydric alcohol must be continuously introduced into the continuous
multi-stage distillation column from at least one inlet provided between
the (n/3) 1" stage from the top of the continuous multi-sfage distillation
column and the (2n/3)™" stage from the top of the continuous multi-stage
distillation column. It has been discovered that, because the aliphatic
monohydric alcohol used as a starting material in the present invention
generally contains a specified amount of the dialkyl carbonate, excellent
effects of the present invention can be achieved by making the aliphatic
monohydric alcohol inlet(s) be in a stage within this specified range.
More preferably, the aliphatic monohydric alcohol is continuously

introduced into the continuous multi-stage distillation column from at
26
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a her than feeding the starting materials into
A050(1h€ Wﬁﬁmatlon colum in this way, it is also

preferable to additionally feed in a gaseous starting
material intermttently or continuously froma mddle
portion and/or a |ower portion of the distillation

leasf Briff T BBOIfRe NS 48 (BRESET 3G 82"32?‘)@"‘?%89”@" the
contfup s shulfietade Jisitation B Bmmaidns [H/ et 25the from the

whi ch the catal yst is present. and E-' aI | phatl c
top ebimgentinugusioulti-stagadiniibatiop FRMA o t he
distillation colum in a gaseous formand/or a |iquid
f orthe sbarting Ineateriaiscarenfed cantinwoughbdinte thedigidllation
the distillation colum as described above. The
colustrain iantiquid doirml, Snaa gaseafies ftriny, oads aomddurecef aHeuid and
catalyst in a region. of at |least 5 stages, preferably

a gadl | ©8sér thahaeRdingthe ratinphiaterialsdnté thédistillation
stages, of the distrllati on colum. In the present

colu'rﬁW‘?ﬁ‘tth?é‘ rigtis G 6 %aff&“&'d%ﬁoﬁ%lyht%ed?ﬂw a ?aseous

I C car nate an t1c nmono i c al coho

stargﬁsgﬁwgﬁﬁa&rznﬁ@%s@aﬁfvaﬁd%;@mwwﬁm 4 portion

ransesterificati catal t and the rea
andlgs RO NERPORIAN ERANGL BTt Godm o Bdramyar, another
nonohydri c al cohol to the c ic carbonate fed in |
prefgémlalreame;/thqﬂ i PARGD mlehdﬁeocww &af eoaﬁ%ﬁ@wuouslv
i ncrease the cyclic 25 carbonate conversi on, i's
fed pr of kqaid torm dreagas / digyidi mpted fermohﬂ!ctnwrstage of the
al cohol in an excess of at least 2 tines the nunber of
distitildtiorotolivncbbive thay stlged iivVRVhick the aattalystds grneisent, and
if the amount of the aliphatic nonohydric al cohol used

the hfiphktie Mdtdhydrigaicbhos 1@%@?}1%{%5!? férkintohthe distillation
appar atus | arger. For such reasons he nolar ratio

colufin 1Hea§ds‘é|?ﬂfé ¢ r‘%ﬂdﬁfr'é Iﬁi Hh%lrn'# Prdrﬁeatcbé‘aétcone inlet

car bonate 1's pre erably in a range of from2 to 20,

oo B8, 5558 1SR A ol S AP S ke, The

starting materials are preferably made to contact the catalyst in a region
of at least 5 stages, preferably at least 7 stages, more preferably at least
10 stages, of the distillation col.umn.

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

alcohol in an excess of at least 2 times the number of mols of the cyclic
27
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cyclic carbonate remains, then the unreacted cyclic
Aomé‘a‘/%%%ﬁ&"‘nay react wth the product diol to

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

| Ni . [ . i
carbpfigty LA if e Hiflo Bt 13he afiphatic B IfE HiEofibl used is
IS .n more than 10, the cyceligc carbon rsi
too drkath Shaldt Te ey (EotKe sfieHRRATUBFHEES S DY such
| ess than 99% nore ﬁégfefably not Iesg, t han_99. 9% )
reaspRiss the medansatierel the aliphatic merehydge 3 ﬁ@'}ﬂ?éeeﬁhe cyclic
invention. 15 In the present invention, preferably not
carbpasdetisapreferably ima wngeof fape Ryto 28: aoee preferably from 3
conti nuously produced; the m ni num anount of the

to 18yypét enoar poetémblpftomubusl ¥2f edFurtheomarbi émudh sinreacted
is generally 2.2 Pton [/ hr, preferably 2.1 P ton /

cyclitl cafbRaty PERTARLY tReR tHet GAréadted besld curbdmate may react
anmount P (ton / hr) of the dial kyl carbonate to be

i d . ; of [ :
wﬂhﬁh%uﬁ%@ucﬂ Eltﬂ %egyfgrd@lﬁgiﬁo‘?ﬁéﬂ %g%sﬁs d H?lﬁﬁrr.or a trimer,

t can be nad than 1.9 P ton

El . Sh e [ ' f

and hice, b 1840 HET e flafofir s, fréfetible g redfite the
carrying out, the production,process . according to the.

amopfit i iireactad EnElieEaTbopB Bt a MipB s uEH A posible.
distillation colum 10 used.in the p_rei‘ent i nvention .,

In theopperess of thexpresentinventiendeyen ifdthe,abeyeynelar ratio is
whi ch has a structure having end plates 5 28 A0501

not mRTE/ Han Nés tbet tydiy casbonate caywersian ®an hermade to be not
trunk portion 7 having a length L (cm and an inside

lessdihame 08%% Dp tefgrabiy thdidessdthidre 88°% s mbreapreferabhyinot less
with a nunber of stages n, said internals being trays

thart9826% havhig i@ andthedldHaratte Agtiefeatnfe \WTi thle prasder
has a gas outlet 1 having an inside 5 dianmeter dl1 (cm

inveWtioWe top of the colum or in an upper portion of the

In the present invention, preferably not less than 2 ton / hr of the
dialkyl carbonate is continuously produced; the minimum amount of the
cyclic carbonate continuously fed in to achieve this is generally 2.2 P ton
/ hr, preferably 2.1 P ton / -hr, more preferably 2.0 P ton / hr, b.ased on the
amount P (ton / hr) of the dialkyl carbonate to be produced. 1In a yet
more preferable case, this amount can be made to be less than 1.9 P ton
/ hr. |

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

column type distillation column which has a structure having end plates 5
28
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I r tothe top, a liquid outlet 2 having an
A05qq;¥#zg"{}iﬁ§neter d2 (cm at the bottom of the col umm
or in a lower portion of the colum near to the

bottom at |east one first inlet 3 (a,.e) provided
bel ow the gas outlet 1 between the 3rd stage fromthe

respb%l?iv‘éfiy ?@ﬁgﬁﬁﬁgmrﬁét 'Im% A t%ﬁnﬂ'p%r‘tidrﬁ?' RAving a length

col um romthe top o

L (crflgggsrid]ﬁ\gﬁ‘gséggl %iiai-n%%@,e d@)ﬁ %lﬁ& I‘gé\r@@(gﬂ%lﬁgﬁié‘hn internal

above the |iquid outlet bet en t.he /[ 3)
with & BHmBRE of S18GPs e SBish RRTDALS haing Lfkg s Ak ﬁ‘gvmg 2
distillation colum andthe(2n/3)th age fromt
pluralify 6f holeScand: Whikl MONGr- 548 0asselIhd BAVIRG Aminside
and 15 noreover nust be nmade to satisfy various
diametedidi (o) at the tap iof thie cotumncar iy abuupper paitipn of the
distillation but also reaction at the sanme tinme so as
colutrin nzaratd thé dopr adligeidoetietadlhaving dresssideadidmeter d;
/ hr of the dialkyl carbonate and/or preferably not

(cm) ﬁﬁ%héfﬁﬁlténﬁof ®he/cdlundh driin dilewert gbition fo¥rthe column near
prol onged period of tine. Note that FIG 1 is nerely

to tl'?ﬁo%ﬁ ?%B@an‘éf le&eir'gef‘tS' {5‘0‘3&? R?H{lidecﬁbw&w the gas

ation col um accor I Ng e present

@&n g j-
oune{ {Jbfben 10 32l PR BIPEIER s ot pun-sace
dishfl%?ltod'ggoﬁ.frggﬂ%\a,— “"Sttiildeg%rlogﬁ tﬁ lyﬁp?%ﬁgrgéﬁ] nuous
conditions fromthe perspect [ ve of t he

multkistage distdlatiomeolemn, Aad aitleas tQ“I't%éeGQM nighs ) and
conbined with conditions required to make the rea\gtl on

4 (apb)qevidedalyove thedidqilighoutlet A)betweersthenin/3) ™ stage from
conversion and high selectivity, specifically the

the fop lofwhegcontinubes wadtisstagd dstjliation lvolammi amdotle (2n/3)'"

mul ti-stage distillation colum, (1) the length L
stagecfibns 2hiesfdpeof the écﬂ’it‘iﬁ'héuélrhulﬁ-s%é@@i distillatfs¥eoldmn, 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 dialkyl
carbonate and/or preferably not less than 1.3 ton / hr of the diol stably
for a prolonged period of time. Note that FIG. 1 is merely one
embodiment of the continuous muiti-stage distillation column according to
the present invention, and hence the arrangement of the tray stages 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

distillation function, but rather these conditions are combined with

conditions required to make the reaction proceed stably with a high
29
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jnside dianmeter D (cn) of the colum satisfies
AOSC}(Iﬁ‘QP?ma (2): 180 :_ D5 2000 (2), (3) a ratio of
the length L (cn) to the inside dianeter D (cn) of the

10 colum satisfies the fornmula (3); 45L/D:_40 (3),
(4) the nunber of stages n satisfies the fornula (4);

contfgsg g R AAEHRY, et Ay opese

. . of the gas outlet satisfies the fornula (5); 3 5
sat"%&?@-dt .20 (5), and (6) a ratio of the inside

di t D . of th I tq.t .l NS di t
a2 (aLig b caatinbousamlfdmae distifation Sialith 5) . -
550/ d2530 (6), 20 (b) the starting materjal cyclic
caBdrhedengthdnfemicerlisfies thedarsuda Gt ¢ he

continuous nulti-stage distillation colum from at
| east on@H30 & Li< 800! et provi ded befd¥een the 3rd
stage fromthe top of the continuous nulti-stage
di {RjIthetinside diamemrdt(cen) of 3he "caluaye satisfies biee formula
top of the continuous nulti-stage distillation colum;
(2); 25 (c) the starting material aliphatic nonohydric
al cohol is continuously introduced into the
continuous mul Yigplage dggd | | ati on  30yA0501 VP75/ KAN
colum from at 1€aSt oné sald second i hl’ét provided

corlt) L5008 A1 the 1 gk REThERSIFE dlamigfer R fem) of the
ool sHghgh T SO, Bt s e
rati o of a‘tray‘(:1r isnftlatl)lsegonot | ower th?;?),a st age
(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/d; <20 (5), and

(6) a ratio of the inside diameter D (cm) of the column to the
inside diameter d; (cm) of the liquid outlet sat_isfies formula (6);

5<D/d>< 30 (8),

(b) the starting material cyclic carbonate is continuously
introduced into the continuous multi-stage distillation column from at
least one said first inlet provided between fhe 3 stage from the top of
the continuous muiti-stage distillation column and the (n/3)!" stage from
the top of the continuous multi-stage distillation cblumn;

(¢) the starting material aliphatic monohydric alcohol is

continuously introduced into th'e continuous multi-stage distillation
30



10

15

20

25

d”h?? cyclic carbonate is introduced is in a range
Aosof ?QWSto 10% (e) an aperture ratio of a tray
install ed not higher than the stage where the cyclic

carbonate is introduced and not |ower than a stage
where the aliphatic nonohydric al cohol is introduced

coluhin Fibrl ARRERB16NE 'SHH déch@diletaprbviibdbetweehune (n/3) "
ratio of a tray |nstaI | ed not higher than the stage

stag%ﬁ&ﬁ*r e tﬁg A rom Wﬁ%'rﬁg@\-“sﬁ%@é distitiak d?'P'HBﬁS’mn and

In a ran at t e term

TS A T PR A e

nmeans the portion fromthe top of the colum downward
colugtif ar as approximately 0.25 L, and the term "the
bott om of the colum or the Iovver portion of the
col{(dimamapertwre ratipnf atraydastaliat nedlowme Maﬂrﬂtw@ge
bottom of the colum upward as far as approximtely
whefe 2belcydiio earbahate isldhtroddiced ibava range s ﬁeme 5 to 10%;
di scovered that by using the specified continuous
mul(ke) -z aperti ®d raietofoa teay unstdifed noitrhighardtiasl the stage
satisfies the formulae (1) to (6), and in which the
whefé ‘%hé'%ﬂcli‘@bﬁrbéha%f‘ié'rﬁtr%i‘ﬁh%l:ﬁbﬁdaﬁét |GvepthinCa stage

nmonohydri ¢ al cohol 1 nlets are respectively within the

whe?é’eiﬁbfaI“ﬁ?h%ﬁgrf\%%%%ﬁ?&%’l@ﬁoﬁ@%ﬂro&ﬂgeﬂ%. @ggrr‘alﬁgee of from

ratios O ranges descri

Y he dialkyl carbonate and the diol can be 31
2 tO%’% fr\ﬁWS/ KAN produced on an industrial scale of

preferably not |ess t ton ./ hr, of, .the di Y,
P EoAa abaHare APl mbay Mhtaedsioh hidhes EaR the,stage
of the diol with a high conversion, high selectivity,
whesadhgi glippatigupoinghyd rs@ abeghok s infredycedgisdinarrange of from
of tinme of, for exanple, not less than 1000 hours, 5
1.5 to &%rably not | ess than 3000 hours, nore prefer abl y
not | ess than 5000
Note that the term “the top of the column or the upper portion of
the column near to the top” used in the present invention means the
portion from the top of the column downward as far as approximately
0.25 L, and the term “the bottom of the column or the lower portion of the
column near to the bottom” means the portion from the bottom of the
column upward as far as approximately 0.25 L. Here, “L" is defined
above. |
It has been discovered that by using the specified continuous
multi-stage distillation column that simultaneously satisfies the formulae
(1) to (8), and in which the starting material cyclic carbonate and
aliphatic monohydric alcohol inlets are respectively within the specified

ranges described above, and the aperture ratios of the tray satisfy the

ranges described above, the dialkyl carbonate and the diol can be
31
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m the cyclic carbonate and the aliphatic
AOSOB&%%??/M!@ al cohol. The reason why it has becone
possi bl e to produce the dial kyl carbonate and the
diol on an industrial scale with such excellent

effects by inplenenting the process of the present

prodg%ﬁnghoéh li8d 08fri&l Q??Ie B¥lprefembly Adk %ﬁ@ﬂﬁﬁ’ 2 foR9 hr of

a conposite effect brought about when t he

the agn&g S8Rt RER AR §ﬂeraﬁag%<rﬁau cufd 4388 AP of the

t ages teri a
diol ﬁbﬂ%ﬁ%@”h%ﬁﬁv‘eﬁ?m%?ﬁns Selethdty. 2 %%eh‘ P qyctivity stably
for aﬁ?‘eﬁ%@hsﬁ?{@%ﬁlme af, Qegnetﬁéjinlp 3336.'1;3%653511136%\0w5

rati o between the total area of openings in the tr
preferablygrot laascthaa3 0 hausi amees psateratiy nqieleﬁSewan 5000

the tray having these openings therein. Note that for
hours, ffram trevcyglie canlyorater apdrthieoaliphiatic morohyfdricialcohol.

portion in which bubbling substantially occurs, i.e.

The e¥akosi WEKZQ Ha¥beevnee Fsdiblé teproduderitss daalktyrne:arbonate
area of the tray. The present invention relates to a

and t e Ilb?’%ndéﬁtlhldlb@thﬁp sgﬁié“%ﬁth RucHe%BeNeht ¥ffects by

ation 1s carried out but rather reaction iIs

lmpléﬁ{aémt?ﬁgqsel ﬁfo??ﬁﬁg# eg'nrtLBrg?? iy nvcgbﬁ' rOBut this is
t hi t has been d| overed t.hat d|t| n
suppes {5 e 931&@ AoPAARPIL e f%ct(%sowﬁabgm. a fhe
ortant to make the t ages of th startln
00"4'?{9!98&% PRMEIAE 4h) t@r(é)asmtqpr ifigns,end etﬁf@s%?vfttbe
32 A0501 VP75/KAN in the above specified ranges.
startmefraateftial inlegesandrthenconditiension: theapsduse ¢atios of the
descri bed below. If L (cnm) is less than 2100, then

trays leecoombinedn decreases and hence it is not possible
to attain the desired production anmount. 5 Moreover,

t 0 THRe e AV ENEp SftUre Taio 603heVRal® useelin fite resent

conver si on
invention means, for each of the trays in the multi-stage distillation
column, the ratio between the total area of openings in the tray through
which gas and liquid can pass and the area of the tray having these
openings therein. Note that for a tray having a downcomer portion, the
area of the portion in which bubbling substantially occurs, i.e. excluding
the downcomer portion, is taken as the area of the tray.

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

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

stages of the starting material inlets and the aperture ratios of the tray be
32 ‘
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' he desired production anount to be attai ned,
Aoscﬁnﬁﬁgbng%ﬁrmde to be not nore than 8000. A nore

preferable range for L (cm) is 2300 L<_ 6000, with
2500 < L _< 5000 being yet nore preferable. If D (cm
is less than 180, then it is not possible to attain

in th&hsbﬁgﬁdgﬁééﬁﬂa@;gggggl on anount. Mreover, to keep

e equi pnent Tost while attaining the desired

Sg%‘f%%p P%J‘Q%g rfgg'mﬁt &&é@ E)Qfﬂﬁ' n8|te giRc ?IB#%GMW

DI, (din} s flegs han, 2100, thegPg, X?ﬂgﬁpégn §8EFEE04€ and

st abl e operation 15 becones difficult. In particul ar
henge i iy nptippsgibia o attain the degired REC HFEQ@uFE‘OU"
di fference between the top and bottom of the col umm
Moreevenco keep dowat thenequipmantpecosiowddle seauring a conversion
operation becones difficult. Mreover, it becones

enahslhéngstherdesbeunprc&hwtimheameumnatblemttaintelde L oveest be made
portion of the colum, and hence side reactions becone

to beirfdt mdre Q800 bA' Qt'réq:r%tfeﬁéb% Idé?ﬁgéaf%? L feids 2300 <
selectivity. A nore preferable range for

L < 860! B0 240 </ L bRSCPBBRI el Shor® rﬁg?éﬁaﬁﬂbab' e. If

I'S Iess an~1 ecreases and

t. d
b Qﬁﬁ%éﬁshs"g#%%tﬁ"’aiﬁ 1355 tb%w@ Bulet BG5S i) attain the
desiffl DPAUGREMPUnECT M SRInt eaﬁ%ﬁﬁ#ﬁ%éﬁgnmrﬂem cost
nmust be made to be not nore than 120. Furtherm)r '
whilg ?@am@ﬂt'&e ﬂﬁ&ﬁeﬁzgfodﬂéﬂoﬂh%"\ﬂ%s@ aushb Rd!?@ife t° be not
VP75/ KAN di fference between the top and bottom of the

moredham2088oneA move gprefierablantangador b bcmjde&&ﬁaa[bs 1000,
operation becones difficult. Mreover, it becones

withr2tess & x 800ibeingaget hivrd prpfgrableée in the | ower
portion of the colum, and hence side reactions

CRAPEE| IS mancter gter R 48ption asle dgraton
becomes difficult. In particular, if L/ D is greater than 40, then the
pressure difference between the top and bottom of the column becomes
too great, and hence prolonged stable operation becomes difficult.
Moreover, it becomes necessary to increase the temperature in the lower
portion of the column, and hence side reactions become liable to occur,
bringing about a decrease in the selectivity. A more preferable range for
L/Dis5<L/D<30, with7 <L /D <20 being yet more preferable.

If n is less than 10, then the conversion decreases and hence it is
not possible to attain the desired production amount. Moreover, to keep
down the equipment cost while securing the conversion enabling the

desired production amount to be attained, n must be made to be not

more than 120. Furthermore, if n is greater than 120, then the pressure
33
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, Wth 40 < n <_ 90 being yet nore
Awoa%‘%&%%&g. If D/ dl is less than 3, then the
equi pnent cost beconmes high. Mreover, a | arge anount

of a gaseous conponent is readily released to the
outsi de of the system and hence stable operation

dlffeFﬁﬁechﬁetWééﬁ ¢Hb!to glg nhfb@ttbrﬁI of'tﬁengFi{arﬁng ut?}é@(@m& too great,

€ gaseous caomponent dr awa econes

h co
and hnie Hotbnghl ﬁﬁ#@'svéﬁgiaﬁé ?é%g@”%sa{i RIS HEteover, it
I S brou ht about. A nor ref erabl.e ran f
becqries Be¢R3se(y [0 ingreds (g tEmpsyatyre I the P%‘@PHM&P" of
nor e preferable 15 1f D/ d2 is |less than 5, then the
the cojumnepndchencacigpcieattipns basamediabiento Mcq?wdbf'ngmg
wi t hdrawal anount becones relatively high, and hence
about atdecreasenin the selestivityi f fA coore prefeyablgrange for n is 30
greater than 30, then the flowrate through the:

< n £i1000,0witht 40t< and 90 bieing hestomeseepefesable.y fast, and
hence erosion becones I|able to occur, bringing 20

abqpp sv@nnesue%% ﬂfaﬁ he tﬁenanfé bauuﬁmmftamteﬁecam@s high.

range for D/ < 25, with 9 <D/ d2
or G 518 S €8 BT o st

the QBLs‘?dg & ﬁ{é‘@&%t%ﬁm %n@@%r‘% ggétg@ggg[-‘&ué@g Heldmeq) gifficult.
1 0 TR B V30, 165, 6% BBl SRBTLIAGH AFRwa

installed 34 A0501 VP75/KAN not |ower than the stag
amownd rhecomesyialatively lewagsd benger %tﬂhieopmatloweqpfaes
range of from2.5 to 10% the aperture ratio of the
difficuldy anidnstceriowér andieciiegherint then comvessiaye isbeoughitabout. A
cyclic carbonate is introduced and not |ower than the
morémeferdisiecrdmge dor [ dtd Cis@noly didc<afFohith $x B / dy < 13
i ntroduced nust be in a range of from2 to 8% and the

 beindPgét wisrd préferable.

If D/d;is less than 5, then the equipment cost. becomes high.
Moreover, the liquid withdrawal amount becomes relatively high, and
hence stable operation becomes difficult. If D / d; is greater than 30,
then the flow rate through the liquid outlet and piping becomes
excessively fast, and hence erosion becomes liable to occur, -bringing‘
about corrosion of the apparatus. A more preferable range for D / dz is
7 <D /dy <25, with 9 <D /{d; <20 being yet more preferable.

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

1<dy/dy<5 (7).

In the present invention, the trays must have aperture ratios in

specifiéd ranges. Specifically, the aperture ratio of the trays installed
34



the trays installed not higher than the stage where
AOSQ1\EPZPKMYt i ¢  nonohydric al cohol is introduced nust
be in a range of froml1l.5to 5% |If one of these
aperture ratios is less than the specified | owner
limt, then the apparatus becones large relative to

ot M B, S R Db Sy A Piped must

.time increases, .apd hepngce side reactions 4. .

be if GmEanGs FraBbR b | DincieAPsr bire:falie o Giyftays installed
unreacted cyclic carbonate) becone |liable to . occur.

not highasthan the gtager whesedhspeyelic carhonadeis l@ﬁ&d@?ed and
than the specified upper limt, then the residence

not ldwer thapdble stage whereathes aliphaticc menckydric algobal is
of stages nust be increased to attain a high

5  introduoed shost bandh ahvangeef frovdl 21te 8%s andd¢heaaperurerratio of
when n is large arise. For such reasons, the aperture

the ’\f/\rh%é/irsgin%ftatlaﬂ ASPHRgheSifan WHeagd Wiirel i aliphaticge

the cyclic carbonate is introduced is 20

by f O riakl 0

morBFFIFAIGAAL & IF8REEe Hi bd o WhaRRE RIS 5%
tra installed not .highe : :

it ong B Xpeas, BBrES ti Foiret hahdhie P ERSE Fher, fuit. then
stage where the aliphatic¢ nonqhydric al cohol i .

the AnpagatishacoTearleraseiative 46t e v iBRcRrouctign amount,
7% nore preferably from3 to 5.5% 25 Furthernore, |

10 andthenepdheequipent spstiheaames high. al Maregyernth@desidence

than the stage where the aliphatic nonohydric al cohol

time indéneasedy cnd ite nuesidabactidhsAB QL avFFacHoN between the
range of from1.8 to 4.5% nore preferably from2 to

reaction Iprodiet fiesamd Lnveatied cyetchcdnbynate)tbédcomealiable to
| east three types of aperture ratio, being in three

occhPNEMSHRoVERd if BAB SNthe¥epRirtie TaBosSsagieater than the

d
inlets for the two starting naterials. |In each zone,

spe{:ir?geyd: ,u%g)férﬁrla‘ﬁ&?td rtft#g\:’tm?\rﬁegﬁﬂeér{@e $NE ih¥adh tray ddtfeases, and

15 hence the number of stages must be increased to attain a high
conversion, and thus the problems described above for when n is large
arise.

For such reasons, the aperture ratio of the trays installed not

lower than the stage where the cyclic carbonate is introduced is

20 prefe'rably in a range of from 3 to 8%, more preferably from 3.5 to 6%.
Moreover, the aperture ratio of the trays installed not higher than the
stage where the cyclic carbonate is introduced and not lower than the
stage where the aliphatic monohydric aicohol is introduced is preferably
in a range of from 2.5 to 7%, more preferably from 3 to 5.5%.

25 Furthermore, the aperture ratio of the trays installed not higher than the

stage where the aliphatic monohydric alcohol is introduced is preferably
35
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C iffering, the aperture ratio of trays in an
AD5QJ§2§7g&gﬁ%ion of the zone is preferably greater than
the aperture ratio of trays in a lower portion of the
zone. In the present invention, the aperture ratio of
the trays in a zone 10 in an upper portion of the
: ' f ar Ve dzh r t he
in a [8hUBTLt frof 8@ /o0, mbREprafeRibg BT td 496,
portion of the .col A multl- i.stiLklaLi
Col iife Bresdiitinifiifia. Rt tray TRYE ey bt 18hsPForee types
preferable for, the follow ng re| ati hip to be
of apatiuse fagio. baiag 1t threq Zones dpaed P ghe-another by the
aperture ratio in mddle portion >_ 15 aperture ratio
stages obthe inletsifor therwe starting snatgfdalsst aln each zone, the
operation” used in the present invention neans that
apertpee aationmeaanbeetheasaimezl foualicohthe doays yotr may diffeady In the
state based on the operating conditions with no
casd bPQflffaging e agertmbomii@@fdi'ap‘s fhren uppear peitdon fafrthe
not | ess than 1000 hours, preferably not 20 | ess than

zoné”aﬁ%% rB‘f”é‘ﬂéaz%lgmeﬁaég? thanatMe/ a?%{rtdr%sﬁaﬁbdﬁ #4899 inoanswer

pre amounts o he di al kyl carbonate

dj can be produced while maintaining a high
pon@%ﬂ&%?@?d%gﬁﬁigh selectivity, and high productivity.

A characteristjc feature,of the ' ' Is
tndf Wi papseR} fnvasfith; 1fe AdSREE TREC HEHTE 1tk i a zone
. _produced stably for a prolonged, period of tinme_ each
in al;uppeR GRTYENes: the CHIURN (5 Brefarably ihersamgnas of dreater
productivity for 36 A0501 VP75/KAN the dial kyl

tharcthe apartuts ratio okthe trays i @ozonern adaweargportion of the
productivity for the diol of not less than 1.3 ton /

‘column. The miikti-sjdge alistilationacolume idiprefesakblynused. It is thus

preferably produced in an anount of not |ess than 3
particUlariyprefiabl@fol ¢ré follevihgOrelhtionship to be satisfied:

respectively, yet nore preferably not less 5 than 4
apef\tg?ggr\#g{c: Mpdr pEaton RABpeérfureCratio ih rhRFABCHOMEOY >
aperture ratio in lower portion. '

The term “prolonged stable operation” used in the present
invention means that operation can be carried out cdntinuously in a
steady state based on the operating conditions with no flooding, weeping,
clogging of piping, or erosion for not less than 1000 hours, preferably not
less than 3000 hours, more preferably not less than 5000 hours, and
predetermined amounts of the dialkyl carbonate and the diol can be
produced while maintaining a high conversion, high selectivity, and high
productivity.

A characteristic feature of the present invention is that the dialkyl

carbonate and the diol can be produced stably for a prolonged period of

time each with high selectivity and preferably with high productivity for
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anot her characteristic feature of the present
A0SO \YBAPMMNi s that in the case that L, DL L/ D, n, D

/ di, and D/ d2 for the continuous multi-stage
di sti Ilation colum satisfy respectively 2300 <_ L:5
6000, 200 5 D <_ 1000,

e S e B A 043 L SR o

ton /., hr not es n 3.5 tqn r .
the giolafenat !ﬁéﬁ“g {Jgn ¥ hing Tw'&? qséb%yqt‘f%ff‘?%agetéﬂg/the diol
hr, preferably not Iessthan195to nﬁe‘
are mcerﬁeaamﬂeyahw predycesain ap. Wt/ofhn%iesm ans? tead hr
be produced. Furthernore, another characteristic
and fnottless thfan Ne9Hrtesehhr irespectively,syehmorenpreferably not less
that L, Db 15 L/ D, n, D/ dl, and D/ d2 for the
tharcartompavamdinot-lessahai 26 ltoat/ bnrespeactivebat i Moreover,
respectively 2500 < L <_ 5000, 210 <_ D <_ 800, 7 <_
anothdr &étact%‘?ls"tﬂfié‘aﬁﬂ@ SFtH¥ present andeAtiol i$2thalin the case

not | ess than ton hr, pre rably not less than 3.5

that! 0203 Lg{ ”r?r B PHS! ?hﬂbbyl 49% ﬁé éc{}ﬂﬁh&ou%%uhﬁﬁaﬁé

car bon and f 'ess

ef erab not | es t,0
distiifaticy %‘ik}mﬁb%ai%g% r?ﬁaﬁcﬁvgw‘ 2300 <P g0, 2 & b 5 1000,
ed The "sel e t| [ eac [
5 < D5 Borctls 50 i Wi 41D | Ho SIBa a0 75 i <287 hot less
based on the cyclic carbonate reacted. | n the resen ﬁ
than Rvetenohhr, apmfgﬂiabbf aetiless than Aden &£Bs moLR pERfecaply not
generally 25 be attained, preferably not |ess than
lessOtttan o6 dopr herafithe dialkybcarbonate 9ang nok lessethan k6 ton /

"conversion" in the present invention generally 37

hr, peFetabfy’hbtieks nHanat &5 tdw /dycimore proferdidy not less than
conversion, in the present invention it being

2.2 P@ﬁSﬂ B 8f tRe HE caiREbEYSioduced DOFirthéRNyFe SanBthSH
not | ess than 95A; preferably not |ess than 97% nore

onafSEIsIA YeBRll 52t A ERYin KB GIP I URSE L0 Sogittnac L. .

9&5’;(@ égéb}ef’q(ﬂfl% %ohretheeXESnk% on.f:shﬁ{lﬁ'ﬁ g{dgsé 'd?stlllation
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, notlessthan3tbnl
hr, preferably not less than 3.5 ton / hr, more preferably not less than 4
ton / hr of the dialkyl carbonate, and not less than 1.95 ton / hr, |
preferably not less than 2.2 ton / hr, more preferably not less than 2.6
ton / hr of the diol can be produced.

The “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
| 37
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invention that a high conversion can be '
AOS(E{II%E?%?%@ while rmaintaining high selectivity in this
way. The continuous nulti-stage distillation colum

used in the present invention conprises a tray colum
type distillation columm including trays 10 having a

mdr@él‘érsajcm%?éy%flichgéﬁfmﬁtet ESn\:BF?H?‘F"m tﬂ%ﬁ tEEENt inyention it

e present | Avent | 0 nmeans

veirffgbgelde (i B gho Sl EBLREHREEbR SRR, pftoce than

| es f the tray in de a bubbl_e-ca
95%, ipderany, n t?ewtﬁaf\ré% mos8 RTRErablY N E’(%? fnan 99%,
tray, a counterfiow tray, Uni frax tray
yet e;\m@r preferably nof Igagitha 99a§/% eﬁtuhmom s\ﬁﬁfefablvmt less
grid plate tray, a turbogrid plate tray, a Kittel
than 88y9%r tthis bnkeof the exeetlasd Ghmmataeisﬁcaieatuseagﬁsthe
in the continuous nulti-stage distillation colum in

preséntcin vertiorn ahat wshighs coavepsizreoanabe rmaittainedovhile
substantially does not take place (e.g. stages above

ma|ﬁf§1nﬁ’i SigAtsMBictity ' Bkalvy ?hel s introduced), a 20

distil at| on columm™in which se stages are packed .

W tfh@%ﬂﬁuo?s%uﬂl ﬂéh' d gﬁ‘&%ﬂ‘i ol UQEd&W H-l’%present

havi ng ray portion an portion pac

. ackin | so refer S

invetiort fothPHisehca AV g a%mfbﬁvéﬁ AiftiEo8 C@ﬂiﬁ‘jncg‘d'"g trays
ring, a Lessi ring Pal n saddl e

naving § pfurahiicd hales as ihpanteral s Thedesm SAtaLTAY diped in
or Heli-Pak, or a structured packing such as Ml | apak

the psapart inveatinp-peans the paste in éhSLdlﬁélﬂaé'éUkpﬁglm&' where
CGoodrol | packing or 38 A0501 VP75/KAN ditschgrid.

gas fand hiqquidrare abtualty iorboghbdntoicontagewith omecdnothehe
present invention neans the nunber of trays in the

Exaefplesodf the ttapinchude atbhebbleeapt trayl asivva traly, a ripple tray,

stages in the case of the packing. The nunber of
a bala"aeﬁary vhie &%@e PLoanteidwtragead GhifrhRitray a

col umm having 5 both a tray portion and a portion

Supfidedirdyt i MirPac kY & HudlWolGa§u D grid plate tray, a

turbogrid plate tray, a Kittel tray, or the like. In the case that there are
stages in the continuous multi-stage distillation column in which the
catalyst is not present and hence reaction substantially does not take
place (e.g. stages above the stage at which the catalyst is introduced), a
distillation column in which these stages are packed with packing, i.e. a
multi-stage distillation column having both a tray portion and a portion
packed with the packing, is also preferabie. E_xamples of the packing
include a random packing such as a Raschig ring, a Lessing ring, a Pall
ring, a Berl saddle, an intalox saddle, a Dixon packing, a McMahon
packing or Heli-Pak, or a structured packing such as Mellapak, Gempak,

Techno-pack, Flexipac, a Sulzer packing, a Goodroll packing or
38




er of trays and the theoretical nunber of
AOS@% f}}d%?’./kgﬁ) the process of the present invention, it

has been di scovered that a high conversion, high
selectivity, and high productivity can be attained if
n stages of any of the above trays are used, but that

Gllt§bﬁ Fid. LOF L FRET Y] t“@vfé}gna ﬁ'n%’@r B, égasaﬁ’du%d in the

comer portion are parti cular Yy goo trays

Pfe%%u FiEntienaneans die, ALPRLEL BTIPEVE in I SR ER AT A ey, and

j eve fra referably has .100 to 1000, hol es

the Fhgotetical phrhehor stagerdnong sragiaf ﬂmgpkafegho{’f e
is 120 to 900 hol es / n2, yet npre 15 prefeirably

numberoh stages n indh em%mra multhgtage distil QEQ\V'eP@B’m" having
that the cross-sectional area per hole of each sieve

both matraysppriiénrand @ portionrpackediwith dheqackingisctivus dhe sum
nore preferable cross-sectional area per hole is from

of the humbercoRtrayst andthepitaforedival rumibed. of stagesin?.
Furthernore, it has been discovered that it is

par Fio¢ qhérdmbdéﬁ of ARkpidsetft PREMtRItVie Hés’ﬂ&e@@ﬁd ig¥bvered

to 1000 holes / n2 in the sieve portion, and the

haR3TRIPESh BRI cheh 0ok ISR Ban be
w4 e Bl P A e e

bove conditions to continuous multi
tray§; SAE| BAYIN9 Bcriaws, PORoR AriE A %@wm@rme@ﬁf‘wn are
i nvention can be attained rmre easily. 39 A
particiigningond ascthe fiavs buterms of thecre! atmrahlpolhetwmn
di al kyl carbonate and the diol are continuously
perforoiated ayd espuipmentscgst.eelti hgs talsodyeen discaveoeditbat each
and the aliphatic nonohydric alcohol as the starting

sievateay preferatilp Haw 100nto N0QGholes i -mt dgdhe sieve portion. A
distillation colum in which the catalyst is 5

morg ﬁuﬁie{égﬁggﬁglghlﬁgr%ﬂ hé6RACHd a2 024 9dioshbldst ¥ yet more
preferably 150 to 800 holes / m2. Moreover, it has been discovered that
the cross-sectional area per hole of each sieve tray is preferably in a
range o_f from 0.5 to 5 cm?. A more preferable cross-sectional area per
hole is from 0.7 to 4 cm?, yet more preferably from 0.9 to 3 cm?.
Furthermore, it has been discovered that it is particularly preferable if
gach sieve tray has 100 to 1000 holes / m? in the sieve portion, and the
cross-sectional area per hole is in a range of from 0.5 to 5 cm®. The
number of holes in the sieve portion may be the same for all 6f the sieve
trays, or may differ.

It has been shown that by adding the above conditions to the

continuous multi-stage distillation column, the object of the present

invention can be attained more easily.
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AOS@‘PW%IKR&”“ nuously withdrawi ng a | ow boiling point
Feaction nixture containing the produced dialkyl

carbonate from an upper portion of the colum in a
gaseous form and continuously w thdraw ng a high
boiling point reaction m xture containing the diol

fropmred %‘é‘?fylﬁ?rébpfh@fprbﬁént]iﬁvéﬁhkbﬁm the didik@tt8rbonate and
form The reacfion tinme for the transesterification

the E?&Céidééﬁoﬁ’l‘frfdcﬁfslg%rdcfhcii@ %f&&ﬁﬁghou@ﬁg %bﬂﬂ‘\# the cyclic

consi red to equ vVera residence

caniy PR 6 SANAE 80 8Bt B s gz%ﬂmg

. on the form of thelnternls 15 in t

intod; FonHLONs.BulHinethas dlslliafioa calum dgevhiahthe catalyst is
amounts of the starting materials fed in, the type

present. QAN GO P UL Heaskion gad, distidlatinn simaltaneaiislydnsthe
and so on. The reaction tinme is generally in a range

columinf continuaugly withdoawing @ edwrizdiling pomtOreadtoon mixture
hours, nore preferably from1l to 10 hours. 20 The

containiig thetprathiced déa gl iceibdapesdrom aR dppet YRatioh of the
the starting material conmpounds used, and the type

coludhfl |ﬁr@l§§séﬁué FSrmC A EEht:nUb‘i:s’l?%Fth@F‘aWﬁﬁ’%f ﬁII%H ®oiling

is generally in a range of from30'to 300 C.

pourﬂfr%faecftﬂm ‘?n&?% %‘Fﬂéﬁuhg efﬁfél'ﬁ)% g:‘i%‘%??f BpetioR &Pthe

I Nncrease reac
rature is too 25 high, then side
colv.{r@ﬁd[’l %A%qtﬂ J&Y1iable to occur. The reaction
rtgeraturcﬁésthu Ereferabl ' range of from 40
e reaclign:time fapibe twmsﬁﬁmﬁﬁetlenamntf%mawed outin
to 200 C, yet nore preferably. from60 to 150 C. In
the presentiventinndstcomsideredrisnequate dpsthe Ryeragedesidence
be carried out with the colunn bottomtenperature set
time of Abe remctiarhiiquiddnChepcentinaiolus muiiti-stage distilldi36n
C, nore preferably not nore than 110 C, yet nore 5

columnf erftpé Yeaetiomtime harigddepending> eltheform of the internals
characteristic feature of

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
starting material compounds used, and the type and amount of the
catalyst. The reaction temperature is generally in a range of from 30 to
300 °C. Itis preferable to increase the reaction temperature so as to
increase the reaction rate. However, if the reaction temperature is too
high, then side reactions become liable to occur. The reaction

temperature is thus preferably in a range of from 40 to 250 °C, more
40
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A05@€?§@Fﬁ§?@§,, invention is that a high conversion, hi gh

and high productivity can be attained
even with such a | ow col unm bottom tenperature.
Mor eover, the reaction pressure varies dependi ng on
the type of the starting materi al conpounds used and

prefEF@bfg)ﬁB‘nﬁ'ﬁd ] o g ﬁ?%\b'ftsfbréfaﬁaﬁ flon?'B0 to 150 °C. In

ature he reaction ressure may be

the gﬂéﬁ?&fnt ﬁ\J&W&ﬁdtﬁé ?géﬁt@e HﬁrthttcPﬁ A b8 cdfri out with the

pressur ke, In"a range o
107 Pa efera fr.om 10 £
co'um%éft ot Ppers teossﬁt%msawﬁsﬂt?& 185.7¢: i diaby ot
constlt ing the cont S multi-st ty Ll at
morg3han 450 USemate prelGPBLEnOt MeEathen 1 10Sheval Mo
nmetallic materi al such as carbon steel or stalnless
preferably nph mererthan 10@ “Gual Aryescetlpat eharpgleristic feature of
carbonate and the diol to be produced, stainless stee
the pseperf anvednion iBXthigtlEhigh anvensign, high sedectivity, and high
detail ed description of the present invention through

prodUEtivibE tan-Becabindd Ve 98Il subheatibancolumatbottom
limted to the follow ng exanples. Exanple 1:

tempePafu r@UO‘ﬁdFEberSﬂ?@ ?eﬂbﬁb:nl pAddSlireCOh H@?d&éeﬁdmg on the

cont | nuous nul tl-stage distillation colum as

tvp%#ﬁhéf%tt‘ hGemarer) RmpRatHsDes A Htfbmfgégagé%"
tra in the n_col u were Si

therghBtheRly. 1% Feieft cemibtaliint s fait oD FoRRtSn

si eve porbl on thereof , of approxi matel(vml 3 cer. The
Presgpiie may g apy af adedused RESsS iR neGval Psesgure cor an

carbonate inlet was in a range of from3.6 to 4. 6%
apptiad piessunee nd as igensradlycin afrange of Lsemi hdoalx $Q" Pa,

not hi gher than the stage where the cyclic carbonate
prefesabht fraancto® tod 0foPal enere pheferatdy fgemm 6f dot 5e10° Pa.

The material constituting the continuous muiti-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.

EXAMPLE
Following is a more detailed description of the present invention
through examples. However, the present invention is not limited to tne
following examples.
Example 1:
<Continuous multi-stage distiliation column>
A continuous multi-stage distillation column as shown in FIG. 1

having L=3300cm, D=300cm,L/D=11,n=60,D/dy=7.5,and D/
41
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i j .G, onohydric al cohol is introduced was in a
AOSOﬁa gggjgf‘mrom 2.6 to 3.6% and the aperture ratio of

each of the trays installed not higher than the stage
where the aliphatic nonohydric al cohol is introduced
was in a 10 range of from1l.6 to 2. 6% <Reactive

ds = iZSWd(# ﬂ&bﬁm '?h37tr; g if t'Fl 8 sltﬁ[ Yo o Eﬁ‘[rFWl?‘eesié%eatrays

orm was con |nuous Yy TOdUCG

eact{h3ving thedde R %ﬁ”?t'ﬁr@%eméieaapagéwgr%Aﬁ)fhﬁ%@%"_ew@?ﬁ§§8| thereof
of aRRIRHRAEER o RnE) AP %%@b?eﬁﬂ%%%#hﬁ by, above

a liquid form (containing 6.66 %by vvecg
a cthmafpmweteuo i waswir @ rangr efifrem, 3 ﬁwh@o/asmﬁ aperture

i ntroduced into the distillation colum frominlets
ratio( 8f baghdoBtlte tpaywiinistalkd nioé Hgher dhagethe stage iwhere the
top. The nolar ratio of the starting materials

cyclicnéasbiesd i imraduced andtndt Riwentitah wstage where the
nmet hanol / ethylene carbonate = 8.36. The catal yst

f.
allpﬂ?tiégy@ﬁoﬁgﬂgic{%%og%lﬂ%ih?ﬂ)d'uo@egwmg?éﬁ?é gﬁhggﬁg’f from 2.6 to

3. 6°/S°éHH't‘?1'Q B?ﬂh‘e”patﬁ&’ ofaé’é’él‘?’ﬂf%tee{r%g%gﬂmsﬁalI?HWHQ’her than

uci ng RE pr essu e, and carryin

he ${265 Biere e 3B '%Hpiif'*%%vaﬂﬁﬂ%g&%aﬁﬁﬁ%c{!ﬁ%ﬁas ina

Thi g cat al yst o tion was continuously introduced
rang,qquflqug h1ﬁst¢?52| @%8-on colum froman inlet (3-e) 42

A0501 VP75/ KAN provided at the 54th stage fromthe
<Reactiym qigtid@dtoym rati on: 0.1 % by wei ght based on

et hyl ene carbonate fed in). Reactive distillation was

card.eZdTont/ koof iethylerie/ canbenatendia liquéd dorm walsumm

bottom tenperature of 98 C, a colum top pressure of

contmsasyichauiadiges s Aty oo sonah it (-2
proviPEd at e 8" 8fagd from the top. 3.238 Ton / hr of methanol in a
gaseous form (containing 8.96 % by weight of dimethyl carbonate) and
7.489 ton / hr of methanol in a liquid form (containing 6.66 % by weight
of dimethyl carbonate) were respectively continuously introduced into the
distillation column from inlets (3-b and 3-c) provided at the 30'" stage
from the top. The molar ratio of the startihg materials introduced into
the distitlation column was methanol! / ethylene carbonate = 8.36.

The catalyst used was obtained by adding 4.8 ton of ethylene
glycol to 2.5 ton of KOH (48 % by weight aqueous solution), heating to
approximately 130 °C, gradually reducing the préssure, and carrying out
heat treatment for approximately 3 hours at approximately 1300 Pa, so

as to produce a homogeneous solution. This catalyst solution was

continuously introduced into the distillation column from an inlet (3-e)
42



ow boi ling point reaction m xture w thdrawn
AOS(PI%Z&??HQ\*OD | of the colum in a gaseous form was
cool ed using a heat exchanger and thus turned into a

liquid. The liquid | ow boiling point reaction m xture,
10 which was continuously wthdrawn fromthe

prov%élg dt! ﬁ'{é BUCQtAU® fAdm ﬁéﬁ%t K cBhcemPritibned. 1 %

9 ton hr of~ di net h car ona e, and 6.549 ton
we:im t?%%?&tcﬂf%?bylﬁé cgg%ﬁﬂ%gé'gkﬁuﬁgglzyﬁ%%f:gl%adﬁtlflIra‘iIBn was
carrjedplsCansiipgsly Undes sedifianeo st - Felifapdud cne”

: carbonate. 15 Excluding the dinethyl_ carbonate 5
temperatairacef 98 ‘tGheaalimmiopRassare o appseximately 1.118x10
produced anount of di nethyl carbonate was 3.340 ton /
Pa, and arreéfluxxcatidiofg04% et hyl ene gl ycol contained in
the catal yst solution, the actual produced anount of

et Hy veae poisgible taattaiflstabde Steldy tate eposdtéor after 24
carbonate conversion was 99.88% the dinethyl

houar PANRYE b%@liﬁ?';ﬁﬁh‘t\/rbhthﬁﬁnﬂﬂtuﬂdéﬂﬁtﬁdramﬁﬁbrc&&%hemdp 1 of
the ethylene gl'ycol selectivity was not |ess than

o P
the 83 éﬁﬁﬁ" in é?é’é@@ﬁ’s ¢8RN ﬂ%%??g?%%%ﬁ@ a)"'ﬁéa?%(dl’?ﬂjné?élﬁ and

t hes condi t1 ons 2000 hours,

o R, 0802, AR AU e
ton 34 t on, 34 res tivel
whidhiag ﬁ@fﬁmuo%ﬂyb\sﬂﬁfléawg\q Sn dne 3@3‘?'”8;5 ofp gofuppnat 10.678
ton, and 2.301 'ton A0501 VPY ’é%\'
ton! é'sfp@@ﬂit%@%ﬂ 14@12%ttﬁw éhé@qﬁmthvﬂm@r tenand ton /
carbonate conversions were respectively 99.90%
hr ofgnetianeb. 8adiquid. eertinuntisty vaghdrawe florrethglbottom 2 of the

carbonate selectivities were respectively not |ess

colurhinmatod. 3824ondtht esntaineah299563%n hhr dfesthyléne glycol,
99.99% not | ess than 99.99% ‘and not |less 5 than

1.0RP188% hatd rhBeh&hbY| 7@ OkycPhr o eRidadtedestivieme carbonate.
respectively not |ess than 99.99% not |ess than

ExcRHiAYhd'AimetAyI EafboRate Yntitied 7 the starting material, the
actual produced amount of dimethy! carbonate was 3.340 ton / hr, and
excluding the ethylene glycbl 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 99.99%, and the ethylene giycol selectivity
was not less than 99.99%.

Prolonged continuous operation was carried out under these
conditions. After 500 hours, 2000 hours, 4000 hours, 5000 hours, and
6000 hours, the actual produced amounts per hour were 3.340 ton, 3.340
ton, 3.340 ton, 3.340 ton, and 3.340 ton respectively for dimethyl

carbonate, and 2.301 ton, 2.301 ton, 2.301 ton, 2.301 ton, and 2.301 ton
43




% and not |less than 99.99% Exanple 2: 10
A05f5:12§@?839§f§i stillation was carried out under the
foll owi ng conditions using the same conti nuous

multi-stage distillation colum as in Exanple 1. 2.61
Ton / hr of ethylene carbonate in a |iquid form was

o BEHTHT oy 08 FVEGE B k2o 4 B BT were
BBl 798, Babop o8l ng% 50 b aRBSCEs Muyimetny

and 4.227 ton ./ hr of nmethanol in [iquid far
carbanaie-seiacdivities WeEs raspgrtively dlq{gﬁﬁ?ﬂ%%%%o%%) not less
were respectively continuously introduced into the
thand8t99Yatnehleasotham 99.98% heot dess $hap- 99 HRf43-and not less
provi ded at the 300h stage fromthe top. The nol ar

5 thamr 80199%, amd theaethiylgnesglycichiseleativitiies wkrientespéetizély not
distillation colum was nethanol / ethylene carbonate

lessthan’89.99%, Kot R3S thaADIRYL! adtdebbeham®9288%) not less
Exanple 1, and was continuously fed into the

tharfl09t 6OYALA08 Y 1WER tRAReY Y9ogli Stillation was carried
out ~ continuously under conditions of a colum bottom
tenperature of 93 C, a colum top pressure of
approximately 1.046x105 Pa, and a reflux ratio 25 of
0.48.,.1t was possible to attain stable steady state

ExaB‘HéPa?i on after 24 44 A0501 VP75/KAN hours. A |ow
boi ling point reaction mxture w thdrawn fr the top ...

10 1 dreacH¥ecgistillation wamsastied euhipderha gfgfl%m cgnditions

heat exchanger and thus turned into a liquid. The

using the ¢ame dooitinwgusanoititséagei distilkatian solumm 8B iRaExample
continuously withdrawn fromthe distillation columm at

1. .87 Tondrhihof etbyleaienedrBofate on d liquidfodmnwaisytontinuously
carbonate, and 5.33 ton / hr of nethanol. A liquid

mogieaute g Cosm e bl drproged a e
5t LYY ftn th¥cRp. 4.233 Ton / hr of methanol in a gaseous form

15 (containing 2.41 % by weight of dimethyl carbonate) and 4.227 ton / hr of
methanol in a liquid form (containing 1.46 % by weight of dimethyl
‘carbonate) were respectively continuously introduced into the distillation
column from the inlets (3-b and 3-c) provided at the 30'" stage from the
top. The molar ratio of the starting materials introduced into the

20 distillation column was methanol / ethylene carbonate = 8.73. The
catalyst was made to be the same as in Example 1, and was continuously
fed into the distillation column. Reactive distillation was carried out
continuously under conditions of a column bottom temperature of 93 °C,
a column top pressure of approximately 1.046x10° Pa, and a refiux ratio

25 of 0.48.

It was possible to attain stable steady state operation after 24




10

15

20

25

hr of methanol, and 0.2 kg | hr of
Aos‘hwygggh@g'qet hyl ene carbonate. Excluding the dinethyl
carbonate contained in the starting 10 material, the

actual produced anmount of dinmethyl carbonate was 2. 669
ton / hr, and excluding the ethyl ene glycol cont ai ned

noul RSN ¥ bt AR o 1 o
e A YA e 38 BB
g Wooog R 50 53 Bl B e

under these conditions. After 1000 hours, 2000 hours,
whicpe@ssonéinuais!sosghdsaws, from dhedistillatian cedemn at 8.17

anounts per hour were 2.669 ton, 2.669 ton, 2.669
ton/hgnconatain2d6?2 B4 Mnrlelspettdimthyf oarblbnate],yand 5.33 ton / hr of

carbonate, and 1.839 ton, 20 1.839 ton, 1.839 ton, and

methaR3® tsanlIqa@e@mwﬂlwélgrwﬂhﬂybwfr@hﬂtnb béftom 2 of the
et hyl ene carbonate conversions were respectively

colu®¥n W% o g@%l hP8oRtdmedd. 665 8%/ hh%f@tﬁﬁlé‘ﬂé glycol,

carbonate selectivities were respectively not |ess

108880, 'iﬁfj/‘*“@ﬂ*ﬁ A" F 001 o b e Sfyiene
cart?t'ﬁﬁ%"' il ¢+V” R el b5aEs8fale, Eantalidq jf Jhe starting

9% and not ss than 99.99% 45 AQ501 VP75
matggighpiite $otRLPERAHERIGIBONTILGT etragtshﬂ.%ﬁhqrm{eowas 2.669
colum as shown in FIG 1 having L= 3300cm D=300cm
ton [ hp-and, exeluding: tbe sthylene glyqu containgd insthe catalyst
trays in the distillation colum were sieve trays,
soludiorh thes actuahpredosed ssnouot af ethydeperglyciod was t1h839 ton /
sieve portion thereof of approximately 1.3 cnR. The

hr. apaet gtiyleakl Gafowa@ cohvehsion aas 8000%%, aheydimethyl

carbonate inlet was in a range of from4.1 to 5.1%
carfdifat@P8eldttfvity was not less than 99.99%, and the ethylene glycol
selectivity was not less than 99.99%.

Prolonged continudus operation was carried out under these
conditions. After 1000 hours, 2000.hour's, 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,
1.839 ton, 1.839 ton, and 1.839 ton respectivély for ethylene glycol, the
ethylene carbonate conversions were respectively 99.99%, 99.99%,
99.99%, and 99.99%, the dimethyl carbonate selectivities were
respectively not less than 99.99%, not less than 99.99%, not less than
99.99%, and not less than 99.99%, and the ethylene glycol selectivities

were respectively not less than 98.99%, not less than 89.99%, not less

than 99.99%, and not less than 99.99%.
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{ ach of the trays installed not higher than
Aosqfhdihi%@ﬁmhere the 10 cyclic carbonate is introduced
and not |ower.than a stage where the aliphatic
nmonohydri c al cohol is introduced was in a range of
from3.1to 4.1 % and the aperture ratio of each of
the trays installed not higher than the stage where
the aliphatic nonohydric al cohol is introduced was in
Ex qgge of from2.1to 3.1% 15 3.773 Ton / hr of
a@Mﬂ? ne carbonate in a quuid formwas continuously
i nt oduced into the distill n colu fromthe inlet
e Gardinyeus mult H@t%%é g'@tﬂ*b rPlun 3p shpwngn FIG. 1
Ton / hr of nmethanol in a gaseous form (containi

n

haviggolz =:33006enyhD 3300 es.hlI/ RaF Hdna & 6an Ishmigﬁonnd D/
/[ hr of nmethanol in aliquid form (containing 6.65 %

d; =by2 weaghiset ofThdi tratylsyin thee lbstitlajionecelumppeete sééye trays,
continuously introduced into the distillation columm

each mvihethe brdss{s2Ricul Sredd perdvoléeth the idievédrtion thereof

stage fromthe top. The rmlar ratio of the starting

of aHBhEHn@ ﬁel‘yn‘l WEH\@‘?d Tﬁ%% éhﬁré'r&ﬂd bﬁte'a%'l‘\ 6P'th‘€rtré€\?§ above

ano et hyl ene car cat al yst

a cytfic c??quoﬁ yebggfe?%vdél i (?af%haai%fﬁﬁln? 41’1 t?:ng Y45 the aperture

contl nuous ['ati’on col unm.

SRS o AT PR AR ra RS S o e
cyclbrpﬁagﬁplﬁg?%lly\@rmaﬁg hahiower hata sipgs where the

0.42. It was possible to attain stable steady state
alipbaticanomohydrie ataohabis intreducadpeasi inga geinge of from 3.1 to
reaction mxture withdrawn fromthe top of the 5

4.1%oamhthe apayiemuatibosfireaeh chtiedrays installeshhot higher than
exchanger and thus turned into a liquid. The liquid

the bm@whemtﬁélmtpﬁm@&h@ﬁoﬂ?dﬂﬂ glconuicig intBsduced was in a
conti nuously withdrawn fro he distillation columm at

rand@off%réﬁpzlﬂib 3 qepnt ai ned 4.764 ton / hr of dimethyl
carbonate, and 7.556 ton / hr of

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 5'" stage from the top. 3.736 Ton / hr of methahol in a
gaseous form (containing 8.97 % by weight of dimethyl Carbqnate) and
8.641 ton / hr of methanol in a liquid form (containing 6.65 % by weight
of dimethyl carbonate) were respectively continuously introduced into the
distillation column from the inlets (3-b and 3-c) provided at the 30" stage
from the top. The molar ratio of the starting materials introduced into
the distillation column was methanol / ethylene carbonate =8.73. The
catalyst was made to be the same as in Example 1, and was continuously
fed into the distillation column. Reactive distillation was carried out

continuously under conditions of a column bottom temperature of 98 °C,
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t A liquid continuously withdrawn fromthe
AO5C[§§YP2%Nt he 10 colum at 3.902 ton / hr contai ned

2.718 ton / hr of ethylene glycol, 1.17 ton I hr of
met hanol, and 4.6 kg / hr of unreacted ethyl ene
car bonat e. Excluding t he di met hyl carbonate contai ned

a co\@hﬁhﬁoetih?ﬁgén ona mmngﬂ%éﬁCWBkaﬁé‘cgﬁdWFux ratio

car ton
of 0?;?' udi ng the ethylene glycol contained in the
al yst solution, the 15 actual produced anount of

ot ] ke afiate Bl atBay Wbte M atoh atter 24

carbonate selectivity was not | ess than 99. 290/ nd
houtishe Atloy bedling \naint sepstion, mixturg.withsramey rqrﬂaﬁ'e top of the
99.99% Prol onged conti nuous operation was carried out
colummnién a gase2® fommliwaseoolattesingpatheriuexchapger and thus
hours, 3000 hours, and 5000 hours, the actual

turneddmo@ ligquddint Q'hle!iqlmbdlrlowsbeiIﬁ':@%inbneaetiaﬁmmure, which
3.854 ton, and 3.854 ton respectively for dinethyl

wasQ%Mﬂabaslyamn?dr@% FAgm the APstilation ZAbMmA @t 12032 ton / hr,

55 ton respectively for ethylene glycol, the

con AT T o B A4 A 55t b

metﬁ%‘aﬁ?gétﬁégéﬁ'oE%Ww@@fﬂW@B#ES@é‘eﬁéﬁ ﬁhésﬂ?ﬁgh‘%he

condia % YHEh SO0 3 Fodla Bk 3% 14559 LAESs piiRAe Fieor, .17
not | ess than 99.99% not |ess than 99 99% not | ess

ton { harpfomesbanonand -6 kay hhah wresslpd: thylgpe carbonate.

The continuous nmulti-stage distillation colum as

Exchiding fhe HBirgethy! baxbomale-gsdbainedin thestarting-material, the
11,n=60,D/d, =7.5,.andD/ d2 = 12 was used. The trays

actudl proa uted alm@nnoofcnmmmmnete was3s854¢etorh/ hr, and

havi ng the cross-sectional area per hole in the sieve

exclhihhthel Effehe glycol contained in the catalyst solution, the
actual produced amount of ethylene glycol was 2.655 ton I.hr. The
ethylene carbonate conversion was 99.88%, the dimethyl carbonate
selectivity was not less than 99.99%, and the ethylene glycol selectivity
was not less than 99.99%. |

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
ton, and 3.854 ton respectively for dimethyl carbonate, and 2.655 ton,
2.655 ton, 2.655 ton, and 2.655 ton respectively for ethylene glycol, the
ethylene carbonate conversions were respectivel‘y 99.99%, 99.99%,

99.99%, and 99.99%, the dimethyl carbonate selectivities were

respectively not less than 99.99%, not less than 99.99%, not less than
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oximately 1.3 cn2. The aperture ratio of
AOS%‘QX??S)?R%IG trays above a cyclic carbonate inlet was

in arange of from4 to 5% the aperture ratio of
each of the trays installed not higher than the stage

where the cyclic carbonate is introduced and not

99. Qﬂ@eraﬁd“ﬂﬂt%% qgswg@g%heaﬁd 'tﬁéaith"}leﬁ@rlﬂwgl Is@lectw.t.es

al cohol 1s introduced was |narangeo from 4

wer tsbHt e@nﬁﬁ*'%ﬁ (Y 99Ppe% o e%%@?éﬁi’%%gg%- not ess
' ' | duced
thaféhg@ggl,can& r| c a c;& bgfs i ntroduced was in a

%46 Ton / hr of ethylene

carbonate in a I i qU| d formwas continuously

introduced into the distillation colum fromthe inlet

(3-a) 20 provided at the 5ch stage fromthe top.
Exampie2Ton / hr of nethanol in a gaseous form

(containing 8.95 % by wei ght of dinethyl carbonate)

andT hé td¥@nwous /multi-stagetdistidlation eolimui asfshrown in FIG. 1

(containing 6.66 % by weight of dinethyl carbonate) -
havitgy £ = SFOT chv,eDy= Q00 iomioLy! @ = ntir, afeced, DY dt2¢.5, and D /

distillation colum fromthe inlets (3-b and 3- C)

d; =P¥ 2%55%%9 t hqﬁﬁoiﬂhﬁ ﬁﬂ?h@ §f|ﬁ§hbhecél‘2ﬁnn"w&ré“¥|é‘0e trays,

ratio of the starting nat erla s Introduced into

oactl ULHLer g LSRRI o f&%%-%%ﬁﬁfﬁ*@

th Ex I t
of appaxingtdlyl A Fuiy o he ama ufE xafidlbt 2 PYa'a?iﬁavs above
s carried out continuously ndffar condl t |o ns
a Cy\é\?@!%ﬁﬂ"ﬁfbﬂeerﬁiéﬁ Xa$ dn G 78598 of,fropy i, it 5% “ib? (?é%ﬁﬁtﬁfe ratio

pproxi mately 1.118x105 Pa, and a reflux ratio of

of egcb qgthe trays instadied pot highenithastths stage adyera the cyclic
operation after 24 hours. A low boiling point

carbamate mintraducedvanddretwiowepthaha stagd witere blee aliphatic
colum in a gaseous formwas cool ed using a heat

morfiigeicohd! is gotluceedwiadt ih a rdndjd af fidwy 4iteus%, and the
| ow boiling point reaction m xture,

aperture ratio of e_ach of the trays installed not higher than the stage

where the aliphatic monohydric alcohol is introduced was in a range of

from 2.5 to 3.5%.

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 5'" stage from the top. 7.742 Ton / hr of methanol in a
gaseous form (containing 8.95 % by weight of dimethyl carbonate) and
17.282 ton / hr of methanol in a liquid form (containing 6.66 % by weight
of dimethyl carbonate) were respectively continuously introduced into the

distillation column from the inlets (3-b and 3-c) provided at the 30'" stage

from the top. The molar ratio of the starting materials introduced into

the distillation column was methanol / eihyiene carbonate = 8.36. The
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Obo\'w s continuously w thdrawn fromthe
A05 i ibﬁ%%n colum at 24.641 ton / hr, contained
9.527 ton / hr of dinethyl carbonate, and 15.114 ton /

hr of nmethanol. A liquid continuously wthdrawn from
the bottom2 of the colum at 7.804 ton / hr

catafﬂﬁﬁ%@ﬁﬁa@e“ﬁ?lﬂe"ﬂ\é s'&rméfasemhiﬂﬂfﬁpﬂé VICAnd wae clotrﬁfhuously

r of nmethanol, and 23 kg / hr of unreacted ethylene
a . . i t i . . . .

red ABANRAUFEAI IS b, | Mgl PYRAEBR oS carried out

produced a nt of..di net hyl carbonate °
contfpG6USR"uBRBY Ky tBRE ol hy el OboieBBrlaffig, b Bs c. a

the catal yst solution, the actual_ pr ced apount_ of .
colugih §oRRIGHSIIEI otiappsoximataly/ 1 Hﬁﬁ%%dgeb AN&Aereflux ratio of

carbonate conversion was 99.7% the dinethyl carbonate
0.4220 selectivity was not |ess than 99.99% and the

et hyl ene glycol selectivity was not [ess than 99.99%

Pr ollbmgaesd possib leuto attaiarstabde sieadyasstate dbperationafter 24

these conditions. After 1000 hours, the actual

houly.odAadedy bading 5;nﬁht reactioms miXtuieSwitthid raavn drovatting top 1 of
carbonate, and 5.31 ton for ethylene glycol, the 25

the 8b61UthANH 5@%{@&5%@5@ oS udth @Y hehe edichinyér and

carbonate s tivity was not |ess t'han 99.99% and

thusﬁ@ﬁn{%@‘@t?ﬂ% A%&gg@:ﬁéﬁ&{]‘m oy b%il‘%@g ﬁgégt:tﬁgt%cw Wizture,

ndust ri al
. Accordinag.to the pr nt inyvention,,it..has b
whicly 85, ePBYrip STy wiRFrawkyiro B8 aistinaffor Efflymn at, 24.641
roduced each with hi gh, sel ecti vi f not, | es

ton ?ﬁg,ﬁcggt@in&degeﬁgatgnr{ghr pidimet ,ys ‘ %Hggg, and 15714 ton /

gref erably not |ess than 99% on an industrial scale
hr obmeihanalss Adiquid eentinuaushpwithdrawy from the dottam 2 of the

3 ton/ hr, nore preferably not |less than 4 ton / hr,
coluhon athz 8di4tdyl/ kraconteined artBédonl/ebs of rethylerse igipcol, 2.34

hr, preferably not 10 less than 1.95 ton / hr, nore
ton phefofrmiitiianel, 4REs23 ky/ Br oft wrdadted éfylehe 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 ethylene glycol, the

ethylene carbonate conversion was 89.8%, the dimethyl carbonate

selectivity was not less than 99.99%, and the ethylene glycol selectivity
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j ' a high yield stably for a prol onged peri od
AOS@%%P not |less than 1000 hours, preferably not
| ess than 3000 hours, nore preferably not |ess than
5000 hours, froma cyclic carbonate and an aliphatic
nonohydri c al cohol. 50 A0501 VP75/KAN CLAIMS W
] for producing a dial kyl carbonate
was Y Rss! than 5099, ally with a high yield in which
t he di al kyl carbonate and the diol 5 are continuously
produced through a reactive distillation system of
t aki .cyclic carbonate and an aliphatic nonohydric
'“d”aﬁ%eaﬂgipﬂé‘%‘?%'ﬂi ng materials, conprising the steps
of :_ contj.nuously feeding.the starting materials into
corfi¢¢Ring ’%RJF'%/‘? HP&QQ%F!FPF'P&- i'Bﬁ%@oPﬁﬁﬁ lﬁcmp&ﬁd§h3t a
. honpbgeneous catalyst is 10 present; carrying out o
dialkylaearhonaieiasidsaidiphcasnbeipraduned each with achigh selectivity
colum; continuously withdrawing a | ow boiling point
of notéess dham &5% eprefenablynnot iese thanddZ¥d mioaélpreferably not
carbonate from an upper portion of said colum in a

lessOeAPO9% ObiM afAdustaanstalw e notWidseditam 20ten ikgh
boi l i ng point reaction m xture containing the diol

. taining tl
pref&zgglxﬂbi"(l‘%s RAGH 9%of!/ ﬁﬂem%‘?bl%'i‘bfbﬁ‘aﬁlg) Q?E{‘?f% RhEh 4 ton /

sal dI conti nuous nulti-stag ation
| . C il ati
hr, 16 tH8TA GARYI LalSofate S ot 1Ehe R 3 to bt oBreferably not
I t d i NSi ' D havi
less,{Hlh 1 05 EMLBingate Praterally otiess thass Wodgiyador the
. .h,.said jnternal being a tray having a plurality, of
dlolhw@g,a high vigldretabinfpp@ gr@l&:gﬁq pariod of time of not less
than 1000 hours, pr_eferably not less than 3000 hours, more preferably

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

monohydric alcohol.
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Vi inside dianmeter d, (cm at the top of the
A°5333/525"§§Ni n the upper portion of the colum near to
the top, a liquid outlet having an inside 25 di aneter

d2 (cnm) at the bottomof the colum or in the |ower

portion of the colum near to the bottom at |east

one first inlet provided g 51 A0501 VP75/ KAN
upper portion and / or a m do‘ e portion of the colum

We Low the gas outlet, and at | east one second inl et
~ded in the m'ddle portion and / or t he | ower

i he i
e ein A prosass fohgrh ‘é%era%aegaa*ﬂad ebbnéte and, pudlol

(1); 2100<_L< 8000 (1), t he insi de di anet er
lﬂdU§Uﬂ§*”Mththea kdghrniekdin yfh@l thﬁé dlawmaéb@)atelw éhe diol
13:5 2000 (2), (3) aratio of the length L (cm to the
are cnetmumusdym:tredule(dcthrom af reactive distillationssystera of taking
formula (3); 4< L/D< 40 (3), (4) the nunber of stages
a cyolisatarorestet Andfanm @Aliphdtid moAbhydric alcbhdl (a2 sta@jng
ratio of the inside dianmeter D (cnm) of the colum to

matédfaldcomprifing tNEsRpgliof(cm of the gas outl et
satisfies the ornula (5) 35D/ dt:5 20 (5),and (6) a

I
S8 RNAR S (Sl ! g s

s e A A L . Bl GRS

[ ntroduced into said continuous multi-stage
Pres@indii| | ation colum fromat |east one said first

inlet provided between the 3 . d stage fromthe top of
carrying out reaction and dlstlllatton simultaneously |n the column,;

continuously_withdrawing a low boiling point reaction mixture
containing the produced dialkyl carbonate from an upper portion of said
column in a gaseous form; and

continuously withdrawing a high boiling poin.t reaction mixture
cbntaining the diol from a lower portion of the column in a liquid form,
wherein: |

(a) said continuous multi-stage distillation column comprises a
tray column type distillation column having a cylindrical trunk portion
having a length L (cm) and an inside diameter D (cm) and having a
structure having an internal with a number of stages n, said internal
being a tray having a plurality of holes, and further having a.gas outlet
having an inside diameter d4 (cm) at the top of the column or in the upper
portion of the column near to the top, a liquid outlet having an inside
diameter d» (cm) at the bottom of the column or in the lower portion of

the column near to the bottom, at least one first inlet provided in the
51



' [,nuous nulti-stage distillation colum and
A05(fﬂ¥e7§ﬂ§é¢‘h stage from the top of said continuous
mul ti-stage distillation colum; 25 (c) the starting

mat eri al aliphatic nonohydric al cohol is continuously
i ntroduced into said continuous multi-stage

uppé’f oirtib él‘?@l(%z mﬂﬁ)&leg d%%ﬁﬂ@%lﬁh‘h"‘?élo%ﬁ?@ gas

sal secon et pr etween the (n/3

f f t
0""'%?'2%??'4&??3%@?0 1€ BeBori? isE by i HHe imiddRiBortion and /
to con uous, nulti.-sta lStI||a
or the o Wrtief af tHEcreiTan AheYs 3$eqrf§"f’r ay*'r-ﬁswmrsb"
not | ower than a stage 6 where the c cljc carbonate is
introduce(a)iBei'ﬁ”&thgnéﬁnﬁfsﬁyﬁfﬁﬁt e tpromy a/laa ) an
aperture ratio of the tray installed not higher than
5 the stag2®@reLt«®80DQ|ic carbonate i€l),ntroduced and
not |l ower than a stage where the aliphatic nonohydric
al cohol i(g)itherindidediameteraDr(@ngeobthércoluni® shatisfies the
8% and (f) an aperture ratio of the tray installed
form\fla ? jgher than the stage where the aliphatic
nonohydric al cohol is introduced is in a range of from

1.5to 5% 3 B < gm)@rocess accor di ngf(%o G aiml,

wher ei n produce nmount of the dial carbonate is

e e I o ndfendy B5eAt G108 IR iBpr © om
10 of the cpflmpt SEysHER ierofmulaiil | to 3. whrein said
dt and said d2 satlsfy the formula (7) 1 < dt / d2 <_
5 (7). 28 5 LTH2 $A8cess according to & one of

Clainms 1 to 4, wherein
(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

15 the iﬁside diameter d4 (cm) of the gas outlet satisfies the formula (5);

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

(6) a ratio of the inside diameter D (cm) of the column to
the inside diameter d; (cm) of the quﬁid outlet satisfies the forfnula (6);

5<D/d>,<30 (6);

20 (b) the starting material cyclic carbonate is continuously
introduced into said continuous multi-stage distillation column from at
least one said first inlet provided between the 3™ stage from the top of
said continuous multi-stage distillation column and the (n/3)™" stage from
the top of said continuous multi-stage distillation column;

25 (c) the starting material aliphatic monohydric alcohol is

continuously introduced into said continuous muiti-stage distillation
52
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n, D/ dt, and D/ d2 for said conti.nuous
A“%YP”M’& 53 A0501 VP75/ KAN distillation col um

satisfy respectively 2300 : L : 6000, 200 D :_ 1000,
5:5 L/D:530,30: _n:5 100, 45D/ d,:_15,and 7: D/ d2: 25,
6. The process according to any one of Clainms 1 to 5,

coluMIEFeIMm aﬁléa?t%né daild sé‘q:o%’upf@t pRS\HdBd bg?wé% ﬁﬂi fh/3) th

cont I nuous ti-stage distillation colum sati sf

saghE BT T, o 54 ootipo B8 o, daiptih cbjymn anc

0cems. accoLdi n t o, any ,one ,of [ ei . '
the BATERS s34 Fiouh e ho P pid Gontiudhs multi-aspdeciiatiation
t han sai d st age vvhere the cyclic carbonate is
colupiir oduced is in a range of from3 to 8% the
aperture ratio of the tray installed not higher than
sai(d) amgp et ratie ofcthe traycinsteliadenot lower dbaoea stage
and not |ower than said stage where the aliphatic
whembeyedlic sacbbnhte ds iintnoadicertlis in ianrangearafefrom 2r65rto 10%;
2 5to 7% 15 and the aperture ratio of the tray

ngedldredpartuft 6466 dfhthe $rfﬁyd|rﬁétaﬂéd Mbtfhfi‘gﬁéﬁthan the stage
allp atic nDnohydrlc al cohol is introduced 1s in a

wheFé"ﬂHS &clid egb‘%fmgté ‘?i‘inﬁ'é_*?i tﬁﬁql?gdpﬁe%é@ﬁ?%%hdé Wage

to any ‘one o e aperture

whefgthg fiphbfis nBhoail, aRoRe! o itianbias, B 8245 of from

rgage, o from3 51to 6% the aperture ratio of the
2to @3 qrﬁit al l ed not higher than the stage where the
cycl ic carbonate is introduced and not | ower than th
@eaﬂh%l?@"tﬁl'ié rajiq phihecdtrayiosialied notchigher than the stage
|ntroduced is in arange of from3 to 5. 5% 25 and the
wherp dhewliphaticanohahydric ajcomst il inddoducediighier atnange of from
the stage where the aliphatic nonohydric al cohol is
1.5 too6fbduced is in a range of from 54 A0501 VP75/ KAN

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

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

4, The process according to any one of Claims 1 to 3, wherein
said d4 and said d; satisfy the formula (7)

1<di/d2<5 | (7).

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

L,D,L/D,n, D/d4, and D/ d, for said continuous multi-stage
53
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0 . .
A05q2I {,g.',é . The process according to any one of Cains

erein said tray is a sieve tray having a
sieve portion and a downconer portion. .5 10. The
process according to Claim9, wherein said sieve trays
has 100 to 1000 holes / nR in said sieve portion

di-stimﬁ"cﬁpéold% Jaﬁs PESpEcREER] ohp9 L9 < 66009290 1B < 1000,

erern CTOS I Onal "area per hol e of said

5 < R a0 0w 0y é?g'g 300k o1 3 TBn A o QG <25,

carrying out transesterification between a cyclic
carbonate and an aliphatic 15 nonohydric al cohol and
distillation, wherein: (a) the continuous nultl-stag ]
di & 1 1 atlith PEGCERS %‘bﬁﬂf ingdo anyyene@filaims e 5, wherein
portion having a length L (cm) and an inside dianeter

L, DDL(ER),;naDt £ dy, Badi By dufbesaid aantigous pnuiti-séage
inside the trunk portion; 20 a gas outlet having an

distillasiore colamex satisfy (especotiowly260d <d_ «0H000, 21ie< D < 800, 7
columm or in an upper portion of the colum near to

< L £ bestzp; 40 & imdigh 05td € 7 gve 1B, adnd B icdp dijaeeper d2
(cn) provided at @ bottomof the colum or in a |ower

portion of the columm near to the bottom 25 at | east
one first inlet provided in the upper portion and / or

and 55 AcHi FrbPBpRAr il dE afE &k 3 L1t 746 B wherein

the Eeﬁf Lﬁﬁd&ﬁ"t% ol wd {1y inbEhed I fowef thaty sain StEge where

whe
the cycllc_carbonate is introduced is in a range of from 3 to 8%, the

aperture ratio of the tray installed not higher than said stage where the
cyclic carbonate is introduced and not lower than said stage where the
aliphatic monohydric alcohol is introduced is in a range of from 2.5 to 7%,
and the aperture ratio of the tray installed not higher than said stage
where the aliphatic monohydric alcohol is introduced is in a range of from

1.8 to 4.5%.

8. The process according to any one of Claims 1 to 7, wherein
the aperture ratio of the tray installed not lower than the stage where the
cyclic carbonate is introduced is in a range of from 3.5 to 6%, the
aperture ratio of the tray installed not higher than the stage where the
cyc!ic carbonate is introduced and not lower than the stage where the
aliphatic monohydric alcohol is introduced is in a range of from 3 to 5.5%,
and the aperture ratio of the tray installed not higher than the stage

where the aliphatic monohydric alcohol is introduced is in a range of from
b4
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ngth L (cm satisfies the formula (1); 5

AO@%B’?%%@OOO (1), (2) the inside diameter D (cn) of

the colum satisfies the fornula (2); 180 < D 5 2000

(2), (3) aratio of the length L (cnm) to the inside

di aneter D (cm 10 of the colum satisfies the
2 tofgpmul a (3); 45L/D<_40 (3), (4) the nunber of stages

n satisfies the formula (4); 10 < n 5 120 (4), (5) a

ratio of the inside dianmeter D (cn) of the colum to

15 the inside dianmeter dt (cm of the gas outl et
satjsfies_the fornmula (5);, 3 s D/ dt < Q (5),. and .
(682 r atte ProgRssideserding teeady ae GHCEMEA to'B, wherein

..columm to_ the inside dianmeter d2 (cm of the liquid )

saiddfayds agieveiteay havipgransiaveortiaandia dayncemenportion.

(b) the starting material cyclic carbonate is

continuously introduced into said continuous

mul ti-stage distillation colum fromat |east one

sai10.fir sthe proteps wecmdihgttecCiain @, wHeséixgeald sieve trays
the top of said continuous nulti-stage distillation

has 490 1TTD hbfes P/m? iR $HiddsievePPorfibs therest. sai d

continuous nulti-stage distillation colum; 25 (c) the
starting material aliphatic nonohydric al cohol is .
continuously introduced into said continuous

|4 - st istillati .56 A0R01. VR75/ I _
froar ol Prikess RrLaigh s fraim o or il ovBel Sl g
crosisetlionhharapcher Pale S SBRUREVEntravens (LA s3nge of from 0.5
stage fromthe top of said continuous nulti-stage
to 54mtilation

12. A continuous multi-stage distillation column for carrying out
transesterification between a cyclic carbonate and an aliphatic
monohydric alcoho! and distillation, wherein:

(a) the continuous multi-stage distillation column comprises:

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

a tray having number of stages n provided inside the 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.colum-n near to the
bottom;

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

middle portion of the column below said gas outlet: and
bb




; (d) an aperture ratio of the tray installed
AosEVBTBIAN

than a stage where the cyclic carbonate is
introduced is in a range of from2.5to 10% (e) an
aperture ratio of the tray installed not higher than
t he stage where the cyclic carbonate is introduced and

Notatl @WK drf@%e%gzlgxggﬂet \Wi8uedé B én 2hePhaddre Ewaﬂgh?%he / or

al cohol 1s I1ntro Is'in a range of from 10

e lfefBEFibh AR O S old B =

nmonohydr.i c al cohol is introduced is in a range of from
1. 3”'? M%)y 15 13. The continuous nul ti- st age
distillation columm accordin .th Claim 12, wherein
said d1 4Ad thailengthdadeayysatighiesthe tormwla ¢1x 41 4
d2 <5 (7). 14. The continuous nulti-stage

5 distillation c@1h<akcoBOOAy to 20 daim1fller 13,
wherein L, Db L/ D, n, D/ di1, and D/ d2 for said
cont i nuoy) thetinsidegharheterr| D fchonof theroolamn safisfies the
respectively 2300 <_ L 5 6000, 200: 5 D<_1000, 5<_L/D: 5

formifla @95n<_100, 450/ d1<_15,and 7 <_D/d2<_25. 25 15. The

continuous nulti-stage distillation colum according

to any one of LB 4 14, wherein L, Qo)L / D
n, D/ dilr and @?_3? ‘fo%rddqw A0501 VP75/ KAN'Sai d '

ospect SRR E%’SBS‘BJ_Q"? i’%@@%@g@f@@%%ﬁ@%ﬁa‘&’ D (cm)
405n.5 90,5:.D.d,:9 1 < 2520. 5 16. T
10 of t%ﬁ?ﬁ‘“@&h?ﬂ%‘?ﬁ&%g@"ﬁﬂ% |($);5ti on col um accorgi ng
to any one of Clains 12 to 15, wherein the aperture
ratio of the tag LiddtafPed not |ower than &8.d stage

where the cyclic carbonate is
(4) the number of stages n satisfies the formula (4);

10 s n <120 (),
(5) a ratio of the inside diameter D (cm) of the column to

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

3<D/dy<20 (5), and
(6) a ratio of the inside diameter D (cm) of the column to
the inside diameter d; (cm) of the liquid outiet satisfies the formula (6),
5<D/d2<30 | (6);

20 (b) the starting material cyclic carbonate is continuously
introduced into said continuous multi-stage distillation column from at
least one said first inlet provided between the 3™ stage from the top of
said continuous multi-stage distillation column and the (n/3)™" stage from
the top of said continuous multi-stage distillation column;

25 (c) the starting material aliphatic monohydric alcohol is

continuously introduced into said continuous multi-stage distillation
56
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[N isin arange of from3 to 8% the aperture
AOSdﬂzEYPZgWhe tray installed not higher than said

stage where the cyclic carbonate is 10 introduced and
not | ower than said stage where the aliphatic
nmonohydric al cohol is introduced is in a range of

coluHrPWq%T%E %Js‘f’o & dilSséPshd Hhiet a% eef béﬂ@eéhathe (ni3)

I NSt a not h| er than sail

staoB fifihe tp@‘;&fi@é% oSk e ——
the ) T343e e st B T AP0 b 85 Rfiation

tray |nstalled not | ower than said stage where the
colupyi| i ¢ carbonate is introduced is in a range of from

3.5to0 6% the aperture ratio of the tray installed

not{(dhiaghapertne ratid oft theetrayeinstaledcyot iaweathanaa stage

is 20 introduced and not |ower than said stage where
whetdithelcyBiRs caribonaty @ iistroducebls irs a range wfefitons 21.8 to 10%;

a range of from3 to 5.5% and the aperture ratio of

thqel Ay apetfi@ &G oHt tHy %ﬁf lrfdlalleaahét hd@lgér Wahahe stage

t he allphatlc nonohydri c al cohol is intro ed is in

whefe 189 dlc EaPEbAATE ¢ ThtroRutla dhe ﬁaPid\DB?‘{ﬁan a stage |

mul ti age at1on um according t

wh%%&ﬁ’ﬁé*'%%@dﬁ&%%ﬂ%ﬁ%@%%b% w@?@‘?%ﬁeﬁdé' 5% i of from

2t %gn r portion. 19. The continuous nulti-stage
o |a|q tion colum according to d aim 18, V\herel n
said sieve tray has 100 to 1000 holes / nR in

cai
si dileapoaResy FGH@ﬁEbﬂf the trandnstaled maishighear tlwayée stage
distillation colum according to Claim18 or 19,

whenddheialiphatiogponehyidrimbalcohel iscinthodeced isaiindama@ga of from
tray is in a range of from0.5 to 5 cn2. 10 59
1.5 to 5%. '

13. The continuous multi-stage distillation column according to
Claim 12, wherein said d and said d, satisfy the formula (7);

1<di/d2<5 (7).

14. The continuous multi-stage distillation column according to
Claim 12 or 13, wherein L, D, L/ D, n, D / d4, and D / d, for said
continuous muiti-stage distillation column satisfy respectively 2300 < L <
6000, 200<D<1000,5<L/D<30,30sn<100,4<D/dy<15,and 7
<D /d; < 25. |

15. The continuous muiti-stage distillation column according to

any one of Claims 12 to 14, whereinL, D, L/ D, n, D/d;, and D/ d; for
57
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said continuous multi-stage distillation column satisfy respectively 2500 <
L<5000,210<D<800,7<L/D<20,40<sn<980,5<D/dy<13, and
9<D/d:<20.

16. The continuous muiti-stagé distillation column according to
any one of Claims 12 to 15, wherein the éperture ratio of the tray
installed not Ic_:wer than said stage where the cyclic carbonate is
introduced is i-n a range of from 3 to 8%, the aperture ratio of the tray
installed not higher than said stage where the cyclic carbonate is
introduced and not lower than said stage where the aliphatic monohydric
alcohol is introduced is in a range of from 2.5 to 7%, and the aperture
ratio of the tray installed not higher than said stage where the aliphatic

monohydric alcohol is introduced is in a range of from 1.8 to 4.5%.

17. The continuous multi-stage distillation column according to
ény one of Claims 12 to 16, wherein the aperture ratio of the tray
installed ﬁot lower than said stage where the cyclic carbonate is
introduced is in a range of from 3.5 to 6%, the aperture ratio of the tray
installed not higher than said stage where the cyclic carbonate is |
introduced and not lower than said stage where the aliphatic monohydric
alcohol is introduced is in a range of from 3 to 5.5%, and the aperture
ratio of the trays installed not higher than said stage where the aliphatic

monohydric alcohol is introduced is in a range of from 2 to 4%.

18. The continuous multi-stage distillation column according to

any one of Claims 12 to 17, wherein said tray is a sieve tray having a
58
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sieve portion and a downcomer portion.

19. The continuous multi-stage distillation column according to
Claim 18, wherein said sieve tray has 100 to 1000 holes / m? in said

5 sieve portion thereof.

20. The continuous multi-stage distillation column according to
Ciaim 18 or 19, wherein a cross-sectional area per hole of said sieve tray
is in a range of from 0.5 to 5 cm?.
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