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I NVENTI “ continuously producing a dial kyl carbonate and a di ol
BAWG?CWHWMWWHM ‘lm ENTION 5 Field of The Invention The present invention
rel ates to a.method for continuously producing a dial kyl carbonate and a
diol froma cyclic carbonate and an aliphatic nonohydric | al cohol. Mre

particul m m | esent invention is 10 cdoncerned with a nethod for
continuﬂmmm “ mﬂmmmnng a dialkyl carbonate and a diol froma cyclic
carbonate apgan aliphatic nnnoh¥dric | c h%I ri.sing contin- uously
feeding a cyclic carbonate and an_éE£§h§£;§§_a3H§ﬁ§§&9§ al cohol to a
continuous nulti-stag i.stil_15 | ation colum,._ and contjnuo effecting
a transester- ificati chb?%%% t%%‘%ﬁ/%tf?%s%%r%%%é; %lxggdét(ﬁleéj%g%hat - ic
nmonohydri c alcoholi|1#%g%égé%gnggacgtéﬁéfansester- ification catalyst in

the nulti-stage distil 1 on col um, eby continuously producing a

di al kyl car- 20 bonate and a diglcrd¥diné cONthntotsb N dladr awi ng a | ow
boiling point m xture containi ng the produced di al Kyl carbonate in a
gaseous f%rﬁlfrO@ﬁﬁldﬂ&ﬁﬂTﬂgﬂiﬁ&Ehﬁﬁonthe mul ti-stage distillation colum
and continuously “withdraw ng a high boiling point m xture containing the
25 produced diol in aTHegurkdaitn {noanaidowsslpoesi bon @fmethod for

continuously producing a dialkyl carbonate and a diol
from a cyclic.carbonate and an aliphatic monohydric
jf) alcohol. More particulariy, the present invention is

10 concerned with a method for continuouslj_producing a
dialkyl carbonate and a diol from a cyclic carbonate
and an aliphatic monohydric alcohol, comprising contin-
uously feeding a cyclic carbonate and an aliphatic
monohydric élcohol to a continuous multi-stage distil-

15 lgtion column, and continuously effecting a transester-
ification between the cyclic carbonate and the aliphat-
ic monohydric alcohol in the presence of a transester-
ification catalyst in the multi-stage distillation
column, thereby continuously producing a dialkyl car-

20 bonate and a diol, while continuously withdrawing a low
boiling point mixture containing the produced dialkyl
carbonate in a gaseous form from an upper portion of
the multi-stage distillation column and continuously
withdrawing a high boiling point mixture containing the

25 produced diol in a liquid form from a lower portion of



2 the nulti-stage distillation colum, wherein the trans- esterification
i's performed under conditions wherein: (a) the reaction pressure is 5 X
104 Pa or less, as neasured at the inner bottomof the nmulti-stage distil
5 lation colum; (b) the reaction tenperature is in the range of from-20
Cto less than 60 C, as neasured at the inner bottomof the multi-stage
distillation col- um; and (c) the nulti-stage distillation colum has an 1
F-factor in the range of fromO0.2 to 5.0. By the 10 method of the present

i nvention, continuous production _of a_dialkyl carbonate and a _diol froma
cyclic car- bonat@earbil astpaat deshbhdaydPlccat tBhol WhghepR thBEsFr§ns-
performed with high productivity, and h%gh selec, tivit _%L.e., a | ower i ng
of the occurrencEFeHyE152b+8AuLEsPETHrTRG tuﬂg?ﬁgceﬁﬁb R8P ey &G0 Bient .
Therefore, the nethod of the present invention.is Xtrenely ant ageous
fromthe connerci%ﬁ)vY%%pB?ﬁ?EloﬁrPﬁ?sﬁyfevﬁfhsrés%gctﬁ?oofhég%éfh%% f or

producing a dialkyl 20 aégogﬁge.gﬁgrabgkggmbgfr%ﬂgt%ggtﬁaggg LCg%¢akkenat e

. . . e suﬂe
wi th an ali phatic nonohydri ¢ al coho vari ous proposa een made.

Most of those pr%ﬂé@éé ésigﬁmﬁ;t@bt>hehed@gsl:_e@eﬁnke%eeataws&g far che
above reaction. anpl es of such catalysts include alkali netals or 25
basi ¢ conpounds contgk nbpgrabikalbometaks (668 Ynén 60 °C, as measured at
the inner bottom of the multi-stage distillation col-
umn; and (c) the multi-stage distillation column has an
.1} ' F-factor in the range of from 0.2 to 5.0. By the

10 method of the present invention, continuous production
of.a dialkyl carbonate and a diol from a cyclic car-
bonate'and an aliphatic monohydric alcohol can be
easily performed with high pfbductivity and high selec—
tivity (i.e., a lowering of the occurrence of by-

15 products), without using complicated egquipment.
Therefore, the method of the present invéntion is
extremely advantageous from the commercial viewpoint.
Prior Art ]

With respect to the method for producing a dialkyl

20 'éarbonate 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.

Examples of such catalysts include alkali metals or

25 basic compounds containing alkali metals [see U.S.



3 Patent No. 3,642,858, Unexam ned Japanese Patent Appli- cation Laid-Open
Speci fication No. 54-48715 (corre- sponding to U.S. Patent No. 4,181,676)],
tertiary aliphatic am nes [see Unexam ned Japanese Patent Appli 5 cation
L-ai d- Open Specification No. 51-122025 (corre- sponding to U S. Patent No.
4,062,884)], thallium conpounds [see Unexani ned Japanese Patent
Appllcatlon Lai d- Open Specification No. 54-38716 (corresponding to U.S.
Pat ent No. 4,307,032)], tin al koxi des (see Unexam 10 fi ned Japanese Patent

Appl i cation Laid-Open Specif -t No. 54-63023) | k f_ zing,,
iluglg;n1agd t;téﬁFﬁﬁ??§g; Eﬁgﬁ%nb%gd 9365ﬁ@§895a9393“ﬁ8§:%%%F%ﬁhﬂayil'
ai en Specification No., .5 t h
ni t r ogen- cont ai ni Aigt b?@aﬁ?&dbggﬁn(gggéi§§8%%§8ﬁ:ﬁ8 gpéhzgg ﬁgggﬁimﬁt :

Application Laid- gggggﬁgggkﬁap gatggp 55 g4§§3)EggnqsprQ%l%&gpounds

(see Unex- am ned éent |ca Ion "Lai Specifica” tion No.

95-64551), quat ergéﬁhg&%%%hgg‘ ?ékﬁsuﬁéﬁ%m&-l%xé Bed slapanest Rymant

Application Laid- peci Ication . 56-10144 cyclic am di nes [see

Unexani ned. Japanggg;Bat %QEdA@EEhcébb@@ faala%@aewoSpgm-me@tzson Jdxre-
59- 106436 %correspondlng to U S. Patent No. 4,681,967, EP 110629B, and DE

33661330 ], Cormogﬁeﬁd%gzitbconisurrpatbh&:anwbumciamm |8r84[)$ee Hheaxanimed
Japanese Patent Appli 25 cation Laid-Open Specification No. 63-41432 (corre
compounds [see Unexamined Japanese Patent Application
Laid-Open Specification No. 54-48716 (corresponding to
} U.S. Patent No. 4(307,032)], tin alkoxides (see Unexam-
10 ined Japanese Patent Application Laid—Open Specifica-
tion 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 adid with a nitrogen-containing organic base (see
15 Upnexamined Japanese Patent Application Laid-Open Speci-
fication No. 55-64550), phosphine compounds (see Unex-
amined Japanese Patent Application Laid-Open Specifica-
tion No. 55-64551), qua%ernary phosphonium salts (see
Unexamined Japanese Patent Application Laid-Open Speci-
20 fication No. 56-10144), cyciic amidines [see Unexamined
Japanese Patent Application Laid;Open Specification No.
59-106436 (corresponding to U.S. Patent No. 4,681,967,
EP 110629B, and DE 3366133G)], compounds of zirconium,

titanium and tin [see Unexamined Japanese Patent Appli-

2t cation Laid-Open Sﬁecification No. 63-41432 (corre-



4 sponding to U.S. Patent No. 4,661,609, EP 255252B1 and DE 3781742Q)],
solid, strongly basic ani on-exchanger containing a quaternary anmoni um

group (see Unexam ned Japanese Patent Application Laid-Open Specification
No. 5 63-238043),

a solid catalyst selected fromthe group consisting of

fer;iary anine- or quaternary ammpnhi um group-containing ion-exchange
resin, a strongly acidic or a weakly aci di c4i on-exchange resin, a silica
nated with a silicate of an alkali netal or an alkaline 10 earth

i-npr eg-

netal, and a zeolite exchanged with anmmoni umion see Unexanineg ﬂaganese
Bha?hg t o
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or a weakly acidic ion-exchange resin, a silica impreg-
nated with a silicate of an alkali metal or an alkaiine
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
the groﬁp consisting of tertiary phosphine, tertiary
a;sine, tertiary stibine, a divalent sulfur compound
and a selenium compound (see U.S. Patent No. 4,734,518).
With respect to the method for conducting.the
above-mentioned reactioﬁ_between a cyclic carbonate and
a diol, the below-mentioned four types of methods (1)
to (4) havé conventionally been proposed. Hereinbelow,
explanation is made with respect to such methods (1) fo
(4), taking as an exémple the production of dimethyl
carbonate and ethylene glycol by the reaction between
ethylene carbonate and methanol, which is a representa-

tive example of reactions between cyclic carbonates and

a

a



5 diols. (1) A conpletely batchwi se method. (2) A batchw se nethod using a
reaction vessel provided at an upper portion thereof with a distillation
colum. 5 (3) Aliquid flow nethod using a tubular reactor. (4) A reactive
distillation nmethod. The conpletely batchwise method (1) is a method in

whi ch ethyl ene carbonate, nethanol and a catalyst are fed to an autoclave
as a batchw se reaction vessel, and 10 a reaction is performed at a
reaction tenperature higher than the boiling point of nethanol under pres-
sure for a predetermned period of time [see U S. Patent No. 3,642,858
Unexam ned Japanés®lPat ent Appli- cation Lai d-Qpen Specification No. ’

54- 48715 (corre 15 sponding to U. S. Patent No. .4 181, 676, EP 1082B and DE
2860078G), Unexarfilned: %%%&teellﬂ’aﬁé&h“fc § cma%hodndl'Lai d- Open Specification

No. 54-63023, Une%m'An d Jggainesemet@%gg;%iggglécpéém&@i\%g@p provided

Speci fication No. (%54 ,~Unexam ne nese Patent Application Laid

20 Open Speci fication %&5 4550, , Unexaup Aeg Papanese: i Pedefén Applamsat i on

Lai d- Open Speci fication - 55-64551 and Unexam ned Japanese Patent
Application Laid-pemy ﬁﬂgﬂélﬁﬁéw Qe Deod 56s 164 4] tuhiea bat edwitse. net hod

boper T e tun hi i Thation metmod oo POV ded At
The completely batchwise method (1) is a method in
which ethylene carbonate, methanol and a catalyst are
fh) fed to an autoclave as a batchwise reaetion vessel, and
10 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.
Patent No. 3,642,858, Unexamined Japanese Patent Appli-
cation Leid—Open Specification No. 54-48715 (corre-
15 sponding to U.S. Patent No. 4,181,676, EP 1082B 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 Applicatioh Laid-
20 Open Specification No. 55-64550, Unexamined Japanese
Patent Application Laid-Open Specification No. 55-64551
and Unexamined Japanese Patent Application Laid-Open
Specification No. 56-10144].

The batchwise method (2), using an apparatus

25 comprising a reaction vessel provided at an upper



6 portion thereof with a distillation colum, is a nmethod in which
et hyl ene carbonate, nethanol and a catalyst are fed to the reaction
vessel, and a reaction is performed by heating the contents of the
reaction 5 vessel to a predetermned tenperature. In this method, the
produced di methyl carbonate and methanol forma m ni num boiling point
azeotropi c mxture having a boiling point 6f 63 C/ 760 mHg. The boiling
point of nethanol per se is 64.6 C/ 760 mg. In this nmethod, 10 the
reaction is perforned by using an excess ampunt of nethanol i,n the r%a%ti on
0
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separate into a gasequs 7oty AR diniiide® Wihdidtiirk . methanels méwmd f he
gaseous azeotropic mxture is distilled fromthe top of the distillation

col um while thed gichymidanole flyanwsdownd e tdel meartidonl vessela 25 so
as to be recycled to the reaction systemin the

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,
10 the reaction is performed by using an excess amount
of methanol in the reaction system, so that the result-
ant reaction products can be separated into the azeo-
tropic mixture and methanol, due to the difference in
boiling.point therebetween, by means of the distilla-
15 t%on column provided at the upper portion of the reac-
tion vessel. Specifically, a gaseous mixture of di-
methyl carbonate and methanol, which is formed in the
reaction vessel, is alléwed-to ascend inside the dis-
tillation column, and during the ascending of the
20 gaseous mixture, the gaseous mixture is caused to
separate into a gaseous azeotropic mixture and liquid
methanol. Then, the gaseous azeotropic mixture is
distilled from the top of the distillation column while

the liquid methanol flows down to the reaction vessel

25 so as to be recycled to the reaction system in the



7 reaction vessel. The liquid flow nethod (3) is a nethod in which a

sol ution of ethylene carbonate in nmethanol is continu- ously fed to a
tubul ar reactor to performa reaction at 5 a predeterm ned reaction
tenperature in the tubular reactor, and the resultant |iquid reaction

m xture containing the unreacted nmaterials (i.e., ethylene carbonate and
nmet hanol ) and the reaction products (i.e., dinmethyl carbonate and et hyl ene
glycol) is 10 continuously w thdrawn through an outlet of the reac- tor.
Thi s nmet hod has conventionally been conducted in two different manners in
accordance with t?ﬁ?QWkP?yYf ehf catalyst used. That is, one manner
consists in passing a é.%ﬁ%n g@lﬁg%o é ftfylgqg RopatenidR AP

met hanol and a solutio genous  Ca aI vent through a

t ubul ar reactor tsoO er{ggrr(%ﬁeég%glfergé 0%1&?6&?5@%%19%@{%% ai & eA&h+ PRy -

m xture, and sepa- |ng alys romthe obtalned reaction. m xture
[see Unexam ned ‘apangsgelatsnt aphhigalyodotal de £3Pm Speséhbeadhogt No.
63-41432 (correspon gto S. Patent No. 4,661, 60 EP 255252B1 and DE
3781742G and U S %P@é@ﬂérrhﬁ‘xe& 734518} . thee phBEFE MERINENe COMSUBAS | N
performng®the reaction in a tubular reactor having a heterogeneous

cat al yst secur el yrphaeed, t hed ethe [ se€euPlbathexaguihédrdaphiesemPatene
Appl i cation Laid-Open Speci

containing the unreacted materlals (i.e., ethylene

carbonate and methanol) and the reaction products

LN

(i.e., dimethyl carbonate and ethylene glycol) is
lOI continuously withdrawn through an outlet.of the reac-
tor. This method has conventionally been conducted in
two different manners in accordance with the two types
of catalyst used. That is, ohe manner consists in
passing é mixture of a solution of ethylene carbonate
15 ig_methanol and a solution of a homogenous catalyst in
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
20 Specification No. 63-41432 (corresponding to U.S.
Patent No. 4,661,609, EP 255252B1 and DE 3781742G) and
U.S. Patent No. 4,734,518]. The other manner consists
in performing the reaction in a tubular reactor having

a heterogeneous catalyst securely placed therein [see

25 Unexamined Japanese Patent Application Laid-Open Speci-



8 fication No. 63-238043 and Unexam ned Japanese Patent Application

Lai d- Open Specification No. 64-31737 (corresponding to U. S. Patent No.
4,691, 041, EP 298167B1 and DE 3781796G)]. 5 The reactive distillation
rethod (4) is a method in which each of ethylene carbonate and methanol is
continuously fed to a multi-stage distillation colum to performa
reaction in a plurality-of stages of the di&tillation colum in the
presence of a catalyst, 10 while continuously effecting separation between

B L b

4-198141, Unexani ned Ja- panese, ent ] i xlr 'g-Cg N3 Sp ii‘i cation

No. 15 4-230243, %&ﬁﬁ%ﬁ\]g Ja‘?és%e’b %@%n@fg%,@fo o SR TR

Speci fication No.( 5- 213830 glcr;br ew@?nlgg{&AE)EN;Zitgbg;ﬁkgqu. g;egatent No
SRR Peran : Asy: |

5,231,212 and EP exam ned Japanese Patent Application

Lai d- Open  Speci fj£atd-om No. 3 6p9587s{ £96¢ ¢pponding to U.S. Patent 20 No
5,359,118, EP 5658%83%1 and E)E 4216121A1) ] ?]3 However, the above-nenti oned

conventional nethods 4yd i@aédivdagestheistiespeetho@ paobliems msthod
described> below. In the case of each of the conpletely batchwi se 25
met hod (1) and t hi fieveResbod ¢8)etisyhgna tabbbpate and methanol is
continuously fed to a multi-stage distillation column
to perform a reaction in a plurality of stages of the
ﬂ_x distillation column in the presence of a catalyst,

10 while continuously effecting separation between the
produced dimethyl carbonate and the produced ethylene
glycol [see Unexamined Japanese Patent Application
Laid-Open Specification No. 4-198141, Unexamined Ja-

panese Patent Application Laid-Open Specification No.

4-230243, Unexamined Japanese Patent Application Laid-

15
Open Specification No. 5-213830 (corresponding to DE
4129316Al1, U.S. Patent No. 5,231,212 and EP 530615A3)
and Unexamined JapanesefPatent Application Laid-Open
Specification No. 6-9507 (corresponding to U.S. Patent
20 No. 5,359,118, EP 569812A1 and DE 4216121Al1)}.

However, the above-mentioned conventional methods
(1) to (4) have their respective problems as described
below.

In the case of each of the completely batchwise

25 method (1) and the flow method (3) using a tubular



5_9 reactor, it is inpossible to achieve a higher conver- sion of ethylene
carbonate than the conversion of ethylene carbonate at the equilibrium
state of reaction (the latter conversion is dependent on the conposition 5
ratio of the feedstocks fed to the reactor and the reaction tenperature).
For exanple, in Exanple 1 of Unexan ned Japanese Patent Application

Lai d- Open Speci- fication No. 63-41432 (coresponding to U S. Patent No.
4,661, 609, Fr 255252B1 and DE 3781742G) which is di 10 rected to a
continuous flow reaction method using a_ tubular reactor .and wherein the

fl O\rI]V reaction i s TEREtIuctidd I IMRPSE IR Fh TR & M H ec%ni'\'/el&n—g a
met hanol / et hyl ene carbonate nolar ratio of 4/1 the co i et hyl ene
carbonate is onl FiEp @f Filyien T 19 t&'ﬂ%ucrﬂngyeg{ssluoﬁ?ecg{t ed Y

et hyl ene car- bonat d t ed | i : .
O%ﬁﬁ%@%&ga%%%ﬁ%%gg%%q;gFEHg)e%gyﬂfg}fﬂﬁaé%HEé“Jf“&éébti&ﬁ

reacti on m xture, ted and recov- ered, which in turn are

recycled to the reactor., Act [ 4 g6 sk | donexan aied
Ja- 20 panese Pat(gtneRloapifﬁla;%?éorln\yﬁ;raéll&gcggsn%eci f%ﬁti on No. 64-31737

(corresponding tq. Al 8 Batant Nbaddi9ds 0dda tERROSIETRIoANEhDEEBF817960)
vari ous apparatuses are used for the 'separation, purification, recovery

and recycling of-ddier 1t eashEs £OMROUNASFo2 Sesmpibs £ rioeftidpad bav 1 nodlet ai |
t he bat chwi se net hod ’
Unexamined Japanese Patent Application Laid-Open Speci-
fication No. 63-41432 (corresponding.to U.S. Patent No.
4,661,609, EP 255252B1 and DE 3781742G)_which is di-
10 rected to a continuous flow reaction method using a
tubular reactor and wherein the flow reaction is con-
.ducted at 130 °C using a feedstock mixture having a
methanol/ethylene carbonate molar ratio of 4/1, the
conversion of ethylene carbonate is only 25 %. This
15 means that large amounts of unreacted ethylene car-
bonate and unreacted methanol, which are contained in
the reaction mixture, need to be separated and recov-
ered, which in turn are-recycled to the reactor.
Actually, in the method disclosed in Unexamined Ja-
20 panese Patent Application Laid-Open Specification No.
64-31737 (corresponding to U.S. Patent No. 4,691,041,
EP 298167B1 and DE 3781796G), various apparatuses are
used for the separation, purification, recovery and

recycling of the unreacted compounds.

25 As described below in detail, the batchwise method



10 (2) using a reaction vessel provided at an upper por- tion thereof with
a distillation colum has problens in that the reaction nust be conducted
for a prolonged period of time and, therefore, a |large amount of nmetha 5
nol needs to be used for preventing the lowering of the selectivity for
the desired products. In nethod (2), in order to conpensate for the

nmet hanol distilled as an azeotropic m xturelBf the nmethanol and the
produced di net hyl carbonate, the 10 continuous or batchw se addition of

suppl emental nethg- nol, to the reaction vessel is, i onal | y conduct ed.
However, i rrespec(fz X &S IMTe tIRAC TG hote %FrPVa?d%TPC{ % P fPRYbpPRhENt al

met hanol is condycted,, .the reac- .tion . per.se .is performed only in. a .
bat ch-type react iucolnon_Lgh\?ersesoefwﬁhata idsl,seﬁln O lgudr,mt e st ]l'%rﬁsijén

bat chwi se perfor : I [ f_ i | ong a
D O er 1O kMR el 61 O QAR ARY Ak O1oddfT5ngaa 000 26
reaction product $ye/iHE YY1 ¢1RUS NG WL eere 20, ol g dhSuh€a6E 1 R8tha-

system whereas the ethylene gly col, which is another reaction product,

remains togeth- goMiddeddadiieaded ﬁsﬂ%ﬁkpe&@irh_ffmai@ 1dwéREng €8E- the&oNn
system contai ning the catalyst for a long period of time. This [ong

residence time ofsdireteivhiytientor? Sy yiedivedl pirwdwityl ene carbonate in the
reacti on
In method (2), in order to compensate for the
methanol distilled as an azeotropic mixture of the
methanol and the produced dimethyl carbonate, the
10 continuous or batchwise addition of supplemental metha-
nol to the reaction vessel is optionally conducted.
However, irrespective of whether or not such an addi-
tion of supplemental methanol is conducted, the reac-
tion per se is performed only in a batch-type reaction
15 vegssel. That is, in this method, the feaction is
batchwise performed under reflux for a prolonged period
of time as long as 3 to 20 hours. |
In this method, thefdimethyl carbonate, which is
one of the reaction products, is continuoﬁsly withdrawn
20 out of the reaction system, whereas the ethylene gly-
col, which is another reaction product, remains togeth-
er with the unreacted ethylene carbonate in the reac-
tion system ¢ontaining the catalyst for a long period

of time. This long residence time of the ethylene

25 glycol and the ethylene carbonate in the reaction



11 system causes side reactions to thereby produce poly- ethylene glycols,
such as diethylene glycol and triethylene glycol. For preventing the
occurrence of - such side reactions and the |owering of the selectivity 5
for the desired products, it is necessary to use a |arge excess of

met hanol , relative to the amount of the ethylene carbonate which is

batchwi se fed to the reac- tion vessel. In fact, in the conventionally
proposed nethods, the follomjng exanpl es are noted in which a 10 Iarge
excess of methanol is used; that is, use js nmade t hano 'SS
amounts (in ter nﬁytﬁtet“héﬁmﬁﬁr%rm?ﬁ TRAGE S N hgheolf r%‘é prr’%c:“‘éc%f yI ene

carbonate or propyl ne car e ch as 14
gbggis% izg;%i,oymmﬂ e ajgsﬂa%‘é% %e’?? (dhpof Bsdt 1O Open
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Pat ent Appllcatlo peci fication No. 54-48716 (corresponding
to U S Patent No 413073032y £ 20838 aNdi DEL 286634263y to tbe sase of

t he react@ve distillation nmethod (4), it is possible to performa reaction
with high conversd SScEOBPAF ede than®l hodsléfive (29 tinel §8punp5ofnthect

it has been reported that, when the reactive
ethylene carbonate which is batchwise fed to the reac-
tion vessel. In fact, in the conventionally proposed
! methods, the following examples are noted in which a
10 large excess 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 carbonate or
propylene carbonate), such as'14 moles (U.S. Patent No.
3,803,261), 17 moles (Unexamined Japahese Patent Appli-
15 cation Laid-Open Specification No. 1-311054), 22 moles
[Unexamined Japanese Patent Application Laid-Open
Specification No. 51-122025 (corresponding to U.S.
Patent No. 4,062,884 and DE 2615665B)], and 23 moles
[Unexamined Japanese Patent Application Laid-Open
20 Specification No. 54-48716 (corresponding to U.S.
Patent No. 4,307,032, EP 1083B and DE 2860142G)].
In the case of the reactive distillation method
(4), it is possible to perform a reaction with high

conversion, as compared to methods (1), (2) and (3).

25 In fact, it has been reported that, when the reactive



12 distillation is conducted using a |arge anount of pure nethanol
(containing no dinethyl carbonate), relative to the anmount of ethyl ene
carbonate, i.e., an anount such that the nethanol/ethyl ene carbonate nol ar
ratio 5is 9 to 10, the conversion of the ethylene carbonate reaches 100 %
[ see Exanple 1 of Unexam ned Japanese Patent Application Laid-Open
Specification No. 4-198141 and Exanple 11 &f Unexami ned Japanese Pat ent
Applica- tion Laid-Open Specification No. 5-213830 (correspond 10 ing to
U.S. Patent No. 5,231,212, EP 530615A3 and DE 4129316A1)%. I n. nethod (4),
the produced di met¥giikkaBbrmtesi NIRRT | B RY ofn 1HEIGI SPPYIEL POnPEEFUM

as a low boiling point product together wth the unreacted,methangl,. 15
Di net hyl carbonaﬂ@ggﬁﬂ“ﬁgtﬁaﬁﬁFa$% %$aﬂ°d§%B?F%% ccaﬁs%?ﬁg%?’Tﬁgrg ore, the

separation of t e orqduce. gl 1Bt WLesaLhona e bromt he. gaseaus Rgagti on

m xture distille on colunm 1S cbnduct éd speci al

separation met hodssu%ﬁ ugh, 2s: fe g%&%héhé%&?hyﬁéﬁgdcg%sﬁa@gCinsﬂau_négrcio_

pressure [Unexam nhed Japanese Patent plictation Laid-Open Specification

No. 51-108019 (cprresponghngehe BEngbPL9RBdE. theneenylinebyatbinateet hod,
di met hyl carbonat’e containi hg no methanol can be obtained, whereas

met hanol can be optaéned 00bYysi ps@d thempvem obfaunextmiaetiheapahewet h
di mret hyl carbonate.
Patent Application Laid-Open Specification No. 4-198141
and Example 11 of Unexamined Japanese Patent Applica-
i tion Laid-Open Specification No. 5-213830 (correspond-

10 ing to U.S. Patent No. 5,231,212, EP 530615A3 and DE
4129316A1)]. |

In method (4), the produced dimethyl carbonate is
distilled from the distillation column as a low boiling
point pfoduct togetﬁer with the unreacted methanol.

15 Dimethyl carbonate and methanol form an azeotropic
mixture. Therefore, the separation of the produced
dimethyl carbonate from the gaseous reaction mixture
distilled from the distillation column is conducted by
special separation methods, such as a distillation method

20 conducted under pressure [Unexamined Japanese Patent
Application Laid-Open Specification No. 51-108019
(corresponding to DE 2607003B)]. Generally, by this
method, dimethyl carbonate containing no methanol can

be obtained, whereas methanol can be obtained only in

25 the form of a mixture thereof with dimethyl carbonate.



13 Therefore, it is difficult to obtain pure nethanol containing
substantially no di nethyl carbonate. For exanple, in the Exanples of the
above-nmenti oned Unexam ined Japanese Patent Application Laid-Open
Specifica 5 tion No. 51-108019 (corresponding to DE 2607003B), a

met hanol / di net hyl carbonate m xture (weight ratio: 70/30) is separated by
distillation, and pure dinethyl carbonate 18 obtained as a columm bottom
product. However, as a product distilled fromthe colum top, 10 only a
met hanol / di net hyl carbonate m xture (weight ratio: 95/5) is obtaihed. As
can be seen frommterathowe, foriobibfhicglpute obEzhar#re e ERR?1 onal
separation process needs to be conducted. Therefore, fromthe viewoint of
ease in 15 pract iqsimp incegmevkes Benstal &Y pRe deEne By b C/F PRANYE - CV\gﬁonate,
it has been strongly desired to devel og a nethod in which the d Unexan-
met hanol / di met hy |le¥&kbeat ¥ ntke uFEamBies eh AR BROVTSEFAE A Feedst btk

i nstead of pure nethanol. 20 ver, . heretofore,.on e ' jgues
have been known}qﬁpv@ﬁ%ﬁn%ﬁ?;pggﬁ%%h%ﬂ%ifﬁ?%%?ﬂy%g%%¥%€%%t%béﬁfg?%ge i's
used as a feedstaock in. nmethod F . Lh a i oged the
met hod de§cri bed T &%mﬁg’15&@1%2&3}?%%@5‘%3@.(32%6%% %%?ﬁ%\p@%??éatgi on 25
Lai d- Open Speci figcafi o0, Nog i pe 38302 kp8REEEPRALL Gt Pweight ratio:

70/30) is separated by distillation, and pure dimethyl
carbonate is obtained as a column bottom product.
) However, as a product distilled from the column top,

10 only a methanol/dimethyl carbonate mixture (weight
ratio: 95/5) is obtained.

As can be seen from the above, for obtaining pure
methanol, an additional sepafation process needs to be
conductéd. Therefore, from the viewpoint of ease in

15 practicing a commercial scale production of dimethyl
carbonate, it has been strongly desired to develop a
method in which the methanol/dimethyl carbonate mixture
as such can be used as é feedstock instead of pure
methanol.

20 However, heretofore, only a few techniques have
been known, in which only a methanol/dimethyl cérbonate
mixture is used as a feedstock in method (4). For
example, there can be mentioned the method described in.

Example 5 of Unexamined Japanese Patent Application

25 Laid-Open Specification No. 5-213830 (corresponding to



14 U.S. Patent No. 5,231,212, EP 530615A3 and DE 4129316Al).. However,
Exanple 5 of this Unexam ned Japanese Patent Application Laid-Qpen

Speci fication No.
ture (weight rati

is only 62.8 % (calculated fromthe

m xt ure obt ai ned
ver sion resides

5-213830, in which a nethanol/di nethyl carbonate mx 5
o: 70/30) is used, the conversion of ethylene carbonate

at the colum botton). Th&4reason for such poor con-
n that, since the reaction between 10 et hyl ene carbonate

and nethanol is an equilibrium reaction, the presence of dinethyl

carbonate (whichU.s. ®ateadt iNm fr.ddfdot2 1. e ARt
tion system causes a lowering in the conversioq_of th
Therefore, this M2%6d &Res) a BOUFVGH e 1R

e
¢ He Paryers t S ARDURT. of

di met hyl bonat | ed to the reacti
T | S e SOUF S8, LSS o) Sl angesac O o

reaction time (re4s

I ev-

conversion. and g{_%llz,gjr 'E:d{*rg? Igl?@%m% nrg%%hméf e{ﬁﬁyié%&%tgcﬂiﬁm ng

desired conversi
bonate and a di ol
al cohol b§ using
formof a netha-
pl et e conversion

10

15

20

25

e production of a dialkyl car-

f i b ol | L6 ¢
t#el{egof?ﬁ%ﬁg g fﬁfé. OﬂZ}@o angds apsed! | PRAt envBASHYAT bE

in

data of the conposition of the product

in the reac-
t hyl ene_ca onat e.

a

y makKing use of recycled nethanol in the

e[}?lf | ety G honad oM xter e8 § ofcarbibytag AronntRs
of “et hyl ene carbonate, pure mnethanol
data of the composition of the product mixture obtained
at the column bottom). The reason for such poor con-
version resides in that, since the reaction between
ethylene carbonate and methanol is an equilibrium
reaction, the presence of dimethyl carbonate (which is
a reaction product_of the above reaction) in the reac-
tion system causes a lowering in the conversion of the
ethylené carbonate. Therefore, this method has a
problem in that the larger the amount of dimethyl
carbonate recycled to the reaction system, the longer
the reaction time (residence time) required for achiev-
ing a desired'conversiog_and the larger the amount of
methanol required for achieving a desired conversion.
Accordingly, in the production of a dialkyl car-
bonate and a diol from a cyclic carbonate and an
aliphatic monohydfic alcohol by using method (4) and by
making use of recycled methanol in the form of a metha-

nol/dimethyl carbonate mixture, for achieving a com-

plete conversion of ethylene carbonate, pure methanol



15 needs to be supplied in addition to the nethanol/di- nethyl carbonate
m xture as in Unexam ned Japanese Patent Application Laid-COpen

Speci fication No. 6-9507 (corresponding to U S. Patent No. 5,359,118, EP 5
569812A1 and DE 4216121A1). However, when the nethanol/di nmethyl carbonate
m xture is used in combination with pure nmethanol, in addition to the main
operation for obtaining the de- sired produd®s, an additional conplicated
operation to 10 separate the nethanol/dinethyl carbonate azeotropic

m xture into conmponents thereof for obtain ure t hano], cont aj;ni ng
subﬁtantially no et KA Q%u%ﬁﬂﬁ&%?dn%%dgéggtg " cBRd %?e%e% %?°%Z§%ﬁ|e,
such an additional operation needs. to be conducted i i Lhation,
15 two distill at WG AP %%ﬁ%uﬁ?f?%réﬁt6%%§$§§ﬁg% bngggg%es (see

Unexam ned Japanese_ Pat ent ication: ;Laid- : LEkcatign

2-21050)]. I | R LA S T Y A R HORE IR
plica- tion Lai cg%@le ¢ dd cati§nsNopa 828801 ( Cor sgspondi ngp20 to U.S.

Pat ent No. S 356, 018 %:&g‘g‘gsldim-anq DE 4S16151A1) . pure mbt hanol s

obt ai ned by the aboygroAenih@nesd addsiponal).conplicated operation and used.

As mentiofed above, in the case of method (4), it is possible to performa

Lgaction w th high conyessven, wRébnasheompahedolgdimbhbgd Caypbofp2)reand (3).
wever,

mixture is used in combination with pure methanol, in
addition to the main operation for obtaining the de-
sired products, an additional complicated operatioh to
10 separate the methanol/dimethyl carbonate_azeotropic
mixture into components thereof for obtaining pure
methanol containing substantially no dimethyl carbonate
needs to be conducted [for ekample, such an additional
operatibn needs to be conducted using, in combination,
15 two distillation columns which have different operation
pressures (see Unexamined Japanese Patent Application
Laid-Open Specification No. 2-212456)]. In fact, in
the above-mentioned Une;amined Japanese Patent Applica-
tion Laid-Open Specification No. 6-9507 (corresponding
20 to U.S. Patent No. 5,359,118, EP 569812A1 and DE
4216121A1), pure methanol is obtained by the above-
mentioned additional complicated operation and used.
As mentioned above, in the case of method (4), it

is possible to perform a reaction with high conversion,

25 as compared to methods (1), (2) and (3). However,



16 nethod (4) has a problemin that the productivity has not been
satisfactorily high. Further, nethod (4) also has a problemin that the
occurrence of by-products, such as dialkylene glycol and 2-al koxyet hanol ,
has not 5 been able to be reduced (e.g., when ethylene carbonate and

met hanol are used as feedstocks, diethylene glycol and nethoxyethanol are
by- produced). For solving the above-nentionég probl ens of nmethod (4), a
.proposal has been made wherein a m xture of 10 met hanol and di et hyl
carbonate is reacted with ethy- |ene carbopate so qﬁ to ¢

.th
conversion of et Bethethel £hritithat LT HRRoR P’k hanPid gé/fé‘ﬁﬁ%?'hréaﬁnr e-
ted. ethyl b te is h to.f th | h
B oduci g Hi ot o b ATt PR ereRs Sty EntiEhe nftheR (apparecy
roductivity whil i th t | L
D bonat o [ Yoo o SPRAR e, faofing; Sné ro¥gEediige 102 POR BEGBRBKLTRC nd

EP 0889025A1)] . 'EW@WG L e hodi v equi 188 A-hvidb el ¥shanbeachas abtt he
like, in 20 addition t%ﬁa&%?st¥?§gti%n§colunn. That ig% thi s net hod

requires conplicaigd, eqi OMESt be AScGaBelie(8ldel siped étnyléhe ehovenane
met hod has heretofore been proposed for continuously producing a dialkyl

carbonate and a diQh,mE@ednYL t Ardi ghedr aduceedsRocksy andthiyghnsebégrovity
(i.e., alowering of the
and methoxyethanol are by-produced).
For solving the above-mentioned problems of method
(4), a proposal has been made wherein a mixture of
10 methanol and dimethyl carbonate is reacted with ethy-
lene carbonate so as to cause the conversion of ethy-

[]

lene carbonate to become less than 100 % and the unre-

acted. ethylene carbonate is hYdrolyzed to form ethylene
glycol,'thereby producing dimethyl carbonate and high
15 purity ethylene glycol with high productivity while
removing the need to recycle the unreacted ethylene
carbonate [see WO 97/23445 (corresponding to U.S.
Patent No. 5,847,189 ané EP 0889025A1)]. However, this
method requires a hydrolysis reactor or the like, in
20 addition to 'a distillation column. That is, this method
requires complicated equipment.
As can be understood from the above, no method has
heretofore béen proposed for continuously producing a
dialkyl carbonate and a diol, each with high productiv-

25 ity and high selectivity (i.e., a lowering of the



17 occurrence of by-products), froma cyclic carbonate and an aliphatic
nonohydri ¢ al cohol by using only sinple equipnent. 5 SUWARY OF THE- | NVENT
| ON The present inventors have made extensive and intensive studies with a
view toward developing a nethod which is free fromthe above probl ens
acconpany- ing the prior art. Specifically, the studies have been 10 nade
in connection with a continuous nethod which?7 conprises continuously
feeding a cyclic carbonate and an aliphatic nonohydric al cohol to a
continuous nulti- stage distillation colum, and continuously effecting a
transesterifi caticmcwetewssn ¢ohedbyyproduchs bonfremapdcyslifecarpphatec and
nonohydri c al cohol in the presence of a transesterification catalyst in
the multi-stage dirstdaliphatioementhydrichetephotohyi HESNGI PRPYOSEEPAG a

di al kyl carbonate and a diol, while continuously withdrawing a | ow
boi I i ng poi nt nmi @IHEEFrEai ni ng the produced 20 dial kyl carbonate in a
gaseous form from an upper portion of the multi-stage distillation colum
andd cogtgnuously wi t hdrawi ng a hi-gh boiling point m xture containing the
pr oduce iol inaliquid formfr, Quer, Tt he multi-stage
distillation colum. 25 As a res‘s@ﬂ@r&% aglﬁgcf;\%@gcﬁ% been found tghat,

when 18 The present inventors have made extensive and

intensive studies with a view toward developing a
method which is free from the above problems accompany-
ing the prior art. Specifically, the studies have been

10 made in connection with a continuous method which
comprises continuously feeding a cyclic carbonate and
an aliphatic monohydric alcohol to a continuous multi-
stage distillation column, and continuously effecting a
transesterification between the cyclic carbonate and

15 the aliphatic monohydric alcohol in the presence of a
transesterification catalyst in the multi-stage distil-
lation column, thereby continuously producing a dialkyl
carbonate and a diol, wgile'continuously withdrawing a
low boiling point mixture containing the produced

20 diélkyl carbonate in a gaseous form from an upper
portion of the multi-stage distillation column and
continuously withdrawing a high boiling point mixture
containing the produced diol in a liquid form from a

lower portion of the multi-stage distillation column.

25 As a result, it has unexpectedly been found that, when



the transesterification is perfornmed under conditions wherein: (a) the
reaction pressure is 5 x 104 Pa or less, as neasured at the inner bottom
of the multi-stage 5 distillation colum, (b) the reaction tenperature is
rn the range of from-20 Cto less than 60 C, as neasured at the .inner
bottom of the nulti-stage distillation colum, and 10 (c) the nulti-stage
distillation colum has an F- factor in thelBange of from0.2 to 5.0, the
F-factor being represented by the following fornula (1): F-factor = ug (P
9)1/2 (1) wherein ug represents the gas velocity (m's) 15 in the

nul ti-stage di stithetivansestemt ek P en represehernedindar dePRei PR/ nB)
inthe nmulti-stage distillation colum, it becones possible to achieve the
above objective, Whe%eini o continuously produce a dial kyl carbonate and a

20 diol, each with hlgh roductivity and high se|ec IVI# 4 Wi t hout usi ng
conpl i cated equi prent | ¢ Séﬂ“ﬁh@%aT O%J?ﬁ%igYEenbﬁo yAr % af%oﬂﬁl?%ygrlc

o or e ol 1 e Sk LR PR pA LSRR e - £Pdg, Do
present 1% _ distillation column,
(b) the reaction temperature is in the range of
from -20 °C to less than 60 °C, as measured at the
~inner bottom of the multi-stage distillation column,
) and
10 (c) the.multi—stage distillation column has an F-
factor in the range of from 0.2 to 5.0, the F-factor
being represented by the following formula (1):
F-factor = ug (o 9)1/2 (1)

wherein Ug represents the gas velocity (m/s)

in the multi-stage distillation column and

~f

15

0 represents the gas density (kg/m3) in the

g
multi-stage distillation column,

it becomes possible to ;chieve the above objective,

i.e., to continuously produce a dialkyl carbonate and a
20 diol, each with high productivity and high selectivity, .
without using complicated equipment, even when the
aliphatic monohydric alcohol/cyclic carbonate molar
ratio is low. The present invention has been made,

based on this novel finding.

25 Accordingly, it is a primary object of the present



invention to provide a novel nethod for continuously producing a dialkyl
carbonate and a diol, each with high productivity and high selectivity
(i.e., alower- ing of the occurrence of by-products), froman aliphat 5 is
monohydri ¢ al cohol and a cyclic carbonate w thout using conplicated

equi pnent. The foregoi ng and ot her objects, features and advantages of the

present invention will be apparent fromthé&9followi ng detailed description
and appended 10 clains taken in connection with the acconpanyi ng draw ing.
BRI EF DESCRI PTION OF THE DRAWNGS In the drawin 15 Fig. 1 is a diagram

showi ng the syst emvsmitdlowmasy neastideora grexgl died CS(aﬁﬁﬁ é%orlt%’bu‘?uﬁhﬂ
Conparative Exanples 1 to 3 of the present application;. and Fig gh a
di agr am showi ng W@dé‘y%ltréiwmjéhl% carRRRNFH AR I Gy F?e‘?‘cé}?eﬂt: Exanpl e

and Reference 20 Conparativ f the esent application _
Descri ption of REFéFéﬁﬁ?q%f i ?ﬁﬁtY Ef ée %IStI|}a Fon
colum 2, 2 Corl%‘ﬁ tog he porcgurr_e of 4b§; O&Qéu&% }Jm]fisom Cgﬂgﬂhét—

5 ic monohydric alcohol and a cyclic carbonate without
using complicated equipment.
The foregoing and other objects, features and
advantages of the present invention will be apparent
| from the following detailed description and appended
10 claims taken in connection with the accompanying draw-

ing.

BRIEF DESCRIPTION OF THE DRAWINGS

In the arawings:

15 v Fig. 1 is a diagram showing the system which was
used for practicing Examples 1 to 7 and Comparative
Examples 1 to 3 of the present application; and

Fig. 2 is a diagrag showing the system which was

used for practicing Reference Example and Reference

20 Comparative Example of the present application.

Description of Reference Numerals
1 continuous multi-stage distillation column
2, 2' conduit

25 3 preheater



6 reboiler 6' evaporator 5 7 condenser 8 bottomof colum 9 conduit 10

| ow boi ling point m xture-recovering colum 11 top of colum 10 12 conduit
13 condenser 14 conduit 15 conduit 16 bottom of colum 15 17 conduit 18
reboiler 19 conduit 20 conduit 21 conduit 20 22 conduit 23

di ol -separating colum 24 top of columm 25 conduit 26 condenser 25 27
conduit 21 28 bottom of columm 29 conduit 20

4 top of column
5, 5' conduit
6 reboiler
6' evaporator
5 7 condenser
8 bottom of column
9 conduit
10 low boiling point mixture-recovering column
) 11 top of column
10 12 conduit
13 condenser
14 conduit
15 conduit
16 bottom of column
15 17 conduit
18 reboiler
19 conduit
20 conduit i
21 conduit
20 22 conduit
23 diol-separating column
24 top of column
25 conduit
26 condeﬁser

25 27 conduit



30 reboiler 31 conduit 5 32 conduit 33 condenser 34 conduit 35 conduit
<' ) 36 conduit 10 37. continuous hydrolysis reactor 38 conduit 39
gas-liquid separator 40 conduit 15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
in the present invention, there is provided a mnethod for continuously
produci ng a dial kyl carbonate and a diol froma cyclic carbonate and an
ali phatic nonohydric al cohol, conprising c@atinuously feeding a 20 cyclic
.tarbonate represented by the followng formula (A: 1 0 RCO(A 25 .0
22 wherein R is a divalent group represented by the formula -(CH2)m,
wherein mis an 2%t egerPFtant gd 22bUB2 which is unsubstitut- ed or
substituted with %} | east qye,substitu

2 conduit

30 reboiler
31 conduit
5 32 conduit
33 = condenser
34 conduit
35 conduit
) 36 conduit
10 37 continuous hydrolysis reactor
38 conduit
39 gas-liquid separator
40 ~conduit
15 . DETAILED DESCRIPTION OF THE INVENTION
In the present invention, there is provided a
method for continuously producing a dialkyl carbonate
and a diol from a cyclié carbonate and an aliphatic
i monohydric alcohol, comprising coﬁtinuously feeding a
20 cyclic carbonate represented by the following formula

(A):

1/O>c=o (n)
\o

R

25



5 ent selected fromthe group consisting of a Cl1 - 010 al kyl group and a
C6 - ClO aryl group, and an aliphatic nonohydric al cohol represented by
the 10 following fornmula (B): R20H (B) wherein R2 is a nonoval ent
aliphatic C1 - Cl2 hydrocarbon group which is unsubstituted or 15
substituted with at | east one substituent - selected fromthe group
consisting of a C Cl10 al kyl group and a C6 22 c10 aryl group, to a
continuous multi-stage distillatlon colum, and 20 continuously effecting
a transesterification between onate_an

h
nﬁnohy?rlc al cohol in ?%%eb?eg %% %fdév?iﬁﬂ egfg?Pflggflgﬁg%% gg’Iyst in
the nulti-stage distil{;j-h £n co% e eby ¢nQ Lbyoysk ¥ BRoducing a

%lo?rm% gﬁtlhu % g

di al kyl carbonate and ous wi thdrawm ng a | ow

boiling point 23 mxture, §gptgknfp%?tQetgrgdugggcglgnghsgggggaake in a

gaseous form from an upper~portion the nul ti-stage distillation colum
and continuously w t hdgaw,pgsaprbigbutbal [iRe Rei MbaBtxbHEEsGBBEAkOLNg the

produced diol in a5 liquid formfroma |ower portion of the nulti-stage
d'5t|||atEPn colum, ent selected from the group consisting of a
Cy - Cyp alkyl group and a Cg - Cyg aryl

group,

(-r and an aliphatic monohydric alcohol represented by the
10 following formula (B):

R20H (B)

wherein RZ is a monovalent aliphatic Cy - C;,

hydrocarbon group which is unsubstituted or
15

~

substituted with at least one substituent
selected from the group consisting of a C; -

Cig alkyl group and a Cg - Cyg aryl group,

to a continuous multi-stage distillation column, and

20 continuously effecting a transesterification between
the cyclic carbonate and the aliphatic monohydric
alcohol in the presence of a transesterification cata-
lyst in the multi-stage distillation column, thereby

continuously producing a dialkyl carbonate and a diol,

25 while continuously withdrawing a low boiling point



wherein the transesterification is perfornmed under conditions wherein: (a)
the reaction pressure is 5 x 104 Pa or less, 10 as neasured at the inner
bottom of the nulti-stage distillation colum, (b) the reaction
tenperature is in the range of from-20 Cto less than 60 C, as neasured
at the inner bottomof the nmulti-stage distillation colum, 15 and (c)
the multi-stage distillation colum has an B3 factor in the range of from
0.2 to 5.0, the F-factor being represented by the following formula (1):

20 F-factor = ug (P g)1/2 (1) wherein ug represents the gas_vel ogit m s
in the nulti-stﬂ@éﬁﬂ%ﬁiQQQi?%ﬁﬂ%ﬁﬂ?ﬁﬁlQﬁﬁﬁkﬁiﬁr%b?tgy%SCgﬁﬁ?gagﬁexﬁgg )
density (kg/nmB) in the nu t[-s%a e 24 distilla ioH 89' 0y. Efgiggtgagy
under st andi ng of FIREPIRSEM™i TER-2F i PPt iOessBhtTal “Teal ures an

vari ous preferrqui?%_ qgéqggtéofﬁmﬁhgn rggﬁ%qnﬁgygFi;ﬁﬂtﬁaﬁgﬁﬂHggéaEQQh

below. 1. A nmetho or “conti nuously producing a di carbonate and a
diol froma Cyd'Bbf¥¥$5nﬁgfh@qgi§9ure containing the produced diol in a

5 liquid fqrm from a lower portion of the multi-stage
distillation column,

wherein the transesterification is performed under
conditions wherein:

'“} (a) the reaction pressure is 5 x 104 Pa or less,
10 as measured at the inner bottom of the multi-stage
distillation columh,

(b) the reaction temperature is in the range of
from -20 °C to less than 60 °C, as measured at the
inner bottom of the multi-stage distillation column,

15 and

(c) the hulti—stage distillation column has an F-
factor in the range of from 0.2 to 5.0,

the F-factor being‘}epresented by the following
formula (1):

20
F-factor = ug (0 9)1/2 (1)

wherein Ug represents the gas velocity (m/s) in
the multi-stage distillation column and o g repre-

25 sents the gas density (kg/m3) in the multi-stage



al i phati c nonohydric al cohol, conprising continuously 10 feeding a cyclic
carbonate represented by the followng formula (A: O RL CcO (A 015
wherein RL is a divalent group represented by the formula -(CH2) m,
wherein mis an integer of from2 to 6, which is unsubstitut 20 ed or
substituted with at | east one substitu- ent selected fromthe group
consisting of a d - Cl10 al kyl group and a2@ - Cl10 aryl group, and an

al i phati c nonohydric al cohol represented by the 25 follow ng fornula (B)
25 R2CH (B) wherein R2 is a nonovalent aliphatic O - Cl2 hydrocarbon
group which is unsubstdiatiEd aridn sobkembuted Wwith at | east one substituent
sel ected fromthe group consisting of a C1 - Cl10 alkyl group and a C6 - Cl10
aryl group, to a continuous nmulti-stage distillation colum, and

continuously effecting a transesterification between _
For an easy understanding of the present inven-

tion, the essential features and various preferred

5 embodiments of the present invention are enumerated
below.
1. A method for continuously producing a dialkyl

carbonate and a diol from a cyclic carbonate and an
aliphatic monohydric alcohol, comprising continuously
10 feeding a cyclic carbonate represented by the following

formula (A):

Rl/o\c=o (B)
S

15 K
wherein Rl is a divalent group represented by
the formula ——(CHz)m——; wherein m is an
P)
' integer of from 2 to 6, which is unsubstitut-
20 ed or substituted with at least one substitu-

ent selected from the group consisting of a
Cq - C1p alkyl group and a Cg - Cqg aryl
group,
and an aliphatic monohydric alcohol represented by the

25 following formula (B):



10 the cyclic carbonate and the aliphatic nonohydric alcohol in the
presence of a transesterification cata- lyst in the nulti-stage
distillation colum, thereby continuously producing a dial kyl carbonate
and a diol, while continuously withdrawing a | ow boiling point 15 m xture
contai ning the produced dial kyl carbonate in a gaseous formfrom an upper
portion of the nulti-stage distillation coBbm and-conti nuously

Wit hdrawi ng a high boiling point mxture containing the produced diol in a
liquid formfroma |ower portion of the nulti-stage 20 distillation col um,
wherein the transesterification is rformed under conditions erein: (a)
the reaction pressure is 5 x 104 P &l ess, as neasured at t 8 i nner
bottom of the nulti-stage 25 distillation colum, 26 (b) the reaction
tenperature is in the range of from-20 Cto less than 60 C, as neasured at

the inner bottomof the mulligatage dsidddAllOnL LTy @nd 5, ,
hydrocarbon group which is unsubstituted or
substituted with at least one substituent
selected from the group consisting of a C; -

Cio alkyl group and a Cg - Cjg aryl group,
to a continuous multi-stage distillation column, and
continuously effecting a transesterification between
Lo the cyclic carbonate and the aliphatic monohydric
alcohol in the presence of a transesterification éata—
lyst in the multi-stage distillation column, thereby
continuously producing a dialkyl carbonate and a diol,
while continuously withdrawing a low boiling point
t mzxture containing the produced dialkyl carbonate in a
gaseous form from an upper portion of the multi-stage
distillation column and continuously withdrawing a high
boiling point mixture containing the produced diol in a
ligquid form from a lower portion of the multi-stage
20 distillation column,
wherein the transesterification is performed under
conditions wherein:
(a) the reaction pressure is 5 x 104 Pa or less,
as measured at the inner bottom of the multi-stage

25
distillation column,



(c) the multi-stage distillation colum has an F- factor in the range of
from0.2 to 5.0, the F--factor being represented by the followng formula
(1): 10 F-factor = ug (P 9) 1/2 (1) wherein ug represents the gas velocity
{ms) in the multi-stage distillation columm and P g repre- sents the gas
density (kg/n8B),in the multi-stage 15 distillation colum. 2. The nethod
according to item 1 above, wherein the F-f&8tor is in the range of from
0.4 to 4.0. 20 3. The method according to item 2 above, wherein the
F-factor is in the range of from0.6 to 4.0. 4. The method according to any

one of itenms 1 to 3 ove, wherein the aliphatic. nonohydrjc h con-
25 tains a conconi tan'?(%cﬂ étirl&lr%aﬁ%%t%eq‘%&é é%ﬂ%u}] of gt}é 1Tﬂgqc])gngog%o 40 %
by wei ght, based gon th ot al i t i phat i ydri | coho
and the_conconitéﬁFm‘dﬁ%%kff.%%ﬁ%%%%fgga% Q&_%%é %%tﬂ%%gggggr%%ngh?o any
one of itenms 1 tq 4 2806 WMeF el the) £¥CiiL5635P00R1 BakSoAt cbeamh, One

and
5
(c) the multi-stage distillation column has an F-
factor in the range of from 0.2 to 5.0,
the F-factor being represented by the following
. formula (1):
4 )
10
- = 1/2
F-factor Ug (o g) (1)
wherein ug represents the gas velocity (m/s) in
the multi-stage distillation column and » g repre-
sents the gas density (kg/ms)‘in the multi-stage
15
distillation column.
2. The method according to item 1 above, wherein the
F-factor is in the range of from 0.4 to 4.0.
20 .
3. The method according to item 2 above, wherein the
F-factor is in the range of from 0.6 to 4.0.
4. The method according to any one of items 1 to 3
above, wherein the aliphatic monohydric alcohol con-
25

tains a concomitant dialkyl carbonate in an amount of



carbonate selected fromthe group consisting of ethy- |ene carbonate and
propyl ene carbonate, and the aliphatic nonohydric al cohol is nethanol. 10
6. The nethod according to any one of items 1 to 5 above, wherein: the
eyclic carbonate is continuously fed, to an upper portion of the
continuous nulti-stage distilla- 15 tion colum, in a liquid formor a
gas-liquid mxture form and the aliphatic2@onohydric al cohol is
continuously. fed, to a |lower portion of the continuous nmulti-stage

distillation colunn in a gaseous formor a gas-liquid 20 mxture for

in-a gaseous forfmaw Q £% 40 guiky fMsiEhy rndqakﬁelﬂhéﬂ fhei FR HRIHRE 5Pt ¢ he
present invention, it beconmes possib|e to ad C e transesterlf cation
reaction 25 mﬁtﬁhﬁgﬂ%ﬁRQﬁhﬂ9|WRQ%b¥ﬁﬁP9n rje Eﬁptpared

to those achieved nventi on met hods, even mhen the a|lphatIC
nmonohydri c alcomﬂy%%ﬁﬁi é%ﬁ molar ratio is |ow. Her ei nbel ow, the
present invention wll be explained in nore detail. 5 The reaction
performed in the present inventionis a reversible, equilibrium

tlransest esi ficatipn repg ipind LRSS AL Do the fald v nocdmact iep schene
N
() above, wherein the cyclic carbonate is at least one
carbonate selected from the group consisting of ethy-
lene carbonate and propylene carbonate, and the
“} aliphatic monohydric alcohol is methanol.
10
6. The method according to any one of items 1 to 5
above, wherein:
the cyclic carbonate is continuously fed, to an
upper portion of the continuous multi-stage distilla-
15 tion column, in a liquid form or a‘gas—liquid mixture
form, and
the aliphatic monohydric alcohol is continuously
fed, to a lower portion.bf the continuous multi-stage
distillation column, in a gaseous form or a gas-liquid

20 mixture form, or in a gaseous form and in a liquid form

individually.

In the method of the present invention, it becomes
possible to advance the transesterification reaction

25 with high productivity and high selectivity, as com-



whi ch a di al kyl carbonate (C) and a diol (D) are pro ' ) duced froma
cyclic carbonate (A) and an aliphatic 10 nonohydric al cohol (B): 0 OH R1
C=0 + 2R20H > RRQOOR2 + RL (I) \ / Il \ OO0 OH 15 (A (B) (O (D

wherein: Rl is a divalent group represented by formula -(CH2)m, in which
mis an integer of from2 20 to 6 and which is unsubstituted or substitut-
ed with at | east one substituent selected fE8mthe group consisting of a Cl1
+ Cl0 alkyl group and a C6 - C10 aryl group; and R2 represents a
nonovalent C - Cl12 aliphatic 25 group which is unsubstituted or
substituted 29 \pazedttd edmseomchipsnrd thiemrorereieya rBaTheAs, gPHED
consisting of a C1 - ClO alkyl group and a C6 - Cl0 aryl group. The above
reaction i s an exdeferiie aRhabic W?RPhXﬂW%ﬁwﬁl?%%o}é%%??bﬁ g@ﬁBEPQF%re
the larger the equilib- riumconstant beconmes and, therefore, the higggﬁ

the equilibriumMUrideRF BT ohis BTY t NPT OHIRE L BecttE, Preseht inven

will be explained in more detail.

5 _ The reaction performed in the present invention is
a reversible, equilibrium transesterification reaction
represented by the following reaction scheme (I), in

which a dialkyl carbonate (C) and a diol (D) are pro-

fy) duced from a cyclic carbonate (A) and an aliphatic

10 monohydric alcohol (B):
0 . OH
/ N\ : /

Rl c=0 + 2R%0H > R20cOR? + RI (1)

\ / < I \ .
0 0 OH

15 . (A) (B) (C) (D)
wherein:

Rl is a divalent group represented by formula

'(CHZ)m" in which m is an integer of from 2
20 to 6 and which is unsubstituted or substitut-

ed with at least one substituent selected

from the group consisting of a C; - Cyg alkyl

group and a Cg - Cyg aryl group: and

R2 represents a monovalent C; - Cj, aliphatic

25 group which is unsubstituted or substituted



However, the lower the reaction tenperature, the small- er the reaction
rate becones. Accordingly, for achiev- 10 ing and naintaining a
satisfactory production rate while performng the reaction at a | ow
tenperature, it is necessary to increase the volunme of the reaction
system An increase in the volunme of the reaction system neans a |owering
of the productivity as defined 15 in the pe®sent invention. In the present
fnvention, the term"productivity" nmeans a yield per unit volunme of the
reaction zone in -a continuous nulti-stage dis f tillation colum and per
unit time, i.e., a spad&ht iarpe lepiss| @rien stis tidaenitose26/EesF T&%bnt i nuous
multi-stage 20 distillation colum. Wen a Iuralit% of nt.i nuous

nul ti-stage distillatithe gsOwn&oRed stded, ofhé ot al 1@0P3%€'of t he

continuous multi-stage distillation colums is used for calculation of the
above- mentioned vyi el §TO¥% &7 Re Cot e CUeafdY WEPUR" i's desired to perform
30 the reactive distillation under a | ow pressure wthout decreasing the

L?e?ihggdir g‘: iel F;t ;[ gﬁ F6RdStoCKY ddadtd ol 18EP SRk dtheriiicPata il ar@ier
' lower the reaction temperature, the larger the equilib-
fium constant becomes and, therefore, the higher the
equilibrium concentrations of the products become.
However, the lower the reaction temperature, the small-
er the reaction rate becomes. Accordingly, for achiev-
Lo ing and maintaining a satisfactory production rate
while performing the reaction at a low temperaturé, it
is necessary to increase the volume of the reaction
system. An increase in the volume of the reaction
system means a lowering of the productivity as defined
' iﬁ the present invention. In the present invention,
the term “prodﬁctivity" means a yield per unit volume
of the reaction zone in 4 continuous multi-stage dis-
tillation column and per unit time, i.e., a Space time
yield in the reaction zone of a continuous multi-stage
20 distillation column. When a plurality of continuous
multi-stage distillation colﬁﬁns are used, the total
volume of the continuous multi-stage distillation
columns is used for calculation of the above-mentioned
yield.

25
On the other hand, when it is desired to perform



colum. For |lowering the reaction pressure w thout 5 decreasing the

di aneter of the distillation colum, it is necessary to reduce the feeding
rate of the feed- stocks. Thus, a decrease in the reaction pressure is
expected to result in a lowering of the productivity. Therefore, according
to the conventional know - 10 edge, an attenpt to performthe reactive
distillation wunder conditions wherein the BBaction pressure is as |ow as
5 x 104 Pa or less and the reaction tenperature is as low as |ess than 60
C, each as neasured at the inner bottomof the nulti-stage distillation
colum, is 15 coriederesttaisrehal it idi lextohemtuniamu sa f ¥ o pressieapgi fhoust

t he product|V|ty and-the like. In fact, there has been_no attenpt in which
the reactive d|sﬂédnﬁaSﬂngsithﬁﬂﬁﬁﬁﬁﬂiEﬁﬁﬁnofkﬁh%b%%%d%F@§§ﬁrel§nas
tenperature conditions, i.e., the condltlons enplo yed in the nei? 20 of
t he present |nvemﬁQ9§SQ%MWR&HanFﬁﬁﬁ%dF %lam% OF ofPeh@iFEF L3t ihB

been found that a di al kyl carbonate, and can be contlnuo%ﬁoylt

produced with h|éﬁﬂﬁF%HUth%ﬁt%PﬁﬁﬁPWﬁgﬁpesﬁﬁiﬁffgnt9r%ﬁ%%r?he reacti ve
distillatson | S pRtLOLIP, 25 MN0R o RN LhPNE NS SL M DOL1 ORI ¥oBlifint NEe
it Ut e "t he

pressure and 31 enpera um bot t om nail nt al ne

above- ment i oned speqidlLsanges, Mu@é Shd hecsli st | Latetbencae! ¢gaghas an

- F-factor in the range o romao
stocks. Thus, a decrease in the reaction pressure is

expected to result in a lowering of the productivity.

.

Therefore, according to the conventional knowl-

10 edge, an attempt to perform the reactive distillation
under conditions wherein the reaction pressure is. as
low as 5 x 102 Pa or less and the reaction temperature
is as low as less than 60 °C, each as measured at the
inner bottom of the multi-stage distillation column, is

15 considered as being disadvantageoue from the viewpoint
of the productivity and the like. In fact, there has
been no attempt in which the reactive distillation is
conducted under the aboJe pressure and temperature
conditions, i.e., the conditions employed in the method

20 of the present invenfion.

However, unexpectedly, it has for the first time
been found that a dialkyl carbonate and a diel can be
continuously produced with high productivity and high

selectivity when the reactive distillation is performed

25 under conditions wherein not only are the pressure and



5.. Conventionally, the F-factor of a distillation 5 colum has been known
as a paraneter which relates to the stage efficiency of the distillation
colum [see  Kagakukougaku jiten (Dictionary of Chem cal Engi neer .ing),
edited by Kagakukogaku Kyokai (Association of Chem cal Engi neering), p.55
(1986) (Maruzen Co., Ltd., 10 Japan) and Chem cal Engi neer's Handbook,
fifth edition, Section 18,.p. 6 .(1973) (M@Xaw Hi || Kogakusha, Ltd.)].
However, in the production of a dlalkyl carbonate and a diol by the
techni que of reactive distil atlo using a .distillation colum, it has
never been known FmBFFa%EIFth 5 oFPéggplBHttQmpPé§8ﬁP1889mﬁéﬁhPHethe

F-f f h | d f
selggtfci?y féret%bggésPF83g§PC§u§P§Cl¥ﬁg 5F8§E%tu Pﬁv@h¥8?§hga8ést}lFﬁe

first tine found %ng Fgguﬁn ha%tgr gf %I%%I| %t%%§9%?é¥ngﬁ8ngo¥§g8f

the 20 reactive distillation S a corre P of i

and the sel ectiviby fepnlBatdeakhed, Pife %uqsta%. OE' B%'g 1015 iétfi yet

been nmade with 'respect to the reason why a pr o uc Ivity an a high
selectiv- 25 ity ealuha Asbi 8vesd RuoRer LQr i Bgrfah.%te&e%%hf eaghical 33 1

by the reacCtive distillation under conditions wherein the reaction
pressure and tenpenat gtegbaklf faiclibn@yt B the distillation column [see
- Kagakukougaku jiten (Dictionary of Chemical Engineer-
ing), edited by Kagakukogaku Kyokai (Association of
dﬁ} Chemical Engineering), p.55 (1986) (Maruzen Co., Ltd.,
10 Japan) and Chemical Engineer's Handbook,.fifth edition,
Section 18, p. 6 (1973) (McGraw-Hill Kogakusha, Ltd.)].
However,'in the production of a dialkyl carbonate and a
diol by the technique of reactive distillation using a
distillétion column, it has never been known at all
15 that a correlation is present between the F-factor of
the distillation column and the productivity of and the
selectivity for the desired products. The present
inventors have for the Eirst time found that the F-
factor of fhe distillation column employed in the
20 reactive distillation has a correlatioﬁ with the pro-
ductivity of and the selectivity for the deéired pro-
ducts.
Elucidation has not yet been made with Trespect to

the reason why a high productivity and a high selectiv-

55 ity can be achieved by performing the present reaction



above-nenti oned respective specific ranges, as neasured at the inner
bottom of the nmulti-stage distillation 5 colum, and the F-factor of the
distillation colum is from0.2 to 5.0. However, it is presuned that the
efficiency of the reactive distillation is increased by enploying such
reaction conditions. Exanples of by- productg formed in the reaction for 10
produci ng a di al kyl carbonate and a di ol h a cyclic carbonate and an

al i phati c nonohydric al cohol include a condensation product of ethylene

I | (EGQ, h di et hyl L. (TEGQ,
Ih 9. et hoky et naFo G cvvﬁQ% PR R (Pt AU ERRS PukEREi b ITD
as the desired mékels h| %%é%ﬂaéﬁlééﬁ % pgéygs&g&h$glsgels

produced using the tﬁ? ene erla has a non-uniformty

in color. Further, a%er}ne%é”%/ r?ék? ﬂéyﬁéétiwlgﬁb&f@c bihyest i gaheRRACREN)

cont ai ns 2ME (mhl is nonofunc 20 tional), a problemarises that 2ME acts

as a termnator 4 @&hPoluest Botsm §f tRACHE DR UStaget Besethykenen gl yco
as a raw material and, hence, the obtained polyester is likely to have a

| ow nol ecyl ar weicgmumn,m&scefﬂﬁ@ Fifatsofi sadviaat ageouslababnetbyheaneis
gl ycol 25 contains such by-products as inpurities. In general, 33 the
by- products cont aired 0 12 B af €0 sepdowdedr| het efs oprebymddsthiltathen. For
exanpl e, since the boiling point
efficiency of the reactive distillation is increased by
employing such reaction conditions.
f“} Examples of by-products formed in.the reaction for
10 producing a dialkyl carbonate and a diol_from a cyclic
carbonate and an aliphatic monohydric alcohol include a
condensation product of ethylene glycol (EG), such as
diethylene glycol (DEG) and triethylene glyco; (TEG),
and 2—methoxyethanol (2ME). When the content of DEG in
15 e;hylene glycol as the desired diol is high, a problem
arises that a polyester which is prodﬁced using the
ethylene glycol as a raw material has a non-uniformity
in color. Further, wheﬁ ethylene glycol (which is a
bifunctional monomer) dontains 2ME (which is monofunc-
20 tional), a problem arises that 2ME acts as a terminator
in a polyester-forming reaction using the ethylene
glycol as a raw material and, hence, the obtained
polyester is likely to have a low molecular weight.

Therefore, it is disadvantageous that ethylene glycol

25 contains such by-products as impurities. 1In general,



of DEG (245 C) is higher than that of EG (198 C), when EG containi ng DEG
is subjected to distillation, a 5 purified EG containing a snmall anmount of
DEG is ob- tained as a colum top fraction or a side cut (side stream
(i.e., afraction withdrawn froma withdrawal port provided in a side wall
of the distillation col- um), and DEGis obtained mainly as a col umm
bottom 10 liquid. In this distillation, for3ﬁomering the concen- tration of
DEGin the purified EG the distillation colum is required to have a

nunber of distillation stages. In addjtion, t trati f DEG |

“the cglunn bot t &WS iRFUIRF q¢ q?ﬁwﬁ%ﬂFT&”%ﬁ&??H%§§%%g%%%ﬁﬁ%{%§ gkeﬁig%%pgo

into the colum bottom,|l.iquid: therefore en i Ld

w thdrawn fromt é’ dglﬁ*lﬁ%l?%a s nbg%xéses}é?rp%ew%%gcr%%m ro%f%%g&c%{)%ﬁ% '

bot tom t oget her wid iy erpduced DEGs Ji.s YALAGERID o£okyMm 461 tom | qui d
'y ste 0o a

cont ai ning EG is general wa Incinerated, so th the yireld of

PG is |owered.  TRELEHRE Good 0411 8Y ODEE Nfls SHOb St @psedueiso: L heeon, o
currence of by-products, a high selectivity for the desired products is

requi red. sWth respectid® AdecsRbaiNLNgSa Nbihalt sdm@entli of i DEG2bs| abton
colum to be used in the nethod of the present 34 invention, there is no
particular |imtatdiated ass | @ngolasni top Sfaadisdnldata onidel awh Whidé has

two or nore
stream) (i.e., a fraction withdrawn from a withdrawal
port provided in a side wall of the distillation col-
¥ umn), and DEG is obtained mainly as a cplumn bottom

10 liquid. In this distillation, for lowering the concen-
tration of DEG in the purified EG, the distillation
column is required to have a number of distillation
stages. In addition, the concentration of DEG in the
column bottom liquid is lowered by causing some amount

15 og EG to go into the column bottom‘liquid; therefore,
when the column bottom liquid is withdrawn from the
column, EG is necessarily withdrawn from the column
bottom together with by:produced DEG. This withdrawn
column bottom liquid containing EG is generally wasted

20 or incinerated, so that the yield of EG is lowered.
Therefore, for preventing such a loss due to the oc-
currence of by-products, a high selectivity for the
desired products is required.

With respect to the continuous multi-stage distil-

25 lation column to be used in the method of the present



stages of distillation and which is capable of continu- ous distillation.
In the present invention, the term5 "stages" is intended to include
theoretical stages (theoretical plates). In the case of a distillation
col umm havi ng no substantive stages, such as a packed columm, the val ue
obt ai ned by dividing the packing Y height bé t he hei ght per theoretical
stage (plate) 10 (H E. T.P.) (height equival ft to a theoretical plate) is
tonsidered as the nunmber of stages. Exanples of such continuous

mul ti-stage distillation colums in- clude pl ype ¢ usLn tray,
such as a bub- bI'E™EF1Fay, P35 V2 37 a@?rigl%% E\’/}e lr“%/?ég{%%mté%r??ggv 15

tray, and packed type. col ums; packed: Wi NeyAthgUsni PR kb 8TEwo SYENmasea
& a Pa ring I

Raschig ring, a Le€ssihg Ting, , a Berl saddle, an Interl ox

saddl e, a Dixon Qpackidg,e DOD: PSS ki RG widi &8 1 s P@&kabae SUEZEbntRaAGki Ng
and Mel | apak. Any céﬁﬁﬂﬁbmﬁ?c I's generally zolused as a conti nuous

mul ti-stage distidlatd oo £o] abToncanihechéi pia@esnt Funvertion, ntkedteype of
pl ate colum and packed col unm, which conprises both a plate portion and

a portionspacked wtdgpacki 8gsntendedl 860 becpudéetheabbyicsddstden a solid
catal yst which is insoluble in 25 the liquid phase in a distillation colum
is used, a 35 packesocoticaltypetdsstil Iattba catannf &ndhkitéhlakéonsolid
catalyst is used in substitution for part or all
column having no substantive stages, such as a packed
column, the value obtained by dividing the packing
f'j height by the height per theoretical stage (plate)
10 (H.E.T.P.) (height equivalent to a theoretical plate)
is considered as the number of stages. Examples of
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
15 tray, and packed type columns packéd with various
packings, such as a Raschig ring, a Lessing ring, a
Pall ring, a Berl saddle, an Interlox saddle, a Dixon
packing, a McMahon packing, a Heli pack, a Sulzer
packing and Mellapak. Any column which is generally
20 used as a continuous multi-stage distillation column
can be utilized. Further, a mixed type of plate column
and packed column, which comprises both a plate portion
and a portion packed with packings, can also be prefer-

'ably used. When a solid catalyst which is insoluble in

25 the liquid phase in a distillation column is used, a



of the packings, is preferably enployed. As the con- tinuous nmulti-stage
distillation colum to be used in 5 the nmethod of the present invention,

t he above-nen- tioned distillation colums can be used individually or in
conbi nati on. When used in conbination, a plurality of distillation colums
may be connected in series or in parallel. 10 A cyclic carbonate to be
used as a feedstock in the present inventid¥is represented by formula (A
rmenti oned above. Exanples of cyclic carbonates include alkyl ene
carbonates, such as ethylene carbonate and_ propyl ene carbonat e,

1, 3- di oxacycl ohexpackedecoluBnlsygeolasyéildndson. godnan, and vhéchi gde of
these cyclic carbonates, ethylene carbonate and propyl ene carbonate re
preferred becauseSoti€heptagpst avarcssi it pubstifpitdre £FbBREe OFs tdst

preferred. An aliphatic nonohydric al cohqgl u id as gnot er ZOtEQe%%&gpk in
the present inven Foﬁh?spﬁcﬁbﬁﬁﬁunéswﬁFg erab Ly GIREXEEd b St MUl (B)

menti oned above aggﬂggﬁFgﬂgggLLgnggﬁsgg%gkgﬁggﬁ%ﬁp Cﬁgﬁ% Qf, the Redyced

diol. The type of ic n&n can be used in the

present | nyenti on,yar g3, dapeadiciy hecgad Nonbiacdl e Bie herar bonat e
al'rp

used. Exanpl es of atic nohydri c al cohol s include nethanol
et ha- ' tioned distillation columns can be used individually or

in combination. When used in combination, a plurality

of distillation columns may be connected in series or

et

in parallel.

10 A cyclic carbonate to be used as a feedstock in
the present invention is represented by formula (A)
mentioned above. Examples of cyclic cafbonates include
alkylene carbonates, such as ethylene carbonate and
propylene carbonate, 1,3-dioxa¢yclohexa—2—one, 1,3-

15 dioxacyclohepta-2-one, and the liké. Of these cyclic
carbonates, ethylene carbonate and propylene carbonate
are preferred because of their good availability.

_Ethylene carbonate is m;st preferred.
An aliphatic monohydric alcohol used as another

20 feedstock in the present invention is a compound which
is represented by formula (B) 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 preSent invention varies depending on

25 the type of the cyclic carbonate used. Examples of



nol, propanol (isoners), allyl alcohol, butanol (isoners), 3-butene-I-ol,
anyl al cohol (isoners), hexyl alcohol (isoners), heptyl alcohol (isoners),
octyl 5 al cohol (isomers), nonyl alcohol (isoners), decyl alcohol
{isomers), undecyl alcohol (isoners), dodecyl alcohol (isoners),

cycl opent anol, cycl ohexanol, cycl o- heptanol, cycl ooctanol,

net hyl cycl opent anol (isonmers), ethylcycl opéftanol (isoners),

het hyl cycl ohexanol 10 (isoners), ethylcycl ohexanol (isoners),

di net hyl cycl o- hexanal (jsoners), djethylcyclohexanol (isonersi,.

phenyl cycl ohexan@1 @&t NONYSIRAC A %Sph%%%¥%%lme PRBRor BitBBiers),
phenyl propanol (isaners) and the |ike. The abpve- nentjonged, aliphatic
monohydri ¢ al cohdt®lys ‘?%ipqiéojsu(b’sﬁ‘?’?%ﬁ%)j' vﬁl%ﬂygta}%%‘é?ion%"%%??i t uent ,

such as a hal Oge(gjLFgc:)frr?%ns g,r ;?yﬁ&tgrlu%pfy?gr Oélrg), 1 aafgglqg%g{gggmerg@b gsxgl

al koxycar bonyl gr oxycar bonyl~group, an: Xy grou

nitro group. O tJ%g%kéﬁi{ﬁ%ﬁéﬁiﬁwﬁxﬁégﬁﬁg-3%88N81S(ié&mé&g?hobctgg havi ng

1 to 6 carbon atons 1S pr erred are nonohydric™al cohol s

having 1 to 4 carboih&t Wgsoﬂxeﬁsf, NESIGN0L 1 c6LHBNPL soREPBFNOkeLiySOMET S)

and butanol (isoners). n et hyl ene carbonate or propy- |ene carbonate is
used as a cyclic sradornt eisomehanol urdeeytl £186N6L aisopeeter r addearnd

especially preferred is 37 nmethanol.
alcohol (isomers), cyclopentanol, cyclohexanol, cyclo-
~heptanol, cyclooctanol, methylcyclopentanol (isomers),
f“) ethylcyclopentanol (isomers), methylcyclohexanol
10 (isomers), ethylcyclohexanol (isomers), dimethylcyclo—
hexanol (isomers), diethylcyclohexanol (isomers), .
phenylcyclohexanol (isomers), benzyl alcohol, phenethyl
alcohol (isomers), phenylpropanol (isomers) and-the
like. The above-mentioned aliphatic monohydric alcohol
15 may be substituted with at least ohe substituent, such
as a halogen atom, a lower alkoxy group, a cyano groﬁp,
an alkoxycarbonyl group, an aryloxycarbonyl group, an.
acyloxy group or a nitré 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, propanol (isomers) and
butanol (isomers). When ethylene carbonate or propy-

lene carbonate is used as a cyclic carbonate, methanol

25 and ethanol are preferred, and especially preferred is



In the present invention, the reaction represented by reaction schene (1)
is conducted by the technique of reactive distillation, that is, the
reaction is con 5 ducted in a continuous multi-stage distillation columm
whil e separating a produced | ow boiling point mxture fromthe reaction
system by distillation. In the nmethod of the present invention, a catalyst
is placed in the continuous multi-stage dist31lation 10 colum. The net hod
for causing a catalyst to be pre sent in the nulti-stage distillation
colum is not partlcularly limted. For exanple, a honbgeneous catalyst
whi ch is sol ubl e FER#RC} eact i on system under the reaction conditions can
be caused to be presen 15 the co nt i nuous nul st age dlstlll i

col um by continuouslén g% i ﬁe?ﬁ% h%ﬁﬁﬁe aoUs %hFaFygft% ep%%é% |nuous

mul ti-stage di Sti%%'g&fgﬁugpﬁne@y ?&26 tb&ﬁhxc_tadhsgemae@s Hala%aaest

(solid catal yst) Re Feaction system un

reaction 20 Cond'fééﬁ@lvéa@1Q€1§§H§§gntOtﬁgtpﬁgseﬂhe'BeEE%lgﬁnEbn%bn— ous
mul ti-stage distillation colum by packing the 'solid catalyst in the-

continuous mul ti-ghagedadist sl téntihqBusohumti-Ekagabayetaenkitesad column
honbgeneous and heterogeneous catal ysts can be used in conbination. 25

When a honbgeneoushihéasysarasitgnai prodskbydf edwt bo3@ ingheodant mikause
mul ti-stage distillation colum, it may
from the reaction system by distillation.
In the method of the present invention, a catalyst
ft} is placed in the continuous multi—stage'distillation
10 column. The method for causing a catalyst to be pre-
sent in the multi-stage distillation column is not
particularly limited. For example, a homogeneous
catalyst which is soluble in the reaction system under
the reaction conditions can be caused to be present in
15 the continuous multi-stage distillétion column by
continuouslf feeding the homogeneous catalyst to the
continuous multi-stage distillation column. Alterna-
tively, a heterogeneous-catalyst (solid catalyst) which
is insoluble in the reaction system under the reaction
20 ~ conditions, can be caused to be present in the continu-
ous multi-stage distillation column by packing the
solid catalyst in the continuous multi-stage distilla-
tion column. The above-mentioned homogeneous and

heterogeneous catalysts can be used in combination.

25 When a homogeneous catalyst is continuously fed to



be fed to the distillation colum together with a feedstock cyclic
carbonate and/or a feedstock aliphatic nonohydric al cohol. Alternatively,

t he honbgeneous 5 catalyst may be fed to the distillation colum at a
position different fromthat at which the feedstock is fed. Further, the
honogeneous catal yst can be fed to the distillation colum at any position
as long as the position is at |least one th&8etical stage (plate) 10 above
tthe col unm bottom However, since the region where the reaction actually
takes place in the continu- ous nulti-stage distillation colum is
general |y bel ow he poRFinepuatTWhEEhSERES NdhBEEhERLLORFAYER i SEFBRY it
is preferred that the honbgeneous catal yst is &ed to 15 bhe dlﬁbillation
colurm at the uppe® PRPtFonte Fhetitbphdn FREN™a HRPEFBGENESLE 8olid

tal yst i d t al h b i i
amount at & desi rESERBLPCk T SHLE HESEOALE FROURIROF LT DBCSr ageRaPAEPRrEE on
colum, as |0ng agLhe, 6ot 8! Y8Lonb ey el PLERRRLI LB Lhe Al HBRABRBuRET ONt

whi ch corre- spoHH%n east one theoretica ge (plate), preferably

two or morse theof@é%&f%sgtﬂ&?sbépkéaeéé-tﬁe Gakah YSh+WBhCBotaRnSakVE as a
packi ng for the contin 5 ous multi-stage distillation colum can al so be
used. 39 As a cabalysioHsedrkarthe premebhatN¥€NMh©8h the feedstock is
fed. Further, the homogeneous catalyst can be fed to
the distillation column at any position as long as the
fﬁ) position is at least one theoretical stage (plate)

10 above the column bottom. However, since the region
where the reaction actually takes place in the continu-
ous multi-stage distillation column is generally below
the position at which the homogeneous catalyst is fed,
it is preferred that the homogéneous catalyst is fed to

15 the distillation column at the uppér portion of the
column.

When a heterogeneous solid catalyst is used as a.
catalyst, the catalyst éan be packed in a desired
amount at a desired position of the continuous multi-

20 stage distillation column, as long as the catalyst
layer present in the column has a height which corre-
sponds to at least one theoretical stage.(plate),
preferably two or more theoretical stages (plates). A

catalyst which can serve as a packing for the continu-

25 ous multi-stage distillation column can also_be used.



various types of known catal ysts can be used. Exanples of such catal ysts
include alkali metals or alkaline earth netals, such as lithium sodium
potassium 5 rubidium cesium nagnesium calcium strontiumand barium
basi ¢ conmpounds, such as hydrides, hydroxi des, al koxides, aryl oxides and
am des of alkali netals or alkaline earth netals; basic conpounds, such as
car- bonates and hydrogencarbonates of al kaBP netals or 10 al kaline earth
fretal s and alkali netal or alkaline earth nmetal salts of organic acids;
tertiary amnes, such as triethylamne, tributylamne, trihexylam ne and
benzyl di et hyl ani ne: niPtsr Gy&in okt iR Het cFhRrprRseRt LRWPREADE; such as
N-al kyl pyrrol e, N-al kylindole, 15 oxazole, N-alkylimdazole

N-al kyl pyrazol e, VE&FAAUE, dyPes RF i FRAE RKIITTE FHe, PYurnstt neExamples

al kyl qui nol i ne, isoquinoline alkylis i nol.in acridin Li-
di ne, phenanthroﬂﬁu§u9§I&ﬂ&ﬁiﬁﬁﬁﬁfﬁ?ﬁfﬁk& %y$?¥%cﬁ%e? Saﬁﬁysgggﬁgﬁﬁine,
pyradi ne, al kyl pyradi.ne, trjazi nd_ 20, triazine; LG.am di nes,
such as di azabi cf’c r%&n-@et%]é%’enég??&% gnglllgyrl&a ?%%/% on %g%%g’%%%h); -

thal || um 5COMPOUNG,: SUGH aSdNah! AL Hen, L 8ALELUM hakkoRE iunt BRI | um

hydroxi de, thalliumcarbonate, thalliumni- trate, thalliumsulfate and
thal liumsalts ofpriga bEdiACtS8potihds COSPEMNES, hgdehdas, hydroxides,

~tributyl methoxytin, 40 tributylethoxytin, dibutyldinethoxytin,

di et hyl di et hox- alkoxides, aryloxides and amides of alkali metals or
alkaline earth metals; basic compounds, such as car-

f } bonates and hydrogencarbonates of alkali metals or

10 alkaline earth metals and alkali metal or alkaline
earth metal salts of orgaﬁic acids; tertiary amines,
such as triethylamine, tributylamine, trihexylamine and
benzyldiethylamine; nitrogen-containing heteroaromatic
compounds, such as N-alkylpyrrole, N-alkylindole,

15 oxazole, N-alkylimidazole, N—alkylbyrazole, oxadiazole,
pyridine, alkylpyridine, quinoline, alkylquinoline,
isoquinoline, alkylisoquinoline, acridine, alkylacri-
dine, phenanthroline, afkylphenanthroline, pyrimidine,
alkylpyrimidine, pyradine, alkylpyradine, triazine and

20 alkyltriazine; cyclic amidines, such as diazabicycloun- .
decene (DBU) and diazabicyclononene (DBN); thallium
compounds, such as thallium oxide, thallium halides,
thallium hydroxide, thallium carbonate, thallium ni-
trate, thallium sulfate and thallium salts of organic

25 acids; tin compounds, such as tributylmethoxytin,



ytin, dibutyldiethoxytin, dibutylphenoxytin, diphenyl- nethoxytin,
dibutyltin acetate, tributyltin chloride and tin 2-e_thyl hexanoate; zinc
conmpounds, such as 5 dinet hoxyzinc, diethoxyzinc, et hyl enedi oxyzi nc and

di but oxyzi nc; al um num conpounds, such as alum num trinethoxide, alum num
triisopropoxide and al um num tri butoxide; 5'taniun1conpounds, such as
tetramethoxy titanium tetraethoxytitanium betrabutoxytitaniunl 10

di chl or odi net hoxytitanium tetrai sopropoxytitanium titanium acetate and

titani um acetyl acetonat e; phosphorus. Go u ey i ne,
H: SL w: ﬁg?ﬁ slhl Retrltﬁﬁ%&%’ww nedlcq%%?yq%qi%gllf%ﬁl n%%é‘&ﬁ@i’é?@%@ﬁ

. phqQ oni 4 i ! 1 0G4 IQQQ§§pgﬁgu i -and
triphenyl - met hylyp lons’phd(;%%%%eﬁst e%?yéﬁé’cgél%m%énpoun S, shg?lbglgéwﬁ

zi rconi um hal i deg,. {4,600 AM AGRIH ACE] MGl €ate] MELBbEY 1 8l kK ohTesiaad
zirconium acetate; lead and | ead-contain- ing conpounds, e.g., |ead oxides,

such as PbO  Pb0Zand 20 3ty 1haathsatd i 0esnc stshpasnd®S, sibRS3sand PbS2;
| ead hydroxi des, such as Pb( 2, Pb302(0OH)2, Pb2[Pb2(0CH)2] and

Pb20( OH) 25 pl unbid Bfe tissiee Bsc Na@RDERx J2IER, e tNAHBDER axyz hPhaad
pl unbat es, such as Na2Pb(Q3, Na2H2PbO4, K2Pb(O3, K2[ Pb(CH)6], K4PbO4,
Ca2PbO4 and 25 CaPhfiftoxeathcardbumstmen apompaends safecht pgr adPMiBYEh 41  as
PbCO3 and 2PbCO3Pb( COH) 2; al koxyl ead conpounds and
trimethoxide, aluminum triisopropoxide and aluminum
tributoxide; titanium compounds, such as tetramethoxy—'
"} titanium, tetraethoxytitanium, tetrabutoxytitanium,

10 dichlorodimethoxytitanium, tetraisopropoxytitanium,
titanium acetate and titanium acetylacetonate;
phosphorus compounds, such as trimethylphosphine,
triethylphosphine, tributylphosphine, tri-
phenylphosphine, tributylmethylphosphonium halides,

15 tgioctylbutylphosphonium halides and triphenyl-
methylphosphonium halides; zirconium compounds, such as
zirconium halides, zirconium acetylacetonate, zirconium
alkoxides and zirconium-acetate; lead and lead-contain-
ing compounds, e.g., lead oxides, such as PbO, PbO, and

20 Pb304; lead sulfides, such as PbS, Pb,S3 and PbSjy; lead
hydroxides, such as Pb(OH)z, Pb302(OH)2, sz[PbOZ(OH)z]
and Pb,0(OH),; plumbites, such as NayPbOp, KpPbOy,
NaHPbO, and KHPbO, ; plumbates, such as Na,PbOg,
NajH,PbO,, KyPbOg, Ko [Pb(OH)gl, K4PbOy, CayPbOy and

25 CaPbO,; lead carbonates and basic salts thereof, such



aryl oxyl ead conpounds, such as Pb(OCH3)2, (CH3O) Pb(COPh) and Pb(CPh)2; |ead
salts of organic.acids, and car- bonates and basic. salts thereof, such as
Pb( OCOCH3) 2, 5 Pb(OCOCH3)4 and Pb(OCOCH3) 2PbQ. 3H20; organol ead com pounds,
such as Bu4Pb, Ph4Pb, Bu3PbC, Ph3PbBr, Ph3Pb (or Ph6Pb2), Bu3PbCH and
Ph2PbO wherein Bu represents a butyl group and Ph represents a phenyl
group; lead alloys, such as Pb-Na, Pb-Ca, A3- Ba, Pb-Sn and Pb-Sb; 10 |ead
M nerals, such as galena and zinc blende; hydrates of these |ead
conpounds; ion-exchangers, such_as anion- exchange resins having tertiary
ami no gLoups, icwﬁse&Q%%@g@“@e%PhgohaﬁPh@Hézid%lﬁ?ﬁhb%?di%ﬂm@?H%Qﬁg@nd
resins having at | east one type of igQn-exchange gr 15 se t r he
gr oup fongisting %ﬁY%QﬁY%%%?egoﬂa?gnﬂﬁxy?ﬁFE gﬁnggﬁg%the g&gaﬁgFgéﬁgh
strongly basic soli anj on- exchangers. havi ng_guat ern ni-u roups as
ipr;exch?nge grodﬁ?? %%Fégh?EOr E cséﬁgﬁoagdg?ggﬂ% -§§¥d§?r?8§,ggg‘
silica-alumna, silica-magnesia, .aluym pngsi ca gakl i hiicat e,
various types ofS%%%???%sgngvggﬁﬁgsgg%ggskgégﬁ%%él%ggghgﬁgggvggngﬁgg'and
ammoni um exchanggd 80k} ﬁg aAHDPY (bBBCA Qéepﬂ'@Dﬁhgﬁ,edo?}@lahélééﬁabmt-s,
stron- glf basi ¢ ani on- exe ngers havi ng guét er nary“amonium 25 groups as

ani on- exchange grgéﬁﬁdéfesﬁéﬁfQérBG4PE¥aﬁhﬂ2b,pBegPBtl$uBh3aBB@D-@h@@&ngers
i ncl ude strongly basic '

(or PhgPbsy), BugPbOH 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;

10 lead minerals, such as galena and zinc blende; hydrates
of these lead compounds; ion-exchangers, such as anion-
exchange resins having tertiary amino groups, ion-
exchange resins having-amide groups, ion-~-exchange
resins having at least one type of ion-exchange group

15 selected from the group consisting of sulfonate, car-
5oxylate and phosphate groups, and strongly basic solid
anion-exchangers having guaternary ammonium groups as
ion-exchange groups:; soiid inorganic compounds, such as
silica, silica-alumina, silica-magnesia, aluminosi-

20 licate, gallium silicate, various types of zeolites,
various types of metal-exchanged zeolites and ammonium-
exchanged zeolites.

Among the above-mentioned solid catalysts, stron-

gly basic anion-exchangers having quaternary ammonium

25 groups as anion-exchange groups are preferred. Exam-



ani on- exchange resins having quaternary ammoni um groups as ani on-exchange
groups, cellulose type strongly basic anion-exchangers having quaternary
anmoni um groups as 5 ani on-exchange groups and strongly basic

ani on-exchang- ers carried on an inorganic carrier which have quater- nary
anmoni um groups as ani on- exchange groups. O these strongly basic

ani on- exchange resins having quaternary amé8ni um groups as i on-exchange
I0 groups, styrene type strongly basic anion-exchange resins and the |ike
are preferred. A styrene type strongly basic ani on- exchan esinis
conprised of a fygeRT RYS y?’b’é?ﬁ'e??éc%kﬂﬁ%eﬁfncajs ?%éfi’nba%h‘a

quat ernary anmoni um grou %If‘é@ 1¥ as, 15 alpl onmrgxghalg rgugéjps
exanmpl es of whi cRHEE cﬁ’g‘(ﬁ rﬁa‘ﬁjc’?ﬁl yg‘f’e’fﬁ WM FL B tHE T or T V\§
ot I)% i %4%%}%%%%\? %%g&{)l é({y%gg 179 %&3&“%&'0&81‘:
CH/1 25 (type llgnlégleé%hékbé%g hav&A &%@@%&%¥}2£&8$H{tg groups as
5 anion—exchange groups and strongly basic anion-exchang-
ers carried on an inorganic carrier which have quater-
nary ammonium groups as anion-exchange groups.
Of these strongly basic anion-exchange resins
b having quaternary_ammonium groups as ion-exchange
10 groups, styrene type strongly basic anion-exchange
resins and the like are preferred. A styrene type
strongly basic anion-exchange resin is comprised of a
sfyrene/divinylbenzene copolymer as a base resin, and
quaternéry ammonium groups (type I or type II) as
15 anion-exchange groups, examples of which are diagram-

matically represented by the following formulae (II).

N_~—CH—CHz—CH—CH>— CH—CHz—"L"

20
CHzN(CH3)3

CHzN(CHs)a “—CH—CHz—~"—

(1)
" —CH—CH:—CH—CHz—CH—~"L"

25 @ Q (type II)

—CH—CHz~"— CHzNgZHs)z(CsztOH)
CI-IzN((aCHB)z(CzH4OH) .
X



CHZ2N( CH3) 2( C2HA0H) X Xe 43 In above formulae (I1), X represents an anion.
Cenerally, X is at |east one type of anion selected fromthe group

consisting of F-, d-, Br-, |-, HCO8-, C&B2-, CHBCR-, HCXR-, |®B-, BrB-
and C133-. It is 5 preferred that X is selected fromthe group consisting
of -, Br'-, HCO3- and CO32-. Wth respect to the structure of the base

resin of the anion-exchange resin, either 43gel type or a macroreticul ar
type (MR f type) can be used. However, because of the high re- 10 sistance

to organic solvents, the MR type IS preferr es, of ceIIuI ose type
strongly basic anion r?at?f@éersf 1RP dut br darsP pa‘?r%'lp%erﬂ s |o%-Io

exchange groups incl ude |1 ul ty st I b

havi ng i on- exchar‘fﬁ’é"eg?%](}éce o}g ’?%Zatl %ﬁ%&?r%f) y%%egf‘getge%’?iqd‘ bsg%(%gé?o?plsjl a:

- OCH2CH2NR3X,  whj ch eéphan ers log{l e(gifb%/ tr ﬁkyé d:@-—tl on
% 0(1? ceI (? h%

of a part or all groups ose.

formula;, R repre tzs-a Ik(yl }f)&p aa,g@t@yd) groupt ag et hyl
group, a 20 propy group, huty ou o:f‘ the (ﬁk prefe ably a nethyl

group or an ethyl ﬁgfﬁ¥%e&”%k3%'§ £s Q@ié@@@d ﬁﬁﬂﬂethéwgréﬂﬁr@@ﬂSSstlng
carrier-catried strongly basi c
of C17, 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) can be used. However, because of the high re-
10 sistance to organic solvents, the MR type is preferred.
Examples of cellulose type strongly basic anion-
exchangers having quaternary ammonium groups as ion-
exchange groups include cellulose type strongly basic
anion—exﬁhangers having ion-exchange groups of the
15 structure fepresented by the formula: -OCH,CH,NR3X,
which exchangers are obtained by trialkylaminoethyla-
tion of a part or all of the hydroxyl gfoups of cellu-
lose. In the above forgula; R represents an alkyl
group, for example, a methyl group, an ethyl group, a
20 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

anion-exchanger usable in the present invention, which

25 has quaternary ammonium groups as ion-exchange groups,



ani on- exchanger usable in the present invention, which 25 has quaternary
anmoni um gr oups as i on-exchange groups, 44 is an ani on-exchanger having
guat ernary anmoni um groups represented by the forrmula - Q CH2) nNR3X wher ei n
R and X are as defined above and n is usually an integer of from1l to 6,
preferably 2, which ani on-exchanger can be 5 prepared by the nodification -
of a part or all of the hydroxyl groups on4#he surface of the inorganic
tarri- er. Exanples of inorganic carriers include silica, alum na,
silica-alumna, titania and zeolite. O i these, silica, alum na and
silica-al uni na ars @re aroidrerexehamiey caV SNGuHa FREITTY RINMIREYVR JSOWS
limta- tion with respect to the nethod for the nodification of hydré))%/l
groups on the surfeREESFENEeE PyioFanf ereal? i =0 €rH2 hotRaX P et R B P

strongly basi c ani on-exchanger  carried (gn ap_inor gjt:g’c carrjer can_be

obt ai ned by 15 s@j%e@3 MfEThorYRAT CRArPi T AN aht noat ool ©*
ted by the form] CHR) NNRD. 1 i :
Lhom i m the pt esGEtof 60 b B EATASTYSt 1B Y horehy o7 f SRphoch Sk YEer

am noal koxyl ati Orbré(}aoelllé)%glg%b%'hetﬂgdiffgéjcﬁgnoéftﬁsﬁ)é%%{’agil of the

am noal koxyl at ed fin rga ic carrier wth an al hal i de represented by
the formula RX' g5 8iD JrohSRr 6568he duhphegess atwd indrehsiabbyrel - Br

or I, to thereby convert the am noal - koxy group into a - Q(CH2) nNR3X
group. The er. Examples of inorganic carriers include silica,

alumina, silica-alumina, titania and zeolite. Of

f } these, silica, alumina and silica-alumina are pre-

10 ferred. Silica is most preferred. There is no limita-
tion with respect to the method for the modification of
hydroxyl groups on the surface of the inorganic carri-
er. For example, such a strdngly basic anion-exchanger
carried'on an inorganic carrier can be obtained by

15 sybjecting an inorganic carrier and an aminoalcohol
represented by the formula HO(CH,),NR, to a dehydration
reaction between them in the presence of a basic cata-
lyst to thereby effect éminoalkoxylation, followed by
the reaction of the resultant aminoalkoxylated inorga-

20 nic 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 aminoal-
koxy group into a -O(CH,),NR3X' group. The
-O(CH, ) NR3X' group is further converted to a

25 -0(CH, ),NR3X group having the desired anion X by an



-Q(CH2) NNR3X' group is further converted to a 25 - Q(CH2) nNR3X group havi ng
the desired anion X by an 45 ani on exchange reaction. Wen nis 2, an
inorganic carrier is treated with N, N-dialkylaziridine so that the

hydr oxyl groups on the inorganic carrier are N, N- dial kyl am noet hoxyl at ed
to obtain a - OCH2CH2NR2 group, 5 which is then converted to a - OCH2CH2NR3X
group by the above-nentioned nethod. Conmedé&ial |y avail able solid,
Strongly basic anion-exchangers havi ng quaternary ammoni um groups as

i on- exchange groups can be used in the present inven 10 tiop. Wen, a

comerci al [y avaidnifie SHRPILITRGFIPT baiREAM oh® exchANgEPCT 28R, it
can be treated for anion-exchange.w t sire ion_species before it
is used as a trarFsaeTerJéﬂ"f’r%a??%g%%t‘é’rggfuﬂg«_éb?ﬂﬁyag%ﬁ?@%n%oﬁ%rlg}é% of a
macroreticular or_ 1 | type organic l yne i [C rii gr,
each having bondé¥f 5??2&%?’6‘)/ Ié?\g?soccfl%lo?%gglr%%%é%on?a?%%ggfa?f elgéltq—one

nitrogen atom i Sdféﬁ&%ﬁ?rpin;(oél&g%ﬁffa@edtfénéﬁéé%i £ cakl d%ﬁ?%?l ¥sbup,

Further, the above- oned "¢ d catalyst can be treate of quater nar
20 izing g part gﬁhﬁéﬂ £f then %éﬁ@&@@e&oﬂéaém@%g@lﬁgﬂﬂgx%’%hﬁ BYOYRE
used. use

before it~-is The anmount of the catalyst to b d”in the present
i nvention vari es gepedhdhdgt obnédeméypedt her eof .
Commercially available solid, strongly basic
anion-exchangers having quaternary ammonium groups as
O ion-exchange groups can be used in the present inven-
10 tion. When a coq@ercially available solid, strongly
basic anion-exchanger is used, it can be treated for
anion-exchange with a desired anion species before it
is used.as a transesterificafion catalyst.
A éolid catalyst comprised of a macroreticular or
15 gel type organic polymer or an inorganic cafrier, each
having bonded thereto a heterocyclic group containing
at least one nitrogen atom, is preferably used as a
transesterification cat;lyst. Further, the above-
mentioned solid catalyst can be treated for quaternar-
20 izing a part or all of the nitrogen-containing hetero-
cyclic groups before it is used.
The amount of the catalyst to be used in the
present invention varies depending on the type thereof.

The homogeneous catalyst, which is soluble in the

25 reaction system under the reaction conditions, is fed



The honobgeneous catal yst, which is soluble in the 25 reaction system under
the reaction conditions, is fed 46 continuously in an anount of from
0.0001 to 50 % by weight, based on the total weight of the feedstock
cyclic carbonate and the feedstock aliphatic nonohydric al cohol. Wen the
solid catalyst is packed in the 5 continuous nulti-stage distillation
colum, it is packed preferably in an anmourtt of fromO0.01 to 75 % by

vol une, based on the internal volume of the enpty distillation colum.
There is no particular restriction wth respect to 10 the nethod for
continuously feediantinusywsiy vardorepeuntndf afirani h@®Pt wendBydr Px

al cohol to the continuous nulti-stage distillation colum,_ and any feeding
method can be useiaist) drped ehethecletatkeeiaht hef cBRe aEe@dStRFkh t he
catalyst in a region of the distillation 15 cglunn whj ¢ch corresgongs-to at
| east one stage, ¥ -Caprgrate | 23dt thGofee ﬁEg?kTﬁ;fpngl?h@ BORYPE Car -
bonate and the aliphatic nmonohydric al cohol _can _be .conti usly.fed to at
| east one stage(ﬁlQ$h9%XHn¢bﬁgo enﬁ?ffgs?aggﬁﬁfgtffl%?%gﬁgczPuﬁﬁgthrough
a desired_ 20 nunber,_o [ N i n . LE as;kong as the
above reqéirenemF?%F%éﬁ$§$ﬁgﬁgt#h%€§ %I?gsgégﬁgggﬁgtégg%ﬁ?'tﬁg E%nohydric

?' cohol may be fed giddes & Perihey SaARant a86uRE bherdbat bl bat kgnyeokupy or
0 sepa- '

volume, based on the internal volume of the empty

distillation column.

._ ,
R

There is no particular restriction with respect to

10 the method for continuocusly feeding a cyclic carbonate
and an aliphatic monohydric alcohol to the continuous
multi-stage distillation column, and any feeding method
can be used as long as the feedstocks can be contacted
with thé catalyst in a region of the distillation

15 column which corresponds to at least one stage, prefer-
ably at least two stages. That is, the cyclic car-
bonate and the aliphatic monohydric alcohol can be
continuously fed to at ieast one_stage of the continu-
ous multi-stage distillation column through a desired

20 . number of feeding pipes onto a desired stage as long as.
the above réquirement is satisfied. The cyclic car-
bonate and the monohydric alcohol may be fed either to
the same stage of the distillation column or to sepa-

rate stages individually. The feedstocks are continu-

25 ously fed in a liquid form, a gaseous form or a gas-



rate stages individually. The feedstocks are continu 25 ously fed in a
liquid form a gaseous formor a gas 47 liquid mxture form In addition
to the feeding of the feedstocks to the continuous nulti-stage
distillation colum as described above, additional feedstocks can be fed
in a gaseous formto the |ower portion of the 5 distillation colum
intermttently or continuously. Also prefeédFed is a nethod wherein the
tyclic carbonate is continuously fed in a liquid formor a gas-liquid
mxture formto a stage at a |evel higher than the stage where the

catal yst is presdriguighiniture fiaphat I 330 GRINR i el @Ading of the
continuously fed to the lower portion of the distillation_ colu in a
gaseous form or f2egELaakfuitP nih& Lﬁ‘%“?ﬂ?ﬁu%rm‘f]ntja‘%%%eoﬁlﬁﬁﬁ%tﬁﬁo?n a

liquid formindividually. In this case, sone of. the | L phatic monoh '
al cohol may be céitaeds ﬁiefﬁferlil%e%y%?‘ée'ca? ﬁ@aﬁhég%i%%%‘fk%?g? e_r(IBC
aliphatic monohy-edf LG 3 Sheloledd i, A9a8R0U A MELLLAE Levekeporti on

of the distillati© era romlto y wel ght,
preferably from 5 tq 100 % | G 1 AL B eIy £8:0M 20681100 % by
wei ght, based on %n%b%? ot(g?/ CYV\%‘%E&% or_?lptﬁgﬁﬁha iC rmnohydr?c al cohol
fed to. the | owef; ROrdiOfePfed Nes di shéthdd | Pile £61 1IMhe ASy @l i SBEABHOh&te
feeding the aliphatic monohydric alcohol in a gaseous formto the |ower
~portion of the disdidd@timiously fed in a liquid form or a gas-liquid
mixture form to a stage at a level higher than the'

stage where the catalyst is present, while the aliphat-

~

10 ic monohydric alcohol is continuously fed to the lower
portion of the distillation column in a gaseous form or
a gas-liquid mixture form, or in a gaseous form and in
a liquid form individually. .In this case, some of the
aliphatic monohydric alcohol may be contained in the
.15 | cyclic carbonate. The amount of the aliphatic monohy-
dric alcohol fed in a gaseous form to the lower portion

o

of the distillation column is generally from 1 to 100 %

]

by weight, preferably from 5 to 100 ¥ by weight, more
preferably from 20 to 100 % by weight, based on the

20 total weight of the aliphatic monohydric alcohol fed to.
the lower portion_of the distillation column. As a
method for feeding the aliphatic monohydric alcohol in
a gaseous form to the lower portion of the distiliation
column, a method may be used wherein a reaction system

25 solution is withdrawn from the lower portion of the



colum, a nethod may be used wherein a reaction system?25 solution is

w thdrawn fromthe |lower portion of the 48 distillation colum and heated
by a reboiler so as to be partially or conpletely evaporated, to thereby

obtain a gas or gas-liquid mxture,. and the obtained gas or gas-liquid

m xture is returned to the lower 5 portion of the distillation colum. In

this case, the positionin the |ower portid® of the distillation columm,

fromwhich a reaction systemsolution is with- drawn, nay be or may not be
the same. as the position in the lower portion of the distillation colum,
to which 10 the gisswtllpeion qedtums xandeheatedt bynadrePRilRE pPedento

invention, a dialkyl carbonate and a_diol as desired producbs nﬁé be
contai ned in the P§ Rt RkY ForceRRhprelY wRERAPPRETERT phdt FESRBRENydri ¢

al cohol contains concom tant di al kyl ., carhonat the_1 nt .of the
conconi tant di al KR ¥R $h ?ﬁ%yiéngaa??E%HBﬁoh985i% SF %ﬁgﬁneg

generally in the range of fromO0.t0.40 %Db ] refe I 0.1t
30 by wei ght, nnr%??ﬁ%ﬁeg%ﬁﬁg}g?%%1%l¥gu§% %ﬁﬁ??QQEPS t?g %ggeéogﬁgrke 0

total weight of t i phatigc b Gy | s i kgt
ota meggrboo égﬁﬁﬁiéﬁ @%'€h€D$ﬁ£¥gFi8tlgH absahpl ard thescencan kag

di al kyl nat e ratro o I phat1 ¢ nonohydric alcohol to the

cyclic carbonate {9sPe; b£dit ochbe16Q8%1 BHRUSoRUbLEI thet agetdingkitiloat i on
colum may vary dependi ng on the

column, from which a reaction system solution is with-
drawn, may be or may not be fhe same. as the position in
"] the lower portion of the distillation column, to which
10 the gas or gas-1liquid mixture is returned.
In the present invention, a dialkyl carbonate and
a diol as desired products may be contained in the
feedstocks. For example, whén the aliphatic monohydric
alcohol.contains a concomitant dialkyl carbonate, the
15 amount of the concomitant dialkyl carbonate in the
aliphatic monohydric alcohol is generally in the range
of from O to 40 % by weight, preferably from 0.1 to 30
% by weight, more prefegably from 1 to 20 % by weight,
{-’ based on the total weight of the aliphatic monohydric
20 alcohol and the concomitant dialkyl carbonate.
The ratio of the aliphatic monohydric alcohol to
the cyclic carbonate to be fed to the continuous multi-
stage distillation column may vary depending on the

type and quantity of the catalyst and the reaction

25 conditions, but, 'in general, the molar ratio of the



type and quantity of the catalyst and the reaction 25 conditions, but, in
general, the nolar ratio of the 49 aliphatic nonohydric al cohol to the
cyclic carbonate may be in the range of fromO0.01 to 1,000. For in-
creasing the conversion of the cyclic carbonate, it is preferred to feed
t he aliphatic nonohydric alcohol in 5 an excess anmobunt which is 2 tines or
more by nole the nole of the cyclic carbondBe. However, too high a
Concentration of the aliphatic nmonohydric alcohol is undesirable because
the size of the reaction equipnent has_to be .l arge. Therefore it is
especi al |y pref erdbtPiarts %%%P?%%rh$l%ﬁ%??%lnﬁﬂdﬂgﬂr?ﬁc%}%oﬁ%¥ PR2LH

anmount which is 2 to 20 times % e noJ e thf |ic. carbonate.
TEe Iom%bgll;ngH&ﬁYH beri &t ube b ?%?n?ﬁg glﬁ?l C§§§Ona€% T nt3duced in
the net hod of the present 15 t th
upper portion of the %H%?lﬁ %uégven Ig@?ééfcggstl ?ff%g%¥££8ﬁ£@$ﬂ_££oﬂg ©

gaseous form Thgp¥%£QP£é&“tQa§§8&stHéX %£?£ Wﬁdn ?.gﬁoﬁfgoﬁglaln

di al kyl carbonat ofe of & Tmixture th atic nonohydric
al cohol 2Q and a &MC&&&@V@Q&@A@ wﬁyéﬁh% 2t henuk t HEr AYPe gBFEAYSe tREXL U E

may al so ¢ontain a high boiling point product in a small anpunt. A
w t hdrawal port 0$OIQGO£Oﬁﬁén@?bﬁlﬁub&tbShagé However, too high a
concentration of the aliphatic monohydric alcohol is
undesirable because the size of the reaction equipment
j has to be large. ‘Therefore, it is especially preferred
10 to use the aliphatic monohydric alcohol in an amount
which is 2 to 20 times by mole the mole of the cyclic
carbonate.
The low boiling point mixture containing the
dialkyl carbonate produced in the method of the present
15 invention is continuously withdrawn from the upper
portion of the continuous multi-stage distillation
column in a gaseous form. The withdrawn gaseous mix-.
ture may be composed of-a dialkyl carbonate alone or a
mixture thereof with an aliphatic monohydric alcohol
20 and a cyclic carbonate. Further, the withdrawn gaseous
mixture may also contain a high boiling point product
in a small amount.
A withdrawal port of the continuous multi-stage

distillation column for withdrawing the gaseous low

25 boiling point mixture containing the dialkyl carbonate



distillation colum for w thdrawi ng the gaseous | ow 25 boiling point
m xture containing the dialkyl carbonate 50 is preferably provided at a
position between the posi- tion fromwhich the feedstocks are fed and the
top of the distillation colum, or in the top of the distilla- tion
colum. It is nore preferred to provide the 5 withdrawal port for the | ow
boiling point mixture in the top of the dist31lation colum. A part of the
Fow boiling point mxture withdrawmn fromthe withdrawal port may be
returned to the upper portion of the dis- tillation colum to there%y,
effect the so-cal}edPFefPtabiy Bperifr8natvReROBAE1PB! PREVERDN & POSI-
i ncreased by conducti this.reflux eration, the distill.ation
efficiency of a IBW’BO??PWQWEE)Fﬁt tﬁ?oggggsﬁzﬁ?gsa‘%ﬁp%Fﬁ SRSs ¢1% TR ased,
t her eby advant agepusl y.inc i n e _concent.ratian | baj.lJ Qi nt
product in the 159%%%ﬁ?gﬁg%iéé’gugg%’r‘%méﬁt EBF%\%I%V&?)% ?go%rr(&c(#lo%ﬂgnl%
increase in the reflux Bﬂfhﬂ.d' _s&dygnpn??gogﬂe)ﬁelr%gs £o0 prafyildecrgase in t he
t hermal energy reqU|re8. us, the reflux'ratio is generally chosen in the
range of f%om 0 §9othAQranhef pbakl Yokl @Re0160 BoilBhg RLARAr allytddeond 20
to 3. A diol produced in the nethod of the present invention is
continuously. wi t hghawsobr e &hkodREtROLatliban cofluhe Cenipartous mHd ikt age
distillation colum
: boiling point mixture withdrawn from the withdrawal

port may be returned to the upper portion of the dis-

,
N

tillation column to thereby effect the so-called reflux
10 operation. When the reflux ratio is increased by
conducting this reflux operation, the distillation
efficiency of a low boiling point product into a vapor
phase is increased, thereby advantageously increasing
the conéentration of a low boiling point product in the
15 withdrawn gaseous component. .However, too much of an
increase in the reflux ratio disadvantageously leads to
an increase in the thermal energy regquired. Thus, the
reflux ratio is generaliy chosen in the range of from 0O
to 10, preferably from O to 5, more preferably from O
20 to 3.
A diol produced in the method of the present
invention is continuously.withdrawn from a lower por-
tion of the continuous multi-stage distillation column

in a liquid form.

25 In the present invention, the upper portion of the



inaliquid form 25 In the present invention, the upper portion of the 51
continuous nulti-stage distillation colunmm neans a portion between the top
of the distillation colum and a position at approximately half the height
of the distillation colum, and the upper portion includes the 5 top of
the colum. The | ower portion of the continuous nulti-stage distillation
columm neans a portion between the bottom 8f the distillation colum and a
position at approxinmately half the height of the distillation colunn, and
the lower portion includes th%lbottonlof %% the colu awa

port for withdrad O O SHRIE 5 Com B ithgS ué“npr 0 uce di ol

fromthe continu- s mul.t i L& sid | at i Pﬁﬁ i ga

| ower portion of 3?1 lcfmsttfeﬁ a |Igﬁt}g%l%r#ﬁ C%pr erc‘%b at fg% & om of

the distillation £Outhdh AL tailrdlitna MDA {RAGI Q4112 uaee may be
portion

recycled to the lo e conti'nuous nulti-stage distillation

colum in a gaseQiss{ Ol TAOfoR @fBurhh UK MRd UighdOrFBrtiohemic Ngidy trRans
of a reboiler. 20 In the reaction conditions enployed in the nethod of the

present ipgventionsog e Mhhd icstage. diBhe | 1awennpornlemohashancéntantors i n

the range"of fromO0.2 to 5.0, the F-factor being represented by the

followi ng formul anulti-stage distillation column means a portion between

the bottom of the distillation column and a position at
approximately half the height of the distillation
,”j column, and the lower portion includes the bottom of
10 the column.
The withdrawal port for withdrawing the reaction

mixture containing the produced diol from the continu-
ous multi-stage distillation column is positioned at a
lower pértion of the distillation column, preferably at

15 tge bottom of the distillation column. A part of the
withdrawn reaction mixture may be recycled to the lower
.portion of the continuous multi-stage distillation
column in a gaseous forﬁ—or a gas-liquid mixture form
by heating by means of a reboiler.

20 In the reaction conditions employed in the method
of the present invention, the multi-stage distillation
column has an F-factor in the range of from 0.2 to 5.0,
the F-factor being represented by the following formula
(1):

)5 F-factor = ug (o g)1/? (1)



(1): 25 F-factor = ug (P g)1/2 (1) 52 wherein ug represents the gas
velocity (ms) in the nulti-stage distillation colum and P g represents
the gas density.(kg/nB) in the nulti-stage. distillation colum. 5 The
F-factor of the distillation colum is preferably in the range of fromO0.4
to 4.0, nore preferably from 0.6 to 4.0. The rate at which a liquid fl ows
down inside the continuous nulti-stage disb2llation colum and the 10
above-nentioned gas velocity (ug) in the nulti-stage distillation columm
may be varied depending on the type of the distillation colum, and on the
type of the packing ihanfnake HPEERIGRIRDI9RH . VHRRVEY , (

distillation colum is, generaIL;%t,operat ed. so that no 15 fl oodi ng or weepi ng

occurs. The gas densi ty (BG4It TRE3HA tF1%Y HWR TR 3 col urm may
be vari ed depending on the reaction tenperature and pre e,_apd_on the
types of the cyclic cArbdiREEHHE% HFhalit él%rh%]ﬁt rﬁﬂtcg/:{ﬁl&hjb? Eg%d, 20

but is generally int ulrﬁ'aint Oé;é%;({?%plp;t{& 2O o9/ m8, preferably from

0.1 to 0.8 kg/nB. In the fet € present invention, the reac- tion
takes plage wi t hig, 4 he £qntdnuopseyll §4 sSfPOSion column is preferably

in the range of from 0.4 to 4.0, more preferably from
0.6 to 4.0.

The rate at which a liquid flows down inside the

PR
s

continuous multi-stage distillation column and the

10 above-mentioned gas velocity (ug)-in the multi-stage
distillation column 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 generally operated so that no

15 flooding or weeping occurs.

The gas density (»o g) in the multi-stage distilla-
tion column may be varied depending on the reaction
temperature and pressuré} and on the types of the
cyclic carbonate and aliphatic monohydric alcohol used,

20 but is generally in the range of from 0.01 to 2.0
kg/m3, preferably from 0.1 to 0.8 kg/mS.

In the method of the present invention, the reac-
tion takes piace within the continuous multi-stage

distillation column. The amount of dialkyl carbonate

25 produced depends on the amount of hold-up liquid in the



distillation colum. The anount of dial kyl carbonate 25 produced depends on
the anount of hold-up liquid in the 53 distillation colum. That is, when
the height and dianeter of a distillation colum are not changed, a
greater hold-up capacity is preferred because the greater the hold-up
capacity, the longer the residence 5 tine of the |iquid phase, nanely, the
time during which the reaction is effected53However, when the anount of
fhe hold-up liquid is too large, the residence tine becones too Iong, SO
that side reactions and flooding ) are likely to occur. Accordin in the
met hod of the 10ﬂb$éé%h@t+ﬁ9eﬁ@iﬁﬁn t hEhakolfit BReR hER PR tlgﬁ%ld of
the continuous nulti-stage disti n._columm. varies qﬁ qu gn ghe

t
distillation condit#BR5eana tﬂedfﬁﬁéiEBFl?ﬂeca%gT?l?5?|%

General l'y, h t _of _the.hol d- f
From 15 0.005 1o G/75CFh CarieUf cehacssPuie Parrathfa B %%e AT

Lo the empty, cont{puouseMhLipsiadfodlabbbley 1LAD SOLYOR. cho Lbe.aphbod of

the present invention the aver- ence tine of t 1 quid phase in

the Cont'gy 20 Oe§mavbkltﬁéag§qdhachE§bloaaﬁeiynntﬂ@peﬂﬂé @irifg weashi on
condi tion and the type and inner sfructure (for exanple, the types of

Lhe pl ate and packh&gye8ttibheigortirauedd. Mulibivestagewsest the adnotncobam. ,
Here the hold-up liquid is too large, the residence time
becomes too long, so that side reactions'andlflooding
: ) are likely to occur. Accordingly, in the method of the
10 present invention, the amount of the hold-up liquid of
the continuous multi-stage distillation column varies
depending on the distillation conditions and the type
of the distillation column. Generally, however, the
amount df the hold-up liquid is in the range of from
15 0.005 to 0.75 in terms of the volume ratio of the hold-
up liquid to the empty continuous multi-stage distilla-
tion column.
In the method of tﬂe present invention, the aver-
age residence time of the liquid phase in the continu-
20 ous multi-stage distillation column depends on the
reaction conditions, and the type and inner structure
(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,

25 preferably from 0.0l to 10 hours, more preferably from



generally in the range of fromO0.001 to 50 hours, 25 preferably fromO0.01
to 10 hours, nore preferably from54 0.05 to 5 hours. In the nethod of the
present invention, the reac- tion tenperature is in the range of from-20 C
to less than 60 C, as neasured at the inner bottomof the 5 multi-stage
distillation colum. A preferred range of the reaction tenperature varies
depending on the types of the feedstocks amd the reaction pressure, but is
generally fromO Cto less that 60 C. In the nethod of the present
invention, the reac- 10 tion pressure, as neasured at the inner bottom of
the multi-stage @iGiitdadilmoucsl um, is generally 5 x. 104 Pa or |ess,
preferably from1l x 103 Pa to 5 x 104 Pa, nore preferably from1l x 104 Pa
to 5 x 104 Pa. It is alsothessebhedtofrthgcpreaephr inyeniippacthesrepen

m xture withdrawn fromthe |lower portion of the nulti-stage distillation
colum to the nul¥ioxtEREPCEREETR| 4Fi &R EBPURANIS0CEhAECR paPt “6f tanless
unreacted cyclic carbonate and/or unreacted alighaticagﬁnohyd i al cohol

can be recycled tYP#he®tulti -3¢ aPe2arEe | 75t FBR Bred| Fopnokhggécase,
e Mt o ML BUElaBor b0 BkoblEgmiphLt a0e
col um. AIternatiyﬁ%yreécg?&gOgeHB¥rQ%uPéega£9es depending on the types
of the feedstocks and the reaction pressure, but is
generally from O °C to less that 60 °C.
. ) ' " In the method of the present invention, the reac-
10 tion pressure, as measured at the inner bottom of the
multi-stage distillation column, is generally 5 x- 104
Pa or less, preferably from 1 x 103 Pa to 5 x lO4 Pa,
more preferably from 1 x 10% Pa to 5 x 10% Pa.
It is also possible to recycle a part of a reac-
15 tion mixture withdrawn from the lower portion of the
multi-stage distillation column to the multi-stage
distillation column, so that a part of an unreacted
cyclic carbonate and/orfunréacted aliphatic monohydric
alcohol can be recycled to the multi-stage distillation
20 column. In this case, the reaction mixture withdrawn
from the lower portion of the multi-stage distillation
column, as such, may be fed to the multi-stage distil-
lation columh. Alternatively, a method may be used in

which a part or all of the reaction mixture withdrawn

25 from the lower poftion of the multi-stage distillation



which a part or all of the reaction m xture wthdrawm 25 fromthe | ower
portion of the multi-stage distillation 55 colum is subjected to
separation using a distillation separation colum thereby obtaining a
tolum top frac- tion containing an unreacted cyclic carbonate and/or
unreacted aliphatic nonohydric al cohol and a colum 5 bottomliquid, and
the colum top fraction and/or the colum Bfttomliquid is then fed to the
frul ti-stage distillation colum. For exanple, preferred is a nethod in
which a reaction mxture withdrawn fromthe j lower portion of the

conti nuous mul ti-GR%ge distFrPiectedt FenseBpraAhire PRiPrSdacedstdliarsar
boiling point m x- ture-[ecoveﬁhg col u i

whjch is conp |ied of a ?istil-
| ati on col um, t YRRy BLTY FPSTEPE BPTaAAPE pRatPC I RBNERYdFFEC-

al cohol and a me¥£%g car?onate fromt e recover%ng 88Iggﬂ, and

_ he %o of &h
& TAAF AW PP o't HE 35 85 PRE e cBeRP PR S eorl is

then the 15 m xtu

cont i nuously. 1 eougledk Looa e, thbbLs 8t ARl SELL! 210bhen gebuamcaTifhe i no

particular limtation w ect e“position of ‘an 1n uct1on port

in the multi-stagg,¢£dndishhikat bR €RLUBBauRAT eHEhsBEERoA ERAPLEORNE
mxture withdrawn fromthe nulti-stage distillation colum is recycled to

the multi-stage distihhabbe8ofOliiglia HeweMeh, ruleBoathdnneaet edrahkphatic
nonohydri ¢ al cohol
distillation column. For example, preferred is a
method in which a reaction mixture withdrawn from the
) lower portion of the continuous multi-stage distilla-
10 tion column is introduced to a low boiling point mix-
ture-recovering column which is comprised of a distil-
lation column, to thereby obtain a mixture of an
aliphatic monohydric alcohol and a dialkyl carbonate
from the top of the recovering column, and then the
15 mixture withdrawn from the top of the recovering column
is continuously recycled to the multi-stage distilla-
tion column.
There is no partic&lar'limitation with respect to
the position of an introduction port in the multi-stage
20 distillation column, through which a reaction mixture
withdrawn from the multi-stage distillation column is
recycled to the multi-stage distillation column.
However, when an unreacted aliphatic monohydric alcohol

is recycled to the multi-stage distillation column, it

25 is preferred that this introduction port is positioned



is recycled to the nmulti-stage distillation colum, it 25 is preferred that
this introduction port is positioned 56 at a |ower portion of the

mul ti-stage distillation colum, and when an unreacted cyclic carbonate is
recycled to the multi-stage distillation colum, it is preferred that this
introduction port is positioned at 5 an upper. portion of the multi-stage
distillation col- um. In the present invention, it is not necessary to

Use a solvent. However, for the purposes of, e.g., (1) facilitating the

operation for perform t he reacti 1 i Ci Lni

gl al kly: car bonat é*arf} Qg‘“’%llf Oq,%gf%r'%g%%r%ggggg%g{%ggﬁﬁ&oﬁy%ggﬁg@g; \r/ng :
istilla- tion, an roprjate j . i

ol vent . an azeot TRPETT orag AgEnt oP L ey Bon e e e o

inert sol vents i”ﬁ%%gléé 89 atbefulan-aliphasi st hydsecsnbesiumn, akemasic

hydro- carbon, a enated al I phatic hydrocarbon and a hal ogenated

aromati ¢ hydrocarbedsePed NEhdt 088i s St bragubtisgpdrtheki posotianganat nay
be present in the reaction system Further, for 20 the purpose of pronoting

the distilding-ofénofipgegepertiah edf | oMebeulthgspagatdisatliienipnododt, the
above- nentioned inert gas or a gaseous formof an inert low boiling point
organi ¢ conpound umy. be i ntroduced to the
In the present invention, it is not necessary to
use a solvent. However, for the purposes of, e.g., (1)
'i i facilitating the operation for performing the reaction
10 and (2) efficiently obtaining a dialkyl carbonate and a
diol by azeotropic distillation or extractive distilla—
tion, an appropriate inert solvent may be used as a
reaction solvent, an azeotropé-forming agent or an
extracting agent. Examples of inert solvents include
15 ap ether, an aliphatic hydrocarbon, an aromatic hydro-
carbon, a halogenated aliphatic hydrocarbon and a
halogenated aromatic hydrocarbon. |
An inert gas, suchfas nitrogen, helium or .argon,
may be present in the reaction system. Further, for
20 the purpose of promoting the distilling—off of a gener-
ated low boiling point reaction product, the above-
mentioned inert gas or a gaseous form of an inert low
boiling point organic compound may be introduced to the

reaction system from a lower portion of the continuous

25 multi-stage distillation column.



reaction systemfroma |ower portion of the continuous 25 nulti-stage
distillation colum. 57 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The

present invention will be described in greater detail with reference to
the foll ow ng Exanpl es, Com parative Exanples, Reference Exanple and
Ref erence 5 Conparative Exanple, which should not be construed as Ilimting

the scope of the present invention. In the ol | owi ng, the analysis of a
feaction mxture was conducted by means of gas chromatograph GC- 9A
(manufactured and sold by Shimadzu Corpgoration, 10 Japan djl olgolunn TC- 1
(manuf actured and sol d bREST MEDF FOR |CARRY I QUT NVENFE I and
selectivity for a product and the, F-factor of onti nuou Lti-

di stillation col um wete® 58ty THVEH l?8|V%&?néenéﬁﬁgf}gegglvigﬁéggga
selectivity The yield. {%. glyc i N ed _the
anount of the ché%%%d1£{%§?%n§é§%#%§§gtE¥ Qbﬁe§ggﬁé§§| i?ga?ggagércgﬁhylene

glycol is determmned, ;pased.ppithe AapURbneL EREmpRBSHARIREEBYLARE
carbonate; 20 tHe yI% d (@aao di et hyl cgrbonatgﬁis determ ned, based on

the amount. of thec&hssagdi o&hpkangiear hanahesnoand hbe bespeskicy@ed as
selectivities (% for dinmethyl car- bonate, diethylene glycol and
2- met hoxyet hanol Bi®iting the scope of the present invention.

Clence 1

In the following, the analysis of a reaction
mixture was conducted by means of gas chromatograph GC-
EQ:; 9A (manufactured and sold by Shimadzu Corporation,
ld Japan) using column TC-1 (manufactured and sold by GL
Science Inc., Japan). The yield of and selectivity for
a product and the F-factor of a coptinuous multi-stage
distillation column were measured in the following
manner.-

15 Yield and selectivity

The yield (%) of ethylene glycol is determined,
based on the amount of the charged ethylene carbonate;
the selectivity (%) for-ethylene glycol is determined,
based on the amount of the consumed ethylene carbonate;

20 the yield (%) of dimethyl carbonate is determined,
based on the amount of the charged ethylene carbonate;
and the respective selectivities (%) for dimethyl car-
bonate, diethylene glycol and 2-methoxyethanol are

determined, based on the amount of the consumed ethy-

25 lene carbonate.



determ ned, based on the anmount of the consunmed ethy- 25 |ene carbonate. 58
F-factor The F-factor of a continuous nulti-stage distilla- tion colum is
represented by the following formula (1): 5 F-factor = ug(P g)1/2 (1)
wherein ug represents the gas velocity (ms) in the nmulti-stage
distillation colum and ,P g represents the gas density (kg/nB) in the

nul ti-stage dlstlllatlon colum. 10 In the &B8ove forrmula (1), ug and P g
can be deter- nmined by the following fornulae (3) and (2), respec- tively:
Pg=PM[R(273.16 + t)] (2) wherein P represents the reaction pressure 15
(atnm), as neasured-factee i nner bottomof the nulti-stage distillation
~colum, Mrepresents the average nol ecul ar weight (g/nol) of

feedstock fed in a gasBeesFf&rates aflBmﬁ@ntﬁﬁP?Pﬁnmbit%hétﬁﬂﬁtﬂl§Féééa'
distillation 20 colum, R represents the gas constant gILter t nl K

t represents the t+%%c??%ﬂm?ehﬁeF%Pﬁ?ée?Eg B¥ FRgstirdy E%nghgorWHﬂgr
bottom of the nuIEi stage distillation

5 F-factor = ug(p g)l/2 (1)

wherein ug represents the gas velocity (m/s)

in the multi-stage distillation column and

. P represents the gas density (kg/m3) in the

g

1‘} multi-stage distillation column.

g and p g can be deter-

mined by the following formulae (3) and (2), respec-

10 : In the above formula (1), u

tively:

0 = P.M/[R:.(273.16 + t)] (2)

g

wherein P repreSents the reaction pressure

15 (atm), as measured at the inner bottom of the

~f

multi-stage distillation column, M repreéents
the average molecular weight (g/mol) of the
feedstock fed in afgaséous form to a lower
portion of the multi-stage distillation

20 column, R represents the gas constant
(liter-atm/K-mol), and t represents the
reaction temperature (°C), as measured at the
inner bottom of the multi-stage distillation

column;

25 and



colum; 25 and 59 ug = Q(3,600AP g) (3) wherein Q representé t he mass

vel ocity (kg/h) of the feedstock fed in a gaseous formto a |ower portion
of the multi-stage distillation 5 colum, and A represents the
cross-sectional area (n2) of the nulti-stage distillation colum. Thus,
the F-factor of a distillation colum can be _calculated by fornulae (1),
(2) and (3) fromthe above- 10 nentioned Q %& P, M Rand t. (In the above
calcula tions, when a reaction mxture is withdrawn fromthe nmulti-stage
distillation colum and heated by e - rator or the |ike obtain a
gas or a gas-liquid mi xt ur e“@nd ?ZQ30§¢§$n5dQ as or gas-liqui S xture is
15 then returned to a | . poKt | t hastage odl gt I katmgn
colum, the returned dg§¥%él$h% gggrgéﬁéggoﬁgét 5 thg ?etu%né%aéag-liquid

mxture is excluded f69”%£Q?féé§§@é&90%eéegniQ §ag@8aRUE kAl ot @ a | over
portion of the multi-stage distillation colum" fen- 20 tioned above.)

Exanpl e 1 Using a produshépnpsyeiem 88 shewnuilBiFk@age, ddistimgbRilon
carbonate (DMC) and et hyl ene glycol (EGQ were

5 column, and A represents the cross-sectional

area (m2) of the multi-stage distillation
column.
Thus, the F-factor of a distillation column can be
{‘a calculated by formulae (1), (2) and (3) from the above-
10 mentioned Q, A, P, M, R and t. (In the above calcula-
tions, when a reaction mixture is withdrawn from the
multi-stage distillation column and heated by an evapo-
rator or the like to obtain é gas or a gas-liquid
mixture and the obtained gas or gés—liquid mixture is
15 t?en returned to a lower portion of the multi-stage
distillation column, the returned gas or the gas com-
ponent of the returned gas-liquid mixture is excluded
from the "feedstock fed?in a gaseous form to a lower
portion of the multi-stage distillation column" men-

20 tioned above.)

Example 1

Using a production system as shown in Fig. 1, di-
methyl carbonate (DMC) and ethylene glycol (EG) were

25 continuously produced from ethylene carbonate (EC) and



25 continuously produced from et hyl ene carbonate (EC) and 60 nethanol
(MeOH). Di xon packings (3 mmO0) were packed in continuous nmnulti-stage
distillation colum 1, which was conprised of a colum equipped with a
teboiler and a condenser, 5 the colum. having an inner dianeter of 4 cm
(cross- sectional area: 0.00126 nR) and a packing height of 200 cm EC was
continuously fed in aliquid formto colunn‘“%op 4 of distillation colum 1
tThrough conduit 2 and preheater 3 at a flowrate of 776.2 g/h, and a 4.8 %
by 10 wei ght solution of potassium hydroxide (as a catalyst) in ethylene

gl ycol was al so c%ﬁFpﬁBBﬁs?Veég *ina liquid formthrough conduit 2' at a

fl t f 32.6 g/ h,.whil At | ' ] : d
VG (MBGH DVE wei ght. 18 8P-5asRap ol P4k BECRCPE, Rofk¥p iR ShntEhoRe’s

evaporator 6 a”gm§9@995%a§é aﬁs%il&EQTbBaESlBani?G%h?cH/Qast@o&ﬁ%&%@ﬁ

effect a trans- esterification reactiron. Continuou$s multi-stage distil-
lation colum 1 vwgs gpepatrf HadeppeandithoBRs reBereeR ahBear eastictBer,
pressure and reaction tenperature, each as 20 neasured at col unm bottom 8
thereof, were 45, €A Balu@. AB3vahg) adndnberCdiamspest bYeky cnAverags-
nmol ecul ar “weight Mof the feedstock fed in a gaseous formto a | ower
portion of distilkatitapneal ameal Otbat2i6sm’hendniaxpackioy Me®dhindfDRIOO
fed in a gaseous formthrough

cm. EC was continuously fed in a liquid form to column

top 4 of distillation column 1 through conduit 2 and

fl) preheater 3 at a flow rate of 776.2 g/h, and a 4.8 % by
10 weight solution of potassium hydroxide (as a catalyst)

in ethylene glycol was also continuously fed in a
liquid form through conduit 2' at a flow rate of 32.6
g/h, while continuously feeding a mixture of MeOH and
DMC (MedH/DMC weight ratio = 97/3) in a gaseous form

15 tprough conduit 5, evaporator 6' and conduit 5' at a
flow rate of 2,267.7 g/h, to thereby effect a trans-
esterification reaction. Continuous multi-stage distil-
lation column 1 was opeiated under conditions wherein
the reaction pressure and reaction temperature, each as

20 measured at column bottom 8 thereof, were 45,600 Pa
(0.45 atm) and 56 °C, respectively. Average molecular
weight M of the feedstock fed in a gaseous form to a
lower portion of distillation column 1 (that is, the
mixture of MeOH and DMC, fed in a gaseous form through

25 conduit 5') was calculated by using the MeOH/DMC molar



25 conduit 5') was calculated by using the MeOH/ DMC nolar 61 ratio
(0.989/0.011) as follows. M= 0.989 x 32.04 + 0.011 x 90.08 = 32.7
Therefore, gas density P g (kg/nB) and gas velocity ug (nfs) in
distillation colum 1 were calculated as fol- 5 lows: P g 0.45 x 32.7 /
[0.08205 x (273.16 + 56)] = 0.545 wug = 2. 2677/(3 600 x O. 00126 x 0.545) =
0.917 wherein the value of nass velocity'cy% .2677) used in obtaining gas
velocity ug is the mass 10 velocity (2.2677 kg/h) of the gaseous m xture

of MeOH and DMC fed Ihr d t he thus obtained gas density
P g and gas vel o&35§*° @99€8§?@t§4£6faa|§?fﬁﬁ ?IOH colum 1 was cal cul at ed
as follows. 15 F-factg ?é? X340 ?45)8 81T 9 68 Hggaseguy m xture
distilled from col um top 4 0 |st| ation colum 1 was condensed by

condenser 7. A e u ggg ondengg Sahaf hexed a1 Ga
top 4 of dlstlllat|%ﬁ§%%%%nné§§ at Eg ?a |§ bgma@ ? ghlleerecovéflﬁb

the remai nder of ¢thes s:omeaﬁgtﬁl1ée96habaw@nlvtaoweaadc@wsuuat@@nw\tﬁoau ons
of 66.8 % by melght and 33.2 % by weight, respectively) in aliquid form
fromthe groductinswsystem The flow rate of the above condensate
recovered fron1the system was mnain

P g = 0.45 x 32.7 / [0.08205 x (273.16 + 56)] = 0.545

ug = 2.2677/(3,600 x 0.00126 x 0.545) = 0.917
wherein the value of mass velocity Q (2.2677)
@:) used in obtaining gas velocity ug_is the mass
10 velocity (2.2677 kg/h) of the gaseous mixture
of MeOH and DMC fed through conduit 5°'. |
Frpm the thus obtained gas density ¢ g and gas velocity
Ug, F-factor of distillation column 1 was calculated as
follows.

15 F-factor = 0.917 x (0.545)0-5 = 0.68

of

A gaseous mixture distilled from column top 4 of
distillation column 1 was condensed by condenser 7. A
part of the resultant condensate was refluxed to column
top 4 of distillation column 1 (reflux ratio: 0.1),

20 while recovering the remainder of the condensate
(containing MeOH and DMC in concentrations of 66.8 % by
weight and 33.2 % by weight, respectively) in a liquid
form from the pfoduction system. The flow rate of the
above condensate recovered from the system was main-

25 tained at 2,524 g/h by heating the column bottom liquid



25 tained at 2,524 g/h by heating the colum bottomliquid 62 by nmeans of
reboiler 6. Aliquid reaction mxture (containing MOH DMC, EG and EC in
concentrations of 48.7 % by weight, 9.2 %by weight, 48.2 % by wei ght and
2.0 % by weight, respectively) was withdrawn from5 columm bottom 8 of
distillation colum 1 at a flowrate of 1,165 g/h and fed to | ow boiling
poi nt m xture- recovering colum 10 at a posi4ion 100 cm bel ow the top of
tolum 10 through conduit 9, wherein colum 10 was conprised of a col umm

havi n i di t f 5 1 Ki hei ght . of 200 d
havi ng packed t hex'»%.”"rﬁf%%a"siegnréé”ek?ﬁggc2 BT aR e P AS L PR BB LS

m Xt ure-recovering columm, t diti e
pressure of colugﬁOPSBlTinghg? 8f0§§§?15§ %ﬁ%ggcggﬂ(%éh?%ﬁ}%@ﬁ%%ﬁ%SB?ﬁe

temperature of cohum Bopfopifytheveol (vas 1816y, Ag9asgouy HRIGHECand

wi t hdrawn from col ufm top*1 was condensed by Condenser 13. A

part of the resubtgng W&Q”Q%@@ﬂ%? ¥R3pEekh X80 )! 0aB0LURRALEAnl Erah col um
10 through conduit 14 ile returning, through 20 conduit 15, the remai nder

of the corglensat echiuanl bekitem BObH Hes&ohuaRibat EBMUANOL e@nki FUOWS rate
multi-stage distillation colum 1 at a flowrate of 578.5 g/h. On the

ot her hand, -a parbfofl, a6l gyuhdandt Fédawn floamboddlingnpbanttomik@uat-col umm
10 was recovered fromthe
recovering column 10 at a position 100 cm below the top
of column 10 through conduit 9, wherein column 10 was
oy _ comprised of a_column having an inner diameter of 5 cm
10 and a packing height of 200 cm and having packed there-
in Dixon packings (3 mm ¢).

Low boiling point mixture-recovering column 10 was
operated under conditions_wherein the pressure of
column top 11 thereof was 1.3 x lO3 Pa (10 torr)'and

15. tpe temperature of column bottom 16 thereof was 101 °C.
A gaseous mixture withdrawn from column top 11 of
cdlumn 10 was condensed by condenser 13. A part of the
resultant condensate waé refluxed to column top 11 of
column 10 through conduit 14 while returning, through

20 conduit 15, the remainder of the condensate in a liquid
form to column bottom 8 of continubus multi-stage
distillation column 1 at a flow rate of 578.5 g/h. On
the other hand, a part of a liquid withdrawn from

column bottom 16 of column 10 was recovered from the

25 production system through conduit 20 at a flow rate of



25 production systemthrough conduit 20 at a flowrate of 63 586.6 g/h,

whil e the remainder of the withdrawn liquid was heated by reboiler 18 and

returned to colum 10 through conduit 19. The withdrawn |iquid (bottom

liquid of columm 10) contained EG (including catalyst 5 derived EG, EC and

by- produced di et hyl ene glycol (DEG in concentrations of 95.8 % by wei ght,

4.0 % by weight and 0.02 % by weight, resp ively. In the w thdrawn

Lll ?w d,d2- Tgt onyet hano{3 (2ME) (as a possible by-pro- duct) was not

et ect ed. ro e abgve da j k QN+
3%31& Wi Jt.g% '{;(Ee? fn&anOE h‘@fn tQ?th&?Q%ﬁr §h8019f EC

was 97 % the vyi was produced at a production rate

of 770 g/h), the sel.ectivity f DM N9t ! PueL£88N+89% 81 %nnt he vyield
of EG was 97 %(é@s\’/vahseapér%%u%%dpéa? a pirNg %c%)xltl%n %E IF—ate gf %30. 7ng/ h), and

the selectivity fgr EQWas,Netit! o¥er ©hany98n8rdemAl squilihepvekbre (V) of
the reac- tion zone 11 continuous nmulti-stage distillation colum 1 was

cal cul ated as foligywia \6¥ el @@nx1890cbntaDNOd=EC2( bh31Ldtiey. cihelebare,
the productivity of DMCin 20 ternms of the space tinme yield was: 770/2.51 =

307 g/literh. Thee£Drshd tE®Ns BOdané@sbitprofiucke diatbyleseegilticodt (BEG)

reaction are shown in Table 1. Exampl e 2 25 Di net hyl carbonate (DMC) and

et hyl ene gl ycol (&#fconcentrations of 95.8 % by weight, 4.0 % by weight
and 0.02 % by weight, respectively. In the withdrawn
liquid, 2-methoxyethanol (2ME) (as a possible by-pro-

) duct) was not detected.

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

]

conversion of EC was 97 %, the yield of DMC was 97 %
(DMC was produced at a production rate of 770 g/h), the
selectivity for DMC was not lower than 99.9 %, the
vield of EG was 97 % (EG was produced at a production
15 rgte of 530.7 g/h), and the selectivity for EG was not
lower than 99.9 %. Also, the volume (V) of the reac-
tion zone in continuous multi-stage distillation column
1 was calculated as folipws: V=1 x 22 x 200 / 1,000 =
2.513 liter. Theréfore, the productivity of DMC in
20 terms of the space time yield was: 770/2.51 = 307

g/litér-h. The conditions and results of the trans-

esterification reaction are shown in Table 1.

Example 2

25 Dimethyl carbonate (DMC) and ethylene glycol (EG)



64 were continuously produced from et hyl ene carbonate (EC) ~and net hanol
(MeOH) by using substantially the same production systemas in Exanple 1,
except that continu- ous nulti-stage distillation colum 1 had an inner 5
di ameter of 5 cm (cross-sectional area: 0.00196 nR) and a packing hei ght
of 135 cm The operation for the production of DMC and EG was performed in
substantially the same manner as in Exanpl €41, except that the reac- tion
conditions were as follows: EC was fed at a flow 10 rate of 727.0 g/h; a
4.8 % by weight solution of po- taSS|un1h X|de %gs a catalyst).in

et hyl ene gl ycol W@@ef%%“E%HHOPFBK/PEPQuS rﬁmg? Yéeﬂ?xFﬁfé B%tﬁb&ﬁc )and

DMC fed th h
terperature of oof C°”d¥ 1 BBl Bisb8% fo *aun S aRtadnd 1B §o8G e

gas ens and gas

vel oci ty ug i n distiI et n cabum L VRY €055 k! Ecand GnS80ccthing.

respectively, di's tion c Iunn 1 was

plauid mxture oblalngd) Py, g%ggsnaﬁgkq 19%18n2Bo8ARA0US nBlaX b & tetchdr awn
fromcolum top 4 0 rstil- tion co um (hereinafter referred to

sinply ass "col urralgﬂetém@!@ngabﬁ f(eees\s@ols@malé nh1(eeekai 0i.0g1KBOM? )artaDVC
in concentrations of 67.2 % by weight and 32.8 by wei ght, respectively) was

obt ai ned at- a fl oy patRing5nefight362 gAlB. cm. The operation for the
production of DMC and EG was performed in substantially
the same manner as in Example 1, except that the reac-
) tion conditions were as follows: EC was fed at a flow
10 rate of 727.0 g/h; a 4.8 % by weight solution of po-
tassium hydroxide (as a catalyst) in ethylene glycol
was fed at a flow rate of 30.2 g/h; a mixture of MeOH
and DMC was fed through conduit 5 at a flow rate of
2,157.9 g/h; the reaction temperature of column bottom
15 8¥was 55.7 °C; and gas density » g‘and_gas velocity Ug
in distillation column 1 were 0.545 kg/m> and 0.560
m/s, respectively, and hence.the F—factor.of distilla-
tion column 1 was 0.41.f
A liquid mixture obtained by condensation of a
20 gaseous mixture withdrawn from column top 4 of distil-
lation column 1 (hereinafter referred to simply as
"column top condensate from column 1") (containing MeOH
and DMC in concentrations of 67.2 % by weight and 32.8
$ by weight, respectively) was obtained at a flow rate

25 of 2,363 g/h.



65 A liquid reaction m xture (containing MOH, DMC, EG and EC in
concentrations of 47.4 % by weight, 1.2 by weight, 48.7 % by wei ght and
2.6 % by weight, re- spectively) was withdrawn from colum bottom8 of 5
distillation colum 1 at a flowrate of 1,064.6 g/h and, as in Exanple 1,
fed to |l ow boiling point m xture- recovering_colum 10 which was operated
under the sanme conditions as in Exanple 1. R part of a liquid mxture

Oobt ai ned by condensati on of a gaseous nmixture withdrawn 10 from colum top

11 of columm 10 (hereipafter. ref d_to.sj "
( Waglz?glt &lid ergéég}?%uﬁhﬁ#lgp&y{ éént§gﬂr~#]‘q§0hg@1{(,:05g?osat e

from col utm 10") Whed TR a ormto co ttom 8 o

distillation col ym Jgtea [ QYAaLeplepdls S8/ By A sPBYLuBkgftl | aunds

wi thdrawn fromc o) um 10 was recovered fromthe

product i on systemy thraugh, condui 29 bigntlauarate ofppdiedaath. sihe
wi t hdrawn [iquid (%ot tom 1 qui d of c%l urr%&lO) cont ai ned §EGe %C ang

by- produced di et hyb&ne: @b M Pl wd HEAE tharawANELshr ablons bbt84m78%oley wei ght,
5.0 % by weight and 20 0.03 % by weight, respectively. In the w thdrawn
liquid, 2smethoxydtdiedolat2dd)cdéhsma possi bl €1by- pabe dficl) OGés 6ngt/h
detected. Fromthe above data, it can be seen that the conversion of EC
was 96 % the yiednd ofadDM BsaBBles 25 fOVCtaasopr bauit éagaPoansr BdHSUren
rate of 710 g/ h), the
recovering column 10 which was operated under the same
conditions as in Example 1. A part of a liquid mixture
iﬂ) obtained by condensation of a gaseous mixture withdrawn
10 from column top 11 of column 10 (hereinafter referred
to simply as "column top condensate from column 10")
was returned in a liquid form to column bottom 8:of
distillation column 1 at a flow rate of 517.3 g/h. A
part of a liquid withdrawn from column bottom 16 of
15 column 10 was recovered from the pfoduction system
through conduit 20 at a flow rate of 547.3 g/h. The
withdrawn liquid (bottom ligquid of column 10) contained
EG, EC and by-produced éiethylene glycol (DEG) in
concentrations of 94.7 % by weight, 5.0 % by weight and
20 0.03 % by weight, respectively. In the withdrawn
liquid, 2-methoxyethanol (2ME) (as a possible by-pro-
duct) was not detected.
From the above data, it can be seen that the

conversion of EC was 96 %, the yield of DMC was 96 %

25 (DMC was produced at a production rate of 710 g/h), the



66 selectivity for DMC was not lower than 99.9 % the vyield of EG was 96
% (EG was produced at a production rate of 489 g/h), and the selectivity
for EG was not |ower than 99.9 % Al so, the volunme (V) of the reac 5 tion
zone in continuous nulti-stage distillation colum 1 was cal cul ated as

follows: V=it x 2.52 x 135/ 1,000 2.65 liter. Therefore, the _
productivity of DMCin terns of the space tPhe yield was: .710/2.65 = 268
1 g/literh. The conditions and results of the trans- 10 esterification

reaction are shown_.in Table 1 arative bonate
(DIVbC) and ((atEgll efEG t(yEcsor % %t’?‘?ﬁjé[% %baﬁhcr%tdr%/r om el%%yl ene
car bonat e t_hanol S as
idn Exialnpl e 2, exé’é‘&?‘rad g'{}%ewarsead%%?l(%éessurge%d%o# s haboqciomg %
istillation colym. 1 $ Pa. 4 ( @@,gj , r I t he
reaction tenper ature Vﬁ Blaogﬁnapgotﬁdm%h éTadl st ‘{atl ofnéaiio%ﬂn;ﬁéj Iflfxwlats 20

79.6 C, and gas ‘i‘%ﬁﬁéﬁ Yerd @b gas Vel 861 téhdiGrdTundi @) [d At soheum 1
were 1.130 kg/ n8 and 0.270 m's, respectlvely, and hence the F-factor of

distillation columh s ﬂa%?onﬁmlwnnﬁp@lc@m@&m&ﬂmm UL dmn
(cont ai ni r?g 25 MeCH and DMC in concentrations of 74.1 % by weight and 67

1 was calculated as follows: V = n x 2. 52 x 135 / 1,000

= 2.65 liter. Therefore, the productivity of DMC in

terms of the space time yield was: .710/2.65 = 268
f ) ' g/liter+h. The conditions and results of the trans-
10 esterification reaction are shown in Table 1.

Comparative Example 1

Dimethyl carbonate (DMC) and ethylene glycol'(EG)
were coﬂtinuously produced from ethylene carbonate (EC)
15 agd methanol (MeOH) in substantially the same manner as
in Example 2, except that the reaction pressure of
column bottom 8 of distillation column 1 was 101,000 Pa
(1 atm) and that, as a £esult, the reaction temperature
of column bottom 8 of distillation column 1 was

20 79.6 °C, and gas density o and gas velocity Ug in

g
distillation column 1 were 1.130 kg/m3 and 0.270 m/s,
respectively, and hence the F-factor of distillation
column 1 was 0.29.

A column'top condensate from column 1 (containing

25 MeOH and DMC in concentrations of 74.1 % by weight and



25.9 % by weight, respectively) was obtained at a flow rate of 2,313 g/h.
A liquid reaction mxture [containing MeCH DMC, EG EC, diethylene glycol
(DEG and 2-net hoxyethanol 5 (2ME) in concentrations of 38.1 % by wei ght,
1.0 % by weight, 40.3 % by weight, 20.3 % by weight, 0.19 % by weight and
0.009 % by weight, respectively] was with- drawn from col um bottom 8 of
distillation colum 1 at a flowrate of 98?74 g/h. A part of a colum top
10 condensate from colum 10 (Il ow boiling point m xture- recovering col um)
was returned in a liquid form

I 1to colum bottom8 of distillatipn colunm 1
at a flowrate & -3B% PyMeIRharfeHeGITHY Y Vit h%?g%n? o?ﬁO:CSI S;Lr%w
bottom 16 of colum 10 overed fromthe produc 15 tion systemthrough
conduit 20 at a YR roaélvgzs'd#le%@l. * g/h. The withdrawn liquid (bottom

g O oo o oL et flned dc fon Rz BLOJUREGEL hIXG Sefl) YBOE, (DFO

and by- produced 2-nmet hoxyethano in concentra- tions”of

vei ght, 33.4 %bkwiwt,d&%f@@, 0,861 Ihbr@Ndafa 045nde RYxyeLERho1

respectively. From' he ‘above data, it can be seen that the conversion of
EC was 72.:4 % thew el th Boddnvesticnd of DBE. vas pyodecedtat 1aoprodyct i on

rate of 535 g/h), the selectivity for DMC was 99.4 % the yield of EG was
25 72.0 % (EG wasypigisiticedd a3 @ oy odeicghon 2at® ®fbB68e¥gh8, 0.19 % by
weight and 0.009 % by weight, respectively] was with-
drawn from column bottom 8 of distillation column 1 at
{h) a flow rate of 987.4 g/h. A part of a_column top
10 condensate from column 10 (low boiling point mixture-
recovering column) was returned in a liquid form to
column bottom 8 of distillation column 1 at a flow rate
of 385.7 g/h. A part of a liquid withdrawn from column
bottom 16 of column 10 was recovered from the produc-
15 tion system through conduit 20 at a flow rate of 601.7
g/h. The withdrawn liquid (bottom liquid of column 10)
contained EG, EC, by-produced diethylene glycol (DEG)
and by-produced 2-metho;yethanol (2ME) in concentra-
tions of 66.1 $ by weight, 33.4 % by weight, 0.31 % by
20 : weight and 0.015 % by weight, respectively.
| From the above data, it can be seen that the
conversion of EC was 72.4 %, the yield of DMC was 72.0
% (DMC was produced at a production rate of 535 g/h),

the selectivity for DMC was 99.4 %, the yield of EG was

25 72.0 % (EG was produced at a production rate of 368.7



g/ h), and the selectivity for EGwas 99.4 % It can also be seen that the
selectivities for by-produced diethylene glycol and by-produced

2- met hoxyet hanol were 0.60 % and 0.020 % respectively. Further, the
produc 5 tivity of DMCin terns of the space tine yield was: 535/2.65 =

202 g/liter.h. The conditions and results % the transesterification
reaction are shown in Table 1. As nentioned above, in Conparative Exanple

1, 10 the reaction was performed under conditions wherein the reaction

pressure and tempe hfure 269! WLc bl o Boof seolugmod ¥ese 1113ax 105

Pa (i.e., atnos ' pressure and C, respective mhlch are

hi gher than thOS ﬁﬁﬁmﬂg§nZQha@nghéhgeiécE1@§€£Q§ QBrcgbuﬁﬂoéuﬂﬁa 0.29

(which is | ower tH i n Exanple ) conpari son between the results

of such Conpar at'd’fexﬁ%@ﬂ&k@ d1pe6h tka ?%ﬁ:b&u@édEZaﬁal:ﬁoﬁyéhﬁ%otLhaéréhe
product|V|ty of DMC in Conparative Exanple 1 (202 gliter-1h-1) is 20 |ower

than that in Exanpl&o2s (268 gloters) . hedpectively.202i26Bexr, 0tfhB prodes) ],
and the occurrence of the by-products in Conparative Exanple 1is Ilarger
t han that# n Exanpieify despnCeitheefmstoftbhe Epmper imeeyErdnplest
enpl oys the same produc 25 tion systemas in Exanple 2. 69
535/2.65 = 202 g/liter-h. The conditions and results
of the transesterification reaction are shown in Table
1.
) As mentioned above, in Comparative Example 1,

10 the reaction was performed under conditiqns wherein
the reaction pressure and temperature of column
bottom 8 of column 1 were 1.013 x 10° Pa (i.e.,
atmospheric pressure) and 79.6 °C, respectively
(which ére higher than those in Example 2), and the

15 F;factor of column 1 Qas 0.29 (which is lower than

that in Example 2). A comparison between the

results of such Comparative Example 1 and the

results of Example 2 shows that the productivity of
i DMC in Comparative Example 1 (202 g'liter”l-h'l) is

20 lower than that in Example 2 (268 g-liter'loh'l)
[i.e., 202/268 = 0.75 (times)], and the occurrence
of the by-products in Comparative Example 1 is
larger than that in Example 2, despite the fact

that Comparative Example 1 employs the same produc-

25 tion sysfem as in Example 2.



Conpar ative Exanple 2 Dinmethyl carbonate (DMC) and ethyl ene glycol (EQ
and net hanol

were continuously produced from et hyl ene carbonate (EC)

(MeOH) in substantially the same manner as 5 in Exanple 2,

except that a

m xture of MeCH and DMC was fed to columm bottom 8 of distillation colum
1 through <conduit 5 at a flowrate of 3, 123 g/ h and the reaction pressure
of colum bottom 8 of distillation colum 1% was 101, 000 Pa (1 atm and
that,-as a result, the 10 reaction tenperature of colum bottom 8 of

distillation Iunn 1 was 76.7 C 9 gas density P 9 and gas, velocity
ug in dlstllIat|dﬂzﬁﬁiﬁﬁﬁ£i—mgiiﬁg—i4—kg/nB and-0.388 m's, respectively,
and hence the F- factor 1 I top
condensate from col um ﬁ ?E%% alnl 5AQE%C£FMEE %Rﬁféﬁﬂ¥%%%%n§1§c§gngﬁgg
78.4 % by wei ght PeebhVELYy1AS aRtBbRgdeal @
flow rate of 3,3 %&nﬁ\ﬁ%ng g%??%ﬁénfgéure %ontalnlng MeOH H t(Dl\/t‘):

20 EG EC, d'ethyéﬁ@%n&%ﬂ&ﬂ%l(Fﬁg%HQngnzsﬂgghgﬁiﬁémﬁﬁokhe(gﬁﬁé manner as
concentrations of 42.8 %by weight, 1.1 %by weight, 44.4 % by wei ght,

11. 4 % by swei ght, i Q. Rdafp by 2\,/veegbépandhet099ﬁ1£¥¢byev\efghéonr asfeDMCV elyg]
was with- drawn fromcolum bottom 8 of distillation colum 1 at 25 a fl ow
rate of 1,028 g/ hfed partobfima bottom B8opfcdndtiDlation column 1 through

conduit 5 at a flow raté of 3,123 g/h and the reaction

pressure of column bottom 8 of distillation column 1

\
Sernet

was 101,000 Pa (1 atm) and that, as a result, the

10 reaction temperature of column bottom 8 of distillation

column 1 was 76.7 °C, and gas density p'g and gas.

velocity Ug

in distillation column 1 were 1.14 kg/m3

and 0.388 m/s, respectively, and hence the F-factor of

distillation column 1 was 0.41.

15 - A column top condensate from column 1 (containing

MeOH and DMC in concentrations of 78.4

=]

% by weight and

21.6 % by weight, respectively) was obtained at a flow

rate of 3,302 g/h.

A liquid reaction mixture [containing MeOH, DMC,

20 EG, EC, diethylene glycol (DEG) and 2-methoxyethanol

[+]

(2ME) in concentrations of 42.8 % by weight, 1.

weight, 44.4 % by weight, 11.4 % by weight, 0.21

1

o\

by

oo

by

weight and 0.0097 % by weight, respectively] was with-

drawn from column bottom 8 of distillation column 1 at

25 a flow rate of 1,028 g/h. A part of a column top cond-



ensate fromcolum 10 (low boiling point m xture-recov- ering colum) was
returned in aliquid formto colum bottom8 of distillation colum 1 at a
flowrate of 451.2 g/h. A part of a liquid withdrawmn fromcolum 5 bottom
16 of columm 10 was recovered fromthe produc- tion systemthrough conduit
20 at a flowrate of 577.1 g/ h. The w thdr wn liquid (bottomliquid of
colum 10) contained EG EC, by-produced di'ethyl ene glycol and by-
produced 2-net hoxyet hanol in concentrations of 79.0 10 by weight, 20.31 %
by weight, 0.38 % 'ﬂfema&shmﬁnoﬂd by M@igbﬁg E%:8§H@Cﬁ1h¥%h¥e -Feemythe

above data, it can e seen that 1 conversi on of % the yield

of DMC vas 83.4 eéﬁ%mm Of4S efk BlrRe@r OHUS! LORuEAt @00k €30cBAkNn 15
the selectivity for was 99.4 % the yield of EG'was 83.4 % (EG was

produced at a prashictdwng ret eaDét#LVaBiof/ Bplumndit Be sekeew vty bar EG
was 99.4 % It can also be seen that the selectivities for by-produced

di et hyl ene gl ycol4asnd hy/pr odacesir2- oﬁtaoky@uhénwhtMGrewﬁof@oﬁOc%iam@ 0. 019
% respectively. Further, the produc- tivity of DMCin terns of the space
time yield was: bﬁ&#dm656=323ﬂog¢m$tb®.MaSThQCQUﬁGEﬂiéﬁ@maﬁher@§9ﬁp§ of
the transesterification reaction are shown in Table 1. 25 As nentloned
above, in Con'par aﬁi% Wg‘ﬁgpetlzrogg@ qqndu:x.t 20 at a flow rate of 577.1

g/h. The withdrawn liquid (bottom liquid of column 10)

contained EG, EC, by-produced diethylene glycol and by-
Ch produced 2-methoxyethanol in concentrations of 79.0 %

10 by weight, 20.31 % by weight, 0.38 % by weight and
0.017 % by weight, respectively. |
From the above data, it can be seen that the
coﬁversion of EC was 83.9 %, the yield of DMC was 83.4
% (DMC was produced at a production rate of 620 g/h),

15 the selectivity for DMC was 99.4 %, the yield of EG was

X

83.4 % (EG was produced at a production rate of 427.3
g/h), and the selectivity for EG was 99.4 %. It can
also be seen that the selectivities for by-produced
diethylene glycol and by-produced 2-methoxyethanol were

20 0.60 % and 0.019 %, respectively. further, the produc—_
tivity of DMC in terms of the space time yield was:
620/2.65 = 234 g/liter-h. The conditions and results
of the transesterification reaction are shown in Table
1.

25 As mentioned above, in Comparative Example 2, the



reaction was performed under conditions wherein the reaction pressure and
tenperature of colum bottom 8 of colum 1 were atnospheric pressure and
76.7 C, respec- tively (which are higher than those in Exanple 2), and 5
the F-factor of colum 1 was 0.41 (which is the same as in Exanmple 2),
wherein the F-factor was achieved by incregsing the flowrate of a m xture
of MOH and DMC fed to colum 1 through coﬁauit 5 to a level higher than
that in Exanple 2. A conparison bet ween t he 10 results of such Conparative

- Conpar at ?vteheééﬁ?f%uj 01w P e T OB ETR Y, el e
2 (268 gliter- %%t:c%%p%g§4é\?l6&§§(nd %é@é alof a&ﬂlﬁm QGQHBﬁegcngf

t he by- products in Ive arger an that in Exanple

2, despite the fapf,fhaf Ja&ee r%%é@gufé) &hét% 71 8| opespbym 1
in Conparative Exa llle 2 is larger t% that in Example 2. 20 Exarrple 3

Di net hyl Carbonalﬁa&é%§3(@Wﬂc@tﬂféeﬁﬁgﬂéﬂcﬁhaﬁ5£ﬁoséeiﬁ E0atb D&ORS ) yand
produced from et hyl ene carbonate (EC) and nethanol (MeOH) by using

substanti 8l |y thetisane- £ 6664 ChHf OfoBysh e wss i 0. ExamahtcH, iextept sthat as
continu 25 ous mul ti-stage distillation colum 1 had an inner 72
in Example 2), wherein the F-factor was achieved by
increasing the flow rate of a mixture of MeOH and DMC
fed to column 1 through conduit 5 to a level higher
2 than that in Example 2. A comparison between the
10 results of such Comparative Example 2 and the results
of Example 2 shows that the productivity of DMC in

'1-h'l) is lower than

Comparative Example 2 (234 g-liter
that in Example 2 (268 g-liter~l.h"l)[i.e., 234/268 =
0.87 (times)], and the occurrence of the by-products in
15 Cgmparative.Example 2 is larger thén that in Example 2,
despite the fact that the amount of MeOH fed to distil-
lation column 1 in Comparative Example 2 is larger than

that in Example 2.

20 Example 3
Dimethyl carbonate (DMC) and ethylene glycol (EG)

were continuously produced from ethylene carbonate (EC)
and methanol (MeOH) by using substantially the same
production system as in Example 1, except that continu-

25 ous multi-stage distillation column 1 had an inner



di ameter of 5.36 cm (cross-sectional area: 0.00225 n2) and a packing

hei ght of 100 cm The operation for the production of DMC and EG was
performed in substantially the sane manner as in Exanple 1, except that
the reac 5 tion conditions were as follows: EC was fed at a flow rate of
612.2 g/h; a 4.8 % by wei ght solution of sod} um hydroxide (as a

catal yst) (i nstead of potassi um hydrox- ide) et hyl ene glycol was fed at a
flowrate of 25.4 g/h (instead of 32.6 g/h); a nmixture of MeOH and DMC 10

ves fed through condui o5 gt & L)our g0l LeZ3ToAL: orbhe bEagbeNR2)

temperature of co ensity gas
velocity ug in il r S kgf, ad Q %9,3f|5izs,th
respectively, angé'ﬁen%:e&t%}gﬁlz&f ac?%h%o?@d?gtel ?[I%atl ongﬁo 08 arm was 8 29.
A colum top cond&f@@&&léﬁ%f%mﬂa&d(e@nt«as ;egfoMa@hi aadswstuamlany

concentrations of 67.2 % by weight and 32.8 % by wei ght, respectively) was

obtained at a fl ophel dbBe Ohadn892ag/ hn BRaMphiqui dekeapti @hani Xher eeac-
(containing MeOH, DMC, EG and EC in concentrations of 45.7 % by wei ght,

1.2 by weight, 4¥idn%bydieight astde6aB FobyowsigbC, wae- fedeatt welfowas
w t hdrawn from col um bottom 8 of distillation colum 1 at a flow rate of
888.7 g/ h and, 25raseiafEfadpRegih;fed4t8 Rowvbuwehiohy peilwtignxfr §op3um
hydroxide (as a catalyst)(instead of potassium hydrox-
ide) in ethylene glycol was fed at a flow rate of 25.4
) g/h (instead of 32.6 g/h); a mixture of MeOH and DMC
10 was fed through conduit 5 at a flow rate of 1,737 g/h;
the reaction temperature of column bottom 8 was
56;2 °C; and gas density o g and gas velocity ug in
distillation column i were 0.545 kg/m3 and 0.393 m/s,
respectively, and hence the F-factor of distillation
15 cglumn 1 was 0.29.
A column top condensate from column 1 (containing
MeOH and DMC in concentrations of 67.2 % by weight and
32.8 % by weight, respeétively) was obtained at a flow

rate of 1,902 g/h.

20 A liquid reaction mixture (containing MeOH, DMC,

o\

EG and EC in concentrations of 45.7 % by weight, 1.2 2
by weight, 47.1 % by weight and 6.0 % by weight, re-
spectively) was withdrawn from column bottom 8 of
distillation column 1 at a flow rate of 888.7 g/h and,

25 as in Example 1, fed to low boiling point mixture-



recovering colum 10 which was operated under the sane conditions as in
Exanple 1. A part of a columm top condensate fromcolum 10 (|l ow boiling
poi nt m xture- recovering colum) was returned in a liquid formto 5 col umm
bottom 8 of distillation coluntmm 1 at a flowrate of 416 g/h. A part of a
liquid withdrawn fromcolum bottom 16 of gglunn 10 was recovered fromthe
produc- tion systemthrough conduit 20 at a'flowrate of 472.7 g/h. The

Wi t hdrawn liquid (bottomliquid of colum 10) 10 contained EG EC and

oY Broceed & o BASIpy P g EElg hSOcE gk B o I on

11.3 % by weight an y wei ght, respective
~liquid, 2-methoxyel <M {RSELa9BS| P! € a byaPt 08 CE) c¥BSmAOtop
detected. 15 Fron1fﬂgp§%%ve dat a, itlggn be seeﬁythat the conversion of EC

was 91.3 % the yiglebodaMEMaE Od1dnn (DM ves 6 oTUE§dpaing Pigeucki-on
rate of 572 g/h), the selectivity for DMC was not |ower than 99.9 % the

yiel d of EG was YHedodefhiywesipiniuced pétarpeddimtaohiqOdr &bemoto394
g/ h), and the selectivity for EG was not |lower than 99.9 % Also, the

vol une (V) of thecokam bhotbomoheof ndtshilbabisn nobliumgt hgetdesfiPvarasa
colum 1 was calculated as follows: V =n x 2.682 x 100 / 1,000 = 2.26
liter.. Thereforef t4bpgbductd vipaytopf DMCLPGuid vEERET BVt RECEpEE LU e

yield was: 572/2.26 = 253 74 -
bottom 16 of column 10 was recovered from the produc-

tion system through conduit 20 at-a flow rate of 472.7
f?} g/h. The withdrawn liquid (bottom liquid of column 10)
10 contained EG, EC and by-produced diethylene glycol
(DEG) in concentrations of 88.5 % by Weight, 11.3 % by
weight and 0.02 % by weight, respectively. In the
withdrawn liquid, 2-methoxyethanol (2ME) (as a possible
by-product) was not detected.
15 N From the above data, it can be seen that the

-

conversion of EC was 91.3 %, the yield of DMC was 91.3

oo

(DMC was produced at a production rate 6f 572 g/h),_
the selectivity for DMC was not lower than 99;9 %, the

' ?' vield of EG was 91.3 % (EG was produced at a production

20 rate of 394 g/h), and the selectivity for EG was not

lower than 99.9 %. Also, the volume (V) of the reac-
tion zone in continuous multi-stage distillation column
1 was calculated as follows: V = n x 2.682 x 100 /
1,000 = 2.26 liter. Therefore, the productivity of DMC

25 in terms of the space time yield was: 572/2.26 = 253



g/literh. The conditions and results of the trans- esterification reaction
are shown in Table 1. Conparative Exanple 3 5 Di nethyl carbonate (DMC) and
et hyl ene glycol (EG were continuously produced from ethyl ene carbonate
(EC) and nethanol (MeOH) in substantially the sane manner as in Exanple
3, except that a m xture of MeOH and DMC was, ,Z fed to colum bottom 8 of
distillation colum 1 through 10 conduit 5 7% a flowrate of 719 g/ h and
that, as a result, the reaction tenperature of columm bottom 8 of
distillation colu as_den

Si.t a i_Lty ug
in distillation c%(f ﬁ IWare eS(i%ngftg?‘?r@sa 8% ¥?[§§QE1S ggrgggez:é?%\g}%l y, and
hence the F 15 factor till 1 cel umm top
condensate from cosfterl;l %:?)n Jé.l ﬁ%gg@l%%n%}lm ?ﬂ ggﬁ'ggn?ratl ons of
66.3 % by weight and 33. 7 % by wei ght respectively) was obtained at a
flow rate of 789.3 g/h. 20 Aliquid reaction m xture [containing MOH,
DMC, EG EC and @igbhyhenge 0kxsmb16DEG) in concentrations of 42.3 % by
wei ght , 0 96 % by —werght; 19.3 % by weight, 37.4 % by weight and 0.02 % by
wei ght, ipectl vel y] pywastwiihdeawBnhitem patymanboetagil8nef gdivebill I(&G)on
25 col umm at a flowrate of 998.9 g/h. 75 A part of a colum top
condensat e from cwéuencdftinuously produced from ethylene carbonate (EC)

and methanol (MeOH) in substantially the same manner as
in Example 3, except that a mixture of MeOH and DMC was
f} fed to column bottom 8 of distillatién_column 1 through
10 conduit 5 at a flow rate of 719 g/h and that, as a
result, the reaction temperature of column bottom 8 of
distillation column 1 was 55.9 °C, and gas density » g
and gas velocity Ug in distiliation column 1 were 0.545
kg/m3 aﬁd 0.163 m/s, respectively, and hence the F-
15 fgctor of disfillation column 1 was 0.12.
A column top condensate from column 1 (containing
MeOH and DMC in concentrations of 66.3 % by weight and
33.7 % by weight, respeétively) was obtained at a flow
rate of 789.3 g/h.
20 A liquid reaction mixture [containing MeOH, DMC,
EG, EC and diethylene glycol (DEG) in concentrations of

42.3

o

by weight, 0.96 % by weight, 19.3 % by weight,
37.4 % by weight and 0.02 % by weight, respectively]
was withdrawn from column bottom 8 of distillation

25 column 1 at a flow rate of 998.9 g/h.



(I ow boiling point mxture-recovering colum) was returned in a liquid
formto colum bottom 8 of distil- lation colum 1 at a flowrate of 431.8
g/h. Apart of 5 aliquid withdrawmm from colum bottom 16 of colum 10 was
recovered fromthe production systemthrough con- duit 20 at a flow rate of
567.1 g/h. The withdrawn |iquid (botton1I|QU|d of columm 10) contai ned EG
EC and by-produced di et hyl ene gl ycol (DEQ Pn concentra 10 tions of 33.9 %
by weight, 65.86 % by weight and 0.02 % by weight, respectively From t he
above data, it can be seen that the converS|on

| d

ig Dhlvr: wasI gs ? % (DMCRRALT [i? ORI SR SR ‘?’b%qf%t r%rF % h‘s‘p‘fh¥bgnd
the yie 0] wa % ( EG d d_at f
168. 2 gyh) Furtﬁgtow ?qr?eﬁdr Jl‘r\ll%l\?fl rlgr%cl\%cgv Ia“?é%?%e spa%gtt?l (r)re
yield was: 244/ 2,88 508 0/d 14k o THSk 0001 L Ay 0 £68 U8 165 0B 5021 -

transesterification re ion are own in e 1. 20 As descri bed above,

in Conparative Examldh otien 110w datfowiraedist U1 08 §BOH andp@ME bed
to distilla- tion colum 1 through conduit 5 is decreased so as to achieve
an F-factor (0.12) mkjoiy ivwitioaeswih hewoh hedlumn xetphel 8. oA cohpani 30N
between the results of such 25 Conparative Exanple 3 and the results of
Exanpl e 3 76 showss tdetotdweedr oot the t yroduMdn nsGobemr thifgegh con-

duit 20 at a flow rate of 567.1 g/h. The withdrawn

liquid (bottom liquid of column 10) contained EG, EC

('} - and by-produced diethylene glycol (DEG) in concentra-
10 tions of 33.9 % by weight, 65.86 % by weight and 0.02 %

by weight, respectively.
From the above data, it can be seen that the

conversion of EC was 39 %, the yield of DMC was 38.9

oP

({DMC was produced at a production rate of 244 g/h) and

15 th yield of EG was 38.9 $ (EG was produced at a pro-
duction rate of 168.2 g/h). Further, the productivity
of DMC in terms of the space time yield was: 244/2.26 =
108 g/liter-h. The conditions and results of the
transesterification reaction are shown in Table 1.

20 As described above, in Comparative Example 3, the
flow rate of a mixture of MeOH and DMC fed to distilla-
tion column 1 through conduit 5 is decreased so as to
achieve an F-factor (0.12) which is lower than that in
Example 3. A comparison between the results of such

25 Comparative Example 3 and the results of Example 3



Example 3 (108 gliter-1h-1) is lower than that in -Exanple 3 (253
gliter-1h-1) [i.e., 108/253 = 0.43 (tinmes)]. 5 Exanple 4 Using the sane
production systemas in Exanple 1, dinethyl carbonate (DMC) and et hyl ene
glycol (EG were } continuously produced from ethyl ene carbonate (EC) and
10 net hanol (MeOH) in substantially the sarre manner as in Exanple 1,
except that the reaction conditions were as”’ 6fol | ows: EC was fed at a flow
fate of 988.6 g/h; a 4.8 by weight solution of pOtaSSI um hydr oxi de (as a

catalyst) in ethylen col_was fed at. a flowr 15

m xture of MeOH &MP “ﬁv%l%ll?&s rﬂ"d{Fg\HV Bhdd t a’tn C?T V\f?g géof
2,580.9 g/h; the reactio sure &nd-1 e cgl pom, t 8 were
30,400 Pa (0.3 ﬁ"rﬁ a%ﬁid 47( respe t| vel y{ aL'faéjn %‘g%rdee*m ty}tP JE’ gﬁnand gas

velocity ug in dg:‘s’{1 r%Jlaet |Eﬁr}22%| W s of:e ﬁ?l %%kg/f@epﬂ%l 5@44gls

respectively, tron colum 1 was 0.94. A
col umm top conder[stgaltﬂee )r)om colum 1 (containing MOH and DMC in
concentrations of 65.1 % by weight and 34.9 % by wei ght, respectively) was
obtained at a flow 25 rate of 2,891 g/h. 77 A liquid reaction m xture
(containi ng MeOH, DMC,

Example 4
Using the same production system as in Example 1,
dimethyl carbonate (DMC) and ethylene glycol (EG) were
”“} continuously produced from ethylene carbonate (EC) and
10 methanol (MeOH) in substantially the same manner as in
Example 1, except that the reaction conditions were as
| follows: EC was fed at a flow rate of 988.6 g/h; a 4.8
% by weight solution of potassium hydroxide (as a
catalyst) in etﬁylene glycol was fed at a flow rate of
15 61.5 g/h; a mixture of MeOH and DMC was fed through
conduit 5 at a flow rate of 2,580.9 g/h; the reaction
pressure and temperature of column bottom 8 were 30,400
Pa (0.3 atm) and 47.1 °6, respectively; and gas density
o

and gas velocity u, in distillation column 1 were

g g
20 0.373 kg/m3 and 1.524 m/s, respectively, and hence the
F-factor of distillation column 1 was 0.94.
A column top condensate from column 1 (containing
MeOH and DMC in concentrations of 65.1 % by weight and
34.9 % by weight, respectively) was obtained at a flow

25 rate of 2,891 g/h.



EG and EC in concentrations of 44.8 % by weight, 1.1 by weight, 48.5 % by
wei ght and 5.4 % by weight, re- spectively) was withdrawn from col um
bottom 8 of 5 distillation colum 1 at a flowrate of 1,446 g/h and, as in
Exanple 1, fed to |l ow boiling point mxture- recovering colum 10 which was
operated under the sane conditions as in Ex7a7nple 1. Apart of a colum top
condensate fromcolum 10 (low boiling point"'m xture 10 recoveri ng col um)
was returned in aliquid formto colum bottom8 of distillation colum 1

at a flowrate of 664, 2 gihy4APALL; 0L rﬁiltcjﬁxgi‘%d( L hP4E VA f 198k CObMET

bottom 16 of col um 10" vies2 7 etover s rom roduc- tion systemthrough

conduit 20 at a f {8 Of n, 78dn e Br 8t PondNe Wik T ey | j:8ulg+( bet hom
| iquid of colum él%ggﬁcgo% a%%e%é%%e ?Elé an?jnby- pr oduced d}’et hy?en(e gl ycol

(DEG in concentrgionsyof, 89365 % byypeofht dRa05%by pyekghghandre-01 %
by wei ght, respectively. In the w t%dr awn |iquid, 2-nethoxyethanol (2ME)
(as a possible 20spycpieduet ) waaswiohddebrcEedn Eobumbhhsoabome8data, it can
be seen that the conversion. of EC was 92 % the yield of DMC was 92 %
(DMC was produceddndtal paotloct cohumat & af 832lgwh¥atehef se#dét oviht gnfler
DMC was not |ower than 99.9 % the 25 yield of EGwas 92 % (EG was produced
at a production 78 imtBxanpdd2lg/ fpd sAadlerebsdlérgi PPLiptf BAXEBTRas not

recovering column 10 which was operated under the same
conditions as in Example 1. A part of a column top
) condensate from column 10 (low boiling point mixture-
10 recovering colﬁmn) was returned in a liquid form to
column bottom 8 of distillation column 1 at a flbw rate
of 664.2'g/h. A part of a liquid withdrawn from column
boftom 16 of column 10 was recovered from the produc-
tioﬁ system through conduit 20 at a flow rate of 781.8
15 g/h. The withdrawn liquid (bottom liquid of column 10)
contained EG, EC and by-produced diethylene glycol
(DEG) in concentrations of 89.6 % by weight, 10.0 3% by
weight and 0.01 % by weight, respectively. In the
withdrawn liquid, 2-methoxyethanol (QME) (as a possible
20 by-product) was not detected.
From the above data, it can be seen that the
conversion of EC was 92 %, the yield of DMC was 92 %
(DMC was produced at a production rate of 932 g/h), the

selectivity for DMC was not lower than 99.9 %, the

25 yield of EG was 92 % (EG was produced at a production



| ower than 99.9 % Further, the productivity of DM in terns of the space
time yield was: 932/2.51 = 371 g/liter.h. The conditions and results of
the trans 5 esterification reaction are shown in Table 1. Exanple 5

Di net hyl carbonate (DMC) and et hyl ene glycol (EG were continuously
produced from et hyl ene carbonate (EC) 10 ag% met hanol (MeOH) by using
substantially the sane production system as ‘i'n Exanple 1, except that
.continu- ous nulti-stage distillation colum 1 had an inner dianeter of 5

cm (cross-sectional _area: 0019 a k ekgpt o of 5 "The
operation for t heq®® p‘?gd(ﬁ%%i%n f_n%%& gﬂ %%P%JgiggF?o$§fng?nw;§ nb¥!

substantially the same faines @ssin EXAIRLe lin&XSeplubbabitheokesac Lhon
conditions were asCiof | OWs: was fed at a flow Tate of 938°9 g/h; a 4.8

% by wei ght sol ut{on, of ?Othéaéﬁiaé'g‘ pydeoyidea(assa cababystbiin eyhyl ene
glycol 20 was fed at a flowrate of 58.7 g/h; a mxture of MOH and DMC

was fed through copdutéronat anél evnaateons ard58dsgibs betheacihas-
pressure and tenperature of colum bottom 8 were 30,400 Pa (0.3 atm and
47 C, resgectiveéyteﬁﬂdiQQSidﬂnsééytmog and ghewmelnciraplagl25 in
distillation colum 1 were 0.373 kg/nB and 0.978 79 nls, respectively, and
hence the F-factor of distilla- tion colum 1 was 0. 60.

Example 5
Dimethyl carbonate (DMC) and ethylene glycol (EG)
:f) were continuously produced from ethylene carbonate (EC)
10 ‘and methanol (MeOH) by using substantially the same
production system as in Example 1, except that continu-
ous multi-stage distillation column 1 had an inner
diameter of 5 cm (cross-sectional area: 0.001§6 m2) and
a packiﬁg height of 135 cm. The operation for the
15 pgoduction of DMC and EG was performed in substantially
the same manner as in Example 1, except that the reac-
tion conditions were as follows: EC was fed at a flow
rate of 938.9 g/h; a 4.8 % by weight solution of po-
J tassium hydroxide (as a catalyst) in ethylene glycol
' 20 was fed at a flow rate of 58.7 g/h; a mixture of MeOH
and DMC was fed through conduit 5 at a flow rate of
2,581 g/h; the reaction pressure and temperature of
column bottom 8 were 30,400 Pa (0.3 atm) and 47 °C,

respectively; and gas density 0 g and gas velocity ug

25 in distillation column 1 were 0.373 kg/m3 and 0.978



A colum top condensate fromcolum 1 (containing MOCH and DMC in
concentrations of 66.6 % by weight and 5 33.4 % by wei ght, respectively)
was obtained at a flow rate of 2,832 g/h. Aliquid reaction m xture
(containing MeOH, DMC, EG and EC in concentrations of 45.0 % by wei ght,
1.1 % by weight, 47.3 % by weight and 6.4 O4ogby wei ght, re 10 spectively)
was Wi thdrawn. from colum bottom 8 of distifllation colum 1 at a flow
rate of 1,385.2 g/h and, as in Exanple 1, fed to | ow boiling point
m'xture- recovering colum 10. whjch t upd : LLions
15 %{\@% RRRCA! Ehe U Eg?wf—‘ S2MBist9ndh

H m, espectiv
as in Exanple 1. part=otca to condensate from col um 10 was

returned in a qu}%}“:ﬁ(gi%ﬁolc‘%%n@g_?ggtomS of distillation colum 1 at a

flow rate of 638 part o fquid withdrawn from colum bottom
16 of colum 10 was regqyel & f+op tHRaeREQEHCERER E¥ShAM Lh( edglacandyi t
20 at a flowrate of 20 746.7 g/h. The withdrawn liquid (bottomliquid of
col um 10) cont aimesh Eng BS@ndn byoptedueedidhet byl 66e6 §l pgolelDRE) and
concentrations of 87.7 % by weight, 12.0 % by weight and 0.01 % by wei ght,
respectively. |m3he wibhdwaimmht| quedpetireehpyyebbanbtaidhB) aftas £12%
possi bl e by-product) was not detected. 80 Fromthe above data, it can be
seen that the commersiofi 2f8EL 948-90.5 % the yield of DMC was 90.5

A liquid reaction mixture (containing MeOH, DMC,

oe
o®

EG and EC in concentrations of 45.0 by weight, 1.1

S

by weight, 47.3 % by weight and 6.4 % by weight, re-

10 spectively) was withdrawn from column bottom 8 of
distillation column 1 at a flow rate of 1,385.2 g/h
and, as in Example 1, fed to low boiling point mixture-
reéovering column 10 which was operated under the same
conditions as in Example 1. A part of a column top

15 cgndensate from column 10 was retufned in a ligquid form
to column bottom 8 of distillation column 1 at a flow
rate of 638.5 g/h. A part of a liquid withdrawn from
column bottom 16 of column 10 was recovered from the
production system thrbugh conduit 20 at a flow rate of

20 746.7 g/h. The withdrawn liquid (bottom liquid of
column 10) contained EG, EC and by-produced diethylene
glycol (DEG) in concentrations of 87.7 % by weight,
12.0 % by weight and 0.01 % by weight, respectively.

In the withdrawn liquid, 2-methoxyethanol (2ME) (as a

25 possible by-product) was not detected.



% (DMC was produced at a production rate of 869 g/h), the selectivity for
DMC was not |ower than 99.9 % the 5 yield of EG was 90.5 % (EG was
produced at a production rate of 599 g/h), and the selectivity for EG was
not lower than 99.9 % Al so, the volunme (V) of the reac- tion zone in
continuous multi-stage distillation colum was. calculated as follows: V
=it x 2.52 x 135/ 10 1,000 = 2.65 liter. ? erefore, the productivity of
DMC in terns of the space tine yield was: 869/2.65 = 328 g/liter.h. The

conditions and results_of t t 2 rificati reasth i gaarenshown in
Table 1. 15 Exanple 65Ef%%t€§? %ar %n§§%§( )ééggﬂ%tﬁy ene %chol (EGQ

wer e conti nuously, f t ege. €ag boppte, { E} oANBMEELEANGD . 5
(MeOH) by using §ﬁ§§?%ﬁ%?a IégF%§ E%%e@@pfodhctioﬁysystéﬁlas in Exanpl e 3,

except that a feed 2QuPofisfOFodubbat 4 a0hrdlithand Pike Wi chis9ag/ higd
t hrough conduit 5, evaporator 6' and conduit 5 to continuous nulti-stage

distillation col ugRe lséSe®OSityi 6ALUDRO watahovelbher bohann®®df9 %, the
distillation colum 1. The operation for the production of DMC and EG was
25 perforngd in spbslandfaktywabed8ahes nhRGevaaspradixeam 8t approducexerpt
that the columm bottomliquid of distil- lation colum 1 was heated by

means of reboil ercréteoofis599o0grhi ntand the gelghtivatyofer ERMC'ES WBEH in
t he
lower than 99.9 %. Also, the volume (V) of the reac-

tion zone in continuous multi-stage distillation column
) 1 was calculated as follows: V = T X 2.52 x 135 /
10 1,000 = 2.65 litér. Therefore, the prodgctivity of DMC -
in terms of the space time yield was: 869/2.65 = 328

g/liter-h. The conditions and results of the trans-

esterification reaction are shown in Table 1.

15 E§amgle 6
Dimethyl carbonate (DMC) and ethylene glycol (EG)

were continuously produced from ethylene carbonate (EC)
and methanol (MeOH) by ﬁsing substantially the same

/ production system as in Example 3, except that a feed

20 port for a mixture of MeOH and DMC which was fed

through conduit 5, evaporétor 6' and conduit 5' to
continuous multi-stage distillation column 1 is posi-
tioned 50 cm above the bottom of distillation column 1.
The operation for the production of DMC and EG was

25 performed in substantially the same manner as in Exam-



colum bottomliquid of distillation colum 1 at 1/350; 5 the reaction
tenperature of colum bottom8 was 56.0 C, and gas density p g and gas
velocity ug in distillation colum 1 were 0.545 kg/nB and 0. 393 nis,
fespectively, and hence the F-factor of distillation colum 1 was 0.29. 10
A colum top condensate fromcolum 1 (containing MOCH and DMC in
concentrations of 65.3 % by weight and 34. Plog by wei ght, respectively) was
obtained at a flow rate of 1,913.4 g/h. Aliquid reaction mxture

cont ai ni ng MeCH, 15 EG and EC in concent ' f 48.2 % i ght,
((). 13 OAI) Ibygwei ght?l%'g %cb?/pgﬁ\e EF]F SIIH% ‘_:Lc.’g%’%g]% %@%gfr']‘;%??“lrgegﬁeg?‘%&\éﬁbg |
was withdrawn from.,.ol.u f i i j . f | t
o 861, 6 g b an TSR TBEM P a8 nek 86 by Shbas 08t THobidlrd o L8aEA €

recovering col Um’tolqnm\%giwaéh@pﬁé £ podes bRepmang, MBI Li0RHeAS iN

Example 3. A part of a columm top coOndensate from colum 10 was returned

inaliquid formednfh shottshi PNgePEUSR d13tid1Besbhi 8818RANCM akove A5t
bottom of distillation colunmm 1 af a flowrate of 430.7 25 g/h. A part of a

l'i qui d wi shdr awn K& &t tidn boéhpar82urd6o6f c6nLinANbbA toas 8r @aaver ed from
the production systemthrough conduit 20 at a flow rate of 461.2 g/h. The
W t hdrawn |iquid §6odtom | andi gasf deositm :b% and gas velocity ug in
distillation column 1 were 0.545 kg/m3 and 0.393 m/s,
respectively, and hence the F-factor of distillation
) column 1 was 0.29.
10 A column top condensate from column 1 (containing
MeOH and DMC in concentrations of 65.3 % by weight and
34.7 % by weight, respectively) was obtained at a flow
rate of 1,913.4 g/h.

A liquid reaction mixture (containing MeOH, DMC,

15 EG and EC in concentrations of 48.2 % by weight, 0.13

o\

by weight, 49.9 % by weight and 1.65 % by weight,
respectively) was withdrawn frdm column bottom 8 of
distillation column 1 aé a flow rate of 891.9 g/h and,
as in -Example 3, fed to low boiling point mixture-

20 recovering column 10 which was operated under the same
conditions as in Example 3. A part of a column top
condensate from column 10 was returned in a liquid form
to distillation column 1 at a position 50 cm above the
bottom of disfillation column 1 at a flow rate of 430.7

25 g/h. A part of a liquid withdrawn from column bottom



contai ned EG EC and by-produced diethylene glycol 5 (DEG in
concentrations of 96.6 % .by weight, 3.2 %by- weight and 0.02 % by wei ght,
respectively. In the wthdrawn |iquid, 2-nethoxyethanol (2ME) (as a
possi bl e by-product) was not detected. Fromthe above data, it can be seen
that the 10 conversion of EC was 97.6 % the yield .of DMC was 97.6 % (DMC
was produced at a production rate of 611 g/h2 the selectivity for DMC was
not lower than 99.9 % the vyield of EG was 97.6 @6(EG was produced at a

production rate f 421.1 g/ h), and the select|V|t s.not 15 | ower
Phan 99 6% Al sol6: i GPAUI 10; fips frea%%rﬁ B protipsden e

! ans- ost er 11 cati e AOFEITa PSR 20n > Rafh ?1%“5%“‘:%{ e 204k ny
Gyl one car bonat A TEEC AR ‘iﬁi%%ﬁ%m%m a4 kAT he
Tl - ot age. di St AT ol G oF Re S5 aae s g O e GRE S Yo The
operation for the @RAuGH %r@en%:.m e WS P& oy Wed ght, Suhst andyal Iy
t he sane nner as in Exanple 1, except that the reaction condi- tions
were as foll ows: adiigHturadofo. MaOI% W WMigHted dedpectively. In the
withdrawn liquid, 2-methoxyethanol (2ME) (as a possible
by-product) was not detected.
From the above data, it can be seen that the
10 . conversion of EC was 97.6 %, the yield of DMC was 97.6
¥ (DMC was produced at a production rate of 611 g/h),
the selectivity for DMC was not lower than 99.9 %, the
yield of EG was 97.6 % (EG was produced at. a production
rate of.421.l g/h), and the selectivity for EG was_not
15 igwer than 99.9 %. Also, the productivity of DMC in
terms of the space time yield was: 611/2.26 =270

g/litér-h» The conditions and results of the trans-

esterification reactionfare-shown in Table 1.

20 Example 7

Dimethyl carbonafe (DMC) and ethylene glycol (EG)
were continuoﬁsly produced from ethylene carbonate (EC)
and methanol (MeOH) by. using substantially the same.
production system as in Example 1, except that continu-

25 ous multi-stage distillation column 1 had a packing



5 distillation colum 1 through conduit 5, evaporator 6' and conduit 5
had an [ MeOH/ DMC] weight ratio of 99.9/0.1 and was fed at a flow rate of
1,255 g/h; EC was fed at a flowrate of 528.1 g/h; a 9.6 % by wei ght

sol ution of sodium hydroxide (as a catalyst) in ethyl 10 ene glycol was
used (instead of a 4.8 % by weight solutioggf potassium hydroxide); the
reaction tenpera- ture of columm bottom 8 of distillation colum 1 was

49.8 C; and gas density P g and gas velocity ug in distillation colum 1
were 0.544 kg/ nB rand;d: 286 4% Sem 15 TRSPSSEtyeiyn AHH hﬁ@cgrébaca&acb@r of
distillation colum 1 was 0.21. A colum top condensate fromcolum 1
(contai ning MObhMNGAMEG WESNSEREHBhe@NSn OfubStantd Hy1wetpbt sand 36.7 %
by wei ght, respectively) was obtained at a flow 20 rate of 1,403.8 g/h. A
| i quid reaction magng®e 4< ot aExamgldeOH, edEpt Baanth&Creactdnoenbnati-ons
of 70.0 % by weight, 0.14 % by weight, 27.8 % by weight and 1.89 % by

wei ght, respectitdiging wease ws hflo hlwow$ r oan mbkture bof t MePB ahd2BMC fed to
distillation colum 1 at a flowrate of 1,354.6 g/h 84 and, as in Exanple
1, fed tod ow boidisigl b miomi gelpeon %eébﬁ@whg%@qiuhﬁ 30 @HRBRTAZST 6
operated under the sane _conditions as in |l e art of a_colum top
condensat e from cMURFPAHWas® r £BH 21 f%eQH(P Gﬂdw?bg ratio of

99.9/0.1 and was fed at a flow rate of 1,255 g/h; EC
was fed at a flow rate of 528.1 g/h; a 9.6 % by weight
i solution of sodium hydroxide (as a catalyst) in ethyl-
10 ene glycol was used (instead of a 4.8 % by weight
solution of potassium hydroxide); the reaction tempera-
ture of column bottom 8 of distillation column 1 was
g in
distillétion column 1 were 0.544 kg/m3 and 0.285 m/s,

49.8 °C; and gas density ¢ g and gas velocity u

15 rgspectively, and hence the F-factor of distillation
column 1 was 0.21.
A column top condensate from column 1 (containing
MeOH and DMC in concentrations of 63.3 % by weight and
36.7 % by weight, respectively) was obtained at a flow
20 rate of 1,403.8 g/h.
A ligquid reaction mixture (containing MeOH, DMC,

EG and EC in concentrations of 70.0 % by weight, 0.14

o0

by weight, 27.8 % by weight and 1.89 % by weight,
respectively) was withdrawn from column bottom 8 of

25 distillation column 1 at a flow rate of 1,354.6 g/h



5 to colum bottom 8 of distillation colum 1 at a flow rate of 949.8 g/h.
A part of a liquid withdrawn from colum bottom 16 of columm 10 was
recovered fromthe production systemthrough conduit 20 at a flow rate of
404.8 g/h. The withdrawn liquid (bottomliquid of 10 colum 10) contai ned
EG EC and by-produced diethylene glycol (PEG in concentrations of 93.1 %
by weight, 6.3 % by weight and 0.02 % by weight, respectively. In the

‘Wi thdrawn |iquid, 2-nethoxyethanol (2ME) (as .a possible by-product) was

not detected. 15 aE{doméshen@béw&n 3, 'éed:aeb bys 88 1418 St GRIWEESEoN
of EC was 95.1 % the yield of was 95.1 (DMC was produced at a

production rate Qfecplfit MBolumd NEO st iwdd Yoda A Wage NOthe Oy&fie t han
99.9 % the yield of EGwas 97.6 % (EG was produced at a production 20

rate of 354.1 g/ Yond@indidie selactixvanyld ar. EQ vesrinad £ | @aveslamantd®. 9 %
Further, the productivity of DMCin terns of the space tine yield was:
513.9/ (1000 x O.X0RBMsatkE 8Gyom QGRun |10 erds dedreuoed i in omslbaid régumt s
of the transesterification reaction are shown 25 in Table 1. 85 Table 1
Reacti on Tonditi drs qRelsumn scoProyutef Sestektiatign ¢olympfl at a flow

rate of 949.8 g/h. A part of a liquid withdrawn from
column bottom 16 of column 10 was recovered from the
production system through conduit 20 at a flow rate of
) 404.8 g/h. The withdrawn liquid (bottom liquid of
10 column 10) contained EG, EC and by-produced diethylene
glycol (DEG) in concentrations of 93.1 % by weight, 6.3
% by weight and 0.02 % by weight, respectively. In the
withdrawn liquid, 2-methoxyethanol (2ME) (as a possible

by-product) was not detected.

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

-
’

conversion of EC was 95.1 %, the yield of DMC was 95.1
% (DMC was produced at a production rate of 513.9 g/h),
the selectivity'for DMwaas not lower than 99.9 %, the
vield of EG was 97.6 % (EG was produced at a production

20 rate of 354.1 g/h), and the selectivity for EG was not
lower than 99.9 %. Further, the productivity of DMC in
terms of the space time yield was: 513.9/(1000 x
0.00225 x 0.85) = 269 g/liter-h. The conditions and

results of the transesterification reaction are shown

25 in Table 1.



Pres- Tenpe- F-factor MeOH/ EC DMC in DMC DEG 2ME sure rature terns of 5 of
of the space colum*colum * tinme bottom botton? yield (Pa) (C (Molar
(g/liter- (0) (9 (99 ratio) h) Exanple 45,600 56.0 0.68 7.8 307 >99.9
0.05 0 1 Exanple 45,600 55.7 0.41 7.9 268 >99.9 0.05 0 .2 10 Conpara-
101,000 79.6 0.29 7.9 202 99.3 0.60 0.02 tive Ex anple 1 Conpara- 101, 000
76.7 0.41 11.5 234 99.4 0.60 0.02 tive Ex &%ple 2 Exanple 45,600 56.2 0.29
7.6 253 >99.9 0.05 0 3 15 Conpara- 45,600 55.9 0.12 3.1 108 399.9 0.05 0
tive r' Ex anple 3 Exanple 30,400 47.1 0.94 .7 P.371 >,99.9 0.02 0 Exanpl e
30,400 47.0 0.60 7.3 328 />99.9 0.02 0 5 E?gﬁile 45,600 56.0 0.29 7.6 270
X99.9 0.02 0

Reaction Conditions Results
Producti- Selectivity
vity of
Pres- Tempe~ F-factor MeOH/EC{DMC in DMC DEG 2ME
sure rature terms of :
5 of of the space
column*1 column*2 time
bottom bottom yield
(Pa) (°c) (Molarjl(g/liter- (%) (%) (%)
ratio)| h)
Exanle 45,600 56.0 0.68 7.8 307 299.9 0.05 O
,:”} Exagple 45,600 55.7 0.41 7.9 268 299.9 0.05 O
10 Compara-|101,000 79.6 0.29 7.9 202 99.3 0.60 0.02
tive Ex- '
ample 1 _
Compara-[101,000 76.7 0.41 11.5 234 99.4 0.60 0.02
tive Ex- _
|ample 2
Exagple 45,600 56.2 0.29 7.6 253 399.9 0.05 O
15 Compara-| 45,600 55.9 0.12 3.1 108 299.9 0.05 O
tivevEx-
ample 3
Exaﬁple 30,400 47.1 0.94 7.0 371 »99.9 0.02 0O
‘ - Exagple 30,400 47.0 0.60 7.3 328 299.9 0.02 0
Sy
- ﬁExagple 45,600 56.0  0.29 7.6 270 | 399.9 0.02 0
20 '
Exagple 45,600 49.8 0.21 6.8 269 399.9 0.02 0

Note: *1) the reaction pressure, as measured at the inner bottom of the
multi-stage distillation column

*2) the reaction temperature, as measured at the inner bottom of
the multi-stage distillation column

25



20 Exanple 45,600 49.8 0.21 6.8 269 ,99.9 0.02 O 7 Note: *1) the reaction
pressure, as neasured at the inner bottomof the nulti-stage distillation
colum *2) the reaction tenperature, as neasured at the inner bottom of

the nmulti-stage distillation colum 25 86 Reference Exanple Using a
production systemas shown in Fig. 2, the qui d (containing unreacted EC)
wi thdrawn from colum bottom 16 of |ow boiling point mxture-recovering 5
colum 10 in Exanple 2 was subjected to hydrolysis with respect to the

unreacted EC to thesrehy fraducg, kG and then subjected to
distillation-separatrtom, to thereby obtain a purified EG Specifically,

the operation was conflgipdh gﬁrécﬁié@y&l dPsdhR 44 qshékmi 1RdFasn 31 othe
colum bottom 16 of colum 10 through conduit 20 at a flow rate of 547.3
g/ h in Exanple 2 mafuidtastiueeching comtéacioad Bylirel yadsasn r fach ocoBimn

t hrough conduit 21, together with water fed through conduit 35 at a fl ow
rate of 5.7 g/h, Hottidhn tierebyl ef flaot 1l ang opdintonsx hyde ot gspverdngt i on of
EC in the liquid, wherein reactor 37 was conprised of a colum havihg an
i nner di afret er ofccBlwm a¥@ &n | Bxrpublef2 was subjected to hydrolysis with

respect to the unreacted EC to thereby produce EG, and
then subjected to distillation-separation, to thereby
obtain a purified EG. Specifically, the operation was
") conducted as follows.

10 The liquid withdrawn from column bottom 16 of
column 10 through conduit 20 at a flow rate of 547.3
g/h in Example 2 was introduced to continﬁous hydroly-~
sié reactor 37 through conduit 21, together with water
fed through conduit 35 at a flow rate of 5.7 g/h, to

15 téereby effect a continuous hydrolysis reaction of EC
in the liquid, wherein reactor 37 was comprised of a
column having an inner diameter of 5 cm and a length of
100 cm and having packeé therein Dixon packings (3 mm
®). The internal temperature and pressure of reactor

20 37 were maintained at 180 °C and 2.5 x 109 pa (25
kg/cmz—G), respectively. The weight ratio of water to
EC at the inlet of reactor 37 was 0.5. The hydrolysis
reaction mixture withdrawn from reactor 37 was intro-
duced to gas-liquid separator 39 (which was operated

25 under atmospheric pressure) through conduit 38. From



100 cm and havi ng packed therein D xon packings (3 nm 0). The internal
tenperature and pressure of reactor 20 37 were naintained at 180 C and 2.5
x 106 Pa (25 kg/cnm2-G, respectively. The weight ratio of water to EC at
the inlet of reactor 37 was 0.5. The hydrolysis reaction m xture w thdrawn
fromreactor 37 was intro- duced to gas-liqéid separator 39 (which was
operated 25 under atnospheric pressure) thr th conduit 38. From 87
Separator 39, carbon di oxi de was di scharged through conduit 40 and a

l'i quid containin%;BS¥%§b¥wﬁ@drgﬁg?%$?agggpdgpyggiéfg%%agggdmggbgg@ﬁﬂ_

| i qui d contai ni ng was fed t Separating colu at a poSition 5

60 cm bel ow the top, @f; LOAEMENE3a MGLLENEAtEINIRAG MBSwasOoWRENEREWAl 2
col um havi ng been pacted wi th Dixon™ packings (3 nmO0) and having an inner
di ameter of 5 cm¢@RAGuGn PEsKERTIL hepght TRE ROEnherawh FifLol- sepgbahing EG
colum 23 was operated under 10 conditions wherein the pressure of colum
top 24 there- of we&s fed ¥ol@BoPaséROradiny.cAlgasedBsati At ppeinadsn

wi t hdrawn from colum top 24 of colum 23 and condensed by condenser 26 to
obtain a condensate ¢hebeloaftee topfefredlunnsR@pl yheseipokbadnmnog3 was
condensate from 15 columm 23"), a part of which was refluxed to colum 23

t hrough conduit 2gowpeisédxofagi e0l8pn haviedr beapnpagkethwitbnRif@Sr of

t he condensate to continuous hydroly- ] ) )
packings (3 mim @¢) and having an inner diameter of 5 cm

and a packing height of 200 cm.

]
g

Diol-separating column 23 was operated under

10 conditions wherein the pressure of column top 24 there-
of was 2.7 x 103 Ppa (20 torr).' A gaseous mixture was
withdrawn from column top 24 of column 23 and condensed
by.condenser 26 to obtain a condensate (hereinafter
referred to simply as "column top condensate from

15 cglumn 23"), a part of which was refluxed to column 23
through conduit 27 (reflux ratio: 5), while returning
the remainder of the condensate to continuous hydroly-
sis reactor 37 through conduit 34 at a flow rate of
16.4 g/h. A liquid withdrawn from the bottom of column

20 23 was heated by reboiler 30 and returned to column 23
through conduit 31. The temperature of column bottom
28 of column 23 was 116 °C. A gaseous mixture was
withdrawn from the withdrawal port provided in tﬁe side
wall of column 23 at a position 120 cm below the top of

25 column 23 at a flow rate of 528.8 g/h, and condensed by



sis reactor 37 through conduit 34 at a flowrate of 16.4 g/h. Aliquid

w thdrawn fromthe bottom of colum 20 23 was heated by reboiler 30 and
returned to colum 23 through conduit 31. The tenperature of columm bottom
28 of colum 23 was 116 C. A gaseous mxture was w thdrawn fromthe

wi t hdrawal port provided in the side wall % colum 23 at a position 120
cm below the top of 25 colum 23 at a flowr Be of 528.8 g/ h, and condensed
by 88 condenser 33, to thereby obtain EG as a side cut (side strear’r) [ EG

has detecred] . A SHIERSFR R ) .%aurcﬁ%eﬁﬁd%%&ﬁal%?ﬁ%ﬁa 8k 65 5%, 2526 5
colum 23 was recov];g%glg_)rhgg@ Epﬁaekgd%%tsl QR SYSLeP ermé@h @Oﬂdlﬂ) 32 at a

flowrate of 10.5 rawn | bottom quid of cofum 23)
contained EG and,DEG,{Nn,G@NAEAES Bl @@S %facﬁ%n% %@/wg@ gk edRgdarl- 3 %by
wei ght, respective 10 Ref erence Conparative Exanple Production of

purified EG was C?Qid’e'céﬁdthé ligﬂihaﬂitﬂt&'d&)évﬁlh&r%{r%dmﬁﬂe'bo&i’colmn 2@efoesr ence
Exanpl e, except that the liquid withdrawn fromcolum bottom 16 15 of | ow

boi ling pai nt ni x¢tdIemhepdvebsngecoleredl Eriom thempaicdictd obx aypiteml was
used instead of the liquid wthdrawn in Exanple 2 and that the operation
was through conduit 32 at a flow rate of 10.5 g/h. The

withdrawn liquid (bottom liquid of column 235 contained
EG and DEG in concentrations of 81.5 % by weight and
f:} 1.3 ¥ by weight, respectively.
10

Reference Comparative Example

Production of a purified EG was conducted in
substantially the same manner as in Reference Example,
except fhat the liquid withdrawn from column bottom 16
15 of low boiling point mixture-recovering column 10 in
Comparative Example 1 was used instead of the liquid
withdrawn in Example 2 and that the operation was
slightly modified as de;cribed below.
That is, the liquid withdrawn from column bottom
20 16 of column 10 through conduit 20 at a flow rate of
547.3 g/h in Comparative Example 1 was introduced to
continuous hydrolysis reactor 37, together with water
fed through conduit 35 at a flow rate of 41.1 g/h. A
part of a column top condensate from diol-separating

25 column 23 was returned to continuous hydrolysis reactor



slightly nodified as described below. That is, the liquid withdrawn from
colum bottom 20 16 of column 10 through conduit 20 at a flow rate of
547.3 g/h in Conparative Exanple 1 was introduced to continuous hydrolysis
teactor 37, together with water. fed through conduit 35 at a flow rate of
41.1 g/h. A part of a colum top condensat; from di ol -separating 25 col um
23 was returned to continuous hydrolysis reactor 89 37 through conduit 34
at a flowrate of 119.5 g/h. The tenperature of columm bottom 28 of

di ol - sepa- rating3 O%HP@ué% g@gd&%gnéhg%@;ggfgggpigges peq §.gngégReference

Exanpl e). Wen diol - Separating co erated under c itions
wherein the reflux ratTﬂeO{%meF?%€9£é”8ft881ﬁﬁﬂd88§€8ﬁ bBogErCcal B sédaand

the flow rate of the liqui drawn from colum bottom 28 of col um 23

through conduit 32;4ex§ LHEuRANE3asaéN1Ref et- (FREEnEXaBPLBe BBRepRE ah DEG
was detected in a side cut 10 (side stream) fromcolum 23. In order to

| oner the anpuntrefer&F&ei Pxbfiple)de wheradibloseparaming3cotlhen ref Wax
ratio of the colum top condensate fromcolum 23 was raised to 8 and the
flow rate sf the ¢pegpatedwirhdranondibivons! wvharbdnt the28edflusoratmo2®t

t hrough 15 conduit 32 (containing EG and DEG in concentrations of 94.6 %
by wei ght and 2. 8tbebgoleirghtopr eepdensgteyframscolpeneddedntothe. 1M, As

aresult, the flowrate of
rate of the liquid withdrawn from column bottom 28 of

column 23 through conduit 32 were the same as in Refer-
>) .ence_Example, 500 ppm of DEG was detected in a side cut

10 (side stream) from column 23. In order to lower the
amount of DEG in the side stream from column 23, the
reflux ratio of the column top condensate from column
23 was raised to 8 and the flow-rate of the liquid
withdrawn from column bottom 28 of column 23 through

15 conduit 32 (containing EG and DEG in concentrations of
94.6 % by weight and 2.8 % by weight, respectively) was
increased to 67.2 g/h. As a result, the flow rate of
the side stream from column 23 became 475.6 g/h. In
addition to EG (contained in a concentration of 99.98 %

20 by weight), the side stream contained DEG and 2ME in
concentrations of 0.005 % by weight and 0.019 % by
weight, respectively. -

As mentioned above, in Reference Comparative

Example, use is made of the liquid withdrawn from

25 column bbttom 16 of low boiling point mixture-recover-



the side stream from colum 23 becane 475.6 g/h. In addition to EG
(contained in a concentration of 99.98 % 20 by weight), the side stream
contai ned DEG and 2ME in concentrations of 0.005 % by weight and 0.019 %
by weight, respectively. As nentioned above, in Reference Conparative
Exanpl e, use is made of the |iquid w thdrawggfrom 25 colum bottom 16 of

| ow boiling point mxture-recover 90 ing colum 10 of the production
systemused in Conpara- tive Exanple 1 (the liquid containing DEG and 2ME

in large amount$}lg A813mheld lof R fireslis o aiyeten nusdef o eboepara-
Conparative Exanplé as a side streamfrom5 diol-separating colum 23
contains inpuritieye swehpie 1DEGhaNd iR d Wetestning e exmd c2MEXanp| e
[using a liquid withdrawn from colum bottom 16 of colum 10 of the
producti on syst emauged amoubxanipl e A% (& heedului doucbiied NEGelbdined shal |
anount of DEG and no 2ME)], 10 neither DEC, nor 2ME was detected in a side
stream from di oRefepanate Gpmpeinghi v E¥dmple t#e 3 | 9ife a38r¢d7. 2T9Ph) of a
liquid withdrawn (as a waste) from_columm bottom 28 of diol-separatin
colum 23 in Ref éri-oleﬁ@@a@ﬁﬁa}gatqwmﬁl%O?Ea%h“ﬁ?‘gﬂje?l?ﬁans’t‘%gta%

(10.5 g/h) .i n REfD%rGer;;l%% %XMaErr.pl ?N!’leifeeéé, §i7ﬁ2 e]f é:?exfcg'éxar&t)lgenéinéoa
liquid withdrawn from column bottom 16 of column 10 of
the production system used in Example 2 (the liquid

{“} containing only a small amount of DEG and no 2ME )1,

10 neither DEG nor 2ME was detected in a side stream from
diol-separating column 23. Also, the fléw rate
(67.2 g/h) of a liquid withdrawn (as a waste) from
column bottom 28 of diol-separating column 23 in Refer-
ence Comparative Exampie is.much higher than that

15 (10.5 g/h) in Reference Example [i.e., 67.2/10.5 = 6.4

(times)].

20

25



25 91 I NDUSTRI AL APPLI CABILITY By the nethod of the present invention,
continuous production of a dialkyl carbonate and a diol froma cyclic
carbonate and an aliphatic nonohydric al cohol 5 can be easily perfornmed

Wi th high productivity and high selectivity (i.e., a lowering of the
occurrence of by- products), w thout using conplicated equi pnent.
Therefore, the method of the present inventi%h is extrenely advantageous
fromthe comercial viewoint. 10 15 20 25 92 CLAIMS 1. A nethod for
continuously producing a dialkyl _carbonate and a diol_froma cyclic
carbonate and an 5 aliphatic non L1 ng conti nuously
feeding a cyclic carbonate represe te? gé t he folkomﬁng f.armul a A%{C%% R
O wherein RL is a di vB¥ehbeg 85%0 eBfesBRt BESBE T ABVFBFAIMa S Mo
wherein mis an

production of a dialkyl carbonate and a diol from a
cyclic carbonate and an aliphatic monohydric alcohol

5 can be easily performed with high productivity and high
selectivity (i.e., a lowering of the occurrence of by-
products), without using complicated equipment.
Therefore, the method of the present invention is

! extremely advantageous from the commercial viewpoint.
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integer of from2 to 6, which is unsubstitut 15 ed or substituted wth at
| east one substitu- ent selected fromthe group consisting of aCl - C10
al kyl group and a C6 - Cl10 aryl group, and an aliphatic nonohydric al cohol
fepresented by the 20 following fornula (B): R2ZOH (B) wherein R2 is a
nonoval ent aliphatic A - Cl12 hydrocarbon gﬁpup whi ch is unsubstituted or
substituted wth at | east one substituent 25%el ected fromthe group
consisting of a d 93 C10 alkyl group and a C6 - Cl10 aryl group, to a
continuous nulti-stage distillation colu continuously effecting a
transesterification between said cyclicnggﬁggﬁate and said aliphatic
nonohydric 5 al cohol in the presence of a transesterification cata- lyst in
said nulti-stage distillation colunm, thereby continuously producing a
di al kyl carbonate; and g diohoa ¥BE! 8oseDhLBUBYS! Yradukdhawanaiallkgw boiling
point mxture containing the produced dial kyl carbonate in a 10 gaseous
formfrom an uppetapeshs o8 8hdsai didll Erofit ageycdiist idalrdionartec @ndnarand
continuously withdrawing a high boiling point m xture containing the
produced di ol in @liphgtuid fonoh{doicaalonbplpocbmpr ish ngaicmrhilnuoustiage
distillati'on col um,

feeding a cyclic carbonate represented by the following

formula (A):

0
10 | Rl////
_ \\\\o

wherein R! is a divalent group represented by

\\\\c=o (A)
//// _

the formula ——(CHz)m——, wherein m is an
integer of from 2 to 6, which is unsubstitut-

15 ed Or substituted with at least one substitu-

o

ent selected from the group consisting of a -
Ci1 - C10 alkyl group and a Cg - Cqg aryl
group, -
and an aliphatic monohydric alcohol represented by the
20 following formula (B):
RZ0H (B)
wherein R? is a monovalent aliphatic C; - Cy5
hydrocarbon group which is unsubstituted or

substituted with at least one substituent

25 selected from the group consisting of a C; -



15 wherein said transesterification is perfornmed under conditions wherein:
(a) the reaction pressure is 5 x 104 Pa or |ess, as neasured at the inner
bottom of said multi-stage dis- tillation colum, 20 (b) the reaction
tenperature is in the range of from-20 Cto less than 60 C, as neasured
at the inner bottomof said nulti-stage di gillation colum, and (c) said
multi-stage distillation colum has an F- 2@ factor in the range of from
0.2 to 5.0, 94 said F-factor being represented by the following fornula

(1): F-factor = ug (P g)1/2 [ represent e fasu el oci t
(ms) 5inthe nulti -s(?]ébealdg%%i atqeoa[r%‘c%:jgi tf%n) a? 0psagrtyqr epr esﬁé'nt S th)é gas

density (kg/nmB) i, theo M diss ade < dddeitd 0 L0l ddiion Jeclurkile drd hod
according to claim1, ﬁ%ereln said F- 10 faactor is in the range of fromO.4

to 4.0. 3. The m&p&m%& NgF el rad M Zrahes et dr ismiich th-orf anstowedrs in
the range of fromO0.6 to 4. 15 4. The nmet hod according to any one of

clains 1 to 3, Vmﬁrcﬁicfy@aicd.c&ézfm:liwé&@ arah ady/idt i 0l ighheothiol eowdiardisi @
conconm tant dial kyl carbonate in an anmount of fromO to '

5 alcohol in the presence of a transesterification cata-
lyst in said multi-stage distillation column, thereby
continuously producing a dialkyl carbonate and a diol,
while continuously withdrawing a low boiling point

] mixture containing the produced dialkyl carbonate in a
10 gaseous form from an upper portion of said multi-stage
distillation column and continuously witﬁdrawing a high
boiling point mixture containing the.produced diol in a
liquid form from a lower portion of said multi-stage

distillation column,

15 wherein said transesterification is performed

under conditions wherein:

(a) the reaction pressure is 5 =x lO4 Pa or less,
as measured at the inner bottom of said multi-stage dis-
tillation column,

20 (b) the reaction temperature is in the range of
from -20 °C to less than 60 °C, as measured at the
inner bottom of said multi-stage distillation column,
and

(c) said multi-stage distillation column has an F-

25 factor in the range of from 0.2 to 5.0,



40 % by wei ght, based on the total weight of said aliphatic nonohydric

al cohol and said concom tant 20 dial kyl carbonate. 5. The method accordi ng
to any one of clainms 1 to 4, wherein said cyclic carbonate is at |east one
tarbonate selected fromthe group consisting of ethylene car 25 bonate and
propyl ene carbonate, and said aliphatic 95 ggpnohydric al cohol is methanol.
6. The nethod according to any one of clains 1 to 5, wherein: 5 said
cyclic carbonate is continuously fed, to an upper portion of said

conti nuous nU|t"Stag%éi&“?lfé%téf(%bfﬁﬁL%@bréébﬁ%édqw§dt$@rﬂb@loﬁlng
gas-liquid mxture form and said aliphatic nonohydric al cohol is
continuously 10 fggehyitsd @ j:ower portion of said continuous nulti-stage
distillation colum, in a gaseous formor a gas-liquid mxture form or in
a gaseous formand in a|I(Fﬂﬁhétwfn_I@@IVbd&a}r%. 15 ()20 25

wherein ug represents the gas velocity (m/s)
5 in the multi-stage distillation column and »# g
represents the gas density (kg/m3) in the

multi-stage distillation column.

{M) 2. The method according to claim 1, wherein said F-
10 factor is in the range of from 0.4 to 4.0.
3. The method according to claim 2, wherein said F-

factor is in the range of from 0.6 to 4.0.

15 4. The method according to any one of claims 1 to 3,

wherein said aliphatic monohydric alcohol contains a
concomitant dialkyl carbonate in an amount of from O to
40 $ by weight, based on the total weight of said
aliphatic monohydric alcohol and said concomitant

20 dialkyl carbonate.

5. The method according to any one of claims 1 to 4,
wherein said cyclic carbonate is at least one carbonate
selected from the group consisting of ethylene car-

25 bonate and propylene carbonate, and said aliphatic
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monohydric alcohol is methanol.

6. The method according to any one of claims 1 to 5,
wherein:

said cyclic carbonate is continuously fed, to an
upper portion of said continuous multi-stage distilla-
tion column, in a liquid form or a gas-liquid mixture
form, and

said aliphatic monohydric alcohol is continuously
fed, to a lower portion of said continuous multi-stage
distillation column, in a gaseous form or a gas-liquid

mixture form, or in a gaseous form and in a liquid form

individually.

o



