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1 22 April 2005 TITLE OF THE | NVENTI ON Met hod for continuously producing a
di al kyl carbonate and a diol BACKGROUND OF THE INVENTION 5 Field of The
| nventi o 1l invention relates to a method for con- tinuously
prOdUCingmmwnmﬂmmmmmmarbonate and a diol. More particularly, the present
invention is copgerned wth a method for continuously producing a dialkyl
car 10 bonate and a diol froma cyclic carlbonat e and an22bril OGH i C
nonohydri ¢ al cohol, conprising: (1) continuously feeding a cyclic
carbonate and an aliphatic nonepyelg oF aheohalvierfoigont i nuous nul ti-stage
distillation colum, and contimuousty effecting a transesterification be
15 tween the cyclicqeghb@nabe asftinoakiphpkbaub@Aghydai@lkgiicohol in the
presence of a transesterification cata- lyst in the nmulti-stage
distillation columca¥bbhateoandt anaeysly withdrawi ng a | ow boiling point
m xture in a gaseous form containing the produced dial kyl carbonate 20 and
the unreacted aliphatic nonoBpgkGrOgNDOLE! THEOINVENTUONEr portion of the
mul ti-stage distillation colum and continuously wthdrawi ng. a high
boi | i ngspoi nt Fisidt vEeThe dnkhiegiiidnf or m contai ni ng the produced di ol and
t he unreacted cyclic carbonate froma | ower portion of

The present invention relates to a method for con-

tinuously producing a dialkyl carbonate and a diol.
More particularly, the present invention is concerned
with a method for continuously producing a dialkyl car-

10 bonate and a diol from a cyclic carbonate and an ali-
phatic monohydric alcohol, comprising: (1) continuously
feeding a cyclic carbonate and an aliphatic monohydric
alcohol to a continuous multi-stage distillation column,
and continuously effecting a transesterification be-

15 tween the cyclic carbonéte and the aliphatic monohydric
alcohol in the presence of a transesterification cata-
lyst in the multi-stage distillation column, while con-
tinuously withdrawing a low boiling point mixture in a
gaseous form containing the produced dialkyl carbonate

20 and the unreacted aliphatic monohydric alcohol from an
upper portion of the multi-stage distillation column
and continuously withdrawing a high boiling point mix-
ture in a liquid form containing the produced diol and
the unreacted cyclic carbonate from a lower portion of

25 the multi-stage distillation column, and (2) continu-
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25 the nulti-stage distillation colum, and (2) continu *Q0002* 2 22 Apri
2005 ously feeding the high boiling point m xture withdrawmn fromthe | ower
portion of the multi-stage distillation colum to a continuous
etherification reactor, to thereby effect a continuous etherification
reaction 5 between the unreacted cyclic carbonate and a part of the
produced diol and produce a chain ether and carbon di 022 deril 2003 €
continuously withdrawing the resultant etherification reaction m xture
containing the renpin- der of _the diol produced in,step, (1) an he
roduced 10 chat oLy HEsEind £he bt nEbRE SRR r BEREbRE, BAEPGF W
wherein the ethgrifigation reactipn m xtu has cy:_clig.carbonate
content of fron 6 oEi0 SOvEETEORENeR' 8t hEReoRiAR F ipgeoPibRu e R

carbonate 1o theoflfh oPY LOECIRLNGY glnihecabgsenh Laxgntioneoin 2

continuous 15 process for producing a carbonat €”an froma

cyel o carbonat gy s e ghLEDAY. EoREANNIE! engeebal e anghcRUptly o1 o

can be easily obtarned. Prror respec

produci ng a di alkyleefaf 8?&59?38 oft Qgehieyc598855@g anayslgag%aagonate

wi th an aliphatic nonohydric alco arious proposals hav een made.
Moo} oneson”REHPARERE 20 5p1obioprBRKEL UL SRR Kok chnoil
basi c dioxide, while continuously withdrawing the resultant
etherification reacfion mixfure containing the remain-
der of the diol produced.in step (1) and the produced
10 chain ether from the continuous etherification reactor,
wherein the etherification reaction mixture has a cy-
clic carbonate content of from 0 to 10-2 in terms of
the weight ratio of the cyclic carbonate to the diol.
By the method of the present invention, in a continuous
15 process for producing a dialkyl carbonate and a diol

from a cyclic carbonate and an aliphatic monohydric

alcohol, a high purity diol can be easily obtained.

Prior Art

20 With respect to the method for producing a dialkyl
carbonate and a diol by reacting a cyclic carbonate
with an aliphatic monohydric alcohol, various proposals
have been made. Most of those proposals relate to the
development of catalysts for the above reaction. Exam-

25 ples of such catalysts include alkali metals or basic



3 22 April 2005 conpounds containing alkali netals (see U S. Patent No.
3,642,858, Unexam ned Japanese Patent Application Laid- Open Specification
No. 54-48715 (corresponding to U. S. Patent No. 4,181,676)), tertiary

al i phatic am nes (see 5 Unexam ned Japanese Patent Application Laid-Open
Speci- fication No. 51-122025 (corresponding to U.S. Patent No.
4,062,884)), thallium conpounds (see Unexagi ned Japa- ng3@phapecs
Appl i cation Lai d-Qpen Specification No. 54- 48716 (corresponding to U.S.

P . 4,30 i n, i ]

o Tea 1 an’ b albte ST RERARE DAY o BRRERE
al um num and t i J i i

Cai o @enlgpec:#?%%l%{%ﬁﬁvn%%ﬁ% AYBRE0ES oo PEhE ThobPRLAERRNORasary
nitrogen co 1N . i

iy ogen, 15 COTGALYT a0 OLBNLE, BRSRo (SBFHRFAT) 6P daRBRRSRSPRETC s
o poagyam no e JERRESHS, TELERL 6 RPL. CPLEPTaL]) i1 EBRRCFRERIRGE! (AR,

55-64551), qua-  tefnary phoSphohiu see m ne apanese

(see Dnckam nod TARARERER TREENCAE D00 e Enapal L LAE G0, 1o RHEDRER SRR

(see Unexam ne apanese I cati on No.

59- 106436 (corrgicgpgggiﬁg.tglL&§EOE§F@Qgrkgspég§§§%9gé1?EE.1¥QQ%%¢,Qﬁﬂ DE

3366133G)), conpounds of zirconium titaniuman see Unexam ned
Japanese Patent, Appbiggh) Pn Lrh 81 ORRNcAmBduhBsi [ s€@0Bnexamined Japa-

nese Patent Application Laid-Open Specification No. 54-
48716 (corresponding to U.S. Patent No. 4,307,032)),

10 tin alkoxides (see Unexamined Japanese Patent Applica-
tion Laid-Open Specification No. 54-63023), alkoxides -
of zinc, aluminum and titanium (see Unexamined Japanese
Patent Application Laid-Open Specification No. 54-
148726), a mixture of a Lewis acid with a nitrogen-

15 containing organic base (see Unexamined Japanese Patent
Application Laid-Open Specification No. 55-64550),
phosphine compounds (see Unexamined Japanese Patent
Application Laid-Open Specification No. 55-64551), qua-
ternary phosphonium salts (see Unexamined Japanese Pat-

20 ent Application Laid-Open Specification No. 56-10144),
cyclic amidines (see Unexamined Japanese Patent Appli-
cation Laid-Open Specification No. 59-106436 (corre-
sponding to U.S. Patent No. 4,681,967, EP 110629, and
DE 3366133G)), compounds of zirconium, titanium and tin

25 (see Unexamined Japanese Patent Application Laid-Open



Specification No. 63-41432 (corresponding to U S. Pat ent No. 4,661,609, EP
255252 and DE 3781742G) ), a solid, strongly basic ani on-exchanger
containing a quaternary amoni um group (see Unexam ned Japanese Pat ent
Applica 5 tion Laid-Open Specification No. 63-238043), a solid catalyst
selected fromthe group consisting of a terti- ary am ne- or quaternary
ammoni um gr oup- cont ai ni ng i on- exchange regin, a st ronghyls&ﬁﬂ%@ or a
weakly acidic ion-exchange resin, a silica inpregnated with a sili 10 cate
of an alkali metal or an alkaline earth netal, and a zeolite exchanged
wi th amoni um iSeqiskeakiammine 3 Folbh s PEesRORGHN Y cB9 i BnStaF a8t Open
Specification No. 64-31737 (corresponding to U . S. Patent No. 4,691,041)),
a hompgeneous EfttalNast & ki @RP £ rHin 212 3 R cBRsP L8 11426 hy. of FBMEFary
phosphine, tertiary arsine, tertiary stibine, a divalent sulfur_conpound
and a sel eni umSEIRANPURPI L2 AN G- PERARIND. CANVaRNERG) 2 PPEReFBBHECt to
the nethod for conducting the above-nentioned_reaction_betweep a. cyclic
carbonate and SUNRRHHH|ITORHR LREJWRHSFRTHRRY ‘F%B?nf’?ﬁegaBFnFre?‘HBa% B1) to
(4) have conventionally_been proposed. Hereinbel ow, X nation.i.s nmade
3 245 23R0833 a

with respect tEiRrenaEtioRRP (Spe¢bfieation Mong rpfeSPhd
Detween 25 ot hyf et Ve LUMHEEr Shdt HBE HE) S- NP CFONS AT P B5ch 45 132
April 2005 tive exanpl e of L e3SLioPRa s  URR0AEUS' b8 0GR  BoARLER1A  10n-
exchange resin, a strongly acidic or a weakly acidic
ion-exchange resin, a silica impregnated with a sili-
10 cate of an alkali metal or an alkaline earth metal, and
a zeolite exchanged with ammonium ion (see Unexamined
Japanese Patent Application Laid-Open Specification No.
64-31737 (corresponding to U.S. Patent No. 4,691,041)),
a homogeneous catalyst selected from thé group consistf
15 ing of tertiary phosphine, tertiary arsine, tertiary
stibine, a divalent sulfur compound and a selenium com-
pound (see U.S. Patent No. 4,734,518).
With respect to the method for conducting the
above-mentioned reaction between a cyclic carbonate and
20 a diol, the below-mentioned four types of methods (1)
to (4) have conventionally been proposed. Hereinbelow,
explanation is made with respect to such methods (1) to
(4), taking as an example the production of dimethyl

carbonate and ethylene glycol by the reaction between

25 ethylene carbonate and methanol, which is a representa-



diols. (1) A conpletely batchw se nethod (hereinafter re- ferred to as
"method (1)"). 5 (2) A batchw se nethod using a reaction vessel pro- vided
at an upper portion thereof with a distillation colum (hereinafter
referred to as "nethod (2)"). (3) Aliquid flow nmethod using a tubul ar
reactor (hereinafter referred to as "nethod (3)"). 10 (4) A reactive
distillation nmethod (hereinafter re- ferreg to as "nmethog Apfl2p05 The
conﬁletfly bat chwi se nethod (1) is a method in which ethyl ene carbonate,
met hanol and a catalyst are fed to an auytoclave as a, batchw se, reacti.on
vessel , and 15 HYestammts s°%e‘?efacﬁtrﬁéﬁ’satbeatvf%ea‘bt‘?¥ﬁf%‘én‘b%? PR7Ees hiBfer
than the boilin oi nt of nethanol under pres- sure for a predeterm ned
period of tine * U.S. Pat- ent No. 3,642,858, Unexam ned Japanese

T 8 E R I e TR e,
ing to U.S. Pa ¥ : : ., unexam ne
Japanese Pat ent |ication lLaid- ecification No. 54-63023,

SR R S AR hedt oY

Unexam ned Japahese ai d- OQpen Specification No. 54-
148726, Unexam a Pat ]@%rz)l j Gat | H ’qﬁ%’sf Qelk iLfication
No. 55- 6%11550, !\ﬁ;‘gﬁa% %%&%?13:&5%6@(}% ifsigirq %12"]6% at ent Ap%%%i on

Lai d- Open Specifj£ad 100 MW uppef433ition thereof with a distillation

column (hereinafter referred to as "method (2)").

(3) A liquid flow method using a tubular reactor
(hereinafter referred to as "method (3)").

10 (4) A reactive distillation method (hereinafter re-
ferred to as "method (4)").

The completely batchwise method (1) is a method in
which ethylene carbonate; methanol and a catalyst are
fed to an autoclave as a batchwise reaction vessel, and

15 a reaction is performed at a reaction temperature
higher than the boiling point of methanol under pres-
sure for a predetermined period of time (see U.S. Pat-
ent No. 3,642,858, Unexamined Japanese Patent Applica—'
tion Laid-Open Specification No. 54-48715 (correspond-

20 ing to U.S. Patent No. 4,181,676, EP 1082 and DE
2860078G), Unexamined Japanese Patent Application Laid-
Open Specification No. 54-63023, Unexamined Japanese
Patent Application Laid-Open Specification No. 54-
148726, Unexamined Japanese Patent Application Laid-

25 Open Specification No. 55-64550, Unexamined Japanese



and Unexam ned Japanese Patent Application Laid-Open Specification No.
56-10144). The batchwi se nethod (2), using an apparatus com 5 prising a
reaction vessel provided at an upper portion thereof with a distillation
colum, is a nethod in which ethyl ene carbonate, nethanol and a catal yst
are fed to the reaction vessel, and a reaction is perforned by heating
the contents of the reaction vessel to a 1§ predeterm neg Apgipeosature. In
this method, the pro- duced di nethyl carbonate and nethanol forma m ninmum

T oot ra s R U Sl Yo st
s fon eyctoft oA it Yoait GOt N B a0
po vt onrchefBen Aoty LR o1 op colm oo 20y et
of di ﬁgt hylO car bonat’&€ }r?at(%gﬁ?a%drfe?t%v%é c‘h”’g ?%lrﬂﬁédé’%l %a?ﬁeég?g‘ggt ?%ﬁl

vessel, .15 al lued Lo ASeend Lt ekl Slsti LAt Lenafiobil:. p8adugh ng

t he ascé%ding € gaseous ni X gaseous m x caused to
separate into 3,03seqhS, 2% AP[4d4 P00P; 57051 QRAC ThXbuperARd khqui d
nmet hanol . Then,tg%e gas-~ eous azeo%roplc m xture ISE%IStIFFeg fromthe top
of which ethylene carbonate, methanol and a catalyst are
fed to the reaction vessel, and a reaction is performed
by heating the contents of the reaction vessel to a
10 predetermined temperature. In this method, the pro-
duced dimethyl carbonate and methanol form a minimum
boiling point azeotropic mixture having a boiling point
of 63 °C/760 mmHg. The boiling point of methanol per .
se is 64.6 °C/760 mmHg. In this method, the reaction
15 is performed by using an excess amount of methanol in
the reaction system, so that the resultant reaction
products can be separated into the azeotropic mixture
and methanol, due to the difference in boiling point
therebetween, by means of the distillation column pro-
20 vided at the upper portion of the reaction vessel.
Specifically, a gaseous mixﬁure of dimethyl carbonate
and methanol, which is formed in the reaction vessel,
is allowed to ascend inside the distillation column,

and during the ascending of the gaseous mixture, the

25 gaseous mixture is caused to separate into a gaseous



the distillation colum while the liquid nethanol flows down to the
reaction vessel so as to be recycled to the 5 reaction systemin the
reaction vessel. The liquid flow nethod (3) is a nmethod in which a
solution of ethylene carbonate in nethanol is continu- ously fed to a
tubul ar reactor to performa reaction at a predeterm ned reaction
tenperature in the tubular 10 reactor, and7the resultanp2mgatoen m xture
inaliquid formcontaining the unreacted materials (i.e., ethylene
carbonate and net hanol). and t.he reaq&ion‘PﬂPqH

G i~ €., i I _
c?r bﬁnat e and EIRAAPH yUSYTS Fh LS yeér\%é%%l'r aw %ﬂﬁ 9 out | et
of the reactor._ This 15 t.ho ne§ vent i e 0. C iR two
dihf fer- ent manners Ellzneoatgocé]lagnce 1\:/&%%: Jf%edj?émjgﬁf%%&;sfg?rﬁc%?%-£§€S%Pused.
That is, one of & {BEl St & Sl i S{ 1 S kon of
et hyl ene car bon%yié(; d* n %%aln%f] (lééndlﬁgﬂ s%?lg{ﬁ]o%ﬁ%ff% ié‘?mqg%%%’s’@%a?%%?t in

20 2 sol vent { g aoh & SOUSEEAR! Pl PES T8 A BEFectbpBa LHCERRY

obtaining a reaction m xture, an epa- rating the cat fromthe

obt ai ned. react i i r : ] at ent i cation
Lai d- Qog?l SpecllO |@aﬁ%nﬁ#%%ﬁ%@%%ﬁ%%‘Z’Bﬁ‘g?ﬁ%ffo u. S'.A\pllgat 25 ent No.

4,661, 609, EP 255252ya00h R, A SATAZ Qe s U 5] s 22 fBEAbA20RSHRILANE No.

4,734,518). The other manner consists in performng the reaction in a
tubul ar react orgQByt 1h dof NeLIRy PERECOMELERA 0L YSH REEHARDY Rbagedtiharei n

see
( ously fed to a tubular reactor to perform a reaction at
a predetermined reaction temperature in the tubular
10 reactor, and the resultant reaction mixture in a liquid
form containing the unreacted materials (i.e., ethylene
carbonate and methanol) and the reaction products (i.e.,
dimethyl carbonate and ethylene glycol) is continuously
withdrawn through an outlet of the reactor. This
15 method has conventionally been conducted in two differ-
ent manners in accordance with the two types of cata-
lyst used. That is, one of the manners consists in
passing a mixture of a solution of ethylene carbonate
in methanol and a solution of a homogenous catalyst in
20 a solvent through a tubular reactor to perform a reac-
tion, thereby obtaining a reaction mixture, and sepa-
rating the catalyst from the obtained reaction mixture
(see Unexamined Japanese Patent Application Laid-Open

Specification No. 63-41432 (corresponding to U.S. Pat-

25 ent No. 4,661,609, EP 255252 and DE 3781742G) and U.S.



Unexam ned Japanese Patent Application Laid-Open Speci 5 fication No.

63- 238043 and Unexam ned Japanese Patent Application Laid-Open

Speci fication No. 64-31737 (cor- responding to U S. Patent No. 4,691, 041,

EP 298167 and DE 3781796G) ). The reactive distillation nmethod (4) is a

met hod 10 in which each of ethylene carbonate and nethanol is

continuously fed to a multi-stage distillagion colum ©o AenR0oos a

reaction in a plurality of stages of the distillation columm in the

presence of a catalyst. whji-_le contingg;;l ef fecting separation, between
h

bggxg%pnég gggfﬂf Pgtﬁgnt%’aﬂ;?@?i 32 lai d-%gm%gleci fl c%%?%ﬁyj.n col (see
st e ifod, el ol Y b
IEEC Iy ey kol s Lyl
gaggéC?en Sggci T ?1?«tfp%9%%%g§?§%?$es nﬁlnﬁ ?ﬁ g%é. é%ten%?%g}—
Convent ibnal metROHELER 25 antTT 9006 (110 SR G RLach PrBRRe Rl Rarr e
probl ems as desgi pegh ¢ PSh o1 £ Gk £"BpACELTRARY LAINBE BRUS163) qedr(3) In

t he case
responding to U.S. Patent No. 4,691,041, EP 298167 and

DE 3781796G)).
The reactive distillation method (4) is a method

10 in which each of ethylene carbonate and methanol is
continuously fed to a multi-stage distillation column
to perform a reaction in a plurality of stages of the
distillation column in the presence of a catalyst, whi-
le continuously effecting separation between the pro-

15 duced dimethyl carbonate and the produced ethylene gly-
col (see Unexamined Japanese Patent Application Laid-
Open Specification No. 4-198141, Unexamined Japanese
Patent Application Laid-Open Specification No. 4-230243,
Unexamined Japanese Patent Application Laid-Open Speci-

20 fication No. 5-213830 (corresponding to DE 4129316, U.S.
Patent No. 5,231,212 and EP 530615) and Unexamined
Japanese Patent Application Laid-Open Specification No.
6-9507 (corresponding to U.S. Patent No. 5,359,118, EP
569812A1 and DE 4216121)).

25 However, the above-mentioned conventional methods



of each of the conpletely batchw se nmethod (1) and the . 5 flow nmethod (3)
using a tubular reactor, it is inpossi ble to achieve a higher conversion
of ethylene carbon- ate than the conversion of ethylene carbonate at the
equilibriumstate of reaction (the latter conversion depends on the
;:ce)gomtl on)ra}zl o of the }‘eedstocks fed 10 to the reactor and the reaction
nmperature). For ex- anple, in Exanple 1¢f Unexam ned2dagmi Pa -
plication Laid-Open Specification No. 63-2?432 (corre- g%ondiﬁggio b?gF »
Patent No. 4,661,609, EP 255252 and DE_ 3781742G i ch iss ‘H rectied 4o a
continuous flowlleke 18)thanentPRdy GSFRGC lf’ﬁbﬁ%':ﬁ‘ﬁqleg‘gctaor aensgz Wherein the
flow reaction is conducted at 130 C using a feedstock m xture having a
met hanol / et hyl 884°¥ar bonate nmolar ra- tio of 4/1, the conversion of

et hyl ene carbonate is only 25 % This ns at__|lar
unreacted 20 ePkPDARAS: ACEENRABYS it \m?}éﬂrtg?g&ase

contained in the reaction m xture, d b
bge;g;ﬁnnregcgglpg’é t:jct:hé’f{ é;Qté’t 8P.‘“|p_l,&2;t%_§§| H)?,tciwﬁ%%grm%tﬁﬂoodd | SE: ch\e’tg{fﬁ’ and
- S at e t Lai d- i 4 i ;
%5%7( é’o(rjr EsEpérerﬁWnQ‘ettS“’l‘}. 3.3 )épgt%&:ﬁ’t%’alﬁg%%a% gafef%tégeggﬂz?g@%%%hgdf ?
an 3781796Q , i . i
L1290 5 A AT AL oo iploddecapvanat | o

purification, e ‘unreact ed ‘conpounds. Probl ens
acco [ ' -
panyl ng mse;[trzaoq:h(azr) t'%‘ise %eo%(irre'éjs%.%rp%é)v&thylene carbonate at the

equilibrium state of reaction (the latter conversion

depends on the composition ratio of the feedstocks fed
10 to the reactor and the reaction temperature). For ex-
ample, in Example 1 of Unexamined Japanese Patent Ap-
plication Laid-Open Specification No. 63-41432 (corre-
sponding to U.S. Patent No. 4,661,609, EP 255252 and DE
3781742G) which is directed to a continuous flow reac-
15 tion method using a tubular reactor and wherein the
flow reaction is conducted at 130 °C using a feedstock
mixture having a methanol/ethylene carbonate molar ra-
tio of 4/1, the conversion of ethylene carbonate is
only 25 %. This means that large amounts of unreacted
20 ethylene carbonate and unreacted methanol, which are
contained in the reaction mixture, need to be separated
and recovered, and in turn recycled to the reactor.
Actually, in the method disclosed in Unexamined Japa-
nese Patent Application Laid-Open Specification No. 64-

25 31737 (corresponding to U.S. Patent No. 4,691,041, EP



5 in detail, the batchwi se nmethod (2) using a reaction vessel provided at
an upper portion thereof with a dis- tillation colum has problens in that
the reaction nust be conducted for a prol onged period of time and, there-
fore, a |arge anbunt of nethanol needs to be used for 10 preventing the

| owering of the selectivity for the de- sired products. In nmethod (2), in
order to conpensate for the nethanol distidled as an az2gqiyipRoEs M xture of
the nmethanol and the produced di nmethyl carbonate, the con 15 tinuous or

opt  onal Ty condiBuéd. wBFeudBL PeRdspdati PO KRR 4 ot T0ch an
per formed onl y TP FPBaceRATpEd Peadtiiin Wataa 25 SRy A PR <t hod,
of time as 1 ofg1Rg Sk 3o sl toh S iod «he di methyl car banat e,
of the reacti ofmepiesi ansenbalhy bed SO\ CHB ABECH bR BETSLTS T oh
s anot her T eactl o prACUGh,e AT JOURIIRIG 1§ Nad it T Sasedot hyl ene

carbonate in t reacti'dn "system containing the catal yst for a | ong period

of time. This Jana GHAANS e uddls: PYdwt Rl herabe Suath dhais-

et hyl ene car bonat e 1 e reaction system
tillation column has problems in that the reaction must

be conducted for a prolonged period of time and, there-
fore, a large amount of methanol needs to be used for

10 preventing the lowering of the selectivity for the de-
sired products. .

In method (2), in ordef to compensate for the
methanol distilled as an.azeotropic mixture of the
methanol and the produced dimethyl carbonate, the con-

15 tinuous or batchwise addition of supplemental methanol
to the reaction vessel is optionally conducted. How-
ever, irrespective of whether or not such an addition
of supplemental methanol is conducted, the reaction per
se is performed only in a batch-type reaction vessel.

20 That is, in this method, the reaction is batchwise per-
formed under reflux for a prolonged period of time as
long as 3 to 20 hours.

In this method, the dimethyl carbonate, which is
one of the reaction products, is continuously withdrawn

25 out of the reaction system, whereas the ethylene glycol,



causes side reactions to thereby produce pol yethylene glycols, such as
di et hyl ene glycol and triethylene gly- col. For preventing the occurrence
of such side reac- tions and the |Iowering of the selectivity for the de 10
sired products, it is necessary to use a largely excess anount of
met hanol , relative to the amount of the eth- ylene carbonate which is
batchwi se fed to the reaction vessel. In {fact, in the oonygnboenal |y
proposed neth- ods, the follow ng exanples are noted in which a lar 15 gely
excess ampunt of nethanol is used; that is, use is nade of methanol in
excess anount s Whigh den@neftheife reagiion Froficds gemithi?Ideiehol e of
et hyl ene car- bonate or propyl ene carbonate), such as 14 noles (U S
Patent No. 3, 803thobhe tpnesicdeq GidWAANfe SRS Wb Pif k2 Rcation
Lai d- Open Specification No. 1- 311054), 22 nol es (Unexanined,J&pa ese
Pat ent Appl i caSHSIER [cantadpeh Bidts fGad@ivat NeT 5L- 4 BLTLoP r®5pond- i ng
to U S. Patent No. 4,062,884 and DE 2615663)), and_ 23 WDH?S (zg?xaqined
Japanese Pat enttif§pl | EBiBoAong; gesidepss EHBE Pfcitito s Ny LeRe HBALE
(corresponding to U.S. 12 22 April 2005 Patent No. 4,307 032é EP 1083 and
DE 2860542G) ) . am dhee Rt Dt if FRAABRP A Hdt (1S TPEHECE ZRSBF™ ¢t he
reactive distillation nethod (4), it istﬁgssible to ggrfg{n1ﬁhrfgction
with high conv&®Hit HETHAAFEPTD B (ST I i RO meThods™(T), (2)
and (3). Homevegrl’ycoriese,dlset.lscﬁ Oassaé/iet%/y%erllen éf}?cgfsgngftgfépﬂgléﬁg’ gE{erUC'
col. For preventing the occurrence of such side reac-
tions and the lowering of the selectivity for the de-

10 sired products, it is necessary to use a largely excess
amount of methanol, relative to the amount of the eth-
ylene carbonate which is batchwise fed to the reaction
vessel. In fact, in the conventionally proposed meth-
ods, the following examples are noted in which a lar-

15 gely excess amount of methanol is used; that is, use is
made of methanol in excess amounts (in terms of the
number of moles of methanol per mole of ethylene car-
bonate or propylene carbonate), such as 14 moles (U.S.
Patent No. 3,803,201), 17 moles (Unexamined Japanese

20 Patent Application Laid-Open Specification No. 1-

311054), 22 moles (Unexamined Japanese Patent Applica-
tion Laid-Open Specification No. 51-122025 (correspond-
ing to U.S. Patent No. 4,062,884 and DE 2615665)), and

23 moles (Unexamined Japanese Patent Application Laid-

25 Open Specification No. 54-48716 (corresponding to U.S.



tion of a dialkyl carbonate and a diol is perforned by a reversible,
equi libriumreaction. Accordingly, even when it is possible to achieve a
substantially 100 % 10 conversion of a cyclic carbonate by nmethod (4), it
is inpossible to prevent a trace anmount of the cyclic car- bonate from
remai ni ng unreacted in a produced diol. Therefore, for obtaining a high
purity diol by method (4), in general, itips necessary2pQpRooste the
cyclic 15 carbonate fromthe diol by performng a distillation under
strictly contraqlled caonditjons, In WO 97/23445 _(cor ] to U S
Patent No. 5, s#FAWY djft Bb 3Ghdbbbs)EF iﬁ%% apq e‘?@t%@%ﬁ%@?ge this
probl em by hy- drqlyzing the unreacted cli cargon?'he to convert it 20
A Ra3 g y ‘. n é).

into a diol. WS & F855s & ofJc ter in
addition to a catal

St d fe d- tos used r the transestierifjcation.
Further, due t%ealch%“(%e oYt hhtrion ¢ h%l(fS%‘IﬁEC%QS%\?yp?%gbég?O% a step
for renoving water, so that_ the process necessar 25.11Yy C
conpl i cat ed. 1?92?%%? SRR R ¢ Jﬁﬁb}{%de?%?%%%s%éém g%eggﬁﬁeg?dngo
met hod s hergtofore bee r oposed. f o in S p uci i al kyl
carbonat® and a i ocforf‘f%rn?jr‘;mgs;’/c ?cm%%rrl??%%a{){;} ’ aﬁ%yaéﬁxgl gggét i}ggwrr%ﬁ% Ydric

o conol s wher GO BT L gholn ol P, ghlBE U LATEHS cppsBlcLor o

com plicated separatlon _ need for I ona ot her
than feedstocks, afid & Cat@| ¥Pityl NcdPBonate and a diol is performed by

a reversible, equilibrium reaction. Accordingly, even '’

when it is possible to achieve a substantially 100 %

10 conversion of a cyclic carbonate by method (4), it is
impossible to prevent a trace amount of the cyclic car-
bonate from remaining unreacted in a produced diol.
Therefore, for obtaining a high purity diol by method
(4), in general, it is necessary to separate the cyclic

15 carbonate from the diol by performing a distillation
under strictlylcontrolled conditions. In WO 97/23445
(corresponding to U.S. Patent No. 5,847,189 and EP
0889025), it is attempted to solve this problem by hy-
drolyzing the unreacted cyclic carbonate to convert it

20 into a diocl. However, the method of WO 97/23445 needs
the use of water in addition to a catalyst and feed-
stocks used for the transesterification. Further, due
to the use of water, it is also necessary to perform a
step for removing water, so that the process necessar-

25 ily becomes complicated.



transesterification. 10 SUWARY OF THE | NVENTI ON The present inventors have
made extensive and in- tensive studies with a view toward devel oping a

met hod which is free fromthe above probl ens acconpanying the prior art.
As a result, it has unexpectedly been found 15 that the above objective can
be achi eved by a nethod for continuously producing a dial kyl carbonate and .
a diol, conprising: (1) continuously feedigg a cyclic 28apanedse and an
al i phati c nonohydric al cohol to a con tinuous nulti-stage istillation

colum, and continu- 20 ousl effectl tran est ification het n the
cy- clic carbonate & Gk b (YPiig cﬁ%h%ﬂ?@t Yﬁ'lqt T?éb %fgiﬁce of
a transesterification cat in the ti-stage dis on colunn

whi | e conti nuotd%P %Q?Fdaté %gpﬁoq%ﬁﬁ%gﬁucf’f ncbm'b‘b%h‘ft’ﬁ%fd? ‘ﬁc%tn%a%eous 25

Ut eactod &l Bﬁ@m'ﬁs@o"d“ et ot o ol pher YoREY | FaroBhatRe

E:'e i gt Sg.‘egg't?ﬁ‘ 'tfi"rlé:ﬁ atf“ﬁ%‘ﬁ’?%f%con”%?%”*?% Y\‘ﬁfégﬁé%% ‘a%ﬁb?f‘am

st Tl gtTon oY ST SRRt HEThR YEEPLE bPBeRh RO VRE ol e

mxture mﬁthdr%ﬂﬂééfﬁﬁ separation step or a need for additional mate-
rials other than feedstocks and a catalyst in the

transesterification.

10 SUMMARY OF THE INVENTION

The present inventors have made extensive and in-
tensive studies with a view toward developing a method
which is free from the above problems accompanying the
prior art. As a result, it has unexpectedly been found

15 that the above objective can be achieved by a method
for continuously producing a dialkyl carbonate and a
diol, comprising: (1) continuously feeding a cyclic
carbonate and an aliphatic monohydric alcohol to a con-
tinuous multi-stage distillation column, and continu-

20 ously effecting a transesterification between the cy-
clic carbonate and the aliphatic monohydric alcohol in
the presence of a transesterification cétalyst in the
multi-stage distillation column, while continuously
withdrawing a low boiling.point mixture in a gaseous

25 form containing the produced dialkyl carbonate and the



the lower portion of the multi-stage distillation col- um to a continuous
etherification reactor, to thereby 10 effect a continuous etherification
reaction between the unreacted cyclic carbonate and a part of the produced
diol and produce a chain ether and carbon dioxide, whi- e continuously

wi thdrawi ng the resultant etherifica- tion reaction mxture containing the
remai nder of phe 15 diol produced in step 14) and the ppodyggdoghai n et her
fromthe continuous etherification reactor; wherein the etherification

of the wei ght - PREGCTR HIA R C AR ETe (0 TR bl Fra A8 has

e“cyclic carbonate to the diol. That i1s, it has

20 unexpectedl y been, f oungtal) d. Jihs kAN B dotn o i @b édndi o

can be easily out a nee r a conpl I cated

distillation-separat i%@yﬂie’i%ﬁm@ﬁ%eq‘f Wi 4 9NGd i pBURLk BhBe OLREs than

uo
f eedst ocks and & ‘Cat ansesterification. The present in 25

vention has b_ec—.l Iiﬁ%fﬁé% iﬂr?g Wélplféd\%é‘@-dﬂélzgn&pfﬁé 2095-

Accordingly, it a prinmary object of the present invention to provide a

met hod f,or Conta{%%jscldyclpf@dé’&fbérﬂgt@ £ih ky| 1 6@ bopateigndon thal froma

cyclic car- bonate and an aliphatic nonohydric al cohol, wherein the 5
et hod enabl es g, 1.0l ud tas kol 1405 b esBinhy, odhal ved cuhthaubualgeed for

a conplicated | at ion- separation step or a need for additional
materials oth- g4 fRedsi@eksotnthg seirt yaixtareheithanawst Erofmi -
the lower portion of the multi-stage distillation col-
umn to a continuous etherification reactor, to thereby
10 effect a continuous etherification reaction between the
unreacted cyclic carbonate and a part of the produced
diol and produce a chain ether and carbon dioxide, whi-
le continuously withdrawing the resultant etherifica-
tion reaction mixture containing the remainder of the
15 diol produced in step (1) and the produced chain ether
from the continuous etherification reactor, wherein the
etherification reaction mixture has a cyclic carbonate
content of from 0 to 102 in terms of the weight ratio
of the cyclic carbonate to the diol. That is, it has
20 unexpectedly been found that, by the above method, a
high purity diol can be easily obtained without a need
for a complicated distillation-separation step or a
need for additional materials other than feedstocks and
a catalyst in the transesterification. The present in-

25 vention has been made, based on this novel finding.




cation. 10 The foregoi ng and other objects, features and ad- vantages of
the present invention wll be apparent from the follow ng detail ed
description and appended clains taken in connection with the acconpanyi ng
drawi ngs. 15 BRI EF DESCRI PTION OF THE DRAWNGS In the drawings: Fig. 1 is
a di agram showi ng the system which was wused for practicing Exanple 1 of

the present applica- tion; 20 Fig. 2 is a gdsagram show ng A 20y5t em whi ch
was used for practicing Conparative Exanple 2 of the pre- sent

application; Fig. 3.s a diagram.show ng the syst whi ch s used for :
practicing Exanple % gg'ryefs J@f‘p;ﬂgipcrd'-m t9 ,Cf16°5\£%r9¥e§% Fig.
133 U a0 amSon gL he, SYSLEmAN Clutee, Mot LT RATHS! DR RELe ©
Descri pt i on of Rt & HAE R e AT Rt buad o £ A e PPt Bt on
colum 10 3, %d%é%gﬁgﬁﬁ an aliphatic monohydric alcohol, wherein the
5 method enables a high purity diol to be easily obtained
without a need for a complicated distillation-
separation step or a need for additional materials oth-
er than feedstocks and a catalyst in the transesterifi-
cation.
10 The foregoing and other objects, features and ad-
vantages of the present invention will be apparent from

the following detailed description and appended claims

taken in connection with the accompanying drawings.

15 BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

Fig. 1 is a diagram showing the system which was
used for practicing Example 1 of the present applica-
tion;

20 Fig. 2 is a diagram showing the system which was
used for practicing Comparative Example 2 of the pre-
sent application;

Fig. 3 is a diagram showing the system which was
used for practicing Example 5 of the present applica-

25 tion:



4, 18, 42, 61 top of colum 7, 19, 32, 45, 62 condenser 10, 26, 43, 65
bottom of colum 12, 28, 50, 67 reboiler 15 15, 34 conti nuous
etherification reactor 72 hydrolysis reactor 17 |ow boiling point m xture
separation colum or |ow boiling point mxture separation/etherification
colum 20 22, 38 carbon dioxide separation colum 41 diol (ethylene glycol)
purification colum 60 water separation calum 2, 2', 52 A8yri190041, 13, 14,
16, 20, 21, 23, 24, 25, 27, 29, 30, 31, 33, 35, 36, 37, 39, 46, 47, 48,
49, 51, 52, 25 56, 63, 64,.66, 68 69 70, 71 conduit 17 22 April 2005
DETAI LED DESCRI PTI ON F THE'S I\i/léﬁfﬁ?f\?m A%‘é%‘?’ﬁ‘i’%g&i‘% ﬂﬁﬁ%ﬁﬁ“e‘é’ﬁﬁgf‘i K@&nt i on,

there is pro vided. a_ nethod r.congi nuousl oducing a dial kyl ., 5

car bonat e and dpﬂ?%lf??o%?%9£§%+?%n%§?%3#3té gﬁdggﬁ ngFBHﬁtF8¥ﬁﬁﬁ8ﬁydric
al cohol , conprig'n ; %& continuously feeding a cyclic carbonate repre-
sented by the forffoWHY formula (A: 10/ O\ R1 /C=0 0

Fig. 5 is a diagram showing the system which was
5 used for practicing Example 9 of the present applica-

tion.

Description of Reference Numerals

1 continuous multi-stage distillatiop column
10 3, 6 preheater
4, 18, 42, 61 top of column
7. 19, 32, 45, 62 condenser
10, 26, 43, 65 bottom of column
12, 28, 50, 67 reboiler
15 15, 34 continuous etherification reactor
72 hydrolysis reactor
17 low beiling point mixture separation column or

low boiling point mixture séparation/etherification

column

20 22, 38 carbon dioxide separation column
41 diol (ethylene glycol) purification column
60 water separation column

2, 2', 5, 8, 9, 11, 13, 14, 16, 20, 21, 23, 24, 25, 27,
29, 30, 31, 33, 35, 36, 37, 39, 46, 47, 48, 49, 51, 52,

25 56, 63, 64, 66, 68, 69, 70, 71 conduit



(A) wherein R1 is a divalent group which is repre- 15 sented by the formul a
-(CH2)m, wherein mis an integer of from2 to 6, and which is unsub-
stituted or substituted with at | east one sub- stituent selected fromthe
group consisting of a Cl1-Cl10 al kyl group and a C6-Cl10 aryl group, 20 and
an aliphatic nonohydric al cohol represented by the 25 follow ng fornul a
(B): R20H (B) wherein R2 is a nonoval ent dal7 phatic Cl- @2Apriipdoocar bon
group which is unsubstituted or substituted with at | east one substi t uent
se 18 22 April 2005 lected fromthe group consisting of a Cl-Cl0 al kyl
group and a C6-Cl10 aryl group, to a continuous nulti-stage distillation

columm, and conti nuous! yr@kfeebi pEsrtpARBRSHE' rkCakiARTINIEEN 5 the
cyclic carbonate and th —airpﬁatrcﬂmmnA%g;ﬂﬂrﬁﬁﬂﬁr—jLﬁ—++r+h% presence of
a transesterificati oc€e+@i¥§ttol Pnth hi ti og cal um,
t her eby con- tlnuousl§ produiln% EFEEF cargggg{gbﬁép%gggﬁtgg g&g t he
follow ng formigsé&)a mltHoalsor contlnuously producing a dialkyl
5 carbonate and a diol from a cyclic carbonate and an
aliphatic monohydric alcohol, comprising:

(1) continuously feeding a cyclic carbonate repre-

sented by the following formula (A):

10 ///
\
N "
wherein Rl is a divalent group which is repre-
15 sented by the formula —(CHp),—, wherein m is
an integer of from 2 to 6, and which is unsub-
stituted or substituted with at least one sub-
stituent selected from the group consisting of
a C3-Cyp alkyl group and a Cg-C1g aryl group,
20 and an aliphatic monohydric alcohol represented by the

following formula (B):
R20H (B)
wherein R? is a monovalent aliphatic C;-Cio
hydrocarbon group which is unsubstituted or

25 substituted with at least one substituent se-



(C wherein R2 is as defined for fornula (B) above, 15 and a diol
represented by the followwng formula (D): OH RROOOR2 RLV OH (D) wherein Rl
is as defined for formula (A) above, 20 while continuously w thdrawi ng a

| ow boiling point mx- ture in a gaseous form containing the produced

di al kyl carbonate (C) and the unreacted aliphatic nonohydric al cohol (B)
froman upper portion of the multi-stage digstillation QolAgm 2004
continuously withdrawing a high 25 boiling point mxture in a liquid form

containing the -produced diol (D). and the unreacited cyglic_capbonate 19 22
Aori b 2008 (&) 11 om estrt Fia (ud GrORR M Ert ShaghE iPofETEas i on
colum, and (2) conti uqfsl feeding t eﬁgi h boilin oint mxture

wi t hdrawn fromthe I%£k¥ Fﬁ%é?%w?% ?heb 18i§r% s¥aG®Pdi stillation col um
in step (1) to a continupus etherification reaci [, ;o thereby effect a
continuous et hEPi#i CARFHRIPRE PR ORI pEEABENILAE gﬁ?@ EPedoLPER c 20¢ar bonat e

(2, 200 2 B0 Shab I BESPCEP L ohh, S0t BEIUGR:BaFRH S lEer
5 the cyclic carbonate and the aliphatic monohydric alco-
hol in the presence of a transesterification catalyst
in the multi-stage distillation column, thereby con-
tinuously producing a dialkyl carbonate represented by

the following formula (C):

10
R20COR?2

o (C)

wherein R? is as defined for formula (B) above,
15 and a diol represented by the following formula (D):

OH

e

Rl (D)

N

wherein Rl is as defined for formula (A) above,

OH

20 while continuously withdrawing a low boiling point mix-
ture in a gaseous form containing the produced dialkyl
carbonate (C) and the unreacted aliphatic monohydric
alcohol (B) from an upper portion of the multi-stage
distillation column and continuously withdrawing a high

25 boiling point mixture in a liquid form containing the

produced diol (D) and the unreacted cyclic carbonate



HX(R OpH (E) wherein RL is as defined for fornmula (A) above and p is an
integer of from2 to 4, and carbon dioxide, while continuously w thdraw ng
the 15 resultant etherification reaction mxture containing the reminder
of the diol (D) produced in step (1) and the produced chain ether (E) from
the continuous eth- erification reactor, the etherification reaction

m xture having a cy- 20 clic carbonate content of from Q2tApril@0@5in terns

of the weight ratio of the cyclic carbonate (A) to the diol (D). For an

easy under st andj f the present invention,, 25 e i res and
various prefer rgg)g B¢ 21%"925 %jrrtﬂo’b trrré%t"é&ic]) it%@%‘% eéqé?\{:flﬁﬁgenti on

are enunerated below. .1. A nethod for continuously producing a dialkyl car-
bonate and a di%)o?r%ﬁ#%PQnmﬁWQ carbonate and an ali- phatic nonohydric

R R ERE NG LRSS il R e A
a dival ent gro%ﬁiﬁ%ﬂfﬁ‘&f&ﬁé%ﬁ&ﬁ from the lower portion of the multi-
5 stage distillation column in step (1) to a continuous
etherification reactor, to thereby effect a continuous
etherification reaction between the unreacted cyclic
carbonate (A) and a part of the produced_diol (D) and
produce a chain ether represented by the following for-
10 mula (E):
HO(R0)pH (E)
wherein Ri is as defined for formula (A) above
and p is an integer of from 2 to 4,
and carbon dioxide, while continuously withdrawing the
15 resultant etherification reaction mixture containing
the remainder of the diol (D) produced in step (1) and
the produced chain ether (E) from the continuous eth-
erification reactor,
the etherification reaction mixture‘having a cy-
20 clic carbonate content of from 0 to 10-2 in terms of
the weight ratio of the cyclic carbonate (A) to the

diol (D).

For an easy understanding of the present invention,

25 the essential features and various preferred embodi-



sented by the formula -(CH2)m, wherein mis 15 20 25 an integer of from 2
to 6, and which is unsub- stituted or substituted with at |east one sub-
stituent selected fromthe group consisting of a Cl-Cl0 al kyl group and a
C6- C10 aryl group, and an aliphatic nonohydric al cohol represented by the
following fornula (B): R2OH (B) wherein R2 is a nonoval ent aliphatic
Cl-Cl2 hydrocarbon group which is unsubst2outed or substigdibedswi th at

| east one substituent se- lected fromthe group consisting of a Cl-Cl10

al kyl group and a .C6- aryl_group,, 21 22 April 2005 to ntj nuous

Tl 11 - Stage di ARG RRRE T e R Firrete fg BRIV

transesterification between he cygl.i c. carbonate he I i

nonohydri c al cgf-' ho!™ "¢ oed ptioérsecr%ngi&uoél stlrya sreosc%"l:%ﬂ? c%t(?%énﬂg‘ﬁ’ aﬁ??lzéf 5in

the nmulti-stag [.St1l i.on,col u the . CON=_ ] S producing a

di al kyl car bongqog’la?';eéprger?én gddlcgiy é?%né %]o#f%%g%%%rﬁ#gg( ‘? é’g gfg'}bOCRZ 11
phatic monohydric alcohol, comprising:

5 (1) continuously feeding a cyclic carbonate repre-

sented by the following formula (A):

1///0\\\c=o
Ny

R (A)

10

wherein Rl is a divalent group which is repre-

sented by the formula —(CHj)y—, wherein m is
an integer of from 2 to 6, and which is unsub-
15 stituted or substituted with at least one sub-
stituent selected from the group consisting of
a C1-Cjo alkyl group and a Cg-Cyp aryl group,
and an aliphatic monohydric alcohol represented by the
following formula (B):
20 R20H (B)
wherein R? is a monovalent aliphatic C3-Cjpgp
hydrocarbon group which is unsubstituted or
substituted with at least one substituent se-
lected from the group consisting of a Cy-Cjp

25 alkyl group and a C6¥C10 aryl group,



0 (© wherein R2 is as defined for fornmula (B) above, and a diol
represented by the followwng formula (D): OH 15 R1/ (D) OH wherein Rl is
as defined for formula (A) above, while continuously w thdrawing a | ow
boiling point mx- ture in a gaseous form contai ning the produced di al kyl
20 carbonate (C) and the unreacted aliphatic nonohydric alcohol (B) from
an upper portion of the nmulti-stage distikhation col uma2aggilieoosi nuously
wi thdrawing a high boiling point mxture in a liquid formcontaining the

d d di ol d d, | 25 (A) f I
produced ol (PL andLhe, Unreactos cyelie spLbonlp .2 (A} foomadover
cont I nuous!y 1 oeahRg | 15e 4 BeBgt LG, BokEbrs TR iR e bR R e

ti therifi i t by.eff j
continous o nepLTLeatLonLEREher b DRECRY SHRESL pespiypudte.
part of the progucedodipl CPLoaRd. BECYUEEaRsEHRLD 12 0Ek1EEPLATEAYRE PY the

follow ng for-

5 in the multi-stage distillation column, thereby con-
tinuously producing a dialkyl carbonate represented by

the following formula (C):

R20COR?2

10 0 (C)

wherein R2 is as defined for formula (B) above,
and a diol represented by the following formula (D):

OH

S

15 R1 (D)

N

OH
wherein Rl is as defined for formula (A) above,
while continuously withdrawing a low boiling point mix-
ture in a gaseous form containing the produced dialkyl
20 carbonate (C) and the unreacted aliphatic monohydric
alcohol (B) from an upper portion of the multi-stage
distillation column and continuously withdrawing a high
boiling point mixture in a ligquid form containing the
produced diol (D) and the unreacted cyclic carbonate
25 (A) from a lower portion of the multi-stage distilla-

tion column, and



H(R OpH (E) wherein RL is as defined for fornmula (A) above and p ii;s an
integer of from2 to 4, and carbon di oxide, while continuously w thdraw ng
the resultant etherification reaction m xture containing the renainder of
the diol (D) produced in step (1) and 15 the produced chain ether (E) from
the continuous eth- erification reactor, the etherification reaction

m xture having a cy- clic carbonate conteng2of from O tQ2lyd 2005t erns of
the weight ratio of the cyclic carbonate (A) to the 20 diol (D). 2. The

et pod_accordlng Ko 1P ARl AR S Y T Pl BELEYLLC,
conver sion of (REERYE I BATBOTACE Th The 195nk debeFyen SEaHREMmbE®Lrep (1)
5" above, wher of HE97 4T Bh 13567 nEO LM | lchE Rt kel PPy BPrBinbblly o'
et 1 EBLETETSE Bl B fLlec rLl EALLRRyCaLebUE! s AdpBsnlifaret o
cyclic carbonatg,, L Eg, £O5N ' PLRYE1 8A NSLLELERTLRD LRAELERBA' ByRhER (2)
carbonate (A) and a part of the produced diol (D) and
produce a chain ether represented by the following for-
mula (E): |
HO(R10) H (E)
10 wherein Rl is as defined for formula (A) above
and p is an integer of from 2 to 4,
and carbon dioxide, while continuously withdrawing the
resultant etherification reaction mixture containing
the remainder of the diol (D) produced in step (1) and
15 the produced chain ether (E) from the continuous eth-
erification reactor,
the etherification reaction mixture having a cy-
clic carbonate content of from 0 to 10-2 in terms of

the weight ratio of the cyclic carbonate (A) to the

20 diol (D).

2. The method according to item 1 above, wherein the
conversion of the cyclic carbonate in the transesteri-
fication in step (1) is 50 % or more.

25



is from90 to 100 % 15 6. The nethod according to any one of itens 1 to 5
above, wherein the etherification reaction mxture wthdrawn fromthe
continuous etherification reactor in step (2) contains the carbon dioxide,
and wherein the carbon dioxide is renoved fromthe etherification reac- 20
tion mxture. 7. The nethod according to any one of itenms 1 to 6 above,
wherein the aliphatic nonohydric alcohol usgd in step Qéy“ﬁgqbggns a
concom tant dial kyl carbonate in an 25 amount of fromO to 40 % by wei ght,
based on the tatal 4 22 Agrll 2005 wei of the aliphatic monohydri-c

al cohol and thé conTﬁﬁnT?Eh dd?ﬁFR?PlﬁﬁrEBnaFém . aPR¥ereihEF S ng to
any one of itens 1 to 7 5 above, wherein t boi |.i oint mxture

Wi thdrawn frofATEToRE Hortieh P %ecaag?ﬂ SR e eEfagesterlt

distillation cq instep (1 ¢ nta| a t of th unr eact ed allphatlc
nonohydri c alcé%égq”éﬁﬂlﬁhé? ﬁt% %%I%?gnQXture is

continuously introduced, 10 prior to the feedlng thereof to the continuous
etheri- fication reactor in step (2), to a low boiling point m xture

separation col m@hghﬂeﬁﬁgge| §ggﬁgf %OCEP Oh%y%&s tl-sgag%

di stillation colum;an boi poi nt ur e contwai ni ng

the part of hentydinaasiah aliphaide (?Pohé/ﬁjé'&x?chr?QcS’us"‘QtﬁQr&%i‘éQ”'

tained in the hi I ng p0|n I's contl
tion reaction is conducted in the presence of an eth-

erification catalyst.

10 5. The method according to any one of items 1 to 4
above, wherein the conversion of the cyclic carbonate
in the continuous etherification reaction in step (2)

is from 90 to 100 %.

15 6. The method according to any one of items 1 to 5
above, wherein the etherification reaction mixture
withdrawn from the continuous etherification reactor in
step (2) contains the carbon dioxide, and wherein the
carbon dioxide is removed from the etherification reac-

20 tion mixture.

7. The method according to any one of items 1 to 6
above, wherein the aliphatic monohydric alcohol used in
step (1) contains a concomitant dialkyl carbonate in an

25 amount of from.o to 40 % by weight, based on the total



ously wi thdrawn from an upper portion of the low boil- ing point m xture
separation colum, while continuously wthdrawi ng a high boiling point

m xture containing the 20 diol (D) and the unreacted cyclic carbonate (A)
from the low boiling point m xture separation colum through one or nore
side-cut withdrawal ports provided in a side wall of the colum at one or
nmore positions there- of corresponding to »ae or nore spaggsilgedected from
25 the group consisting of internmediate stages and a low 2 5 22 April 2005

ermost stage of, Ly Qi B9l HAG RO HoHAHALSEPA frorld 01 4. cher o

the low boiling P Xt ur e "Wt hdr awn e upper portion of the |ow

boi I i ng poi nt g%?ﬁﬁ%?ﬂbﬁ”%@ﬁ%ﬁagéyﬁ§ﬁgég”'is continuously recycled to the

mul ti-stage di I M Uused I n step (1), while continuously
feeding the high boiling point mxture wthdrawn through the side-cut
wi t hdrawal port of the |ow boiling point mxture separation colum to the

con 10 ti nuous Lt hepi,(i iathgn LEAGERTnYSEd hAySbaR b2) 1rdnsThe vgeyhod

according to any one of I1tens ove, erein the high boiling point

m xture vt hdr iy d F QiRdAE d MRS RQUH 81 2fnd Yo GONTA DNHAUSe WA thasd@ge 15
distillation colum in step (1) contains.a part of the wunreacted aliphatic

monohydric al cofyqdn @ MRILigbdtion MO0 dd i b Wd Mk XE UL Sthe
continuously introduced, prior to the feeding thereof to the continuous
etheri - distillation column in step (1) contains a part of the
unreacted aliphatic monohydric alcohol, and wherein the
high boiling point mixture is continuously introduced,
10 prior to the feeding thereof to the continuous etheri-
fication reactor in step (2), to a low boiling point
mixture separafion column which is comprised of a con-
tinuous multi-stage distillation column, and wherein a
low boiling point mixture containing the part of the
15 unreacted aliphatic monohydric alcohol which is con-
tained in the high boiling point mixture is continu-
ously withdrawn from an uﬁper portion of the low boil-
ing point mixture separation column, while continuously
withdrawing a high boiling point mixture containing the
20 diol (D) and the unreacted cyclic carbonate (A) from
the low boiling point mixture separation column through
one or more side-cut withdrawal ports provided in a
side wall of the column at one or more positions there-
of corresponding to one or more stages selected from

25 the group consisting of intermediate stages and a low-



fication reactor in step (2), to a low boiling point 20 m xture separation
colum which is conprised of a con- tinuous nulti-stage distillation
colum, and wherein a |ow boiling point m xture containing the part of the
unreacted aliphatic nonohydric al cohol which is con- tained in the high
boiling point mxture is continu 25 ously w thdrawn from an upper portion
of the low boil 2 6 22 April 2005 ing poi n25m xture sepapaipridR0e®l um,
while continuously wthdrawing a high boiling point m xture containing the

di ol (D dt l,J t J i f
ol (D) and, sgieat ol Sl SUPIRS AN LAT Rl B RN ©
boi I i ng poi nt rgi%%urc%l\qg“&pdravm fromthe upper-portion of the |low boiling

poi nt m xture separation ‘colum is continuously recycled to the

i th-stage disti' | G GO 1PN b dshe Al O, a0 euS! Y

feeding the high boiling point mxture w romt portion of
the I ow boilin [ ] P 2td I L PURYS+ 848
erification regcl:togf tggeeg]qgné%?ep (q{’fa dligntlrge e ﬂn(gjf%%gg ;é:)%l%llrlgi ng to any
one of igens 1 ddaho1ahny ot S i b D0 | 8gy PPLAL £ 5T KhT ©
wi t hdr a\/\%_ from%r?e af ower poorti on of _the:L cont%oué;gyrml ti-stage _ _
di stillation colyigy jdtdeRishdi LM AN oo iR tudda the stgpepsy edyphighatic
nmonohydri ¢ al cohol, and wherein the 20 high boiling point 'mxture is
continuously i dgduifshs1ly feeding the high boiling point mixture
withdrawn through the side-cut withdrawal port of the

low boiling point mixture separation column to the con-

10 tinuous etherification reactor used in step (2).

9. The method according to any one of items 1 to 7
above, wherein the high boiling point mixture withdrawn
from the lower portion of the continuous multi-stage

15 distillation column in step (1) contains a part of the
unreacted aliphatic monohydric alcohol, and wherein the
high boiling point mixture is continuously introduced,
prior to the feeding thereof to the continuous etheri-
fication reactor in step (2), to a low boiling point

20 mixture separation column which is comprised of a con-
tinuous multi-stage distillation column, and wherein a
low boiling point mixture containing the part of the
unreacted aliphatic monohydric alcohol which is con-
tained in the high boiling point mixture is continu-

25 ously withdrawn from an upper portion of the low boil-




to a low boiling point mxture separation/etherifi- cation colum which is
conprised of a continuous nulti- stage distillation colum having a | ower
portion there- of adapted for serving as the continuous etherification 25
reactor used in step (2), and wherein the continuous 27 22 April 2005
etherification reaction between the unreacted cyclic carbonate (A) and the
diol (D) is effected in the |ower portionygf the |ow ijzIA;ngzagsnt m xture
separa- tion/etherification colum to produce the chain ether 5 (E) and the
car bon di oxide, while continuously with- drawing a | ow boiling, point

m xture cont ai ni™hy BN APLxEFe O‘FQB@-‘E%“&‘HH COHER ni Wyl 1 ReCPRFEnBPUELE
unreacted aliphatic nonohydric alcohol which is contained in the

boi | i ng poi nt rW%ﬁQﬁ%?W+Qﬁn%wph%$éP°¥kﬁQ$cPP¥ﬁtt%%xﬁ%r?oﬁPBB?FPﬁﬂngP%t
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cont ai ni ng the enalnder f th [0 duced 1) and_t he _
produced chain % e Q?§tfb%n?€59?ﬁ $%WE$ gb?9|%%l% Tﬁ§g€5é/%8PFFﬁé poi nt
m xt ure eparation/etferlflcatlon col um, wherein the | ow boiling point

m xture W t hdr awre ™ fFSm T he upper portion of the | ow boiling point m xture
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mul ti-stage distill on col unn

from the upper .portion of the low boiling point mixture
separation column is continuously recycled to the
multi-stage distillation column used in step (1), while
10 continuously feeding the high boiling point mixture
withdrawn from the lower portion of the low boiling
point mixture separation column to the continuous eth-

erification reactor used in step (2).

15 10. The method according to any one of items 1 to 7
above, wherein the high boiling point mixture withdrawn
from the lower portion of the continuous multi-stage
distillation column in step (1) contains a part of the
unreacted aliphatic monohydric alcohol, and wherein the

20 high boiling point mixture is continuously introduced
to a low boiling point mixture separation/etherifi-
cation column which is comprised of a continuous multi-
stage distillation column having a lower portion there-
of adapted for serving as the continuous etherification

25 reactor used in step (2), and wherein the continuous



step (1). 11. The method according to any one of itenms 1 to 10 above,
wherein the cyclic carbonate is ethylene carbon 25 ate and the aliphatic
nonohydri c al cohol is selected 2 8 22 April 2005 fromthe group consisting
of net hanol, ethanol, n- propanol, iso-propanol, n-butanol, iso-butanol,
sec- butanol and tert-butanol. 5 12. The nethod according to any one of
items 1 to 11 above, wherein the cyclic cavbonate is ebhwpeneogsrbon- ate,
the aliphatic nonohydric al cohol is nmethanol and the chain ether is

di ethyl ene gl yCQ{hexﬂ:%i'é?t%o@P":le%"&t L} gy SRR H&V%f@{hﬁ’\éélc SLEE

plained in det ai reactlon or e he present Tnvermionis a
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foll ow ng reaction sc car bonat e
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R2000R2 + R1 tion/etherification column to produce the chain ether

5 (E) and the carbon dioxide, while continuously with-
drawing a low boiling point mixture containing the car-
bon dioxide and containing the part of the unreacted
aliphatic monohydric alcohol which is contained in the
high boiling point mixture from an upper portion of the

10 low boiling point mixture separation/etherification
column and continuously withdrawing a high boiling
point mixture comprising the etherification reaction
mixture containing the remainder of the diol (D) pro-
duced in step (1) and the produced chain ether (E) from

15 the lower portion of the low boiling point mixture
separation/etherification column,

wherein the low boiling point mixture withdrawn
from the upper portion of the low boiling point mixture
separation/etherification column is continuously recy-

20 cled to the multi-stage distillation column used in

step (1)}.

11. The method according to any one of items 1 to 10
above, wherein the cyclic carbonate is ethylene carbon-

25 ate and the aliphatic monohydric alcohol is selected



/OH Il 0 10 (I') wherein: RL is a divalent group which is represented by

the formula -(CH2)m, wherein mis an inte 15 ger of from2 to 6, and which
i s unsubstituted or substituted with at |east one substituent selected
fromthe group consisting of a Cl-Cl10 alkyl group and a C6-Cl10 aryl group,
and R2 is a nonoval ent aliphatic Cl-Cl2 hydrocar- 20 bon group which is

unsubstituted or substi- tuted with at |eagg one substibyegiiigghgcted from

the group consisting of a Cl1-Cl0 al kyl group and a C6-Cl10 aryl group. 25
As nentioned above, the reaction performed.in the 3 0 2 rjil 2005 present
Cventi on s a busTh it B ORI CRY o (RPN her SFBAE0L evBh when | 1
is possible to achieve a sub- stanti llX 100 % conyversion of a c%clic

carbonate, it H<H i Y RTPRAR ent T PR bt PoFaRRE: c§EFTc 5
carbonate from.reminin reacted in a produced diol. Further, for
separating a m?ﬂ1iﬂﬁ¥tiﬁéﬂhﬁéﬁ??ﬁﬁ%P x- ture of a cyclic carbonate and a
diol, it is necessary to performa distillation separation of the high
purity diol under strictly controlled conditions.

5 12. The method according to any one of items 1 to 11
above, wherein the cyclic carbonate is ethylene carbon-
ate, the aliphatic monohydric alcohol is methanol and

the chain ether is diethylene glycol.

10 Hereinbelow, the present invention will be ex-
plained in detail.
The reaction performed in the present invention is
a reversible, equilibrium transesterification reaction
represented by the following reaction scheme (I), in
15 which a dialkyl carbonate (C) and a diol (D) are pro-
duced from a cyclic carbonate (A) and an aliphatic

monohydric alcohol (B):

20

25



10 In the method of the present invention, the unre- acted cyclic carbonate

remaining in the produced diol 1is converted into an ether, which can be
easily sepa- rated fromthe diol. Therefore, in the present inven- tion, a
hi gh purity diol can be easily obtained without 15 a need for the
above-nmentioned distillation separation to be perforned under strictly
controlled conditions. As nentioned aboveg there is knoapail zeo$r0d for
obtaining a high purity diol, in which the unreacted cyclic carbonate is
hydrol yzed to forma diol (W 20 97/23445 (corresponding to U S. Patent No.
5,847,189 and EP 22890{?\)). Differing fromthe nethod of WO 97/23445, the
nmet hod of the pre t inwention enables A high purity diol to be easily
obtai ned by a si%%{gq pro s whitch ddds bt require the use of water and
25 hence does not.r i#e cunbersonme operations (such as 31 22 April 2005
wat er renoval operation) caused by the use of water. Therefore, the nethod
of the present invention is very advantageous, as conpared to the nethod
of the above- nentiohBd WO 97/23445. 5(Bd step (2) of the nethod of the
present _invention, the etherification reaction is effected to the extent
that th& etherification reaction mxture withdrawn from the cbidi nuous
etherification reactor has a cyclic car- bonate content of fromO to 10-2
in ternms of the weight 10 ratio of the cyclic carbonate to the diol.
Conventi on- OH

e

> R20COR?2 + rR1

on

A

I
10
(C) (D)
wherein:
Rl is a divalent group which is représented by
the formula ——(CHz)m——,.wherein m is an inte-
15 ger of from 2 to 6,.and which is unsubstituted
or substituted with at least one substituent
selected from the group consisting of a C;-Cjyg
alkyl group and a Cg-C;p aryl group, and
R2 is a monovalent aliphatic C;-C3, hydrocar-
20 bon group which is unsubstituted or substi-
tuted with at least one substituent'selected
from the group consisting of a C;-Cjqg alkyl

group and a Cg-C1g aryl group.

25 As mentioned above, the reaction performed in the



ally, such an etherification reaction, in which an un- reacted cyclic
carbonate which can be recycled to the transesterification reaction system
i s consunmed, has been considered as undesired. Therefore, in the prior 15
art, operations for separating a diol froma mxture of a diol and a
cyclic carbonate have been performed under conditions which do not cause
such an etherification reaction. In Conpagative Exanpl g Abriando® of the
above 20 mentioned WD 97/23445, instead of hydrolyzing an unre- acted

oycl L corbonaLg Lo TR Yol AL, GERELALR eadiehn o
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attenpt to obtain a High puri by a I ch al nost
ture of a cyclic carbonate and a diol, it is necessary

to perform a distillation separation of the high purity
diol under strictly controlled conditions.

10 In the method of the present invention, the unre-
acted cyclic carbonate remaining in the produced diol
is converted into an ether, which can be easily sepa-
rated from the diol. Therefore, in the bresent inven-
tion, a high purity diol_caﬁ be easily obtained withouf

15 a need for the above-mentioned distillation separation
to be performed under strictly controlled conditions.

As mentioned above, there is known a method for
obtaining a high purity diol, in which the unreacted
cyclic carbonate is hydrolyzed to form a diol (WO

20 97/23445 (corresponding to U.S. Patent No. 5,847,189
and EP 0889025)). Differing from the method of WO
97/23445, the method of the present invention enables a
high purity diol to be easily obtained by a simple
process which does not require the use of water and

25 hence does not .require cumbersome operations (such as



all or all of an unreacted cyclic carbonate remaining in a produced diol
is converted into an ether. It is quite unexpected that a high purity diol
can be easily 15 obtained by the nmethod of the present invention in which
the etherification reaction is perforned to the extent that the
etherification reaction mxture with- drawn fromthe continuous
etherification reactor in step (2) has a zyclic carbonqpqhﬁg@mggt of from
O0to 20 10-2 in terns of the wei ght ratio of the cyclic carbon- ate to the

ol h LTRSS T da:fa il vgeﬂr;rz;gﬂz:
par ti cul ar 11 M 2% 105 D A% Liles - gt 1 ra;dén LS9l 4m, gy o has

33 22 April two or nDre 3 ages o 'on "an bl e
of conti nuous Inlt! %F%r 143V, r ages" is
intended to i n%d%té‘ or etl c% t&) grs%s%e?{%e%}egﬁé 1§§ {%n e case

of a distil H% ? ru)substantlve stages such as a packed
colum, the va taln |ng t he pack- ing height by the height

per thegyeti cal St%‘ihes(tl%'pat(%) o(thlﬁ et)hc@?dighéh&%&}é@é&@tlﬁ%ﬁtion

theoretical plate) 1s coOnsidered as e nunber of stages. Exanples of
such Cont'nUOU%h@U@Whéﬂfﬁ%&d%fﬂd|ﬂéﬂdﬂ¥bd“lé”€¥%ééte&'EEK%K%aéftéﬂQG

colums using a tray, such as a bub- ble-cap tray, a sieve tray, a valve

tray, a counterfa®Wthe etherificatlon reaction mixture withdrawn from
the continuous etherification reactor has a cyclic car-
bonate content of from 0 to 10-2 in terms of the weight

10 ratio of the cyclic carbonate to the diol. Convention-
ally, such an etherification reaction, in which an un-
reacted cyclic'carbonate_which can be recycled to the
transesterification reaction system is consumed, has
been considered as undesired. Therefore, in the prior

15 art, operations for separating a diol from a mixture of
a diol and a cyclic carbonate have been performed under
conditions which do not cause such an etherification
reaction.

In Comparative Examples 1 and 2 of the above-

20 mentioned WO 97/23445, instead of hydrolyzing an unre-
acted cyclic carbonate remaining in a diol, a step for
separating the dicl from the unreacted cyclic carbonate
is performed. In thé separétion step performed in Com-

parative Examples 1 and 2 of WO 97/23445, a part of the

25 unreacted cyclic carbonate (unreacted ethylene carbon-



tray, and packed type colums packed wi th various pack- ings, such as a
Raschig ring, a Lessing ring, a Pall 15 ring, a Berl saddle, an Interl ox
saddl e, a Di xon pack- ing, a McMahon packing, a Hell pack, a Sul zer packing
and Mel | apak. Any columm which is generally used as a continuous
multi-stage distillation colum can be util- ized. Further, a m xed type of
pl ate col umm and packed 20 col umm, which conpri ses bothng@hmggoportlon and
a por- tion packed w th packings, can also be preferably used. When a
solid catal yst | ubl e in the phase in a distillation

n i d
ol um 15 uvedats) pHaRBENE, FinRe. CoPYeAted 0 AF AR LS PIART t he
solid catal yst g i gf iﬁltution fqr part or all of the packings,
3 422 April 2808°F éF&EFﬁY FHfoPad co thBOESHFFnuéﬁgcﬁuFPﬁsstage
distillation colum to be ed i t of the od, of t resent
vent i on, 1t neCRBSRESRER PinGHTERSLoRl FIBARR L AR B QU Es

individually o

nbi | | f
di s- tiIIationigopﬁﬁgénﬁﬁytg§%égnn§?2 gﬁo egéﬁq¥() I n tIOqJ éﬂ? R éty °
| b d dst ock t th d f th
cyclic ar onate ysed as a %39% 0 GRL%O %Rﬁ4g§% o ecﬁ e§§€ yn-

|nvent| nisre resentggpgy
ment i oned abovge E{%EIQE% l%%ec 5 Qrb tec:Lf ”CHH%? K¥|%{hylene

car bonat es, SUC as et hy&ene car onate ag(ril’ ropy ene “carbona

1,3- d'OxaCyC|OEQ%%ogaQQ9et%y%eﬂhoﬁ@yggfﬂwa¥diézfggios in Comparative
Examples 1 and 2 of WO 97/23445 are 40.3/59.7 and
13.5/86.5, respectively).

10 Thus, there have conventionally been no attempt to
obtain a high purity diol by a method in which almost
all or all of an unreacted cyclic carbonate remaining
in a produced diol is converted into an ether. It is
guite unexpected that a high purity diol can be easily

15 obtained by the method of the present invention in
which the etherification reaction is performed to the
extent that the etherification reaction mixture with-
drawn from the continuous etherification reactor in
step (2) has a cyclic carbonate content of from 0 to

20 10-2 in terms of the weight ratio of the cyclic carbon-
ate to the diol.

With respect to the continuous multi-stage distil-
lation column to be used in step (1) of the method of
the present invention, there is no particular limita-

25 tion, as long as it is a distillation column which has



and the like. O these cyclic carbonates, ethylene 15 carbonate and

propyl ene carbonate are preferred because of their good availability.

Et hyl ene carbonate is nost preferred. An aliphatic nonohydric al cohol used
as another feedstock in the nmethod of the present inventionis a 20
conpound which is represented by fornula (B) in reac tion schenme (1)
mentioned above and has a boiling point |gger than that2dpdipeopr oduced
diol. The type of an aliphatic nonohydric al cohol which can be used in the

2?2?.:3' 82&25%@%?22% 'o”élvé”t T e 5t %e%‘ﬁ%ae%} édﬁgzélaa - °fa§ﬂ§dr. ¢
butanol (i 2§n§r°% S honse FEr agho °r§?2§:slo e B ﬂévx%naclﬁq"%?hm
(isomers), hepty c?ec N ﬁ(alcggos"erjfs) 1n%éx¥ée<3a,€o° 3‘1, T&% F%&fgtlggﬂy

al cohol (|soners |soners)

dodecyl al coholg ; cI yelgpt no

cy- clooctanol, t(Aqi%yl cyc orpee%%l%ﬂ% sorrers) yI cy cl ofgeér:lt rﬁlgf

(Tsomersd, met el Ahexanpind g AP sudd fﬁﬂwgyﬁg éé?nguc§' §0MErs),
(1so- cyclo

dlnethylcyclohexan mer s dleth exano | SonMer s
Tor sy, phenyl posane (TomH e e a‘%‘?%“fhe AHALS R AN
nonohydric al coliyy HBYGHIE by the height per theoretical stage (plate)
(H.E.T.P.) (height equivalent to a theoretical plate)
is considered as the number of stages. Examples of
10 such continuous multi-stage distillation columns in-
clude plate type columns using a tray, such as a bub-
ble-cap tray, a sieve tray, a valve tray; a counterflow
tray, and packed type columns packed with various pack-
ings, such as a Raschig ring, a Lessing ring, a Pall
15 ring, a Berl saddle, an Interlox saddle, a Dixon pack-
ing, a McMahon packing, a Heli pack, a Sulzer packing
and Mellapak. Any column which is generally used as a
continuous multi-stage distillation column can be util-
ized. Further, a mixed type of plate column and packed
20 column, which comprises both a plate portion and a por-
tion packed with packings, can also be preferably used.
When a solid catalyst which is insoluble in the liquid
phase in a distillation column is used, 5 packed colump
type distillation column, in which the so0lid catalyst

25 is used in substitution for part or all of the packings,




15 substituted with at |east one substituent, such as a halogen atom a

| oner al koxy group, a cyano group, an al koxycarbonyl group, an

aryl oxycarbonyl group, an acy- foxy group or a nitro group. O these

al i phati c nmonohydric al cohols, an alcohol®™ 20 having 1 to 6 carbon atons.
is preferred. Mre pre- ferred are nonohydric al cohols having 1 to 4 carbon
atons, i.e., nethanol, ethanol, n-propanolz4iso- propang} AphiRegsnol ,

i so- butanol, sec-butanol and tert- butanol. Wen et hyl ene carbonate or
propyl ene carb n 25 used_as 8 cyclic carbopate neth nd et hanol
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catal yst to be present ion col
particularly i Ledon 8b165A8PhSy B QORACAGTASS 15U N WH ¢ 'p°'ar-
allel.
A cyclic carbonate used as a feedstock in the
method of the present invention is represented by for-
10 mula (A) in reaction scheme (I) mentioned above. Exam-
ples of cyclic carbonates include alkylene carbonates,
such as ethylene carbonate and propylene carbonate,
1,3-dioxacyclohexa-2-one, 1,3-dioxacyclohepta-2-one,
and the like. Of these cyclic carbonates, ethylene
15 carbonate and propylene carbonate are preferred because
of their good availability. Ethylene carbonate is most‘
preferred.
An aliphatic monohydric alcohol used as another
feedstock in the method of the present invention is a
20 compound which is represented by formula (B) in reac-
tion scheme (I) mentioned above and has a boiling point
lower than that of the produced diol. The type of an
aliphatic monohydric alcohol which can be used in the
method of the present invention varies depending on the

25 type of the cyclic carbonate used. Examples of ali-



15 soluble in the reaction systemunder the reaction con- ditions can be
caused to be present in the continuous multi-stage distillation colum by
continuously feeding the honbgeneous catal yst to the continuous

mul ti-stage distillation colum. Alternatively, a heterogeneous 20

catal yst (solid catalyst) which is insoluble in the reaction system under
the reaction conditions, can be caused t@ze present i) iApg]o008 i nuous
mul ti-stage dis- tillation columm by packing the solid catalyst in the

homgensous anfCAS %é’?@aﬂ Bk 8. p2PoEBaY Ene UGe3B0kRAR 0B B ved i
conti nuous. mul PEORARAS BY P%?%‘gefihi‘éﬁﬁba%ﬁ?@' R [ Seebes)°

distiIIation_cgat?gekggftggflghg? %Eﬁﬁgil§iggﬂg§sé¥c%!%ﬁﬁgegggﬁ}q_and/or a-

feedstock alip nmonoh téernativ hoaneneous

catal yst may b?igﬁﬂe% ;gggg%gﬁ'ghﬂkh ?QEUE@ at ,8odit |gfyb(yfferent

fromthat at whic urt the honngeneous cat al yst

can be Eed to %9sBBErQ55thhhgregﬂcﬁﬁbﬂnﬁiéb %?a)po%!%g& d%%dﬂﬂ¥36¥§éhe

position is at | east one the I cal stage te) a ve the colum
bottom Howevepergh nCﬁnaaenyeaueehwﬁer(gsoﬁna%sr)eaﬁatola%ﬁcta%d%ﬂ G I ace

in. the continuous ‘nulti-Stage distiliation colum is generally bel ow the.

15 position atméksih the1BpEREARBAUS cy@lidh¥shnbl ,f @§clidheptanol, cy-
clooctanol, methylcyclopentanol (isomers), ethylcy-
clopentanol (isomers), methylcyclohexanol (isomers),

10 ethylcyclohexanol (isomers), dimethylcyclohexanol (iso-
mers), diethylcyclohexanol (isomers), phenylcyclohexa-
nol (isomers), benzyl alcohol, phenethyl alcohol (iso-
mers), phenylpropanol (isomers) and the like. The
above-mentioned aliphatic mohohydric alcohol may be

15 substituted with at least one substituent, such as a
halogen atom, a lower alkoxy group, a cyano group, an
alkoxycarbonyl group, an aryloxycarbonyl group, an acy-
loxy group or a nitro group.

Of these aliphatic monohydric alcohols, an alcohol

20 having 1 to 6 carbon atoms is preferred. More pre-
ferred are monohydric alcohols having 1 to 4 carbon
atoms, i.e., methanol, ethanol, n-propanol, iso-
propanol, n-butanol, iso-butanol, sec-butanol and tert-

butanol. When ethylene carbonate or propylene carbon-

25 ate is used as a cyclic carbonate, methanol and ethanol



20 is preferred that the honbgeneous catalyst is fed to the distillation
colum at a position between the top of the columm and the position at
which the feedstock is fed. When a heterogeneous solid catalyst is used as
a catalyst, the catal yst can be packed in a desired anount at a desired
position of the continuous nulti- stage distillation colum, as |long as the
catal yst layer present in the colum has aéhei ght mhic@2q%hﬂQ0§§ sponds to
at | east one theoretical stage (plate), pref 3 8 22 April 2005 erably two

or nore theoretéf@iﬁfé%é,p'ﬁfc?%ssqé}g;g%ff'ﬁ’ﬁfé’%&é‘ f%%é@ﬁé{ﬁofs a

packi ng for the continu- ous nulti- i“sti1Tation col um can al so be

used. As a transest gfj fﬂh‘éagrlec’d?xo(hatoaﬂ M_.g,;ee Lb}geceg(frnE;m @i%?f; s&q% +8ygntion,

various types of known catal ysts can anpl es ‘stich cafal ysts

i nclude alkali yid@lSp Qs il 15 RHIL JBIA FemS UED) 285 | LERAHBY eGOFLUM

po- tassium rubidium” cesium negnesium calcium stron- tiumand bafrium
basi ¢ conpoundsyn e Udbrsi dWdl d Hese a MO1 JBY U 04 PEFa + BbKOXEHEE, 187 YERXI des and

am des of alkali nmetals or alkaline earth netals; basic conpounds, such
as carbopates anchdyiirwaeniiietes of 2l tin®da@s smuPtiakkabbngigarth

nmetals and al kali netal or alkaline earth netal salts of organic acids;
tertiary am nesgillfatsisd) Gsldnid eikyl@ndéiard tikyt ¥| pAbaecedr LBAXpbami-ne and
ing point mixture from the reaction system by distilla-
tion.
In the method of the present invention, a trans-

10 esterification catalyst is placed in the continuous
multi-stage distillation column. The method for caus-
ing a transesterification catalyst to be present in the
multi-stage distillation column is not particularly
limited. For example, a homogeneous catalyst which is

15 soluble in the reaction system under the reaction con-
ditions can be caused to be present in the continuous
multi-stage distillation column by continuously feeding
the homogeneous catalyst to the continuous multi-stage
distillation column. Alternatively, a heterogeneous

20 catalyst (so0lid catalyst) which is insoluble in the
reaction system under the reaction conditions, can be
caused to be present in the.continuous multi-stage dis-
tillation column by packing the solid catalyst in the

continuous multi-stage distillation column. The above-

25 mentioned homogeneous and heterogeneous catalysts can



benzyl di et hyl am ne; nitrogen-containing heteroaromati c conpounds, such as
N-al kyl pyrrol e, N-al kylindole, oxa- zole, N-alkylimdazol e,

N al kyl pyrazol e, oxadi azole, - pyridine, alkyl pyridine, quinoline,

al kyl qui nol i ne, 20 isoquinoline, alkylisoquinoline, acridine, alky-

| acridine, phenanthroline, alkylphenanthroline, pyrimdine,

al kyl pyri m dine, pyradine, alkylpyradine, 34riazine and2alAgyl booszi ne;
cyclic am di nes, such as diazabicycl oundecene (DBU) and di azabi cycl ononene
25 (DBN); thallium conmpounds, such as thallium oxide, 39 22 April 2005

thal | i um hal i d8€, U684 APuFPRPdnNaEied; thal | i um carbon- ate, thallium

nitrate, thalliumsulfate and thallium salts of organic acids; tin

conpounds, such as FPEBu2 DPMREERERYE: Fatedyskt jeeCtRBPHMUPusly fed to

di butyl di met hoxytin, 5 diethyldiethoxytin, dihbutyldiethoxytin, dibutyl-

phenoxytin, di pRenFoRddmeens muldin§taos fistdddedion GoOnmA ¢ idF @i%ri de

and tin 2-ethyl hexanoate; zinc conpounds, such as dinethoxyzinc,

di et hoxyzi nc,  8€hyed &fedhEx Pistd Lt 10 FOdRF FOISHNGH Mirhit shifdiftls,

i but o de. . 1 PRS0 (RHDONEREh A0/ Ao SRARRRRAR (SARIRELE

Lot r ai sopr o pROPPRYATASE IR unh hEBF ARE SRaYe | £4%i TOMQeryLEze 15

tonate; phOSph%ral{Sal%(os ?n%'}dsde s:"‘e'a(a] t%s tthrei IFlt?Ltshcy:i.ll'lation column at a
position different from that at which the feedstock is
fed. Further, the homogeneous catalyst can be fed to

10 the distillation column at any position as long as the
position is at least one theoretical stage (plate) abo-
ve the column bottom. However, since the region where
the reaction actually takes place in.the.continuous
multi-stage distillation column is generally below the.

15 position at which the homogeneous catalyst is fed, it
is preferred that the homogeneous catalyst is fed to
the distillation column at a position between the top
of the column and the position at which the feedstock
is fed.

20 _ When a heterogeneous solid catalyst is used as a
catalyst, the catalyst can be packed in a desired
amount at a desired position of the continuous multi-
stage distillation column, as long as the catalyst

layer present in the column has a height which corre-

25 sponds to at least one theoretical stage (plate), pref-



phosphi ne, triethyl phosphine, tributyl phosphine, triphenyl phosphine,

tri butyl nmet hyl phosphoni um hal i des, trioctyl butyl phosphoni um hali des and
tri phenyl nmet hyl - phosphoni um hal i des; zirconi um conpounds, such as zir 20
coni um hal i des, zirconium acetyl acetonate, zirconium al koxi des and
zirconium acetate; |ead and | ead- containing conpounds, e.g., |ead oxides,
such as PbQ, Pb02 and Pb304; |ead sulfidesg such as Pb32 Ad380snd PbS2;
| ead hydroxi des, such as Pb(C}DZ Pb302(OH) 2, 25 Pb2[ Pb2(OH) 2] and

e I PRI M R e
s Pochs and oRBEBPI a1 Faty T Satt Bt GrpRbrae art s TP aga e
o, 1o U LN o g ot

Pb(O00CH3) 2, Pb( COOGHR)4 aeh SEOGHE2: P 3 %ﬁaghg gunds,
such as Bu4Pb, Ph4Pb, Bu3PbCl 10 Ph3PDbBr, Ph3£% or 5%%é§ , BU3PEE and

Ph2PbO wher ei n s Bk I BRSSPI R avbyiaﬁs gfsgb’@s agg E’Ho&ﬁ%@%ﬁﬂ&été BQ?J‘X)'
group; lead alloys, such as Pb- Na Pb- Pb-Sn and” Pb- Sb

mneral s, such asegal mn&ﬂdasﬂdic é@&ﬂ%tﬁw@é %ﬁudé‘%ﬁcéﬁﬁ%&@ﬂgunds
ion 15 exchangers such as ani on- exchange resins having ter- tiary am no
groups, i0n- exchangex4d Eshé Sefbvh NGe €416l such as lithium, sodium, po-
tassium, rubidium, cesium, magnesium, calcium, stron-
tium and barium; basic compounds, such as hydrides,

10 hydroxides, alkoxides, aryloxides and amides of alkali
metals or alkaline earth metals; basic compounds, such
as carbonates and hydrpgencarbonates of alkali metals
or alkaline earth metals and alkali metal or alkaline
earth metal salts of organic acids; tertiary amines,

15 such as triethylamine, tributylamine, trihexylamine and
benzyldiethylamine; nitrogen-containing heteroaromatic
compounds, such as N-alkylpyrrole, N-alk&lindole, oxa-
zole, N-alkylimidazole, N-alkylpyrazole, oxadiazole,
pyridine, alkylpyridine, quinoline, alkylquinoline,

20 isoquinoline, alkylisoguinoline, acridine, alky-
lacridine, phenanthroline, alkylphenanthroline,
pyrimidine, alkylpyrimidine, pyradine, alkylpyradine,
triazine and alkyltriazine; cyclic amidines, such as

diazabicycloundecene (DBU) and diazabicyclononene

25 (DBN):; thallium compounds, such as thallium oxide,



groups, ion-exchange resins having at |east one type of ion-exchange group
sel ected fromthe group consisting of sulfonate, carboxylate and phosphate
groups, and 20 strongly basic solid anion-exchangers havi ng quaternary
anmoni um groups as ion-exchange groups; solid inorganic conpounds, such as
silica, silica-alum na, silica- magnesia, alumnosilicate, gallium
silicate, various types of zeolites, vari¥us types of prialieeshanged 25
zeol ites and anmoni um exchanged zeolites. 41 22 April 2005 Anpong the

above- ment i onedy39hkdrCALANRES, trShAARH NyBEShA AN HhAAARANGRLD ARV N

quat ernary anmo- hi um groups as ani on- exchange groups are preferred.

Exanpl es of sughcani:@R19%¢hRARARNS tidNCl#d 190mPREE A4S 2nd Gl Ofmex change

resins having quat'ernary anmoni Um droups as ani on-exchange groups,

cel | ul ose typeg StioRg %A% IC HUi SXGhARIRpD IR NG IR T NaF b @mTo-
ni um groups as ani on-exchange groups and strongly basic anion-exchangers

carried on an iQan@aRicsydan, i 1Mt kA M U Ha AREEHYHMR O OUps as
ani on-exchange “groups. O these strongly basic ani on-‘exchange resins hav-

i Nng quatser nary qaEpRi1 dNeHHIHA: 135, i&%m&éﬂ*ﬁ%cﬁfﬂﬁnﬁ,, asdutEne type
strongly basic ani on-exchange resins and 15 the like are preferred. A

styrene type Sph@miwtt.m,i @i pHENmRRUBAgE H edibdty Cimracetatd, a
styrene/ di vinyl -,

tributyltin chloride and tin 2-ethylhexanoate; zinc
compounds, such as dimethoxyzinc, diethoxyzinc, ethyl-
enedioxyzinc and dibutoxyzinc; aluminum compounds, such

10 as aluminum trimethoxide, aluminum triisopropoxide and
aluminum tributoxide; titanium compounds, such as
tetramethoxytitanium, tetraethoxytitanium, tetrabu-
toxytitanium, dichlorodimethoxytitanium, tetraisopro-
poxytitanium, titanium acetate and titanium acetylace-

15 tonate; phosphorus compounds, such as trimethyl-
phosphine, triéthylphosphine, tributylphosphine,
triphenylphosphine, tributylmethylphosphonium halides,
trioctylbutylphosphonium halides and triphenylmethyl-
phosphonium halides; zirconium compounds, such as zir-

20 conium halides, zirconium acetylacetonate, zirconium
alkoxides and zirconium acetate; lead and lead-
containing compounds, e.g., lead oxides, such as PbO,
PbO, and Pb304: lead sulfides, such as PbS, Pb;S3 and
PbS,; lead hydroxides, such as Pb(OH),, Pb303(OH)2,

25 Pb,{PbO3(OH)72] and Pby0O(OH);,; plumbites, such as



benzene copol yner as a base resin, and quaternary ammo- nium groups (type |
or type Il) as anion-exchange groups, exanples of which are

di agrammatically repre- 20 sented by the following fornulae (I1). 25 42 5
10 22 April 2005 ,/1-CH CH2-CH Cl42- CH CH2 (type |) CH2N(CH3)3
W-CHCHa-~"" X~ Xe (Dz I CH2N H3)3 ~CH CH?-CH-CHs- CH -/~ 0 (type Il) O
-CH CH2- - - - - tin ' CH2NLCH3) 2( C2HAOH) 15 CH2N( CH3) 2( C2HAOhD April 2609 n above
formulae (11), X represents an anion. GCenerally, X is at [east one type of.

", Sebe el "o, kel pthofino ) pitatds,, T ap 20
sel ected from mgmqpﬁglﬁab%b'4qu2PbO3, Ko [Pb(OH)g], K4PbOy,
CapPb0O4 and CaPbO3; lead carbonates and basic salts
thereof, such as PbCO3 and 2PbCO3°Pb(OH);; alkoxylead
5 compounds and aryloxylead compounds, such as Pb(OCHj3)a,
(CH30)Pb(0OPh) and Pb(OPh);; lead salts of organic acids,
and carbonates and basic salts thereof, such as
Pb(OCOCH3)3, Pb(OCOCH3)4 and Pb(OCOCH3)3*PbO*3H30; or-
ganolead compounds, such as BugPb, PhyPb, Bu3PbCl,

10 Ph3PbBr, Ph3Pb (or PhgPbj), BuzPbOH 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, sﬁch as galena and zinc
blende; hydrates of these lead compounds; ion-

15 exchangers, such as anion- exchange resins having ter-
tiary amino groups, ion-exchange resins having amide
groups, lon-exchange resins having at least one type of
jion-exchange group selected from the group consisting
of sulfonate, carboxylate and phosphate groups, and

20 strongly basic solid anion-exchangers having quaternary
ammonium groups as ion-exchange groups; solid inorganic
compounds, such as silica, silica-alumina, silica-
magnesia, aluminosilicate, gallium silicate, various
types of zeolites, various types of metal-exchanged

25 zeolites and ammonium- exchanged zeolites.



of -, Br-, HCO3- and C032-. Wth respect to the structure of the base
resin of the anion-exchange resin, either a gel type or a macroreticular
type (MR type) 25 can be used. However, because of the high resistance 43
22 April 2005 to organic solvents, the MRtype is preferred. Exanples of
cel lul ose type strongly basic ani on exchangers having quaternary amoni um
groups as ion- exchange groups include cel#llose type stpogipobssic 5

ani on- exchangers havi ng i on-exchange groups of the structure represented by

the formul a: - QOCH2 , i e, .Qpt aj
Gﬂm%xthem@b%e or agjl(?lrec%;f asiohéqﬁy%@&&ér’oups of cellu-

trial kyl am noethyla- tién of a part

ose. 1N e byl R driRiaRitarfte-A 1y iy Ofdberd Sy le, a
met hyl group, an ethyl” group, a propyl group, a butyl group or” the Iike,.

preferably a mRifYIgr@ @ £ AL TBcHHIRIP gth X d:% asrdedied. above.
The inorganic carrier-carried strongly basic an- 15 i on-exchanger usable in

the present inesdniples \YH @hcm%ﬁwg&wd%@égmﬂm&é HpfoP§ly ba-
i on- exchange groups, s an ani on-exchanger havi ng quaternary amoni um

groups 5 epreseilccnior -l areddr{eHhANFRK il afifindhi@h e as

defined above and n is usually an integer of 20 from1 to 6, preferably 2,
whi ch ani on- exgi@wgry aeAmieon xRkt Brdds M ficedsOnPe a part or all

of the strongly basic anion-exchangers having quaternary ammo-
nium groups as anion-exchange groups and strongly basic
anion-exchangers carried on an inorganic carrier which
10 have quaternary ammonium groups as anion-exchange
groups.

Of these strongly basic anion-exchange resins hav-
ing quaternary ammonium groups as ion-exchange groups,
styrene type strongly basic anion-exchange resins and

15 the like are preferred. A styrene type strongly basic
anion-exchange resin is comprised of a st.yrene/divinyl—,
benzene copolymer as a base resin, and quaternary ammo-
nium groups (type I or type II) as anion-exchange

groups, examples of which are diagrammatically repre-

20 sented by the following formulae (II).

25



hydr oxyl groups on the surface of the inorganic carrier. Exanples of
inorganic carriers include silica, alumna., silica-alumna, titania and
zeolite. O these, silica, 25 alumna and silica-alum na are preferred.
Silicais 4 4 22 April 2005 nost preferred. There is no limtation with
respect to the nethod for the nodification of hydroxyl groups on the
surface of the inorganic carrier. For exaﬁﬁle, such a shiaymbgodasi c

ani on-exchanger carried on an 5 inorganic carrier can be obtained by

subj ecting an in- organic carrier and an am noal cohol represented by the
formula HO(CH2) nNR2 to a dehydration reaction between themin the presence
of a basic catalyst to thereby effect am noal koxylation, followed by the
reaction of 10 the resultant am noal koxyl ated inorganic carrier with an

al kyl halide rep Q}P%CH?—LQHM@H%CM‘%CQ{zR—M@reSEMS a

hal ogen atom pref abI hereby convert the am noal koxy
group into a - C(CHZ)n R)NNR3X' group is further 15
converted to a CXC}Q‘ » fsired ani o ty¥pey Ian ani on
exchange reaction. W garrier is treated with

N, N- di al kyl azi ri di ne ) LONPS O he i norganic carrier
’ i group, which is
§g§§H CHARSXCt-etPHbyt e a ov I oned net hod.

then converted tonxs

are N, N- dial kyl am
Conmrerci al |y avai sofid, strongly basic an

(IT)
N —CH—CH>—CH—CH:—CH—"L"
10
(type II)
@
® v ~CH—CHz~" CHzNgCHa)z(CzH:aOH)
CH2N(CHs3)2(C2H40H) X :
X©
15
In above formulae (II), X represents an anion.
Generally, X is at least one type of anion selected
from the group consisting of F-, Cl-, Brf, I-, HCO3™,
20 C032-, CH3CO,~, HCOp~, 103~, BrO3~ and Cl03”. It is

preferred that X is selected from the group consisting
of Cl1-, Br-, HCO3~ and CO32-. With respect to the
structure of the base resin of the anion-exchange resin,
either a gel type or a macroreticular type (MR type)

25 can be used. However, because of the high resistance



i on- exchanger s havi ng quaternary anmmoni um groups as i on-exchange groups
can be used in the present inven- 25 tion. Wien a commercially avail abl e
solid, strongly 4 5 22 April 2005 basic ani on-exchanger is used, it can be
treated for anion-exchange.with a desired anion species before it is used
as a transesterification catalyst. A solid catalyst conprised of a

macroreticular or 5 gel type organic pol Wer or an inoppapyit20@9 ri er, each
havi ng bonded thereto a heterocyclic group containing <at |east one

ni trogen atom (LSoRLENSLaBLYUREd atd wi' 29BESLE! Khisaklal catalyst .

Further, the a nti one ofi'd "cat an bé treated for quater 10

narizing a part or $%émgieghng%EFEgggégo@ggkg%??pg%hy SaQGNC i gy-0ups

before it is used. TI nmount _ trans ication catalyst to be

used i n the pr gsent o BYanhih08 1Al 8RRt Lurt duthe ddiergiel . The

honbgeneous catal yst ich 1s715 soluble”in the reaction system under the

reaction con- dit. [ 1 hAdO SV ﬁﬁﬁgngtfg 1Ppadi 001 to
50 % by wei ght ,gh%;lgg eolr%&toﬁllggt %’E{gllluv?gi g%tmg‘l%ﬁe eedst ocnké clil)clei1 C

carbonae and Hig ohe@Yshasiedls naRiHg QoRGklde Yrelil .ofee the sol i d

catal yst is 20 packed i n the continuous nmulti-stage distillation col- umm,
it is packed peef@icabine irepiesaiited byl theomdiniila:t o- CCHICHYNRX une, based
on the internal volume of the enpty distillation colum.
which exchangers are obtained by trialkylaminoethyla-
tion of a part or all of the hydroxyl groups of cellu-
lose. In the above formula, R represents an alkyl
10 group, for example, a methyl group, an ethyl group, a
propyl group, a butyl group or the like, preferably a
methyl group or an ethyl group; and X is as defined
above.
The inorganic carrier-carried strongly basic an-
15 ion-exchanger usable in the present invention, which
has quaternary ammonium groups as ion-exchange gdgroups,
is an anion-exchanger having quaternary ammonium groups
represented by the formula -O(CH; )yNR3X wherein R and X
are as defined above and n is usually an integer of
20 from 1 to 6, preferably 2, which anion-exchanger can be
prepared by the modification of a part or all of the
hydroxyl groups on the surface of the inorganic carrier.
Examples of inorganic carriers include silica, alumina,

silica-alumina, titania and zeolite. Of these, silica,

25 alumina and silica-alumina are preferred. Silica is



There is no particular restriction wth respect to 25 the nethod for
continuously feeding a cyclic carbonate 4 6 22 April 2005 and an aliphatic
nonohydri c al cohol to the continuous nmulti-stage distillation colum, and
any feeding nethod can be used as long as the feedstocks can be contacted
with the catalyst in a region of the distillation col 5 um which
corresponds to at |east one stage, preferabdy at |east2)warispeaes. That
is, the cyclic carbonate and the aliphatic nonohydric al cohol can be
continuously fed.to g r.qnor g LAuU bestags
distillation cBPﬁﬁnPFﬁEgﬁgﬁda d@%?#%df%uﬁée%P@%Eggégﬁngyan%?%ES at one or
nmore desired | ocatigns as_aong.as r ié,%?gggyi Rldsided. The
cyclic carbona? € Qﬁ3gpﬁefﬁ&h%ﬁ%dP%gigﬁgb%éﬁnn§§ug e gi?%er to the sane
stage of the distil]| ati [ r : St ag i gdiwibgdal I'y. The

f eedst ocks aretggan%ES%%I%ga%%%égnfk%giﬁgﬁﬁ%%ﬁ?géﬁl gaéageou formor a

gas-liquid m )éhlé?:?af %Q'Ponldg.lé;ﬂ%stiico%nti%nt—}égtéh%ﬁfgélg Qrdihe fgedan stocks to

t he continuous nmulti-stage I'at i on col - unn "as descri bed above,

addi t1ogal Teeqpbogks tARAG 1 la 12 GHRRANRA UYNdubIdist didn pai L1 On Of
the dis 20 tillation colum intermttently or continuously. so preferred
is a method whereiahitdea%Gld:C 71 RN doal ol Epsd derf sk i by atné qui d
formor a gas-liquid mx- ture formto a stage at a | evel higher than the
stage where thFerarilal WO (dE, pNFsLHo aviidiydreet iadn pheddicion between

them in the presence of a basic catalyst to thereby
effect aminoalkoxylation, followed by the reaction of

10 the resultant aminoalkoxylated inorganic carrier with
an alkyl halide represented by the formula RX’', wherein
X' represents a halogen atom, preferably Cl, Br or I,
‘to thereby convert the aminoalkoxy group into a -
O(CH,)nNR3X' group. The -O(CHy)uNR3X' group is further

15 converted to a_-O(CHZ)nNR3X group having the desired
anion X by an anion exchange reaction. When n is 2, an
inorganic carrier is treated with N,N-dialkylaziridine
so that the hydroxyl groups on the inorganic carrier
are N,N- dialkylaminoethoxylated to obtain a -

20 OCH,CHsNRy group, which is then converted to a -
OCH,CH)NR3X group by the above-mentioned method.

Commercially available solid, strongly basic an-

ion-exchangers having guaternary ammonium groups as
ion-exchange groups can be used in the present inven-

25 tion. When a commercially available solid, strongly



25 nonohydric al cohol is continuously fed to the |ower 47 22 April 2005
portion of the distillation colum in a gaseous formor a gas-liquid

m xture form or in a gaseous formand in a liquid formindividually. In
this case, sonme of the aliphatic nonohydric alcohol rmay be contained in
the 5 cyclic carbonate. In the present invention, a snmall anmount of a diol
as a desired product may be contained in tog feedstocks2y ApHI by, the

al i phati c nonohydric al cohol may contain a concomtant dial kyl carbonate.

When th l'i phatic¢ 10 hydr i |_cqhol t ai ] t i.al kyl

Car- bonate. t RESHoBRLODT SREBGREON AR AT D THE S i dhe

al i phatic nonohydric al cohol is generally in the range of frpn10 £€ 40 %

by wei ght, pref&r&Bi fxpﬁ"&ﬂgﬁfl ] E%W%rﬁhcfn TRFE D BT ABF v From 1

to 20 % by 15 i ght,. based t he .t ot.al. wei.ght of th | i phati

ngnohydriz aIcg%g%sgﬁda%ﬁ%'5%%&ﬁﬁaﬁﬁ%££ﬁ%§%3 n(é%ﬁﬁ%i%éh;P ?nlgtep (1),

th ti f th | i,phati, dr,i |.cohal to th | € t

be fed to the con 20 CORIGUEARIIS s TP 19t dR U LA o de-
di t he t d (o f t | £ d= ' t d

Phe 1 eadt i on ool tras S pmed” 4 R SHGadnde FAMLEE PRANEL TTC

monohydric  al ¢oRah o @ drfife £ HHd G R PHAE SBY PR | frd e 00818 ng

at least one nitrogen atom, 1is preferably used as a
transesterification catalyst. Further, the above-
mentioned solid catalyst can be treated for quater-

10 narizing a part or all of the nitrogen-containing het-
erocyclic groups before it is used.

The amount of the transesterification catalyst to
be used in the present invention varies depending on
the type thereof. The homogeneous catalyst, which is

15 soluble in the reaction system under the reaction con-
ditions, is fed continuously in an amount of from
0.0001 to 50 % by weight, based on the tptal weight of
the feedstock cyclic carbonate and the feedstock ali-
phatic monohydric alcohol. When the solid catalyst is

20 packed in the continuous multi-stage distillation col-
umn, it is packed preferably in an amount of from 0.01
to 75 % by volume, based on the internal volume of the
empty distillation column.

There is no particular restriction with respect to

25 the method for continuously feeding a cyclic carbonate



25 fromO0.01 to 1,000. For increasing the conversion of 48 22 April 2005
the cyclic carbonate, it is preferred to feed the ali- phatic nonohydric

al cohol in an excess anmount which is 2 times or nore by nole the nole of
the cyclic carbon- ate. However, too high a concentration of the ali 5
phati c nonohydric al cohol is undesirable, because the size of the reaction
equi pment needs to be |arge. Therefore, ite6is especial by grahepsed to use
the ali- phatic nonohydric al cohol in an anmount which is 2'to 20 tinmes by

ml e the mle of 4he cyclic carhonabe,, 0. Wisncaf bon dioxigded suptgsent in

a high concen- ¥tatt o erification reaction systemin step

(1) of the met ot ol SNEPTESEN L IIVENL O dlle o35 OPLLal g EORRS | o

Therefore, the conc on o he reaction systemrs ner y not
hi gher 15 than 0 | f Lgher  than by
wei ght, nore pre ertg%lrﬂy@n%\t@%gi%%q p%faﬁ{%g%él%%%o%gmﬁ%h?é %\%ggac\:/\ﬁgg wat er
is present in q,h?ghgﬁp | | rapsess el &4 L PPok €@6LLON
systemin step (11 O of t Ieyagn%?%z)da géﬁ%ﬁ p?%s@ﬁ% (?ih%/{é%ﬁ%ﬁ,ohydrol ysi s

takes place si gyd GREOYUS! doMbd S dies tf@rhs@Si@éééi&ﬁéiQeageregﬁéééﬁgbh? a
decrease in the selectivity for dialkyl carbonate in step (1). Therefore,
the water concei rasadt Ofwdfstdged aatiadn 13 SHa8 idyAene'dtorte hader
the aliphatic monohydric alcohol can be continuously
fed to one or more stages of the continuous multi-stage
distillation column through a desired number of feeding
10 pipes at one or more desired locations aé long as the
above requiremént is satisfied. The cyclic carbonate
and the monohydric alcohol may be fed either to the
same stage of the distillation column or to separate
stages individually. The feedstocks are continuously
15 fed in a liquid form, a gaseous form or a gas-liquid
mixture form. In addition to the feeding of the feed-
stocks to the continuous multi-stage distillation col-
umn as described above, additional feedstocks can be
fed in a gaseous form to the lower portion of the dis-
20 tillation column intermittently or continuously. Alsb
preferred is a method wherein the cyclic. carbonate is
continuously fed in a liquid form or a gas-liquid mix-
ture form to a stage at a level higher than the stage

where the catalyst is present, while the aliphatic

25 monohydric alcohol is continuously fed to the lower



25 than 200 ppm by weight, preferably not higher than 100 49 22 April 2005
ppm by weight. In the nethod -of the present invention, when it is
attenpted to render the conversion of the cyclic car- bonate in step (1)
close to 100 % the reaction tinme 5 needs to be prolonged, and the

al i phati c nonohydric alcohol needs to be used in | arge excess. On the
other hand, when the conversion of the cyclic carbonat g iApril gg | ow, the
size of the continuous etherification re- actor used in step (2) needs to

be large. Ther Bgrﬁgbnlgf' @hﬁt Es@&h%gtt?.‘anc‘&@i%&%' 9n o gta%‘:‘eo%lfcfrnpaﬁbonat e

is generally e ran Yoor nore, prefera from95 to

99999, %0 T eqPLghe ﬁphxaf O 98 8o 99, TR LOTEH9 10

99.99 % In step | ow boi I'i ng pdint m xture in a 15 gaseous form

containing the pﬁﬁgﬂggdfgﬁl ‘i)‘x'dl%irdl&%'i Pﬁ 2pdihhe Hgggacgggealolfp@,@ c

nmonohydri c al c8hol s con- tinuousl y W thdrawm fromthe upper portion of

the con- i nUoYs 4 aliyeSR9Rreslid LAKLARIC AT Raidioined e g hdr awn

gaseous m xtur so contain a high boil ng point product in a

smal | agount. A lg_@dlfcgwon%ctret of the continuous nmulti-stage distillation
col um of step erl) for withdrawi ng the gaseous |ow boiling point m xture

containing the pro- jquesd ghralsenlt GaraRalon ,ard dritd WnimAGitebAld Redl C
as a desired product may be contained in the feedstocks.
Further, the aliphatic monohydric alcohol may contain a
concomitant dialkyl carbonate. When the aliphatic

10 monohydric alcohol contains a concomitant dialkyl car-
bonate, the amount of the concomitant dialkyl carbonate
in the aliphatic monohydric alcohol is generally in the
range of from 0 to 40 % by weight, preferably from 0.1
to 30 % by weight, more preferably from 1 to 20 % by

15 weight, based on the total weight of the aliphatic
monohydric alcohol and the concomitant dialkyl carbon-
ate.

In step (1), the ratio of the aliphatic monohydric
alcohol to the cyclic carbonate to be fed to the con-

20 tinuous multi—gtage distillation column may vary de-
pending on the type and quantity of the transesterifi-
cation catalyst and the reaction conditions, but, in
general, the molar ratio of the aliphatic monohydric
alcohol to the cyclic carbonate may be in the range of

25 from 0.01 to 1,000. For increasing the conversion of




25 nonohydric al cohol is preferably provided at a position 50 22 April 2005
bet ween the position fromwhich the feedstocks are fed and the top of, the
distillation colum, or in the top of the distillation colum. It is nore
preferred to provide the withdrawal port for the low boiling point 5

m xture in the top of the distillation colum. A part of the |ow boiling
point mixture withdrawn fromthe withdrawad port may beargidinogsl to the
upper portion of the distillation colum to thereby effect the so-called

refi ux operati e WA @ drdlddiitd U0 i Jrrased dO fegonduiciing this
on, thne dLI

reflux operati stillation efficiency of a |ow boiling product

into a vapor phas§id dndHyRASRI a ¥ A0 Y1 A BB Ao e N PREER 1L § he
concentration of aJ1om/b0|I|ng poi nt product in the wthdrawn gaseous

conponent. HOWeV &fimd 0 QrMifdtedfhnchi ItHd ansEe | o tige r@f¢LXc r 84+Bon -
di sadvant ageously leads to an i'ncrease in the thermal energy required.

Thus, the refldpe rabbRelergeRBoahliynCRORMJen tirfad NG ahhd raam-0 to 10,
preferably fromO to 5, nore preferably from0O to 3. 20 By continuously

feedi ng ¢ he | owreiild Mbridtiydr 18 XalddHEL W4 heli @ £ a101@ [ hecapper tpertion of
the distilla- tion colum in step (1), containing the produced dial- kyl

carbonate and tdiediisfeatiedadd it | equinpmdrydrieeds| tohive , Langa. di al kyl

carbonat e separation apparatus 25 and conti nuously recovering the dial kyl

carbonate fromTherefore, it is especially preferred to use the ali-
phatic monohydric alcohol in an amount which is 2 to 20
times by mole the mole of the cyclic carbonate.

10 When carbon dioxide is present in a high concen-
tration in the transesterification reaction system in
step (1) of the method of the present invention, the
reaction rate becomes low. Therefore, the COp concen-
tration of the reaction system is generally not higher

15 than 500 ppm by weight, preferably not higher than 200
ppm by weight, more preferably not higher than 100 ppm
by weight. |

Also when water is present in a high concentration
in the transesterification reaction system in step (1)

20 of the method of the present invention, hydrolysis
takes place simultaneously with the transesterification,
resulting in a decrease in the selectivity for dialkyl
carbonate in step (1). Therefore, the water concentra-

tion of the reaction system is generally not higher

25 than 200 ppm by weight, preferably not higher than 100



51 22 April 2005 the separation apparatus, the dial kyl carbonate can be
obt ai ned. Exanpl es of such dial kyl carbonate separa- tion apparatuses
include a distillation type separation apparatus, an extractive
distillation type separation 5 apparatus, a liquid-liquid extraction type
separation apparatus, a crystallization type separation apparatus, an
adsorption type separation apparatus and aigrenbrane typg a3@pan@ i on
apparatus. A conbination of a plural- ity of different or identical
separation apparatuses 10.may be used. Anong these separation apparatuses,
a distillatioRpPy§3 ¥§é§P§?ion apparatus is especially preferred. Wen
the I ow boiling poingt nixtur ont.ai_ni ng _t pr, j al cal bonat e
and the unreacted aﬁppﬁ i@e%fé ngﬁoﬁﬁﬁrﬁgeglgb 8$$H%ﬁﬁﬁgyaﬁ%%%}dﬁgt%%
upper portion qQf .th | ti - st di.sti | j i )~lS_sSub-
att.emﬁ)t% tI:o %e@x%%o ra t%;le (Jquwet%icbﬂ W ik Séafcplzﬂc} car

jected to separation by means stillation type ‘separation apparatus,

the 1ow bolllNgopglidl 1 Xl p(g@p.cl%eses y(rjlf&cﬁdg | il WA Oliforf CEBREEN S,

such as the unre i ¢ nono Ic al |" and the produced
di al kyl .carbonate, I @ oY he ReRalated GPE RGNSy &F £c 0bt ai ned
in the f50r m of tc?%gs\c,)\?%rr?ree Feol um edtt'op l?irsacte'-?ons contgf ni ng 1gysi ncél e

component or a Afldénd12!dded Lt £ Y UMY Sitth ,Fvi;%ésg.g AT et Rpo 25

nents are obtained 1n the formof a colum bottom
hand, when the conversion of the cyclic carbonate is

too low, the size of the continuous etherification re-
actor used in step (2) needs to be large. Therefore,

10 in step (1), the conversion of the cyclic carbonate is
generally in the range of from 50 % or more, preferably
from 95 to 99.999 %, more preferably from 98 to 99.99 %,
most preferably from 99 to 99.99 %.

In step (1), the low boiling point mixture in a

15 gaseous form containing the produced dialkyl carbonate
and the unreacted aliphatic monohydric alcohol is con-
tinuously withdrawn from the upper portion of the con-
tinuous multi-stage distillation column. Further, the
withdrawn gaseous mixture may also conta;n a high boil-

20 ing point product in a small amount.

A withdrawal port of the continuous multi-stage
distillation column of step (1) for withdrawing the
gaseous low boiling point mixture containing the pro-
duced dialkyl carbonate and the unreacted aliphatic

25 monohydric alcohol is preferably provided at a position



22 April 2005 uid. As the above-nentioned colum top fraction, an
azeotropic m xture nmay be obtai ned depending on the types of feedstocks.
After the conponents in the low boiling point mxture withdrawmn fromthe
upper portion 5 of the nmulti-stage distillation colum in step (1) are
separated by neans of a distillation type separation apparatus, one or
nmore fractions containing the unre- acted gbiphatic nmonohygy)ogs cohol
and/or a colum bot- tomliquid containing the unreacted aliphatic nono 10
hydri c al cohol then fed to the continu

col um used |nbﬁ &fy theapasit nst qq“ét"fqbﬁcrfygées%%%‘?gﬁ‘gfﬁ aﬁﬁﬁrg?as a
single contlnuou%. | ti-sta g} on colunn or ura#h

conti nuous mul ™ ??st I (é%iﬁif sc%%ﬁp%e use%In

R each

I d

conti muoue, te'xpféﬁgd&%e@éaéé:wﬁw”“ﬁaonfst R
i h I | kyl
P bonat & 1 or mErou e i sk a R fo® 0o WAL fof 60TPAnE RaTal 21

di met hylg carbgﬁq{tqul&sl yced, yosté %I?ﬂ‘?é 250081 @k ﬁéﬂ et and

nDnohydrlc al c ol ling p0|n ure contalnlng me

Ty oot S YL RGO Ry | P
withdrawal port may be returned to the upper portion of
the distillation column to thereby effect the so-called
reflux operation. When the reflux ratio is increased

10 by conducting this reflux operation, the distillation
efficiency of a low boiling product into a vapor phase
is increased, thereby advantageously incfeasing the
concentration of a low boiling point product in the
withdrawn gaseous component. However, too much of an

15 increase in the reflux ratio disadvantageously leads to
an increase in the thermal energy required. Thus, the
reflux ratio is generally chosen in the range of from 0
to 10, preferably from 0 to 5, more preferably from O
to 3.

20 By continuously feeding the low boiling point mix-
ture withdrawn from the upper portion of the distilla-
tion column in step (1), containing the produced dial-
kyl carbonate and the unreacted aliphatié monohydric

alcohol, to a dialkyl carbonate separation apparatus

25 and continuously recovering the dialkyl carbonate from



22 April 2005 fed to a dinethyl carbonate separation colum. A low boiling
point m xture containing a mninmum boiling point azeotropic m xture of

met hanol and di net hyl car- bonate is continuously w thdrawn from an upper
portion 5 of the dinethyl carbonate separation columm, while con- tinuously
wi t hdrawi ng di net hyl carbonate froma |ower portion of the dinethyl
carbonate separation colum, thereby obtajning di methybsogyfiopgse. As the
di ret hyl carbonate separation colum, a single continuous nmulti 10 stage
distillation colum or a plurality of continuous nulti-stage distillation
col utms can bethsederamatépn apRaRatvhti Abusimikyil- spageNG@ItSt qaradieon
colum may be of the sane type as used in_ste él). The di net hyl

car bonat e sepaPBFPéﬁeéolu%ﬁamBlg%n%$a$m?ho%b?h€E chTkPnate5epagaced
pressure, atnospheric pressure (1.013 x 10 Pa, 2 .i.e., 1.033 k /ch%bor
super at mospher £¢Opr 8BBaratuspe dpFiudel ¢ Adstadlpidge 5ﬁpﬁrﬁﬁﬂéi?§& 5 to
50 x 105 Pa (0.51 to 51 kg/cn®) in ter of .the .absol ute pressure. The
conposi ti on ofaﬁEPﬁéﬁHFﬁdF%eFH§FaE§FHSn§E§tH aﬁ&ﬁPZGyﬁﬁléaﬁf RD
azeotropi c m xture be varied _depend-. i ng on the eratin ressure of
the di mBthyl CAPBBREEDS < @pArabian Laglifn S HTASEHSPe YBe SRR T I

pressure of the dinethyl carbonate sepgration colum is chosen _so that
t he di net hyl cﬁPBSﬁgEESPsaoﬁfgﬁﬁggﬁﬁ gﬁloﬁetype separation apparatus,

an adsorption type separation apparatus and a membrane
tfpe separation apparatus. A combination of a plural-
ity of different or identical separation apparatuses

10 may be used. Among these separation apparatuses, a
distillation type separation apparatus is especially
preferred.

When the low boiling point mixture (containing the

produced dialkyl carbonate and the unreacted aliphatic

15 monohydric alcohol) withdrawn from the uﬁper portion of
the multi-stage distillation column in step (1) is sub-
jected to separation by means of a distillation type
separation apparatus, the low boiling peoint mixture can
be separated into various components, such as the unre-

20 acted aliphatic monohydric alcohol and the produced
dialkyl carbonate, wherein some of the separated compo-
nents are obtained in the form of one or more column
top fractions containing a single component or a plu-
rality of components and some of the separated compo-

25 nents are obtained in the form of a column bottom liqg-



25 |l ower portion of the dinmethyl carbonate separation col 54 22 April 2005
um. Specifically, an operating pressure higher than an operating pressure
corresponding to the netha- nol/di nethyl carbonate ratio of the |ow boiling
point mxture withdrawn fromthe upper portion of the colum 5 of step (1)
I s chosen for the dinethyl carbonate sepa- ration colum. The | ow boiling
point mxture (containing a mni- mum boil$Ag point azeoprgpril 2003 Xt ure)

wi t hdrawn from the upper portion of the above ment i oned dlnethyl car 10

fonat e Separ al i coRUTUNAR ARG it oh0A FRTLIANAS drddircst 206

distillation co unn use In step as a st ock I'n the pr esent

t ' d d d
nstep (1) of THE rsh TR T e 'mw‘*e&a‘wﬁ’%ﬁ Ll hoprosce

resent 1nvention Is Ontl nuousl Yy

wi t hdrawn from r. f O RN i1dd | 1 ation
colum used in @Ede%,\qolﬁ ﬁeﬂéﬁﬁkusf)d ?\g?%g ?51 22 rcﬂgntzoogitrf%q}%e%r‘r'}et hod of

the present inwgiiGly gdig tRRBEtuRO W 1w hf’r&rﬁmﬁl‘xé‘u@}?ﬁ F‘éﬂ)éft%ﬁge

distillation col- um rmeans a portion between the top of stillation

colum and a posy D rif1 AR YRl v Nl diddec BBt in StepNEl) are
distillation colum, and the upper portion in-

separated by means of a distillation type separation
apparatus, one or more fractions containing the unre-
acted aliphatic monohydric alcohol and/or a column bot-
tom liquid containing the unreacted aliphatic mono-

10 hydric alcohol is then fed to the continuous multi-
stage distillation column used in step (1).

As the distillation type separation apparatus, a

single continuous multi-stage distillation column or a
plurality of continuous multi-stage distillation col-

15 umns can be used, wherein each continuous multi-stage
distillation column may be of the same type as used in
step (l1). Explained hereinbelow is a mode of the meth-
od of the present invention in which an aliphatic mono-
hydric alcohol and a dialkyl carbonate form a minimum

20 boiling point azeotropic mixture, and wherein dimethyl
carbonate is produced by using methanol as the ali-
phatic monohydric alcohol. A low boiling point mixture
(containing methanol and dimethyl carbonate) withdrawn
from the upper portion of the continuous multi-stage

25 distillation column used in step (1) is continuously



cludes the top of the colum. The |ower portion of the continuous

mul ti-stage distillation colum neans a por- tion between the bottom of the
distillation colum and a position at approximately half the height of the
dis 10 tillation colum, and the | ower portion includes the bottomof the
colum. Further, in the nmethod of the present invention, the liquid

m xture withdrawn fromthe |ower portion &3 the distil batAwil 2004 uim used
in step (1) neans a high 15 boiling point mxture continuously wi thdrawn

fromthe |owere ol gngGhelfgiConhoNALS Bupbiratidee Haghid | aa bgn col um
, ere i gh borling t

used in step ( I'n the ol nt mxture contains the

produced diol adilbg YRiGE HkAGre) dontalAthgnal fu Mo Al contal 1 a

part of 20 the unreact al i phati ¢ nonohydric al cohol or both a™ part of

the unreact ed alq:phatise oFoaudhic eole! mifand1Pairia Airdinyy edhiced

di al kyl carbonate. Wen the cyclic carbonate/diol ratio of the liquid

m xture w thdr g sftle0Mst RS nltQWRIou2AN WA NAfralwie fdick idr WiipdAtgdit Lo um
used in step (1) Is too large, the sSize 56 22 April 2005 of the continuous

et herifigcati on greaqle0ly ihathyilN cHrddnatd) saeReS ther e sy a Age asst y
| arge. However, for decreasing the cyclic carbonate/diol ratio of the |iqg-

uid mxture W thghas iy QI IO RHHHIN Fartthdrdlistdm |atiefesol um
used in step (1) to an extrenely
portion of the dimethyl carbonate separation column,
thereby obtaining dimethyl carbonate. As the dimethyl
carbonate separation column, a single continuous multi-
10 stage distillation column or a plurality of continuous
multi-stage distillation columns can be used, wherein
each continuous multi-stage distillation column may be
of the same type as used in step (1). The dimethyl
carbonate separation column is generally operated under
15 reduced pressure, atmospheric pressure (1.013 x 105 Pa,
i.e., 1.033 kg/cmz) or superatmospheric pressure, spe-
cifically in the range of from 0.5 x 105 to 50 x 105 Pa
(0.51 to 51 kg/cmz) in terms of the absolute pressure.
The composition of methanol/dimethyl carbonate minimum
20 boiling point azeotropic mixture may be varied depend-
ing on the operating pressure of the dimethyl carbonate
separation column. Therefore, the operating pressure
of the dimethyl carbonate separation column is chosen

so that the dimethyl carbonate is obtained from the

25 lower portion of the dimethyl carbonate separation col-



| ow | evel, the conversion of the cyclic carbonate needs to be very close
to 100 % which requires that the size of the reaction equipnent and the
anount of the ali- phatic nonohydric al cohol be increased. The cyclic 10
carbonate/diol ratio of the liquid mxture withdrawn fromthe | ower
portion of the distillation colum used in step (1) nmay be varied
depending on the conversion of the cycli&4arbonate andtapeilaopsunt of the
diol in the feedstocks. However, the weight ratio of the cy 15 clic
carbonate to the diol._c L0 in,th IOl ] X ! ayg afr om t he
| ower portion 8anheé%?§¥%f?%fﬂ¥lo%ﬁcg?%%%y£§%gb¥%sépgg %&%Hgg geﬁérally in
the range of from -5 10- 7 fr I -4 to 3 X
10-2, nore preP8r88%§éF%§_ EE§5%8¥2 gggfe§%§&3%$%g§qTﬁgﬁ%@fﬂﬁ%gmal port for
wi thdrawing theohi/ gl enhx Ut 8o0aREaah0 e iodine beliing nasmdhe
continu- ous multi-s age~distrllTation colum used in step (1) is '

positioned al f.h@uelk RATHLBM £f Thd! kgl §ordlon WH. LY Qletamy al
the di st um.

t he bottom of iTlatron col 25 part of the withdrawn Iiquid

m xtureghay be ke 386p2% 14PHI 26%en $6 ehel AinftanyWeiaiyid 08 ©dpdhe
continuous multi- stage distillation colum in a gaseous formor a gas-

i quid m xture fH1@5@nb%diesin.ng by neans of a reboiler. The rate at which a
liquid fl ows down inside the 5 continuous nulti-stage distillation colum

and the rate The low boiling point mixture (containing a mini-
mum boiling point azeotropic mixture) withdrawn from
the upper portion of the above-mentioned dimethyl car-
10 bonate separation column may be fed to the continuous
multi-stage distillation column used in step (1) as a
feedstock usable in the present invention, i.e., metha-
nol containing dimethyl carbonate.
A diol produced in step (1) of the method of the
15 present invention is continuously withdrawn from a low-
er portion of the continuous multi-stage distillation

column used in step (1) in a liquid form.



at which a vapor ascends inside the distillation colum may be varied
depending on the type of the distillation colum, and on the type of the
packing in the case of a packed colum. However, the distillation colum
is 10 generally operated so that no flooding or weeping oc- curs. The
anount of the dial kyl carbonate, produced in the continuous nmulti-stage
distillation colum used in. step (1) de %nds on the appuyyrighokol d-up
liquid in the 15 distillation colum. That is, when the height and di-

?gggits?;;gcglr ;:E :alr lrg %Be@clol g%ge °hgrtg‘§t %E%tg%é‘%h&né'e%ﬁ%??t e;cﬁqfelydurfggeerl onger
the reaction i éT % S fivt Bﬁgﬁﬂﬁﬁﬂ%ﬂﬁ%%iﬂsﬁgﬂﬁ% mh|$ qu?g
W@W% 313‘"@?15322 L G
ggntelngluousogu![ﬁ LSt saltﬁjsi%g’lnzft ;A\?r?jra Qﬁqzy q%%#ﬂ%he\;/ar: S illation
colourm %ener - % Fcy, ﬁ%‘ el aLheR SR - of‘—’mﬂ(wj ¢ oll‘%)élltgjegr Ioé%]]%}lpl r?sﬁlt‘n t he

range of from Q0054 30 T T4 G Ll VAT e bl alont st M- uP
iquid to the enpty con nuous :

continuous multi-stage distillation column means a por-
tion between the bottom of the distillation column and
a position at approximately half the height of the dis-

10 tillation column, and the lower portion includes the
bottom of the column.

Further, in the method of the present invention,
the liquid mixture withdrawn from the lower portion of
the distillation column used in step (1) means a high

15 boiling point mixture continuously withdrawn from the
lower portion of the continuous multi-stage distilla—'
tion column used in step (1), wherein thé high boiling
point mixture contains the produced diol and the unre-
acted cyclic carbonate, and may also contain a part of

20 the unreacted aliphatic monohydric alcohol or both a
part of the unreacted aliphatic monohydric alcohol and
a part of the produced dialkyl carbonate.

When the cyclic carbonate/diol ratio of the liquid
mixture withdrawn from the lower portion of the distil-

25 lation column used in step (1) is too large, the size



mul ti-stage distillation colum. In step (1) of the nmethod of the present

I nvention, the average residence tinme of the |liquid phase in the
continuous multi-stage distillation colum depends on 10 the reaction
conditions, and the type and inner struc- ture (for exanple, the types of
the plate and packing) of the continuousgmnulti-stage distillation colum,
but is generally in the range of from0.001 to 50 hour 32 Apgil 203 ably fron1
0.01 to 10 hours, nore preferably from 15 0.05 to 5 hours. The reaction

tenperature of Eh%héré8§%§hﬁﬁh§ b@ﬁer&fﬁ@a&@%ﬁtk@%ck%rsh%%d(%}aQﬁﬁﬁﬁ t he
tenperature of the stage of the continuous nmulti-stage distillation colum

where the catalyst nbagrr ¢8eBk- albaak @Buk@YPaazgel tHbReVak] CE
dependi ng on tkestgpegeof t he feedstggggb n ?peargfctlon Sressurgr but is

general |y chosggci-Bastiig Eﬁ@géygﬁlﬁr%E&b%QaEQ/%&%lCma&ﬁQ;QﬁaQﬁkfIi&n()tO
200 *C. The reaction pressure in the continuous multi- 25 stage

distillation cgiunpiusade Rith@Ralkh) £edh RBeSAoWRr2PoHiidn 230 nd ected
fromreduced pressure, atnospheric pressure and superatonospheric

pressure. The Hea&HlQAtROLASEBNAmMNS usgANa@halstep M 1)had agexirdreany 1 Pa to
2 x 106 Pa (1.02 X 10-5 to 20.4 kg/cnR), preferably from1l x 103 Pato 1 5
x 106 Pa, norelpwefiekabl ytheodohverkd4nPaft ahe xydidaarbonate needs
to be very close to 100 %, which requires that the size
of the reaction equipment and the amount of the ali-
phatic monohydric alcohol be increased. The cyclic
10 carbonate/diol ratio of the liquid mixture withdrawn
from the lower 'portion of the distillation column used
in step (1) may be varied depending on the conversion
of the cyclic carbonate and the amount of the diol in
the feedstocks. However, the weight ratio of the cy-
15 clic carbonate to the diol contained in the liquid mix-
ture withdrawn f£rom the lower portion of the distilla-
tion column used in step (1) is generally in the range
of from 1 x 10°5 to 8 x 10’2, preferably from 1 x 10-4
to 3 x 10-2, more preferably from 1 x 10°4 to 1 x 10-2.
20 The withdrawal port for withdrawing the liquid
mixture containing the produced diol from the continu-
ous multi-stage distillation column used in step (1) is
positioned at a lower portion of the distillation col-

umn, preferably at the bottom of the distillation col-

25 umn. A part of the withdrawn liquid mixture may be re-



in terms of the absolute pressure. In step (1), it is also possible to
supply a part of the high boiling point m xture withdrawn in a liquid
formfromthe | ower portion of the multi-stage distil 10 lation colum to
the multi-stage distillation colum, so that a part of the unreacted
cyclic carbonate and/or a part of the unggacted aliphatic nonohydric

al cohol can be recycled to the nulti-stage distillatiop2agrinnes Wen a
part of the high boiling point mxture withdrawn 15 in a liquid formfrom

the | ower porti, &%fd el3e tHdl floyedt %%?‘tq.io%t ol A0 on@iidUsS mpcl ed to
the multi- stag Istillation colum, there is no particular lim- tation

with respect gty RASHHH1AR o RIMMOdYCH Yasdid fdinl ir nuldds St age
distillation colum, through 20 which the part” of the w thdrawn hi gh

boi Iing poi nt iyt ildihdl ¥t Hlrnf byl Reldi@ n@ildy widaige of o irdsdinar col um.
However, it is preferred that this introduction port is positioned at an

upper portion of thepalddteSmagendich at i1lilgRlilco T 16¥sUbwn? A nd ide raspect to
step (2), the high boiling point 60 .22 April 2005 m xture w thdrawn from

the | owey porticmtahddus MUt i- stad@e adisilladic colum dnd stiep fdje as
such, may be fed to a continuous etherification reactor. Alterna- tively,

usi ng a separ at#dtORraRMAIA o Ay8dnts Nirgdide bitid | dugs thidi e t 1ot ¢io Bumn
wi t hdrawn fromthe | ower portion
may be varied depending on the type of the distillation
column, and on the type of the packing in the case of a
packed column. However, the distillation column is
10 generally operated so that no flooding or weeping oc-
curs.

The amount of the dialkyl carbonate produced in
the continuous multi-stage distillation column used in:
step (1) depends on the amount of hold-up liquid in the

15 distillation column. That is, when the height and d4di-
ameter of a distillation column are not changed, a
greater hold-up capacity is preferred because the
greater the hold-up capacity, the longer the residence
time of the liquid phase, namely, the time during which

20 the reaction is effected. However, when the amount of
the hold-up liquid is too large, the residence time
becomes too long, so that side reactions and flooding
are likely to occur. Accordingly, in step (1) of the

method of the present invention, the amount of the

25 hold-up liquid of the continuous multi-stage distilla-



of the nmulti-stage distillation colum in step (1), a specific, single
conponent can be separated or a plu- rality of conponents can be obtained
individually or in mxture, and the conponent containing a diol and an 10
unreacted cyclic carbonate is then fed to a continuous etherification
reactor. As the separation apparatus forggffecting the separation of the
components in the high boiling point mxture w thdrawn2bragiibbes | ower
portion of the multi-stage distillation colum in step 15 (1), various

separal’ on appahghiaInmil!y r38eld }gpwam& Yl Ahel WIS 1P AP TEARPAT at us,

an azeotropic distil-"Tation ty arati'on apparatus, an extractive

distil- |ationyag %%art%' ¢ %%%r s 013 10U kdd QHhniX-  Gedeld-on type

separation apparatus P Zation 20 type separation apparatus, an

adsor ption typ%b ?werv'e(l” HRATAIH 2RE & HEHY RS VPR SEPA A1 0N
apparatus can be-use A conbination of a plurality of different or

i dentical separ f hfé
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appar at uses, tion type sepa- 25 ration apparatus is especially

preferrgd. 61 22 AR ide 395 nhoMErhg NE i) RPIH Gt Plcdh ddnlidus

(containing the produced diol and'the ‘unreacted cyclic carbonate) :
wi thdrawn frompng il -QMelqed itdtan 13t iidie dBildnin st age  distillation colum in

step (1) is subjected to separa 5 tion by nmeans of a distillation type
separation appara- In step (1) of the method of the present invention,
the average residence time of the liquid phase in the
continuous multi-stage distillation column depends on
10 the reaction conditions, and the type and inner struc-
ture (for example, the types of the plate and packing)
of the continuous multi-stage distillation column, but
is generally in the range of from 0.001 to 50 hours,
preferably from 0.01 to 10 hours, more preferably from
15 0.05 to 5 hours.

The reaction temperature of the trahsesterifica—
tion reaction in step (1) méans the temperature of the
stage of the continuous multi-stage distillation column
where the catalyst is present. The reaction tempera-

20 ture varies depending on the types of the feedstocks
and the reaction pressure, but is generally chosen in
the range of from -20 to 350 °C, preferably from 0 to
200 °C.

The reaction pressure in the continuous multi-

25 stage distillation column used in step (1) can be se-



tus, the high boiling point m xture can be separated into various
conponents, such as the unreacted cyclic carbonate and the produced diol,
wherein some of the conponents are obtained in the formof one or nore col
10 um top fractions containing a single conponent or a mixture of a
plurality of conponents and some of the genponents are obtained in the
formof a columm bottom I|iquid. An azeotropic m xture gquﬁggagsonally be
ob- tained as the above-nentioned colum top fraction, de 15 pending on the

types of feedstagk GOERANYS e brlig uroCOMRANLRIRLIIL i dU e bald | N0

point mxture w fromthe Fower portion o st age

distillation eabuilrfosthl b Alts g ang PXSPO“E%BB Ledediatil lation

éypf separ ati on apparatus, one or nmore fractions cont |n|ng the produced
iol and the u ALR cycl ¢ | hors I @y d
cont ai ning the pro%ﬁggdﬁé't%‘ Qﬁ% unrea@?éd cyc |éyg2r onate dre t hen
fed to a continuaoys>etherpfic ea t til hgBi L }P
separation appargpus Eg 2Pn4lgbé§acght§%§gﬁgéﬁﬂ t??oﬂagekdlgtl??at¥o%

colum g@r a pl uraly66242 nf%l}re' l 1%%%51:\31 1% HronPit ishugus paildd -$1,2005 pa,

distillation colums can be Use érein each continuous multi-stage
distilla- tionjgoleFmsry R&eOfaddta B iagmras, used in step (1). Wen a

transesterification catalyst soluble in the 5 liquid reaction system under
reaction conditionsinSstep (1), it is also possible to supply a part
of the high boiling point mixture withdréwn in a liquid
form from the lower portion of the multi-stage distil-
10 lation column to the multi-stage distillation column,
so that a part of the unreacted cyclic carbonate and/oxr
a part of the unreacted aliphatic monohydric alcohol
can be recycled to the multi-stage distillation column.
When a part of the high boiling point mixture withdrawn
15 in a liquid form from the lower portion of the multi-
stage distillation column is recycled to the multi-
stage distillation column, there is no particular limi-
tation with respect to the position of an introduction
port in the multi-stage distillation colﬁmn, through
20 which the part of the withdrawn high boiling point mix-
ture is supplied to the multi-stage distillation column.
However, it is preferred that this introduction port is
positioned at an upper portion of the multi-stage dis-

tillation column.

25 With respect to step (2), the high boiling point



used, a fraction containing the transesterification catalyst and/or a
colum bottomliquid containing the transesterification catalyst is
obtained. A part or all of the fraction containing the transesterification
10 catal yst and/or the columm bottom|liquid containing the
transesterification catalyst may be recycled to the continuous nulti-stage
distillation colum used in step (1). Spg ifically, as2prgranoesl exanples
of manners in 15 which the high boiling point m xture withdrawn fromthe

multi-stage distillation colum in step ( is first. subpected to . -
separation by MEHILLH "él“é'f‘is’fq"f'} a’%% (J-:TBO"% HAE T B %?Lfgugﬁﬁ— h
step (2) is conducted. b sing a co :?XEDUS E?he | ica?i%ﬁ r eact or Ehgn
ot il bt
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oilin oi nt nixfur i t hd f th | f '

ml t - ot ggel ai 94 r‘rac?i%Kf“:hoagﬁ%r?&“@ﬁre?%%eprfﬁ%g%‘%%?lﬁf’%éé%@o%m e
unreacted ali phatic nmono ﬁ ric alcohol [ Lohs hpi i

]E)gieg}t ngi x':]g: go?’?‘:& : h1encon %,a @eégzr%%ir?'?n%%g\?ﬁ% fgﬁﬁ%ﬁgt%?ﬁggfﬂ oI ?ﬁe

- | r : y 1
2" ow Ebi 11 ng oS e sERSe FhLEh oA LR BRE! S0uel BbEEROR 1

cont i nuous Mty St/aQ%gl of LLLaL4 081 561 411 5n 2001 8H8" £h"sBebOt1H! bl N9

poi nt m xture containing
specific, single component can be separated or a plu-

rality of components can be obtained individually or in
mixture, and the component containing a diol and an

10 unreacted cyclic carbonate is then fed to a continuous
etherification reactor. As the separatién apparatus
for effecting the separation of the components in the
high boiling point mixture withdrawn from the lower
portion of the multi-stage distillation column in step

15 (1), various separation apparatuses, such as a distil-
lation type separation apparatus, an azeotropic distil-
lation type separation apparatus, an extractive distil-
lation type separation apparatus, a liquid-liquid ex-
traction type separation apparatus, a crystallization

20 type separation apparatus, an adsorption type separa-
tion apparatus and a membrane type separation apparatus
can be used. A combination of a plurality of different
or identical separation apparatuses may be used. Amoné
these separation apparatuses, a distillation type sepa-

25 ration apparatus is especially preferred.



part of the unreacted aliphatic nonohydric alcohol which is contained in
the high boiling point mxture is continuously w thdrawn from an upper
portion of the low boiling point m xture separation colum, while continu
10 ously withdrawing a high boiling point m xture contain- ing the diol (D)
and the unreacted cyclic carbonate (A) fgiomthe |ow boiling point m xture
separation colum through one or nore side-cut w thdraygaApgppdos provi ded
in a side wall of the colum at one or nore positions 15 tﬁereof

corresponding to ongn&K ¥RE enB§RIBSiseh§CHOIntfmoRTLbe georHRaganagsting of
intermedi ate stages and a |owernost stage of the | ow boiling point m xture

sepa- ration C@ﬁé”?:o&@@ééi&ibmeahamtﬁéihhﬂéa@@bﬂ?cyblﬁureawbbhdmewn 20
fromthe upper portion of the |low boiling point m xture separation colum

i's continuouslyjtRe¥seWRAFEOmt BRe Mulrbi- Eb@gﬁodi 5Ei lthat man taclswameused in
step (1), while continuously feeding the high boiling point mxture

W t hdrawn throgghtiheasidr- egtiumht hdr avab pant ief sibg ez eldowobaielpiang -poi nt
m xture separation colum to the con 64 22 April 2005 tinuous

etherificati ontieachormeand bl at @pst)labsohheypewsepiariatg opoiappariaxt ur e
separation col- um, a continuous nulti-stage distillation colum can be
used, and the e@sti pHeuURigH| boidtiage pdiati hixtume Tagolbemsepardi@df the
sanme type as used in step (1).
into various components, such as the unreacted cyclic
carbonate and the produced diol, wherein some of the
components are obtained in the form of one or more col-

10 umn top fractions containing a single component or a
mixture of a plurality of components and some of the
components are obtained in the form of a column bottom
ligquid. An azeotropic mixture may occasionally be ob-
tained as the above-mentioned column top fraction, de-

15 pending on the types of feedstock compounds. After the
components in the high boiling point mixture withdrawn
from the lower portion of the multi-stage distillation
column in step (1) are separated by means of a distil-
lation type separation apparatus, one or more fractions

20 containing the produced diol and the unreacted cyclic
carbonate, and/or a column bottom liquid containing the
produced diol and the unreacted cyclic carbonate, are
then fed to a continuous etherification reactor. As

the distillation type separation apparatus, a single

25 continuous multi-stage distillation column or a plural-



2. A node in which the high boiling point mxture wthdrawn fromthe | ower
portion of the continuous nuiti-stage distillation colum in step (1)
contains a part of the unreacted aliphatic nonohydric al cohol, and 10
wherein the high boiling point mxture is continuously introduced, prior
to the feeding thereof to the con- tinuougzetherification reactor in step
(2), to alow boiling point m xture separation col um whighiiiz®posom prised
of a continuous nulti-stage distillation columm, 15 and wherein a | ow

oy e o PSR PR M o TR P 1
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colum used in ontinuously feeding the high boiling point
mxture withdrawy fromtNg | Welo P Gy Afhd Nerdoye Hodtifdcabidi Nt

m xture separation colum to the continuous eth-
catalyst and/or a column bottom liquid containing the
transesterification catalyst is obtained. A part or
all of the fraction containing the transesterification
10 catalyst and/or the column bottom liquid containing the
transesterification catalyst may be recycled to the
continuous multi-stage distillation column used in step
(1).
Specifically, as preferred examples of manners in
15 which the high boiling point mixture withdrawn from the
multi-stage distillation column in step (1) is first
subjected to separation by means of a distillation type
separation apparatus and then step (2) is conducted by
using a continuous etherification reactor, the follow-
20 ing two modes ean be mentioned.

1. A mode in which the high boiling point mixture
withdrawn from the lower portion of the continuous
multi-stage distillation column in step (1) contains a
part of the unreacted aliphatic monohydric alcohol, and

25 wherein the high boiling point mixture is continuously



erification reactor used in step (2). In step (2) of the nethod of the
present invention, the high boiling point m xture withdrawn fromthe | ower
portion of the multi-stage distillation colum in step 10 (1) is
continuously fed to a continuous etherification reactor, to thereby effect
a continuous etherification reaction betggen the unreacted cyclic
carbonate (A) and a part of the produced diol (D) and p2@guit0@5 chain

et her represented by the following fornmula (E): 15 HO(R1O) pH (E) wherein RL

is as defined Eﬁﬂcrt)eh@léha EALo2b@Ye tnand el dih PR HeHerEet Ot e o to 4,
and carbon di oxide, while continuously wi thdrawing the resultant

et herification¢hgashisOR tHeXhtheatddhnairdiakd or?dn hedrenE ndeto & 1dwe di ol
(D) produced in step (1) and the produced chain ether (E) fromthe

conti nuous et hbogflllhlg%b'i% naati®e sWhRRathe il ure [WHigH 3¢ Uem-
w thdrawn fromthe | ower portion of the nulti-stage distillation colum in

step (1) is fipshskadolo al cHRRA ndd U inhQt 12RAM A Ui g3 i Xrat Dod heoTwredlj ng
thereof to the 66 22 April 2005 continuous etherification reactor, a

fractiog cont aiafg Wwh@rleh® WNNRAICIRA 1GYE ipdicar bﬁnaﬁtﬂrearmbxtm:pimglutled
diol, which fraction is obtained in the separation ap- paratus, is fed to
the conti nuous pairfteldff iteRl h@IrderAd aliphatic monohydric alcohol
which is contained in the high boiling point mixture is
continuously withdrawn from an upper portion of the low
boiling point mixture separation column, while continu-
10 ously withdrawing a high boiling point mixture contain-
ing the diol (D) and the unreacted cyclic carbonate (aA)
from the low boiling point mixture separation column
through one or more side-cut withdrawal ports provided
in a side wall of the column at one or more positions
15 thereof corresponding to one or more stages selected
from the.group consisting of intermediate stages and a
lowermost stage of the low boiling point mixture sepa-
ration column,
wherein the low boiling point mixture withdrawn
20 from the upper portion of the low boiling point mixture
separation column is continuously recycled to the
multi-stage distillation column used in step (1), while
continuously feeding the high boiling point mixture
withdrawn through the side-cut withdrawal port of the

25 low boiling point mixture separation column to the con-



5 tor. Wth respect to the continuous etherification re- actor used in step
(2), there is no particular limta- tion as long as it is a reaction
apparatus which can be wused for perform ng a continuous etherification
reac 10 tion between a cyclic carbonate and a diol. Exanples of reactors
usabl e as the continuous etherification ggactor i ncl ude a tubul ar reactor;
a vessel reactor; a colum reactor, such~as a distillabhgg,flysn react or
.or a bubble colum reactor; and a fluidized-bed reactor. 15 It is

preferred to ua@ a tubul.ar reactqr, a_vessel re- actor or a istillation
col urm react or .“ ARG S etﬁ%et%eqajﬁqc{&r?ncd:l Fedtged % SRR Y8 the
continuous etherific act?#ﬁ1the distillation colum reactor.my be

tiqn r
a continuous nulti-s g%qﬁ 20" H%?%i%ﬂ%Qﬁﬂﬂﬁﬁ$qﬂﬁ(ﬁf?%??ﬁl??mf%%ﬁe type
o e N ot SR s AT 0RO O, PRI T e Mbd g augy T om
appar atus (di st 1G4 2y ot udh Mt theg e ' ¢EEPERRERA T, o,
the distal!at! ol dutPSiRPRAL &d AL ARSI Sa£alsed 19 SeELyYe(p)so as 2,
um type conti nuous etheriTilcation re- actor’
2. A mode in which the high boiling point mixture
withdrawn from the lower portion of the continuous
multi-stage distillation column in step (1) contains a
part of the unreacted aliphatic monohydric alcohol, and
10 wherein the high boiling point mixture is continuously
introduced, prior to the feeding thereof to the con-
tinuous etherification reactor in step (2), to a low
boiling point mixture separation column which is com-
prised of a continuous multi-stage distillation column,
15 and wherein a low boiling point mixture containing the
part of the unreacted aliphatic monohydric alcohol
which is contained in the high boiling point mixture is
continuously withdrawn from an upper portion of the low
boiling point mixture separation column, while continu-
20 ously withdrawing a high boiling point mixture contain-
ing the diol (D) and the unreacted cyclic carbonate (A)
from a lower portion of the low boiling point mixture
separation column,

wherein the low boiling point mixture withdrawn

25 from the upper portion of the low boiling point mixture




5 1n step (2), an etherification catalyst may be used. Wth respect to the
etherification catalyst used in step (2), there is no particular
limtation as long as it is one which can be used for producing an ether
by a reaction between a cyclic carbonate and a diol. 10 Exanpl es of :
etherification catalysts include the sa conpounds as the above-nentioned
exanpl es of trans- esterification catalysts used in steps(ah}i20sn the
transesterification catalyst used in step (1) is soluble in the liquid

ti t d -1 ! L1
%?ﬁ?‘;r: fica t ?%”ﬁﬁgaﬁérggt c3Phf L8 gSRhARPART Be A XD R o0 2"
oilin oint ni r i . b i i
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a separation a ransesterifrcation c l'yst used in step (1),

as such, can he hijcati I i .
That . Cwhen t nen it HAZRYR Fagne tHE! hobER pBRcatE S e ke ERling N Poen

wi thdragn frombige! AR Rar Le3R-8k6AC Bl 3 3R dasidid@igneeelum in
step (1) is first sub- jecte 0 separation i1n a distillation colum type
separation apparLgEysaRiba’ re@ckle Leed A& theqf2 .o
In step (2) of the method of the present invention,
the high boiling point mixture withdrawn from the lower
portion of the multi-stage distillation column in step
10 (1) is continuously fed to a continuous etherification
reactor, to thereby effect a continuous etherification
reaction between the unreacted cyclic carbonate (A) and
a part of the produced diol (D) and produce a chain
ether represented by the following formula (E):
15 HO(R10)pH (E)
wherein Rl is as defined for formula (A) above
and p is an integer of from 2 to 4,
and carbon dioxide, while continuously withdrawing the
resultant etherification reaction mixture containing
20 the remainder of the diol (D) produced in step (1) and
the produced chain ether (E) from the continuous eth-
erification reactor. When the high boiling mixture
withdrawn from the lower portion of the multi-stage

distillation column in step (1) is first fed to a sepa-

25 ration apparatus prior to the feeding thereof to the



5 the continuous etherification reactor, a part or all of a fraction
containing the transesterification catalyst wused in step (1) and/or a part
or all of a colum bot- tomliquid containing the transesterification
catalyst wused in step (1) (which fraction and/or colum bottom 10 Iiquid

i s obtained by separation), as such, can ?ﬁ used as an etherification
catalyst in step (2). The anmount of the etherification qgg%hygbogsed in
the present invention may be varied depending on the type of the

etherification c&%[ttg.lnzﬁa)tus 'é(}\’l\{eet\ﬁ.rficm%rﬁr{]r}ee 1c%:o ,hear igriacc(a:t{io% f @A%ﬂ s

continuously fe e con- tinuous etheriticati on Teactor, e anount of
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vol ume, based I'nt'ér- nal ume o e continuous etherificatlion
reactor.g The rgqagtion conditions for the etherification 69 22 April 2005
reaction in the continuous etherification reactor nmay be varied dependi ng

on the presence or gASENGRPedd t LIt Iddritaldh £ A &Sis 1 dielbRNre -
etherification cata-
actor used in step (2), there is no particular limita-
tion as long as it i1s a reaction apparatus which can be
used for performing a continuous etherification reac-
10 tion between a cyclic carbonate and a diocl. Examples
of reactors uséble as the continuous etherification
reactor include a tubular reactor; a vessel reactor; a
column reactor, such as a distillation column reactor
-or a bubble column reactor; and a fluidized-bed reactor.
15 It is preferred to use a tubular reactor, a vessel re-
actor or a distillation column reactor.

When a distillation column reactor is used as the
continuous etherification reactor, the distillation
column reactor may be a continuous multi-stage dis-

20 tilla-
tion column which is of the same type as used in step
(1). When the high boiling point mixture withdrawn
from the lower portion of the multi-stage distillation

column in step (1) is subjected to separation by means

25 of a distillation type separation apparatus (distilla-



|l yst is used, the etherification reaction conditions 5 nmay be varied
dependi ng on the type and anount of the -etherification catalyst. However,
in general, the re- action tenperature is from50 to 350 C, preferably
from80 to 300 C, nore preferably from 100 to 250 C. The reaction tinme may
be varied depending on the pres 10 ence og;absence of an etherification
catal yst. When an etherification catalyst is used, thejp fibogs ti me may
be vari ed depending on the type and anount of the eth- erification catalyst

and the reacti Cl‘.%gtngggq.ﬁﬁﬁxg,r,e'itH?‘Q‘egﬁ're’fei %, 1tﬂéq%$53@f1ti£&61{”e s

fromO0.001 to hour preferably from0.01 to 10 hours, nore pref-

erably from 0. Q240 52 AURS onl glptp PG e ARIPAS dESIdeCE tdge, The

reaction pressuré may be varie ependi ng on the reaction tenperature.

However, in geneidhathen @G b}@%sggnQ;:ﬂrﬁldU@rEt]héﬁ:%épi@n X0 107

Pa, preferably from1l x 104 to 1 x Iin terns of the absolute
pressure. The giwersion of the cyclic carbonate in the eth- erification
reaction in step (2) of the method of the present invention is generally

from90sto 100 % pref s2apenabl,y ah’ @Pnde it chdd h JavL W efmdpdy from 98
to 70 22 April 2005 100 % The etherification reaction m xture obtained in-

step (2) is regddded Wotharespe¥ChoC thar BeRakre raeatadhn ftallyee Giden 10-2
interns of the weight ratio of the _

in step (2), there is no particular limitation as long

as it is one which can be uéed for producing an ether

by a reaction between a cyclic carbonate and a diol.

10 Examples of etherification catalysts include the same
compounds as the above-mentioned examples of trans-
esterification catalysts used in step (1).

When the transesterification catalyst used in step
(1) is soluble in the liquid reaction system under re-

15 action conditions and also can serve as an etherifica-

tion catalyst, there are advantages:

that, when the high boiling point mixture which
has been withdrawn from the lower portion of the multi-
stage distilla;ion column in step (1) is directly fed

20 to the continuous etherification reactor without being
subjected to separation in a separation apparatus, the
transesterification catalyst used in step (1), as such,
can be used as an etherification catalyst in step (2);

and

25 that, when the high boiling point mixture which



cyclic carbonate (A) to the diol (D). The cyclic car 5 bonate content of
the etherification reaction mxture obtained in step (2) is preferably
fromO to 6 x 10-4, nore preferably fromO to 10-5 in terns of the weight
ratio of the cyclic carbonate (A) to the diol (D). In step (2), the

obtai ned etherification reaction 10 m xtgge containing the renmai nder of
the diol (D) pro- duced in step (1) and the produced ChQQQﬁﬁﬂh@OS(E) IS
continuously withdrawmn fromthe continuous etherifica-' tion reactor. By

subj ecting the B{Nde GAIITdWrA%Erdnl XhdlPdwd:e gt id¢ AnOMmupe i gh

purity diol frac 15 tion can be obtained fromthe etherification reaction

m xture. Furthefys e 48 16ithedd fdLRldPid A& QL) M X U#H €5 € 0wl NS
unreacted conponerits, including the wunreacted cyclic carbonate and/or the

unreacted ali- phatdd t@nAPpaldcid gand adde etdherdd | catiumn £@getion 20
m xture may be subjected to distillation to separate these unreacted

conponents frongddier LN g fetd ik Fricc i PNENE Mdd@ingnehébese separ at ed
conponents are then recycled to the continuous nmulti-stage distillation

col um used in 1§ dnl)inwdudNierh &a Hosh € i Hea producedpapt séepal ) oenters
71 22 April 2005 the reaction systemin step (1), the transesterifica-

tion reaction id mifpidn dendieinel phaffeieshtomifibationecaeatyson rate
becones | ow. Therefore, when
used in step (1) and/or a part or all of a column bot-
tom liquid containing the transesterification catalyst
used in step (1) (which fraction and/or column bottom
10 liquid is obtained by separation), as such, can be used
as an etherification catalyst in step (2).

The amount of the etherification catalyst used in
the present invention may be varied depending on the
type of the etherification catalyst. However, when the

15 etherification catalyst is continuously fed to the con-
tinuous etherification reactor, the amount of the eth-
erification catalyst is generally 0.0001 to 50 % by
weight, based on the weight of the cyclic carbonate fed
to the continuous etherification reactor. When a solid

20 catalyst is used in a manner such that the solid cata-
lyst is disposed in the continuous etherification reac-
tor, it is preferred that the amount of the solid cata-
lyst is from 10 to 75 % by volume, based on the inter-

nal volume of the continuous etherification reactor.

25 The reaction conditions for the etherification



the etherification reaction mxture withdrawn fromthe 5 continuous
etherification reactor contains carbon diox- ide, it is preferred that the
carbon dioxide is sepa- rated fromthe etherification reaction m xture by
means of a carbon di oxi de separation apparatus. As a carbon di oxide
separation apparatus, a separation apparatus 10 utilizing any principle of
separation, such as distil- lation separafPon, extractiop Appki on or
reaction separation, can be enpl oyed. Wien the continuous etherification
reactor used in step (2) is one selected fromthe group consisting of a
15 tubul ar readt®ACHMN a1 ddie| conpinunus tefchebt &l el e hreaet pFi Bayi on
reaction m xture containing the remai nder of the diol produced in step
(1), the produd® Haief RO Ahetlht RERIRPCrPona s eRFeeCfudnbe
introduced to a carbon di oxide separation apparatus, and the re 20

sul tant, car borP A HEFHRN A t¥TEat Ber ERcEtBerifiidaienir ie
renmoved carbon di oxi de can_be individu-_ally withdrawn fromthe carbon

di oxi de separ att¥ht abhd2s§dt uhe HEP b B GR Qur IRACHE 9% GRRfiEdons
etherification reaction mxture nay be subjected to distillation by 25
means of° a di ol™PUrl iR TH W%ﬁg‘?% PhetlByt odR ARA a2mouBt 29f ABRE| 2005

purified diol. the diol, purification columm, a con- tinuous nulti-stage
distillation cdf %Eﬁpqﬁ} Eﬁptalyst. However, in general, the re-

action temperature is from 50 to 350 °C, preferably
from 80 to 300 °C, more preferably from 100 to 250 °C.
The reaction time may be varied depending on the pres-
10 ence or absence of an etherification catalyst. When an
etherification catalyst is used, the reaction time may
be varied depending on the type and amount of the eth-
erification catalyst and the reaction temperature.
However, in general, the reaction time is from 0.001 to
15 50 hours, preferably from 0.01 to 10 hours, more pref-
erably from 0.02 to 5 hours, in terms of the average
residence time. The reaction pressure may be varied
depending on the reaction temperature. However, in
general, the reaction pressure is from 1.x 103 to 2 x
20 107 Pa, preferably from 1 x 104 to 1 x 107 Pa, in terms
of the absolute pressure.
The conversion of the cyclic carbonate in the eth-
erification reaction in step (2) of the method of the
present invention is generally from 90 to 100 %, pref-

25 erably from 95 to 100 %, more preferably from 98 to



and the continuous nulti-stage distillation colum may be of the sane type
as used in step (1). Wien the continuous etherification reactor used in
step (2) is a continuous etherification colum com prised of a
distillation colum (such as a continuous nulti-stage distillation
colum), a high boiling point mxture coggrising the etherification
reaction mxture 10 containing the renainder of the di obapypdgeesl in step
(1) and the produced chain ether may be withdrawn from a l'ower portion of

- : f . | : i | i j al
Lhe, conti nuouis Ri1ay| gt bRReGaleBhe ek aBl RS Wi ngh 2, Low

boiling point mXx- ture contalning the uced car roman 15

upper portion Qfydng Hontd 'l;%:eé&‘ﬁz} LA T ORI T4 ﬁé(na?{‘é){ E&ALAGLLNI S

hi gh boiling point m Xture S- I'at i on by means of a dio

ML e L1479 440 0 S R, L 0 1

hi gh boiling poi'nt "mXture w _ ( wer” portion t he
continuous Ml tdye1StAgG Mitdtd AAPHSUHETHIdL SEEP. (IDh QRYAINS caPart  of

t he unreacted ali phati c nonohydric al cohol, wherein the continuous

et herifisati on gRRHD lcdrt éh € V¥ | IO USth &t N¥el b4t LY | Pda SOl sMmEREREESEd Of
a continuous nulti 25 stage distillation colum, a |ow boiling point

mixture 73 22 AidiR0n GO 031014 Mo dRELawly oG oGt gdcal pphati c

nono- hydric al cohol and containing the produced carbon di ox-
more preferably from 0 to 10-5 in terms of the weilght

ratio of the cyclic carbonate (A) to the diol (D).
In step (2), the obtained etherification reaction
10 mixture containing the remainder of the diol (D) pro-
duced in step (1) and the produced chain. ether (E) is
continuously withdrawn from the continuous etherifica--
tion reactor. By subjecting the etherification reac-
tion mixture to distillation, a high purity diol frac-
15 tion can be obtained from the etherification reaction
mixture. Further, when the etherification reaction
mixture contains unreacted components, including the
unreacted cyclic carbonate and/or the unreacted ali-
phatic monohydric alcohol, the etherification reaction
20 mixture may be subjected to distillation to separate
these unreacted components from the etherification re-
action mixture, and these separated components are then
recycled to the continuous multi-stage distillation
column used in'step (1).

25 When carbon dioxide produced in step (2) enters



i de may be continuously withdrawn from an upper portion of the continuous
etherification colum and recycled to 5 the continuous nulti-stage
distillation colum used in step (1), while continuously w thdrawi ng a
hi gh boiling point mxture conprising the etherification reaction mxture
containing the remainder of the diol prodyged in step (1) and the produced
chain ether froma lower 10 portion of the continuous ethefifliasi on
colum. By subjecting this high boiling point mixture to distilla- tion by

reans of a diolonllaOR AR BT (1160 il U S0, D, Pl plped. 1

is preferred that the | ow bor'l'ing poi nt upper

portion 15 of ke GRAJHIERUS et Stﬂégielgg}igsﬁﬁw%{g}%s%gfgctgéi 0f, to being

recycled to the continuous nmulti- ol umMm uSsed in step

(1), to a carbehdi PHe6 ea38RIHAL Q2 %%g?etglsl&vp t BRLGRE SeParAl, the

carbon dioxide therefrom 20 As nentioned above, when the hi‘gh boiling

poi nt  m xture el RAMRMY £HIQPIRE Bl ROMHANY ¥ dRhdd - £ SER%Ene

distillation colum in step (1) is subjected to separation by neans of a

di stillation typetIeRmal ictheARRYALGH (Halidd aldPih 604 Wi boh talsx-
preferred that 25 the distillation type separation apparatus is caused to

74 22 April ZOQ@e,SGItVQSaEﬁQﬂ}%x@B el ifHeC ald bl edcd®ide | NstHbSacase,
it is preferred that the distillation type separation

rated from the etherification reaction mixture by means
of a carbon dioxide separation apparatus. As a carbon
dioxide separation apparatus, a separation apparatus

10 utilizing any principle of separation, such as distil-
lation separation, extraction separation or reaction
separation, can be employed.

When the continuous etherification reactor used in

step (2) is one selected from the group consisting of a

15 tubular reactor and a vessel reactor, the obtained eth-
erification reaction mixture containing the remainder
of the diol produced in step (1), the produced chain
ether and the produced carbon dioxide may be introduced
to a carbon dioxide separation apparatus, and the re-

20 sultant, carbon dioxide-free etherification reaction
mixture and the removed carﬁon dioxide can be individu-
ally withdrawn from the carbon dioxide separation appa-
ratus. The obtained carbon dioxide-free etherification
reaction mixture may be subjected to distillation by

25 means of a diol purification column to thereby obtain a




apparatus (which is caused to serve also as a continu ous etherification
reactor) is a continuous nmulti-stage 5 distillation colum. Accordingly, as
a preferred em bodi ment of the nethod of the present invention, there can
be mentioned a node in which the high boiling point mxture withdrawn from
the | ower portion of the con- tinuous rrul%'%-stage distillation colum in
step (1) 10 contains a part of the unreact®ed aliphatic g@pﬁﬁg@0@§ al cohol ,
and wherein the high boiling point mxture is continuously introduced to a
| ow boiling point mxture _separatjon/etherification colum which i.s
conprised of RUEHAiEIGdOLnul £5- §PEgRLALSPPFLAEFEA 18I GRAVARRYI Fg CPMS

| ower portion thereof adapted for serving as the con- tinuqus

et herifi cati on trENCUS Wé@&'i%?aﬁeeﬁl@f)l,lqﬁﬁowlé}“f? 1 R4 $RDus
etherification reaction between the unreacted, cycl.ic carbonate A% and
o (D) 1. of A7Eb e GO e Atate Lo 80T G0 B0 191 e 20
m xture separation/etherification colum to produce the chain ether (E)
and the car bon%(?i &fi e WM WE iar‘f’u-usﬁélvpvﬁttefﬁjr(alv\* ng a | ow boiling
poi nt m.xture contain- i t he carbon di Qxi de and .cont ai ni t he ri_of
the unreacted alip e’lncr% nSTHA 'némét‘lsc@(rli‘é\e%‘ﬁ%tcrﬁlsoncorne Aited it t he

900t | o bl T U O IRE 2 Lol Lo 00 e LR of the
continuously m&ﬁqg%\MJ¥Ja distillation column (such as a continuous
multi-stage distillation coiumn), a high boiling point
mixture comprising the etherification reaction mixture
10 containing the remainder of the diol produced in step
(1) and the produced chain ether may be withdrawn from
a lower portion of the continuous etherification column,
while continuously withdrawing a low boiling point mix-
ture containing the produced carbon dioxide from an
15 upper portion of the continuous etherification column.
By subjecting this high boiling point mixture to dis-
tillation by means of a diol purificatiop column, a
purified diol can be obtained.
Further, when the high boiling point mixture with-
20 drawn from the lower portion of the continuous multi-
stage distillation column in step (1) contains a part
of the unreacted aliphatic monohydric alcohol, wherein
the continuous etherification reactor is a continuous
etherification column comprised of a continuous multi-

25 stage distillation column, a low boiling point mixture



a high boiling point m xture conprising the etherifica- tion reaction

m xture containing the remainder of the 5 diol (D) produced in step (1) and
t he produced chain ether (E) fromthe |ower portion of the | ow boiling

poi nt m xture separation/etherification colum, wherein the | ow boiling
point m xture withdrawn fromthe upper pﬁ%i on of the |ow boiling point

m xture 10 separation/etherification col is conti nugg% 1h66y cled to
the nulti-stage distillation col urm used in step (1). I‘F%ills preferred

enbodi nent, wth respect the tlon of th ort for feeding
the high bo.l-GP@a&d‘ ﬁ?‘ 5&%%% Q‘tﬁ?ﬁ%ﬁr@f@ d W7 ¢ car
bonate) w thdr from.t Iovver port i an ,of trhﬁNcon ous rrul té{_stage
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point mixture comprising the etherification reaction
mixture containing the remainder of the diol produced
in step (1) and the produced chain ether from a lower

10 portion of the continuous etherification column. By
subjecting this high boiling point mixture to distilla;
tion by means of a diol purification column, a purified
diol can be obtained. It is preferred that the low
boiling point mixture withdrawn from the upper portion

15 of the continuous etherification column is fed, prior
to being recycled to the continuous multi-stage distil-
lation column used in étep (1), to a carbon dioxide
separation apparatus to thereby separate the carbon
dioxide therefrom.

20 As mentioned above, when the high boiling point
mixture withdrawn from the lower portion of the multi-
stage distillation column in step (1) is subjected to.
separation by means of a distillation type separation
apparatus (distillation column), it is preferred that

25 the distillation type separation apparatus is caused to



| ow boiling point mxture separation/etherification colum for w thdraw ng
the etherification reaction mx.- 5 ture containing the remai nder of the
di ol produced in step (1) and the produced chain ether. In the nethod of
the present invention, it is not necessary to use a solvent. However, for
the purposes of, e.g., (1) facilitating the reaction operation and 10 (2)
separating .a dialkyl carbonate and a diol effi- cientlyby,pephrm ng
azeotropic distillation or ex- tractive distillation, an appropriate inert

| b ' ; ' ;
sol vent may egé’f\g% %fslcgh£$?%ﬁL%%%gg#gg%f:lgﬁaggggéogt !f‘r?r{%fé"ca%S”tS

I ncl ude an et her; a aromatic hydrocar

hal ogenat ed al i phat GiwEcocas- chop. RY 8,08 998RabRY:gLATEEES Axdugoar bon.

An inert gas, such a ogen, um argon or be present

in the reacti Ow%@s gﬁ‘fér}iweifOEQg%{a?etBUEBB%E 9h 5B QEOL! RG G HGY - -

distilling-off 2 g at ed w i ng point reaction product, the
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organi C conpoun e 1ntroduced to € reaction systemfroma | ower
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described in M¥&iiment of the method of the present invention, there
can be mentioned a mode in which the high boiling point
mixture withdrawn f£rom the lower portion of the con-
tinuous multi-stage distillation column in step (1)

10 contains a part of the unreacted aliphatic monohydric
alcohol, and wherein the high boiling point mixture is
continuously introduced to a low boiling point mixture
separation/etherification column which is comprised of
a continuous multi-stage distillation column having a -

15 lower portion fhereof adapted for serving as the con-
tinuous etherification reactor used in step (2), and
wherein the continuous etherification reaction between
the unreacted cyclic carbonate (A) and diol (D) is ef-
fected in the lower portion of the low boiling point

20 mixture separation/etherification column to produce the
chain ether (E) and the carbon dioxide, while continu-
ously withdrawing a low boiling point mixture contain-
ing the carbon dioxide and containing the part of the
unreacted aliphatic monohydric alcohol which is con-

25 tained in the high boiling point mixture from an upper

oh, a~ — -~



detail with reference to the follow ng Exanpl es and Conparative Exanples,
whi ch shoul d not be construed as 5 limting the scope of the present
invention. In the foll ow ng Exanpl es and Conparative Exanples, the yield
(%9 of ethylene glycol is determ ned, based on the anount of the charged
et hyl ene carbonate; the yield (% of dimghyl carbonate is determ ned,
based on 10 the anount of the charged ethyl ene carbonatggﬁggﬂzbﬁ$
selectivity (99 for dinmethyl carbonate is determ ned as n t he anount

of the consunegRthWneRE GHDAMY &o i1 S JiANTESiBIF | $88d00- reaction in
step (1). The positions of respective stages of a distillation colum 15

are represente&ﬂ@hﬂéﬁhéﬁﬂ?ﬂ&ﬂtﬂbﬂﬂﬁﬂﬁhﬂﬂﬂaﬂdﬁtdﬁ¥ﬁﬁﬁbué1%“%f¥ﬁﬁ$§wﬁ§
counted fromthe top stage of the dis- tillation colum n the foll ow ng

Exanpl es and Ceimpargt ived 1R Rt rﬂlh&mmqu&ﬁlﬁ@etﬁélémmflca-
abbrevi ati ons are as 20 shown bel ow. EC : ethylene carbonate,

met hanol , DMC tidinTeidayt 163y hanadhise Jdontaieling enee gﬂ'é/rﬁ?@indé’s.ndof 2§hQEG
dlethylene glycol. 78 22 April 2005 Exanple 1 Using a production system as
shown i Fig. Biddi -(D) produced in step (1) and the produced chain
ether (E) from the lower portion of the iow boiling
point mixture separation/etherification column,
wherein the low boiling point mixture withdrawn
from the upper portion of the low boiling point mixture
10 separation/etherification column is continuously recy-
cled to the multi-stage distillation column used in
step (1).
In this preferred embodiment, with respect to the
position of the feeding port for feeding the high boil-
15 ing point mixture (containing the unreacted cyclic car-
bonate) withdrawn from the lower portion of the con-
tinuous multi-stage distillation column used in step
(1) to the low boiling point mixture separa-
tion/etherification column, there is no particular
20 limitation. However, from the viewpoint of ease in
separation of the part of the aliphatic monohydric al-
cohol (which is a low boiling point product contained
in the high boiling point mixture) from the high boil-

ing point mixture, it is preferred that the high boil-

25 ing point mixture is fed to the low boiling point mix-



met hyl carbonate (DMC) and et hyl ene glycol (EG were 5 continuously
produced from et hyl ene carbonate (EC) and. nethanol (MeOH). Conti nuous

mul ti-stage distillation colum 1 was conprised of a 60-stage O dershaw
distillation colum which has an inner dianeter of 5 cm EC was continu 10
ously fed in a liquid formto distillatiojgcolum 1 at the fifth stage
thereof through conduit 2 and preheater 3 at a flow rapzAefil 28¥ 9/ h, and
an 18 wt. % solution of potassium hydroxide (as a catalyst) in ethylene

gly- col was atﬁ?eCQQ&BEH@HéﬁKeEﬁQrE@iéaltEGHi gol oM & & Hoka tliidnl ation
colum 1 at the fifth stage thereof through conduit 2' at a flow rate of

1.1 g/'h, whileapgpbi AUwifHELYwEEEBbRE Broixheae iaf aMaWideand 10Me £ M@V DVC
weight ratio = 95/5) inaliquid formto distillation colum 1 at the 30th

stage thereof 1bwobHEN1ERARIPLEn® RYxROFePEEBARRRH 0f /alth2 il AW dtalgy of 783.2
g/h, to thereby effect a transesterification reaction. Continuous

nulti-stage di gbiLlimAt E6R QQ&HHBa%iw@StﬁBeEQhéﬁiﬁﬁ@%&idﬁﬂﬂﬂddﬂmﬁh\Mrﬁfﬂn
the reaction pressure and reaction tenperature, each as neasured at col um

top 4 thereof, tdbevebftainRighehkC renaspdee a#dthd Bi61 Memddaaly. 79 22
April 2005 A low boiling point mxture in a gaseous formdis- tilled from

colum top 4 oktdps(i)l ahdosheobuddutedaghadaneensad by condenser 7. A part
of the resultant con-

In the method of the present invention, it is not
necessary to use a solvent. However, for the purposes
of, e.g., (1) facilitating the reaction 6peration and

10 (2) separating a dialkyl carbonate and a diol effi-
ciently by performing azeotropic distillation or ex-
tractive distillation, an appropriate inert solvent may
be used as a reaction solvent. Examples of inert sol-
vents include an ether, an aliphatic hydrocarbon, an

15 aromatic hydrocarbon, a halogenated aliphatic hydrocar-
bon and a halogenated aromatic hydrocarbon.

An inert gas, such as nitrogen, helium, argon or
the like, may be present in the reaction system. Fur-
ther, for the purpose of promoting the distilliing-off

20 of a generated low boiling point reaction product, the
above-mentioned inert gas of a gaseous form of an inerf
low boiling point organic compound may be introduced to
the reaction system from a lower portion of a continu-

ous multi-stage distillation column,

25



densate was refluxed to colum top 4 of distillation 5 colum 1 through
conduit 8 (ref lux ratio: 0.5), while wthdraw ng the remai nder of the
condensate fromthe production systemthrough conduit 9 at a flow rate of
851.3 g/ h (hereinbel ow, the withdrawm condensate is referred to sinply as
"colum top condensate fromcol 10 umm 1"), wherein the columm top
condensate fromcolum 1 contained MeOH drid DMVC in conq@gﬁﬁﬁ*ﬁﬁs of 67.7
% by weight and 32.3 % by wei ght, respectively. On the oth- er hand,
liquid was withdrawn from colum bottom 10 of distillation colum 1

t hrough conduit 11 (herwmﬁlm QW¥IN’GIQUTQTHE1: ENVEAION si nply as
"bottomliquid of cgQlum 1"%, and a part of_the bottom|iquid of col- um
1 was heated by rebotTerPASSERE pIRNERHel hevehbrs deggtibed ipymore
distillation angl %gl%nf%’to fol umm bottom 10 of distillation colum 1
through condui t942 w1 E° 2684 $Eeh eorat Aakhe of 01 hewhBgt BXPMP4ESd a8 col um 1
was W t hdrawn as a hig? bg%lin ggint mxture inaliguid formthrough
conduit 14 at a TR FGIYS Fxamples o/ ghichghandd BBF| PRGCRBFAT URAXAS! e
cont ai ned EG EC. ,.DMC and KOH jn concentrations, of 69.8 % by wei ght,
25 29.9 % by \Ne'\f’goﬁ'?“b? 1818, 35°R%| Ght the BEeSERY %\BYGHFQSB-zz April 2005
and 0.085 % by wei ght,, . res ively. The conversign of EC in_the
transesterificati ogﬂ} e%’%:‘?ijg%ﬁ%sz?%pmﬁ')‘pﬁﬁi a g ogparative Examples,

the yield (%) of ethylene glycol is determined, based

on the amount of the charged ethylene carbonate; the
yield (%) of dimethyl carbonate is determined, based on
10 the amount of the charged ethylene carbonate; and the
selectivity (%) for dimethyl carbonate is determined,
based on the amount of the consumed ethylene carbonate
in the transesterification reaction in step (1). The
positions of respective stages of a distillation column
15 are represented by the ordinal numbers for the respec-
tive stages as counted from the top stage of the dis-
tillation column.
In the following Examples and Comparative Examples,

the meanings of the following abbreviations are as

20 shown below:
EC : ethylene carbonate,
MeOH : methanol,
DMC : dimethyl carbonate,
EG : ethylene glycol, and

25 DEG : diethylene glycol.



The high boiling point mxture withdrawn through 5 conduit 14 was fed to
etherification reactor 15 pre- heated to 170 C, which was conprised of a
colum hav- ing an inner dianeter of 15 mmand a length of 30 cm and

havi ng packed therein D xon packings (3 mm), thereby effecting an
etherification reaction in reactor 10 15,,f0 thereby obtain an
etherification reaction mx- ture. The obf3ained et heri fhealgr@nohsact i on

m xture contained EG MeOCH, diethylene glycol (DEG, DMC, KOH (inclusive
of potassium carbonate and potassi um hydro- gencarbonate which are derived
from KOH) and carbon 15 di oxide in concentrations of 69.6 % by weight, 29.9

% by weight, 3 Oi"eb)i wei ght, 0.04 % by weight, 0.085 % by weight and
0.094 % by wei %@r—es-pe ctively. No EC was detected in the etherification

reaction m xture (q,%ti%%t '%b#ﬁrol‘aﬁ%r. o:crali)n?;ytst fn &% %g&ﬂpgqptpz;%j o i@jh_t, he 20

etherification reaction™m X erefore, the ECEG weight ratio

15,52 110 Mo L4 R Pl SN S48 gl 12

99.9 % The cation reaction m xture S I ng. point

m xtur e gsepar afd'o%ﬁ%wmylzp&tmﬁze@%&tdnpré féﬂ@%%&ﬂ‘éé@e&ﬁ@f ghacol um
17 through conduit 16 at a flow 81 22 April 2005 rate of 234.2 g/ h, wherein

colum 17 was efENanAd Mecdjpacked col umm type distillation colum having
an inner dianmeter of 2.5 cmand a packing height of 120 cm and

Continuous multi-stage distillation column 1 was
comprised of a 60-stage Oldershaw distillation column
which has an inner diameter of 5 cm. EC was continu-

10 ously fed in a liquid form to distillation column 1 at
the fifth stage thereof through conduit 2 and preheater
3 at a flow rate of 231 g/h, and an 18 wt. % solution
of potassium hydroxide (as a catalyst) in ethylene gly-
col was also continuously fed in a liquid form to dis-

15 tillation column 1 at the fifth stage thereof through
conduit 2' at a flow rate of 1.1 g/h, while continu-
ously feeding a mixture of MeOH and DMC (MeOH/DMC
weight ratio = 95/5) in a liquid form to distillation
column 1 at the 30th stage thereof through conduit 5

20 and preheater 6 at a flow rate of 783.2 g/h, to thereby
effect a transesterification reaction. Continuous
multi-stage distillation column 1 was operated under
conditions wherein the reaction pressure and reaction
temperature, each ags measured at column top 4 thereof,

25 were atmospheric pressure and 63.8 °C, respectively.



havi ng packed therein D xon packings (3 nm). 5 Low boiling point m xture
separation colum 17 was operated under conditions wherein the pressure of
col- um top 18 thereof was 1,300 Pa (10 torr) and the tem perature of

col um bottom 26 thereof was 102 C. Alow boiling point mxture in a
gaseous formdistilled from 10 colum top,48 of colum 17 was condensed by
condenser 19. A part of the resultant condensate was reblapsgdod® col um
top 18 of colum 17 through conduit 20 (ref lux ratio: 1), while feeding

th i nd f th -: Sal rti b i 9xLd
Separ at1 on 15 col um 20 Neagn Loy RS £hdegl Mol BLLOT,

t he bott f £ O] ' I I

i niroduced i nt o RS anaheay Ay e (o A FEhat{oh (QOEACE VS 1 (e

ni trogen gas. Té%déﬁ%ée%gﬁ] SlddAini n?ﬂ- %%Lﬁgz%fd%tﬁgg de Hschggged 20

from conduit 24 provi the top of c resul tant carbon

di oxi de-free | iqulch QDUAN L1100 WE o FRuliRSc 3 LAY LEPTLEPRGHI t 25

provided at a |ower portion o um 22, and recycled to continuous

mul ti - age disdq t4 JH: ergok 25 flow
rate of Sf;70. 2 g/%id&@tihg%{(ﬁ%r hac?\%@%é r?q%ﬁz‘?i%ﬁll&zogg&fdw%%@
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17 through conduit 27 (here- inbelow, the liquid is referred to sinply as

"bottom production system through conduit 9 at a flow rate of
851.3 g/h (hereinbelow, the withdrawn condensate is
referred to simply as "column top condensate from col-

10 umn 1”"), wherein the column top condensate from column
1l contained MeOH and DMC in concentrations of 67.7 % by
weight and 32.3 % by weight, respectively. On the oth-
er hand, a liquid was withdrawn from column bottom 10
of distillation column 1 through conduit 11 (hereinbe-

15 low, the liquia is referred to simply as "bottom liquid
of column 1"), and a part of the bottom liquid of col-
umn 1 was heated by reboiler 12 to provide the energy
required for distillation and returned to column bottom
10 of distillation column 1 through conduit 13, while

20 the remainder of the bottom ligquid of column 1 was
withdrawn as a high boiling point mixture in a liquid
form through conduit 14 at a flow rate of 234.2 g/h.

The high boiling point mixture contained EG, MeOH, EC,
DMC and KOH in concentrations of 69.8 % by weight,

25 29.9 % by weight, 0.19 % by'weight, 0.04 % by weight




liquid of colum 17"). The bottomliquid of colum 17 5 contained EG DEG
and KOH (inclusive of potassium car- bonate and potassi um hydrogencar bonat e
whi ch are de- rived fromKOH) in concentrations of 67.6 % by weight, 17.3
% by wei ght and 15.0 % by wei ght, respectively. 2.66 g of the bottom

| iquid of colum 17 was w thdrawn 10 everygwo hours fromthe production
system through con- duit 30, while the remainder of thesboldfpphs quid of
colum 17 was heated by reboiler 28 (vertical falling filmevaporator) and
returned to col 2 ; u : cqpﬂyi u a
side-cut with f%“gfgﬂ% §g%rgyg$%b @%dn?%ggﬁépé?ggpﬁal ofé?%a?%%?éﬁngg

oi nt m xture t4 ; Lt . D of

ol um 17, o drmriTT ol b e oG aatecs Forerugt ir RESH NI MR
conduit 31 at agdleow, rate of 162.2 g/ h and condensed by condenser 32, to

20 thereby obtain a side-cut condensate through conduit 33. In the
obt ai ned si de-cut comiensagie. b&eL Dol OhDREurs Nant EG-4aS @ﬁk@ﬁfﬁ,ﬁd- From
the above data, it can be seen that the yield of DMC was 99.8 % f{he

selectivity forcdMui@slNohas oFed 2o €6 thaDs P8a¥aonndeAL8BrPEEi bYeEG was
obtained in a 83 yield of 99.6 % 22 April 2005 Conparative Exanple 1
Di net hyl carbornedetddMe BNG et hyheDEh oha§otombEised of a column hav-
ing an inner diameter of 15 mm and a length of 30 cm
and having packed therein Dixon packings (3 mm¢),
thereby effecting an etherification reaction in reactor
10 15, to thereby obtain an etherification reaction mix-
ture. The obtained etherification reaction mixture
contained EG, MeOH, diethyléne glycol (DEG), DMC, KOH -
(inclusive of potassium carbonate and potassium hydro-
gencarbonate which are derived from KOH) and carbon
15 dioxide in concentrations of 69.6 % by weight, 29.9 %
by weight, 0.23 % by weight, 0.04 % by weight, 0.085 %
by weight and 0.094 % by weight, respectively. No EC
was detected in the etherification reaction mixture
(detectable lower limit of an EC concentration in the
20 etherification reaction mixture : 1 ppm). Therefore,
the EC/EG weight ratio was less than 10-6 and the con-
version of EC in step (2) was higher than 99.9 %. The
etherification reaction mixture was fed to low boiling:
point mixture separation column 17 at a position 40 cm

25 below the top of column 17 through conduit 16 at a flow



5 were continuously produced from et hyl ene carbonate (EC) and nethanol
(MeOH) in substantially the same manner as in Exanple 1, except that a
hi gh boiling point mxture w thdrawn from col umm bottom 10 of conti nuous
multi- stage distillation colum 1 through conduit 14 was not 10 fed to
etherification reactor 15, but directely é d into conduit 16 through a
bypat h pi ping (not shown) connecting con git 14 to con@ghﬁnﬁQooghereby
directly feeding the high boiling point mxture withdrawn from colum 1

bel ow the. t op BPYEORAmASE7 2 18 MBS BRI T B 1 bh b AP EL R h e
bon di oxi de seBEFHFoR SNt YB3, i s ol S B 418 A EireE 01 L
(op Fondensal g ) U s, il G L cuet g oS gloga 0w
wel ght, T ospect VAN BACHNL KR S Uttt B HTER ob B0} g poi nt i xt ur e
low rats of 162, 2 t5hhooiiatsh BT, Bt e L L L) P2 o
EG contai ning EQdihd £ YHRH (Al Bns wherein the pressure of col-

umn top 18 thereof was 1,300 Pa (10 torr) and the tem-
perature of column bottom 26 thereof was 102 °C. A low
boiling point mixture in a gaseous form distilled from
10 column top 18 of column 17 was condensed by condenser
19. A part of the resultant condensate was refluxed to
column top 18 of column 17 through conduit 20 (reflux
ratio: 1), while feeding the remainder of the conden-
sate to an upper portion of carbon dioxide separation
15 column 22 through conduit 21. From condﬁit 23 provided
at the bottom of carbon dioxide separation column 22,
nitrogen gas was introduced into the condensate, there-
by bubbling the condensate with the nitrogen gas. The
nitrogen gas entraining carbon dioxide was discharged
20 from conduit 24 provided at the top of column 22. The
resultant carbon dioxide-free liquid obtained in column
22 was withdrawn from conduit 25 provided at a lower
portion of column 22, and recycled to continuous multi-
stage distillation column 1 at the 30th stage thereof

25 at a flow rate of 70.2 g/h. On the other hand, a 1liqg-



0.27 % by weight. A bottomliquid of colum 17 was 5 w t hdrawn t hrough
conduit 27. The bottomliquid of colum 17 contained EG and KOH i n
concentrations of 81.8 % by weight and 18. 2% by wei ght, respectively. 2.2
g of the bottomIliquid of colum 17 was withdrawn every two hours fromthe
production systemthrough con 10 duit 30, while the remai nder of the bottom
liquid of colum 17 was heated by reboi & 28 and ret uppegrileoosol um
bottom 26 of columm 17 through conduit 29. Fromthe above data, it can be
seen that the yield of DMC was 99.8 % the selectivity for DMC was 99 %
15 and the yi ebddoivaEGwiahdeawd Frowhitble hodtapowf tiew boddelnepAint as in
Exanpl e 1; however, the obtained EG contained EC and hence high purity EG
was not abl e tmixttarebsapacdti2® Cotpamatli?véhDeagh eondwith@h refRct i on
system as shown in Fig. 2, di- nethyl carbonate (DMC) and et hyl ene gl ycol
(EG were continbedosl,y theodiged & demrsfiernede toartishake FEC)PRHEP™ net hanol
(MeOH). That is, substantially the same pro 25 cedure as in Exanple 1 was
performed, excégguildaofacedupm AF"i)l. 20bs bpitgambIiudg & MOIH™R dre
(containing unreacted EC remaining therein) obtained fromcontinuous

nul ti - stsage di stontiadmiesn ESol BEE BnfaXGted s Himdnes y_f PR bIMm 722r -

(instead of etherification reactor 15 used in Exanple .
bonate and potassium hydrogencarbonate which are de-

rived from KOH) in concentrations of 67.6 % by weight,'
17.3 % by weight and 15.0 % by weight, respectively.
2.66 g of the bottom ligquid of column 17 was withdrawn

10 every two hours from the production system through con-
duit 30, while the remainder of the bottom liquid of
column 17 was heated by reboiler 28 (vertical falling
film evaporator) and returned to column bottom 26 of
column 17 through conduit 29. Through a side-cut with-

15 drawal port provided in the side wall of low boiling
point mixture separation column 17 at a position 90 cm
below the top of column 17, a distilled mixture in a
gaseous form was withdrawn through conduit 31 at a flow
rate of 162.2 é/h and condensed by condenser 32, to

20 thereby obtain a side-cut condensate through conduit 33.
In the obtained side-cut condensate, no compound other
than EG was detected.

From the above data, it can be seen that the yield

of DMC was 99.8 %, the selectivity for DMC was not low-

25 er than 99 %, and high purity EG was obtained in a



5 1), and that excess water not consunmed in the hydroly sis was separated
by using water separation colum 60. A colum top condensate fromcolum 1
was wWith- drawn through conduit 9 at a flowrate of 851.2 g/h, wherein the
colum top condensate fromcolum 1 con 10 tained MeOH and DMC in
concentrations of 67.7 %by weight and 32,3 % by wei ght, respectively. A
hi gh boiling point m xture w thdrawn fronPeol um bot t onp WprivRoo®l um 1

t hrough conduits 11 and 14 con- tained EG MeOH, EC, DMC and KCH in
concentrations of 15 69.8 % by weight, 29.9 % by weight, 0.19 % by weight,
0.04 % by wei ghtiedft of &5 6%y wei ght, respectively. The high boiling
point m xture was introduced into hy- drolysis reactor 72 preheated to 180
C, together with water supplied fromconduits 70 and 71 at a flow rate 20
of 0.9 g/h, wherein reactor_72 was conprised of a col- umm having an inner
di anet er of 15 SABRAFRLIVEFHRIMRYE 80 cm and havi ng packed therein Dixon

(ol yzed i n hydr ol y SO GREPIREFS GINEG T DO 25O b 6t abteThe.
e o SO I S8R R a8 BAPRALERY, ooy e
hycrogencar bonal s wkalhn l CRE Lot SO A0Sy OPERORallopfnetnas
in Example 1, except that a high boiling point mixture
withdrawn from column bottom 10 of continuous multi-
stage distillation column 1 through conduit 14 was not
10 fed to etherification reactor 15, but directely led
into conduit 16 through a bypath piping (not shown)
connecting conduit 14 to conduit 16, thereby directly
feeding the high boiling point mixture withdrawn from
column 1 to low boiling point mixture separation column
15 17 at a position 40 cm below the top of column 17, i.e.,
etherification reactor 15 was not used. In the gas
discharged from conduit 24 provided at the top of car-
bon dioxide separation column 22, no carbon dioxide was
detected.
20 A column top condensate from column 1 was with-
drawn through conduit 9 at a flow rate of 851.0 g/h,
wherein the column top condensate from column 1 con-
tained MeOH and DMC in concentrations of 67.8 % by
weight and 32.2 % by weight, respectively. A side-cut

25 condensate of low boiling point mixture separation col-



5 weight, 0.04 % by weight, 0.085 % by weight and 0.094 % by wei ght,
respectively. No EC was detected in the hy- drolysis reaction m xture. The
hydrol ysis reaction mxture was fed to |ow boiling point mxture
separation colum 17 at a position 40 cm bel ow the top of colum 10 17
through conduit 16 at a flow rate of 235.J]4 g/h, wherein colum 17 was the
sane as used in Exanple 1. Low boiling point m xture sepaplizons col um 17
was operated under conditions wherein the pressure of col- um top 18

h f dth
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I"ow ing point mxture in a

gaseous form diSILILeG Lhom RLUTRLOReAB 0hecOLUBoR AR ORRNSEd by

con- denser 199fA condéensate was re- fluxed to columm

top 18 of colum 17..throu ndui,t , Whi i ey g nder of
B fleae Qi 14 gﬁ%ﬂag St A e s 88k

t he condensat e 8" epar at1 on co a position 50 cm bel ow t he
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a packed col umt ‘t%ype ¥t i‘on"co ing an inner dianeter of 2.5
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packing§5(3 87 ter separation colum 60 was operated

under conditiqns here) rbchﬂ%ilq{é‘é%ﬁ e KU U dOPcéitribesrsf ovas
at nospheric pressure and the tenperature of colum bottom 65 t hereof was
102 C. A gaseous; '§ X Wi weight and 18.2% by weight, respectively.
2.2 g of the bottom liquid of column 17 was withdrawn
every two hours from the production system through con-
10 duit 30, while the remainder of the bottom liquid of
column 17 was heated by reboiler 28 and returned to
column bottom 26 of column 17 through conduit 29.
From the above data, it can be seen that the yield
of DMC was 99.8 %, the selectivity for DﬁC was 99 %,
15 and the yield of EG was 99.8 %, which are about the
same results as in Example 1; however, the obtained EG

contained EC and hence high purity EG was not able to

be obtained.

20 Comparative Example 2

Using a production system as shown in Fig. 2, di-
methyl carbonate (DMC) and ethylene glycol (EG) were
continuously produced from ethylene carbonate (EC) and
methanol (MeOH). That is, substantially the same pro-

25 cedure as in Example 1 was performed, except that a



5 distilled fromcolum top 61 of colum 60 was condensed

A part of the resultant condensate was refluxed to colum ?gpcggdgpsgglﬁﬁh
60 through con- duit 63, while feeding the remainder of the condensate to
an upper portion of carbon dioxide separation colum 10 22 through conduit
64. In carbon dioxide separation colum , carbon di oxi de was separ at ed
in substan- tially the same manner as in Exanple 1. Thejpegifibaps carbon
di oxide-free liquid obtained in columm 22 was wthdrawn fromconduit 25

provided at a r.paortion_15 qf I ﬁ?y% ; i
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ag{ixsd from K& oncentrations of 81.8 % by weight and 18.2 % by
ght, respec';(l ivelt%hadz'o?f %ft?{)enﬁtﬁrﬁé%f%t%&% dh 9f &0 U H¥ample

wi t hdrawn ever ours e production systemthrough conduit 30,
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5205 E ted by r'ebol ~returned to colum bottom 26 of colum 17
rough condui tg 29..NrQUaly & &d 4%y Qi ingvvdEeAveépaoat ipnovolianni 60t.he

ggde wal | of Iow boil- 1ng polnt mxture separation colum 17 at a position
A column top condensate from column 1 was with-
drawn through conduit 9 at a flow rate of 851.2 g/h,
wherein the column top condensate from column 1 con-
10 tained MeOH and DMC in concentrations of 67.7 % by
weight and 32.3 % by weight, respectively.

A high boiling point mixture withdrawn f£rom column
bottom 10 of column 1 through conduits 11 and 14 con-
tained EG, MeOH, EC, DMC and KOH in concentrations of

15 69.8 % by weight, 29.9 % by weight, 0.19 % by weight,
0.04 % by weight and 0.085 % by weight, respectively.
The high boiling point mixture was introduced into hy-
drolysis reactor 72 preheated to 180 °C, together with
water supplied from conduits 70 and 71 at a flow rate

20 of 0.9 g/h, wherein reactor 72 was comprised of a col-
umn having an inner diameter of 15 mm and a length of
30 cm and having packed therein Dixon packings (3 mm¢) .
EC contained in the high boiling point mixture was hy-

drolyzed in hydrolysis reactor 72 to form EG and carbon

25 dioxide. The resultant hydrolysis reaction mixture



5 cmbelow the top of colum 17, a distilled mxture in a gaseous form was
w t hdrawn through conduit 31 at a flow rate of 162.8 g/h and condensed by
condenser 32, to thereby obtain a side-cut condensate through conduit 33.
In the obtained side-cut condensate, no conpound other 10 than EG was
detected. Fromthe above data, it can be seen that the yield of DMC was
99.8 % the selectivity for DMC was not IQ§;- er than 992%Mqﬁ tofs5gh purity
EG was obtained in a yield of 99.9 % However, a conparison Betmeen Com 15

parative Brarml e 2 S0daaPheoh, 1218, oo UG AT g e el
Bxanpl e 2 Di metAFP 1o GBRBPE SEENEdafd Cer ALl YO oSt At b g £t 0
conti nuously PLOGUGEd (LATLEL LS SEPRnats( Hudd E U BT i
was prehoat ed 5008508 S9Tite FoPWePERAER] &7 “Po o AT i o ot a1 b EG,
hydr ogemoar bonded ool - St Y% HedBBeimtcdls ¥ SLAGAG EU B 1
concentrations,of 09.6:% Q¢ spectively. No EC was detected in the hy-
drolysis reaction mixture. The hydrolysis reaction
mixture was fed to low boiling point mixture separation
column 17 at a position 40 cm below the top of column
10 17 through conduit 16 at a flow rate of 235.14 g/h,
wherein column 17 was the same as used in Example 1.
Low boiling point mixture separation column 17 was
operated under conditions wherein the pressure of col-
umn top 18 thereof and the temperature of column bottom
15 26 thereof were substantially the same as in Example 1.
A low boiling point mixture in a gaseous form distilled
from column top 18 of column 17 was condensed by con-
denser 19. A part of the resultant condensate was re-
fluxed to column top 18 of column 17 through conduit 20,
20 while feeding the remainder of the condepsate to water
separation column 60 at a position 50 cm below the top
of column 60 through conduit 21, wherein column 60 was
comprised of a packed column type distillation column

having an inner diameter of 2.5 cm and a packing height

25 of 100 cm and having packed therein Dixon packings (3



wei ght, 29.9 % by weight, 0.225 % by weight, 0.04 %by weight, 0.085 % by
wei ght, 0.093 % by wei ght and 0. 0006 % by wei ght, respectively. The
etherification reaction nmxture was fed to |ow boiling point mxture 10
separation colum 17 through conduit 16 at a flow rate of 234.24 g/ h. The
EC/ EG weight ratio in the etherif i cation reaction mxture was 8.6 x 10-6,
and the conver- sion of ECin step (2) wa%799.6 % The hefaprisopft i 0 of

| ow boi ling point mixture separation colum 17 was 5. 15 Through a side-cut
wi t hdrawal port provided in the side wall of |ow boiling point mxture
separation col )17, Watedi s¢patation xtalemmasOwwahdrpemnaiedauhider rat e of
162.2 g/ h which is the sane value as in Exanple 1, and "~ condensed to obtain
a side-cut condemnddttd.onisn whiegedm e PresFugied@f toLuMiciRRt® no conpound
other than EG was detected. Fromthe above data, it can be seen that the
yield of DVC whereof3whs tatemosahestiios inne Sssir DM dalheictemReF2Eprrenaf 99
% and high purity EG was obtained in a 25 yield of 99.6 % 90 22 Apri
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continuously produced from ethyl ene carbonate (ECQ) 5 and nethanol OH)
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conditions were
by condenser 62. A part of the resultant condensate

was refluxed to column top 61 of column 60 through con-
duit 63, while feeding the remainder of the condensate
to an upper portion of carbon dioxide separation column
10 22 through conduit 64. In carbon dioxide separation
column 22, carbon dioxide was separated in substan-
tially the same manner as in Example 1. The resultant
carbon dioxide-free liquid obtained in column 22 was
withdrawn from conduit 25 provided at a lower portion
15 of column 22, and recycled to continuous multi-stage
distillation column 1 at the 30th stage thereof at a
flow rate of 70.2 g/h. A bottom liquid of column 17
was withdrawn through conduit 27. The bottom liquid of
column 17 contéined EG ahd KOH (inclusive of potassium
20 carbonate and potassium hydrogencarbonate which are
derived from KOH) in concentrations of 81.8 % by weight
and 18.2 % by weight, respectively. 2.2 g of the bot-
tom liquid of column 17 was withdrawn every two hours
from the production system through conduit 30, while

25 the remainder of the bottom ligquid of column 17 was



as follows. The reflux ratio of continuous nulti-stage distil- lation
colum 1 was 0.2. A colum top condensate from 10 colum 1 was w t hdrawn
at a flowrate of 850.0 g/h, wherein the colum top condensate from col um
(} con- tained MeOH and DMC in concentrations of 68.1 %by weight and 31.9
% by wei ght, respectively. A high boilinggpoint mxture was w t hdrawn from
colum 1 at a 15 flow rate of 234.7 g/h, wherein the hi ghApgil 06 poi nt

m xture contai ned EG MOH, EC, DMC and KCH in concen- trations of 68.4 %

&/b\;/\e:/\grght 29r Z\_e%é:%ygc\ﬁﬁ(i/%l%ipio%gj 2P Y YRl dHne O 14 o1l St ornze 0. 085

conversion of ECin step (1) was 98 % 20
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separati‘on col urmeci?ﬁl t"ﬁr ough c(%t{)ndui t 16 at a flow rat egeS@of 234.65 g/ h. The

EC/ EG wei ght 1 gfd0. dk tAS@thed Idithadawn through conduit 31 at a flow

rate of 162.8 g/h and condensed by condenser 32, to
thereby obtain a side-cut condensate through conduit 33.
In the obtained side-cut condensate, no compound other
10 than EG was detected.
From the above data, it can be seen that the yield
of DMC was 99.8 %, the selectivity for DMC was not low-
er than 99 %, and high purity EG was obtained in a
yield of 99.9 %. However, a comparison between Com-
15 parative Example 2 and Example 1 shows that Comparative
Example 2, wherein water as-an additional feedstock is
needed and a water separation column is needed, re-

quires complicated operations, differing from Example 1.

20 Example 2

Dimethyl carbonate (DMC) and ethylene glycol (EG)
were continuously produced from ethylene carbonate (EC)
and methanol (MeOH) in substantially the same manner as
in Example 1, except that the reaction conditions were

25 as follows.



cation reaction mxture was 5.8 x 10 and the conver sion of EC in st
. ! . e

(2) was 98 % The ref lux ratio of low boiling point mxture separatiog
colum 17 was 5. Through a side-cut withdrawal port provided in the side
10 wal | of low boiling point mxture separation colum 17, a distilled
;nx_tgre w?s vmfjhdrawn at a flow rate of 6.4 g/ h, and condensed to obtain

si de-cut conden- sate. In the obtained side-cut condenga®sil conpound
ot her than EG was detected. 15 Fromthe above data, it canlggzgggn Pﬁat t he

ield of DMC 9
i, oy Eo R iters b Al
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weight, 29.9 % by weight, 0.225 % by weight, 0.04 % by
weight, 0.085 % by weight, 0.093 % by weight and
0.0006 % by weight, respectively. The etherification
reaction mixture was fed to low boiling point mixture
10 separation column 17 through conduit 16 at a flow rate
of 234.24 g/h. The EC/EG weight ratio in the etherifi-
cation reaction mixture was 8.6 x 10—6, and the conver-
sion of EC in step (2) was 99.6 %. The reflux ratio of
low boiling point mixture separation column 17 was 5.
15 Through a side-cut withdrawal port provided in the side
wall of low boiling point mixture separation column 17,
a distilled mixture was withdrawn at a flow rate of
162.2 g/h which is the same value as in Example 1, and
condensed to obtain a side-cut condensate. In the ob-
20 tained side-cut condensate, no compound other than EG
was detected.
From the above data, it can be seen that the yield
of DMC was 99.8 %, the selectivity for DMC was not low-

er than 99 %, and high purity EG was obtained in a

25 yield of 99.6 %.



boiling point mxture was withdrawn fromcolum 1 at a flowrate of 234.7
g/ h, wherein the high boiling point mxture contained EG MOH EC DMC
and KOH in concen 10 trations of 68.4 % by weight, 29.5 % by weight, 1.97 %
by weight, 0.04 % by weight and 0.085 % by wei ght, re- spectively. The
conversion of ECin step (1) was 98 % Etherification reactor 15 was
preheated to 155 C. The etherification rt%ction m xt ur g2 agifi 2008d EG
MeOH, 15 DEG DMC, KOCH (inclusive of potassium carbonate and potassium
hydr ogencar bonat e whi ch are derived from KOH), carbon di oxide and EC in
concentrations of 67.1 %by weight, 29.5 % by weight, 2.28 % by wei ght,
0.04 % by weight, 0.085 % by weight, 0.95 % by wei ght and 0.079 % 20 by
wei ght, respectEixesiple Bhe etherification reaction mxture was fed to | ow
boiling point m xture separation colunmm 17 through rloﬁ’ndui tl&}ctﬁoft @Gflow

rate of 234.66 g/ hDimedhydy cethemgte (@MQD ard Bl 195 Son' T - 3
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as follows.
The reflux ratio of continuous multi-stage distil-
lation column 1 was 0.2. A column top condensate from
10 column 1 was withdrawn at a flow rate of 850.0 g/h,
wherein the column top condensate from column 1l con-
tained MeOH and DMC in concentrations of'68.1 % by
weight and 31.9 % by weight, respectively. A high
boiling point mixture was withdrawn from column 1 at a
15 flow rate of 234.7 g/h, wherein the high boiling point
mixture contained EG, MeOH, EC, DMC and KOH in concen-
trations of 68.4 % by weight, 29.5 % by weight, 1.97 %
by weight, 0.04 % by weight and 0.085 % by weight, re-
spectively. The conversion of EC in step (1) was 98 %.
20 Etherification reactor 15 was preheated to 160 °C.
The etherification reaction mixture contained EG, MeOH,
DEG, DMC, KOH (inclusive of potassium carbonate and
potassium hydrogencarbonate which are dérived from KOB),
carbon dioxide and EC in concentrations of 67.0 % by

25 weight, 29.5 % by weight, 2.32 % by weight, 0.04 % by



t he obtai ned side-cut condensate, no conpound other than EG was det ect ed.
From the above data, it can be seen that the yield of DMC was 98 % the
selectivity for DMC was not [ower 10 thanm 99 % and high purity EG was
obtained in a yield of 96.1 % Conparative Exanple 3 D nmethyl carbonate
(DMC) and et hyl ene glycol (EG 15 were continuously produced from et hyl ene
carbonate (EC) and nethanol (MeOH) in s tantially thgzggggzﬁgﬁner as in
Exanpl e 4, except that the reaction conditions were as follows.
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cation reaction mixture was 5.8 x 10 , and the conver-

sion of EC in step (2) was 98 %. The reflux ratio of
low boiling point mixture separation column 17 was 5.
Through a side-cut withdrawal port provided in the side

10 wall of low boiling poinf mixture separation column 17,
a distilled mixture was withdrawn at a flow rate of
156.4 g/h, and condensed to obtain a side-cut conden-
sate. In the obtained side-cut condensate, no compound
other than EG was detected.

15 From the above data, it can be seen that the yield
of DMC was 98 &, the selectivity for DMC was not lower
than 99 %, and high purity EG was obtained in a yield

of 96.1 %.

20 Example 4
Dimethyl carbonate (DMC) and ethylene glycol (EG)
were continuously produced from ethylene carbonate (EC)
and methanol (MeOH) in substantially the same manner as
in Example 1, except that the reaction conditions were

25 as follows.




Through a side-cut withdrawal port provided in the side wall of |ow
boiling point mxture separation col- um 17, a distilled m xture was

wi t hdrawn through con 10 duit 31 at a flowrate of 158.9 g/h, and condensed
to obtain a side-cut condensate. The obtained side-cut condensate was
conprised of EG containing ECin a con- centration of 0.0043 % by wei ght.
From the above data, it can be seen that %he yield 15 @b wes 98 % the
selectivity for DMC was not lower than 99 % and the yield of EG was 97.6
% which are about the sane results as in Exanple 1; however, the

obt ai ned EG cont ai netieECeandishamte ohiogh qourtiinpndeE wasltingtage bisttb be
obt ai ned. 20 Exanple 5 Using a production systemas shown in Fig. 3, di-
met hyl car bonatie tdAoMCcoanmhretihyeane (@ .y c8l COEGMWEOP CcOMEN s s IfF 5 oduced
from et hyl ene carbonate (EC) and 25 nethanol (MeOH). 95 22 April 2005 The
same conti nuousomuintni -1s twage wiii i9tdrtdwat iath adilowrrate saf uB2Y- ¢ ngBxanpl e 1
and the sane low boiling point mxture separation colum (low boiling
poi Nt mi x- tur evhsaedimatthen/eshew fiamtdordens ave ) £19m 5801138y 1 nS8R Exanpl e
1, were used. Continuous nulti-stage distilla- tion colum 1 was operated
i n substsnti al lbairesl ¢a@H and DMC in concentrations of 68.1 % by

weight and 31.9 % by weight, respectively. A high

boiling point mixture was withdrawn from column 1 at a

flow rate of 234.7 g/h, wherein the high boiling point

mixture contained EG, MeOH, EC, DMC and KOH in concen-

10 trations of 68.4 % by weight, 29.5 % by weight, 1.97 %
by weight, 0.04 % by weight and 0.085 % by weight, re-
spectively. The conversion of EC in step (1) was 98 %.

Etherification reactor 15 was preheated to 155 °C.
The etherification reaction mixture contained EG, MeOH,

15 DEG, DMC, KOH (inclusive of potassium carbonate and
potassium hydrogencarbonate which are derived from KOH),
carbon dioxide and EC in concentrations of 67.1 % by
weight, 29.5 % by weight, 2.28 % by weight, 0.04 % by
weight, 0.085 % by weight, 0.95 % by weight and 0.079 %

20 by weight, respectively. The etherification reaction
mixture was fed to low boiling point mixture separation
column 17 through conduit 16 at a flow rate of 234.66
g/h. The EC/EG weight ratio in the etherification re-

- 3 .
action mixture was 1.1 x 10 , and the conversilon of EC

25 in step (2) was 96 %. The reflux ratio of low boiling



manner as in Exanple 1, except that the m xture of MeOH and DMC, which was
fed in a liquid formthrough conduit 5 and preheater 6, had an MeOH DMC
wei ght ratio of 97/3, 10 and the flow rate of the m xture of MeOH and DMC
was 735.0 g/h. A colum top condensate fromcolum 1 was with- drawn

t hrough conduit 9 at a flow rate of 803.1,g/h, wherein the colum top
condensate fromcolum 1 con 15 tained MeOH and DMC in Qgr;&g.?tzbggi ons of
67.9 % by weight and 32.1 % by wei ght, respectively. The ref Tux ratio of

columm 1 was 0.4. On the other hand,, a bot.t i QUi f
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than EG was detected.

From the above data, it can be seen that the yield
of DMC was 98 %, the selectivity for DMC was not lower
10 than 99 %, and high purity EG was obtaiqed in a yield

of 96.1 %.

Comparative Example 3

Dimethyl carbonate (DMC) and ethylene glycol (EG)
15 were continuously produced from ethylene carbonate (EC)
and methanol (MeOH) in substantially the same manner as
in Example 4, except that the reaction conditions were
as follows.
Etherification reactor 15 was preheated to 78 °C.
20 The etherification reaction mixture contained EG, MeOH,
DEG, DMC, KOH (inclusive of potassium carbonate and
potassium hydrogencarbonate which are derived from KOH),
carbon dioxide and EC in concentrations of 68.1 % by
: weight, 29.5 % by weight, 0.47 % by weight, 0.04 % by

25 weight, 0.085 % by weight, 0.20 % by weight and 1.58 %



Low boiling point m xture separation colum 17 was operated in
substantially the sane manner as in Exanple 1, except: 10 that the
pressure of columm top 18 of colum 17 was atnospheric pressure, and the
pressure and tenpera- ture of colum bottom 26 of colum 17 were 102, 600 Pa
(770 torr) and 201 C, respectively, therebX causing colum bottom 26
thereof to serve as an etherif ication 1% reactor, and2p il bes W t hdr anal
of the produced EG fromcolum 17 was conducted through conduit 27

provi ded at columm bottom 26, but not throu rawal port

of colum 17. 2§ Reﬁ6ﬂtbomq5@§ﬂ&ivﬁﬁyhix?ﬂFeggPéggFﬁ%g%#$§;F£%% gﬁ op 18
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Through a side-cut withdrawal port provided in the
side wall of low boiling point mixture separation col-
umn 17, a distilled mixture was withdrawn through con-

10 duit 31 at a flow rate of 158.9 g/h, and condensed to
obtain a side-cut condensate. The obtained side-cut
condensate was comprised of EG containing EC in a con-
centration of 0.0043 % by weight.

From the above data, it can be seen that the yield

15 of DMC was 98 %, the selectivity for DMC was not lower
than 99 %, and the yield of EG was 97.6 %, which are
about the same results as in Example 1; however, the
obtained EG contained EC and hence high purity EG was
not be able to be obtained.

20

Example 5
Using a production system as shown in Fig. 3, di-
methyl carbonate (DMC) and ethylene glycol (EG) were

continuously produced from .ethylene carbonate (EC) and

25 methanol (MeOH).



um bottom 26 of |ow boiling point m xture separation colum 17 was 1.5
hours. A bottomliquid of colum 17 was w thdrawn through conduit 27. A
part of the bottom 10 liquid of colum 17 was heated by reboiler 28

(doubl e- pipe heat exchanger) and returned to colum bottom 26 of colum
17 through conduit 29, while the remainder_of the bottomliquid of colum

17 was withdrawn as an eth- erification r&action m xt ur ez

tAprideofs condui t 30

at a 15 flowrate of 163.9 g/h. The obtained etherification reaction

m xture contai ned EG DEG and. KOH (i ncl us
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manner as in Example 1, except that the mixture of MeOH
and DMC, which was fed in a liquid form through conduit
5 and preheater 6, had an MeOH/DMC weight ratio of 97/3,
and the flow rate of the mixture of MeOH and DMC was
735.0 g/h.

A column top condensate from column 1 was with-
drawn through conduit 9 at a flow rate of 803.1 g/h,
wherein the column top condensate from column 1l con-
tained MeOH and DMC in concentrations of 67.9 % by
weight and 32.1 % by weight, respectively. The reflux
ratio of column 1 was 0.4. On the other hand, a bottom
liquid of column 1 was withdrawn from column bottom 16
through conduit 11, and a part of the bottom liqguid of
column 1 was heated by reboiler 12 and returned to col-
umn bottom 10 of column 1 through conduit 13, while the
remainder of the bottom liquid of column 1 was with-
drawn as a hiéh boiling point mixture through conduit
14 at a flow rate of 231.3 g/h and fed to low boiling

point mixture separation column 17 at a position 40 cm



ditions wherein the pressure of colum top 42 thereof was 4,000 Pa (30
torr) and the tenperature of colum bottom 43 thereof was 122.5 C. A
gaseous m xture dis 10 tilled fromcolum top 42 of colum 41 was condensed
by condenser 45. A part of the resultant condensate was refluxed to.
colum top 42 of colum 41 through condui 47 (ref lux ratio: 0.5), while
wi thdrawi ng the renainder of the condensate through congugii4gosis a col um
top 15 condensate at a flowrate of 162.5 g/h. In the colum top
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remai nd ofumm 41 was heated by reboiler 50 and

returned to COELA@ogOEreg@t‘i%Hgiﬂf Sc.}:gpyrrlqgmwatgﬁrgy{ggw sconduit 51. Fromthe

above data, it Ccan be seen that the yie
Low boiling point mixture separation column 17 was

operated in substantially the same manner as in Example
1, except:

10 that the pressure of column top 18 of column 17
was atmospheric pressure, and the pressure and tempera-
ture of column bottom 26 of column 17 were 102,600 Pa
(770 torr) and 201 °C, respectively, thereby causing
column bottom 26 thereof to serve as an etherification

15 reactor, and

that the withdrawal of the produced EG from column
17 was conducted through conduit 27 provided at column
bottom 26, but not through the side-cut withdrawal port
of column 17.

20 A low boiling point.mixture' distilled from column top
18 of low boiling point mixture separation column 17
was condensed by condenser 19. A part of the resultant
condensate was refluxed to column top 18 of column 17
through conduit 20, while feeding the remainder of the

25 condensate to an upper portion of carbon dioxide sepa-



of DMC was 99.9 % the selectivity for DMC was not |ow er than 99 % and
hi gh purity EG was obtained in a vyield of 99.8 % 10 Conparative Exanple 4
D net hyl carbonate (DMC) and et hyl ene glycol (EG were continuously
produced from et hyl ene carbonate (EC) and nethanol (MeOH) in substantially
the sane manner as 15 in Exanple 5, except: that the pressure of colum
top 18 of low boiling point mxture sepa?dtion col um 37 Apei$ 2005300 Pa (10
torr), and the pressure and tenperature of colum bot- tom 26 of colum 17
were 2,660 Pa (20 torr) and 99 C, 20 respectively, and that, as reboiler
28, a verti cal radlionngoflumm 2&vapsosigdr caasiudided ] .t vl AR t4re
residence tinme at colum bottom 26 of colum 17 to be 0.15 hour. That is,
di ffering fromwase thessapie Bsamsied 3n Example b5 EbgpaesLilFertx&Rple 4,
colum bottom 26 of low boiling 100 .22 April 2005 point m xture separation
colum 17 was ben ddexdderdresediqudsl abtaimad tine 4910 e trs vt t om
liquid of colum 1 was withdrawn from colum bottom 10 through conduit 11,
and a part of trawns fizem endudti @SondoaaYclefht heA P SIB Het- 12

and returned to colum bottom 10 of columm 1 throqgh con-
5 stage distillation column 1 at the 30th stage thereof

at a flow rate of 70.2 g/h. The residence time at col-
umn bottom 26 of low boi;iné point mixture separation
column 17 was 1.5 hours. A bottom liquid of column 17
was withdrawn through conduit 27. A part of the bottom
10 liquid of column 17 was heated by reboiler 28 (double-
pipe heat exchanger) and returned to column bottom 26
of column 17 through conduit 29, while the remainder of
the bottom liquid of column 17 was withdrawn as an eth-
erification reaction mixture through conduit 30 at a
15 flow rate of 163.9 g/h. The obtained etherification
reaction mixture contained EG, DEG and KOH (inclusive
of potassium carbonate and potassium hydrogencarbonate
which are derived from KOH) in concentrations of 99.7 %
by weight, 0.17 % by weight and 0.12 % by weight, re-
© 20 spectively. No EC was detected in the etherification
reaction mixture. Therefore, the EC/EG weight ratio
was less than 10—6 and the conversion of EC in step (2)
was higher than 99.9 %.
The etherification reaction mixture was fed to EG

25 purification column 41 at a position 90 cm below the



duit 13, while the remai nder of the bottomliquid of colum 1 was

wi thdrawn as a high boiling point mxture through conduit 14 at a flow
rate of 231.2 g/h. The 10 high boiling point mxture contained EG MeCH,
EC, DMC and KOH in concentrations of 70.6 % by weight, 29.1 % by weight,
0.099 % by wei ght, 0.04 % by weight and ? 086 % by wei ght, respectively.
The conversion of EC in the transesterif éati on reactiQp Aprilgvep (1) was
15 99.9 % A colum top condensate fromcolum 1 was wi th- drawn through

conduit 9 at aflowrate of 803. wher ej n ol u sate
fromcolum 1 d&R afaiGRd ﬂ&qb}% "t‘{}ﬁc nﬁ]at gg? gglﬁﬁ g; 20
wei ght and 32.1 % wei ght ecti ve In th rem
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carbon di oxi de was . detected., A
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163.9 g/ h. The ,botto uid of colum 17 contained EG EC and KCH in
concen- trati ond*Yd “F“‘b by weight, 0.14 %by weight and 5 0.12 % by
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was W t hdrawn t hroug

ditions wherein the pressure of column top 42 thereof
was 4,000 Pa (30 torr) and the temperature of column
bottom 43 thereof was 122.5 °C. A gaseous mixture dis-

10 tilled from column top 42 of column 41 was condensed by
cohdenser 45. A part of the resultant condensate was
refluxed to column top 42 of column 41 through conduit
47 (reflux ratio: 0.5), while withdrawing the remainder
of the condensate through conduit 48 as a column top

15 condensate at a flow rate of 162.5 g/h.' In the column
top condensate obtained from column 41, no compound
other than EG was detected.

A liquid was withdrawn from the bottom of EG puri-

fication column 41 through conduit 49 (hereinbelow, the

20 liquid is referred to simply as "bottom liquid of col-
umn 41"). The bottom liquid of column 41 contained EG,
DEG and KOH (inclusive of potassium carbonate and po-
tassium hydrogencarbonate which are derived from KOH)
in concentrations of 65.2 % by weight, 20.3 % by weight

25 and 14.5 % by weight, respectively. 2.8 g of the bot-



conduit 48 at a flowrate of 162.7 g/h. The colum top condensate obtained
fromcolum 41 was conprised of EG containing EC in a concentration of 34
ppm by weight. 10 A bottom|liquid of colum 41 was withdrawn fromthe

bott om of columm 41 through conduit 49. The bottom Iliquid of colum 41
contai ned EG EC and KOH in concen- trations of 67.7 %by weight, 17.3 % by
wei ght and 15.0 % by wei ght, respective1y?92.7 g of the2pabtienoosl5 |iquid
of colum 41 was withdrawn every two hours from 20 the production system

t hrough conduit 52, while the remainder of the bottom|liqujid of colum 41
was heated by tashdiimridbefameiumnrdle ¥as WHORARAHOIRBE YUY ROFISum 41
t hrough conduit 51. Fromthe above data, it can be seen th % tgg. ield of
DMC was 99.9 %fngme the RBINGELIHSINEMAL TN FRPErLt h% + 9%794%and t he

yield of EGwas 99.9 % _ which are bout the sa results as4'n gganple 1;
however, the dHiiTRRPmEoMAi e %Mhﬁ’ﬁh"%ﬁ?’ﬂy I\EC?’yvas 25 not
25 Shown i n Fi PeakSaiEY qatgtLem, SO NG Shaec Ryt aft EFERER s T
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From the above data, it can be seen that the yield

of DMC was 99.9 %, the selectivity for DMC was not low-

er than 99 %, and high purity EG was obtéined in a

yield of 99.8 %.

10

Comparative Example 4

Dimethyl carbonate (DMC) and ethylene glycol (EG)
were continuously produced from ethylene carbonate (EC)
and methanol (MeOH) in substantially the same manner as

15 in Example 5, except:

that the pressure of column top 18 of low boiling
point mixture separation column 17 was 1,300 Pa (10
torr), and the pressure and temperature of column bot-
tom 26 of column 17 were 2,660 Pa (20 térr) and 99 °C(

20 respectively, and

that, as reboiler 28,‘5 vertical falling film
evaporator was used, thereby causing the residence time
at column bottom 26 of column 17 to be 0.15 hour.

That is, differing from the case of Example 5, in this

25 Comparative Example 4, column bottom 26 of low boiling



The sanme continuous nulti-stage distillation col- um 1 as used in Exanple
5 and the sane low boiling point mxture separation colum 17 as used in
Exanple 5, 10 were used. Continuous multi-stage distillation colum 1 was
operated in substantially the sanme manner as in Exanple 5. A low boiling
point mxture in a gaseous formdis- till % fromcolum top 4 of
distillation colum 1 was 15 condensed ﬁ& condenser 7. 23 AIbo@s the
resultant con densate was refluxed to colum top 4 of distillation columm

1 through conduit 8, while w thdraw ng the re- inder_ of the_ condensate
t hrough condui $0d-ngs M- X RLems eRagHe é’r?g'é{"@ fl?}gm%|m ‘ia‘é?e‘g ﬁ?ow rate

of 803.3 20 g/h, wherein the colum top condensate fromcolum 1 contai ned
MeOH and DVC | 1§ e&3ifc @t 2l iShe T 8RR P2l ght and 32.1 % by wei ght,
W Char a1 om col dmp LMD U BORAHINE (R HORAALE 15 Dhng a 25
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duit 13, while the remainde; of the bottom liquid of
column 1 was withdrawn as a high boiling point mixture
through conduit 14 at a flow rate of 231.2 g/h. The
10 high boiling point mixture contained EG, MeOH, EC, DMC
and KOH in concentrations of 70.6 % by weight, 29.1 %
by weight, 0.099 % by weight, 0.04 % by weight and
0.086 % by weight, respectively. The conversion of EC
in the transesterification reaction in step (1) was
15 99.9 %.
A column top condensate from column 1 was with-
drawn through conduit 9 at a flow rate of 803.1 g/h,
wherein the column top condensate from column 1 con-
tained MeOH and DMC in concentrations of 67.9 % by
20 weight and 32.1 % by weight, respectively. In the gas
discharged from conduit 24 provided at the top of car-
bon dioxide separation column 22, no carbon dioxide was
detected. A part of the bottom liquid of column 17 was

heated by reboiler 28 and returned to column bottom 26

25 of column 17 through conduit 29, while the remainder of



duit 16. The high boiling point m xture contained EG MOH EC DMC and
KOH in concentrations of 70.7 % by weight, 29.1 % by weight, 0.099 % by
wei ght, 0.04 % by 10 wei ght and 0.086 % by wei ght, respectively. The con-
version of ECin step (1) was 99.9 % Low boiling point mxture separation
colum 17 was operated in substantially fdye sanme manner as in Exanple 5,
except: 15 that the pressure of columm top 18 of col um 37y Wa804, 300 Pa
(10 torr), and the pressure and tenpera- ture of colum bottom 26 of col umm

17 were 2,660 Ft):?xéel( %%ttto?r{ lrﬁnjicggﬂiegogf Go TGP e0F I WAL Yt BE- LR enBSugRLOI | er

28, a vertical "1 'ng vaporator was used, thereby causing the
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differing from In this Exanple 6, colum bottom 26

of |ow boiling pQjitg & -cdMintnh SEPAEGH £h&@ AN BT 4RE KON £AUEBHckA-serve
as an 25 etherification reactor. A low boiling point mxture 104 22 April

2005 distilled drpma Wn dop7 18 wf wolghh, 10, 1ass Copdeaselt byxdcondenser

19. A part of the resultant condensate was refluxed to colum top 18 of
col um X7 throygh £an-peuididde, WédgedeLysly Ng A o I tstercaxiaée conden

5 sate to continuous nulti-stage distillation colum 1 at the 30th stage

thereof throughhfiandis tEQp@Eifi¢aDdh column 41 was withdrawn through
conduit 48 at a flow rate of 162.7 g/h. The column top
condensate obtained from column 41 was comprised of EG
containing EC in a concentration of 34 ppm by weight.

10 A bottom liquid of column 41 was withdrawn from the
bottom of column 41 through conduit 49. The bottom
liquid of column 41 contained EG, EC and KOH in concen-
trations of 67.7 % by weight, 17.3 % by weight and
15.0 % by weight, respectively. 2.7 g of the bottom

15 liquid of column 41 was withdrawn every two hours from
the production system through conduit 52, while the
remainder of the bottom liquid of column 41 was heated
by reboiler 50 and returned to column bottom 43 of col-
umn 41 through conduit 51.

20 From the above data, it can be seen that the yield
of DMC was 99.9 %, the selectivity for DMC was not low-
er than 99 %, and the yield of EG was 99.9 %, which are
about the same results as in Example 1; however, the

obtained EG contained EC and hence high purity EG was

25 not able to be obtained.



rate of 67.3 g/h. A part of the bottomliquid of col- um 17 was heated by
reboiler 28 and returned to colum bottom 26 of colum 17 through conduit
29, while the 10 remai nder of the bottomliquid of colum 17 was with-
drawn through conduit 30 at a flowrate of 164.0 g/h. The bottomliquid of
colum 17 contained EG EC and KOH in cqpgentrations of 99.7 % by wei ght
0.14 % by weight and 0.12 % by weight, respectively. The Apefiboos ! iquid 115
of colum 17 wi thdrawn through conduit 30 was fed to etherification
reactor 34 (which is the sane as etheri- fication reactor 15 used in
Exanple 1) preheated to 180 C, thereby effecting an etherification reaction

in reactor 34E to ;!%er?epy obtain an etherification reac- 20 tion m xture.
The obtained e ion reacti on m'xture cont ai ned EG DEG KOH

(i nclusive of potas Ymg G2k r&%tcet 1335 | M SWAP SN OB HO
. ngt egivi ch
are derived from Kgﬁ) é’n% &ar bon OXI e In concentrations dj)of 99.7 % by
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respectively. NG 1%% )V\Fz} 200@}5&{ ecte % thepgtml fication
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t he conversion I'n ste was higher than 99.9 % The etherification.
reaction m xturngee@gagu;)h Mdon, upper 5 portion of carbon dioxide
r

separation colu ough conduit 35. From conduit 36 provided at the
bot t om of The same continuous multi-stage distillation col-
umn 1 as used in Example 5 and the same low boiling
point mixture separation column 17 as used in Example 3,
10 were used. Continuous multi-stage distillation column
1 was operated in substantially the same manner as in
Example 5.
A low boiling point mixture in a gaseous form dis-~
tilled from column top 4 of distillation column 1 was
15 condensed by cbndenser 7. A part of the resultant con-
densate was refluxed to column top 4 of distillation
column 1 through conduit 8, while withdrawing the re;
mainder of the condensate through conduit 9 as a column
top condensate from column 1 at a flow rate of 803.3
20 g/h, wherein the column top condensate from column 1
contained MeOH and DMC in concentrations of 67.9 % by
weight and 32.1 % by weight, respectively. On the oth-
er hand, a bottom liquid of column 1 was withdrawn from
column bottom 10 of column 1 through conduit 11, and a

25 part of the bottom 1iquid of column 1 was returned to



carbon di oxi de separation colum 38, nitrogen gas was introduced into the
etherification reaciton m xture, thereby bubbling the mxture wth the
nitrogen gas. 10 The nitrogen gas entrai ni ng carbon di oxi de was di s-
charged fromconduit 37 provided at the top of colum 38. The resultant
carbon di oxide-free liquid obtained in colum 38 was withdrawn from
conduit 39 provided at a lower portion of0kolum 38, ang Aenl2bes EG
purifica 15 tion colum 41 at a position 90 cm below the top of colum 41,
wherein colum 41 was the sane as used in Exanple 5. EG purification
colum 41 was audnatredbdttaubdt af cdlaimy I Heheewgh eebetlex 12 &dnple 5.
A columm top 20 condensate of EG purification colum 41 was wi thdrawn

t hr ough condui tcotBlwitt al ¥ ovhile ethod nmaindgn of ntheebotbpmnhigypd of
condensate obtained fromcolum 41, no com pound ot her than EG was
detected. A botacdmnn duiwhofwitdulrawn 4s vash gk hep hling reed R heMbBEEEM of
colum 41 25 through conduit 49, wherein the bottom|iquid of colum 106 10
22 April 2005 4hronghiceulEd DE@am Koy (Fake wef v23bf 3 pglhsandnfed
carbonat e and potassi um hydrogencar bonate which are derived fromKGOH) in
concent riat i ons tf 1887 ZDCW/%%SDMWF wipcigune psepet ghioangoiuma 47 hftwei ght ,

respectively. 2.8 g of the bottomliquid of colum 41 was w t hdrawn
position 40 cm below the top of column 17 through con-

duit 16. The high boiling point mixture contained EG,
MeOH, EC, DMC and KOH in concentrations of 70.7 % by
weight, 29.1 % by weight, 0.099 % by weight, 0.04 % by
10 weight and 0.086 % by weight, respectively. The con-
version of EC in step (1) was 99.9 %.
Low boiling point mixtﬁre separation column 17 was
operated in substantially the same manner as in Example
5, except:
15 that the pressure of column top 18 of column 17
was 1,300 Pa (10 torr), and the pressure and tempera-
ture of column bottom 26 of column 17 were 2,660 Pa (20
torr) and 99 °C, respectively, and
that, as reboiler 28, a vertical falling film
20 evaporator was used, thereby causing the residence time
at column bottom 26 of column 17 to be 0.15 hour.
That is, differing from the case of Example 5, in this
Example 6, column bottom 26 of low boiling point mix-
ture separation column 17 was not caused to serve as an

25 etherification reactor. A low boiling point mixture



every two hours fromthe production systemthrough con- duit 52, while the
remai nder of the bottomliquid of colum 41 was heated by reboiler 50 and
returned to colum bottom 43 of colum 41 through conduit 51. Fromthe
above data, it can be seen that the yield "of DMC was 99.9 % the
selectivity for DMC was not low er than 99 % and high purity EG was
obtained in a yield of 99.8 % 15 Exanpl*®% Dimethyl capbgpabeog DMCO) and
et hyl ene glycol (EG were continuously produced from et hyl ene carbonate
(EC) and nethanol (MeOH) in substantially the sane manner as in Exanp

5, except that Girstidhad Sposp|aaluwmn 6101’5018203%&914\[‘1'%%%‘&%5(%%ngeﬁﬁFgl yst)
I n ethylene glycol was used instead of an 18 wt. @6solut|on of potassi um
hy- droxi de (aPya aandanasy it efhPP&ie ol FO& TegWdanm 1fs‘?lsate
fromcontinuous nmulti- stage distillation colum 1 was thdramn t hr oug
con- 25 duit 9wa&s Feflgire t%Pcﬁ°¥HﬁPJF%Prﬂaw%%r%?%“T%elZoFﬁﬁﬂu§B7°?§ Apr|

2005 top condensate from colum 1 cont d MCH, a
of 67.9 3 by weldi o g3t e %W%rbq?{t”r?e REPRLIITE 9 (FResEORAFE are ( he
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mxture contai rﬁ{je EB%th scyage %hereo? &rough conduit 25 at a flow

rate of 67.3 g/h. A part of the bottom liquid of col-
umn 17 was heated by reboiler 28 and returned to column
bottom 26 of column 17 through conduit 29, while the

10 remainder of the bottom liquid of column 17 was with-
drawn through conduit 30 at a flow rate of 164.0 g/h.
The bottom liquid of column 17 contained EG, EC and KCH
in concentrations of 99.7 % by weight, 0.14 % by weight
and 0.12 % by weight, respectively. The bottom liquid.

15 of column 17 withdrawn through conduit 30 was fed to
etherification reactor 34 (which is the same as etheri-
fication reactor 15 used in Example 1) preheated to
180 °C, thereby effecting an etherification reaction in
reactor 34, to thereby obtain an etherification reac-

20 tion mixture. The thained.etherification reaction
mixture contained EG, DEG, KOH (inclusive of potassium
carbonate and potassium hydrogencarbonate which are
derived from KOH) and carbon dioxide in concentrations
of 99.7 % by weight, 0.17 % by weight, 0.12 % by weight

25 and 0.073 % by weight, respectively. No EC was de-



NaOH in concentrations of 70.7 % by weight, 29.1 %by weight, 0.099 % by
wei ght, 0.04 % by weight and 0.086 % by weight, respectively. The
conversion of ECin step 10 (1) was 99.9 % An etherification reaction

m xture was obtained through conduit 30 as a bottomliquid of |ow boiling
poi nt m xture separation colum (low boiling point mx- ture
separation/etherification colum) 17. Thé%theri 15 ficabigp hegetion

m xture contai ned EG DEG and NaCOH (i nclusive of sodiun1cg?bonate and
sodi um hydr ogencar- bonate which are derived from NaCH) in concentrations
of 99.7 % by wEpghed dni1zhey prhexifdcatdero reackion misitgiie . r S88&ET vel .
The etherification reaction mx 20 ture was fed to EG purifigai ton col um
41 through conf2Feduithe3BCAEGa welightr aad iof wBs3 1®s§ Hthawp HC wandidhg ect ed
in the etherification reaction m xture. There -6  fore, the EC EG wei ght
rati o was | essCORNRTEAORNQL BE IdomieRsildn srrsedighek a®)9 e hi gher
than 99.9 % A colum top condensate of EG purificaion colum 108 22 Apri
2005 41 was wi Ther SkherRtdset Ih dfacti®mmixrtyrgywag & taA a3 HRPFE In
t he colum top condensate obtained from colum 41, no conpound ot her than
EG was et ect eBOTA10Bo o FARAR Sigkids FRPara tipn \/ﬁq]r*ﬂ?’hv%ﬁjf%b?ﬁ‘ﬁ% bot

conduit 35. From conduit 36 provided at the bottom of
carbon dioxide separation column 38, nitrogen gas was
introduced into the etherification reaciton mixture,
thereby bubbling the mixture with the nitrogen gas.

10 The nitrogen gas entraining carbon dioxide was dis-
charged from conduit 37 provided at the top of column
38. The resultant carbon dioxide-free liquid obtained
in column 38 was withdrawn from conduit 39 provided at
a lower portion of column 38, and fed to EG purifica-

15 tion column 41 at a position 90 cm below the top of
column 41, wherein column 41 was the same as used in
Examplé 5.

EG purification column 41 was operated in substan-

tially the same manner as in Example 5. A column top

20 condensate of EG purification column 41 was withdrawn
through conduit 48 at a flow rate of 162.4 g/h. In the
column top condensate obtained from column 41, no com-
pound other than EG was detected. A bottom liquid of
column 41 was withdrawn from the bottom of column 41

25 through conduit 49, wherein the bottom liquid of column



5 tom of colum 41 through conduit 49, wherein the bottom liquid of colum
41 contained EG DEG and NaOH in con- centrations of 65.3 % by weight, 20.2
% by weight and 14.5 % by weight, respectively. 2.8 g of the bottom
liquid of colum 41 was withdrawn every two hours from 10 the production
system t hrough conduit 52, while the renainder of the bottomliquid of
colum 41 was heated by reboiler 50 and ¥t urned to cobgqﬁnﬁgbbgn143 of
col - um 41 through conduit 51. Fromthe above data, it can be seen that
the yield 15 of DMC was 99.9 % the selectivity for DMC was not | ow er
than 99 % and 4l gonhadined EGC wWREG B & i (incisive off g9oBagsiEmranpl e 8
20 Di net hyl carbonate (DMC) and et hylene glycol (EG were continuously
produced from Earpongdec Ao rat@EHOM hydroganeaofaeoyhiehsabet antial |y
the sane manner as in Exanple 5, except that the m xture of MeOH and DMC,
which was fed td¢rdyednfrem KOil) jiguiePreamtinariotnmh ¢bnd 252 dhi by Swehdht .,
preheater 6, had an MeOH DMC weight ratio of 109 22 April 2005 90/10, and
the flow rate &0 thé RxMHg aoH arfd DY Wiisoltse. PegpectivedYum top

condensate fromcontinuous nmulti- stage distillation colum 1 was w thdrawn
t hr ough Ton- 5 %§ 19 Patthe Mahfamtle Biid ofa. colgimr dhefas nvihadEdyam

every two houré from the production system through con-
duit 52, while the remainder of the bottom liquid of
column 41 was heated by reboiler 50 and returned to
column bottom 43 of column 41 through conduit 51.

10 From the above data, it can be seen that the yield
of DMC was 99.9 %, the selectivity for DMC was not low-
er than 99 %, and high purity EG was obtained in a

yield of 99.8 %.

15 Example 7

Dimethyl carbonate (DMC) and ethylene glycol (EG)
were continuously produced from ethylene carbonate (EC)
and methanol (MeOH) in substantially the same manner as
in Example 5, except that an 18 wt. % solution of so-

20 dium hydroxide (as a catalyst) in ethylene glycol was
used instead of an 18 wt. % solution of potassium hy-
droxide (as a catalyst) in ethylene glycol.

A column top condensate from continuous multi-
stage distillation column 1 was withdrawn through con-

25 - duit 9 at a flow rate of 803.1 g/h, wherein the column




top condensate fromcolum 1 contained MeOH and DMC in concentrations of
67.9 % by weight and 32.1 % by weight, respectively. A high boiling point
m xture was with- drawn from col unm bottom 10 of columm 1 through conduit
10 14 at a flowrate of 229.5 g/ h, wherein the high boil- ing point m xture
contai ned EG MOH, EC, DMC and KOH in concentrations of 71.1 % by wei ght,
28.4 % by weight, 0.40 % by weight, 0.040% by wei ght aQ% Q86090 by
wei ght, respectively. The conversion of ECin step (1) g‘mas % 6 % A

| ow boiling point mxture distilled fromcolum top 18 of |ow boiling

poi nt m xture $opacandensadieuron lcoduwi 1Y mprgelinediMeQiH eand DMC in
separation/etherification colum) 17 was condensed by condenser 19. A part
of 20 the resulcoasentsaddess Otndd %efl Predaishiolanth 1dpt 18 PHiwebdhtn 17
through conduit 20, while feeding the re- mainder of the condensate to an
upper portion &espgchdvelyi dtiheses dadieatdreh e TR 2% h UFRaBRkeuPl - 21.
The resultant carbon_ dioxide-free |iquid obtained in colum 25 22 was

wi t hdrawn from conddi high »edldiagy @oddt Miegirela® whridr st X Ruous

multi-stage distillation colum 1 at the 30th _stage thereof at anIOM/rate
of 65.35g/h. ASOMHAE ilf Blad dlMeddtiorPhiddrd 968 oRerety therBugh

oo (Pow pobeidyngomoi it qulfeee’ dhdalihd B8 MedlHES BHELRG' O
NaOH in concentrations of 70.7 % by weight, 29.1 % by
weight, 0.099 % by weight, 0.04 % by weight and 0.086 %
by weight, respectively. The conversion of EC in step

10 (1) was 99.9 %.

An etherification reaction mixture was obtained

through conduit 30 as a bottom liquid of low boiling
point mixture separation column (low boiling point mix-
ture separatiop/etherification column) 17. The etheri-

15 fication reaction mixture contained EG, DEG and NaOH
(inclusive of sodium carbonate and sodium hydrogencar-
bonate which are derived from NaOH) in concentrations
of 99.7 % by weight, 0.17 % by weight and 0.12 % by
weight, respectively. The etherification reaction mix-

20 ture was fed to EG purificaiton column 41 through con-
duit 30 at a flow rate of 163.9 g/h. No EC was de-
tected in the etherification reaction mixture. There-
fore, the EC/EG weight ratio was less than 10’6 and the
conversion of EC in step (2) was higher than 99.9 %.

25 A column top condensate of EG purificaion column



ture separation/etherification colum) 17. The etheri- fication reaction
m xture contained EG DEG and KOH (i nclusive of potassium carbonate and
pot assi um hydro- gencarbonate which are derived fromKOH) in concentra 10
tions of 99.2 % by weight, 0.68 % by weight and 0.12 % by weight,
respectively. The etherification reaction mxture was fed to EG

purificaiton colum 41 through conduit 3®sat a flom/ra§§A$&ﬂ§@§58 g/ h. No
EC was de- tected in the etherification reaction m xture. ere 15 fore,
the EC/EG weight ratio was | ess than 10-6 and the conversion of EC in step

(2) was higher £ihqad%i¥réravh GHrsuyH Gornitensater o Flopurate cafon
colum 41 was wi thdrawn through conduit 48 at a flowrate of 161.5 g/h. In

the col umm top gndengat.e obt ahaedoflunm t39 cohdenséte mbtedmpsurikat her
than EG was detected. A bottomliquid of colum 41 was withdrawn fromthe

bot- tom of coldgmunthl 41hr augleampuling othemhean rEG headodevectedquinl of
colum 41 contained EG DEG and KOH (inclu- sive of potassium carbonate and
pot assi um hydr agenea 2aydianai® odlivnin ke wies i wedhdrawn KEehmi bhe bot-
concentrations of 111 22 April 2005 40.7 % by wei ght, 50.2 % by wei ght and
9.1 % bys wei ghttom rees pasiunvel 41 thrbuplofcdridubbt 4 dm viheuetnotheobaktionl

was w thdrawn every two hours fromthe production sys- temthrough conduit
52, while the reminiesf afoXumn bt GorntmneduE@, oPEGokndNN4QHWAB Reated by

reboil er 50 and
centrations of 65.3 % by weight, 20.2 % by weight and
14.5 % by weight, respectively. 2.8 g of the bottom
liquid of column 41 was withdrawn every two hours from
10 the production system through conduit 52, while the
remainder of the bottom liguid of column 41 was heated
by reboiler 50 and returned to column bottom 43 of col-
umn 41 through conduit 51.
From the above data, it can be seen that the yield
15 of DMC was 99.9 %, the selectivity for DMC was not low-

er than 99 %, and high purity EG was obtained in a

yield of 99.8 %.

Example 8
20 Dimethyl carbonate (DMC) and ethylene glycol (EG)

were continuously produced from ethylene carbonate (EC)
and methanol (MeOH) in substantially the same manner as
in Example 5, .except that the mixture of MeOH and DMC,

which was fed to column 1 in a liquid form through con-

25 duit 5 and preheater 6, had an MeOH/DMC weight ratio of



returned to colum bottom 43 of columm 41 through con- duit 51. Fromthe
above data, it can be seen that the yield of DMC was 99.6 % the
selectivity for DMC was 99.6 % 10 and high purity EG was obtained in a
yield of 99.2 % Exanple 9 Dinethyl carbonate (DMC) and et hyl ene gl ycol
(EG were continuously produced from et hyl ene carbonate (EC) 15 and

nmet hanol (MeOH) in substantially the samelGfanner as in bx 19085 except
that a production systemas shown in Fig. 5 was used and the reaction
conditions were as follows. The nunber of the stages of continuous

mul ti-stage 20®0dild,i ldrad itdre dalaymratevast 2the Minkaxe eobHf MeBHaRAIDMOMC
(MeOH DMC wei ght ratio = 90/10) was continuously fed in aliquid formto
distillation coasmPéb.22 gMe 10th stage thereof through conduit 5 and
preheater 6. A low boiling point mxture in a gaseous formdis- 25 tilled
fromcolum top 4 ofA dlotuymn ddrorraisiandatie viEom 1eopbingens pedsicondensed
by condenser 7. A part of the resultant con- densate was refluxed to col um
top 4 of distildt@Ageomisoiliation MUY cbritRs tWBthdpaye BRFAEAWRY -t he
re- mai nder of the condensate through conduit 9 as a colum 5 top

condensdt e frofWd Bt &tfkeY IGRHES R 134081900 g¥RETGABr EPR FREUES um

top condensate fromcolum 1 ) ,
top condensate from column 1 contained MeOH and DMC in

concentrations of 67.9 % by weight and 32.1 % by weight,
respectively. A high boiling point mixture was with-
drawn from column bottom 10 of column 1 through conduit

10 14 at a flow rate of 229.5 g/h, wherein the high boil-
ing point mixture contained EG, MeOH, EC, DMC and KOH
in concentrations of 71.1 % by weight, 28.4 % by weight,
0.40 % by weight, 0.04 % by weight and 0.087 % by
weight, respectively. The conversion of EC in step (1)

15 was 99.6 %.

A low boiling point mixture distilled from column

top 18 of low boiling point mixture separation column
(low boiling point mixture separation/etherification
column) 17 was condensed by condenser 19. A part of

20 the resultant condensate was refluxed to column top 18
of column 17 through conduit 20, while feeding the re-
mainder of the condensate to an upper portion of carbon
dioxide separation column 22 through conduit 21. The
resultant carbon dioxide-free liquid obtained in column

25 22 was withdrawn from conduit 25 and recycled to con-



contai ned MeOH and DMC in concentrations of 68.9 %by weight and 31.1 % by
wei ght, respectively. On the oth- er hand, a bottomliquid of colum 1 was
wi t hdrawn from 10 col um bottom 10 through conduit 11, and a part of the
bottomliquid of colum 1 was heated by reboiler 12 and returned to col umm
bottom 10 of columm 1 through con- duit 13, while the remainder of the
bottomliquid of colum 1 was wi thdrawn &€ a high boilbgggggb@bsnixture 15
through conduit 14 at a flowrate of 234.3 g/h. The high boiling point

m xture contained EG MeOH, EC, DMC and KOH in concentrations of 66.3 % by
wei ght, 28.6 %timpons gmltis soagw Wistdilgmtian opbemy hwedghthend0th0ss %
by wei ght, respectively. The conversion of EC 20 in step (1) was 95 % Low
boi I i ng poi nt rmbads dheneafatdtorr ddlamratieowt Boi13 iy tboi nt mi xture
separation/etherification colum) 17 was operated under conditions wherein
the pressure of colAMMeH&Fifdcetion FetcriatadigtiiFHers OpratRete, 25
and the pressure and tenperature of columm bottom 26 of 113 22 April 2005
col um 17 wer e thexiah icandpifto BhBEs B Qotten origuih et 2bavw ddobkinghe
residence time at, colum bottom 26 of colum 17 was 0,5 hour. A bottom
liquid of col uRPiPt Mrtufie RAERAHTR TRt G WBhdUeW 201l g RobRt tREXpot t om
Do g oo, e et A e LeRold £ 28R o LU R v

fication reaction mixture contained EG, DEG and KOH
(inclusive of potassium carbonate and potassium hydro-
gencarbonate which are derived from KOH) in concentra-
10 tions of 99.2 % by weight, 0.68 % by weight and 0.12 %
by weight, respectively. The etherification reaction
mixture was fed to EG purificaiton column 41 through
conduit 30 at a flow rate of 163.8 g/h. No EC was de-
tected in the etherification reaction mixture. There-
15 fore, the EC/EG weight ratio was less than lO_6 and the
conversion of EC in step (2) was higher than 99.9 %.
A column top condensate of EG purificaion column
41 was withdrawn through conduit 48 at a flow rate of
161.5 g/h. In.the column top condensate obtained from
20 column 41, no compound other than EG was detected. A
bottom liquid of column 41 was withdrawn from the bot-
tom of column 41 through conduit 49, wherein the bottom
liguid of column 41 contained EG, DEG and KOH (inclu-
sive of potassium carbonate and potassium hydrogencar-

25 bonate which are derived from KOH) in concentrations of



29, while the remainder of the bottomliquid of colum 17 was w thdrawn as
an etherification reaction m xture through conduit 30 at a flow rate of
161.95 g/h. The 10 obtained etherification reaction m xture contai ned EG
DEG KOH (inclusive of potassium carbonate and potas- sium

hydr ogencar bonate which are derived fro and EC in concentrations of
91.4 % by weight, 7.73 % by weight, & Yo by wei ght agg,sgngoe/s by wei ght,
respec 15 tively. The EC EG vvei ght ratl o in the etherification reaction

i xt 7. 10- 0
?a)ékiugg \rllvfal?ghtg X7 % é@r I%nI'dL t| 0 Bn\glelrjfr;ogzygfl\%aﬁg 58‘615%6'3 %%)b et elgqq?tl/ca;rlhgn
ti 1 xt dt G
e below t e FEBLRPtEdPnT 43 FrooobnthEnbPpo ﬂéﬂi@o@tc .l%&fﬁ: w1001 o

41 was oper at egggnggrth?%g t i.QRS ngfg,%r ﬁloﬁrtshq:rgqnes&tér . 42

t hereof was 1 torr) he tenperature o qurm ottom43 25

thereof Was 1353 Cn:Thppudbndys tde.},zcuwlrermewewenaaMI&wwhgo&@tport

provided in the si purlflcatlon col - at a position 90

cm bel oy the t@BmOELl 8'1 /f41colum'fn lh0yad YR red W%&ﬂé’f’%’o camalui t 56
at a flow rate of h to thereby obtain a si"de-cut liquid. 5 In the

obtai ned si de- ‘:‘:k!ttu!rh%' ‘Eo '&%1‘-&%’]}3%&40% her Jhadbi1dea s Hetaedietcon™
gaseous m xture distilled fromcol -
duit 51.
From the above data, it can be seen that the yield

of DMC was 99.6 %, the selectivity for DMC was 99.6 %,

10 and high purity EG was obtained in a yield of 99.2 %.

Example 9
Dimethyl carbonate (DMC) and ethylene glycol (EG)

were continuously produced from ethylene.carbonate (EC)
15 and methanol (MeOH) in substantially the same manner as
in Example 8, except that a'production system as shown
in Fig. 5 was used and the reaction conditions were as
follows.
The number of the stages of continuous multi-stage
20 distillation column 1 was 20. A mixture of MeOH and
DMC (MeOH/DMC weight ratio = 90/10) was continuously
fed in a liquid form to distillation column 1 at the
10th stage thereof through conduit 5 and preheater 6.
A low boiling point mixture in a gaseous form dis—

25 tilled from column top 4 of distillation column 1 was




um top 42 of columm 41 was condensed by condenser 45. A part of the
resul tant condensate was refluxed to col- um top 42 of columm 41 through
conduit 47 (ref lux ra 10 tio: 5), while wi thdrawi ng the remai nder of the
conden- sate through conduit 48 as a colum top condensate at a flowrate
of 8.4 g/h. The colum top condensate ob- 1t;_ai ned from colum 41 cont ai ned
EG and EC in concentra- tions of 86.1 @63y wei ght and 132 Ap4ibyosei ght,
respec 15 tively. A bottomliquid of EG purification colum 41 was

1 Qui 0 of col URPTAERASH o SPIAEREaSEd and RARE Dhcl e JEm- A adern
B Concent rat | GIRAHES WD RETGh Lo G 0W et it Chhi I8t by )
b Ont v oo PSE il o B L0R0R0E ! AL femlp Sl S et oo
ko 11 o AR5 O R s bafgece tenaddotey
R B R T
and high puritys BG Wage A{RI f18d b81amy £0f SoRleate Fhemnbytume of EG and
EC obt ai ned as & col Umm top condensate from EG purification colum 41 can
be contained MeOH and DMC in concentrations of 68.9 % by
weight and 31.1 % by weight, respectively. On the oth-
er hand, a bottom liquid of column 1 was withdrawn from
10 column bottom 10 through conduit 11, and a part of the
bottom liquid of column 1 was heated by reboiler 12 and
returned to column bottom 10 of column 1 through con-
duit 13, while the remainder of the bottom liquid of
column 1 was withdrawn as a high boiling point mixture
15 through conduit 14 at a flow rate of 234.3 g/h. The
high boiling point mixture contained EG, MeOH, EC, DMC
and KOH in concentrations of 66.3 % by weight, 28.6 %
by weight, 4.93 % by weight, 0.04 % by weight and
0.085 % by weight, respectively. The conversion of EC
20 in step (1) was 95 %.
Low boiling point mixture separation column (low
boiling point mixture separation/etherification column)
17 was operated under conditions wherein the pressure

of column top 18 of column 17 was atmospheric pressure,

25 and the pressure and temperature of column bottom 26 of



used as a feedstock for the transesterification reac- tion. 10 Conparative
Exanpl e 5 Di methyl carbonate (DMC) and ethylene glycol (EGQ were
continuously produced from ethyl ene carbonate (EC) and nethanol (MeOH) in
substantially the same nanner as in Exanple 9, except that the reaction
conditions were 15 as follows. A colum top condensate from conti nuous

nul ti- stage distillation colum 1 was wiltlisdrawn throughoogp2fpst 9 at a
flow rate of 1030.8 g/h, wherein the colum top condensate fromcolum 1
contai ned MeOH and DMC in 20 concentrations of 68.9 % by weight and 31.1 %

by weight, regfGin/al?y weAdir@gsgeudived yoaion, 60X IR & VEG toth) amédwn from
colum 1 through conduit 14 at a flow rate of 234.2 g/h, wherein the high
boi I'i ng pol nt Mot urc, an@n tiien etk FH@ e rideOH i nkeC, a tDMD Jameh KEbttom 26 of
concentrations 25 of 66.3 % by weight, 28.6 % by weight, 4.92 % by wei ght,
116 22 April 2Q@AdhD4 Poas weisghtowand @. 685 témbyl qeiightof rassipuet Vel y.
The conversion of ECin step (1) was 95 % Low boiling point mXxture
separation col was (Witkddeeid ity quontconditil e Bepdr gamn/cft Hare fhakiidmon
colum) 5 17 was operated under conditions wherein the pressure of colum
top 18 & col uriniguAdvast JZEAnPal 7 28as diedted syl xéleoprexssyPeanddre-
tenperature of colum bottom 26 of
turned to column bottom 26 of column 17 through conduit
29, while the remainder of the bottom liquid of column
17 was withdrawn as an etherification reaction mixture
through conduit 30 at a flow rate of 161.95 g/h. The
10 obtained etherification reaction mixture contained EG,
DEG, KOH (inclusive of potassium carbonate and potas-
sium hydrogencarbonate which are derived from KOH) and
EC in concentrations of 91.4 % by weight, 7.73 % by
weight, 0.12 % by weight and 0.72 % by weight, respec-
15 tively. The EC/EG weight ratio in the etherification
-3
reaction mixture was 7.9 x 10 , and the conversion of
EC in step (2) was 90 %.
The packing height of EG purification column 41
was 200 cm. The etherification reaction mixture was
20 fed to EG purification column 41 at a position 170 cm
below the top of column 41 through conduit 30. EG pu-
rification column 41 was operated under conditions
wherein the pressure of column top 42 thereof was 1,330

Pa (10 torr) and the temperature of column bottom 43

25 thereof was 135.3 °C. Through a side-cut withdrawal



colum 17 were 5,190 Pa (39 torr) and 120 C, respec- tively. An
etherification reaction mxture was ob 10 tai ned through conduit 30 as a
bottomliquid of low boiling point mxture separation colum (Ilow boiling
point m xture separation/etherification colum) 17. The etherification
reaction m xture contained EG DEG EC and KOH (inclusive of potassium
carbonate and potas 15 sium hydrogencar bongt e whi ch ar e 20eypriye@o4 r om KOH)
in concentrations of 92.6 % by weight, 1.67 %by weight, '5.57 % by wei ght
and 0.12 % by weight, respectively. The etherification, reac%' on m xture
was fed to EG mant mroaidesh bl shde ikl ot uPer8Hlce §°P|6 Fate of
20 166.0 g/h. The EC EG weight ratio in the etherifica tion r actigg

m xture was 6 >UMEO-4L %@t?@%@%r%@&@o‘?e%@iﬁzﬁ%t%‘bp(ﬁg Vxﬁgu'ﬂﬁ % * The

tenperature of columm bottom 43 of EG purifi- catiop colu 41 s 108.7 C
Through a si de-&kisidivasira i arsm ey deCoRIthE gPdeV\BI ﬁ%‘l" EG
purifi 117 22 April 2005 cation colum 41 at a position 90 ¢ Qe{lg .the
top of col unm ZAte £F AR o vEP vk e hW%th?Bﬁﬁﬁncﬁnﬁﬁa? 58 g} 9 Hlow
G do- cutd T qut e oHiS SRR et i b8 eBhoEhEVA  ohOoPeBPBBas BB usraR . A
B U S o BT ST 0 5Bl s feapeincosed
umn top 42 of column 41 was condensed by condenser 45.
A part of the resultant condensate was refluxed to col-
umn top 42 of column 41 through conduit 47 (reflux ra-
10 tio: 5), while'withdrawing the remainder of the conden-
sate through conduit 48 as a column top condensate at a
flow rate of 8.4 g/h. The column top condensate ob-
tained from column 41 contained EG and EC in concentra-
tions of 86.1 % by weight and 13.9 % by weight, respec-
15 tively. A bottom liquid of EG purification column 41
was withdrawn from bottom 43 of column 41 through con-
duit 49. The bottom liquid of column 41 contained EG,
DEG and KOH (inclusive of potassium carbonate and po-
tassium hydrogencarbonate which are derived from KOH)
20 in concentrations of 6.6 % by weight, 91.9 % by weight
and 1.5 % by weight, respectively. A part of the bot-
tom liquid of column 41 was heated by reboiler 50 and
returned to column bottom 43 of column 41 through con-

duit 51, while the remainder of the bottom liquid of

25 column 41 was withdrawn from the production system



was refluxed to colum top 42 of colum 41 through con- duit 47, while
W t hdrawi ng the remai nder of the conden 10 sate through conduit 48 as a
colum top condensate at a flowrate of 66.4 g/h. The colum top
condensate ob- tained fromcolum 41 contained EG and EC in concentra-
tions of 86.2 % by weight. and 13.8 % by wei ght, respec- tively. A bottom
liquid of EG purification colum 41 15 was!¥i t hdr awn fromAphibegs 43 of
colum 41 through con- duit 49. The bottomliquid of colum 41 contai ned
EG DEG and KOH (inclusive of potassium carbonate_and po- tassium
hydr ogencar bondthe Qi IE @ Herd 3 & 13 St ROHAtE P ohdelt $4Br ons of 78.1 %
by weight, 20.4 % by weight 20 and 1.5 % by weight, respectjv A part of
the bot- tom Iiqui df3O%tRinPRAV G foattly 7P rRDoTFE? }fﬁa{énghgrgfﬁgﬁed to
colum bottom 43 of colum_ 41 through con-.dujt 51 .l e_the regni nder of
FR sty B e i

the bottom |iqfifd BIC ¥&F uim B1 WS S tHar pP8EulPFoAC¥yst em 25

t hrough conduit 52 at flowrate of 13.6 h. 118 22.April 2005 .Eramt he
above data, it P e’ &e&?@a@l@hep%k‘f% Qéfw Rﬁélégd%i&na P’%gl%
selectivity for DVMC was t less tha % i ch .are about _the
results s in ﬁa%\ll\g 9%%69&%?“}5% r?& ﬁel%‘%@é@%as”gesgl %?N gscég‘qﬁfq’.. 5
and the obtai ned EG cont ai j ri G ot,zable to
be obtai ned. | tt%%nc%?é%n %ggegﬁoﬁﬂg? h}?ﬁ%ﬁ?ﬁ%%@&& Sh%urrngt itl\g,ai%r'—ilrIll be

used as a feedstock for the transesterification reac-

tion.

10 Comparative Example 5

Dimethyl carbonate (DMC) and ethylene glycol (EG)
were continuously produced from ethylene carbonate (EC)
and methanol (MeOH) in substantially the same manner as
in Example 9, except that the reaction conditions were

15 as follows.

A column top condensate from contiﬁuous multi-
stage distillation column 1 was withdrawn through con-
duit 9 at a flow rate of 1030.8 g/h, wherein the column
top condensaté from colﬁmn 1 contained MeOH and DMC in

20 concentrations of 68.9 % by weight and 31.1 % by weight,
respectively. A high boiling point mixture was with-
drawn from column 1 through conduit 14 at a flow rate
of 234.2 g/h, wherein the high boiling point mixture
contained EG, MeOH, EC, DMC and KOH in concentrations

25 of 66.3 % by weight, 28.6 % by weight, 4.92 % by weight,



a colum top condensate obtained fromEG purification col um 41 through
conduit 48 is about the same as in 10 Exanple 9; however, the flow rate (at
conduit 48) of the colum top condensate from EG purification colum 41
in Conparative Exanple 5is 7.9 tinmes as large as that in Exanple 9
(66.4/8.4 = 7.9). Accordingly, in this ggg?arative Exanple 5, when it is
intended to re 15 cycle an EG EC m xture ained as a 99lamn2b@p conden-
sate fromEG purification colum 41 to the transesteri- fication reaction
system as a feedstock, a |arge anount of EG needs to be returﬂed to the

transesterificdtiodn¥ yamaishis\aidked - 0fS GHiRAMELINT 1 KSR hECthse of 20
Exanple 9. 119 I NDUSTRIAL APPLI CABI LI TY 22 ﬁp | 20q; the nmethod of the
E;re;gggtlen\éﬁgt E@IS‘? ;i_or’i‘l"&frtﬁaiﬁ’-n tq%lffﬁﬁ"bﬁi?e%s :H)rw?ﬁ oo%c%%lhg a di al kyl
o) roma Cyclic carpon i j -
Pg?r;ccglngloihg;i eg Q:Lgl’f’l ﬂfgl}lg‘ij?%i”ctaﬁfiﬂ% LbrgetSieﬁaﬂag%%njt% L\%%hl?hgggea need
e B i S5BSTPS)  O Sne EEER P P I,
cation. 5120 CLA]\.I7N§\7a252 o erzi“elttezgot?nder conditions wherein the pressure
of column top 18 of column 17 was 3,870 Pa (29 torr),
and the pressure and temperature of column bottom 26 of
column 17 were 5,190 Pa (39 torr) and 120 °C, respec-
tively. An etherification reaction mixture was ob-
10 tained through conduit 30 as a bottom liquid of low
boiling point mixture separation column (low boiling
point mixture separation/etherification column) 17.
The etherification reaction mixture contained EG, DEG,
EC and KOH (inclusive of potassium carbonate and potas-
15 sium hydrogencarbonate which are derived from KOH) in
concentrations of 92.6 % bf weight, 1.67 % by weight,
5.57 % by weight and 0.12 % by weight, respectively.
The etherification reaction mixture was fed to EG puri-
ficaiton column 41 through conduit 30 at a flow rate of
20 166.0 g/h. The EC/EG weight ratio in the etherifica-
tion reaction mixture was 6 X 10—2, and the conversion
of EC in step (2) was 20 %.
The temperature of column bottom 43 of EG purifi-

cation column 41 was 108.7 °C. Through a side-cut

25 withdrawal port provided in the side wall of EG purifi-



1. A nethod for continuously producing a dialkyl car- bonate and a diol
froma cyclic carbonate and an ali 5 phatic nmonohydric al cohol, conprising:
(1) continuously feeding a cyclic carbonate repre- sented by the foll ow ng
formula (A): 10 O RI / /C0 O (A wherein Rl is a divalent group which
Is repre- sented by the formula -(CH2) m, lvs,herein mis 15 an integer of
from2 to 6, and which is unsub- stitute& or substitut eda2vig) 28b5! east one
sub- stituent selected fromthe group consisting of a Cl-Cl0 al kyl group

T 2,5 IO Sl LU I8 1 RS T ok FLOR Sha el S
W th at @east cRuhet ot GUb BT A o edlar 1R b 2
1000 121 22 041 2R S o100, LB o6 A8 B1akoct:
liquid. The obtained side-cut liquid contained EC in a
5 concentration of 0.0042 % by weight. A gaseous mixture
distilled from column top 42 of column 41 was condensed
by condenser 45. A part of the resultant condensate
was refluxed to column top 42 of column 41 through con-
duit 47, while withdrawing the remainder of the conden-
10 sate through conduit 48 as a column top condensate at a
flow rate of 66.4 g/h. The column top condensate ob-
tained from column 41 contained EG and EC in concentra-
tions of 86.2 % by weight and 13.8 % by weight, respec-
tively. A bottom liquid of EG purification column 41
15 was withdrawn from bottom 43 of column 41 through con-
duit 49. The bottom ligquid of column 41 contained EG,
DEG and KOH (inclusive of potassium carbonate and po-
tassium hydrogencarbonate which are derived from KOH)
in concentrations of 78.1 % by weight, 20.4 % by weight
20 and 1.5 % by weight, respectively. A part of the bot-
tom liquid of column 41 was heated by reboiler 50 and
returned to column bottom 43 of column 41 through con-
duit 51, while the remainder of the bottom liquid of

column 41 was withdrawn from the production system

25 through conduit 52 at a flow rate of 13.6 g/h.



continuously effecting a transesterification between said cyclic carbonate
and said aliphatic nonohydric 5 alcohol in the-presence of a
transesterification cata- lyst in said nulti-stage distillation colum,
thereby continuously producing a dialkyl carbonate represented by the
following formula (C): 10 RRZOOOR2 11 0 (C) 15 wherein R2 is as defined for

formula (B) above, and a diol representédiby the foll ow la (D): OH
R 1/ (D) \OH wherein R1L is as defined for formula (A gggggﬁgbgﬁile( )

continuously withdrawing a low boiling point mx 20 ture .in a gasepus. form
cont ai ni ng the proddEem dihgl @povec fatchatid (A" Ry T4RN u‘?ﬂ%%c’flg%l %f?%‘?‘lati c

S?Qf?ffraifona:c&%%rc%ﬁ%f%&%”}%i” e e Lot T RS RF nBoBo nt
m xture 1n a liqul rm i ni i
gln;;alaf:lt :dlczzgcl iJ??S@artB%ﬁ‘atgggonp%'al)Wq’;ij tagre? : &%gﬁ%&%?egﬁg%g Eé:s-) lﬁg??ygf’age
Example 9; however, the yield of EG was as low as 53 %,
5 and the obtained EG contained EC and hence high purity
EG was not able to be obtained.
It can also be seen that the EG/EC weight ratio in
a column top condensate obtained from EG purification
column 41 through conduit 48 is about the same as in
10 Example 9; however, the flow rate (at conduit 48) of
the column top condensate from EG purification column
41 in Comparative Example 5 is 7.9 times as large as
that in Example 9 (66.4/8.4 = 7.9). Acéordingly, in
this Comparative Example 5, when it is ;ntended to re-
15 cycle an EG/EC mixture obtained as a column top conden-
sate from EG purification column 41 to the transesteri-
fication reaction system as a feedstock, a large amount
of EG needs to be returned to the transesterification

reaction system, as compared to that in the case of

20 Example 9.



22 April 2005 tion colum, and (2) continuously feeding said high boiling
point mxture withdrawn fromthe | ower portion of said nmulti- stage
distillation colum in step (1) to a continuous 5 etherification reactor,
to thereby effect a continuous etherification reaction between said
unreacted cyclic carbonate (A) and a part of said produced dial (D) and
produce a chain ether represented by thelff§l | owi ng for qu%“ﬁ§b0510
HQ(R10)pH (E) wherein Rl is as defined for fornula (A) above and p is an
integer of from2 to 4, and carbon di oxi de, while continuously w thdraw ng
the resultant etherification INDUSTREAL ARPLECABERIEYning 15 the

remai nder of the diol (D) produced in step (1) and the produced chain ether
(E) fromsaid continuous eth- erification reactor, said etherification
reaction mxture having a cy- clic carbonate content of fromO to 10-2 in
terms of 20 the weiByhttheameshofd toife thec IPreseathomten QN+ o1% 2 SR ol (D).
2. The nmethod according to claim1, wherein the con- version of saia cyclic
carbonate in tHenuoasenosess £05 RrAdWH TG StER YL i AERCBRLE ABfe® 123

5 diol from a cyclic carbonate and an aliphatic mono-

hydric alcohol, a high purity diol can bg easily ob-
tained without a need for a complicated distillation-
separation step or a need for additional materials oth-

er than feedstocks and a catalyst in the transesterifi-

10 cation.



22 April 2005 3. The nethod according to claim2, wherein the con- version
of said cyclic carbonate in the transesterifi- cation in step (1) is from
95 to 99.999 % 5 4. The nethod according to any one of clains 1 to 3,
wherein, in step (2), said continuous etherification reaction is conducted
in the presence of an etherifica- tion catalyst. 10 5. The nethod accordi ng
to any one of clains 1 to 4, wherein thelZ®nversion of2§qggﬂ g5ic
carbonate in the continuous etherification reaction in step ?g) is from
90 to 100 % 15 6. The nethod according to any one of clainms 1 to 5,
wherein said etherification reacti on m £L@I¥Swi t hdrawmn from said
continuous etherification reactor in step (2) contains said carbon

di oxi de, and wherein said carbon 20 dioxide is renmoved from said
etherification reaction mxture. 7. The nethod according to any _one of
claims 1 to 6, lwherkimethd £01 pteRtinpwonshy dPredaripgof ddadkyd Se&p 25
(1) contains a concomtant dialkyl carbonate in an 124 22 April 2005 anount
of fromO0 to 4(bepdteengha dbakefron aheyedig| carbonate and an ali-

5 phatic monohydric alcohol, comprising:
(1) continuously feeding a cyclic carbonate repre-

sented by the following formula (A):

1///0\\\c=o
N

10 R (A)

wherein Rl is a divalent group which is repre-

sented by the formula —(CHj)p—, wherein m is
15 an integer of from 2 to 6, and which is unsub-

stituted or substituted with at least one sub-

stituent selected from the group consisting of

a C;-Cjpo alkyl group and a Cg-Cjp aryl group,

and an aliphatic monohydric alcohol represented by the
20 following formula (B):
R20H (B)

wherein R2 is a monovalent aliphatic C3-Cjg

hydrocarbon group which is unsubstituted or

substituted with at least one substituent se-

25 lected from the group consisting of a C3-Cjo



wei ght of said aliphatic nonohydric al cohol and said concom tant dial kyl
carbonate. 5 8. The nethod according to any one of clainms 1 to 7, wherein
said high boiling point mxture withdrawn from the |ower portion of said
continuous nulti-stage dis- tillation colum in step (1) contains a part of
the wunreacted aliphatic nonohydric al cohol, and wherein 10 said high
boiling point mixture is continuously inth2d- duced, priogp Agitesfeeding
thereof to said continuous etherification reactor in step (2), to a | ow
boiling point mxture separation colum which is conprised of a
continuous mul ti-st ajé&ydi gridupataingh ac Qgn@Lo @AWY IWMEHQAIM 15 a | ow boi l i ng
point m xture containing said part of the wunreacted aliphatic nonohydric
al cohol which it coreorttaimenrhs mwldiic dtiage bbigtiidglabion eelemre #8dconti nu-
ously wi thdrawn from an upper portion of said |low boil- ing point mxture
separ ati on col womtithidus goreffeougly R0cnansrRIEes Hiicahieh BOFVEAD poi nt
m xture containing said diol (D) and said unreacted cyclic carbonate (A)
from said | ow bEid my@ointcanbanate suphreaidrakbphanl C tReRORNAEHE or nore
side-cut withdrawal ports provided in a side wall of said columm at one or
nore posdtions @Ecatek sbf the reegrerien P @ cieadrembeelifiagbioneratfad 125
22 April 2005 fromthe group consisting of internediate_stages and a

| oner nost st agel st st dsabdv ol t1 retaer rissidlakiqepgolumn, thereby

continuously producing a dialkyl carbonate represented

by the following formula (C):

R20COR?2
10
0 (C)

wherein R2 is as defined for formula (B) above,
and a diol represented by the following formula (D):

15 OH

S

RL (D)

N

wherein Rl is as defined for formula (A) above,

OH

while continuously withdrawing a low boiling point mix-
20 ture in a gaseous form containing the produced dialkyl

carbonate (C) and the unreacted aliphatic monohydric

alcohol (B) from an upper portion of said multi-stage

distillation column and continuously withdrawing a high

boiling point mixture in a liquid form containing the
25 produced diol (D) and the unreacted cyclic carbonate

(A) from a lower portion of said multi-stage distilla-



ration colum, wherein said |ow boiling point mxture wwthdrawmn 5 fromthe
upper portion of said |ow boiling point mx- ture separation colum is
continuously recycled to said multi-stage distillation columm used in step
(1), while continuously feeding said high boiling point mxture wthdrawn
t hrough said side-cut withdrawal port of said 10 | ow boiling point m xture
separation colum to said continuous ethe4?fication reagtayrileeesl in step
(2). 9. The nethod according to any one of clains 1 to 7, wherein said
hi gh boiling point m xture withdrawmm from 15 the | ower portion of said
conti nuous mul tiion agmlufs, and| ation colum in step (1) contains a part of
the unreacted aliphatic nonohydric al cohol, and wherein said high boiling
point-m xture i s cont3dhueartinuonsky frednd prabd bbgbhboibéﬂgngogﬁéreof to
sai d continuous 20 etherification reactor in step (2), to_a low boiling
poi nt m xture dJelsiure onl Cedoawn virem the chowersearsion ofompilAumydti-

mul ti-stage distillation colum, and wherein a |ow boiling point mxture
cont ai ni ng sai cs{rge dfsthblatipraeobamn| iphateR fdhokgdRi ECREABNOMNSWAI ch
is con 25 tained in said high boiling point. m xture_is continu 126 22 Apri
2005 ousty wi t HRFREHFHeRt Lo uppREtPbr t FONtRETeRY defEGLhoRI COPAGTHOMS

m xture separation colum, while continuouslg mﬁtgdramﬁng a hi%h quLing
poi nt m xture &ﬁﬁ%ﬁ*ﬁ+@ﬁflon reaction betweén sa unreacted cyclic

carbonate (A) and a part of said produced diol (D) and
produce a chain ether represented by the following for-
mula (E):
10 HO(R10)pH (E)
wherein Rl is as defined for formula (A) above
and p is an integer of from 2 to 4,
and carbon dioxide, while continuously withdrawing the
resultant etherification reaction mixture containing
15 the remainder of the diol (D) produced in step (1) and
the produced chain ether (E) from said continuous eth-
erification reactor,
sald etherification reaction mixture having a cy-

clic carbonate content of from 0 to 10-2 in terms of

20 the weight ratio of the cyclic carbonate (A) to the
diol (D).
2. The method according to claim 1, wherein the con-

version of said cyclic carbonate in the transesterifi-

25 cation in step (1) is 50 % or more.



said diol (D) and said unreacted cyclic carbonate (A) 5 froma | ower
portion of said |ow boiling point mxture separation colum, wherein said
| ow boiling point mxture withdrawn fromthe upper portion of said | ow
boiling point mx- ture separation colum is continuously recycled to said
10 nulti-stage distillation colum used in step (1), while continuously
feeding said high boiling point mxture »3hdrawn fronqgm&mhqmgg portion
of said low boiling point mxture separation colum to said continuous
eth- erification reactor used in step (2). 15 10. The nethod according to
any one of claims 1 to 7, wherein said high boiling point mxture

wi thdrawn from the |ower portion of said continuous nulti-stage dis-
tillation col u. i nTheepethpdcescairddng per clefim Re Mrefigdda it M phati c
nonohydric al cohol, and wherein said high boiling point mxture is,
continuously i reexsicucetl said ¢yw boitarRopatatini Kher Erappgpherifi-
tion/etherifi-cation colum which is conprised of a continuous nmulti-stage
distillation cotamiomaihngtep 261 ) oberfpemt?ont®hePedP%alapted for serving
as said con 127 22 April 2005 tinuous etherification reactor used in step
(2), andd wherein said continuous etherification reaction between said

unreacted cyclic carbonate (A and said di ol D
Y 4, The metgg according to aéy)one of claims 1 to 3,

wherein, in step (2), said continuous etherification
reaction is conducted in the presence of an etherifica-
tion catalyst.

10
5. The method according to any one of claims 1 to 4,
wherein the conversion of said cyclic carbonate in the
continuous etherification reaction in step (2) is from
90 to 100 %.

15
6. The method according to any one of claims 1 to 5,
wherein said etherification reaction mixture withdrawn
from said continuous etherification reactor in step (2)
contains said carbon dioxide, and wherein said carbon

20 dioxide is removed from said etherificafion reaction

mixture.

7. The method according to any one of claims 1 to 6,
wherein said aliphatic monohydric alcohol used in step

25 (1) contains a concomitant dialkyl carbonate in an



is effected in said lower portion of said low boiling 5 point m Xxture
separation/etherification colum to pro- duce said chain ether (E) and said
carbon di oxide, while continuously withdrawing a |ow boiling point m x-
ture containing said carbon dioxide and containing said part of the
unreacted aliphatic nonohydric al cohol lqlwﬂich is contained in said high
boiling point mxture froman upper port'%) of said Iowgbghh@og5point

m xture separation/etherifi-cation colum and continuously wthdrawi ng a

hi gh boiling point mxture conprising t therjficati i i

(F:)?(r)\t aidni ng t Ee_wh% %Ef;i%”f;m cramflt‘?i:a‘*n(gi%l ey( Iﬁ}eelp‘-’r rtljulctg%é‘:“gn%{’ ggﬁ%llgggn Xt E;e
- duced chai n ether id | i i ol

poi nt m xture SR i%/ﬁ%?ﬁﬁf@éqﬁwﬁmfﬁ%céﬁ?lﬁéga?‘ég}l%\%ggl): In'igng

point mxture withdrawn 20 fromthe er. portion of said |low boilin
poi nt m x- tL”G?Qﬁﬁﬁﬂ%ﬁqQﬁVQ&qék¥¥i%ﬁ#g) a5%1unn i s continuously recgcled

to said nulti-stage distillation colum used in step (1). 25 11. The
nmet hod according to any one of clains 1 to 10, 128 22 April 2005 wherein

said cyclic car [ hyl : : : . .
on atl‘?lle.lo }Sﬁet%kx g;'?:% o%%&%%g iqztsote ia?{x Cc))fn%arr:aﬁ aliphad i ¢ e@nphydric

al cohol ¥s sel etted rroup €o anol, ethanol,

n-propanol, iso; bropanol, s Ny byl apol 11§00 8 RExt 886 RYtRBLhwANE rioar ¢ -

the lower portion of said continuous multi-stage dis-
tillation column in step (1) contains a part of the
unreacted alippatic monohydric alcohol, and wherein

10 said high boiling point mixture is continuously intro-
duced, prior to the feeding thereof to said continuous
etherification reactor in step (2), to a low boiling
point mixture separation column which is comprised of a
continuous multi-stage distillation column, and wherein

15 a low boiling point mixture containing said part of the
unreacted aliphatic monohydric alcohol which is con-
tained in said high boiling point mixture is continu-
ously withdrawn from an upper portion of said low boil-
ing point mixture separation column, while continuously

20 withdrawing a high boiling.point mixture containing
said diol (D) and said ﬁnreacted cyclic carbonate (A)
from said low boiling point mixture separation column
through one or more side-cut withdrawal.ports provided
in a side wall of said column at one or more positions

25 thereof corresponding to one or more stages selected



5 butanol. 12. The method according to any one of claims 1 to 11, wherein
said cyclic carbonate is ethyl ene carbonate, said aliphatic nmonohydric
al cohol is methanol and said 10 chain ether is diethylene glycol.

125 22 April 2005

from the group consisting of intermediate stages and a
lowermost stage of said low boiling point mixture sepa-
ration column,
wherein said low boiling point mixture withdrawn

5 from the upper portion of said low boiling point mix-
ture separation column is continuously recycled to said
multi-stage distillation coiumn used in step (1), while
continuously feeding said high boiling point mixture
withdrawn through said side-cut withdrawal port of said

10 low boiling point mixture separation column to said

continuous etherification reactor used in step (2).

9. The method according to any one of claims 1 to 7,
wherein said high boiling point mixture withdrawn from
15 the lower portion of said continuous multi-stage dis-
tillation column in step (1) contains a part of the
unreacted aliphatic monohydric alcohol, and wherein
said high boiling point mixture is continuously intro-
duced, prior to the feeding thereof to said continuous
20 etherification reactor in step (2), to a low boiling
point mixture separation column which is comprised of a
continuous multi-stage distillation column, and wherein
a low boiling point mixture containing said part of the
unreacted aliphatic monohydric alcohol which is con-

25 tained in said high boiling point mixture is continu-
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ously withdrawn from an upper portion of said low boil-
ing point mixture separation column, while continuously
withdrawing a high boiling point mixture containing
said diol (D) and said unreacted cyclic carbonate (A)
from a lower portion of said low boiling point mixture
separation column,

wherein said low boiling point mixture withdrawn
from the upper portion of said low boiling point mix-
ture separation column is continuously recycled to said
multi-stage distillation column used in step (1), while
continuously feeding said high boiling point mixture
withdrawn from the lower portion of said low boiling
point mixture separation column to said continuous eth-

erification reactor used in step (2).

10. The method according to any one of claims 1 to 7,
wherein said high boiling point mixture withdrawn from
the lower portion of said continuous multi-stage dis-
tillation column in step (1) contains a part of the
unreacted aliphatic monohydric alcohol, and wherein
said high boiling point mixture is continuously intro-
duced to a low boiling point mixture separa-
tion/etherifi-cation column which is comprised of a
continuous multi-stage distillation column having a

lower portion thereof adapted for serving as said con-
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tinuous etherification reactor used in step (2), and
wherein said continuous etherification reaction between
said unreacted cyclic carbonate (A) and said diol (D)
is effected in said lower portion of said low hoilling
point mixture separation/etherification column to pro-
duce said chain ether (E) and said carbon dioxide,
while continuously withdrawing a low boiling point mix-
ture containing said carbon dioxide and containing said
part of the unreacted aliphatic monohydric alcohol
which is contained in said high boiling point mixture
from an upper portion of said low boiling point mixture
separation/etherifi-cation column and continuously
withdrawing a high boiling point mixture comprising the
etherification.reaction mixture containing the remain-
der of the diol (D) produced in step (1) and the pro-
duced chain ether (E) from said lower portion of said
low boiling point mixture separation/etherification
column,

wherein said low boiling point mixture withdrawn
from the upper portion of said low boiling point mix-
ture separation/etherification column is continuously
recycled to said multi-stage distillation column used

in step (1).

11. The method according to any one of claims 1 to 10,



10

128 22 April 2005

wherein said c&clic carbénate is ethylene carbonate and
said aliphatic monohydric alcohol is selected from the

group consisting of methanol, ethanol, n-propanol, iso-
propanol, n-butanol, iso-butanol, sec-butanol and tert-

butanol.

12. The method according to any one of claims 1 to 11,
wherein said cyclic carbonate is ethylene carbonate,
said aliphatic monohydric alcohol is methanol and said

chain ether is diethylene glycol.



