TI TLE OF THE | NVENTI ON Met hod for continuously producing a dial kyl

. carbonate and a di ol BACKGROUND OF THE | NVENTION 5 Field of The
~Invention The present invention relates to a method for continuously

. producing a dial kyl carbonate and a diol froma cyclic carbonate and an
~aliphatic. monohydric alcohol. Mre particularfly, the present invention is
10 . concerned with a nethod for continuously producing a dial kyl

- carbonate and a diol, conprising: (1) feeding a cyclic carbonate and an

- al i phatic nonohydric al cohol cont ai FilTGE (OF JTHE) INVENTEONht of a

- concomitant dialkyl carbonate to a continuous nulti-stage distillation 15
" colum, and effecting aMethade£par continuensiyt mreduciag: pcididl¥ylhonat e
‘‘and the aliphatic nonohydric alcohol in the presence of a catalyst in at

|l east one reaction zonecasbepatg@ APEmAt BdOdr oup consisting of the nulti-
stage distillation colum and at _| east one transes - I fication
reactor which is disposed outsid§§&E§§REERHQEinéagggﬁggigﬁ ation colum
and whi ch conmuni cates .fl ui -tiqhtl with the nulti-stage distillation
colum so that a | ; t1Q%i de the distillation colum can be

cont i nuous! y i ntr oducedzho H08 28e 1nvehtdBRCTelbEC A U HetBPIEGH0 t he

resul tant reaction
continuously producing a dialkyl carbonate and a diol

from a cyclic carbonate and an aliphatic monohydric
alcohol. More particularly, the present invention is

10 | concerned with a method for continuously producing a
dialkyl carbonate and a diol, comprising: (1) feeding a
cyclic carbonate and an aliphatic monohydric alcohol
containing 0 to 40 % by weight of a concomitant dialkyl
carbonafe to a continuous multi-stage distillation

15 column, and effecting a transesterification between the
cyclic carbonate and the aliphatic monohydric alcohol
in the presence of a catalyst in at least one reaction
zone selected from the group consisting of the multi-
stage distillation column and at least one transester-

20 ification reactor which is disposed outside of thé
multi-stage distillation column and which communicates
fluid-tightly with the multi—stége distillation column
so that a liquid flowing-down inside the distillation
column can be continuously introduced to the

25 ' transesterification reactor and the resultant reaction



2 m xture can be continuously recycled to the distilla- tion colum, while
continuously withdrawing a | ow boiling point m xture containing the
produced di al kyl carbonate in a gaseous formfrom an upper portion of 5
the distillation colum and continuously w thdrawi ng a high boiling point
m xture containing the produced diol and unregcted cyclic carbonate in a

. liquid formfroma |ower portion of the disti?lation columm; and (2)
~continuously feeding water and the high boiling point 10 m xt ure

w t hdrawn from a H&ﬂﬁgufﬁré£§”b8;?Bﬁﬁiﬂhéﬁéi aieageﬁggokgn@hgodasgqaggnuous

hydrol ysi's reactor, erepy efrect a continuou rolysis of the

| unreacted cyclic cgyhonale,gaRd Qﬁgﬂa-ceoﬂtf!hafmgw watharadiny deiowhil e

- continuously withdrawi ng the fesultant hydrolysis 15 reaction m xture

- containing the progeengi 9bihtoRikBere08bhbH2HINEY €hel pEodutedciaalkyy t he
met hod of the present invention, it becones possible to produce a dialkyl

carbonate and a higlirpehats 0hoh ghbBohigBopmogroni uht ypbeempartion ofcar-
20 bonate and an ali phatic nonohydric al cohol containing Oto 40 % by
wei ght of & concomthendisthlkgtionr bohama. aRdi condihudushyr wdfpbdrawd nghe
met hod for producing a dial kyl carbonate and a diol by reacting a cyclic
carbonate 25 higlh boilinghpointnoishydei contadnidng ¥hei prodycedoddiod
and unreacted cyclic carbonate in a liquid form from a
lower portion of the distillation column; and (2)
continuously feeding water and the high boiling point
10 mixture withdrawn from a lower portion of the distilla-
tion column to a continuous hydrolysis reactor, to
thereby effect a COntihuous hydrolysis of the unreacted
cyclic carbonate and produce a diol and carbon dioxide,
while confinuously withdrawing the resultant hydrolysis
15 reaction mixture containing the produced diol from the
continuoué hydrolysis reactor.

_By the method of the present invention, it becomes
possible to produce a dialkyl carbonate ahd a high
purity diol with high productivity from a cyclic car-

20 bonate and éﬂ aliphatic monohydric alcohol containing O
to 40 % by weight of a concomitant dialkyl carbonate.
Prior Art |
With respect to the method for producing a dialkyl

carbonate and a diol by reacting a cyclic carbonate

25 with an aliphatic monohydric alcohol, various proposals



3 have been nade. Most of those proposals relate to the devel opnent of
catal ysts for the above reaction. Exanples of such catal ysts include al kal
netal s or basic conpounds containing alkali netals [see U S 5 Pat ent
No. 3,642,858, Unexam ned Japanese Patent Appli- cation Laid-Qpen

: SpeC|f|cat|on No. 54-48715 (corre- sponding tg U S. Patent No. 4,181, 676)],
~tertiary aliphatic am nes [see Unexam ned Jap§nese Pat ent Appli- cation
Lai d- Open SpeC|f|cat|on No. 51-122025 (corre- - sponding to U.S.

Patent No. 4,062, CR4YL pLUAL hbHEL COMRILNEE kRESUpTuREsAnd Tananes ARl

Appl i cation Lai d- peC|f|cat|on coiresponding to

Patent No. 4,307, 03¢¥é10bm8nt! BQXbQ%lﬁr%%% Léaexmb abeYe] 2partsonRat ént
Application Laid-Open Specifica- tion No. 54-63023), al koxi des of

zinc, alum num andakaﬁgneg%ésgacune&%aw%& apencde Bakenli Aenlaleatdron
Lai d- Open Specification No. 54-148726), a mxture of a Lewis acid with an

ni t rogen- cont ai ni Nga9igasonpbands( eceathiaiay aditaldpmedad sPdtoeet U.S.
Application Laid-Cpen 20 Speci fication No. 55-64550), phosphine
conpounds (ssee UneRratentdNdapanéda, BSBenUnAppmd@&ﬂl6an@B$eCE@¢eS¢e@mpll-
fication No. 55-64551), quaternary phosphonium salts (see Unexam ned
Japanese Pat ent AppattanibnidaDEerSDGCification No. 54-48715 (corre-

sponding to U.S. Patent No..4,181,676)], tertiary
aliphatic amines [see Unexamined-Jépanese Patent Appli-
cation Laid-Open Specification No. 51-122025 (corre-

10 sponding to U.S. Patent No. 4,062,884)], thallium
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-
ined Japaneée Patent Application Laid—Open.Specifica—

15 tion No. 54-63023), alkoxides of zinc, aluminum and
titahium (see Unexamined Japanese Patent Application
Laid-Open Specifidation No. 54-148726), a mixture of a
Lewis acid with an nitrogen-containing organic base
(see Unexamined Japanese Patent Application Laid-Open

20 | Specification No. 55-64550), phosphine compounds (see
Unexamined Japanese Patent Applicatign Laid-Open Speci-
fication No. 55-64551), quaternary phosphonipm salts
(see Unexamined Japanese Patent Application Laid-Open
Specification No. 56-10144), cyclic amidines [see

25 Unexamined Japanese Patent Application Laid-Open



Specification No. 56-10144), cyclic am dines [see 25 Unexam ned
Japanese Patent Application Laid-Open 4 Specification No. 59-106436
(corresponding to U S. Patent No. 4,681,967, EP-110629B, and DE-3366133G)],
conpounds of zirconium titaniumand tin [see Unexam ined Japanese Patent .
Appl i cation Laid-Open Specifica- 5 tion No. 63-41432 (corresponding to
U. S. Patent No. 4,616,609, EP-255252B1 and DE-3781742)], a quaternary
anmoni um gr oup-cont ai ni ng strongly basi c- ani on-exchange solid nmaterial (see

Unexam ned Japanesgngai e9kafiBh S:%- 5901 0leal3¢- PRV raRPOIndieRYf iteh NG,
63- 238043) a sol |%p = catal yst selected fromthe groﬁ%t consi sting of

a terti- ary am nepaPen8URbLEN 22681296 BF-JM1 06298 N A DE-3386133&}gnge
resin, a strongly acidic or a meakly acidic ion- exchange resin, a mxture

of an alkali netal cempbufidki 6 zdreohical e tdftaniual kad e redisde Urieatam-an
15 anmoni um i on- exchange zeolite [see Unexam ned Japanese Pat ent

Application Lai d- QpredSpapbheset PatteNt. Applitasiofc diaidsPmedi Fpaaifiica-
Pat ent No. 4,691,041)], a honmp- geneous catal yst selected fromthe group
consi sting »f tertthop BhospBirdd43Le(coarespondiag ter U.&-y PatasthdNo 20
a dival ent sul fur con}found and a sel enium co Olind see U. S Patent No.
4,734,518). ,616,609, EP-255252B1 and DE-3781742)], a quaternary
ammonium group-containing strongly basic anion-exchange
solid material (see Unéxamined Japanese Patent Applica-
tion Laid-Open Specification No. 63-238043), a solid
10 cafalyst selected from the group consisting of a terti-
ary amine- or quaternary ammonium group-containing ioh-
exchange resin, a strongly acidic or a weakly acidic
ion-exchange resin, a mixture of an alkali metal with
silica, a silicate of an alkaline earth metal, an
15 ammonium ion-exchange zeolite [see Unexamined Japanese
Patent Application Laid-Open Specification No. 64-31737
(corresponding to U.S.:Patent No. 4,691{041)], a homo-
geneous catalyst selected from the group consisting of
teftiary phosphine, tertiary arsine, tertiary stibine,
20 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 reaction.between a cyclic carbonate _and

a diol, the below-mentioned four types of methods (1)

25 to (4) have conventionally been proposed. Hereinbelow,’



Wth respect to the nethod for conducting the above-nentioned reaction
between a cyclic carbonate and a diol, the bel ownentioned four types of
met hods (1) 25 to (4) have conventionally been proposed. Hereinbel ow,
5 explanation is made with respect to such nethods (1) to (4), taking as an.
- exanpl e a reaction between ethyl ene carbonategand met hanol, which is the
nost representa- tive exanple of reactions between cyclic carbonates and 5
- diols. (1) A conpletely batchwi se nethod. (2) A batchw se nethod using a

~reaction vessel proyhfiedadtoAniyPR8EePRLEhORebpREROoWszha mdithidds qtli)orto
~colum. (3) Aliquid flow nethod using a tubular reactor. 10 (4) A

reactive distillat{on neakodg ABeaficBRbfpeby abgbabiiion bettwedn( Ethyleme
met hod in which ethyl ene cargonate, nmet hanol and a catalyst are fed to an
autoc!ave as a batcarbsrateaahdiomethanell, whdch neatheomos: pepresendtaat a
reaction tenperature 15 hi gher than the boiling point of nethanol
under pres- sure ftive exauplerofnrdaptipos between cyedig sarbgnatesnend
3,642,858, Unexam ned Japanese Patent Appli- cation Laid-Open Specification
No. 54-487Xb (corr@iotpending to U. S. Patent No. 4,181,676, EP-1082B and
DE- (1) A completely batchwise method.

(2) A batchwise method using a reaction vessel provided

at an upper portion thereof with a distillation column.

(3) A liquid flow method using a tubular reactor.

10 (4) A reactive distillation method.

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

15 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 Laid-Open Specification No. 54-48715 (corre-
sponding to U.S. Patent No. 4,181,676, EP-1082B and DE-

20 2860078G), Unexamined Japanese Patent Application Laid-

Open Specification No. 54-63023, Unexamined Japanese
Patent Application Laia—Open Specification No. 54-
148726, Unexamined Japanese Patent Application Laid-.

Open Specification No. 55-64550, Unexamined Japanese

25 _Patent Application Laid-Open Specification No. 55-6455



20 2860078G), Unexam ned Japanese Patent Application Laid- Open

Speci fication No. 54-63023; Unexam ned Japanese Patent Application
Lai d- Open Specification No. 54- 148726, Unexam ned Japanese Patent
Application Laid- Open Specification No. 55-64550, Unexam ned Japanese 25
Pat ent Application Laid-Open Specification No_. 55-6455 6 and Unexam ned
Japanese Pat ent Application Laid-COpen SpeC|f|8at|on No. 56-10144]. The

bat chwi se nmethod (2), using an apparatus conprising a reaction vessel

provi ded at an up %%(?]SI]JnexamPﬁ 5 sgggnsggogﬁ%hle ﬁpﬁh.ib'althéh' eRiGRHEH |

‘ a nmethod in which ene car onat and a catalyst are fed to

- the reaction vesse% eéfﬁléaﬁféﬁthen 58-peihaqred by heating the contents of
. the reaction vessel to a predetermned tenperature. In this nethod, 10

. the produced dinethyl cphdopatenandemabbnsal (R9r, WuélﬁgnaPﬂJﬁplpat:ﬁun@ poi nt
azeotropic m xture having a boiling point of 63 [err]C/ 760 mHg. Met hanol

al one has a boil i ngompiriéing 84réa€tibA trebgell prokidedetitodn uppereacti on
is perfornmed under conditions such that an 15 excess anount of
met hanol i g5 pr esenpoitidhethernedfowithsaedisutilletiopacailiung,t is e fgthac
reaction pro- ducts into the azeotropic m xture and net hanol by neans
in which ethylene carbonate, methanol and a catalyst
are fed to the reaction vessel, and a reaction is
performed by heating the contents of the reaction
vessel to a predetermined temperature. In this method,
10 the produced dimethyl carbonate and methanol form a
minimum boiling point azeotropic mixture having a
boiling point of 63 °C/760 mmHg. Methanol alone has a
boiling point of 64.6 °C/760 mmHg. In this method, the
reaction is performed under conditions such that an
15 excess amount of methaﬁol is present in the reaction
system, while separating the resultant reaction pro-
ducts into the azeotropic mixture and methanol by means
of the distillation column provided at the upper por-
tion of the reaction vessel. Specifically, a gaseous
20 mixture of dimethyl carbonate and methanol, which is
formed in the reaction vessel, is transferred to the
distillation column and allowed to ascend inside the
distillation column, and during the ascending of the

- gaseous mixture, the gaseous mixture is caused to

25 separate into a gaseous azeotropic mixture and liquid



of the distillation colum provided at the upper por- tion of the reaction
i vessel. Specifically, a gaseous 20 m xture of dinmethyl carbonate and
. methanol, which is formed in the reaction vessel, is transferred to the

i distillation colum and allowed to ascend inside the distillation colum,
~and during the ascending of the gaseous m xtuge, the gaseous mixture is
caused to 25 separate into a gaseous azeotropic mxture and liquid

7 methanol. Then, the gaseous azeotropic mxture is distilled fromthe top

of the distillati G e, Wihént henki gaisdoiBt A28t rbbosmifeareoikhe
reaction vessel so as to be recycled to the reaction systemin the 5

reaction vessel. estimued frew BRéhedp(8f tReadisthdlationhtolumnsehition
of an ethyl ene carbonat e/ net hanol m xture is continuously fed to a tubul ar
reactor to perforntife rebghii@méthanpl efrbwsndorwd teatheormeaekponaveseeln
the 10 tubul ar reactor, and the resultant liquid reaction m xture
cont ai ni ng the unrsacasdtosberratgcledetp thayreactianbspstemads gbehanol )
and the reaction products (i.e., dinmethyl carbonate and ethylene glycol) is
conti nuouslsy wi t hdreawtiomovgssah-outl et of the 15 reactor. This

met hod has conventionally been conducted :
The liquid flow method (3) is a method in which a

solution of an ethylene carbonate/methanol mixture is
continuously fed tb a tubular reactor to perform a
reaction at a predeternmined reaction temperature in the

10 tubular reactor, and the resultant liquid reaction
mixture containing thé unreacted materials (i.e.,
ethylene carbonate and methanol) and the reaction
products (i.e., dimethyl carbonate and ethylene glycol)
is continuously withdrawn through an outlet of the

15 reactor. This method has conventionglly been conducted
in two different manners in accordance with the two
types of catalyst used. That is, this method is con-
ducted either in a manner such that a mixed solution of
the ethylene carbonate/methanol mixture and a homo-

20 genous catalyst is pagsed through a tubular reactor to
perform a reaction, thereby obtaining a reaction mix-
ture, and the catalyst is separated from the obtained
reaction mixture [see Unexamined Japanese Patent Appli-
cation Laid-Open Specification No. 63-41432 (corre-

25 sponding to U.S. Patent No. 4,661,609, EP-255252B1 and



in two different manners in accordance with the two types of catal yst used.
That is, this method is con- ducted either in a manner such that a m xed
sol ution of the ethylene carbonate/ nmethanol mxture and a honmp- 20

genous catalyst is passed through a tubular reactor to performa reaction,

t hereby obtaining a reaction mx- ture, and tge catalyst is separated from
- the obtained reaction m xture [see Unexam ned Japanese Patent Appli- cation
Lai d- Open Specification No. 63-41432 (corre- 25 sponding to U. S

Patent No. 4, 661, G983 F1 2557528 009, paleRE RE8LE9B43848Y, SorPal Gidnolie

4,734,518], or manner such at the reaction is perfornmed in a tubular

reac- tor having asﬁﬁﬁe%ﬂﬁénﬁﬁé$ré§éékﬁﬁtiéeﬁékebfméhaﬁﬁdalhﬁbﬁﬂﬁr{&ﬁac—
Unexam ned Japanese Patent Application 5 Lai d- Open Speci fication No.

63- 238043 and Unexgsi: NeshydagaachetBabgahedppl cathlgstl sedubedy placed
Specification No. 64-31737 (corresponding to U S. Patent No. 4,691, 041,
EP- 298167B1 and DEcReBéiN6[ée Thexamianedvdagaseskl Ratentmdppddcations a
nmet hod 10 i n which each of ethyl ene carbonate and nethanol is
conti nuouslsy fed thatdr@pen-SpegsficetibhaNpenb630R3HA480 apdr Unemaminesdct i on
in a plurality of stages of the distillation colum in the presence of a
cat al yst, Japanese Patent Application Laid-Open Specification No.
64-31737 (corresponding to U.S. Patent No. 4,691,041,
EP-298167B1 and DE-3781796G)].
The reactive distillation method (4) is a method
10 in which each of ethylene carbonate and methanol is
continuously fed to a multi-stage distillation column
to perférm a reaction in a plurality of stages of the
distillation column in the presence of a catalyst,
while continuously separating the produced dimethyl
15 carbonate from the produced ethylene glycol [see Unex-
amined Japanese Patent Appliéation Laid-Open Specifica-
tion No. 4—198141, Unexamined Japanese Patent Applica-
tion Laid-Open Specification No. 4-230243, Unexamined
Japanese Patent Application Laid-Open Specification No.
20 5-213830 (corfesponding to DE-4129316Al1, U.S. Patent
No. 5,231,212 ahd EP-530615A3) and Unexamined Japanese
Patent Application Laid-Open Specification No. 6-9507
(corresponding to U.S. Patent No. 5,359,118, EP- -
569812A1 and DE-4216121A1)]. |

25 However, the above-mentioned conventional methods



whi l e conti nuously separating the produced di net hyl 15 carbonate from
t he produced et hyl ene gl ycol (see Unex- am ned Japanese Patent Application
Lai d- Open Specifica- tion No. 4-198141, Unexam ned Japanese Patent Applica-
tion Laid-Open Specification No. 4-230243, Unexanm ned Japanese Patent
Appl i cation Laid-Open Specification No. 20 5-213830 (corresponding to
DE-4129316A1, U.S. Patent No. 5,231, 212 and'EB-530615A3) and Unexam ned -

"~ Japanese Patent Application Laid-Open Specification No. 6-9507

- (corresponding to Hh §$ t5afeht hige Bhd28, +é8peERivabPebBitmands described
DE-4216121A1)]. 25 However, the agove-nentioned conventi ona

et hods 9 (1) tweldw.have their respective problens as described bel ow
In the case of each of the conplete batchw se nethod (1) and the flow
nmet hod (3) using a tubufarthe caser efictach bf ithei cpmplelteec bakchetiseve a
hi gher conver- sion of ethylene carbonate than the conversion of ethylene
carbonate at the emethodr (il ahdt shef flowcmethoft 8)| ustiag eofubudiash i s
dependent on the conposition ratio of the feedstocks fed to the reactor and
t he 10 5 r eact i practaper dtuie) imppssibienppe achierrafphdghegt coRyedit ned
Japanese Patent Application Laid-Open Speci- .
sion of ethylene carbonate than the conversion of
ethylene éarbonate at the equilibrium state of reaction
(the latter conversion is dependent on the composition
ratio of the feedstocks fed to the reactor and the
10 reaction temperature). For example, in Example 1 of
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-
rected to a continuous flow reaction method using a
15 tubular reactor, the flow reaction is conducted at 130
°C using a feedstock mixture having a methanol/ethylene
carbonate molar ratio of 4/1. As a result, the conver-
sion of ethylene carbonate is only 25 %. This means
that large amounts ' of unreacted ethylene carbonate and
20 unreacted methanol, which are contained in the reaction
mixture, must be separated and recovered, which in turn
are recycled to the reactor. Actually, in the method
disclosed in Unexamined Japanese Patent Application .

Laid-Open Specification No. 64-31737 (corresponding to

25 U.S. Patent No. 4,691,041, EP-298167Bl and DE-



fication No. 63-41432 (corresponding to U.S. Patent No. 4,661, 609,

EP- 255252B1 and DE-3781742G which is di- rected to a continuous fl ow
reaction nethod using a 15 tubul ar reactor, the flow reaction is
conducted at 130 [err]C using a feedstock m xture having a

met hanol / et hyl ene carbonate nolar ratio of 44} As a result, the conver-
sion .of ethylene carbonate is only 25 % This neans that |arge anounts of
unreact ed et hyl ene carbonate and 20 unreact ed nmet hanol, which are

contained in the reaplIeG ) Xba foudUShulmeéRP2i 3t 8de@nof E€R¥CERPardhi Ch
in turn are recycled to the reactor. Actually, in the nethod disclosed in

~ Unexami ned Japanesgidigf eir£@pta€adh PNré8bietPeandpeetyel Bhyoo£Neneb4- 31737
+ (corresponding to 25 U S. Patent No. 4,691, 041, EP-298167B1 and DE-
10 3781796Q) , variumreastednemiposndsed for the separa- tion, purification,
recovery and recycling of the unreacted conpounds. Further, in methods (1)
and (3), the presence Fulther, im methodsp(l)nandufd)of thehpresencer bfnat e
and ethy- lene glycol in the reaction system causes the follow ng problens.
Wien the cénver si @n dzeetnopie mixteratef|ethylenenhgarbonatei andi ekby-
met hod (1) or nethod (3), the .
lene glycol in the reaction system causes the following
problems.
When the conversion of ethylene carbonate is less
than 100 % in either method (1) or method (3), the
10 . resultant liquid reaction mixture inevitably contains
both ethylene carbonate and ethylene glycoi. In order
to obtain high purity ethylene glycol from such a
reaction mixture, the produced ethylene glycol is
generally separated by distillation. If the distilla-
15 tion is conducted under a pressure of 9,600 Pa or more,
the formation of the azeotropic mixture can be avoided,
so that the unreacted ethylene carbonate seems to be
able to be separated from the mixture containing the
unreacted ethylene carbonate and the ethylene glycol by
20 distillation only. However, when this distillation
under such a high pressure is conducted at a relatively
high temperature, the ethylene glycol unfavorably
accelerates the decomposition of ethylene carbonate..

Therefore, it is generally required to conduct the

25 distillation at a moderate temperature, i.e., 150 °C or



10 resul t ant l'iquid reaction mxture i nevitably contains both ethyl ene

carbonate and ethylene glycol. In order to obtain high purity ethyl ene
glycol fromsuch a reaction m xture, the produced ethylene glycol is
generally separated by distillation. If the distilla- 15 tion is

conducted under a pressure of 9,600 Pa or norg, the formation of the
azeotropic m xture can be avoided, so that the unreacted ethylene carbonate
seens to be able to be separated fromthe m xture containing the unreacted

ethyl ene car bonat epafgyt hGnaby reRtcaly pelesnré) so thditStind Fdra iy of
However, when this distillation under such a high pressure is conducted at

a relatively high {gapgsabeiepithaigitiyreeinediiradlyudoeusal{Meketts er at es
t he deconposition of ethylene carbonate. Therefore, it is generally

required to conducteh8¢clbpedia 6ifSChehdtiadn Paiocessdter @ned Demigret wrad, .
i.e., 150 C or bel ow, under reduced pressure, so that the formation of

t he azeotropi ¢ nmi x20; epi nk94t, apupldeheds byMMideted, Dekkeyc Copedil@8s) .

Chem cal Processing and Design" vol. 20, p. 194, published by Marcel Dekker
Co., 1984).55 Therefbuee, wiithh thee ddisddilliagxiosn medhiedd, 1t iiss dfiffii~
cult to constantly and stably recover the unreacted ethyl ene carbonate from
the reaction m xt ufFBlEofparpPa§aniksyuardastallyt FRcOYer: FMso Mreagt®d ne

produced : . . .
ethylene carbonate from the reaction mixture containing

the unreacted ethylene carbonate and the produced
ethylene glycol. For developing a new method capable

10 of separating ethflene glycol from the azeotropic
mixture without suffering the above-mentioned problems,
various proposals have conventionally been made. For
example, in the method described in Example 50 of
Unexamined Japanese Patent Application Laid-Open Speci-

15 fication No. 64-31737 (corresponding to U.S. Patent No.
4691041, EP-298167B1 ahd DE-3781796G), the reaction
mixture flowing out from the reaction vessel is sub-
jected to distillation in distillation column (B),
thereby separating the reaction mixture into a low

20 boiling point mixture comprising methanol and dimethyl
carbonate and a. column bottom liquid comprising ethy-
lene glycol and ethylene carbonate. -The obtained |
column bottom liquid is subjected to distillation in
distillation column (D), thereby separating the previ-

25 ous column bottom liquid into another column bottom



et hyl ene glycol. For devel oping a new net hod capable 10 of separating
et hyl ene glycol fromthe azeotropic m xture w thout suffering the
above-nmenti oned probl ens, various proposal s have conventionally been nade.
For exanple, in the nethod described in Exanple 50 of Unexam ned Japanese
Pat ent Application Laid-Open Speci- 15 fig£ation No. 64-31737
(corresponding to U. S. Patent No. 4691041, EP-298167B1 and DE- 37817960,
the reaction mxture flowing out fromthe reaction vessel is sub- jected to

distillation in diﬁi%ﬁiétéQQPEQEHHB &Bhy1bher ebybsapteahindy ahhethgdenieon
m xture into a | ow 2 boi l i ng point m xture conprising methanol and

di met hyl car bonat egBpEo®/EhyIBnBOEEEBOhRGE dzeokpbpitngigtaye.| eMbegl,ycol
“and et hyl ene carbonate. The obtained colum bottomliquid is subjected to
~distillation in dishéldbtabnedocohumhDbottbmr dhguddpepapiriginge ephgvlienels
ous colum bottomliquid into another columm bottom 12 liquid conprising
et hyl ene car bonat ecandonatet kgl eagygledotoethgl zpaectipporessedzedndofihe

m xture. Then, the obtained colum bottom |iquid conprisin% et hyl ene
carbonat e is recycethvlenehearbapetencoetainedain the sthyleng hy|ene

carbonate contained in the ethylene glycol/ethyl ene carbqnate aégotropic
mxture i s con- glycol/ethylene carbonate azeotropic mixture 1is con-

verted to ethylene glycol by hydrolysis. However, in
this method, the methanol/ethylene carbonate molar
ratio in the reaction éystem is in the range of 3 to 6

10 as in the conventional method in the art and, hence,
the conversion of the ethylene carbonate is as low as
25 to 60 %, and the weight ratio of the unreacted
ethyleﬁe carbonate recycled to the reaction vessel to
the converted ethylene carbonate is as high as 0.6 to

15 2.9. Therefore, this method is disadvantageous not
only in that a large amount of energy is needed for the
recycling of the unreacted ethylene carbonate, but also
in thaf a large amount*of the ethylene carbonate is
consumed by the side reactions, leading to a loss of

20 ethylene carbonate.

As described below in detail, the method (2) using

a reaction vessel provided gt an upper portion thereof
with a distillation column_has problems in that the.
reaction must be conducted for a prolonged period of

25 time and, therefore, a large amount of methanol needs



verted to ethylene glycol by hydrolysis. However, in this nethod, the

nmet hanol / et hyl ene carbonate nolar ratio in the reaction systemis in the
range of 3 to 6 10 as in the conventional nethod in the art and,

hence, the conversion of the ethylene carbonate is as low as 25 to 60 %
and the weight ratio of the unreacted ethyle carbonate recycled to the
reaction vessel to the converted ethylene carbonate is as high as 0.6 to 15
2.9. Therefore, this nmethod is di sadvantageous not only in that a | arge

amount of energy igonNE&degeliOkckNBregentingdtit LbRetrihgaoiredhel Bpleativ-
carbonate, but also in that a | arge amobunt of the ethylene carbonate is

consumed by the sigfleyreeetthesdekepdiingrbduatkoss of 20 et hyl ene
carbonate. As described belowin detail, the nethod (2) using a reaction
vessel provided at an uppemephodli 2 )t héneokrdeit ltoacompenisadel doxrcdhem has
problens in that the reaction nust be conducted for a prol onged period of
25 time and, méthafholediatiilgd asvent agkofrppigomixsuade of the o be
used for preventing the lowering of the selectiv- ity for the desired
products. 151 net hosethanol napddéhet predupedsdimetbyli FarRerRdfol Westi| | ed

as an azeotropic mxture of the
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-
10 tion per se is performed only in a batch-type reaction
vessel. That is, in this method, the reaction is
batchwise performed under reflux for a prolonged period
of time as long as 3 to 20 hours.
In this method, the dimethyl carbonate, which is
15 one of the reaction products, is contihuously withdrawn
out of the reaction system, whereas the ethylene gly-
col, which is another reaction producf, remains togeth-
er with the unreacted ethylene carbonate in the reac-
tion system containing the catalyst for a long period
20 of time. This long residence time of the ethylene
glycol and the ethylene carbonate in the reaction
system causes sidé reactions to produce polyethylene
glycols, such as diethylene glycol and triethylene
glycol. For preventing the occurrence of such side

25 reactions and the lowering of the selectivity for the



5 met hanol and the produced di net hyl carbonate, the continuous or

- batchwi se addition of supplenental netha- nol to the reaction vessel is
optionally conducted. However, irrespective of whether or not such an addi -
tion of supplenental nethanol is conducted, the reac- 10 tion per se
Is perfornmed only in a batch-type reaction v el. That is, in this nethod,
the reaction is batchw se performed under reflux for a prolonged period of
time as long as 3 to 20 hours. In this nethod, the dinmethyl carbonate,

which is 15 .Qﬂgsféeagﬁré aﬁ£§9ni9rQQUﬁééeséﬁrﬁoﬂbiﬂ§@U§|1aWbbh@k@@@s
out of the reaction syste ereas the ethylene gly- col, which is another

reaction product, &£nRbfgah88c!Pe18tive! ot BReUANOEAtEEfCLRY etBylankonat e
in the reac- tion systemcontaining the catalyst for a | ong period 20

of time. This |ongarigshaeaceniteisf babehwibyl €ed gbythe zedcthencwiegene
carbonate in the reaction system causes side reactions to produce
pol yet hyl ene gl ycodel. sumh fact] ethytheecghyentiaendliyi propbsed gegbods,For
preventing the occurrence of such side 25 reactions and the | owering
of the sel ectivitytherfohbowinglegampled prednoted in whigbcasdarget o use a
| ar ge excess of nethanol, relative to the anount of the ethyl ene
excess of methanol is used; that is, use is made of
methanol in excess amoﬁnts (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.
10 3,803,201), 17 moles (Unexamined Japanese Patent Appli-
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
15 [Unexamined Japanese Patent Application Laid-Open -
Specificafion No. 54-48716 (corresponding to U.S.
Patent No. 4,307,032, EP-1083B and DE-28601426)].
In the case of the reactive distillation method
(4), it is possible to perform a reaction with high
20 conversion, as compared to the methods (1), (2) and
(3). In fact, it has been reported that, when the
reactive distillation is conducted using a large amount
of pure methanol (containing no dimethyl carbonate),.

relative to the amount of ethylene carbonate, i.e., an

25 amount such that the methanol/ethylene carbonate molar



carbonate which is batchw se fed to the reaction ves- sel. In fact, in the
~conventionally proposed nethods, 5 the foll owi ng exanples are noted in
- which a large excess of methanol is used; that is, use is nmade of methano
. in excess amounts (in ternms of the nunber of noles of methanol per nole of
. ethyl ene carbonate or propyl ene carbonate), suych as 14 noles (U S. Patent
~ No. 10 3,803,201), 17 nol es (Unexam ned ?gpanese Pat ent Appli- cation
Lai d- Open Specification No. 1-311054), 22 mpl es [ Unexani ned Japanese Pat ent

Appl i cation Laid- %ﬁ@l gf%ézgailg%g%) é&n&é@gzén(sertﬁépeeﬁ M8nkOckErS.

Pat ent No. 4, 062, and 23 nol es : Unexam ned

Japanese Patent Anplical i fdadRbd- £O6NS Spaes| Egahbea .Noof5énéﬁ3ﬁ1@ned
(corresponding to U S. Patent No. 4,307,032, EP-1083B and DE-28601426)]. In

the case of the r%aﬂ@séilpétéhﬁtApﬁlﬂeahﬂdn(ﬂmda-opea spesii flieatdopeNber m

a reaction with high 20 conversion, as conpared to the nethods (1),

(2) and (3). In f apt19814 hasndeExampper 1 kdof huhexaminedhdapenesey Patent

distillation is conducted using a |arge amount of pure nethanol %contalnlng

no di net hyls car borsgpmdicationi LaideOpar apeqi:ficatéohyNene5c3ﬂ-§§ i.e.,

an 25 anount such that the nethanol/ethyl ene carbonate nol a 15
(corresponding to U.S. Patent No. 5231212, EP 530615A3
and DE-4129316A1)]. However, there has conventionally
been no report such that, when impure methanol contain-
ing dimethyl carbonate is used instead of pure metha-

1.0 nol, dimethyl carbonate or ethylene glycol can be

produced in a yield higher than 80 %.

In the method (4), the produced dimethyl carbonate
is distilled from the distillation column as a low
boiling point product together with the unreacted

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

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

nol can be obtained, whereas, however, methanol is

25 obtained only in the form of a mixture thereof with



ratio is 9 to 10, the conversion of the ethylene car- bonate reaches 100 %
[ see Exanple 1 of Unexam ned Japanese Patent Application Laid-Qpen

Speci fication No. 4-198141 and Exanple 11 of Unexam ned Japanese Patent 5
Application Laid-Open Specification No. 5-213830 (corresponding to U.S.
Patent No. 5231212, EP-530615A3 and DE-4129316A1)]. However, there has
conventional ly been no report such that, when I npure nethanol contain- ing
di mret hyl carbonate is used instead of pure netha- 10 nol , di et hyl

carbonat e or ot byl &fife 8hy$okatRBrREeR! OdHBEArbReR Wichd Q@A B0 %

In the nethod (4) oduce Imet hyl carbonafe is distilled fromthe

distillation CO'““Bbéélﬁ #QfébﬂékhaﬁomothtB&ﬁdH@tshge%hhﬁﬁamny1ddua1-
unreacted 15 nmet hano D net hyl carbonate and net hanol form an

azeotropi ¢ m xt ur eme gl eéaFBonkie.Separabikampldl,t ia rhed Exatpdieseidfythe
carbonate fromthe gaseous reaction mxture distilled fromthe distillation
col um is conduct esbbyespentabnedpunekaninedt laganesec Padendi Appddcation
tillation nethod conducted under pressure [Unexanm ned Japanese Patent

Appl i cati ong Lai d- Qpehd Sppenf Spetifichitiobl N008619 108619 { gomgiesponsiing to
DE- 2607003B)]. Cenerally, by this nethod, dinethyl carbonate containing no
metha- nol can be BB+2682A03RMer 2amethenelddimethinsarbonate mixtygesi ned

only in the formof a mixture thereof wth
(weight 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

10 column top, 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 separation process needs to be
conducted. Therefore,*from the viewpoint of commercial

15 scale practice of fhe production of dimethyl carbonate,
it has been strongly desired to develop a method in
which the methanol/dimethyl cafbonate mixture as such
can be ﬁsed as a feedstéck instead of pure methanol.

However, heretofore, almost no technique has been

20 kﬁown, in which a methanol/dimethyl carbonate mixture
alone is used as a feedstock in method (4) except for
the method described in Example 5 of Unexamined Ja-
panese Patent Applicat{on Laid-Open Specification Nd.
5-213830 (corresponding to U.S. Patent No. 5,231,212,

25 EP-530615A3 and DE-4129316Al1). However, in Example 5



16 di nethyl carbonate. Therefore, it is difficult to obtain pure nethanol
containing substantially no di- nethyl carbonate. For exanple, in the
Exanpl es of the above-nentioned Unexam ned Japanese Patent Application 5
Lai d- Open Specification No. 51-108019 (corresponding to DE-2607003B), a
met hanol / di net hyl carbonate m xture (weight rajio: 70/30) is separated by
distillation, and pure dinethyl carbonate is ‘obtained as a colum bottom
product. However, as a product distilled fromthe 10 colum top, only

a met hanol / di net hy, %cgﬁbgnﬁh xHhiEH&eJS halk balkkft A2p2hcation! daled As

can be seen fromt ove a|n| pure net hano an addi ti onal

separ ati on prOcesSoﬁﬁﬁdépéelﬁﬁcﬁeﬁéﬁchad SIQQBQBOremanQEbhh% vi ewpoi nt of
comerci al 15 scal e practice of the productlon of di nmethyl carbonate,

it has been stronghytHgsblpgdimetHglebapbanatehadxitnrehi(weight ratio:

nmet hanol / di met hyl carbonate mi xture as such can be used as a feedstock

i nstead of pure nerbaso).ikousedr, ther ebaversioal wifsethylesehcagbonade deen
20 known, in which a nethanol/dinethyl carbonate m xture alone is used
as a feedstmpck in omlyo62(8) $exceptullatedhérom lthe deder ofedhien compasic 5
of Unexam ned Ja- panese Patent Application Laid-Open SpeC|f|cat|on No.

5- 213830 (correspohiidngofotheSprpdust migtuserobtaipedygt the CelyEm6 15A3

and DE-4129316A1). However, in Exanple 5
bottom). The reason for such poor convers1on resides

in that, since the reagtion between ethylene carbonate
and methanol is an equilibrium reaction, the presence

10 - of dimethyl carbonate (which is a reaction product of
the above reaction) in the reaction system causes the
lowering of the conversion of the ethylene carbonate.
Therefore, this method has a problem such that the
larger the amount of dimethyl carbonate recycled to the

15 reaction system, the longer the reaction time (resi-
dence time) required for achieving a desired conversion
and the larger the amognf of methanol required for
achieving a desired conversion.

For achieving a complete conversion of ethylene

20 carbonate in.method (4) in which a methanol/dimethyl
cérbonate mixture is occasionally used as a feedstock,
pure methanol needs to be supplied in addition to the
methanol/dimethyl carbonate mixture as in Unexamined
Japanese Patent Application Laid-Open Specification No.

25 6-9507 (correspohding to U.S. Patent No. 5,359,118).



17 of this Unexam ned Japanese Patent Application Laid- Open Specification
No. 5-213830, in which a nethanol/di nethyl carbonate m xture (weight ratio:
70/ 30) is used, the conversion of ethylene carbonate is 5 only 62.8 %
(calculated fromthe data of the conmposi- tion of the product m xture .
obtained at the colum bottom. The reason f(Th such poor: conversion resides

in that, since the reaction between ethyl ene carbonate and nethanol is an

equilibriumreaction, the presence 10 of di nmethyl carbonate (which is

a reaction product of tﬁ&é@?ile Jrﬁéﬁt{:ﬁg)mé@h&ﬁ@l?ﬁi‘ﬁéjtﬁﬂ}ls}éﬁkbﬁhﬁi!ésﬁﬁxt-he
| owering of the conversion of fhe ethylene carbonate. Therefore, this

met hod has a problepesuch (684 iRecbAboRAtibR #IRHNpued AbALAWYL,canbonate
recycled to the 15 reaction system the |longer the reaction tine

(resi- dence tinme)ad®ié€dedOthaChaeni Bfe2atedn! Edrcobiaining the tlee
| arger the anmount of nethanol required for achieving a desired conversion.

For achi eving a cosirted cpeoduets) oa edmplighead dPerationatboseperaterdhieod
(4) in which a nmethanol/di methyl carbonate m xture is occasionally used as
a feedstocls pure methanol /dieethyd Gerbaopptecdzeatadpici Baxtyreh&or
met hanol / di net hyl carbonate m xture as in Unexam ned
obtaining pure methanol containing substantially no di-
methyl carbonate needs to be conducted [for example,
such an operation needs to be conductéd using, in combi-
nation, two distillation columns which have different

10 operation pressures (see Unexamined Japanese Patent
Application Laid-Open Specification No. 2-212456 )].

In fact, in the above-mentioned Unexamined Japanese
Patent Application Laid-Open Specification No. 6-9507
(corresponding to U.S; Patent No. 5,359,118, EP-

15 569812A1 and DE-421621A1), pure methanol is obtained by
the above-mentioned additional complicated operation
and used. |

Further, in method (4), since the dimethyl car-
bonate and the ethylene glycol are produced by a re-

20 versible equilibrium reaction between ethylene car-
bonate and methanol, ewven when a 100 % conversion of
ethylene carbonate is achieved by using pure methanol,

' the produced ethylene glycol inevitably contains even a

small amount of the unreacted ethylene carbonate.

25 Therefore, for obtaining highly purified ethylene



Japanese Patent Application Laid-Open Specification No. 25 © 6-9507

(corresponding to U. S. Patent No. 5,359, 118). 18 However, when the

met hanol / di net hyl carbonate m x- ture is used in conbination with pure

met hanol, in addition to the main operation for obtaining the de- sired
products, a conplicated operation to separat &4 he 5 met hanol / di net hyl

carbonate azeotropic m xture for obtaining pure nethanol containing
substantially no di- nethyl carbonate needs to be conducted [for exanple,
such an operation peedsit othe Aeead 4hiviene F155 mudd i subfected
distillation col unﬁ 9w§1 E | fferent lfli 9 Operation pressures (see
Unexam ned Japanesgonggagleggkhg@Llon Lai d- Open Specification No. 2-212456

)]. In fact, in the above-nentioned Unexam ned Japanese Patent Application
Lai d- Open Speci fi cat i onFiygther)5eGenC thiets purd g thandlS.isPatsed ko method
5,359, 118, EP- 15 569812A1 and DE-421621A1), pure nethanol is obtained

by the above-nenti oa¢g &Hdi tEodlakingmpriobdiend axpieest.i orlname thedd.(4Furt her,
in method (4), since the dinethyl car- bonate and the ethylene glycol are
produced bys a re- @fireactedeethlyllenequiarbonabe isasecovenradwion satjgating

car- bonate and net hanol, even when a 100 % conversi on of
the column bottom liquid containing the produced ethy-

lene glycol and the unfeacted ethylene carbonate to
distillation. As mentioned above, since the distilla-
tion for separating the ethylene carbonate under high

10 temperature conditions should be avoided, the distilla-
tion must be carried out under moderate conditions such
that an ethylene glycol/ethylene carbonate azeotropic
mixture is inevitably formed with disadvantages. The
formed ethylene glycol/ethylene carbonate azeotropic

15 . mixture is a minimum boiling point azeotropic mixture
having a high ethyleneﬁglycol content (ethylene
carbonate/ethylene glycol weight ratio: 14/86, under
the operation pressure of 10 torr). Therefore, simul-
taneously with the recycling of the unreacted ethylene

20 carbonate to the reaction system, a large amount of the
produced ethylene glycol also is recycled to the reac-
tion system together with the ethylene carbonate. The
ethylene glycol recycled to the reaction system unfa-
vorably affects the equilibrium of the reaction, there-

25 by lowering the producfivity.



et hyl ene carbonate is achieved by using pure nethanol, the produced
et hyl ene glycol inevitably contains even a small anount of the unreacted

et hyl ene carbonate. 25 Therefore, for obtaining highly purified

et hyl ene 19 glycol, the produced ethyl ene glycol nust be subjected to
fractionation. Further, even when pure nethangd is used in method (4), the
follow ng problemarises. In nmethod (4), 5 unreact ed et hyl ene

carbonate is recovered by subjecting the colum bottomliquid containing

the produced ethy- |enexgl ygal nandnkBestBbaadi-en hay adeees;amkopiicpdsal
distillation. As nentioned above since the distilla- tion for separating

the ethyl ene carbopgkendpdep£BiraNbéBn made!l GIRE despectond tohenmettmd ddre
avoi ded, the distilla- tion nmust be carried out under noderate conditions

such that an ethyl gheagtyagl tethplizge earbonatte andotar diigh purtitiye diol,

I nevitably fornmed with di sadvantages. The fornmed et hyl ene glycol/ethyl ene

car bonat e azeot r ope&chASwith hiigkt predustd vititlyi, vy bsiilnong@sp@ rfieegisdmiaiosire
m xture having a high ethylene glycol content (ethylene carbonate/ethyl ene
gl ycol wei ght ratialipla8éc modehydirdcopdcehiodn condadmiag e Fenaamitant

Therefore, simul- taneously with the recycllng of the unreacted ethyl ene
dlalkyl carbonate.

SUMMARY OF THE INVENTION

The present inventors have made extensive and
intensive studies with a view toward developing a
10 method for continuously producing a dialkyl carbonate
' and a high purity diol with high productivity, in which
not only a pure aliphatic monohydric alcohol but also
an aliphatic monohydric alcohol containing a concomit-
ant dialkyl carbonate can be used as a feedstock
15 aliphatic monohydric alcohol, and which is free from the
above-mentioned problems accompanying the prior art.
As a result, it ﬁas unexpectedly been found that when a
method is continuously éonducted which comprises: (1)
feeding a cyclic carbonate and an aliphatic monohydric
20 alcohol to a continuous multi-stage distillation column
and effecting a transesterification between the cyclic
carbonate and the aliphatic monohydric alcohol in the
presence of a catalyst in at least one reaction zone
selected from the multi-stage distillation column and

25 at least one transesterification reactor which is



20 carbonate to the reaction system a |arge anount of the produced

et hyl ene glycol also is recycled to the reac- tion systemtogether with the
. ethyl ene carbonate. The ethylene glycol recycled to the reaction system
~unfa- vorably affects the equilibriumof the reaction, there- 25 by
“lowering the productivity. 20 As can be u rstood fromthe above, no
proposal has heretofore been nade with respect”to the nmethod for producing
a di al kyl carbonate and a high purity diol, each with high productivity, by

using as a feedsto phRat d 4 i
concom t ant dlalkyﬁ cgaﬁgﬁa?gts%EENREY%%EnﬁggQXN%EN?QCEQ$%élg%@%ﬁ%tdaldmn

| nventors have md&n&X&ﬁﬂéhV&oﬁﬁdni&h%agl ¥eudhugightist Rikhyithe mRilAsic
devel oping a 10 met hod for continuously producing a dial kyl carbonate

and a high purity gitagengiBthghtRbadestiumint ¥o ithathach igotdoElpwa ngHdown
al i phati c nonohydric al cohol but also an aliphatic nonohydric al cohol

contai ni ng a concofhéidénthdi dikyliltathonatelaan kanudedcantinuesddiyock 15
al i phati c nonohydric al cohol, and which is free fromthe above-nenti oned
probl ens acgonpanyingrodecedi to &he. thsngesteulitf icatibas resstacEadl ytheeen
found that when a _
resultant reaction mixture can be continuously recycled
to the distillation c&lumn, while continuously with- |
drawing a low boiling point mixture containing the
produced dialkyl carbonate in a gaseous form from an
10 upper portion of the distillation column and continu-
ously withdrawing a high boiling point mixture contain-
ing the produced diol and unreacted cyclic carbonate in
a liquid form from a lower portion of the distillation
column: and (2) continuously feeding water and the high
15 boiling point mixture withdrawn from a lower porfion of
the distillation coluﬁn to a continuous hydrolysis
reactor, thereby continuously hydrolyzing the unreacted
cyclic carbonate to convert it to a diol and carbon
dioxide, it becomes possible to produce a dialkyl
20 carbonate and a high purity diol, each with high pro-
ductivity, even when an aliphatic monohydric alcohol
containing a concomitant dialkyl carbonate in an amount
up to 40 % by weight is used as a feedstock aliphatic

monohydric alcohol. The present invention has been

25 made, based on these novel findings.



met hod i s continuously conducted which conprises: (1) feeding a cyclic
carbonate and an ali phatic nonohydric 20 al cohol to a continuous

mul ti-stage distillation colum and effecting a transesterification between
the cyclic carbonate and the aliphatic nonohydric al cohol in the presence
of a catalyst in at |east one reaction zone §?iected fromthe nmulti-stage
distillation colum and 25 at | east one iransesterification reactor
which is 21 di sposed outside of the nulti-stage distillation colum and
whi ch conmmuni cates fl ui g=1L0R”%k it et h ks = agg-idkst biel #hie0 e
so that a liquid flow n§9§’3%§5%‘ﬁ%¥”ae9{°h2§d?§F?H“S? Y2BB1ELY b Th0pred
continuously 5 iny@htPOHCEd beobile! BARSSLCHERGA! ol EOALLALOARIY! he
resultant reaction m xture can be continuously recycled to the distillation
columm, while contpre@uSirgWat 8iallkgl B8rBohavebanti aghpghnpuriitiyubdol,
contai ning the produced dial kyl carbonate in a gaseous formfroman 10
upper portion of té&ecHiwithl Aighnpeotuctietdycohhi whichusl gywiltikedicaw-ng a
hi gh boiling point mxture contain- ing the produced diol and unreacted
cyclic carbpnate ibomatégand &oralEobolaskdactegofrpmnaopurke adiphatist i on
colum: and (2) continuously feeding water and the high 15 boi li ng
poi nt m xture withuenehydrdm altohel podt penadiphatic monohydric alcohol

containing a concomitant dialkyl carbonate are used as
feedstocké.
The foregoing and other objects, features and
10 advantages of the present invention will be apparent
from the following detailed description and appended
claims taken in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

15 In the drawings:

Fig. 1 is a diagram showing the system which was
used for practicing Ex§mple 1 of the present applica—'
tion.

Fig. 2 is a diagram showing'thé system which was

20 used for.practicing Example 2 of the present applica-
tion.

Fig.'3 is a diagram showing the system which was
used for practicing Comparative Example 2 of the -
present application.

25 Fig. 4 is a diagram showing the system which was



the distillation colum to a continuous hydrolysis reactor, thereby
continuously hydrolyzing the unreacted cyclic carbonate to convert it to a
di ol and carbon dioxide, it becones possible to produce a dial kyl 20
carbonate and a high purity diol, each with high pro- ductivity, even when
an aliphatic nmonohydric al cohol containing a ggncomitant dialkyl carbonate
In an anmount up to 40 % by weight is used as a feedstock aliphatic
nmonohydri ¢ al cohol. The present invention has been 25 made, based on

these novel findingseq fof2pfaeeieing Exahplies 33 0¥ ithe Yprejet appliilvm-
present invention to provide a novel nethod for continuously producing a

di al kyl carbonate gigna high purity diol, each with high productivity, in
which a cyclic car- 5 bonate and an al cohol selected froma pure

al i phatic nonohydric al Ef@§ol 5aie anddlaigmaat ishowimghtivei cystesheihicdntwashi ng
a concomtant dial kyl carbonate are used as feedstocks. The foregoi ng and
ot her objects, featsedsfandptécticingdExampdes doPft vheppresent apaiicaT
will be apparent fromthe follow ng detail ed description and appended
clains takemn in cobhesti on with the acconpanyi ng draw i ngs.

Fig. 6 is a diagram showing the system which was
used for practicing Example 5 of the present applica-
tion.

Fig. 7 is a diagram showing the system which was

i0 used for practicing Example 6 of the present applica-
tion. |

Fig. 8 is a diagram showing the system which was
used for practicing Example 7 of the present applica-
tion. | |

15 Fig. 9 is a diagram showing the system which was
used for practicing Example 8 of the present applica-
tion.

Fig. 10 is a diagram showing the system which was
used for practicing Example 9 of the present applica-

20 tion.

Fig. 11 is a diagram showing the system which was
used for practicing Example 10 of the present applica-
tion. | -

Description of Reference Numerals

25 1 continuous multi-stage distillation column



BRI EF DESCRI PTI ON OF THE DRAW NGS 15 In the drawings: Fig. 1 is a

di agram showi ng t he system whi ch was used for practicing Exanple 1 of the
present applica- tion. Fig. 2 is a diagram show ng the system which was 20
used for practicing Exanple 2 of the present applica- tion. Fig. 3 is a

di agram showi ng the system whi ch was used forypracticing Conparative
Exanple 2 of the present application. 25 Fig. 4 is a diagram
showi ng the . system whi ch was 23 used for practicing Exanple 3 of the
present applica- tdonyrFigonauis @ di agram show ng the system whi ch was
used for ‘practicing Exanple 4 of the present applica- 5 tion. Fig. 6
is a diagramshowigg the gyshegtsbi ch was used for practicing Exanple 5 of
the present applica- tion. Fig. 7 is a diagramshow ng the system whi ch was
10 used for paacticiafgp&xappreibnobft belpmasent applica- tion.

5, 5' conduit

5 6 reboiler

6' evaporator
7 condenser
8 lower portion of column
9 conduit

10 iO low boiling point mixture-separating column
11 upper portion of column
12 conduit
13 condenser
14 conduit

15 15 evaporator
16 lower portion of column
17 conduit
18 reboiler.
19 conduit

20' 20 conduit
21 condenser
22 conduit
23 ‘diol-separating column .
24 upper portion.of column

25 25 conduit



Fig. 8 is a diagram show ng the system which was used for practicing

Exanple 7 of the present applica- tion. 15 Fig. 9 is a diagram
showi ng the system which was used for practicing Exanple 8 of the present
applica- tion. Fig. 10 is a diagram showi ng the system whi ch was used for

practicing Exanple 9 of the present applica-ég) ~tion. Fig. 11 is a
di agram showi ng the system whi ch was used for practicing Exanple 10 of the
present applica- tion. Description of Reference Nunerals 25 1
continuous multi-sjage dlé%h&éﬁé gn col um 24 2, 2 conduit 3
preheater 4 upper portion of colum 5, 5 conduit 5 6
reboiler 6 - ev@gpor at Okodguit condenser 8 | ower portion of colum
9 condui t
28 lower portion of column
29 conduit
5 30 reboiler
31 conduit
32 conduit
33 condenser
34 conduit
10 35 conduit
36 conduit
37 continuous hydrolysis reactor
38 Qonduit
39 gas~liquid separator
15 40 conduit |
41 conduit
42 conduit
43 continuous hydrolysis column
45 conduit
20 47 azeotropic mixture-separating column
50 distillation column
61 inlet
62 withdrawal port provided in side wall -
63 inlet

25 . 64 withdrawal port provided in side wall



10 10

portion of colum 12

evaporator 16

condui t 20 20 conduit 21 condenser 22 conduit 23
di ol -separating colum 24 upper portion(g colum 25 25
condui t 25 26 condenser 27 condU|t'§8 | ower portion of
col um 29 conduit 5 30 reboil er 31 conduit 32 condui t
65 inlet
66 withdrawal port provided in side wall
67 inlet
68 withdrawal port provided in side wall
5 A transesterificaéion reactor
B transesterification reactor
C transesterification reactor
D transesterification reactor
DETAILED DESCRIPTION OF THE INVENTIbN
10 In the présent invention, there is provided a
method for continuously producing a dialkyl carbonate
and a diol from a cyclic carbonate and an aliphatic
monohydric alcohol, comprising:
(1) continuously feeding a cyclic carbonate repre-
15 sented by the following formula (A):
e |
Rl S\\‘c=o _ (a)
N
20 wherein Rl is a divalent group represented by
the formula —(CHjy)p—, wherein m is an inte-
ger of from Z_to 6, which is unsubstituted or
substituted with';t least one substituent -
selected from the group consisting of a C; -
25 C1o alkyl group and a Cg - Cy1g aryl group,

| ow boiling point m xture-separating colum 11 upper
conduit 15 15
reboiler 19

condenser 14
conduit 18

conduit 13
| ower portion of colum 17




33 condenser 34 conduit 10 35 conduit 36 conduit 37

conti nuous hydrol ysis reactor 38 conduit 39 gas-liquid separator 15
40 conduit 41 conduit 42 conduit 43 conti nuous hydrolysis
col um 45 conduit 20 47 . azeotropic m xture-separating colum
50 distillation colum 61 inlet 62 2 wi t hdrawal port provided in
side wall 63 I nlet 25 64 w t hdriawal port provided in side

wal | 26 65 inlet 66 wi t hdrawal port provided in side wall 67

inlet 68 wi t hdgayal D9y § REEYEIREnbAyELYe Wakbhel représented by the

transesterification reactor
' following formula (B):

RZ0H | (B)
wherein R2 is a monovalent aliphatic C; - Cj,

[ hydrocarbon group which is unsubstituted or.
substituted with at least one substituent
selected from the group consisting 6f a.cl -

C1p alkyl group and a Cg - Cjg aryl group,
to a continuous multi-stage distillation column, wher-
10 ein the aliphatic monahydric alcohol contains a concom-
itant dialkyl carbonate in an amount of from O to 40 %
by Weight, based‘on the total weight of the aliphatic
monohyd;ic alcohol and the concomitant dialkyl car-
bonate, and continuously effecting a transesterifica-
15 tion between the cyclic carbonate and the aliphatic
monohydric alcohol in the presence of a transesterifi-
cation catalyst in at Yeast one reaction zone selected
from the gfoup consisting of
(aj the multijst$ge distillation column, and
20 (b) at least one transesterification reactor which
is disposed outside of the multi-stage distillation
column and which has an inlet and an outlet, each
fluid-tightly communicéting with the multi-stage dis-
tillation column,

25 thereby continuously producing a dialkyl carbonate and



B transesterification reactor C transesterification reactor D
transesterification reactor DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10

In the present invention, there is provided a nethod for continuously
produci ng a dial kyl carbonate and a diol froma cyclic carbonate and an
~aliphatic nonohydric al cohol, conprising: (1l),gontinuously feeding a cyclic
- carbonate repre- 15 sented by the followng formula (A): [err] 20
wherein R err] is a divalent group represented by the fornula
-(CHerr])[err]-, yhgfgin mis an inte- ger of from2 to 6, whichis
unsubstituted or substitUted with at |east one substituent selected from

the group consisting ofyri féegbhtinddusly withdra®lifgr b abkyboglang gpodnx

Clerr] - Cferr] aryl group, 27 and an:al i phati c nonohydric al cohol
represented by thenfothrev sgnteinihg the: pRbautk@Hdialkyl carbonate in a
(B) wherein Rerr] is a nonovalent aliphatic CJerr] - Clerr] 5

hygroparbon gr oup gdsedus sfornmubsbmt ahedpperspbstibot of whehmud tiesdagene
> Stltuen; distillation column and continuously withdrawing a high
boiling point mixture containing the produced diol and
unreacted cyclic carbonate in a liquid form from a
lower portion of the multi-stage distillation column,
wherein when the transesterification is conducted
10 in the transesterification reactor, a liquid flowing-
down inside the multi-gtage distillation column is
continuously withdrawn.through at least one withdrawal
port prqvided in a side wall of the multi-stage distil-
lation column at a position or positions thereof corre-
- 15 sponding to a Stage or stages selected from the group
consisting pf intermediate stages and a lowermost stage
of the multi-stage distillafion column, and the with-
drawn liquid is continuously introduced to the transe-
sterification reactor through the-inlet thereof to
20 thereby contact the cyqlic carbonate and aliphatic
monohydric alcohol contained in the withdrawn liquid
with the transesterification catalyst and effect a
transesterification between'thé cyclic carbonate and.
the aliphatic monohydric alcohol, whereupon the result-

25 ant reaction mixture is continuously withdrawn from the



selected fromthe group consisting of a err] - (Jerr] alkyl group and a
Cerr] - Cerr] aryl group, to a continuous nulti-stage distillation
colum, wher- 10 ein the aliphatic nonohydric al cohol contains a
concom itant dial kyl carbonate in an anount of fromO to 40 % by wei ght,
based on the total weight of the aliphatic mygohydric alcohol and the
concom tant dial kyl car- bonate, and continuously effecting a
transesterifica- 15 tion between the cyclic carbonate and the

al i phatic nonohydri€ BlLoP0bnd Netdiesse8LNEEcAEiont FEAEE6E ethitbughathen
catalyst in at |east one reaction zone selected fromthe group consisting

of (a) the mul'ti - Yodeetli thétédt | A CHEUPBLedNto 26he multi-stage) dastlitast
one transesterification reactor which is disposed outside of the
nul ti-stage distill@tiom colunn thtoudhcanhistanduotionapdrinpoavided éach
fluid-tightly comunicating with the multi-stage dis- tillation colum, 25
thereby conti nuousthe psideicrall sofli théyhuttibshage dhgtillagigndrelumphpte
continuously w thdrawing a | ow boiling point mXxture containing the
produced disal kyl carpesition rahovasthesof oeachr shthdrapper PeEELi 8R%0f t he
mul ti-stage :
J (2) continuously feeding water and the high
boiling point mixture withdrawn from the lower portion
of the multi-stage distillation column in step (1) to a
continuous hydrolysis reactor, to thereby effect a
10 continuous hydrolysis of the unreacted cyclic carbonate
and produce a diol and carbon dioxide, while continu-
ously withdrawing the resultant hydrolysis reaction
mixture containing the produced diol from the continu-
ous hydrolysis reactor.
15 For an easy understanding of the present inven-

tion, the essential features and various preferred

embodiments of the present invention are enumerated

below.
1. A method for continuously producing a dialkyl car-
20 bonate and a diol from a cyclic carbonate and an

aliphatic monohydric alcohol, comprising:
(1) continuously feeding a cyclic carbonate repre-

sented by the following formula (A): -

25



5 distillation colum and continuously w thdrawi ng a high boiling
poi nt m xture containing the produced diol and unreacted cyclic carbonate
inaliquid formfroma |ower portion of the nulti-stage distillation

col um, wherein when the transesterification is conducted 10 in the
transesterification reactor, a liquid flown down inside the nulti-stage
distillation colum is continuously wthdrawn through at |east one

wi t hdrawal port provided in a side wall of the nulti-stage distil- l|ation
colum at a position or positions thgreof corre- 15 sponding to a
stage or stages selected fromthe 4gro consi sting of internedi ate stages
and a | owernost stage of the ngplfi-stage digtillation colum, amg the with-
drawn liquid is continuously intredgucegrto the transe- sterification
reactor through the inlet thereof t 0 t hereby contact the cyclic
carbonate and al i phatic nonohydric al cohol contained in the w thdrawn
liquid with the transesterificatjon catalyst and effect a
transesterification betwhemeiheRtytSia davbbenteguaupt nepuesphiedc by
nmonohydri ¢ sl cohol, whereupon the result- 25 ant reaction mxture is
continuously withdrawn thenfermula 29(6Hy)gast wvhereidnBeiSePpf LiB&Eron

reactor through the outlet thereof and recycled to the nuItL-stagg distil-
ger of from 2 to 6, which is unsubstituted or

substituted with at least one substituent

selected from the group consisting of a C; -

Cio alkyl group and a Cg - Cqg aryl group,
-lo ana an aliphatic monochydric alcohol represented by the
following formula (B):

R20H - (B)
wherein R%2 is a monovalent aliphatic C; - Cp4
hydrocarbon group which is unsubstituted or

e substituted with at least one substituent
selécted from the group consisting of a C; -
Ci10 alkyl group and a ¢6 - C4p aryl group,
to a continuoué multi-stage distillation columh, wher-
ein the aliphatic monohydric alcohol contains a concom-
20 itant dialkyl carbonate in an amount of from O to 40 %
by weight, based on the total weight of the aliphatic
mbnohydric alcohol and the concomitant dialkyl car-
bonate, and continuously effecting a transesterificé:
tion between the cyclic carbonate and the aliphatic

25 _
monohydric alcohol in the presence of a transesterifi-



| ation columm through an introduction port provided in the side wall of the
multi-stage distillation colum at 5 a position above the or each

wi t hdrawal port; and (2) continuously feeding water and the high boiling
point m xture withdrawn fromthe | ower portion of the nmulti-stage
distillation colum in step (1) to a continugys hydrolysis reactor, to

t hereby effect a 10 conti nuous hydrolysis of the unreacted cyclic
carbonate and produce a diol and carbon di oxide, while continu- ously

wi thdrawi ng the resgtiantcay¥aipk¥sia aeazéaga Bha! #e8cEeBhazBNR] sklected
produced diol fromthe continu- ous hydrolysis reactor. 15 For an

easy understandlngfﬁgmtﬁﬁepgggﬁ?tcbﬁgggtlhgoaf the essential features and
various preferred enbodi ments of the present invention are enunerated

below. 1. A nethod for(apnthaumuity-ptadacingtaliia&libn codumn?20and
bonate and a diol froma cyclic carbonate and an aliphatic nonohydric

al cohol, conprising: (1l)bjoati heass| gnéctdangesateydificatirborgactospmwbich
sent ed by t he follomnng formula (A): 25 30 [err]

5 is disposed outside of the multi-stage distillation
column and which has an inlet and an outlet, each
fluid-tightly communicating with the multi-stage
distillation column, thereby continuously producing a
dialkyl carbonate and a diol,

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

15 the produced diol and unreacted cyclic carbonate in a
liquid form from a lower portion of the multi-stage
distillation column,

wherein when the transesterification is conducted
in the transesterification reactor, a liquid flowing-

20 down inside the multi-stage distillation column is
continudusly withdrawn through at least one withdrawal
port provided in a side wall of the multi-stage distil-
lation column at a position or positions thereof corre-

sponding to a stage or stages selected from the group

25 consisting of intermediate stages and a lowermost stage



wherein R err] is a divalent group represented by 5 the fornula

-(CH err])[err]-, wherein mis an inte- ger of from2 to 6, which is
unsubstituted or substituted with at | east one substituent selected from
the group consisting of a CJerr] - (ferr]. alkyl group and a CJerr] - (err] .
aryl group, 10 and an aliphatic nonohydric algphol represented by the
following formula (B): Rerr]OH (B) wherein Rerr] is
-a_ nonoval ent aliphatic CJerr] - Cerr] hydrocarbon group which is

unsubstituted or 15esphs! hhytedsthll Biskeaibionn sehun uemd SHeeatiath rom
the group consisting of a (JQerr] -"Cferr] alkyl group and a (Jerr] - (err]

aryl group, to a CePhAbAULYuIHl ik- bagendbaukilll dhiteoducked o wher trEnsd-he
al i phatic nonohydric al cohol contains a concom 20 itant dialkyl carbonate
in an amount of frepeitocd@idmbyeueitoht thirasgh thet Haledt dhemeicghttof the
al i phatic nonohydric al cohol and the conconitant dial kyl car- bonate, and
continuously ef f ecthagebyt cansastetthei cyclicorarbonade eind @ldiphatds bonat e
and the aliphatic 25 nonohydric al cohol in the presence of a transesterifi-
5 monohydric alcohol contained in the withdrawn liquid
with the transesterification catalyst and effect a
transesterification between the cyclic carbonate and
the aliphatic monohydric alcohol, whereupon the result-
ant reaction mixture is continuously withdrawn from the
10 at least one transesterification reactor through the
outlet thereof and recycled to the multi-stage distil-
lation column through an introduction port provided in
the side wall of the multi-stage distillation column at
a position above the or each withdrawal port; and
15 (2) continuously feeding water and the high boil-
ing point mixture withdrawn from the lower portion of
the multi-stage distillation column in step (1) to a
continuous hydrolysis reactor, to thereby effect a
continuous hydrolysis of the unreacted cyclic carbonate
20 - and produce a diol and carbon dioxide, while continu-
ously withdrawing the resultant hydrolysis reaction

mixture containing the produced diol from the continu-

ous hydrolysis reactor.

25 2. The method accordihg to item 1, wherein the con-



31 cation catalyst in at |east one reaction zone selected fromthe group
consisting of (a) the nulti-stage distillation colum, and (b) at |east one
transesterification reactor which 5 i s di sposed outside of the

mul ti-stage distillation colum and which has an inlet and an outlet, each
fluid-tightly communicating wwth the nulti-stage distillation colum,

t her eby continuously producing a dial kyl carbonate and a diol, 10

whil e continuously withdrawing a | ow boiling point mxture containing the
produced dial kyl cglzohoRaLe the2cg@SE8USalBERREEOThARLERPEN )PEL! iERBmOBOL he
mul ti-stage distillatron colum and continuously w thdrawi ng a hi gh boiling
poi nt m xture contghngdgy 15 the produced diol and unreacted cyclic
carbonate in a liquid formfroma |ower portion of the multi-stage
distillation colum, wherein when the transesterification is conducted in
the transesterification reactor, a liquid flow ng- 20 down inside the
mul ti-stage distil3ati onhéohathodsaccordingusbyitemhdr awn 2t hwbegein, HEast
one withdrawal port provided in a side wall of the nulti-stage distil-

|l ati on col ym at aspesi (Ldn thepogclionsarbenete dor peliquid form is

continuously fed to an upper portion of the continuous
multi-stage distillation column, and the aliphatic
monohydric alcohol in a gaseous form is continuously
fed to a lower portion of the continuous multi-stage

10 distillation column.

4. The method_according to any one of items 1 to 3,

wherein, in step (2), the continuous hydrolysis of the

unreacted.cyclic carbonate is conducted in the presence
15 of at least one hydrolysis catalyst selected from the

group consisting of a solid catalyst and a homogeneous

catalyst.
5. . The method according to any one of items 1 to 4,
20 wherein the high boiling point mixture withdrawn from a

lower portion of the continuous multi-stage distilla-
tion cdlUmn in step (1) contains the aliphatic monohy-
dric alcohol and the dialkyl carbonate, and wherein the
high boiling point mixture is continuously introduced,

25 prior to the feeding thereof to the continuous hydroly-



sponding to a stage or stages selected fromthe group 25 consi sting of
i nternedi ate stages and a | owernost stage 32 of the nulti-stage
distillation colum, and the with- drawn liquid is continuously introduced
to the transe- sterification reactor through the inlet thereof to thereby
contact the cyclic carbonate and aliphatic 5 g4 nonohydri c al cohol
contained in the withdrawn liquid with the transesterification catalyst and
effect a transesterification between the cyclic carbonate and the aliphatic

nonohydri c al cohol g1 WheeaereR tine stepl(2) ,aRo AT PbiPHG Poirkt mix-
continuously withdrawmn fromthe 10 at | east one transesterification

reactor through theusetkepairating celthmnesddctd ils0 ddiprilddd off agecshistnd -

| ati on col um through an i ntroduction port provided in the side wall of the
mul ti-stage distil basi maltilstragat dd spddiliatdonloolann)e and ederetin halrlawal
port; and 15 (2) continuously feeding water and the high boil -
ing point mxture hofhingwpofintmikxEurevcontadning dhe lad iphatiic tmoyeohy-
distillation colum in step (1) to a continuous hydrolysis reactor, to

t hereby eff®ct a c@nitnadgohpyderodydhe dialkylymexhenater ydiiich arsh@ane 20

and produce a diol_ and carbon_dioxide, while continu- ously w thdrawi ng the
resul tant hydrol ysf@ipggcinofhe high boiling point mixture is continuous-

ly withdrawn from an upper portion of the low boiling
point mixture-separating column, while continuously
withdrawing a high boiling point mixture containing the

10 unreacted cyclic carbonate and the diol from a lower
portion of the low boiling point mixture-separating
column,

wherein the low boiling point mixture withdrawn
from the upper portion of the low boiling point mix-

15 ture-separating column .is continuously recycled to the
multi-stage diétillation coiumn used in step (1), while
continuously feeding the high boiling point mixtdre
withdrawn from the low boiling point mixture-separating
coluﬁn to the continuous hydrolysis reactor used in

20 step (2).

6. The method according to any one of items 1 to 5,
wherein the continuous hydrolysis reactor is selected
from the group consisting of a tube reactor and a

25 vessel reactor, and wherein the produced hydrolysis



m xture containing the produced diol fromthe continu- ous hydrolysis

reactor. 25 2. The met hod according to item 1, wherein the con-
33 version of the cyclic carbonate in step (1) is from80 to 99 % 3. The
- met hod according to iteml1 or 2, wherein, in 5 step (1), the cyclic

carbonate in a liquid formis continuously feggto an upper portion of the
continuous multi-stage distillation colum, and the aliphatic nonohydric
al cohol in a gaseous formis continuously fed to a | ower portion of the

conti nuous ”Ult"sféﬁéFEQn mixtQkétbbh%bhﬁﬂn@okﬁéndlél an@iheheedagthon
according to any one of itens 1 to 3, wherein, in step (2), the continuous

hydrolysis of the gpsgfgéessCyohicéntaubagatiatrodueedutoed diolkeepasading
15 of at |east one hydrolysis catal yst selected fromthe group

consi sting of a sotblumAtwhyseh dsdcemprisgdnedus candlipsioussmulfie st@geod
according to any one of itens 1 to 4, 20 wherein the high boiling
poi nt mixture w thdiavhliatioa bomamnpanﬂlwhemblnh¢heodupﬁu9@sCmmhﬁHU§P§ge
distilla- tion colum in step (1) contains the aliphatic nonohy- dric

al cohol and t he di k¥kyitbdrbwnafromand laercpertion of the diol-

separating column, while continuously withdrawing a low
boiling point mixture containing the carbon dioxide

from an upper portion of the diol-separating column.

10 7. The method according to item 5, wherein the con-
tinuous hydrolysis reactor is a hydrolysis column
comprised of a continuous multi-stage distillation
column, and wherein a high boiling point mixture.con-
taining the diol is withdrawn from a lower portion of

15 the continuous hydrolysis column, while continuously
withdrawing a low boiling point mixture containing the
carbon dioxide from an upper portion of the continuous

hydrolysis column.

20 8. fhe method accorqing to item 7, wherein the high
boiling point mixture withdrawn from the lower portion
of the low boiling point mixture-separating column is
continuously introduced to the continuous hydrolysis
column through an introduction port provided in a side

25 wall of the hydrolysis column at a position above a



hi gh boiling point m xture is continuously introduced, 25 prior to the
feeding thereof to the continuous hydroly- 34 sis reactor in step (2),
to a low boiling point mx- ture-separating colum which is conprised of a
continu- ous nulti-stage distillation colum, and wherein a | ow boiling
point mxture containing the aliphatic nobnohyg 5 dric al cohol and the
~dialkyl carbonate which are con- tained in the high boiling point mxture
is continuous- |y withdrawn from an upper portion of the |ow boiling point

m xture-separati n%fﬂ&&%ﬂi‘%&ftcﬂfé{rﬂaeasiﬁ W thdeawany afhiche konlting-
point m xture contalning the 10 unreacted cyclic carbonate and the

diol froma |ower pesthpareiysis t6MuRAI EbPOwRehdrawinguthesdpaiat i ng
colum, wherein the I ow boiling point mxture withdrawn fromthe upper
portion of the |Iow boiling point mx- 15 ture-separating colum is
continuously recycled to the nulti-stage distillation colum used in step
(1), while continuusl yrheemethofhachogibgi tondgtewi At omi Bt uwbegedndithen
fromthe | ow boiling point mxture-separating colunm to the continuous
hydrol ysi s 5 eact orwasex is @ontinuousdy ipfroducedrihe #BehEeNFd®YOHSNg to

any one of items 1 to 5,
hydrolysis column at a position above the withdrawal

port for withdrawing the diol.

10. The method according to item 5 or 8, wherein the

10 cyclic carbonate is capable of forming a minimum boil-
ing point azeotropic mixture with the diol, and wherein
the high boiling poinf ﬁixture withdrawn from the lower
portion.of the low boiling point mixture-separating
column is continuously introduced to an azeotropic

- 15 mixture-separating column prior to the feeding of the
high boiling point mixture to the continuous hydrolysis
reactor, while continuously withdrawing the diol from a
lower portion of the azeotropic mixture-separating
cblumn and continuously withdrawing a low boiling point

20 mixture containing the minimum boiling point azeotropic
mixture of the cyclic éarbonate with the diol from an
upper portion of the azeotropic mixture-separating
column, and wherein the low boiling point mixture
withdrawn from the upper portion of the azeotropic

25 mixture-separating column is introduced to the continu-



wherein the continuous hydrolysis reactor is selected fromthe group _
consisting of a tube reactor and a 25 vessel reactor, and wherein the
produced hydrol ysis 35 reaction mxture containing the diol and the
carbon dioxide is continuously introduced to a diol-separating colum which -
I's conprised of a continuous nulti-stage distidlation colum and wherein
the diol is continuous- 5 ly withdrawn froma | ower portion of the

di ol - separating colum, while continuously withdrawing a | ow boiling point
m xt ure cont ai ni ng e LOX| Ol I ap Iy fidt Reaction

di ol -separating co?%%n?§§68998g57¥ége%%g %gt%gggggcgrg?ﬁg%?g%iten15,
wherein the con- tipgoypthyfr 8l ngheoligaskOrebetaohy Migituses col um
conprised of a continuous nulti-Stage distillation colum, and wherein a
hi gh boiling point m xture con- taining the diol is withdrawmn froma | ower

portion of 15 t he conti nuous hydrolysis colum, while continuously
wi t hdrawi ng a | ow boi |l | Repmethodl atebeddagt oniitgmt A€, c awhieaeis dhiede from
an upper portion of the continuous hydrolysis colum. 20 8. The

met hod acc@ di ng thydtelygiswmereithonhmikityirebdis| regygded te sthe @zeotro-
wi thdrawn fromthe | ower portion of the |ow boiling point
m xt ur e- separ at i ngpicl winture-separating column.

12. The method according to any one of items 1 to 4,
wherein the high boiling point mixture withdrawn from a

10 lower portion of the continuous multi-stage distilla-
tion column in step (1) contains the aliphatic monohy-
dric alcohol and the dialkyl carbonate, wherein the
continuous hydrolysis reactor is a continuous hydroly-
sis column comprised of a continuous multi-stage dis-

15 tillation column, and wherein a low boiling point
mixture containing the.monohydric alcohol, the dialkyl
carbonate and the carbon dioxide is continuously with—'
drawn from an upper portion of the continuous hydroly-
sis column and recycled to the continuous multi-stage

20 distillation column used in step (1), while continuous-
1y withdrawing the diol from a lower portion of the

continuous hydrolysis column.

13. The method according to item 12, wherein the

25 carbon dioxide or both of the carbon dioxide and the



continuously introduced to the continuous hydrolysis colum through an

I ntroduction port provided in a side 25 wal | of the hydrolysis colum
at -a position above a 36 withdrawal port provided in a side wall of the
continu- ous hydrolysis colum for withdrawing the diol. 9. The met hod
~according to item7 or 8 wherein the 5 J@ter is continuously

I ntroduced to the continuous hydrolysis colum at a position above the

wi t hdrawal port for withdrawing the diol. 10. The nethod according to item

5 or 8 wherein the,d0. are fUmbLEAC2EBANRHE 1&%9@@&& opofiatNimgtare
m ni mum boil - ing point azeotropic mxture wth the dIOP and wherein the

hi gh boiling pOlntwf%KaﬂéﬁnWEEBﬂrene {1ippBYt BBritevar ofotheotonft inheusow
boi l'ing point mxture-separating colum is continuously introduced to an

azeotropic 15 hydxéLyeisegalainhnpriorutd pheoretycliiagl e€dithg dbwt he
hi gh boiling point mxture to the continuous hydrolysis reactor, while
continuously w t hdsadd tggt peidtomniktameatbotbe pontiomous mudtiredegepi c

m Xt ure-separating colum and continuously withdrawing a | ow boiling point
20 m s ure codistihlhgtibe gphiummmubed ingspebnf ldzeotropi c mi xture of
the cyclic carbonate with the diol froman upper portion of the azeotropic
m Xt ur e- separati ng

14. The method according to item 12 or 13, wherein the
high boiling point mixture withdrawn from the lower
portion of the continuous multi-stage distillation

10 column used in step (1) is fed to the continuous hydro-
lysis column at a position above a withdrawal port
prbvided in a side wall of the continuous hydrolysis

column for withdrawing the diol.

15 15. The method according to aﬁy one Qf items 1 to 14,
wherein the cyclic carbonate is ethylene carbonate and
the aliphatic monohydric alcohol is selected from the.
group consisting of methanol, ethanol, n-propanol, iso-
propanol, n-butanol, iso-butanol, sec-butanol and tert-

20 butanol.

16. The method according to item 15, wherein the
cyclic carbonate is ethylene carbonate and the aliphat-

ic monohydric alcohol is methanol.

25



col'um, and wherein the |ow boiling point mxture wi thdrawn fromthe upper
portion of the azeotropic 25 m Xt ure-separating colum is introduced
to the continu- 37 ous hydrolysis reactor to effect a hydrol ysis
reaction and obtain a hydrolysis reaction m xture. 11. The method according -
to item 10, wherein the 5 hydrol ysis re lon mxture is recycled to
the azeotro- pic m xture-separating col um. . The nethod according to any
one of itens 1 to 4, wherein the high boiling point mxture wthdrawn from

a 10 | ower portionppf h%%hganbkn%ﬁﬁjpgggg'tsﬁgggngﬁghiﬁgaadvdw%a;olunn

in step (1) contains the aliphatic nono ric alcohol and the dial kyl

carbonate, wher ei E%égﬁscﬂai:i Bﬂﬁzgs iRY@halY $itS beedmbal possd bl@Ntio ¢F e -
hydroly- sis colu conprised of a continuous nmulti-stage dis- 15

tillation colum, apdn¥fgrgeP£arhOthBOirkRBEipai ftb Gbtalne thendeisdired t he
nonohydri ¢ al cohol, the dial kyl carbonate and the carbon dioxide is

continuously wi t h-pglpauBtér @itAnhigheprpautitiviak,t he compameduschyleo| y-
sis colum and recycled to the continuous multi-stage 20 distillation
col um useds i n st epohdtentibhb2 methbdseusuchy asi Bhiedhiodg usiagdisolcomtdmur
| ower portion of the continuous hydrol ysis col um.
ous multi-stage distillation column only, but also in
that a high purity diol can be obtained. The reason
for such advantages is considered to be as follows.
In the present invention, as mentioned above, in
10 the continuous production of a dialkyl carbonate and a
diol from a cyclic carbonate and an aliphatic monochy-
dric alcohol, a cyclic carbonate and an aliphatic
monohydric alcohol containing O to'40 % by weight of a
concomitant dialkyl carbonate are continuously fed to a
15 continuous multi-stage distillation column, and
a transesterification between the cyclic carbonate and
the aliphatic monohydric alcohol is continuously ef-
fected in the presence of a transesterification cata-
lyst in at least one reaction zone selected from the
20 Qroup consisting of (a) the multi-stage distillation
column and (b) at least one transesterification reactor
which is disposed outside of the multi-stage distilla-
tion column and which has an inlet and an outlet, each

fluid-tightly communicating with the multi-stage dis-

25 tillation column. Hereinbelow, for the sake of



13. The nmethod according to item 12, wherein the 25 car bon di oxi de or
both of the carbon dioxide and the 38 water are renoved fromthe | ow
boiling point m xture withdrawn fromthe upper portion of the continuous
hydrol ysis colum prior to the recycling of the |ow boiling point m xture
~to the continuous nulti-stage 5 distillajdon colum used in step (1).
14. The method according to item 12 or 13, wherein the high boiling point
m xture withdrawn fromthe | ower portion of the continuous nulti-stage

distillation 10  oonGQh¥ERCHSSH ERp3bABtidh, '%hEebeQeLh%nﬁﬁﬂkkﬁleﬁﬂe in
hydr o- lysis colum at a position agove a Wi thdrawal port provided in a

side wal | of the cpRiéRURESthYEEaL¥SESsERLuERiIbAr colluher Qai)nd st edi dor 15
15. The nethod according to any one of itens 1 to 14, wherein the cyclic

carbonate is ethyl gne €pahsaaterafiichkktonl irphetionmeofyeguendlyorelfersed
selected fromthe group consisting of nmethanol, ethanol, n-propanol, iso-
propanol , n-butanoto &imphiit asolreactibut ande {ad"teend Xhe aboviermens .
16. The net hod according to item 15, wherein the cyclic carbonate is

et hyl ene c&rbonatetamuedh30de|pnawhlcb tbeokyansesierdfdicatdonet or

which is disposed outside the multistage distillation
column is used for the tranéesterification reaction is
frequently referred to simply as “"reaction mode (b)".
More specifically; reaction modes (a) and (b) are
10 defined as follows:

Reaction mode (a): a reaction mode in which the
aliphatic monohydric alcohol and the cyclic carbonéte
are brought into contact with the transesterifiéation
catalyst in the multi-stage distillation column, to

15 thereby effect a transesterification between the cyclic
carbonate and the aliphatic monohydric alcohol in the
multi-stage distillation column; and

Reaction mode (b); a reaction mode in which a
liquid flowing-down inside the multi-stage distillation

20 column is withdrawn through at least one withdrawal
port provided in a side wall of the multi-stage distil-
lation column at a position or positions thereof corre-
sponding to a stage or stages selected from the group
consisting of intermediate stages and a lowermost stage

25 of the multi-stage distillation column, and the with-



25 39 The nmethod of the present invention is advanta- geous not only in
that it becones possible to effi- ciently performthe reaction to obtain
the desired products with high productivity, as conpared to the 5
conventional nethods, such as a nethod using a continu- ous nulti-stage
distillation colum only, but also in that ajfyjgh purity diol can be
obt ai ned. The reason for such advantages is considered to be as follows. In
the present invention, as nentioned above, in 10 t he conti nuous

production of a digidih fﬁgﬁ@ga&s #hersadoel tbo¥ha erahsestarhendetiond an
al i phati c nonohy- dric a a cyclic carbonate and an aliphatic

monohydric al COholr&éJéEéi-nwnﬂcﬁ i8 é@s%géd%hﬁhid@f of &hecmultdristaigal Kyl
carbonate are continuously fed to a 15 continuous multi-stage

distillation col urgisenylatieansesumni tocehepebyetontacthehey dyicd icar bonat e
and the aliphatic nonohydric alcohol is continuously ef- fected in the
presence of a transesbenatécahdoaltphatitymbnphydriteadcobmd condEimned, dme
selected fromthe 20 group consisting of (a) the multi-stage
distillatign col unthamithdrawn| 2iguidnwithatbestransesierdsi | whi ch

I s di sposed outside of the nmulti-stage distilla-
catalyst and effect a transesterification between the

cyclic carbonate and the aliphatic monohydric alcohol,
.Whereupon the resultant reaction mixture is withdrawn
from the transesterification reactor through the outlet
10 thereof and recycled to the multi-stage distillation
column through an introduction port provided in the
side wall of the multi-stage distillation column at a
position above the or each withdrawal port.
In the present iﬁvention, as mentioned above,
15 reaction modes (a) and (b) may be used in combination.
In the present invention, when reaction mode (a)
is used in step (1), the term "productivity" means a
yield per unit volume of the reaction zone in continu-
ous multi-stage distillation'cplumn (a) and per unit
20 time in step (1), i.e., a space time yield in a reac-
tion zone of continuous multi-stage distillation column
(a) in step (l1). When a plurality of continuous multi-
stage distillation columns are used, the total volume
of.the continuous multi-stage distillation columns is

25 used for calculation of the above-mentioned yield.



tion colum and which has an inlet and an outlet, each fluid-tightly
comuni cating with the nulti-stage dis- 25 tillation colum.

Her ei nbel ow, for the sake of 40 conveni énce in explanation, the
above-nenti oned node in which nulti-stage distillation colum (a) is used
for the transesterification reaction is frequgptly referred to sinply as
"reaction node (a)", and the above-nen- 5 ti oned node in which the
transesterification reactor which is disposed outside the nultistage

distillation col unghés é'ﬁff' +8hcth8nt h8A8CEhY" ikl ﬁgtaaoanaeaeeta&aohs mode
frequently referred to sinply as "reaction node (b)". Mre specifically,

reaction nodes (a)(&ydiébloeresdd in stépf(019¢ ehef ebkawsprBaactien tyrde
(a): a reaction node in which the aliphatic nonohydric al cohol and the

cyclic carbonate anieamscagpieldt peronhitt volluintet b€ transesteriifficattion
catalyst in the nmulti-stage distillation colum, to 15 t hereby effect
a transesterificatresactbet weeh ubedcinl reactlibonmodealt )t badapephanitc time
monohydric al cohol in the multi-stage distillation colum; and Reaction
node (b): & reactibm siele (h)whied.a ai gphdef tdmenyieddninndrapsesserifi-
mul ti-stage distillation 20 colum is withdrawn through at |east one
Wi t hdr awnal cation reactor (b) in step (1). When a plurality of
transesterification reactors are used, the total volume
of the transesterification reactors is used for calcu-
lation of the above-mentioned yield. When reaction
10 mode (b) is used in step (1) and the transesterifica-
tion reaction proceeds in the continuous multi-stage
distillation column also in step (1), the term "produc-
tivity" means a value obtained by dividing a yield per
unit time in step (1) by the total volume of the re-
15 spective reaction zones of transesterification reactor
(b) in step (1) and continuous multi-stage distillation
column (a) in step (1).
The reaction performed in the present invention is
a reversible, equilibrium transesterification reaction
20 represented by the following formula (I), in which a
dialkyl carbonate (C) and a diol (D) are produced from

a cyclic carbonate (A) and an aliphatic monohydric

alcohol (B): _ -

25



port provided in a side wall of the nulti-stage distil- lation colum at a
position or positions thereof corre- sponding to a stage or stages sel ected
fromthe group consisting of internediate stages and a | owernost stage 25
of the nmulti-stage distillation colum, and the wth- 41 drawn liquid is.
~introduced to the transesterification reactor ich is disposed outside of
the multi-stage distillation colum to thereby contact the cyclic carbonate
and al i phati ¢ nonohydric al cohol contained in 5 the withdrawn liquid
with the transesterificgtion catalyst and effect a transesteriiggcation
bet ween the cyclic carpogate and the aliphatic nonohydric al cghol,
wher eupon the resul tght rgagti en prRbur e—s wi t Rdoaor? r am ®le (1)
transesterification regcyor through the eutlst 10 | t hereof\ and recycled
to.the nmulti-stage distgllation colum through an ontroducti onQsbrt
provided in the side wall of the nmulti-stage distillation colum at a
posi tion above the or eagh w thdragal) port. In théCiresent in¥ntion, as
menti oned above, 15 reaction nodes (a) and (b) may be used in
conbi natiors In the presbereinventi on, when reaction node (a) is used in
step (1), the term"produyctivity" neans a yield per unit volune of _the
reacti on zone in conti nB= is a divalent group represented by formula

-(CHz)m-, wherein m is an integer of from 2 to 6,

which is unsubstituted or substituted with at

least one substituent selected from the group

10 consisting of a Ci - Cqp0 2lkyl group and a Cg -

Ci1o aryl group; and

R2 represents a monovalent aliphatic C; - C;i,

group which is unsubstituted or substituted with

at least one substituent selected from the group

15 consisting of a C; - Cjp alkyl group and a Cg -

Ci1p aryl group. '

The above-mentioned transesterification reaction
generally proceeds in a liquid phase. Therefore, for
achieving a high convefsion, it is necessary to remove

20 the produced dialkyl carbonate or diol, whichever has a
lower boiling point, as much as possible from the
liquid reaction mixture.

However, in conventional techniques using reactive
distillation which are disclosed in prior art referenc-

25 es [see Unexamined Japanese Patent Application Laid-



ous nulti-stage distillation colum (a) and per unit 20 time in step
(1), i.e., aspacetine yield in a reac- tion zone of continuous

mul ti-stage distillation colum (a) in step (1). Wen a plurality of
continuous nmulti- stage distillation colums are used, the total volunme of
the continuous nulti-stage distillation columgpg is 25 used for

cal cul ation of the above-nentioned yield. 42 \Wen only reaction node (b)
is used and reaction node (a) is not used in step (1), the term

"productivity” nmeagSeR ¥ é&ﬂfi@é&tﬂﬂht N80! BOR18B30r AesRTespohiditig @o EFCt Or
(b) used in reaction node (b) and per unit tine 5 in step (1), i.e., a

space tine yield isgdeppasstolsli patahitoNoL 5260210 anidn DE-4 20B) 6 AN s
plurality of transesterification reactors are used, the total volune of the

transesterificati opnegamined Japanesef Bateaftcappllé.'cla(tn.onf Lalid-Open Speci-
above-nentioned yield. Wen reaction 10 node (b) is used in step ( g
and the transesterficaaloniNo.réaESDGn(pﬁuces@gnﬂﬁngh¢ocﬁﬁr

mul ti-stage distillation colum also in step (1), the term' produc- t|V|ty
means a valsue obt aPareemquwsaﬁagla and| aEpé 16A24 Ad)de Wlli‘eé’té-ﬁ: @ by the
total volune of the re- 15 ective reaction zones

transesterificati odttempted FB)aP isvepa( spb &ﬁ&nﬁﬁﬁﬂﬂﬁhéﬁg FuICOVEER R

distillation
of the cyclic carbonate in one pass, a large amount of

aliphatic monohydric alcohol needs to be used, so that
the productivity inevitably becomes poor. Illustra-

10 tively stated, the higher becomes the concentration of
a diol in the reaction system with the progress of the
reaction, the higher the rate of the reverse reaction
becomes. Therefore, the higher the desired conversion
of the cyclic carbonate, the larger the amount of

15 aliphatic monohydric élcohol required for shifting the

| equilibrium of the reaction toward the product system.

Further, in the reactive distillation techniques dis-
cldsed in the above-mentioned prior art references, for
achieving a substantially 100_% conversion of the

20 cyclic carbonate, it is necessary to use a pure
aliphatic monohydric alcohol as a feedstock. In addi-
tion, as mentioned above, even when a pure aliphatic
monohydric alcohol is used, the produced diol inevi-
tably contains a smali amount of unreacted cyclic

25 carbonate. Therefore, as mentioned above, for obtain-



colum (a) in step (1). The reaction performed in the present invention is
a reversible, equilibriumtransesterification reaction 20 r epr esent ed
by the following -fornmula (1), in which a dialkyl carbonate (C) and a di ol
(D) are produced froma cyclic carbonate (A) and an aliphatic nonohydric

al cohol (B): 25 . 43 [err] 5 wher'gm Rlerr] is a dival ent group
represented by fornula -(CH err])[err]-, wheréin mis an integer of from2
to 6, which is unsubstituted or substituted with at | east one substituent

sel ected fromthe ﬂ%@r%;](:)g%rg?rjg'?%u%ﬁeg?‘h%h nﬂr}@&uée@[ 856l muSkebe] sabkyl

group and a Cerr]- ; err] represents a nonoval ent

aliphatic Clerr] -s&lesd]+8" REGhVBEERiSoHNE¥ASLIbHACEOAL SORStheubethew t h
at | east one substituent selected fromthe group 15 consi sting

of a Cferr] - ([ergdn@l kyheA! €H8 8Bfivarsienr bf- aCbgelicacyirbgnatpe. ifhene
above-nentioned transesterification reaction generally proceeds in a liquid
phase. Therefore, p&&s is lowered by adopting the above-mentioned reac-

5 tive distillation, an additional separation process
comprising isolation-recovery and recycling of the
unreacted cyclic carbogate becomes necessary. General-
ly, such a separation process is conducted using
distillation columns. ' For example, in the production

10 of dimethyl carbonate and ethylene glycol from ethylene
carbonate and methanol, a reaction mixture is subjected
to distillation in a first distillation column, to
thereby obtain a methanol/dimethyl carbonate mixture
from the top of the distillation column, while obtain-

15 ing an ethylene glycbl/ethylene carbonate mixture from
the bottom of the distillation column. The obtained
ethylene glycol/ethylene carbonate mixture is further
subjected to distillation under reduced pressure in a
second distillation column, to thereby obtain a minimum

20 boiling point azeotropic mixture of ethylene glycol and
ethylene carbonate from the top of the distillation
column. In the above-mentioned process, (i) when the
ethylene glycol/ethylene carbonate weight ratio in the
liquid reaction mixture obtained by the reactive dis-

25 tillation is larger than the ethylene glycol/ethylene



achieving a high conversion, it is necessary to renove 20 t he produced
di al kyl carbonate or diol, whichever has a | ower boiling point, as nuch as
possible fromthe liquid reaction m xture. However, in conventional

techni ques using reactive distillation which are disclosed in prior art

- referenc- 25 es [see Unexam ned Japaneseéfatent Application Laid-

~ 44 Open Specification No. 5-213830 (corresponding to EP- 530615A3, U. S.

Pat ent No. 5231212 and DE-4129316A1) and Unexani ned Japanese Patent

Appli cation Lai d- Gaery Specl - LLGRL! P of- BAQ72LAEEEBRENHIRGUES is-

EP-569812A1, U.S. _ ) -4Z16121IA1)], when it is
attenpted to achi e&’flfeéé“ff&ﬁ”%hé' lsx.céﬁg '8(%9%!@5%1% eb1uha, Cyebi ethy-

carbonate in one pass, arge anount of aliphatic nonohydric al cohol needs

to be used, so thajeddegPyedycisVvbb¥ainedi E2bhy thecbaesopooE. thel setoad 10
tively stated, the higher becones the concentration of a diol in the

reaction system wdistiE1#t06hc6610kn] heheeeaas) onii)hehbngithe ekbylane of
the reverse reaction becones. Therefore, the higher the desired conversion

of the cyclg ¢ car hyngdel /ébrylangecarbenateuneightlifatio ial theatiiguid
nonohydri c al cohol required for shifting the equilibriumof the reaction
toward the productreystitom mixture in the first distillation column is
smaller than the ethylene glycol/ethylene carbonate
weight ratio of the azeotropic mixture distilled from
the second distillation column, the ethylene carbonate
10 is obtained from the bottom of the second distillation
column. In the case of (i) above, as mentioned above,
a part of the produced ethylene glycol is distilled in
the form of a minimum boiling point azeotropic mixture
of the ethylene glycol and the unreacted ethylene
15 carbonate. Therefore, when the unreacted ethylene
carbonate is recycled to the transesterification reac-
' tion system, the produced ethylene glycol is necessarif
ly recycled together with the ethylene carbonate. As a
result, the equilibrium of the transesterification
20 _ reaction is'unfavorab1§ éffected, thereby lowering the
productivity. With respect to this unfavorable recy-
cling of the produced ethylene glycol, the lower the
conversion of the ethylene carbonate, the larger the
amount of the produced ethylene Qlycol recycled to the

25 reaction system. For example, when the transesterifi-



Further, in the reactive distillation techniques dis- closed in the
above-nentioned prior art references, for achieving a substantially 100 %
conversion of the 20 cyclic carbonate, it is necessary to use a pure
al i phati c nonohydric al cohol as a feedstock. In addi- tion, as nmentioned
above, even when a pure aliphatic nonohydric 4 cohol is used, the produced
diol inevi- tably contains a small anmount of unreacted cyclic 25
carbonate. Therefore, as nentioned above, for obtain- 45 ing a high

purity diol, tfmfFHé¥E5ﬁWEéBé%iGNSisb@oﬁ&@bté&cﬁﬁdeioah?ﬂésﬁﬁ@éiéEOM,BOO
fractionation. On the other hand, when the conversion of a cyclic carbonate

in one pass is | owy eldycsEep) | tige t &Ehpbone - JEPELD/@thyRéfie Barbonateve
distillation, an additional separation process conprising

I sol ati on-recover weight ecytio ns 086 f hé. unTkeréfdreycincthasbbnstanbecones
necessary. General- |y, such a separation process is conducted using .
distillation col urewen Rdierxting | eonversihen ppbdethybeneOcarbonatediseahyl
carbonate and et hyl ene glycol from ethyl ene carbonate and net hanol, a
reacti on nPxture isidumedd®t ? ¢ sef | theiprodvuced eEBylanst glygeloforms
colum, to thereby obtain a nethanol/dinmethyl carbonate m xture_fromthe
top of the distil 2R i3FPTHPAC MFrerepvhih.-the unreacted ethylene

carbonate. When the conversion of ethylene carbonate
| is 96 %, 36 % of the produced ethylene glycol forms an

ézeotropic mixture with the unreacted ethylene car-

10 bonate. Further, when the conversion of ethylene
carbonate is 90 %, an extremely large amount as high as
97 % of the produced ethylene glycol forms_an.azeotro—
pic mixture with the unreacted ethylene carbonate to be
recycled to the reaction system. In the case of (ii)

15 above, the cdnversion of ethylene carbonate is as low
as 89 % or less. Theréfore, the produced ethylene
glycol is obtained only in the form of a minimum boilj
ing point azeotropic mixture of the ethylene glycol
with the unreacted ethylene carbonate. Further, in

20 this instance, wheﬁ a cyclic carbonate is heated in the
absence of a monofunctional aliphatic monohydric alco-
hol, by-products, such as an aliphatic polycarbonate,
an aliphatic polyether*and a high boiling point diol,
are likely to be formed, so that the selectivity for

25 the desired products is lowered. This problem is



15 ing an ethyl ene glycol/ethylene carbonate m xture fromthe bottom
of the distillation colum. The obtained ethyl ene glycol/ethyl ene carbonate
m xture is further subjected to distillation under reduced pressure in a
second distillation colum, to thereby obtain a m nimum 20 boi l'i ng
poi nt azeotropic mxture of ethylene glycol gnpd ethylene carbonate fromthe
top of the distillation colum. In the above-nmentioned process, (i) when

t he ethyl ene glycol/ethylene carbonate weight ratio in the liquid reaction

m xture obtained %#fﬁhéaé§%%§faﬂi -wRen the &bbidbi @Arbenh@eyes hbatethe

et hyl ene gl ycol / et ene carbonate weight ratio of the azeotropic

mixture dis- (11| efh [ ibgeRes 008 ShelhbhaEuABLEhUNNaLLPRatl Y mohohy-
gl ycol is obtaine romthe bottomof the second distillation colum,

whereas, (ii) whengdiie £idyh6éDeahd in tBEYypoesehbyl eficacarhnsestemdifdon-
ratio in the liquid reaction mxture in the first distillation colum is
smal | er than the etion esetglysol/ et hyl ene carbonate weight ratio of the
azeotropic mxture distilled fromthe second distillation colum, the

et hyl ene caybonate 10 Theréfooe; ainethér conventhonadnterhniauescysdng
distillation colum. In the case of (i) above, as nentioned above, a part
of the produced etigacwivel §éstiliatien;| iEdhps been usually attempted to

avoid the above-mentioned disadvantagés by using a

large excess of pure methanol containing no dialkyl

carbonate so as to incfease the conversion of the
10 cyclic carbonate as much as possible.

On the other hand, by the method of the present
invention, in which a transesterification is effected
between the cyclic carbonate and the aliphatic monohy-
dric alcohol in at least one reaction zone selected

15 from the group consisting of (a) the multi-stage dis-
tillation column and (b) at least one transeéterifica—
tion reactor which is disposed outside of the multi-
stage distillation col;mn and which has an inlet and an
outlet, each communicating with the multi-stage distil-

20 létion column, it becomes possible not only to achieve
the reduction of the necessary amount of an aliphatic
monohydric alcohol but also use a small-sized reaction
apparatus, without desperately attempting to increase
the conversion of the cyclic carbonate. Further, in

25 the method of the present invention, the unreacted



the formof a mnimum boiling point azeotropic m xture of the ethyl ene

gl ycol and the unreacted ethyl ene 15 carbonate. Therefore, when the
unreacted ethyl ene carbonate is recycled to the transesterification reac-
tion system the produced ethylene glycol is necessari- |y recycled
together with the ethylene carbonate. As a reglt, the equilibriumof the
transesterification 20 reaction is unfavorably affected, thereby

| owering the productivity. Wth respect to this unfavorable recy- cling of

t he produced ethywéi?i%%yégfboﬁgﬁei9§B&oh9§r€88Vebshoﬂi@ﬁ behgdivigd s,

carbonate, the lar e anount of the produced ethylene glycol recycled

to the 25 | reagd i RatYSbRPLicERedCpERbeionefoirheepatattaie thi - 47
cation reaction is conducted under a pressure of 1,300 Pa (10 torr), the

et hyl ene gl ycol / etdytEie carbonate feoghtheatiiolysy8iitdcaThenefter siixture
this instance, even when the conversion of ethylene carbonate is as 5
high as 99 % 9 %afethetpneddedd elhyhddétdbngobyf thes abeversentdpned

m xture with the unreacted ethyl ene carbonate. Wen the conversion_of

et hyl ene ca&r bonat ehydr@byeis36fothe uhwepcsedcsucdify carbogrfieol af &igh an
azeotropic mxture with the unreacted ethylene car- 10 bonat e.
Further, when the pwnibysfdalocopthjndng no cyclic carbonate can be

obtained.
Generallf, ethylene glycol is produced by hydra-

tion of ethylene oxide. However, such a hydrolysis

10 'reaction is accompanied by side réactions due to the
high .reactivity of ethylene oxide to ethylene glycol,
i.e., the addition reaction of the produced ethylene
glycol with the unreacted ethylene oxide, thereby
forming by-products, such as diethylene glycol and

15 triethylene glycol. In the above hydration reaction,
for example, the selectivity for ethylene glycol is
only 89 to 91 %, by-products, such as diethylene glycql
as a main by-product, and triethylene glycol and te-
traethylene glycol as other by-products are formed (see

20 Encyclopedia of Chemical Technology vol. 12, p.700,
L.15-19). In the current practicé of the industry,
ethylene glycol containing by-products, obtained in the
manner as mentioned above, are subjected to distilla-
tion to obtain purified ethylene glycol. However,

25 complete removal of impurities, such as diethylene



carbonate is 90 % an extrenely |arge amount as high as 97 % of the
produced et hyl ene gl ycol forns an azeotro- pic mxture with the unreacted
et hyl ene carbonate to be recycled to the reaction system In the case of

(i) 15 above, the conversion of ethylene carbonate is as |ow as 89 %-
or less. Therefore, the produced ethylene gl ygpl is obtained only in the
formof a mninmumboil- ing point azeotropic m xture of the ethylene glycol
wi th .the unreacted ethyl ene carbonate. Further, in 20 this instance,

when a cyclic carbgngésli siseal e¢ibaltheants edmfettialiynaiaidiablenlethy -
al i phatic nonohydric al co- hol, by-products, such as an aliphatic

pol ycar bonat e, an Béh@hgliréopogpgnehallgndoathigls ddetthydepe gilydiod inamee
likely to be formed, so that the selectivity for 25 t he desired
products is | ower esmouithi aspilLabfenass sevet8ls&ensutoe sgyerall hpupdanedshef
cyclic carbonate is heated in the absence of the nonofunctional aliphatic
nmonohy- dric al conpbmandOnntheeopherchandoef by thengedbed pfc &he ipsesent
catalyst. 5 Therefore, in the conventional techniques usin
reactive diStill atiBventionpasnpeethydene prifeedst ¥§edo 2Rvo; Fherefore,

above-nenti oned di sadvant ages by using.a | ar excess of pure _nethanol
contai ni ng no diaIﬂ%FOSt n by-groduc%ion ofg%iet%y ene ycol occuf%.

‘As a result, a high pufity diol containing no diethy-
lene glycol can be obtained.
Further, for example, when ethylene carbonate is
10 used in the methdd of th; present invention, the recy-
cling of unreacted ethylene carbonate is not conducted.
Therefore, the method of the present invention is free
from the serious problems accompanying the conventional
techniques, such as the lowering of the efficiency of
15 the transesterification reaction caused by the recy-
cling of the produced éthylene glycol in the form of an
azeotropic mixture of the ethylene glycol and unreacted
ethylene carbonate. The omission of the recycling of
the azeotropic mixture of the ethylene glycol and the
20 unreacted ethylene carbonate has for the first time
become possible by the method of the present invention,
in which a cyclic carbonate/aliphatic monohydric alco-
hol transesterification.reaction using reactive distil-
lation and a subsequent hydrolysis of unreacted cyclic

25 carbonate are performed in combination.



carbonate so as to increase the conversion of the 10 cyclic carbonate
as nuch as possible. On the other hand, by the nethod of the present
invention, in which a transesterification is effected between the cyclic
carbonate and the aliphatic nmonohy- dric alcohol in at |east one reaction
zone sel ected 15 fromthe group consistigyg of (a) the multi-stage dis-
tillation colum and (b) at | east one transesterifica- tion reactor which

i s disposed outside of the nmulti- stage distillation colum and whi ch has

an iniet and an outlel.2aghe COPULBREALADENEALA, | BReMihrbagtagecybslel - 20
| ation columm, it becones possible not only to achieve the reduction of the

necessary anount QlaAbbat®Nesi Eonbepbedr té al agbdl. behe2bforesethe
smal | -si zed reaction apparatus, w thout desperately attenpting to increase

the conversion of ﬁi&r&m*?é& 69t DoBatarbbHateedoesNnds contribateetbothef
the present invention, the unreacted 49 cyclic carbonate is converted to
a diol by hydrol ysyseldoof haialkydl casbedabper howewerf oinsgpadat anhighe
cyclic carbonate fromthe diol/cyclic carbonate mxture are not needed. In
addi tion, By the ahovityediobnbs produceflydsonysesudt ofiethar badredyeyslic
carbonate, a high purity diol containing no cyclic carbonate can be

so that the productivity on” the whole including the

production of not only a dialkyl carbonate but also a

diol is not lowered by the above-mentioned hydrolysis

of the cyclic carbonate.

10 In step (1) of the method of the present inven-
tion, the reaction is performed under conditions such
that the conversion of cyclic carbonate is less than
100 %. Therefore, in the method of the present inven-
tion, it is not necessarily needed to use a pure

15 aliphatic monohydric alcohol containing no dialkyl
carbonate, the use of which is requisite in the conven-
tional reactive distillation techniques for achieving
almost 100 % conversion of a cyclic carbonate.

With respect to the continuous multi-stage distili-

20 lation column to be used in step (1) of the method of
the present invention, there is no particular limita-
tion, as long as it is a distillation column which has
two or more stéges of distillation and which is capable

of confinuous distillation. In the present invention,

25 the term "stages“ means the number of theoretical



obt ai ned. CGenerally, ethylene glycol is produced by hydra- tion of ethylene
oxi de. However, such a hydrolysis 10 reaction i s acconpani ed by side
reactions due to the high reactivity of ethylene oxide to ethylene glycol,
i.e., the addition reaction of the produced -ethylene glycol with the
unreacted et hyl ene oxide, thereby form ng bygy oducts, such as diethylene
gl ycol and 15 triethylene glycol. |In the above hydration reaction,
for exanple, the selectivity for ethylene glycol is only 89 to 91 %

by-products, such ggaghi®t (WhesBeBi¥sD! pBstas i NTRYtheoddse, ofind distil-
triethylene glycol and te- traethylene glycol as other by-products are
formed (see 20 1latisy ctoDedh chavifyend caibdeahhibveggtages, 18uch. a60a
L.15-19). In the current practice of the industry, ethylene glycol
cont ai ni ng by- pr ocpadised obd e thetvaluvenoktaisedehyi dhwddabgyvéhear e
subjected to distilla- tion to obtain purified ethylene glycol. However, 25
conpl ete renoval ackimgihetghtsbyhthe bedghyl pas theggegigad| stpge
difficult, and comrercially available ethy- |ene glycol generally contains
di et hyl ene 5l ycol (pila¥e hnOEnE- BsP} ir (eedghtcoguivalens g@ gelBeRretdrateds

of m On the other hand, by the nethod of the esen
PP plate) is gonsidered as the number of stages. Examples

of such continuous multi-stage distillation columns
include plate type columns using a tray, such as a
bubble-cap tray, a sieve tray, a valve tray, a counter-

10 flow tray, and packed type columns packed 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 pacgihg, a Heli pack, a Sulzer
packing and Mellapak. Any column which is generaliy

15 used as a continuous multi-stage distillation column
can be utilized. Further, a mixed type of plate column
and packed column comprising both a plate portion and a
portion packed with packings, can also.be preferably
used. When a solid catalyst which is insoluble in the

20 liquid phase in a distillation column is used, a packed
column type diétillation column, in which the solid
catalyst is used in supstitution for part or all of the
packings, is preferably employed. As the continuous
multi-stage distillation column to be used in stép (1)

25 of the method of the present invention, the above-



5 i nvention, no ethylene oxide is used and, therefore, alnost no

by- production of diethylene glycol occurs. As a result, a high purity diol
containing no diethy- |lene glycol can be obtained. Further, for exanple,

- when et hyl ene carbonate is 10 used in the nmethod of the present
invention, the recy- cling of unreacted ethylgepe carbonate is not

- conducted. Therefore, the nethod of the present invention is free fromthe
serious problens acconpanying the conventional techniques, such as the

owering.of the efilfledidathittillatibiCcbihngstan bel dkeln ihaasiiadally
caused by the recy- cling of the produced ethylene glycol in the formof an

azeotropi ¢ m xtur egpf 1 4heomibinbensnd! YRaknadgdednigacotigbitibs)e eaahhafat €.
The omi ssion of the recycling of the azeotropic m xture of the ethyl ene

glycol and the 20 gistilVpaedshedotifinkemnayCbebesanechad fror ottherf idisttitli-me
become possible by the method of the present invention, in which a cyclic
car bonat e/ al i phat i Tatonhgdlumns! ddrebtllyt bandesparaililedt.i on reaction using
reactive distil- lation and a subsequent hydrolysis of unreacted cyclic 25
carbonat e &re perfornedInnthenpresentninvengion; whenptheemeacthion ofn, the
unreacted cyclic carbonate is converted to a diol. Therefore, the
step (1) is performed in reaction mode (b), at least
one withdrawal port is provided in a side wall of the
continuous multi—stageﬁdistillation column at a posi-
tion or positions thereof corresponding to a stage or
10 stages selected from the groups consisting of interme-
diate stages and a lowermost stage of the multi-stage
distillation column, and a desired number of withdrawal
port or ports can be provided. On the other hand, the
introduction port for recycling the liquid withdrawn
15 from the transesterification reactor through its outlet
can be provided in the side wall of the multi-stage
distillation column atﬁa position above the or each
withdrawal port. When a plurality of withdrawal ports
are provided, the respective liquids withdrawn from the
20 withdrawal ports can be combined and'introduced to the
transesterification reactor. Further, when a plurality
of transesterification reactors are used, the respec-
tive liquid reaction mixtures withdrawn from the tran-

sesterification reactors can be combined and introduced

25 to the continuous multi-stage distillation column



hydrol yzed cyclic carbonate does not contribute to the yield of dialkyl
carbonate; however, instead, a high 5 purity diol is produced as a
result of the hydrolysis, so that the productivity on the whol e including
the production of not only a dial kyl carbonate but also a diol is not

- lowered by the above-nentioned hydrolysis of gpe cyclic carbonate. 10

“In step (1) of the method of the present inven- tion, the reaction is
performed under conditions such that the conversion of cyclic carbonate is

less than 100 % Tb@f@ﬁgﬁeaniﬂn%PSdHE¥ﬁeﬁ gbrithenBrasentornvelkydliiog. it is
not necessarily needed To use a pure 15 - aliphatic nonohydric al cohol

containing no di aljybs&amRRABES. chAebdSisell YWhtERibaalegubsi i iconbita-
conven- tional reactive distillation techniques for achieving al nost 100 %

conversion of a cyglb.carbenathe Wehpbeageof tommeecdadt swades practice

nul ti-stage distil- 20 | ati on colum to be used in step (1) of the

met hod of the preseftthaveethod, ofhthe psesenpainivenitdon, i ditt 4s preferyed

long as it is a distillation colum which has two or nore stages of o

dIStI||aFldh and wbhah thecapmber of tuansestesifiiceltibnt reac o s provid-

present invention, 25 the term "stages" neans the nunber of .

t heoreti cal 52 ed outside of the continuous multi-stage distillation
column be two or more, and that a plurality of with-
drawal ports are'provided in the side wall of the
multi-stage distillation column at respective positions

10 corresponding to different stages. It is more pre-
ferred that the number of transesterification reactors
provided outside of the continuous multi-stage distil-
lation column be two or more, that a plurality of with-
drawal ports are provided in the side wall of the

15 multi-stage distillation column at respective positions
corresponding to different stages, and that a plurality
of introduction ports are provided in the side wall of
the multi-stage distillation column at respective posi-
tions corresponding to respective different stages.

20 _ In the present invention, when the reaction of
step (1) is performed in reaction mode (b), the transe-
sterification reactor is provided at a position between
the withdrawal port and the introduction port for

recycling. There is no particular limitation with

25 respect to the transesterification reactor to be used



stages (theoretical plates). In the case 'of a distil- lation colum having
no substantive stages, such as a packed col um, the val ue obtai ned by

di vidi ng the packing height by the height per theoretical stage 5

(plate) (H ET.P.) (height equivalent to a theoretical plate) is considered.
as the nunber of stages. Exanples of such congd nuous nulti-stage
~distillation colums include plate type colums using a tray, such as a
bubbl e-cap tray, a sieve tray, a valve tray, a counter- 10 flow tray,

and packed type coj{ngangskadmyiskn (53! | A4S 18AGK BRIEheS ¥eRtLM IS 1B
ring, a Lessing ring, a Pa ring, a Berl saddle, an Interlox saddle, a

Di xon packing,” a M{BBopeRaEKKNT. ERaliphesPaEk tranddsteriFidatviprankactors
Mel | apak. Any columm which is generally 15 used as a continuous

mul ti-stage distiljiatiqaecal ¢Gbutar keadtiolr and aFweissel type weadbge of
pl ate col um and packed col um conprising both a plate portion and a
portion packed w th packings, can also be preferably used. Wen a solid
catal yst which is insoluble in the 20 liquid phase in a distillation
colum is uwsed, a packed colum type distillation colum, in which the
solid catalyst is used in substitution for part or all of the packings, is
preferably enployed. As the continuous nulti-stage distillation colum to

be used in step (1) 25 of the method of the present invention, the
above-

10

15

20

25



53 nentioned distillation colums can be used individually or in

conbi nati on. Wien used in conbination, each of distillation colums may be
connected to other distil- lation colums directly or in parallel. 5

~In the present invention, when the reaction of step (1) is perforned in

- reaction node (b), at |east one w thdrawal Pgkt Is provided in a side wall
of the continuous nulti-stage distillation colum at a posi- tion or
positions thereof corresponding to a stage or 10 stages sel ected from

the groups consisting of é%%fiaecagbahﬁtétﬁgeﬁeaﬂgea hewar Festistoege ief the
multi-stage distillation um, and a desired nunber of w thdrawal port or

ports can be proviged. pfiséhe Phiehtiendist beprakenteat bgn (RQr inf @he
recycling the liquid wnthdramm 15 fron1tﬁe transesterification reactor

through its outl etalséwe beopR@yaded)in Ehampilde vdl byelithearbonatesage
distillation colum at a position above the or each wi thdrawal port. \Wen a
plurality of w thdirebhdeoalRybenepcarbdndteshesnebpeast etbyllenei ¢arbonate
wi t hdrawn fromthe 20 wi t hdrawal ports can be conbi ned and i ntroduced
to the tramsesteridndapropylenet carbfnataer 1, 3hdhoxapgygloherp-gr-one, 1,3~

transesterlflcatlon reactors are used, the resgec- tive liquid reactian
mi xtures wit hdr anrdiosacyatohenta-3eone; i pndathenlikget oPE @QﬁsﬁecaﬁﬂﬂFhed

and i ntroduced 25 to the continuous nmulti-stage distillation_col
carbonates, ethylene carbonate an propylene carbona e

are preferably used because of their good availability.
thylene carbonate is most preferably used.

10 An aliphatic monohydric alcohol used as another
feedstock in the present invention is a compound which
is represented by (B) in the above formula (1) and has
a boilipg point lower than that of the produced diol.
The type of an aliphatic monohydric alcohol which can

15 be used in the present invention varies depending on
the type of the cyclic carbonate used. Examples of
aliphatic monohydric alcohols include methanol, etha—.
nol, propanol (isomers; n—propanoi and iso-propanol),
allyl alcohol, butanol (isomers; n-butanol, iso-buta-

20 nol, sec-butanol and tert-butanol), 3-butene-l-o0l, amyl
alcohol (isomers), hexyl alcohol (isomers), heptyl
alcohol-(isomers), octyl alcohol (isomers), nonyl
alcohol (isomers), decyl alcohol (isomers), undecfl;
alcohol (isomers), dodecyl alcohol (isomers), cyclopen-

25 tanol, cyclohexanol, cycloheptanol, cyclooctanol, meth-



54 through an introduction port thereof for recycling. These manners can be
used individually or in conbina- tion. Fromthe viewoint of commerci al
scal e practice of the method of the present invention, it is preferred 5
that the nunber of transesterification reactors provid- ed outside of the
continuous nmulti-stage distillation colum bg,two or nore, and that a
plurality of with- drawal ports are provided in the side wall of the

mul ti-stage distillation colum at respective positions 10

correspondi ng. 1o G{LALAGoRLANES . (1LbnkSa! BehyPovbespacahan | he nurber

of transesterific oL OF S V|de fside” of the continuous
nul ti-stage di'stil lé&ﬁé:?é')C%éﬂnyi?éy&rehekaﬁale(ﬂsbﬂéra)pl gtk by cabheixt-h-
drawal ports are prOV|ded n the side wall of the 15 mul ti-stage

distillation colurghat (E£SOREEEYS amethymayembheaanoml (g sbmedisHf,er ent
stages, and that a plurality of 1 ntroduction ports are provided in the side
wal I of the nulti-siegeyTtgtibhakanolcolisoness )| ephenyleyciobexaniodns
corresponding to respective different stages. 20 In the present

i nvention, swhen t helsemestspn bénsykpaldphod, pphevetbili alcohodi d4segexrs(h)
the transe- sterification reactor is provided at a position between the

wi t hdrawal port armhemglpropadott(dsopers)fspd the like. The above-

mentioned aliphatic monohydric alcohol may be substi-
tuted with at least oné substituent, such as a halogen
atom, a lower alkoxy group, a cyano group, an alkoxy-

10 carbonyl group,'an aryloxycarbonyl group, an acyloxy
group, a nitro group or the like.

Of these aliphatic monohydric alcohols, an alcohol
having 1 to 6 carbon atoms is preferably used. When
ethylene carbonate is used as a cyclic carbonate, an

15 alcohol having 1 to 4 carbon atoms, i.e., methanol,
ethanol, propanol (isomers) or butanol (isomers) is
preferably used. The ﬁethod of the presenf invention
can be employed advantageously especially when methanol
and ethylene carbonate are used as feedstocks.

20 When the reaction of step (1) is performed in
reaction mode (a), a transesterification catalyst is
placed only in the continuous multi-stage distillation
column and, when fhe reaction 6f step (1) is performed
in reaction mode (b), a transesterification catalyst is

25 placed in the transesterification reactor. When the



recycling. There is no particular limtation with 25 respect to the
transesterification reactor to be used 55 in reaction node (b), as long
as the reactor is a flow type reactor. Exanples of transesterification
reactors include a tubular reactor and a vessel type reactor. 5 10 15 20 25.
56 A cyclic carbonate to be used as a feedstggk in the present invention is
represented by (A in the above fornmula (1). Exanples of cyclic carbonates
i ncl ude al kyl ene carbonates, such as ethyl ene carbonate 5 and

propy ene. carbonal feadefofl) 0¥26YEpONE)214- BAReoinda dnO¥BAlbEnARIBIATE ONE,

and the like. ese cyclic carbonates, ethylene carbonate and propyl ene
carbonate are. preffgé@%ybHSﬁgdggcggseaga QBqlragQQangégtbahEhduwlda:hyIene

carbonate is nost preferably used
catalyst is placed in each of the continuous multi-
stage distillation column and the transesterification
5 reactor.

The method for causing a catalyst to be present in
the reaction zone is not particularly limited. For
example, when the reaction of step (1) is performed in
reaction mode (a); a homogeneous transesterification

10 catalyst which is soluble in a reaction mixture under
the reaction conditions can be caused to be present in
the reaction zone by continuously feeding the homogene-
ous transesterification catalyst to the continuous
multi-stage distillation column, or a heterogeneous

15 transesterification catalyst (solid catalyst) which is
insoluble in the reaction mixture under the reaction
conditions, can be caused to be present in the reaction
zone by packing the solid catalyst in the continuous
multi-stage distillation célumn. The above-mentioned

20 homogeneous and heterogeneous catalysts canlbe used in
combination.

When a homogeneous catalyst is continuously fed to
the continuous multi-stage distillation column, it may
be fed to the distillation column together with a

25 feedstock cyciic carbonate and/or a feedstock aliphatic



10 An al i phatic nmonohydric al cohol used as another feedstock in
the present invention is a conpound which is represented by (B) in the
above formula (1) and has a boiling point |ower than that of the produced
~diol. The type of an aliphatic nonohydric al cohol which can 15 be used.-
in the present invention varies depending on bhe type of the cyclic
carbonat e used. Exanples of aliphatic nonohydfic al cohols include nethanol,
et ha- nol, propanol (isoners; n-propanol and iso-propanol), allyl alcohol,

but anol (i sormers; ﬁbﬁﬁégﬁf%ﬁ 4PQoRH1 2~ RPternatiVblyseenBUuhafeyendous

tert-butanol), 3-buten anyl al cohol (isoners), hexyl al cohol

(i somers), heptyl @éfé!bﬁ?ét (h&p"B&StedOtbythal aebeliliasasnr eplumanylt al cohol
(i somers), decyl alcohol (isoners), undecyl, alcohol (isomers), dodecyl

al cohol (isoners),psyptimendifberent £o6ml thaychehwkachl theyfeelembakolis
cycl ooct anol, neth- 57 yl cycl opentanol (isoners), ethylcycl opentanol
(i sonmers), nethyl cfed oheranther | sther bpmogehgbugcitohnsesiayi fications) ,
di met hyl cycl ohexanol (i soners), diethylcycl ohexanol (isoners),

phenyl cycl shexanolc&talyst (¢soneesfedbtaz fheaflishdl laghonechyumg @fheny
(i somers), phenyl propanol (isoners) and the |ike. The above- nentioned

al i phati ¢ nonohydrpesitiemoss ihgngeasybbei position is at least one theo-

retical stage (plate) above the column bottom. Howev-
er, since the region where the reaction actually takes
place in the continuous multi-stage distillation column
10 is generally below the position at which the homogeneQ
ous fransesterification catalyst is fed, it is pre-
ferred that the homogeneous catalyst be fed to the
distillation column at a position between the top of
the column and the position at which the feedstock is
i5 fed. =
When a heterogeneous solid catalyst is used as a
transesterification catalyst, the catalyst can be
packed in a desired amount at a desired position of fhe
continuous multi-stage distillation column, as long as
20 the catalyst layer is present at a position which is at
least one theoretical stage (plate) above the column
bottom. It is preferred that the qatalyst_layer is
present at a.position which is above the column bottom
by two or more theoretical stages (plates). A catalyst

25 . which serves also as a packing for the continuous



tuted with at |east one substituent, such as a hal ogen atom a |ower al koxy
group, a cyano group, an al koxy- 10 carbonyl group, an aryl oxycarbonyl
group, an acyloxy group, a nitro group or the like. O these aliphatic
nmonohydric al cohols, an al cohol having 1 to 6 carbon atonms is preferably
used. Wen ethylene carbonate is used as a gyclic carbonate, an 15

al cohol having 1 to 4 carbon atons, i.e., nethanol, ethanol, propanol

(i somers) or butanol (isoners) is preferably used. The nmethod of the

present L.nvent i on oy pos £4pl Oy e 24/Y 401 SH°0Y i °&RACA LY bEh ABeE! hanol
and et hyl ene carbonate are Used as feedstocks. 20 When t he

reaction of step (1) isymenfendetesBtigacbEostapdelfalis performed in
transesterification catalyst is placed only in the continuous multi-stage

distillation col unFesdeionheddéheb) pagbioexampieppa( hpmbgepeoiisr ednse-
reaction node (b), a transesterification catalyst is 25 pl aced in the
transesterificati aftecbeicsationheatabest, GBichatsi snlublet ép Ehp ireac-
performed in conbination of reaction nodes (a) and (b), a
transesterisicati oricmtmiysuresupdecethenreachion chrddsAPRRUOGEITREL | -
stage distillation colum and the transesterification 5 reactor..
caused to be present in the reaction zone by continu-
ously feeding the homogeneous transesterification
catalyst to the transesterification reactor and/or the
continuous multi-stage distillation column, or a heter-
10 ogeneoﬁs solid transesterification catalyst, which is
insoluble in the reaction mixture ghder the reaction
conditions employed, can be caused to be present in the
reaction zone by packing the solid catalyst in the
transesterification reactor or in both of the transe-
15 sterification reactor and the continuous multi-stage
distillation column. The above-mentioned homogeneous
and heterogeneous catalysts can be used in combination.
For example, a solid transesterification catalyst is
packed in the transesterification reactor and/or the
20 continuous multi-stage distillation column and a homo-
geneous transesterification catalyst is also fed to the
transesterification reactor and/or the distillation
column. -

When a homogeneous catalyst is continuously fed to

25 the transesterification reactor and/or the continuous



The met hod for causing a catalyst to be present in the reaction zone is not
particularly limted. For exanple, when the reaction of step (1) is
performed in reaction node (a), a honbgeneous transesterification 10

catal yst which is soluble in a reaction mxture under the reaction .
conditions can be caused to be present in thg .reaction zone by continuously
f eedi ng t he honbgene- ous transesterificatioﬁlcatalyst to the continuous
“multi-stage distillation columm, or a heterogeneous 15

transeSterifiCatiOmgﬁﬁfgégée(3?L£91£Q£SB¥$E$1ﬂHBQhiESmEQSQEUQE@ itgtPer

reaction mxture JW eactron conditions, can be caused to be present

|0 the reaction zQae.jpY:ipackedstiisaytieabaryshate bha/eenithelded-

mul ti-stage disti on colu e above-nentioned 20 honbgeneous

and het er ogeneous £at@k V81 $phatibensashylieieoabtaRbLON. Altefna tiolyenahies
-catalyst is continuously fed to the continuous nmulti-stage distillation

columm, it may be K&fbdéndbesdbatialyati maycbbumadt egether twahisest2yifica--
feedstock cyclic carbonate and/or a feedstock aliphatic 59 nonohydric
al cohol . Alst er nat i by , réetbpmagéafiopusheatabydd lmigobe cbddmno ath@ posi-
distillation colum at a position different fromthat at which the
feedstock is tion thereof different from the position of the distil-
lation column at which the feedstock is fed.
When a heterogeneous solid catalyst is used, a
solid catalyst which also serves as a packing'for the

10 continuous multi-stage distillation column can be used.

As a transesterification catalyst used in the
present invention, various types of known transesterifi-
cafion Qatalysts'can be used. Examples of such cata-
lysts include alkali metals or alkaline earth metals,

15 _ such as lithium, sodiﬁm, potassium, rubidium, cesium,
magnesium, calcium, strontium, barium and the like;
basic compounds such as hydrides, hydroxides, alkoxides,
aryloxides. and amides of alkali metals or alkaline earth
metals and the like; basic compounds, such as carbonates

20 and hydrogencarbonates of alkali metals or-alkaline
earth metals, alkali metal or alkaline earth metal
salts of organic acids ‘and the like; tertiary amines
such as triethylamine, tributylamine, trihexylémineF

benzyldiethylamine and the like; nitrogen-containing

25 heteroaromatic compounds, such as N-alkylpyrrole, N-



fed. Further, the honogeneous transesterification 5 catal yst can be
fed to the distillation colum at any position as |long as the position is
at | east one theo- retical stage (plate) above the colum bottom Howev-
er, since the region where the reaction actually takes place in the
continuous nulti-stage distillation colum 1 is generally bel ow the
position at which the honbgene- ous transesterification catalyst is fed, it
is pre- ferred that the honpbgeneous catal yst be fed to the distillation

colum at a positi%]pgf}l%@gfeg h@ég%ﬁt hbslﬁ?hﬂﬂﬁldaﬂglébeNDBikﬁrlEﬁ}rﬁ"-

whi ch the feedstoc en a helerogeneous solid catalyst is

used as a transestghjdi cakh@iazdial Ypiri&iReCahakyspyeaaihe, paaiasliney
desired amount ‘at a desired position of the continuous multi-stage

distillation col urgnkybghPRglehe20isoquihbtifal ahyRyllispquinelpneseatrdd-a
position which is at least one theoretical stage (plate) above the colum
bottom It is preffiggdalibplachidinénl phenbayhrol $np eadkylpheaaptbiro-on
whi ch is above the colum bottomby two or nore theoretical stages
(plates). A catal ysin€p pyrimidiine, selkegipyrinidine, ppykpdgneor alkylpyra-
cont i nuous 60 nulti-stage distillation colum can al so be used.
dine, triazine, alkyltriazine and the like; cyclic
amidines, such as diazabicycloundecene (DBU), diazabi-
cyclononene (DBN)'ané:the like; thallium compounds,
such as thallium oxide, thallium halides, thallium
10 hydroxide, thallium carbonate, thallium nitrate, thall-
ium sulfate, thallium salts of organic acids and the
like; tin compounds, such as tributylmethoxytin, tribu-
tylethoxytin, dibutyldimethoxytin, diethyldiethoxytin,
dibutyldiethoxytin, dibutylphenoxytin, diphenylmethoxy-
15 tin, dibutyltin acetate, tributyltin chloride, tin 2-
ethylhexanoate and the like; zinc compounds, such as
dimethoxyzinc, diethoxyzinc, ethylenedioxyzinc, dibu-
toxyzinc and the like; aluminum compounds, such as
aluminum trimethoxide, aluminum triisopropoxide, alumi-
20 num tributoxide and the like; titanium compounds, such
as tetramethoxytitanium, tetraethoxytitanium, tetrabu-
toxytitanium, dichlorodimethoxytitanium, tetraisopro-
poxytitanium, titanium acetate, . titanium acetylace- .

tonate and the like; phosphorus compounds, such as tri-

25 methylphosphine, triethylphosphine, tributylphosphine,



When the reaction of step (1) is perforned in reaction node (b), for
exanpl e, a honbgeneous transe- sterification catalyst, which is soluble in
the reac- 5 tion mxture under the reaction conditions, can be caused
to be present in the reaction zone by continu- ously feeding the .
honbgeneous transesterification catalyst to é%e transesterification reactor
and/or the continuous nulti-stage distillati colum, or a heter- 10
ogeneous solid transesterification catalyst, which is insoluble in the

reaction m xture uneer?%é??éﬁggﬁﬁ§ﬂeggﬁ?%gh?ﬂimggp&§¥ﬁ659ﬁaﬂigﬁ fausadst o

be present in the ¥ one p e solTd catalyst in the

transesterificatiQﬁﬁ#éﬁﬁiggﬁﬁ?%#ﬁotgggngﬂmtHﬁlgaéggetr%gheny%ﬁgtﬁyubh@@Lion

reactor and the co S Istillation colum.

above- nenti oned hQRGLNGR USa tidelchREOHRABC D RS ALAEONS uRABORDOUREE i Buch
combi nation. For exanple, a solid transesterification catalyst is packed in

the transesterificagi giré6aLtar hangddes, t Berédnocenesonkircond un bibetyllage
distillation colum and a honp- geneous transesterification catalyst is

al so fed tg the treatesatej f zfatoniiumeatkorided/, ozirbendugt alcedaiten andl um.
When a honpbgeneous catalyst is continuously fed to 25 t he
transesterificati otheehtkes aeddoandhdesdncontedning compounds, e.g.,

lead oxides, such as PbO, PbO,, Pbz04 and the like;

lead sulfides, such as PbS, Pb,Sg3, PbS, and the like;

lead hydroxides, such as Pb(OH),, Pb302(OH)2,

10 | sz[PbOZ(OH)Z], PbZO(OH)z and the like; plumbites, such
as NayPbO,, K,PbO,, NaHPbO,, KHPbO, and the like;
plumbates, such as NajPbOj, NajHoPbOy, K,PbOg3,
Ko[Pb(OH)gl, K4PbOy, CayPbOy, CaPbO3 and the like; lead
carbonates and basic salts fhe:eof, such as PbCOg,

15 2Pb003on(0H)2 and the like; alkoxylead compounds and
aryloxylead compounds, such as Pb(OCHs)z,
(CH30)Pb(OPh), Pb(OPh), and the like; lead salts of
organic acids, and carbonates and basic salts thereof,
such as Pb(OCOCHz),, Pb(OCOCH3),, Pb(OCOCH3),+PbO-3H0,

20 and.the like; organolead compounds, such as Bu,Pb,
PhyPb, BugPbCl, PhgPbBr, PhgPb (or PhgPby), BugPbOH,
Ph,PbO and the like wherein Bu represents a butyl group
and Ph represents a phenyl group; lead alloys, such .as
Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, Pb-Sb and the like; lead

25 minerals, such as galena, zinc blende and the like;



61 nulti-stage distillation colum, it may be fed together wth the

feedstock cyclic carbonate and/or the feed- stock ali phallc—eroHyd
al cohol. Alternatively, the honbgeneous catal yst may en,{lgg_EETHﬁ@BE
transesterifica- 5 tion reactor and/or the disti GRR

| at | omERIA it_g )
posi - tion thereof different fromthe positi of t hellgissts===F3TT0n col um
at whi.ch the feedstock is fed. Wen a heteroggheous solid catalyst is used,
a solid catal yst which also serves as a packing for the 10 cont i nuous

Tl 1o stage distil hobiaReaOli st Hodt Ymphurftdy MGFUEIIGA Obuch

catal yst used in t resent 1 nvention, varidus types

transesterifi-"cal banap3bll kilchatde BRIUSRI ndvsHID! @ tilarty hil Byrduisd s
include alkali metals or al kaline“earth netals, such as lithium
sodi um potassi um ibhbieibh%g%e&iééﬂasrmﬂc?ﬂami@ Grotpss! rHH-laahdage Um
and the |ike; basic conmpounds such as hydrides, hydroxides, al koxides,

aryl oxi des. and am gesiak akldng @R deast ollek ayipee odnriich-EictHange dydiep

| i ke; basic conpounds, such as carbonates 20 and hydr ogencar bonat es of
alkali net&# s or abkakchedefirbm robikalgrouy lcminsimdtialg af Auldfionatesarddr-
metal salts of organic acids and the like; tertiary am nes such as
triethylam ne, tribokylakenend phiosppate groups)z\dtdiangiy dasie anlide

| i ke; nitrogen-containing 25 . het eroaromati ¢ conmpounds, such as

N-al kyl pyrrol e, N- anion-exchangers having a quarternary ammonium groups

as ion-exchange groups and the like; solid inorganic
compounds, such as silica, silica-alumina, silica-

10 magnesia, aluminosilicate, gallium silicate, wvarious
types of zeolites, various types of metal-exchanged
zeolites, ammonium-exchanged zeolites; and the like.

Among the above-mentioned solid catalysts, stron-
gly_basic anion—exchangers having quaternary ammonium

15 groups as anion—exchange_groups are preferably used.
Examples of such anion-exchangers include strongly
basic anion-exchange resins having quaternary ammonium
groups as anion-exchange groups, cellulose type stroné—
ly basic anion-exchangers having quaternary ammonium

20 groups as anion-exchange groups, strongly basic anion-
exchangers carried on an inorganic carrier which have
quaternary ammonium groups as anion-exchange groups,
and the like. ) | -

0f these strongly basic anion-exchange resins

25 having quaternary ammonium groups as ion-exchange

| This Sheet Has Been Rerlaced
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62 al kyl i ndol e, oxazole, N alkylimdazole, N alkylpyra- zole, oxadiazole,
pyridine, alkylpyridine, quinoline, alkylquinoline, isoquinoline,

al kyl i soqui noline, acrid- ine, alkylacridine, phenanthroline,

al kyl phenant hro- 5 l'i ne, pyrimdine, alkylpyrimdine, pyradine,

al Kyl pyra- dine, triazine, alkyltriazine and g%he |ike; cyclic am dines,
such as di azabi cycl oundecene (DBU), diazabi- cyclononene. (DBN) and the

| i ke; thallium conpounds, such as thallium oxide, thallium halides,

thal lium 10 hpdhospsge stirene typardiorenely thagdic \anionrexchandsl | -
iumsulfate, thalliumsalts of organic acids and the like; tin conpounds,
such as tributyl nemiesdns @nd rtha-like ars.preferahiutysed nethodarene

di et hyl di et hoxytin, dibutyldiethoxytin, dibutylphenoxytin, djphenyl nethoxy-
15 tin, di buty¥Pen sfrangly Rasiq EpiqnrLHFINgR Te5ip s comprised

et hyl hexanoate and the |ike; zinc, %%gﬁﬂgnds, such as _di net hoxyzi nc, .

di et hoxyzi nc, et hyPén&diSHRANR, AN LIRFEZAGHE YURE |3% S AR TR
conmpounds, ‘such as _alum nym_trinmethoxide., alumnumtrii SOpropoxid lum -
20 numBtri but SRCHSUBRE R o i, fmples, (iRt QR 11F s

t et ramet hoxytitani %@iﬁggﬁ%gggﬁ)@&meﬁa%ﬂl@bf idy a1 agram-

di chl or odi net hoxytitanium tet poxytitani um ti1tani um acetate,

titanium acetyl acemstQeaha PGt RNOTRD HIIS KRR Wik IE I B5) LT -

_~—CH—CH>—CH—CHz— CH—CHz—"L"

0 | -
o Q (type I)
. - | e CE o .
s o CH—CH— SRR
15 | . (1)

N —CH—CHz—CH—CH—CH—""
(type II)

' ' @ .
. /e A"r—CH—CH2z~— CHzNgCHs)z(CzH.;OH)
20 CHzN(gCHs)z(CszH) X

X |

 In above formula (II), X represents an anion.

Generally, X is at least one type of an anion, selected

25 from the group consisting of F~, C1°, Br~, I, HCO3",'



25 met hyl phosphi ne, triethyl phosphi ne, tributyl phosphi ne, 63

tri phenyl phosphi ne, tributyl nmethyl phosphoni um hal i des,

trioctyl butyl phosphoni um hal i des, tri phenyl nethyl phos- phoni um hal i des and
the Iike; zirconium conpounds, such as zirconium halides, zirconocenes,
zirconium acetyla- 5 cetonate, zirconiuggal koxi des, zirconium acetate
and the |like; |lead and | ead-contai ni ng conpounds, e.g., |ead oxides, such
as PbO PbJerr], Pb[err]derr] and the like; lead sulfides, such as PbS,

Pb2S3, PbS2 d they Zk h d hgag.,Pb . i
2SS, POSZ and | haplkcuged, hy dhes) destos s heag, PO beog . 1 4s

Poferr] (OH) [err] ﬁf@lféﬂaed | kRat Pk UBRI €3ecteahfremNeREDEROUK2EDABisting
NaHPbQ2, KHPbQ2 and the |ike; plunbates, such as Na[err]Pb(err],

Na[ err] H err] Pbd esg lc1 K] eBrT PoiE@4T ] and] eo§?r Pb(Witherekpeck| tor tRe err],
Cal[err]Pbderr], CaPb(err] and the |ike; | ead carbonates and basic salts .
t hereof, such as Rbfijctute 4F the baQ@be?énrprbbéPhpéon}e39hange like;
alkoxylead conpounds and aryl oxyl ead conpounds, such as Pb(OCH3)2

(CH err] O Pb( OPh) ,reéirtPhg 2ther ah@ellknpeleadasﬁﬁPsoﬁetéﬂgéﬁFctHEPdéMRand
carbonates and basic salts thereof, such as Pb(OCOCH err% gerrL
Pb(CCOCH[err])[err?¥P¢%(Q§mIPfe¥$?9[erH?WF%€F8FP§PPP€P of the highqrene

| i ke; organol ead conmpounds, such as Bu[err Pb PhLerr b Bu err% %

Ph[err] PoBr, Ph[er§is%Anee ¥R eFgephbferriy nEﬁ[eF tYPRoBEPERGSERES -

| Tke wherein Bu represeq;gmglggtg% geffglose type strongly basic anion-

exchangers having quaternary ammonium groﬁps as ion-

10 exchange groups include cellulose type strongly basic
énion-exchangers having ion-exchange groups of the
structure represented py_the formula: -OCH,CHoNR3X,
which exchangers are obtained by trialkylaminoethyla-
tion of a part or all of the hydroxyl groups of cellu-

15 lose. In the above formula, R represent an alkyi
group, for example, a methyl group, an ethyl group, a
propyl group, a butyl group or the like, preferably a
methyl group or an ethyl group; and X is as defined
above.

20 The inorganic carrier-carried strongly basic
anion-exchanger usable in the present invention, which
has'quaternary ammonium groups as ion-exchange groups,
is an anion-exchanger ha&ing quaternary ammonium groups
represented by the formula -O(CHz)nNR3X wherein R and X

25 are as defined above and n is usually an integer of



and Ph represents a phenyl group; |ead alloys, such as Pb-Na, Pb-Ca, Pb-Ba,
Pb-Sn, Pb-Sb and the like; |ead 25 ~mnerals, such as gal ena, zinc

bl ende and the |ike; 64 hydrates of these |ead conmpounds;

i on- exchangers, such as ani on-exchange resins having tertiary am no groups, -
i on-exchange resins having am de groups, iongégxchange resins having at

- | east. one type of ion-exchange group 5 sel ected fromthe group
~consisting of sulfonate, car- boxylate and phosphate groups, strongly basic

sol i d ani on-exchangess Dayh ng, SpApbAaHYY2 2 WRIEH AL 6HPExahahgerexahabee
groups and the like; solid inorganic conpounds, such as silica,

silica-alumna, . sigi&gardd by thébfb@sEdcaslioni 86sal pasteorgalllli of the
silicate, various types of zeolites, various types of netal-exchanged
zeol ites, ammoni urhyrkedieyDesrdepsi basthanduriecki k€. theohgorgenic carri-
above-nentioned solid catalysts, stron- gly basic anion-exchangers having
quat ernary anmoni war.l5 Examplesocofsinerganda- cachiege gnodpdeasdlicaierabl y
used. Exanpl es of such anion-exchangers include strongly basic .
ani on- exchange r esahsnina ngilicaeahuninambitanigr oapelateaandntbechdkge
groups, cellulose type strong- |y basic anion-exchangers_havi ng quaternary
ammoni um 20 oeheses ahlbAaexahunyeagppdpsilicpsadMPings PECaRTEN-
ferably used. Silica is most preferred. There is no
limitation with respect to the method for the modifi-
cation of hydroxyl grdups on the surface of the
10 inorganic carrier. For example, such a strongly basic
anion-exchanger carried on an inorganic carrier can be
obtained by subjecting an inorganic carrier and an ami-
noalcohol fepresented by the formula HO(CH,),NR, to
dehydration reaction between them in the presence of a
15 basic catalyst to thereby effect aminoalkoxylation,
followed by the reaction of the resultant aminoalkoxy-
lated inorganic carrier with an alkyl halide represent-
ed by the formula RX'; wherein X' represents a halogen
atom, preferably Cl, Br or I, to thereby convert the
20 aminoalkoxy group into a -O(CH,),NR3X' group. The
—O(CH5 ),)NR3X' group is further converted to a
—O(CH, ),NR3X group having the desired anion X by an
anion exchange reaction. When n is 2, an inorganic .

carrier is treated with N,N-dialkylaziridine so that

25 . the hydroxyl groups on ‘the inorganic carrier are N,N-



exchangers carried on an inorganic carrier which have quaternary ammni um
groups as anion-exchange groups, and the like. O these strongl

ani on- exchange resins 25 havi ng quaternary a UPss BBEN

I on- exchange 65 groups, styrene type strongly ba f8“§nk - RXgEpange
resins and the like are preferably used. A shérene [ O] &S
;anionrexchange resin is conprised of a styrehg/diviny enzene copol yner as
a base resin, and quaternary annonlun1groups (type | or type Il) as

o enchonce o kAR byl fdiary e
t t

Pt N ety e SHEE ROy

I[err], HCQJerr], aboxﬁé-:%@iéﬁed%ﬁﬁéhcq err] , HCerr] , IJerr] , BrCs

and CIC{err] . It 1s preferred that X be selected fromthe group consisting
Commercially available solid, strongly basic

5 anion-exchangers having quaternary ammonium groups as
ion—e#change groubs can be used in the present inven-
tion. When a commercially available solid, strongly
basic anion-exchanger is used, it can be treated for
anion-exchange with a desired anion species before it

10 ié used as a transesterification catalyst.

A solid catalyst domprised of a macroreticular or
gel type organic polymer or an inorganic carrier, each
having bonded thereto a'heterocyclic group containing
at least one nitrogen atom, is préferably used as a

15 transesterification catalyst. Further, the above-
mentioned solid catalyst 6an be treated for quarternar-
izing a part or all of the nitrogen-containing hetero-
cyclic groups before it is used.

The amount of theltransesterification catalyst to

20 be used in the present-invention varies depending on
the type thereof.  The homogeneous catalyst, which is
soluble in the reaction mixture under the reaction
conditions} is fed continuously in an amount of from.
0.0001 to 50 % by weight, based on the total amount of

25 the feedstock cyclic carbonate and the freedstock
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of Cferr], Br[err], HCJQerr] and CJerr]. Wth respect to the structure
of the base resin of the ani on-exchange 5 resin, either a gel type or
a macroreticular type (MR type) can be used. However, because of the high
re- sistance to organic solvents, the MR type is preferred. Exanples of

cel lul ose type strongly basic anion- exchangggs having quaternary ammoni um
groups as ion- 10 exchange groups incluge cel lul ose type strongly
basi ¢ ani on- exchangers havi ng i on-exchange groups of the structure

represented by thf‘ajF R Ae m f&{-l%fé&hb‘ﬂewh&., shhiiahcaxahgegeis are

obtai ned by trial kyl am noethyla- Tion of a part or all of the hydroxyl
groups of cellu- loscked 1RS8n ahBuhbCo@be¥emf 20MibagsRey, epreferabdy Firiop

group, for exanple, a nmethyl group, an ethyl group, a propyl group, a butyl
group or the |ike,5@presesabsybp veline, gbaspdoonashet integnalpyvodateXofs as
defined above. 20 The inorganic carrier-carried strongly basic
ani on- exchanger usttie etranséésteriestoationeneactorwhi ¥hehathgustdddacpta-
anmmoni um groups as ion-exchange groups, is an ani on-exchanger havin
quat er nar y s5anmoni ukysit olpspackedsint thebgonténfiopgumglti-stage distilla-
-Q(CH err])[err]NRlerr] X wherein R and X 25 are as defined above and
nis usually an int%ggwcggumn,a#t is packed preferably in an amount of
from 0.01 to 75 % by volume, based on the internal
volume of the empty distillation column.
In step (1) of the method of the present invention,
10 a cyclic carbonate and an aliphatic monohydric alcohol
containing a concomitant dialkyl carbonate in an amount
of from 0 to 40 % by weight, based on the total weight of
the aliphatic monohydric alcohol and the concomitant
dialkyl carbonate, are .continuously fed to a continuous
15 multi-stage distillation column. In reaction mode (a),
there is no particulaf restriction with respect to the
method for continuously feeding the feedstocks to the
continuous multi-stage distillation column, and any
feeding'method can be used as long as the feedstocks can
20 be contacted with the catalyst in a region of the distil-
lation column which corresponds to at least one stage,
prefefably at least two stages. That is, the cyclic
carbonate and the aliphatic monohydric alcohol can be

continuously fed to at least one stage of the continuous

25 multi-stage distillation column through a desired number



from1l to 6, preferably 2, which ani on-exchanger can be prepared by the
nodi fication of a part or all of the hydroxyl groups on the surface of the
i norganic carri- er. Exanples of inorganic carriers include silica, 5
alumina, silica-alumna, titania, zeolite and the like. O these, silica,
alumna and silica-alumna are pre- ferably ed. Silica is nost preferred.
There.is no limtation with respect to the nethod for the nodifi- cation of
hydr oxyl groups on the surface of the 10 i norganic carrier. For

exanpl e, such a stgpngly | 518508ne8CH2AE8E rea EitageOBsalohgohgani ¢
carrier can be obté?ned %gﬁéu ngting an inorggnic cagsier andagn am -

noal cohol represenggkd Quo@éeréﬁﬁﬂyéﬁehEXEkaahE@fiéddehmﬂéabyeuibeaatkon
between themin the presence of a 15 basic catalyst to thereby effect

am noal koxyl at i on, béRatevweadbyhéhmronengiree alcbhelr mayl benfedneddchielroxy-

| ated inorganic carrier with an al kyl halide represent- ed by the formula
RX' , wherein X rethheseame athgéogéntheodispidietibhycGlumBr ogr to, sepa-

t hereby convert the 20 am noal koxy group into a

-Q(CH.err] ¥ err] NRfate | stagesupndiThduadlgs] eFhe) ferdptREksr pXe gesiinus
further converted to a -CXC}{err]i[err]NR[err]X group having the desired
ani on X by an ani cpugk¥hE@delneactiignidviermy Rsdasegs; £6FBaRTc 3¢ diaudd— s
treated with N i iridi '

feedstocks to the continuous multi-stage distillation
column as described abave, additional feedstocks can be

10 fed in a gaseous form to the lower portion of the
distillation column intermittently or continuously.
Alsb preferred is a method wherein thercyclic carbonate
is continuously fed in a liquid forﬁ'or a liquid-gas
mixture form to a stage at a level higher than the

15 stage where the catalyst is present, while the aliphat-
ic monohydric alcohol is continuously fed in a gaseous
form to the lower.portion of the distillation coluﬁn.
In this case, some of éhe aliphatic monohydric alcohol
may be contained in the cyclic carbonate.

20 In reaction mode (b), the aliphatic monohydric
alcohol and the cyclic carbonate may be fed directly to
the continuous multi-stage distillation column. Alter-
natively, the aliphatic monohydric alcohol and the .
cyclic carbonate may be first introduced to a transes-

25 terification reactor to effect transesterification, and



68 di al kyl am noet hoxyl ated to obtain a - OCH2ZCH2ZNR2 group, which is then
converted to a - OCH2CH2NR3X group by the above-nenti oned net hod.
Commercially available solid, strongly basic 5 ani on- exchanger s havi ng
guat er nary anmoni um groups as i on-exchange groups can be used in the
present inven- tion. Wen a comercially ava'hable solid, strongly basic
ani on- exchanger is used, it can be treated er ani on- exchange with a
desired ani on species before it 10 is used as a transesterification

catalyst. A solid gatal yal £00Qf kSR %}aasaa%a%&%&w&% ead@iohy R xture

organi ¢ polymer or an inorganic carrier, eac avi ng bonded thereto a

heterocyclic grouppgenbai pLAIta! theagbn@iaubub! AAtRidkeEge diRtalaeailon
used as a 15 transesterification catalyst. Further, the above-

nmentioned solid catgiysh.can be treated for quarternar- izing a part or al
of the nitrogen-containing hetero- cyclic groups before it is used. The
amount of the transesterhéi egtilae carbbyatet and0the alilphatdedmomohydric
present invention varies depending on the type thereof. The honpgeneous
catal yst, which i sakobhblemay beefedaceithem individuadlyt s Aogodixdmre,
conditions, is fed continuously in an anmount of from 0.0001 to 50 % by
wei ght, based on tteroughl aadeghredf npgber of fredingdpiper dpcid desired
carbonate and the feedstock
stage of the distillation column, a desired portion of
the transesterification reactor, or both a desired
stage of the distillation column and a desired portion
10 of the transesterification reactor. The feedstocks are
continuously fed in a liquid form, a gaseous form, or a
liquid-gas mixture form. In addition to the continuous
feeding of the feedstocks to the continuous multi-stage
distillation column and/or the transesterification
15 reactor as described above, additional feedstocks can
be fed in a gaseous form to the lower portion of the
distillation column intermittently or continuously.
Also a method may be_emploYed wherein the cyclic car-
bonate is continuously fed in a liquid form or a lig-
20 uid-gas mixture form to the uppermost transesterifica-
tion reactor and/or to.a stage of the continuous multi-
stage distillation column positioned above the with-
drawal port connected to the uppermost transesterifica-

tion reactor, while continuously feeding the aliphatic

25 monohydric alcohol in a liquid form, a gaseous ‘form or a



69 ali phatic nonohydric al cohol. The solid catalyst is packed in an anount
of from10 to 95 % preferably from50 ta 90 % by vol une, based on the
internal volune of the transesterification reactor. Wen the solid cata- 5
| yst is packed in the continuous nulti-stage distilla- tion colum, it is
packed preferably in an amount of from0.01 g 75 % by vol une, based on the
I nternal volunme of the enpty distillation cofum. In step (1) of the nethod
of the present invention, a cyclic carbonate and an aliphatic

monohydri ¢ al cohol ' é S 0Eb AN odbREK Y bwe 2B RateahBeat eRTEL R
of fromO to 40 96 ggg?gi g% E‘gPon t he t8tal melght of the alﬁphatlc

nonohydri ¢ al cohol cg@pfoh hfe&&ﬁ@?m t gAt tHi 3! kikeCasbmaabg, theeataphatdeus! y
fed to a continuous 15 mul ti-stage distillation colum. |In reaction

node (a), there i spéoRpdEi6€UaBEChES! Magt bancohthinedpdnt the tiyeliet hod for
continuously feeding the feedstocks to the continuous multi-stage
distillation col untaribedatsy feeding method can be used as long as the
f eedst ocks can 20 be contacted with the catalyst in a region of the
distil- latsion col um whicbheopreseohdinvensioneast suadlsemguntypéf & g8y
at least two stages. That is, the cyclic carbonate and the aliphatic
nmonohydri ¢ al coholasam @@Slred product may be contained in the feed-
stocks. The amount of ‘a dialkyl carbonate in an ali-
phatic monohydric alcohol used in the present invention
is in the range of from O to 40 % by weight, preferably
10 from 0.1 to 30 % by weight, more preferably from 1 to
20 % by weight, based on the total weight of the ali-
phatic monohydric alcohol and the dialkyl carbonate.
In step (1), the ratio of the aliphatic monohydric
alcohol to the cyclic carbonate to be fed to the con-
15 tinuous multi-stage distillation column may vary de-
pending on the type and quantity of the transesterifi-
cation catalyst and the reaction conditions, but, in
general, the molar ratio of the aliphatic monohydric
alcohol to the cyclic carbonate may be in the range of
20 from 0.01 to 1000. For increasing the conversion of
the cyclic carbonate, it is preferred to feed the
aliphatic monohydric alcohol in an excess amount which
is 2 times or more by mole the mole of the cyclic .

carbonate. However, too high a concentration of the-

25 aliphatic monohydric alcohol is undesirable because the



continuously fed to at | east one stage of the continuous 25

mul ti-stage distillation colum through a desired nunber 70 of feeding
pi pes onto a desired stage as |long as the above requirenent is satisfied.
The cyclic car- bonate and the nonohydric al cohol nmay be fed either to the
sane stage of the distillation colum or to pa- 5 rate stages

I ndividually. The feedstocks are continu- ously fed in a liquid form a
gaseous formor a liquid- gas mxture form In addition to the feeding of

t he feedstocks to tq h- Sbd het hhkatbOBeCDh¥dB . aSThere-
aédi(]flﬁet %Jﬁ%’%’éa&:‘iéh é&ﬁﬂ%:gglo b e ge ere

descri bed above, eedst ocks can fed in a gaseous form
to the lower portigydf fde;glisspobshing pobeaPreat eonusktenhbyaliphatic
continuously. Also preferred is a nethod wherein the cyclic carbonate is
continuously fed inporiohyditid 4DeShOL £nl afjuaslogas whichr dsf 3r tot d30atimege
at a level higher than the 15 stage where the catalyst is present,
whi l e the al i phat -by anasibsotlyelrmolal ofhthei sycbiaci aavhohgteéed i n a gaseous
formto the lower portion of the distillation colum. In this case, sonme of
the al i phatsi ¢ nonohydr iWhet coavbonagioridenisi peasentt e aybigk €9PFSRat e.
20 I n reaction node (b%, the aliphatic nonohydric al cohol and
the cyclic carbondtzeatign pinf e trappegtegification reaction system in

step (1) of the method of the present invention, the
reaction rate becomes low. Therefore, the CO, concen-
tration of the reaction system is generally not higher
10 than 500 ppm, preferably not higher than 200 ppm.
Also when water ié present in a high concentration
'in the transesterification reaction'system in step (1)
of the method of the present invention, hydrolysis
takes place simultaneously with the transesterifica-
15 tion, resulting in a decrease in the selectivity for
dialkyl carbonate in step (1). Therefore, the water
concentration of the reaction system is generally not
higher than 200 ppm, preferably not higher than 100
ppm. |
20 In the presenf inﬁention, when it is attempted to
render the conversion of the cyclic carbonate in step
(1) close to 100 %, the reéction time has to be pro-
longed (and hence the size of the reaction equipment.
~ has to be increased), the aliphatic monohydric alcohol

25 has to be used in large excess. On the other hand,



the continuous nulti-stage distillation colum. Ater- natively, the

al i phatic nonohydric al cohol and the cyclic carbonate may be first

i ntroduced to a transes- 25 terification reactor to effect
transesterification, and 71 then the resultant transesterification
reaction mxture may be fed to the continuougsmulti-stage distillation
column. The cyclic carbonate and the aliphatic nonohydric 5 al cohol
may be fed, either individually or in mxture, through a desired nunber of

feeding pipes to g,desiged sbadsrOfohnsr dirdi &vaiiencaebsnateaigesboedow,

portion of the transesterification reactor, or both a desired stage of the

distillation col umghangd; Ze 4961 186 EOREiREodE hydrolysisereactor used in
transesterification reactor. The feedstocks are continuously fed in a
liquid form a gaspus (2 had'td béquatiggas Theteferéorin swepddlLi orheo
the continuous feeding of the feedstocks to the continuous multi-stage
distillation col urgbrarsl®ion heft thesegtbicf casbopate5is genewadiyr insthe
descri bed above, additional feedstocks can be fed in a %aseous.forn1to t he
| ower portison of tiwngk sof | £aom 08O cod ud®. ¥ nt preferahlyyfsemc8ht truddsfy.

Al so a nethod may be enpl oyed wherein the cyclic car- bonate is
continuously fed imoxe |preferably Srom PQqgto 98 3. '

The low boiling point mixture containing dialkyl
carbonate produced in step (1) of the method of the
present invention is continuously withdrawn from the

10 upper portion of the continuous multi-stage distilla-
tion column in a gaseous‘form. The withdrawn gaseous
mixture may be composed of a dialkyl carbonate alone or
a mixture thereof with an aliphatic monohydric alcohol
and a cyclic carbonate.. Further, the withdrawn gaseous

15 mixture may also contain a high boiling point product
in a small amount.

A withdrawal poft of the continuous multi-stage
distillation column of step (1) for wifhdrawing the
gaseous low boiling point mixture containing the dia-

20 lkyl carbonate is preferably provided at a position
between the position from which the feedstocks are fed
and the top of the distillation column, or in the top
of the distillation column. It is more preferred to.
provide the withdrawal port for the low boiling point

25 mixture in the top of the distillation column. A part



20 uid-gas mxture formto the uppernost transesterifica- tion reactor
and/or to a stage of the continuous nmulti- stage distillation colum
positi oned above the with- drawal port connected to the uppernost
transesterifica- tion reactor, while continuously feeding the aliphatic 25
nmonohydric alcohol in aliquid form a gaseotyg formor a 72 |iquid-gas
m xture formto the | owernost transesterifi- cation reactor. In this case,
sonme of the aliphatic nonohydric al cohol may be contained in the cyclic
carbonate. 5. of thénNléWebPibsingt poinenmnirture withbrawoufirow thedi ol
as a desired product may be contained in the feed- stocks. The anount of a
di al kyl carbonat e whthdraval pbatinaynhehydturnadc&bokhasanﬁw Pl tions oft
invention is in the range of fromO to 40 % by melgy ipreferabl 10

o€

fromO0.1 to 30 % byheedistilhatioprebdumbl yof thare fegth Fhge Sgrcalfgded
on the total weight of the ali- phatic nonohydric_al cohol and the dialk
carbonate. In steprefi}uxtioperationef Whénathﬁhaﬁfé“ﬁoﬁéﬁﬁerPﬁ &PEE&ES

the cyclic carbonate to be fed to the can- tinuo

di stillatian cqudHYnﬁgn@%?ylﬂQ thisdrRilux PH@rﬁyﬁBnan& &u ﬁFFP} qfﬁb
transesterifi Catl flc égé St a“dléeréﬁiithBrgﬁﬂ%%t&%%% ab%%por phase

is increased, thereby advantageously increasing the
concentration of a low boiling point product in the
withdrawn gaseous companent. However, too much of an

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

15 By continuously feeding the low boiling point
mixture containing dialkyl carbonate withdrawn from the
upper portion of the distillation cqlumn in step (1) to
a dialkyl carbonate-seﬁarating apparatus and continu-.
ously recovering the dialkyl carbonate from the sepa-

20 rating apparatus, the dialkyl carbonate can be ob-
tained. Examples of such dialkyl carbonate-separating
apparatuses include a distillation type separating
apparatus, an extractive distillation type separating
apparatus, a liquid-liquid extraction type separating

25 apparatus, a crystallization type separating apparatus,



general, the nolar ratio of the aliphatic nonohydric al cohol to the cyclic
carbonate nmay be in the range of 20 from0.0X to 1000. For

i ncreasing the conversion of the cyclic carbonate, it is preferred to feed
t he aliphatic nonohydric al cohol in an excess ampbunt which is 2 tines or
nmore by nole the nole of the cyclic carbonatgg However, too high a
concentration of the 25 aliphatic nnnozydric al cohol is undesirable
because the 73 size of the reaction equi pnent has to be |arge. There-

fore, it is _eSpe_C'é’xUé(d@éff)@iéﬁdtgﬁeu§éphbﬁtihgpB@bbﬁ'amﬁoBYIGF iaC maimbatamie i N
an anount which is 2 to 10 times by nole the nole of the cyclic carbonate.
5 - Wen cegpenséparxhtiengsappagatiisin A kogbinatden ofr af pluralit-he
transesterification reaction systemin step (1) of the nmethod of the
present invention,tyhefrébEfepentade hdenttsalowepairatéhgr apparatiSesr may
concen- tration of the reaction systemis generally not higher 10 t han
500 ppm pr ef er abl ye nasedi ghamohgath@88 ppparAtiogwhappawratusess g dd@hilin
a high concentration in the transesterification reaction systemin step (1)
of the netisod of thetieestyipei aAepAratANThEDPErpsNs fLgkespgri@dly pre-

simul taneously with the transesterifica- 15 tion, resulting in a
decrease in the sefee¥edity for

When the low boiling point mixture (containing the
produced dialkyl carbonate and unreacted aliphatic
monohydric alcohol) withdrawn from the upper portion of

10 the multi-stage distillation column in step (1) is
subjected to separation by means of a distillation type
separating apparatus, the low boiling point mixture can
be separated into various components, such as the
produced dialkyl carbonate and unreacted aliphatic

15 monohydric alcohol, in the form of one or more column
top fractions containing a single component or a plu-
rality of components and in the form of a column bottom
liquid. As the above-mentioned column top fraction, an
azeotropic mixture may be obtained depending on the

20 types of feedstocks. After the components in the low
boiling point mixture Withdrawn from the upper portion
of the muiti-stage distillation column in step (1) are
separated by means of a distillation type separating.
apparatus, one or more fractions containing the unre-

25 acted aliphatic monohydric alcohol and/or a column



di al kyl carbonate in step (1). Therefore, the water concentration of the
reaction systemis generally not higher than 200 ppm preferably not higher
than 100 ppm 20 - In the present invention, when it is attenpted
to render the conversion of the cyclic carbonate in step (1) close to 100
% the reaction time has to be pro- longed (g9d hence the size of the
reacti on equi pnment. has to be increased), the aliphatic nonohydric al cohol
25 has to be used in large excess. On the other hand, 74 when the

conversion of the gyclif £84RPALENta1AhPAG EHe hRPeBEERAOR1EPRATAR! mDMOMS
hydrol ysis reactor used in Step (2) has to be large. Therefore, in step

(1), the conversi ap,@fid g1 E¥ROL Cigathenatedi sogeRer abhyinnousemalti-
range of from80 to 99 % preferably from85 to 99% nore preferably from
90 to 98 % The | oytdwe | dDgtpplatichxeolamaonsedningsdepl Kitl) .car bonat e
produced in step (1) of the nethod of the present invention is continuously
withdrawn fromthe 10 As thepédispbilabhonftybe separating appberatusgea
distilla- tion colum in a gaseous form The w thdrawn gaseous m xture nay
be conposed of a dsimgle cenbbnacusahvhtiostagsi digtdlipsienr oplumngRT 2

al i phati c nonohydric al cohol
_ plurality of continuous multi-stage distillation col-

umns can be used, wherein each continuous multi-stage
distillation column may be of the same type as used in
step (1). Explained hereinbelow is a mode of the

10 method of the present invenfion in which an aliphatic
monohydric alcohol and a dialkyl carbonate form a
minimum boiling point azeotropic mixture, and wherein
dimethyl carbonate is produced by using methanol as the
aliphatic monohydric alcohol. A low boiling point

15 mixture (containing methanol and dimethyl carbonate)
withdrawn from the uppér portion of the continuous
mﬁlti-stage distillatipn column used in step (1) is
continuously fed to a dimethyl carbonate-separating
ccilumn. A low boiling point mixture containing a

20 minimum boiling point azeotropic mixture of methanol
and dimethyl carbonate is continuously withdrawn from
an upper portion of the dimethyl carbonate-separating
column, while continuously withdrawing dimethyl car-.
bonate from a lower portion of the dimethyl carbonate-

25 separating column, thefeby obtaining dimethyi car-



and a cyclic carbonate. Further, the w thdrawn gaseous 15 m xture may
al so contain a high boiling point product in a small anmount. A w thdrawal
port of the continuous nulti-stage distillation colum of step (1) for

wi t hdrawi ng the gaseous | ow boiling point mxture containing the dia- 20

| Kyl carbonate is preferably provided at a pggition between the position
fromwhich the feedstocks are fed and the top of the distillation colum,
or in the top of the distillation colum. It is nore preferred to prOV|de

the w t hdrawal porﬁ?ﬁg%etheAEO%hQOBEMEGh 9i BarBdnate-sBp4irdte nign collemingp s0f
the distillation co A part 75 of: the low boiling point mxture

wi t hdrawn from t hegyhgidr svatingshs mulbe-sehgenddstallaeioppeolpmnt jcan sof
the distillation columm to thereby effect the so-called reflux operation.

When the reflux rapi@rabitpcocasefitinuous hyltdrdtagendisiiidlediionx col-
operation, the distillation efficiency of a |low boiling product into a
vapor phase is inoumasedantberebgdadvheregeoesch coptéavong mudti-stage
concentration of a |low boiling point product in the wthdrawn gaseous
~conmponent . FHoweverdisbblhathonfcohump may bepnefeibe Sﬁm€h§YP@fﬁ§kqﬁﬁﬁ<}n

di sadvant ageously leads to an increase in the thermal ener % ui_r ed.
Thus, the step (1). The dimethyl carbonate-separa ing olumn is

generally operated under reduced pressure or superat-
mospheric pressure in the range of from 0.5 x 10° to 50
% 10° Pa (0.51 to 51 kg/cmz) in terms of the absolute
10 pressure. The composi;ion'of methancl/dimethyl car-
bonate minimum boiling point azeofropic mixture may be
varied deﬁending on the operating pressure of the
dimethyl carbonate-separating column. Therefore, the
operating pressure of the dimethyl carbonate-separating
15 column is chosen so that the'dimethyl carbonate is
obtained from the lower portion of the dimethyl car-
bonate-separating column. Specifically, an operating
pressure higher than an operating preésure correspond-
ing to the methanol/dimethyl carbonate ratio of the low
20 boiling point mixture withdrawn from the upper portion
of the column of step (1) is chosen for the dimethyl-
carbonate-separating column.
The low boiling point mixture (containing a mini-
mum boiling point azeotropic mixture) withdrawn from

25 the upper portion of the above-mentioned dimethyl car-



reflux ratio is generally chosen in the range of fromO to 10, preferably
fromO to 5 nore preferably fromO to 3. 15 By continuously
feeding the I ow boiling point m xture containing dial kyl carbonate

wi thdrawn fromthe upper portion of the distillation colum in step (1) to
a di al kyl carbonate-separating apparatus andggontinu- ously recovering the
di al kyl carbonate fromthe sepa- 20 ratlng appar atus, the dial kyl
carbonate can be ob- tained. Exanples of such di-al kyl carbonate-separating

appar at uses i ncl Udgorda €l SébphhtOigt ¥8EuRRPARS! bBIFaAPRbALHE, coRtdxubast i ve
distillation type separating apparatus, a liquid-liquid extraction type

separating 25  puBePaEeAYS, distiyEaeiohzablannt upedsepasaepnglappsr at us,
76 an adsorption type separating apparatus and a nmenbrane type separating
apparatus. A conbifeddotosk asableain- thg ptedehteiswmentiondent ecal metha-
separating apparatuses may be used. Anong these separating apparatuses, a
distil- 5 | atnah ¢comeatepngadingthppacarbonateespeci ally pre- ferred.
Wien the |ow boiling point mxture (containing the produced dialky
carbonate and unreact ed® adiphapredueadhiar sten| £dAoPF ﬁP?hEP&RﬁdfPénFPﬁe

upper portion of
present invention is continuously withdrawn from a

lower portion of the dontinuous multi-stage distilla-
tion column used in step (1) in a liquid form.
in the present invention, the upper potion of the

10 continuous multi-stage distillation column means a
portion between the top of the distillation column and
a position at approximately half the height of the
distillation column, and the upper‘portion includes the
top of the column. The lower portion of the continuous

15 . multi-stage distillation column means a portion between
the bottom of the disfillation column and a position at
approximately half the.height of the distillation
column, and the lower portion includes the bottom of
the column.

20 Further, in the present invention, the liquid
mixture withdrawn from the lower portion'of the distil-
lation column used in step (1) means a high boiling
point mixture continuously withdrawn from the lower .
portion of the continuous multi-stage distillation

25 column used in step (1), which high boiling point



10 the nulti-stage distillation colum in step (1) is subjected to
separation by neans of a distillation type separating apparatus, the |ow
boiling point m xture can be separated i nto various conponents, such as the
produced di al kyl carbonate and unreacted aliphatic 15 nmonohydri c

al cohol, in the formof one or nore colum tgg fractions containing a
single conponent or a plu- rality of conponents and in the formof a colum
bottom|liquid. As the above-nentioned columm top fraction, an azeotropic

m xture may be obtgjpedrdepsRdhifsOn pPeddBed diollyRad eh LaeEsCARES.
After the conponents in the |ow boiling point mxture withdrawn fromthe

upper portion of t&@cTUEtbafbefatd] Shhill Abyoalsol ¢ontainsaapaliphatdc
separated by nmeans of a distillation type separating apparatus, one or nore
fractions contai nimgnbhedtnéeal@dbhol orabbeth ahi phiphetiocneondhydrdiccohol
and/ or a col um 77 bottomliquid containing the unreacted aliphatic
mono- hydric al cohmlcobol handf addialkizd cembonates nulti- stage
distillation colum used in step (1). As the distillation type separatin
appar atus, 5 5 si nghencthei avedicngrrbonakgdddpd: ratic ef dbeudiat
plurality of continuous nmulti-stage distillation col- ums can be used,,
wher ei n each Contimgﬁmgrguwiphggggg from the lower portion of the distil-

lation column used in step (1) is too large; the size
of the continuous hydrolysis reactor used in step (2)
has to be disadvantageausly large. However, for de-

10 creasing the cyclic carbonate/diol ratio of the liquid
mixture withdrawn from the lower portion of the distil-
lation column to an extremely low level, the conversion
of cyclic carbonate has to close to 100 %, which re-
quires that the size of the reaction equipment.and the

15 amount of the aliphatic monohydric alcohol be in-
creased. The cyclic carbonate/diol ratio of the liquid
mixture withdrawn from the lower portion of the distil?
lation column.may be v;ried depending on the conversion
of the cYclic carbonate and the amount of the diol in |

20 the feedstocks. However, the molar ratio of the cyclic
carbonate to the diol contained in the liquid mixture
withdrawn from the lower portion of the distillation
column used in step (1) is generally in the range of.

~from 0.01 to 0.25, preferably from 0.01 to 0.17, more

25 preferably from 0.02 to 0.11.



distillation colum may be of the sanme type as used in step (1). Explained
her ei nbel ow i s a node of the 10 nmet hod of the present invention in
whi ch an aliphatic nonohydric al cohol and a dial kyl carbonate forma

m ni mum boi | i ng point azeotropic m xture, and wherein di nethyl carbonate is -
produced by using nethanol as the aliphatic nohydric al cohol. A | ow

boi li ng point 15 m xture (containing nethanol and di net hyl carbonate)
wi t hdrawn fromthe upper portion of the continuous nmulti-stage distillation

column used in step (1)Tﬁé ﬁﬁzea{ﬂu@ui! P_ofr%dfbﬁ itheRbing the 1liquid

car bonat e-separating colum. A low boiTing point m xture containing a 20

m ni mum boi | i ng poj{%k+@Z80FLERI €h8i &bHtEnabusEnbaral-stagedidietiiyl stdidronat e
is continuously wi thdrawn from an upper portion of the dinethyl

car bonat e- separ at i g1 6fth UiBedWih! 8tepn{ Lnuaks pysiittibtedwarty adilosiery [parat -
bonate froma | ower portion of the dinethyl carbonate- 25 separating
col um, thereby obtidoni af theedhgkitiation Z8lobwmnat prefersid ydiatetihg
car bonat e- separating columm, a single continuous nulti-stage distillation
columrm or & pl ur al boyton oéntheudistidletionagelymst.i | Papeat @f thems can
be used, wherein each continuous nulti-stage 5 di stillation colum may
be of the sane typ@ighdgggg Liquid mixture may be recycled to the lower
portion of the continuous multi-stage distillation
column in a gaseous form or a liquid-gas mixture form
by héating by means of a reboiler.

10 The rate at which a liquid flows down inside the
continuous multi-stage distillation column and the rate
at which a vapor ascends inside the 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

15 packed column. However, the distillation column is
generally operated so that no flooding or weeping
occurs.

In step (1), when the reaction is performed in
reaction mode (b), a part or all of a liquid flowing-

20 down inside the multi-stage distillation column is
continuously withdrawn through at least one withdrawal
port provided in a side wall of the multi-stage distil-
lation column at a position or positions thereof corre-

sponding to a stage or stages selected from the group

25 consisting of intermediate stages and a lowermost stage



step (1). The di nethyl carbonate-separating colum is generally operated
under reduced pressure or superat- nospheric pressure in the range of from
0.5 x 10[err] to 50 x 10[err] Pa (0.51 to 51 kg/cnierr]) in ternms of the
absol ute 10 pressure. The conposition of nethanol/dinmethyl car-
bonat e m ni mum boiling point azeotropic nmxtghe may be varied depending on
the operating pressure of the dinethyl carbonate-separating col um.
Therefore, the operating pressure of the dinethyl carbonate-separating 15

colum is chosen sge Ja]%é .h&ftngeagél a§8tRenateohScelbahnedntr emet e thower
portion of the dineth car- bonaté-separating col um. SpeC|f|caIIy, an

operating pressureaﬂaﬂmeilabﬁa 28 eBAt2huBUshicshtredaeedetpotiie itrgnse-t he
met hanol / di net hyl carbonate ratio of the | ow 20 boiling point m xture

wi thdrawn from t hest@periGa@tLbANreactbde . colfhenrebideape( times inhdahen for
the di nethyl- carbonate-separating colum. The 1ow boiling point m xture
(containing a m nitransesdberiffjcation aeactoopies géneuaé}ywﬁnhﬁh@wwahg@nm25
t he upper portion of the above-nentioned di nethyl car-

bonat e- sepa at i ng @l fnemn@y00t £edlP8 hhursenprefsyabAy lfims‘t 83003 to 50
distillation colum used in step ;1) as a feedstock usable in the present

i nvention, i.e., ngowps, more preferably from O. 01 to 10 hours.

In step (1), when ‘the reaction is performed in
reaction mode (a), the reaction takes place within the
continuous multi-stage distillation column. Further,

10 when the reaction of step (1) is performed in reaction
mode (b), the reaction can be advantageously conducted
in both of the continuous multi-stage distillation
column and the transesterification reactor. When the
reaction takes place in the continuous multi-stage

15 distillation column, the amount of dialkyl carbonate
produced depends on the amount of hold-up liquid in the
distillation column. That is, when the height and
diameter of a distillation column are not changed, a
greater hold-up capacity is preferred because the

20 greater the hold-up capacity, the longer the residence
time of the liquid phase, namely, the time during which
the reaction is_effected. However, when the amount of

 the hold-up liquid is too large, the residence time .

becomes too long, so that side reactions and flooding

25 are likely to occur. Accordingly, in step (1) of the



nol containing dinethyl carbonate. 5 A diol produced in step (1)
of the nmethod of the present invention is continuously withdrawn froma

| ower portion of the continuous nmulti-stage distilla- tion colum used in
step (1) inaliquid form In the present invention, the upper potion of
the 10 continuous multi-stage dIStI||at n colum neans a portion
between the top of the distillation colum ang a position at approxi mately
hal f the height of the distillation colum, and the upper portion includes

the top of the CO'[*I@P) od h&f'EK‘EVﬁgegéhfe”1ﬁfzeh€§oﬁ0nt:hauahhéuﬁ5 of the

mul ti-stage distil I on colum ans a portion bétween the bottom of the

distillation CO'“W&xﬂﬂdu PP&hi&OBfa%hépébﬁ%hﬂﬁbﬁbymhakﬁ-Bhegbeﬂghklaﬂakhe
distillation colum, the l ower portion includes the bottom of the

colum. 20 tlonF@61Gﬁﬁ_vaﬂlébedepeﬁdmhglbmemheod;smhélbmqomdcnmﬂuure
wi thdrawn fromthe lower portion of the distil- lation colum used in step
(1) nmeans a hi gh bpidh#dandi thentypar ofcthei distdl}awiohd colmmb.omGener-
| ower portion of the continuous nmulti-stage distillation 25 col um
used in step (1), ablgh hogéveoi| thg pwonnt ofgthei koddeupoAdguid 4s in
produced diol and an unreacted

the range of from 0.005 to 0.75 in terms of the volume

ratio of the hold-up liquid to the empty continuous

multi-stage distillation column.

In step (1) of the method of the present inven-

10 tion, the average residence time of the liquid phase in
the continuous multi-stage distillation column depends
on the reaction conditions, the type and inner struc-
ture (for example, the types of the plate and packing)
of the continuous multi-stage distillation column, but

15 is generally in the range of from 0.001 to 50 hours,
preferably from 0.01 to 10 hours, more preferably from
0.05 to 5 hours.

When the reaction of step (1) is performed in
'reaction mode (a), the .reaction temperature of the

20 transesterification reaction means the temperature of
the stage of the continuous multi-stage distillation
column where the catalyst is present. When the reac-
tion is performed in reaction mode (b), the reaction.

temperature means the temperature of the inside of the

25 transesterification reactor and/or the temperature of



cyclic carbonate, and may al so contain an aliphatic nonohydric al cohol or
both an ali phatic nonohydric al cohol and a dial kyl carbonate. 5

When the cyclic carbonate/diol ratio of the liquid m xture withdrawn from
the |l ower portion of the distil- lation colum used in step (1) is too

| arge, the size of the continuous hydrolysisgpyeactor used in step (2) has
to be. di sadvant ageously | arge. However, for de- 10 creasing the cyclic
carbonate/diol ratio of the liquid m xture withdrawn fromthe | ower portion

of the distil- |at{gg éeégaﬂokotﬁa eshitefBbus! Av1kevekageheolanive et of
cyclic carbonate has to close to 100 % which re- quires that the size of

the reaction equi pgr8tcatdlyyBe 18 preseaffRunirhef rithetibnpltemperatuaey/dric
al cohol be in- creased. The cyclic carbonate/diol ratio of the |liquid

m xture withdrawn ¢apiesh@ependingoobhi eheoftypks difsthe feadistocksl,urbhemay
be vari ed dependi ng on the conversion of the cyclic carbonate and the
amount of the di ol réeacfflon presbaréeedatiowhetheHowbec reachd omptekesapleass
the cyclic carbonate to the diol contained in the liquid mxture w thdrawn
fromthe | dwer porinothef trassdsteriificationoreastoredri fhe gontipvons
generally in the range of fromO0.01 to 0.25, preferably fromO0.01 to 0.17,
nore 25 pr ef erabty-stageoddstidleotion column, but is generally

chosen in the range of from 0 to 350 °C, preferably
from 20 to 200 °C. The reaction pressure can be
selected from a reduced pressure, an atmospheric pres-
10 sure and a superatomospheric pressure.l The reaction
pressure is generally in the range of from 1.Pa to 2 x
106 Pa (0.00001 to 20 kg/cm?), preferably from 1 x 103
Pa-to 1 x 10° pa (0.01 to 10 kg/cmz), more preferably
- " 2y,

from 1 x 104 Pa to 5 x 105 Pa (0.1 to 5 kg/cm in

15 terms of the absolute pressure.

- 20

25



81 The withdrawal port for withdrawing the liquid mxture fromthe
continuous nulti-stage distillation colum used in step (1) is positioned
at a lower por- tion of the distillation columm, preferably at the 5
bottom of the distillation colum. A part of the withdrawn |iquid m xture
may be recycled to the Iower portion of the ggntinuous nulti-stage
distillation colum in a gaseous formor a |1 quid-gas m xture form by
heati ng by neans of a reboiler. 10 The rate at which a’liquid

flows down inside the ceptipupus1yul khe! 286 $bsbitibat ienpesirormedntyt he
rate at which a vapor ascends inside the distillation colum may be varied
dependi ng on the typgceiohhfiodes{bhl athat &sl uwhenatteotrahsestesidicaie
packing in the case of a 15 packed colum. However, the distillation
colum is general | yiopereaedion ibatondutiteddingtbe wrepsegterdficatienst ep
(1), when the reaction is perfornmed in reaction node (b), a part or all of
a liquid flow ng- 28actor (b therdeishennadvantagge sich: ithpdi &4nes Hae
is continuously withdrawn through at | east one w thdrawal port provided in
a side walls of thetrahsestenyfigasipn- reacten 4§l prpvided sePeradelyy from

positions thereof corre- sponding to a stage qr stages selected fromthe
group 25 constb@iﬁ@n§¥nPﬁP§rHE&F&r§t§9&gQ§s§ﬁ§g3tF8WbFﬁ%%?mgt5&?0'

tion conditions (temperature and pressure) different
.from the distillation conditions can be employed in the
transesterification reactor. Further, when two oOor more
10 transesterifidatioh reactors are used, it is possible
to employ different reaction conditions for different
traneesterification reactors, respectively.
In step (1), it is also possible to recycle a part
of the high boiling point mixture withdrawn from the
15 lower portion of the multi-stage distillation column to
the multi—stage distillation column, so that a part of
unreacted cyclic carbonate can be recycled to the
multi-stage distillatien column. When a part of the
high boiling point mixture withdrawn from the lower
20 portion of the multi-stage distillation column is
recycled to the multi-stage distillation column, there
is no particular limitation with respect to the posi-
tion of an introduction port in the multi-stage distil-
: lation column, through which the part of the withdrawn

25 high boiling point mixture is recycled to the multi-



82 of the nulti-stage distillation colum, and the with- drawn liquid is
continuously introduced-to the transe- sterification reactor. The residence
time in the transesterification reactor is generally in the range 5 of
fromO0.001 to 100 hours, preferably from0.003 to 50 hours, nore preferably-
from0.01 to 10 hours. In step (1), when theggeaction is perforned in
reaction node (a), the reaction takes place wthin the continuous
multi-stage distillation colum. Further, 10 when the reaction of step

(1) is perforned i LeackiQp: PE€i6R) collifinl €aRblvveganile igdpaeifegeeds!
conducted in both %? §ﬁe con%inuoﬁs nﬁ?ti-gtage dis?iflgtion col um and ¥he

transesterificati ophseagh9s. iNbeBsahiBeibARapbirenbbajesiklioned att hn upper
continuous multi-stage 15 distillation colum, the anmount of dial kyl

carbonat e producedpgepestsoenthiemaleinstagehaligtiplhicdondcod umng
distillation colum. That is, when the height and dianeter of a
distillation colum arewbdh ceapget, ta gtept ¢R)hotteupighpheifyings point
preferred because the 20 greater the hol d-up capacity, the_ |onger the
residence 5 me of mimturguwithfzswn fzow fhet fowernpPoghirng ofhitte mydti-
reaction is effected. However, when the anmount of the_hold-up |iquid i% t 00
| arge, the resi denetagendistidhasirpocpdugn 49 AP $lde ASaSU s MaYd P

fl oodi ng
fed to a continuous hydrolysis reactor. Alternatively,

using a separating apparatus, from the high boiling
point mixture withdrawn from the lower portion of the
10 multi-stage distillation column in step (1), a specif-
ic, single component can bé separated or a plurality of
components can be obtained individually or in mixture,
and the component qontaining unreactéd cyclic carbonate
is then fed to a continuous hydrolysis reactor. As the
15 separating apparatus for effeéting the separation of
the components in the high boiling point mixture with-
drawn from the 1owef portion of the multi-stage distil-
lation column in step (1), various separating appara-.
tuses, such as a distillation type separating appara-
20 tus, an extractive.distillation type separating appara-
tus, a liquid-liquid extraction type separating appara-
tus, a crystallization type separating apparatus, an
adsorption type séparating apparatus and a membrane
type separating apparatus can be used. A combination

25 of a plurality of different or identical separating



25 are likely to occur. Accordingly, in step (1) of the 83 net hod
of the present invention, the anount of the hold-up |iquid of the
continuous multi-stage distilla- tion colum varies depending on the
distillation condi- tions and the type of the distillation colum. Gener- 5.
ally, however, the anount of the hold-up liquLd is in the range of from

- 0.005.to 0.75 in terns of the volune ratio o? the hold-up liquid to the

- enpty continuous nulti-stage distillation colum. In step (1) of the method

. of the present iny, hh9pe! (8edY e’ AN %h@%@ca Rt ar-
~liquid phase in th %Fﬁﬁ%ﬁs It?-stgge di sti atlon ce?Ehn deéén g,on

the reaction Cond'étGEés tBeqi ¥Re13B8¢1ibRNeYpe!l Eeparhitiag eppadeay ds the
types of the plate and packing) of the confinuous nulti-stage distillation

colum, but 15 esbécggmggabkéfé@rbae range of from0.001 to 50 hours,
preferably fromO 01l to 10 hours, nore preferably fromO0.05 to 5 hours.
When the reacti on of stwhehlrheshpghf bodddnign podadt mdxtuoee (Containdng
reaction tenperature of the 20 transesterification reaction nmeans the
t enper at ur g of t hetheageodﬁcedediomt andousreactieds cygd igi sanbonst® col um
where the catalyst is present. Wen the reac-

: withdrawn from the lower portion of the multi-stage
distillation column in step (1) is subjected to separa-
tion by means of a distillation type separating appara-
tus, the high boiling point mixture can be separated

10 into various components, such as an unreacted cyclic
carbonate and a diol, in the form of one or more column
top fractions containing a single component or a plu-
rality of components and in the form of a column bottom

_liquid. As the above-mentioned column top fraction, an

15 azeotropic-mixture may be obtained depending on the
types of feedstocks coﬁpounds."After the components in
the high boiling point mixture withdrawn from the lower
portion of the multi-stage distillation column in step
(1) are separated by means of a distillation type

20 . separating apparatus, one or more fractions containing
-the unreacted cyclic carbonate and a column bottom
liquid are then fed to a continuous hydrolysis reactor.
As the distillation type separating apparatus, a single

continuous multi-stage distillation column or a plural-

25 ity of continuous multi-stage distillation columns can



tion is performed in reaction node (b), the reaction tenperature neans the
tenperature of the inside of the 25 transesterification reactor and/or
the tenperature of -~ 84 the stage of the continuous multi-stage col umm
where the catalyst is present. The reaction tenperature varies depending on.
the types of the feedstocks, the reaction pr gsure, and whet her the
reaction takes place 5 in the transesteglfication reactor or the
continuous multi-stage distillation colum, but is generally chosen in the

range of from 0 tObQSQﬁgarrkﬁérQ%ﬁfgééhl&ohgﬁﬂhggstﬁuﬁQQ-E%H@bpdigﬂilla—

reaction pressure can be §elected froma reduced pressure, an atnospheric

pres- 10 Surecfgfl 2otHRA! ALYTBEPRET thePEAMBURGpe HRe useAC HiDBHEpESSUr e
is generally in the range of from1 Pa to 2 x 10[err] Pa (0.00001 to 20

kg/cnferr]), preferaply from1l x 10[err] Pa to 1 x 10[err] Pa (0.01 to 10
kg/cnferr] ), nore preferably from1 x 10[err] Pa to 5 x 10[err] Pa (0.1 to
5 kg/cn), in 15 twheh af tihasabteriifdcatdisnucatal@sts soluble in the

5 liquid reaction system under reaction conditions is
used, a fraction containing the transesterification
catalyst and/or a column bottom liquid containing the
transesterification catalyst is obtained. A part or
all of the fraction containing the transesterification

10 ‘catalyst and/or the column bottom liquid containing the
tfansesterification catalyst may be recycled to the
continuous multi-stage distillation column used in step
(1).

Specifically, as preferred éxamples of manners in

15 which the high boiling point mixture withdrawn from the
multi-stage distillétion column in step (1) is first
subjected to separation by means of a distillation type
separating apparatus and then step (2) is conducted-by
using a contingous hydrolysis reactor, the following

20 two modes of the method of the present invention can be
mentioned.

1. A mode in which the high boiling point mikture
withdrawn from a lower portion of the continuous multi-
Stage distillation in step (1) is continuously intro-

25 duced, prior to the feeding thereof to the continuous



85 In step (1), when the reaction is perforned by reaction node (b), that
I's, when the transesterifica- tion reaction is conducted in the - :
transesterification reactor (b), there is an advantage such that, since the
5 transesterification reactor is provided separately fromthe
continuous multi-stage distillation colum, pgac- tion conditions
(tenmperature and pressure) different fromthé distillation conditions can
be enployed in the transesterification reactor. Further, when two or nore

10 transesterﬁi;df@i%gpsrf Ee5F #hestspd(2hl &8 QpiéhbbSiiﬁlngggkﬁiﬁt

different reaction conditions for different " tranSesterification r ors,

respectively. In siBprude-sépatratPh§OcO0aRhPIRIEA L18C¥6MBrasear b£Ok the

hi gh boiling point mxture wthdrawn fromthe 15 | ower portion of the
nul ti-stage distildsitiiuces wiilto-sbegauistsl ageidhstbllmni oang@okinm, so
that a part of unreacted cyclic carbonate can be recycled to the

mul ti-stage distilvhiclona chbwnboiltwg popattmbktube bogbabnihgnghgoi nt

m xture withdrawn fromthe | ower 20 .portion of the nmulti-stage

di stillatifn col umliphatbychenohydrhe altcoholtapnd thetdiadikydncavbonate
there is no particular limtation with respect to the posi- tion of an

i ntroduction port it & lgasepus -Eeameig| gontinueusdy wbthdnawnhfsaghamhi ch

the part of the w thdrawn 25, hi gh boiljing point mixture is recycled to
the multi - upper portion of the low boiling point mixture-separat-

ing column, while continuously withdrawing a high
boiling point mixture containing the unreacted cyclic
10 carbonate énd the diol from a lower portion of the low
boiling point mixture-separating column,
wherein the low boiling point mixture withdrawn
" from the upper portion of the low boiling point mix-
ture-separating columnﬁis continﬁously recycled to the
15 multi-stage distillation column used in step (1), while
continuously feeding the high boiling point mixture
withdrawn from the low boiling point mixture-separating
column to the continuous hydrolysis reactor used in
step (2). |
20 In continuously recycling the low boiling point
mixture withdrawn from the upper portion of the low
boiling point mixture-separating column to the.continu—
ous multi-stage distiliation column used in step (1) ,
the low boiling point mixture may be directly recycled

25 to the multi-stage distillation column. Alternatively,



86 stage distillation colum. However, it is preferred that this

I ntroduction port be positioned at an upper portion of the nmulti-stage
distillation colum. Wth respect to step (2), the ‘high boiling point 5

m xture withdrawn fromthe lower portion of the multi- stage distillation
colum in step (1), as such, may be fed to aggonti nuous hydrolysis reactor.
Al ternatively, using a separating apparatus, fromthe high boiling point
m xture withdrawn fromthe | ower portion of the 10 mul ti - stage

distillation col U fiotres ttdle oy iSREGS -the 16w NEBEL DOFNSGENE Miwthee
separated or a plurality of conponents can be obtained individually or in

m xture, and the eeTRtiedordiuwus Mlti-esedigsl dietil] atidwneduns tded
fed to a continuous hydrolysis reactor. As the 15 separati ng apparatus
for effecting theisesten i(dn),ofthehd aoripmiieirie pointanikgirdanay nige pHinst
m xture wth- drawn fromthe |l ower portion of the multi-stage distil-

| ati on colum in gedp tol)the dmangestsyifidaticpmeactornses obtrinag a
distillation type separating appara- 20 tus, an extractive

distillati®n typetsapsestord figation meaction qixtureivhish rigtthent ype

separating appara- tus, a crystalllzatlon type separatlng aratus _an
adsorption type s&B&¥. toh Feacrn %%ﬁﬂﬁ Q&égg

apparatus can be usi%mﬁA&g% |£Eﬂgég£ (1). As the low boiling p01nt

mixture-separating colqmn, a continuous multi-stage
diétillatioh column can be used, and the continuous

10 multi-stage distillation column may be of the same type
as used in step (1).

2. A mode in which the cyclic carbonate is cap-
able of.forming a minimum boiling point azeotropic
mixture with the diol, and in which the high boiling

15 point mixture withdrawn from the lower portion of the
low boiling point mixture-separating column is continu-
ously introduced to anﬁazeotropic mixture~separating
column prior to the feeding of the high boiling point
mixture to the continuous hydrolysis reactor, while

20 continuously withdrawing the diol from a lower portion
of the azeotropic mixture-separating éolumn and contin-
uously withdrawing a low boiling point mixture com-
prised of the minimum boiling point azeotropic mixfure
of the cyclic carbonate with the diol from an upper

25 portion of the azeotropic mixture-separating column,



25 of a plurality of different or identical separating 87

appar atuses may be used. Anobng these separating appar- atuses, a
distillation type separating apparatus is especially preferred. Wen the
hi gh boiling point m xture (containing 5 t he produced di ol and
unreacted cyclic carbonate) w thdrawn fromtdye | ower portion of the
multi-stage distillation colum in step (1) Is subjected to separa- tion by
means of a distillation type separating appara- tus, the high boiling point

m xture can be sepmdatied wHich thd Nidk \BH 1y GRUHROE SR Bturd! GFt BisdPéwn
unreacted cyclic carbonate and a diol, in the formof one or nore colum

top fractions contaon Rfhed UDpEH HREINSE e azdotromid tnivturergepent S
and in the formof a columm bottomliquid. As the above-nentioned col um
top fraction, an trating cademir dE dmivddusedrebo bchen lten thisdhalep enpll nol w+
the types of feedstocks conpounds. After the conmponents in the high boiling
poi nt mi xture w t sdsamealcton tie dffegt orhydrolfsishareagtiontand obtain
distillation colum in step (1) are separated by neans of a distillation
type 20 5 sepaPahveFodpsdsnmenctian aiisipice f r 8 e FRAERIQ t he
unreacted cyclic carbonate and a colum bottomliquid are then fed to a
cont i nuous hydr0|9§3§qq§ﬁ§qgarat1ng column, a continuous multi-stage

distillation column can be used, and the continuous
multi-stage distillation column may be of the same type
as used in step (1);

10 In step (2) of the method of the present inven-
tion, water and the high bdiling point mixture which
has been withdrawn from the lower portion of the multi-
Stage distillation column in step (1) are continuously
fed to a continuous hjdrolysis reactor, to thereby

15 effect a continuous hydrolysis of the unreacted cyclic
carbonate and produce a diol and carbon dioxide, while.
continuously withdrawing the resultant hydrolysis
reaction mixture containing the produced diol from the
continuous hydrolysis reactor. When the high boiling

20 point mixtﬁre withdrawn from the lower portion of the
multi-stage distillation column in step (1) is first
fed to a separating apparatus prior to the feeding
thereof to the contindous hydrolysis reactor, a compon-
ent obtained by the separation in the separating appar-

25 atus is fed to the continuous hydrolysis reactor.



As the distillation type separating apparatus, a single continuous

., multi-stage distillation colum or a plural- 25 ity of continuous
multi-stage distillation colums can 88 be used, wherein each continuous
nul ti-stage distilla- tion colum may be of the sane type as used in step
(1) . Wen a transesterification catalyst solggble in the 5 l'iquid

reaction system under reaction conditions is used, a fraction containing
the transesterification catalyst and/or a colum bottomIliquid containing

the transesterificati onygghakgspebt gBt 2hRe dont iPRicusO hy@ro18is fidhecddcisdat on

containing the transesterification 1 catal yst and/or the colum
bottom | i quid contgk8ingnt Beepr 296Stthertl Gat non paaitdlcuSiarTay et taicye | sl
to the continuous multi-stage distillation colum used in step (1).

Speci fically, as pLehgrasdiexaspeesreabtiovnnapparatits whichvtarh behardedyh
boiling point mxture withdrawn fromthe nulti-stage distillation colum in
step (1) is first fabjperfdrindngepacantdinuopsresastdonn héitwadn aater tanpk
separating apparatus and then step (2) is conducted by using a continuous
hydrol ysi s g eact ora chelicl cewbopate. Exampdesodds reRqtersmsailefag de

present invention can be
continuous hydrolysis reactor include a tubular reac-

tor; a vessel reactor; a column reactor, such as a
distillation column reactor or a bubble column reactor:;
and a fluidized bed reactor. It is'preferfed to use a

10 tubular reactor, a vessel reactor or a distillation
column reactor.

When a distillation column reactor is used as the
continuqus hydrolysis reéctor, the distillation column
reactor may be a continuous multi—stagé distillation

15 cqlumn which is of the same type as used in step (1).

In step (2), a hyérolysis catalyst may be used.

'With respect to the hydrolysis catalyst used in step
(2), there is no particular limitation as long as it ié
6ne which can be used for producing a diol by a reac-
.20 : tion between a cyclic carbonate and water. Vafious
conventional catalysté can be used. Examples of hydro-
lysis catalysts include mineral acids, such as nitric
acid, hydrochloric acid and sulfuric acid; alkali
metals and alkaline ea;th metals, such as lithium,

25 sodium, potassium, rubidium, cesium, magnesium, calci-



mentioned. 1. A node in which the high boiling point mxture wthdrawn from
a lower portion of the continuous nmulti- stage distillation in step (1) is
continuously intro- 25 duced, prior to the feeding thereof to the

conti nuous 89 hydrolysis reactor in step (2), to a |ow boiling point

m xt ur e-separating colum which is conprisedgqgf a continuous nulti-stage
distillation colum, and in which a |low boiling point mxture containing
the 5 al i phatic nonohydric al cohol and the dialkyl carbonate in a

gaseous formis COpfi NUBHSHY ;o aﬂaawar&hﬁ.m BBs'iEp%me%hB%n @udnhad ow

boi l i ng point mixturé-separat- ing columm, while continuously withdraw ng a

hi gh boiling pO'ntd§h¥£&é§ camkakmaaa bhe dRveestidesCuild @amides of alkali
carbonate and the ol froma lower portion of the | ow boiling point

m xt ur e- separ at i ngméehUsNandhalkalihbe ebewhbaeltalg ;pailkalti wedad \hiydrd=ann
fromthe upper portion of the Iow boiling point mXx- ture-separating colum
i's continuously reifespdstuoht b8 $bdium hydirbixidesgpodiassilum hygrozdidem
used in step (1), while continuously feeding the high boiling point mxture
wi t hdrawn fgom t heruibidbuinl hydrpside andt gesivephydriorsdes| @S&Fatldfleh@arth
conti nuous ‘hydrolysis reactor used in
metal hydroxides, such as magnesium hydroxide, calcium
hydroxide and strontium hydroxide; alkali metal car-
bonates, such as sodium carbonate and potassium car-
bonate; alkaii metal bicarbonates, such as sodium
10 bicarbonate and potassium bicarbonate; organic acid
salts of alkali metals and alkaline earth metals;
inorgénic acid salts, such as sodium molybdate, potass-
ium molybdate, sodium tungstate and potassium tung-
state; organic acid esters, such as carboxylic ester
15 and sulfonic ester; a composite catalyst comprising a
.Lewis acid and a nitrogen—éontaining organic base;
organoantimony compounds; a quaternary phosphonium
salt; a quaternary ammonium salt; tertiary amines, such
as triethyl amine, tributyl amine, trihexyl amine and
20 : benzyl diethyl amine; and.solid catalysts, such as
synthetic zeolite, hydrotélcité, an organic ion ex-
change resin, activated alumina, silica-alumina, alumi-
na carfying a copper compound, silica-alumina carrying
a copper compound, alumina carrying a-zinc compound and

25 silica-alumina carrying a zinc compound.



step (2). 20 I n continuously recycling the | ow boiling point

m xture withdrawn fromthe upper portion of the | ow boiling point

m xture-separating colum to the continu- ous nulti-stage distillation
colum used in step (1) the low boiling point mxture nmay be directly
recycl ed 25 to the multi-stage dIStI||abI0n colum. Alternatively,
90 before the recycling of the |ow boiling p0|nt m xture to the continuous
nmul ti-stage distillation colum used in step (1), the |ow boiling point

mxture may be first fegnly tfig %&aﬂésérts&%heattaea EaRelgst! usd 3 step

transesterification reactiron m xture hen recycled to the

conti nuous ”U|t"5(§991§'§61hb§é'9ﬂ ¢AkUTR quiad reAction &iktefs unded ow
boi Ii ng point. m xture-separating colum, a continuous nulti-stage

distillation col unhesabibr &6fiditabflst hadcalkontans stlve as el hiyidretlyga s
distillation colum may be of the sane type as used in step (1). 2. A node
in which the cyclicatalpsbat ehesecape aldventhgbs:m ng a m ni mum boiling
poi nt ‘azeotropic mxture with the diol, and in which the high boiling 15
point mxtwe mnthdramnthabn1Whenluherhpghtboulohgtp@lh@wmmmﬂwnqgwthh
m Xt ure-separating colum is continu-
has been withdrawn from the lower portion of the multi-
stage distillation column in step (1) is directly fed
to the continuous hydrolysis reactor without being
subjected to separation in a separating apparatus, the
10 transesterification catalyst used in step (1), as such,
can be used as a hydrolysis catalyst in step (2); and
that, when the high boiling point mixture which
has been withdrawn from the lower portion of the multi-
stage distillation column in step (1) is first subject-
15 ed to separation in a distillation column type separat-
ing apparatus prior to the feeding thereof to the
continuous hydrolysis reactor, a part or all of a
fraction containing the transesterification catalyst
used in step (1) and/or a part or all of a column
20 bottom liquid containing the transesterification cata-
iyst used in step (1) (which fraction and/or column
bottom ligquid is obtained by the separation), as such,
can be used as a hydroiysis catalyst in step (2).

The amount of the hydrolysis catalyst used in the

25 present invention may be varied depending on the type



ously introduced to an azeotropic m xture-separating colum prior to the
feeding of the high boiling point mxture to the continuous hydrolysis
reactor, while 20 continuously withdrawing the diol froma | ower
portion of the azeotropic m xture-separating columm and contin- uously

wi thdrawing a | ow boiling point mxture com gpri sed of the m ni mum boiling
poi nt ~azeotropic m xture of the cyclic carbonate with the diol from an
upper 25 portion of the azeotropic m xture-separating col um, 91

and in which the |gw pil 98,8948k sMEX WA §s. t hoRaRrel, ORPhichE tiNeD Sy R Lly-On

of the azeotropic mxture-8epa--rating cofum is introduced to the

continuous hydiol yz;§i 8at88¢5er i50c8hkeauoashydreldy TioS thedeonyintitdisobt ai n
5 a hydrolysis reaction mxture. As the azeotropic m xture-separating

col um, a conti nuohgdpul{ysist seactbsti that amount! ofn than hydredyesisamatare
continuous multi-stage distillation colum may be of the same type as used
instep (1). 10 1yst is generapl{2p.0DOLh&omBOhEd byf welighir,edbasted ren-
tion, water and the high boiling point m xture which has been w t hdrawn
fromthe | cgwer porthenweighkeofiuthie- cycdde dagbopiede diedcdicukhe wontEdmy-1)
are continuously fed to a continuous hydrolysis reactor, to thereby

ous hydrolysis reactor.

When the solid catalyst is used in a manner such
that the solid catalyst is disposed in the continuous
hydrolysis reactor, it is preferred that the amount of

10 the solid catalyst be from 10 to 75 % by volume, based
on the internal volume of the continuous hydrolysis
reactor.

With respect to the water used in step (2), there
is no particular limitation, and any type of water can

15 be used. Generally, deionized water, condensed water
from steam, or the like is used.

The amount of water to be used can be reduced to a
stoichiometrical amount. Depending on the reaction
mode, the amount of water to be used can even be re-

20 duced to an amount smaller than a stoichiometrical
amount. However, in general, from a practical view-
point, water is used in an amount 1 to 100 times by
mole the stoichiometrical amount. It is preferred that

water be used in an amount 1.01 to 50 times by mole,

25 more preferably 1.01 to 10 times by mole the stoichio-



15 effect a continuous hydrolysis of the unreacted cyclic carbonate
and produce a diol and carbon di oxide, while continuously w thdraw ng the
resul tant hydrolysis reaction m xture containing the produced diol fromthe
continuous hydrolysis reactor. Wen-the high boiling 20 poi nt m xture
withdrawn fromthe lower portion of the multiggstage distillation colum in
step (1) is first fed to a separating appara?us prior to the feeding.
thereof to the continuous hydrolysis reactor, a conpon- ent obtained by the
separation in the ﬁgg@{géingmﬁgﬂet- 25 atus is fed to the continuous
hydrol ysis reactor. Wth respect to the continuous hydrolysis reactor

used in step (2), therephs paaBRibhCEbARitibhEALEN the h9dgclydils ireat-
reaction apparatus which can be used for perform ng a continuous reaction

between water and fion inath#Ctbatiaubagahgdrolysiel eeacftoremayobe weatiled
as the continuous hydrolysis reactor include a tubular reac- tor; a vessel
reactor; a colum depshdingsonhthe prdsehckl atri absencemofr @adiydiradiysds
bubbl e colum reactor; and a fluidized bed reactor. It is preferred to use
a 10 tsubul ar cabtelpst.a Wheneh hydrvdysds satiadyistt disi wsedol dhe
reactor. \Wen a distillation colum reactor is used as the
hydrolysis reaction conditions may be varied depending
on the type and amount of the hydrolysis catalyst.
However, in general, the reaction temperature is from
50 to 300 °C, preferably from 80 to 250 °C, more pre-
10 ferably from 100 to 200 °C. The reaction time may be
varied depending on the presence or absence of a hydro-
lysis catalyst. When a hydrolysis catalyst is used,
the reaction time may be varied depending on the type
and amount of the hydfolysis catalyst and the reaction
15 temperature. However, in general, the reaction time is
from 0.001 to 50 hours, preferably from 0.01 to 10
hours, more preferably from 0.02 to 5 hours, in terms
of the average residence time. The reaction pressure
may be varied depending on the reaction temperature.
20 However, in general, the reaction pressure is from 1 x
103 to 2 x 107 Pa (0.0l to 200 kg/cm?), preferably from
1 x 104 to 1 x 107 Pa (0.1 to 100 kg/cm?), in terms of
the absolute pressure.

In step (2), the resultant hydrolysis reaction

25 mixture containing the produced diol is continuously



continuous hydrolysis reactor, the distillation colum reactor may be a
continuous nulti-stagée distillation 15 colum which is of the sane
type as used in step (1). In step (2), a hydrolysis catalyst nay be used.
Wth respect to the hydrolysis catalyst used in step (2), there is no
particular limtation as long as it is one mpgch can be used for producing
a diol by a reac- 20 tion between a cyclic carbonate and water.

Vari ous conventional catalysts can be used. Exanples of hydro- lysis

catal ysts include H}?ﬁ&%wflckﬂéﬁ tHeNcBatAhubus Aghdo1ksdisogllaertor .aciey and

sulfuric'acid;'alka nmetals an _alkallne.earth netals, such as lithium 25
sodi um potassi um ghBhedtify €AsI HYPArBRgRes Hehactdon mixtudd e distdiiliamm

and barium basic conpounds, such as hydrides, al koxides and aryl oxi des and

am des of alkali rgiehy anHighkpuri¢yedibh Hesaitdonakind ia rftetiond oon-

i des, such as sodi um hydroxi de, potassium hydroxide, 5 rubi di um

hydroxi de and cesi taihyfdgokiydprodukedi carbant dicstide lepdr be deparaked as

magnesi um hydr oxi de, cal ci um hydroxi de and strontium hydroxi de; al kal

metal car- gonat esfremctheshyduolysdsr beagtdoanaipduzesi ufiurdhemohan

. al kali nmetal bicarbonates, such as sodi um 10 bi car bonat e and potassi um

bi car bonat e; organtbeabygrolysis reaction mixture contains an unreacted
cyclic carbonate,_an'uﬁreacted aliphatic monohydric
alcohol and the produced dialkyl carbonate, the hydro-
lysis reaction mixture may be subjected to distillation

10 to separate these components from the hydrolysis reac-
tion mixture, and these separated components are then
recycled to the continubus multi-stage distillation
column used in step (1). These components may be
directly recycled to the continuous multi-stage distil-

15 lation column used in step (1). Alternatively, these
components may be firsf fed to the transesterification
reactor and the resultant transesterification reaction
mixture may be recycled to the continuous multi-stage
distillation column used in step (1).

20 Further, when the hydrolysis reaction mixture
obtained in step (2), containing the produced diol,
also contains unreacted Water, the hydrolysis reaction
mixture may be subjected to distillation to separate

the water as a fraction, and the obtained water frac-

25 tion may be recycled t6 the continuous hydrolysis



salts of alkali nmetals and al kaline earth nmetals; inorganic acid salts,
such as sodi um nol ybdate, potass- ium nolybdate, sodiumtungstate and
pot assium tung- state; organic acid esters, such as carboxylic ester 15
and sulfonic ester; a conposite catalyst conprising a Lewis acid and a

ni trogen-containing organic base; organoantiggny conpounds; a quaternary
phosphonium salt; a quaternary amoniumsalt; tertiary am nes, such as
triethyl amne, tributyl am ne, trihexyl am ne and 20 benzyl di et hyl

am ne; and solid 93é£é¥8£suséacﬁna§téé”tB?ﬁiC zeolite, hydrotalcite, an
organi c ion ex- change resin, activated alum na, silica-alumna, alum- na

carrying a copper conpogfdinhéi hh6¢eamditianedr FeabEianCap@e ieompddtd the
alum na carrying a zinc conmpound and 25 silica-alum na carrying a zinc

conpound. 94 Wepcihe tappsfster ibi eaphblecatalfyrninged mindwem bbili-s
soluble in the liquid reaction systemunder reaction conditions and al so
can serve as a hydiggypbEntaaseypsropibemtxgueeadizht hesdi®l, and in that,
when the high boiling point nmxture which has been withdrawn fromthe | ower
portion of sthe nulwhicktage fissmaleabifoancekzentropis: agxture-sepianadiing f ed
to the continuous hydrolysis reactor w thout bein
column, and in which the low boiling pqint mixture
(containing the minimum boiling point azeotropic mix-
ture of the cyclic carbonate with the diol) continuous-
ly withdrawn from an upper portion of the azeotropic
10 mixture-separating column is introduced to the continu-
ous hydrolysis reactor to effect a hydrolysis reaction
and obtain a hydrolysis reaction mixture, the obtained
hydrolysis reaction mixture may be recycled to the
azeotropic mixture-separating column.
15 When the continuous hydrolysis reactor used in
step (2) is one selected from the group consisting of a
tubular reactor and a vessel reactor, the produced
hydrolysis reaction mixture containing the diol and the
carbon dioxide may be continuously introduced to a
20 diol-separating column which is comprised of a continu-
ous multi-stage distillation column, and the diol may
be continuously withdrawn from a lower portion of the
diol-separating column, while continuously withdrawing

a low boiling point mixture containing the carbon

25 dioxide from an upper portion of the diol-separating



subj ected to separation in a separating apparatus, the 10
transesterification catalyst used in step (1), as such, can be used as a
hydrol ysis catalyst in step (2); and that, when the high boiling point

m xture whi ch has been withdrawn fromthe | ower portion of the multi- stage-
distillation colum in step (1) is first subpgct- 15 ed to separation
in a distillation colum type separat- ing apparatus prior to the feeding
thereof to the continuous hydrolysis reactor, a part or all of a fraction

containing the tragspshR! i fweehi pAspatel ¥ot tHeedeblingep£( Waterdior thepart '
or all of a colum 20 bottom 1 quid containing the transesterification

cata- |yst used i ncsh€epPnidus(npaebliysast reactod/ asedoinnmstept (@M, fooind i s
obtai ned by the separation), as such, can be used as a hydrol ysis catal yst
in step (2). The atmenviefpdbnthyfir obgdacingatheywatesedontenifeofsa diol
present invention nay be var[ed depen@ing on the ;yge 95 of the
hydrol ysi s catal ysto blewebtainefienithéshpaeseyredi thagt #hpswater be fed
continuously fed to the continuous hydrolysis reactor, the anount of the
hydrol ysi s scata- |yetthe gentianpysohpdyelysisoreppyoRefinf, PP&EIEBn 5
ﬁg:crﬁLght of the ggg¢éca03£2g3323a£ego;% Eggvﬁggﬁ'Qﬂ'aogidgy%%ﬂﬁy%ésthe__
continuous hydrolysis reactor for withdrawing the diol.
Further, with'respect to the feeding of the high boil-
ing point mixture withdrawn from a lower portion of the
10 low boiling point mixture-séparating column - to the
continuous hydrolysis reactor used in step (2), from
the viewpoint of reducing the cyclic carbonate content
of a diol to be obtained, it is preferred that the high
'boiling point‘mixture Be fed to the continuous hydroly-
15 'sis reactor at a position above a withdrawal port
provided in a side wall of the continuous hydrolysis
reactor for withdrawing the diol.
As the diol-separating column, a continuous multi-
stage distillation column can be used, and the continu-
20 ous multi-stage distillation column may be of the same
type as used in step (1).
When the continuous hydrolysis reactor used in
step (2) is a hydrolysis dolumn comprised of a continu-

ous multi-stage distillation column, a high boiling

25 point mixture containing the diol may be withdrawn from



Wien the solid catalyst is used in a manner such that the solid catalyst is
di sposed in the continuous hydrolysis reactor, it is preferred that the
anount of 10 the solid catalyst be from10 to 75 % by vol une, based on
the internal volune of the continuous hydrolysis reactor. Wth respect to
the water used in step (2), there is no partpgglar limtation, and any type
of water can 15 be used. Generally, delonized water, condensed water
fromsteam or the like is used. The anobunt of water to be used can be

~reduced to a stoi chi phRLF dﬁaftﬁaﬁuar tﬁepeaﬁtmauaust h9areagykien calden,t he
anount of water to be used can even be re- duced to an anount

smal ler than a Stth@bl@n@éﬁtﬁﬁhoa@ynhithlﬂ!@wehg anleenbbdling paiat
practical view point, water is used in an anpbunt 1 to 100 times by nole

the stoichionetri aadxedbenéontainingr eher cagbbhatiioatide lferomsean upper
anount 1.01 to 50 times by nole, 25 nore preferably 1.01 to 10 tines
by nole the stoi chpartion96fnthei cahtanvons. hydrolyadsi coluondi t Fowhegr,
the hydrolysis reac- tion in the continuous hydrolysis reactor may be .
vari ed dependi ng ovhemethe chiégbeboilingenednst mixpygeomidndrawn from a

lower portion of the continuous multi-stage distillé—
tion column in step (1) contains the aliphatic monohy-
dric alcohol and the dialkyl carbonate, wherein the
continuous hydrolysis reactor is a continuous hydroly-

10 sis column comprised of a confinuous multi-stage dis-
tillation column, a low boiling point mixture contain-
ing the aliphatic monohydric alcohol, the dialkyl car-
bonate,_the carbon dioxide and optionally water may be
continuously withdrawn from an upper portion of the

15 continuous hydrolysis column and recycled to the contin-
uous multi-stage distillation column used in step (1),
while continuously withdrawing the diol from a lower
portion of the continuous hydrolysis column. When
carbon dioxidé enters the reaction system in step (1),

20 the transesterification réaction in step (1) is adverse-
ly affected and hence the reaction rate becomes low.
Further, when water enters the reaction system in step
(1), hydrolysis proceeds in step (1) and hence the
selectivity for a dialkyl carbonate in step (1) becomes

25 low. Therefore, with respect to the above-mentioned



5 catalyst. Wen a hydrolysis catalyst is used, the hydrolysis
reaction conditions may be vari ed depending on the type and anmobunt of the
hydrol ysis catal yst. However, in general, the reaction tenperature is from
50 to 300 [err]C, preferably from80 to 250 [err]C, nore pre- 10

ferably from 100 to 200 C. The reaction tingoFay be vari ed dependi ng on
the presence or absence of a hydro- lysis catalyst. Wen a hydrolysis
catalyst is used, the reaction time nay be vari ed depending on the type and

anount of the hydrebysesihgt 8kYyehealdut BBileAg!t pBANESmixturbe WRthalrake:
However, in general, the reaction time is fromO0.001 to 50 hours,

preferably from 0.fdohotRE Gppes, poRteochr efetabl yoht@Aubus2hyarblhedss, in
terns of the average residence tinme. The reaction pressure nmay be varied

dependi ng on the reabamontdether abntenudliis multliewtage, distdadertdon t he
reaction pressure is from1l x 10[err] to 2 x 10[err] Pa (0.01 to 200

kg/ cnR), preferablgofumm dsedidhestept 61), x£10hethe Paewpointtoofo@chdeym?) ,
in terms of the absolute pressure. In step (2), the resultant hydrolysis
reaction 2% i 5g u? chtght Beachgonhrtageoanded bigh peleshivatyufey a 97
wi t hdrawn fromthe_conti nuous hydrolysis reactor. By subjecting the

hydrol ysi s reacti ddi3dkyhrearBonpte; | i5- is preferred that the carbon

dioxide or both the carbon dioxide and the water be
removed from the low boiling point mixture withdrawn
from the upper portion of the continuous hydrolysis

10 column prior to the recycling of the low boiling point
mixture to the continuous multi-stage distillation
column used in step (lf. With respect to the feeding of
water to the continuous hydrolysis reéctor used in step
(2), it is preferred that the water be fed to the con-

15 tinuous hydrolysis reactor at a position above a with-
drawal port provided in a side wall of the continuous
hydrolysis reactor for withdrawing the diol. With
respect to the feeding position at which the high boil-
ing point mixture (containing unreacted cyclic car-

20 bonate) withdrawn from the lower portion of the continu-
ous multi-stage distillation column used in step (1) is
fed to the continuous hydrolysié reactor, there is no
particular limitation. 'However, from the viewpoint of
reducing the cyclig carbonate content of a diol to be

25 obtained, it is preferred that the high boiling point



tion, "a high purity diol fraction and a fraction con- taining by-produced
carbon di oxi de can be separated 5 fromthe hydrol ysis reaction

m xture. Further, when the hydrolysis reaction m xture contains an
unreacted cyclic carbonate, an unreacted aliphatic nonohydric al cohol and
the produced di al kyl carbonate, the hydro- hysis reaction mxture may be
subjected to distillation 10 to separate these conponents fromthe
‘hydrol ysis reac- tion m xture, and these separated conponents are then

recycled to the cgpktareumithbrawh! #gemdithel Lbaerobordivm dfs athd tdiitihu-
(1). These conponents may be directly recycled to the continuous

mul ti-stage distiduslhulti-skageodistiolatisadcolutineuset) in Atep rd) by,
t hese conponents nay be first fed to the transesterification reactor and

t he resul tant trafiedster thecaebntinueast hgdroilytsuise neaytos redc yac lpessiftddrhe
continuous nulti-stage distillation colum used in step (1). 20 _
Further, when theabgdeotywithdwayeiloporitxparoyidiedaiimed isdidet ajpl(l2)0f the
contai ning the produced diol, also contains unreacted water, the hydrolysis
reaction A xture feptbaucus| bydrelysisi seactar £t yisbexomiag Aba\tial a5

a fraction, and the obtained water frac- 25, .tion may be recycled to
t he conti nuous hydronEPsthe pgesent 1nyentlon, it is not necessary to

use a solvent. However, for the purposes of, e.g., (1)
facilitating the reaction operation énd (2) separating
a dialkyl carbonate and a diol efficiently by perform-

10 ing azeotropic distillation or extractive distillation,
an appropriate inert solvent may be used as a reaction
solvent, an azeotrope-forming agent or an extracting
agent. 'Examples of inert solvents include an ether, an
aliphatic hydrocarbon, an aromatic hydrocarbon, a

15 ‘halogenated aliphatic hydrocarbon and a halogenated
aromatic hydrocarbon.

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

20 _ off of a generated low boiling point reaction product,
the above-mentioned inert gas or a gaseous form of an
inert low boiling point organic compound may be intro-
duced to the reaction system from a lower portioh of a
continuous multi-stage distillation column.

25



reactor used in step (2). In the above-nentioned reaction node in which the
cyclic carbonate is capable of formng a mninumboil- ing point azeotropic
m xture with the diol, and in 5 whi ch use is nade of an azeotropic

m xt ure-separating colum, and in which the | ow boiling point mxture
(containing the m ni num boiling point azeotrlggic m x- ture of the cyclic
carbonate with the diol) continuous- |y wthdrawn from an upper portion of

the azeotropic 10 m Xt ure-separating colum is introduced to the
continu- ous hydrolysis reaedPruése SFOREARRYING COU'S| BHE CEQVERPIOND obtain
a hydrolysis reaction m xtore, the opbtarned nydrolysis reaction m xture may

be recycled to'the azeophgppsredehitUiavepRaon Wil 1C®el@escktibed in grealen
t he continuous hydrolysis reactor used in step (2) is one selected fromthe

group consisting ofegailibigh reFerehcendod thes Fell Lowdnigo Exantpd as ahid ed
hydrol ysis reaction m xture containing the diol and the carbon di oxi de may-
be continuously inComgarative &xafiples, dihdlchs aghendd mptc deumonstimied as
conprised of a continu- ous nmulti-stage distillation colum, and the diol
may be contg nuous| ¥imithugawhef scope lodwbheppresemtofinvientdion .- separ ati ng
colum, while continuously w thdrawing a | ow boiling point mxture '
contai ning the carbon 28n the #pdlowdng: Examplespand GOoMpST i Ve &xam-
di ol -separating ' . )
ples, the yield (%) of ethylene glycol is determined,
based on the amount of the charged ethylene carbonate;
the selectivity (%) for ethylene glycol is determined,
10 based on the amount of the consumed ethylene carbonate:;
the yield (%) of dimethyl carbonate is determined,
based on the amount of the charged ethylene carbonate;
and the selectivity (%) for dimethyl carbonate is
determined, based on the amount of the consumed metha-

15 nol.

Example 1

Using a system as shown in Fig. 1, dimethyl car-
bonate (DMC) and ethylene.glycol (EG) were continuously
20 produced from ethylene"carbonate (EC) and methanol
(MeOH). |
As a catalyst concurrently serving as a packing,
an anion-exchange resin having a quaternary ammonium
group as an ion-exchange group [which anion-exchange

25 resin had been obtained by subjecting a Cl~ type of



99 colum. Wth r
hydr ol ysi s reactor

espect to the feeding of water to the continuous
used in step (2), fromthe viewoint of reducing the

water content of a diol to be obtained, it is preferred that the water be

fed 5 to the
wi t hdrawal port pr
reactor for wthdr

continuous hydrolysis reactor at a position above a
ovided in a side wall of §{hg continuous hydrolysis
awing the diol. Further, wth respect to the feedi ng of

the high boil- ing point mixture withdrawn froma | ower portion of the 10

| ow boi li ng poi nt
reactor used in st
carbonat e content
boi li ng point m xt

' r Ef Le0c£ahERRrky MBR-EOREERAHOYMaRVERGt MRS
égﬁ%%)¢f§§gﬁ$€%%&vFe§gginf gf reduci ng thg ?yglic .

&a assi@ by ODb® Ghémisgl. cobt ,i §. 8t AL gr tedibhakxthangiegh
ure be fed to the continuous hydroly- 15 sis reactor

at a position abowgien v thdragaéoRsr sopuerbredfi Nagcsbdsomhbto’abbh& 50 %

continuous hydrolysis reactor for w thdraw ng the

iol. ,As the

diol-separating(ubfwtheacrbnibnsouereubbhvestegetdi§DQ?FaﬁD0§.c§P@nﬁh@an
be used, and the continu- 20 ous nulti-stage distillation colum may
be of the sane typeesusltaet resinewaglyashpdnreneatedivnidth PUILSied s

reactor used in st
mul ti-stage distil

ep (2) is a hydrolysis colum conprised of a coptinu- ous
watepnaed| then withgaried| mﬁghzag?i to chffﬁFtnf’??HYPEa'

containing the diol may be withdrawn from

10

15

tion and drying of the resin] was packed in continuocus
multi-stage distillation column 1 in a héight of Gd cm,
which distillation column was comprised of a column
having an inner diameter of 2 cm énd a packing height
of 100 cm, and wherein stainless-steel Dixon packings
(3 mm §) were packed in distillation column 1 so that
the above-mentioned anion-exchange resin was interposed
between the Dixon pack;ngs each having a height of
about 10 cm.

A mixture of EC and MeOH (weight ratio of EC/MeOH
= 5/1) was continuously fed in a liquid form to upper

portion 4 (above the uppermost stage) of continuous

multi-stage distillation column 1 through conduit 2 and

20

preheater 3 at a flow rate of 52.5 g/h while MeOH was

also continuously fed in a gaseous form to lower por-

25

tion 8 (below the lowermost stage) of continuous multi-
stage distillation column 1 through conduit 5 and
evaporator 6' at a flow rate of 162 g/h (the tempera-

ture of the gaseous MeOH was 90 °C), to thereby effect



100 a | ower portion of the continuous hydrolysis colum, while continuously
withdrawing a | ow boiling point m xture containing the carbon di oxide from
an upper portion of the continuous hydrolysis colum. Further, 5 when
the high boiling point mxture withdrawn froma | ower portion of the
continuous multi-stage distilla- tion cqunEan step (1) contains the

al i phati c nonohy- dric al cohol and the dial kyl carbonate, wherein the
continuous hydrolysis reactor is a continuous hydroly- 10 si s colum

conprised of a cordipsonSestbiifrdtatfodl Peabtibal i 0OfoALlHIBusamueWibeitkigad
point m xture contain- ing the aliphatic nonohydric al cohol, the dialkyl

car- bonate, the c@ideinIhexosecanamapliwas! bjerated thiebecatmospheaisl y

wi t hdrawn from an upper portion of the 15 conti nuous hydrol ysis colum
and recycled to t heressite,; adsthal tempéagtutessdf| hppeonpookion dsed ithe
step (1), while continuously withdrawing the diol froma |ower portion of

t he continuous hydiisyslkatbbnnpoluienasaV?BohCdi oki gaseausr migkureeacti on
systemin step (1), 20 the transesterification reaction in step (1) is
adverse- | aff ectdistihtlednfromhthectopi ofi distibietiken cehumpydti Was, when

water enters the reaction systemin step (1&, hydr ol ysi s proceeds_in step
(1) and hence the condensed by means of condensér 7,  and the resultant

condensate (containing MeOH and DMC in concentrations
of 75.7 % by weight and 24.3 % by weight, respectively)
was recovered from the system at a flow rate of 166.5
10 g/h. A reaction mixture (containing MeOH, DMC, EG and
EC in concentrations of 31.3 % bf weight, 2.7 % by
weight, 59.8 $ by weight and 6.2 % by weight, respec-
tively) was withdrawn from the bottom of distillation
column 1 at a flow rate of 48 g/h and fed to continuous
15 hydrolysis reactor 37 having an inner diameter of 7.5
mm and a length of 30 cm through conduit 9 [which
continuous hydrolysis reactor had been packed with
activated alumina beads, and the temperature and inter;
nal pressure of which was maintained at 170 °C and 2.5
20 X 106 Pa (25 kg/cmzAGi, respectively], together with
water which was introduced wvia conduit 35 at a flow
rate of 1.5 g/h, to theréby effect a continuous hydro-
lysis of EC in the reaction mixture. The resultant
hydrolysis reaction mixturé was recovered through

25 conduit 38 at a flow rate of 49.5 g/h. As a result of



selectivity for a dialkyl carbonate in step (1) becones 25 . | ow.
Therefore, with respect to the above-nenti oned 101 recycling of the | ow
boiling point m xture withdrawn fromthe upper portion of the continuous
hydrol ysis colum to the continuous nulti-stage distillation colum used in
step (1), fromthe viewpoint of achiev- 5 19 ing a high reaction rate and
a high selectivity for a dialkyl carbonate, it is preferred that the carbon
di oxi de or both the carbon di oxide and the water be renmoved fromthe | ow

boi i ng poi nt i xtHeeawal Pedawn iftr @aist FRumEP &hao fihied hy@rd1yes 160 M dtittithn
hydrol ysis 10 colum prior to the recycling of the |ow boiling point

m xture to the comikBufescautaingdageot,sbMd aindEG dnlonesectdatidirap ofl) .
Wth respect to the feeding of water to the continuous hydrol ysis reactor
used in step (2),30t3i & pyelvedghd,t Ratb Bhbdywatedighlie andd 620 2 e byorweight,

ti nuous hydrol ysis-reactor at a position above a with- drawal port provided
in a side wall of respectivedyous Ity wes pdiso ﬁ@m@@oﬁhﬁﬁ'tMQIhﬂiimlﬂfiﬁhe
diol. Wth respect to the feeding position at which the high boil- in

poi nt mi xthre (coReaFking BAKENEEcFORfAined.aQ etpylene geThanatg t(fﬁﬂ-l%avm

fromthe | ower portion_of the continu- ous nulti-stage distillation colum
used in step (1) gad also no diethylene glycol (DEG). .

From the above data, it can be seen that the
conversion of EC was 100 %, the yield of DMC was 93 %
(DMC was produced at a production rate of 41.7 g/h),

10 the selectivity for DMC was not lower than 99 %, the
vield of EG was not lower than 99 %, and the seiectivi-
ty for EG was not lower than 99 $. As apparent from
the above, EC did not remain in the hydrolysis reaction
mixture. Also, the volume (V) of the reaction zone in

15 continuous multi-stage distillation column 1 was calcu-
lated as follows: V=n x 12 x 60 / 1,000 = 0.188
liter. Therefore, the productivity of DMC in terms of

the space time yield was: 41.7/0.188 = 221.8 g/liter-h.
If desired, as a transesterification catalyst, a

20 homogeneous catalyst can be used instead of or in
.addition to the solid catalyst. In such a case, the
homogeneous catalyst ié supplied to distillation column

1 through conduit 2' shown in Fig. 1.

25



fed to the continuous hydrolysis reactor, there is no particul ar

limtation. However, fromthe viewpoint of reducing the cyclic carbonate
content of a diol to be 25 obtained, it is preferred that the high
boi i ng poi nt 102 mi xture withdrawn fromthe | ower portion of the .
continu- ous nulti-stage distillation colunpy4ised in step (1) be fed to the
continuous hydrolysis reactor at a position above a wthdrawal port

provided in a side wall of the 5 conti nuous hydrolysis reactor for

wi t hdrawi ng the digdamgle thie present invention, it is not necessary to use
a solvent. However, for e purposes of, e.g., (1) facilitating the
reaction operation and Usingepaspdtety @ dilfdiy| isaFhohat e @ffleBhyl Obar-
efficiently by perform 10 i ng azeotropic distillation or extractive
distillation, an dumwadp i(DMC) rend ethykesrie nplydel UCEE) asere I €6ativtlously
sol vent, an azeotrope-form ng agent or an extracting agent. Exanples of

i nert sol vents i nPnefuced dirtan ethylsne earkonste o(EC bomnd anethanal i C
hydr ocarbon, a 15 hal ogenat ed al i phati ¢ hydrocarbon and a hal ogenat ed
aromati c h§drocar §84€OHAr i nert gas, such as nitrogen, helium argon or the

i ke, may be present in the reaction system Further, for the purpose of
pronoting the disti||iﬁ§alnless—steel Dixon packlngs (3 mm g) were

packed in continuous multi-stage distillation column 1,
which was comprised of a column having an inner diamet-
er of 2 cm and a packing height of 200 cm. EC was

10 continuously fed in a liquid form to upper portion 4
(above the uppermost stage) of distillation column 1
through conduit 2 and preheater 3 at a flow rate of 120
g/h, anq a 3 % by weight solution of sodium hydroxide
(as a catalyst) in ethylene glycol ﬁas also continuous-

15 ly fed in a liquid form to upper portion 4 of distilla-
tion column 1 through conduit 2' at a flow rate of 9
g/h, while coﬂtinuously feeding a mixture of MedH and
DMC (MeOH/DMC weight ratio = 95/5) in a gaseous form t§
lower portion 8 (below the lowermost portion) of dis-

20 tillation column 1 through conduit 5 and evaporator 6'
at a flow rate of 330 g/h (the temperature of the
gaseous MeOH/DMC mixture was 94 °C), to thereby effect
a trénsesterification reaétion;. Continuous multi-stage
distillation column 1 was operated under atmospheric

25 pressure, and the temperature of upper portion 4 of the



20 off of a generated |ow boiling point reaction product, the
above-nentioned inert gas or a gaseous formof an inert |ow boiling point
organi ¢ conpound may be intro-- duced to the reaction systemfroma | ower
portion of a continuous multi-stage distillation columm. 25 103 BEST .
MODE FOR CARRYI NG OUT THE | NVENTI ON The preﬁggt invention will be described
In greater detail with reference to the fol 'ow ng Exanpl es and Conparative
Exanpl es, which shoul d not be construed as 5 limting the scope of the

present invention. digtifgaigghogbmgmgxaggl eg apd Conparative Exam ples,
the yield (% of ethylene glycol 1s determ ned, based on the anount of the

charged ethyl ene carbongtgastbassmiaelirei’ aYst¥ 16ar febhy kage toby oF dis-
determ ned, 10 based on the anobunt of the consuned ethyl ene carbonate;

the yield (% of dtirlévionacbdumheli wagdetonhdenedd bgsedndenske Fpoamnd of
t he charged et hyl ene carbonate; and the selectivity (% for dinethyl
carbonat e i s det erth@edesbhtadtocohlensabaen( cohtaliningnMedtdand: BPMC in
nol. Exanple 1 Using a systemas shown in Fig. 1, dinmethyl car-
5 concentrations of 63.7 % by weight and 36.3 % by
weight, respectively) was recovered from the system at
a flow rate of 363 g/h. A liquid reaction mixture
[containing a low boiling point mixture (comprised of
MeOH and DMC), EG and EC, in concentrations of 29 % by
10 weight, 65.5 % by weight, and 5.3 % by weight, respec-
tively] was withdrawn from the bottom of the distilla-
tion column at a flow rate of 135 g/h and fed to low
boiling point mixture-éeparating column 10 at a posi-
tion 40 cm below the top of column 10 through conduit
15 9, which column 10 was comprised of a column having an
inner diameter of 2.5 cm and a packing height of 120
cm, and had been packed with stainless-steel Dixon
packings (3 mm ¢).
Low boiling point mixture-separating column 10 was
20 operated under conditions such that the pressure of
upper portion 11 (above the uppermost stage) thereof
was 1.3 x 103 Pa (10 t@rr) and the temperature of lower
portion 16 (below the lowermost stage) thereof was 102

°C. A gaseous mixture (containing EG and EC each in a

25 concentration lower than 0.1 % by weight) withdrawn



bonate (DMC) and et hyl ene glycol (EG were continuously 20 pr oduced
fromethyl ene carbonate (EC) and nethanol (MeOH). As a catal yst
concurrently serving as a packing, an ani on-exchange resin having a

quat ernary anmoni um group as an i on-exchange group [whi ch ani on-exchange 25 .

resin had been obtained by subjecting a C[gpgl type of 104 Dowex
(registered trademark) MSA-1 resin (manufactured and sold by Dow Chem cal
Co., U S A) to ion-exchange with a 2N aqueous sol ution of Na2CO3 so that

about 50 % of the £}oRTEhel 88p BRI 8ot aMNENDEHakO corlienkkd BRS condénidet S
resultant resin was washed repeatedly with purified water and then with

dried nethanol to gdfecs gebydog- theoresndtdhti égndenshte waish rafuseal ke
in continuous nmulti-stage distillation colum 1 in a height of 60 cm which
distillation col umippes poppioaeclilobfacotuman 100 throughaconguadrt ildner
di aneter of 2 cmand a packing height of 100 cm and wherein
st ai nl ess-steel D koefpagkrayio¢32imwhiile] revereipgek&hronghi sviapoatator
colum 1 so that the above-nentioned ani on-exchange resin was interposed
bet ween t hés Di xon packthgsremeindevi af fheecghdepsate in a gee@Our) form A
m xture of EC and MeOH (weight ratio of EC/ MeCH
to continuous multi-stage distillation column 1 at a
position 120 cm below the top of distillation column 1
at a flow rate of 39 g/h. On the other hand, a part of
a liquid (containing EG and NaOH in concentrations of
10 97 % by weight and 3 % by weight, respectively) with-
drawn from the bottom of column 10 was recovered from
the system through conduit 20 at a flow rate of 9 g/h,
while the femainder of the withdrawn liquid was heated
by reboiler 18 and returned to column 10 through con-
15 duit 19. A gaseous fraction containing EG and EC was
‘withdrawn from column 10 through a withdrawal port
provided in a side wall of column 10 at a position 90
cm below the top of column 10 at a flow rate of 87 g/h,
and condensed by condenser 21 to obtain a condensate
20 (containing EG and EC in concentrations of 91.7 % by
weight and 8.3 % by weight, respectively).
The condensate obtained in condenser 21 was intro-
duced to continuous hydrolysis reactor 37 [which was of

the same type as used in Example 1, and the internal

25 temperature and pressure of which was maintained at



= 5/1) was continuously fed in a liquid formto upper portion 4 (above the
upper nost stage) of continuous nulti-stage distillation colum 1 through
conduit 2 and 20 preheater 3 at a flowrate of 52.5 g/h while MeOH was
al so continuously fed in a gaseous formto |ower por- tion 8 (below the

| ower nost stage) of continuous nulti- stage,gistillation colum 1 through
conduit 5 and evaporator 6' at a flowrate o 162 g/h (the tenpera- 25
‘ture of the gaseous MeOH was 90 [err]C), to thereby effect 105 a

transesterificatigd eqetda 2 BNk i 16®USa MBS | kGFEAR-E) STHbspbEREvERY M 1

was operated under atnospheric pressure, and the tenperature of upper

portion 4 of the disgdtnet iwitisOh UMTqWBE WHth®F &b ffoﬁaﬁBQUﬁogi SEUAEOD
distilled fromthe top of distillation colum 1 was condensed by neans of

condenser 7, and t(gsy APt 1K NEsNemh €23 Codé St bad MétbwndthhBugh
concentrations of 75.7 % by weight and 24.3 % by wei ght, respectively) was
recovered fromtheay@ietn3dd, aard ovatat ef@d fA66mScdfiduit 3§/t aAfleacti on
m xture (containing MeOH, DMC, EG and EC in concentrations of 31.3 % by
wei ght, 2. B % by watghtof 50.8B gilhy vei tiewrebyl &ffedtby eenghhuousshydro-
tively) was withdrawn fromthe bottomof distillation colum 1 at a flow
rate of 48 g/ h and¥sise ixeawkiom@fsEC in the condensate. The weight

ratio of water to EC at the inlet of continuous hydro-
lysis reactor 37 was 0.5. The hydrolysis reaction
mixture withdrawn from -the hydrolysis reactor was

10 introduced to gés-liquid'sephrét5£:39 through conduit
38, from which carbon dioxide was discharged through
conduit 40 and a mixture of EG and water was withdrawn
through conduit 22. The withdrawn EG/water mixture was
fed to diol-separating column 23, which had been packed

15 with Dixon packings (3 mm ¢) and was comprised of a
column having a diameter of 2.5 cm and é packing height
of 120 cm, at a position 40 cm below the top of column
23. |

Diol-separating column 23 was operated under

20 conditions such that fhe ﬁressure of upper portion 24
(above the uppermost portion) thereof was 2.7 x 103 Pa
(20 torr), and_the temperature of lower portion 28
{(below the lowérmost portion) thereof was 111 °C. A
gaseous mixture was withdrawn from the top of column 23

25 through conduit 25 and condensed by condenser 26 to



15 hydrol ysis reactor 37 having an inner dianmeter of 7.5 nmand a

| ength of 30 cm through conduit 9 [which continuous hydrolysis reactor had
been packed with activated al um na beads, and the tenperature and inter-
nal pressure of which was maintained at 170 [err]C and 2.5 20 X
10[err] Pa (25 kg/cnferr]-G, respectivel y]l _Ilogether wi th water which was
I ntroduced via conduit 35 at a flow rate of i.S g/h, tothereby effect a
continuous hydro- lysis of ECin the reaction mxture. The resultant

hydr ol ysi s react] byl W colfifehegeLer &al T UER 88 the obtABdWl! cBRaah-a

flowrate of 49.5 g/h a resu 106" the analysis, 1t was found

that the hydrol ysigat&agds Ofeﬁlﬁié'detéoééﬁhﬁﬁdzﬁ/e%o aBHab®ti 27
concentrations of 30.3 % by weight, 2.6 % by weight and 62.2 % by wei ght,

respectively. It Waefilwd f&tid: tAp} wheld8ydhel yendihder ofr €hét coORdENXt ure
contai ned no ethylene carbonate (EC) and al so no diethyl ene glycol (DEG.
From t he above datsgte twasirdeusned tdatohbinuousechgdpoleéiECreastd@03%
the yield of DMC was 93 % (DMC was produced at a production rate of 41.7
g/h), 10 5 the Hoteghondibt Iatas fibow| vabe O0FaB.d9g%h.t hEhei el d of
EG was not |ower than 99 % and the selectivi- ty for EG was not | ower than
99 % As apparent ¥¥pmd withdrawn from the bottom of column 23 was
heated by reboiler 30 and returned to column 23. Also,
a gaseous mixture was withdrawn from the withdrawal
port provided in the side wall of column 23 at a posi-
10 tion 90 cm below the top of column 23 at a flow rate of
85 g/h, and condensed by condenser 33, to thereby
obtain EG [EG content: not lower than 99.999 % by
weight; and the total éontent of EC and diethylene
glycol (DEG) : not higher than 0.1 ppb by weight].
15 'From the above data, it can be seen that the
conversion of EC was 100 %, the yield of DMC was 94 %
(DMC was produced at a production rate of 115.3 g/h),
the selectivity for DMC was not lower than 99 %, the
vield of EG having high purity was not lower than 99 %
20 (EG was produced at a production rate of 85 g/h), and
the selectivity for EG was not lower than 99 %. As
apparent from the abové, EC did not remain in the
hydrolysis reaction mixture. Also, the volume (V) of

the reaction zone in continuous multi-stage distilla-

25 " tion column 1 was calculated as follows: V=n x 12 x



t he above, EC did not remain in the hydrolysis reaction m xture. Al so, the
volunme (V) of the reaction zone in 15 conti nuous nulti-stage
distillation colum 1 was calcu- lated as follows: V= [err] x 12 x 60 /
1,000 = 0.188 liter. Therefore, the productivity of DMCin terns of the
space time yield was: 41.7/0.188 = 221.8 g/{jber.h. If desired, as a
transesterification catalyst, a 20 honbgeneous cat al yst can be used
instead of or in addition to the solid catalyst. In such a case, the

horogeneous cat al y&ig 5;3 BUBGG | £dot 6291 sitblat i PheseEyPE, 1thar prelueeadiity
2" shown in Fig. 1. 2 107 Exanple 2 Using a systen1as shown in Fig. 2,

di met hyl car- bonaje fiMdGn aberes WEetRegbbs6e thame ypeeddcweakinuously
produced from et hyl ene carbonate (EC) and net hanol 5 (MeOH).

St ai nl ess-steel D X16. paoké62gs=(B83160y/veterpacked i n conti nuous
multi-stage distillation colum 1, which was conprised of a colum having
an inner dianet- er of 2 cmand a packing height of 200 cm EC was 10
continuously fed in a liquid formto upper portion 4 (above the uppernost

stage) of &istill fonpprratiyie Example 1
(Run 1)

Substantially the same procedure as in Example 2
was repeated using substantially the same system as
shown in Fig.2, except that the operation was conducted

10 so as to end at condenser 21, and continuous hydrolysis
reactor 37 and the lines and columns following reactor
37 were omitted, and that low boiling point mixture-
separating column 10 was operated in a manner such that
a gaseous mixture withdrawn from the top of column 10,

15 containing not only the low boiling point mixture but
_also EC and EG was recgcled to distillation column 1
through condenser 13 and evaporator 15, wherein the
amount of EC contained in the gaseous mixture withdrawﬁ
for a predetermined period of time was substantially

20 equivalent to the amount of unreacted EC in distilla-
tion column 1. The flow rate of the gaseous mixture
(containing EG and EC in concentrations of 48.9 % by
weight and 8.0 % by weight, respegtively, and the
balance of MeOH and_DMC), which was recycled from low

25 boiling point mixtute-éeparating column 10 to distilla-



t hrough conduit 2 and preheater 3 at a flowrate of 120 g/h, and a 3 % by
wei ght sol ution of sodium hydroxide (as a catalyst) in ethylene glycol was
al so conti nuous- 15 ly fed in a liquid formto upper portion 4 of
distilla- tion colum 1 through conduit 2' at a flowrate of 9 g/h, while
continuously feeding a m xture of MeOH and (MeOH DMC wei ght ratio =
95/5) in a gaseous formto | ower portion 8 ?gglow t he | owernost portion) of
dis- 20 tillation colum 1 through conduit 5 and evaporator 6' at a

flowrate of 330 g{ Atgglﬁﬁﬂpfra&ggegg[4t??hgaseous MeOH DMC mi xture was
94 C), to thereby éffeci a tranSesterificafion reaction. Continuous

nul ti-stage distillatiog g?aéeanslmm&ugae(abﬁéamﬁdag ReOHS pher DMC23n
pressure, and the tenperature of upper portion 4 of the 108 distillation

colum was 77 [errddncéngpseoofisost nae4dasbyl redghtoanthast. 6p sobydi s-
tillation colum 1 was condensed by condenser 7, and the resultant
condensat e (cont aiwehghtpreapdcbiffely)Swas witbdrewnr £irownthef top. PR by
wei ght and 36.3 % by wei ght, respectively) was recovered fromthe system at
a flow rate of 363f¢hillatigni dolumot Loandi fedr o condensemrg 7a tooRbi@in ng
28|35b31xture (COTErégggeggakgS}ngdtgchbtgghggdcggaehga%gn%%gtgiuaggiég
at a flow rate of 350.6 g/h. A liquid mixture (con-
taining EC and EG in concentrations of 27.9 % by weight
and 52.3 % by weight, respectively) was withdrawn from
10 the bottom of distillation column 1 and fed to low
boiling point mixture-éeparating column 10 at a fléw
rate of 198 g/h. A liquid mixture (containing NaOH and
EC in concentrations of 3 % by weight and 72.4 % by
weight, respectively, and the balance of high boiling
15 _' point diols, such as diethlene glycol) was recovered
from the bottom of column 10 through conduit 20 at a
flow rate of 9 g/h. From the withdrawal port provideq
in a side wall of column 10, 98.9 g of a mixture
(confaining EG and EC in concentrations of 59.7 % by
20 weight and 40.3 % by wéight, respectively) was recov-
ered through condenser 21.
From the above data, it can be seen that the
conversion of EC was 60 %, the yield of DMC ﬁas 59.6 %
(DMC was é&oduced at a production rate of 73.1 g/h),

25 the selectivity for DMC was 99 %, the yield of EG was



10 wei ght, 65.5 % by weight, and 5.3 % by wei ght, respec- tively] was
w thdrawn fromthe bottomof the distilla- tion colum at a flow rate of
135 g/h and fed to | ow boiling point mxture-separating colum 10 at a
‘posi- tion 40 cm bel ow the top of colum 10 through conduit 15 9,
whi ch colum 10 was conprised of a colum hglhng an inner dianmeter of 2.5
cm and a packi ng height of 120 cm and had been packed with stainl ess-steel
Di xon packings (3 mmJ[err]). Low boiling point mxture-separating colum 10
was 20 . oper a5gdz ugdercCQadi preRacedCAtt Babrodactiens Hatedlosmmars
portion 11 (above the uppernost stage) thereof was 1.3 x 10[err] Pa (10
torr) and the tenpgrmluranaf thewselgetivatylGoftbEcowashe7 endrliesle taAgr)s
t hereof was 102 [err]C. A gaseous m xture {éontaining EG and EC each in a
25 concent r afrép8 taleulabad Onltiebuswamghttipnnithiadr ae mixtilSe rom
the top of colum 10 was condensed by condenser 13. A part of the resultant
condensat e was refwikbdrawnufpem pbet wath@itash polrdnmoflcolumoudi® comtuit 14
(reflux ratio: 2) while returning, through evaporator 5 15, the

remai nder &f the ctateedaE€ darivgdsfoom tbencesadyst sedudiem t(l-f.agd

distillation colum 1 at a position 120 cm below the top of distillation
‘colum 1 solution of NaOH in EG) fed through conduit 2'].
(Run 2)

Substantially the same.procedure as in Run 1 above
was repeated, except that the flow rate of EC fed to
10 distillation column 1 through donduit 2 was reduced to
70 g/h. The flow rate of a gaseous mixture (containing
EG and EC in concentrations of 36.3 % by weight and 5.9
. % by weight, respectively, and the balance of MeOH and
DMC), which was recycled from low boiling point mixF
15 ture-separating column 10 to distillation column 1, was
71.4 g/h. A gaseous mixture (containing MeOH and DMC
in concentrations of 75.6 % by weight and 24.4 % by
weight, respectively) was withdrawn from the top of
distillation column 1 and fed to condenser 7 to obtain
20 a condensate, and the obtained condensate was recovered
at a flow rate of 349.3 g/h. A reaction mixture
(containing EC and EG in concentrations of 4.9 % by
weight and 63.2 % by weight, respectively) was with-
drawn from the bottom of distillation column 1 and fed

25 to low boiling point mixture-separating column 10 at a



at a flowrate of 39 g/h. On the other hand, a part of a liquid (containing
EG and NaOH i n concentrations of 10 97 % by wei ght and 3 % by wei ght,
respectively) with- drawmn fromthe bottom of colum 10 was recovered from
the systemthrough conduit 20 at a flow rate of° 9 g/h, while the remai nder
of the withdrawn liquid was heated by reboiJgf 18 and returned to colum 10
t hrough con- 15 duit 19. A gaseous.fraction containing EG and EC was
wi t hdrawn fromcolum 10 through a withdrawal port provided in a side wall

of colum 10 at afpew tade Y aMPd @yH.he X apipiid ahiwtudd edomtaimingate
of 87 g/h, and condensed by condenser 21 to obtain a condensate 20

(contai ni ng EG antfab8 iahdc B ani ictricsistrdtiting Of (8. Oved ¢hy wentglBt 3akd b97
wei ght, respectively). The condensate obtained in condenser 21 was intro-
duced to conti nuo@s blyy sredighdi,s mespealri Ly Wwash meowdrdadcaas aneflgperake
used in Exanple 1, and the internal 25 tenperature and pressure of
whi ch was mai nt ai #§d%ag/h from 18e [atia of Iow boling rjoint (mbkture-
kg/cnferr]-G, respectively], together with a liquid wthdrawn fromthe top
of diol (BB -sepafgpreigtdsia.aelumny ddsdhaaughganduihrilgh Beemutke 34, and
water fed fromconduit, 35 at a flow 5 rate of LESf%h, to thereb
effect a Continuoﬂgtﬁgﬁﬁﬂﬁl port provided in a side wa of low boiling
point mixture-separating column 10, 49.5 g of a mixture
(containing EG and EC in concentrations of 95.8 % by
weight and 4.2 % by weight, respectively) was recovered
10 through condenser 21.
From the above déta, it can be seen that the
conversion of EC was 97 %, the yield of DMC was 96 %
(DMC was produced at a production rate of 68.7 g/h),
the selectivity for DMC was 99 %, the yield of EG was
15 96 % (EG was produced at a production rate of 47.4
g/h), and the selectivity for EG was 99 %. Also, the
productivity of DMC in terms of the space time yield
was: 68.7/0.628 = 109.4 g/liter-h.
As is apparent from the above, when the conversion
20 of EC is increased by fecycling unreacted EC to distil-
lation column 1, a large amount of an aliphatic alcohol
(methanol) is required. Further, it can be seen that
the productivity of EC can be increased when the hydro-

lysis reaction of unreacted EC is conducted as in

25 Example 2, instead of increasing the conversion of EC



| ysis reaction of EC in the condensate. The weight ratio of water to EC at
the inlet of continuous hydro- lysis reactor 37 was 0.5. The hydrolysis
reaction m xture withdrawn fromthe hydrolysis reactor was 10

i ntroduced to gas-liquid separator 39 through conduit 38, from which carbon .
di oxi de was di scharged through conduit 40 aggga m xture of EG and water was
w t hdrawn through conduit 22. The w t hdrawn water m xture was fed to

di ol -separating colum 23, which had been packed 15 wi t h Di xon

packings (3 mm [ergd)iangnsasnc@aRt eompairativel BFAmRAY N0 [Fod APl
2.5 cm and a packing height of 120 cm at a position 40 cm bel ow the top of

colum 23. Di ol - sepprediu88i 2y f2BMeasnOpRaapde @nder (FFroductivdaylids ons
such that the pressure of upper portion 24 (above the uppernost portion)

t hereof was 2.7 x fMfein]|Rka 226ft ComparandvehExbapler dt)urce 188 .I6ower
portion 28 (below the | owernost portion).thereof was 111 [err]C. A gaseous
m xture was withdrgfibiteornt helP8p4ofy/dditesamhld3=23.7 (timeis)dugh IoomRam- 25
and condensed by condenser 26 to - obtain a condensate, and a part of the
obt ai ned caden- spie dasE€chpusiag héghopuﬁﬁtYBiﬁhﬂ@ﬁ@ﬁnééhé@Ia:§Pq§ﬁ§qim

ratio: 2), while the remai nder of the conden- sate was returned to
continuous hydr ol y§iallgathepre¥ical quantity according to the chemical

reaction formula.

Comparative Example 2

10 Raschig Rings (6 mm @) Wére packed in continuous
multi-stage distillation column 1 as shown in Fig. 3,
which was comprised of a column having an inner diamet-
er of 2.5 cm and a pacﬁing height of 250 cm, wherein
the interior of the column was isothermally maintained

15 at a temperature of 80 °C. EC was continuously fed in
a liquid form to distillation column 1 at a position 10
cm below the top of the distillation column through
conduit 2 and preheater 3 at a flow rate of 120 g/h,
and the same catalyst solution as uéed in Example 2 was

20 continuously fed_in a liquid form to upper portion 4
(above the uppermost stage) of distillation column 1
through conduit 2' at ; flow rate of 9 g/h, while
continuously feeding the same gaseous mixture of MeOH
and DMC as used in Example 2 to distillation column 1

25 at a position 30 cm above the bottom of the distilla-



5 t hrough conduit 34 at a flowrate of 2.1 g/h. The liquid w thdrawn
fromthe bottomof columm 23 was heated by reboiler 30 and returned to
colum 23. Also, a gaseous nixture was w'thdrawn fron1the wi t hdrawal port
provided in the side wall of colum 23 at a posi - tion 90 cm bel ow
the top of colum 23 at a flow rate of 85 g/\%Z and condensed by condenser
33, to thereby obtain EG [ EG content: not & r than 99.999 % by wei ght;
and the total content of EC and diethyl ene glycol (DEG : not higher than

0.1 ppb by wei ght]i 1R at e at
the conversion of wago.lLBBn% hfﬁﬁgﬂ {ir%ﬁo?'g%é% ¢ %82 EDIVEl:q"e\;vaf gdr:to%ced
at a production .fa{sgoaf rata: 3£9580. gyhe 6! %ﬁhh:\éb&Yefﬁng'VE Waandls teawer
than 99 % the yie of EG having hrgh purity was not |ower than 99 % 20

(EG was produced ajffcRt9EHCEEARtEBhE OtoBRidbls @bd tihetagjes @iistilly d-or
EG was not |ower than 99 % As apparent fromthe above, EC did not remain

in the hydrolysis teeftéEeluithXxiuwas Abefatede undenimatindsphlertilte prescire)
zone in continuous nulti-stage distilla- 25 tion colum 1 was

cal cul ated ms fol | and: thy=teapefrakxutpedf]| upper pdpZtion 4 DOGhe Aisd3d la-
liter. Therefore, the productivity of DMCin terns of the space tine yield
was: tion column was 78 °C.

A gaseous mixture distilled from the top of dis-
tillation column 1 was condensed by condenser 7, and
the resultant condensate (containing MeOH and DMC in

10 concentrations of 63.3 % by weight and 36.7 % by
weight, respectively) was recovered from the system at
a flow rate of 306 g/h. A reaction mixture (containing
MeOH, DMC, EG and EC in concentrations of 27.8 % by
weight, 5.1 % by weight, 53.9 % by weight and 13.0 % by

15 weight, respectively) was withdrawn from the bottom of
the distillatioﬁ column at a flow rate of 148 g/h and
fed to @istillation column 50 at a position 40 cm below
the top of column 50 through conduit 9, which column 50
was comprised of a column héving an inner diameter of

20 2.5 cm and a packing height of 120 cm, and had been
packed with stainless-steel Dioxn packings (3 mm ¢).

Distillation column 50 was operated under condi-
tions such that the pressure of upper portion 24 (above

the uppermosf stage) was 1.3 x 103 Pa (10 torr), and

25 the temperature of lower portion 28 (below the lower-



115.3/0.628 = 183.6 g/liter.h. 5 Conpar ative Exanple 1 (Run 1)
Substantially the sanme procedure as in Exanple 2 was repeated using
substantially the same systemas shown in Fig.2, except that the operation
was conducted 10 so as to end at condenser 21, and continuous

hydrol ysis reactor 37 and the |ines and col s follow ng reactor 37 were
omtted, and that | ow boiling point m xture-""sSeparating colum 10 was
operated in a manner such that a gaseous m xture withdrawn fromthe top of

colum 10, 15 688! 2kALAY U4k 98bY -bNC hOWaBdus%iRtle B Widh g

al so EC and EG was recycle Istillation cdl um rough condenser

and evaporator’ 15, DMﬁeaﬁéﬂliﬂEdaﬁEBﬁttﬁE gﬁéEt@ﬂg%iﬂﬂ&ﬂﬂ@h!Bﬁiﬁmﬁ550
m xture withdrawn for a predeterm ned period of tinme was substantially 20

equi val ent to the RaBUBbNAENHBAED té@nﬁ@nsérdaﬁtlbh@'alp@iﬂﬂdﬂﬂﬁhélre—1he
flow rate of the gaseous m xture (containing EG and EC in concentrations of

48.9 % by wei ght asdlBaft%cbidensglte, waes petliuxeldy toampbpeie poaltdee 28 o OH
and DMC), which was recycled fromlow 25 boi | i ng poi nt
m xt ur e- se@r at i ngecobumm5Q0thoodght cbhduit 2713whide dbleumenbindes AFE 4
o/h. the condensate was recovered from the system at a flow
rate of 49 g/h. The recovered condensate was analyzed
and, as a result, it was found that the resultant
condensate contained MeOH and DMC in concentrations of
10 84.6 % by weight and 15.4 % by weight, respectively. A
liquid was withdrawn ffom the bottom of column 50, and
a part of the withdrawn ligquid was recovered from the
system through conduit 32 at a flow rate of 24.5 g/h,
while the remainder of the withdrawn liquid was heated
15 by reboiler 30 and returned to lower portion 28 of
‘distillation column 50. The recovered liquid with-
drawn from the bottom of column 50 was analyzed and, as
a result, it was found that the liquid contained |
diethylene glycol and triethylene glycol in a concen-
20 tration of 63 % by weiéht in total. A gaseous fraction
was withdrawn from column 50 through withdrawal port
prdvided in a side wall of column 50 at a position 90
cm below the top of column 50 at a flow rate of 75 g/h,

and condensed by condenser 33, and the resultant con-

25 . densate (containing EG and EC in concentrations of 86.5



A gaseous m xture (containing MeOH and DMC in concentrations of 74.4 % by
wei ght and 25.6 % by wei ght, respectively) was withdrawn fromthe top of 5
distillation colum 1 and fed to condenser 7 to obtain a condensate, and

t he obtained condensate was recovered at a flowrate of 350.6 g/h. Aliquid.
m xture (con- taining EC and EG in concentragjpons of 27.9 % by wei ght and
52.3 % by weight, respectively) was w thdrawh from 10 t he bottom of
distillation colum 1 and fed to | ow boiling point mxture-separating

colum 10-at a f'%vsftﬁe%h%%nal P3.4 ki Bgizaza"ghwr SebpRBiavailgg MagH and

EC in concentrations of 3 by wei ght and Yo by wei ght, respectively,

and the bal ance of rddgiebed! EP6mlehe syskemdt diols, such as diethlene
gl ycol) was recovered fromthe bottom of columm 10 through conduit 20 at a

flow rate of 9 g/h. Fropréhetihet GHoGvalagalt igr eandbe seen thae whd of
colum 10, 98.9 g of a mxture (containing EG and EC i n concentrations of
59.7 % by 20 oengdtshon 46. BCl%vhyg 921 §ht theegpeldt ofl PMOwamsr 8dow
ered t hrough condenser 21. Fromthe above data, it can be seen that the
conver si onsof EC woRMGOwas phedyceddatf aDyEodastioncrateDmt W8S g/dducddeat
a production rate of 73.1 g/h), 25 “‘the selectivity for DMC was 99%
the yield of EG weselectivity for DMC was 94 %, the yield of EG was 76 % .-
(EG was produced at a production rate of 64.3 g/h), and
the selectivity for EG was 83 %. It can also be seen
that when EG is separated from a transestetification
10 reaction mixture by distillation in the presence of a
large amount of unreacted EC, the resultant distilled
mixture as an EG fraction inevitably contains not only
EG but also EC so that EG having high purity cannot be
obtained, and diols having a high boiling point is
15 inevitably by-produced. The volume (V) of the reac-
tion zone in continuous multi-stage distillation column
1 was calculated as follows:
V=nmnx1.252 x 250 / 1,000 = 1.23 liters. Therefore,

the productivity of DMC in terms of space time yield

20 was: 103/1.23 = 83.7 g/liter-h.

Example 3

Using a system aszshown"in Fig. 4, dimethyl car-
bonate (DMC) and ethylene glycol (EG) were continuously

25 produced from ethylene carbonate (EC) and methanol



114 58.3 % (EG was produced at a production rate of 49.3 g/h), and the
selectivity for EGwas 97 % [these values were cal cul ated on the assunption
that the m.xture withdrawn fromthe w thdrawn port of colum 10 con- 5
tained EG derived fromthe catalyst solution (i.e., a solution of NaOH in .
EG fed through conduit 2'). (Run 2) Substalrj&ioally the sane procedure as in
Run 1 above was repeated, except that the fl'oOwrate of EC fed to 10
distillation colum 1 through conduit 2 was reduced to 70 g/ h. The fl ow
rate of a gaseous gi,%bﬂr)g (containing EG and EC in concentrations of 36.3 %
by weight and 5.9 % by wei ght, respectively, and the bal ance of MeOH and

DVC), which was recycl ef trafskawelqirlicatipel Headtionlwas carried out in
ture-separating colum 10 to distillation colum 1, was 71.4 g/ h. A gaseous

mi xture (containi nguiygElingndl YCthe eameshahfroas dn Exsmpha)2 Waxgidptand
24.4 % by weight, respectively) was wthdrawmm fromthe top of distillation

colum 1 and fed tehatndhesélow ratebodi EC2Eed froma comdieits evasarkbQ he
obt ai ned condensate was recovered at a flowrate of 349.3 g/h. A reaction
m xture (coftaini ng/EE &hd EGownradeceft thei 8n$ by wvedghthysodaitjion ofl 63. 2
% by wei ght, respectively%-mas W th- drawn fromthe bottom of distillation

colum 1 and fed 2sedium hydrpzidsoiin efhydene gilvcehelsfesd finawy cndudt 10
at a
2' was 11 g/h; the weight ratio of MeOH/DMC in the

mixture of MeOH and DMC fed from conduit 5 was 85/15;
thé MeOH/DMC mixture was fed at a flow rate of 462 g/h

10 to distillafion-dolumn 1 at a position 100 cm above the
bottom of the distillation column through evaporator 6'
and conduit 5'; and distillation column 1 was equipped
with a reboiler.

Continuous multi-stage distillation column 1 was

15 oéerated under atmospheric pressure, and the tempera-
ture of upper portion 4 (above the uppermost portion)
of distillation column 1 was 76 °C. A gaéeous mixture
(containing MeOH and DMC in concentrations of 55.1 % by
weight and 44.9 % by weight, respectively) distiiled

20 from the top of distiliation column 1 was condensed by
means of condenser 7. A part of the resultant conden-
sate was returned to distillation column 1, and the
remainder of the condensate was recovered from the
system at a flow rate of 508 g/h .

25 A liquid reaction mixture (containing MeOH, DMC,



115 flow rate of 129.5 g/h. Aliquid mxture (containing NaOH and EG in
concentrations of 3.0 % by weight and 97 % by wei ght, respectively) was
recovered at a flowrate of 9 g/h fromthe bottom of |ow boiling point

m xture- 5 separating colum 10 through conduit 20. Fromthe

wi t hdrawal port provided in a side wall of {gw boiling point

m xture-separating colum 10, 49.5 g of a mxture (containing EG and EC in
concentrations of 95.8 % by weight and 4.2 % by wei ght, respectively) was

recovered 10 ddraiglecoidenssterirationstbe 2B03es dbyaweightan2be seen
that the conversion of EC was 97 % the yield of DMC was 96 % (DMC was

produced at a'prowtv}é&%ﬁ@; e70] 6 68. By Wdight hendeR e8t $ vby ywébghBMCraas 99
% the yield of EG'was 1 96 % (EG was produced at a production rate

of 47.4 g/h), and dfectdeTy) Way FbthdtanastHOm%khdl bottoneofr dstiilkpty
of DMCin terms of the space tinme yield was: 68.7/0.628 = 109.4 g/liter.h.
As is apparent fromdhecabome, 1uwheh paetcofivbhei bhqedd reactgpnpBikgure
i ncreased by recycling unreacted EC to distil- lation colum 1, a large
amount of an al i phwas cfed codoloy neohbing ) Peint ciikFuEe-FaPRREFLINgt CRAHMPe
seen that the productivity of EC can be increased when_the hydro- I¥sg% a

reaction of unreact@dhEch swasn@ficthe samentype as used in Example

position 40 cm below the top of column 10 at a flow
rate.of 170 g/h. The remainder of the liquid reaction
mixture was heated by reboiler 6 and returned to lower

10 portion 8 of distillation column 1 so that the MeOH/DMC
weight ratio of the withdrawn liquid reaction mixture
became 8.0. Low boiling point mixture-separating
column ;0 was opératedjunder conditions such that the
femperature of lower portion 16 (below the lowermost

15 stage) and the pressure of upper portion 11 (above the
uppermost stage) were 103 °C and 1.3 x 103 Pa (10
torr), respectively. A gaseous mixture containing MeOH
and DMC was withdrawn from the top of column 10, and a
part of the withdrawn liquid mixture was condensed by

20 condenser 13 to obtain a condensate, and the obtaiped
condensate was recycled in a gaseous form to distilla-
tion column 1 at the s;me position as described in
Example 2 through evapprator.ls at a flow rate of
44.5 g/h. The remainder of the condensate was returned

25 to upper portion 11 of column 10 through conduit 14. A



25 Exanpl e 2, instead of increasing the conversion of EC 116 as in
the instant Conparative Exanple 1 [for exanple, (productivity of DMC in
Exanple 2) [err] (productivity of DMCin Run 2 of Conparative Exanple 1) =
183.6 g/liter.h [err] 109.4 g/liter.h) = 1.7 (tinmes)]. In Exam 5 pl e
2, EG having high purity is obtained in a s ? tan- tially theoretical
quantity according to the chem cal reaction rmul a. Conparative Exanple 2
10 Raschig Rings (6 mm 0) were packed in continuous nmulti-stage

di stillation col unr%éugaelrﬁfﬂgpﬁggg(&atagn% | ﬁ%o‘ﬁa%ﬁxﬁ%%r i e oRlceh ta@-Um

havi ng an i nner dia cm an acking height of 250 cm

wherein the interigioR 65930Q|H?“W&@?hksﬁhﬁebﬁa@|by”%b& dit)edekpectivedl @
tenperature of 80 [err]C. EC was confinuously fed in a llquid formto

distillation columyj wasawpeBiirafn Feofmcbel Bwtitba P collune 1¢i,StEnd &t i on
colum through conduit 2 and preheater 3 at a flowrate of 120 g/h, and the

sane catal yst sol ubaph @ thedwith8xawpnl @igquidsmiGtture waentreaowexled fed in
aliquid formto upper portion 4 (above the uppernost stage) of
distillation col unbhtoughoaghdudtdldDt a2’ aatflewf rawer atfe 14f gghg/ whiviie [the
continuously feeding the sane gaseous m xture of MeOH
remainder of the withdrawn liquid mixture was returned
to lower portion 16 ofﬁcolumn 10. A gaseous mixture
(containing EG and EC in concentrations of 95.8 % by
weight and 4.2 % by weight, respectively) was withdrawn
10 from column 10 through a withdraﬁal port provided in a
side wall of column 10 at a flow rate of 114 g/h, and
condensed by condenser 21 to obtain a condensate.
The condensate obtained in condenser 21 was mixed
with a liquid mixture fed from conduit 41, which was
15 withdrawn as a liquid phase from gas-liquid separator
39 (which was of the same type as used in Example 2),
and the resultant mixture was fed to azeotoropic mix-
ture-separating column 47 at a position 40 cm below thé
top of column 47. Azeotoropic mixture-separating
20 column 47 was of substantially the same type as diol-
separating column 23, and was operated in substantially
the same manner as in the operation of diol-separating
column 23. The temperature of lower portion (below the

lowermost stage) 28 thereof and the pressure of upper

25 portion 24 (above the uppermost stage) were 112 °C and



and DMC as used in Exanple 2 to distillation colum 1 25 at a
position 30 cm above the bottomof the distilla- 117 tion colum through
evaporator 6' and conduit 5 at a flowrate of 330 g/h, to thereby effect a
transester- ification reaction. Continuous nulti-stage distilla- tion
colum 1 was operated under atnospheric pref?gre and the
tenperature of upper portion 4 of the disti tion colum was 78 [err]C
A gaseous mixture. distilled fromthe top of dis- tillation colum 1 was

d db d t ' MeOH and
OVC in 10 cortent Y onee of Z8sEaHE) ETFREROREeaL, BTbRRONTS, LT O
respectively) was f&e0yeL eﬂléﬁé’%&ﬂefféﬁﬁt%a{:o% bEO¥biahA 27 %Qé gol- A

reaction m xture (contalning MeCOH C in concentrations of 27.8

% by weight, 5.1 %Qdysd®igPtcondelsdtPr6eb06btald 43céndeh¥atd, and a
wei ght, respectively) was withdrawn fromthe bottom of the distillation

colum at a flow rpdet obf 1¥8e gobtaDled edohdefsate | wasi inteolduoadSoat a
position 40 cm bel ow the top of colum 50 through conduit 9, which colum
50 was cony i sed aformtimhous hpdrojyaisi nesctdrald®t éwhdEh2@as of 2he samend
a packing height of 120 cm and had been packed wi th stainl ess-steel D oxn
packi ngs (3 nm [ertype as used in Example 1) which was heated at 180 °C,
through conduit 34 at a flow rate of 55.2 g/h, together
with water introduced through conduit 35 at a flow rate
of 1.0 g/h. The weight ratio of water to EC in the
10 - water/EC mixture introduced to continuous hydrolysis
reactor 37 was 0.6. Tﬁe remainder of the condensate
was returned to upper portion 24 of azeotfopic mixture-
separating column 47 through conduit 27. The inner
pressure of continuous hydrolysis reactor 37 was main-
15 . tained at 2.6 x 10° Pa (26 kg/cm?-G). A hydrolysis
reaction mixture was withdrawn from continuous hydroly-
sis reactor 37, and introduCed to gas-liquid separator
39 through conduit 38, from which carbon dioxide was
discharged through conduit 40, and a mixture of EG and
20 water was withdrawn th£ough conduit 41. From a with-
drawal port provided in a side wall of azeotropic
mixture-separating column 47, EG (EG content : not
lower than 99.999 % by weight; and the total content of
EC and DEG: not highef than 0.1 ppb by weight) was

25 recovered at a flow rate of 113 g/h.



Distillation colum 50 was operated under condi- tions such that the
pressure of upper portion 24 (above the uppernost stage) was 1.3 x 10[err]
Pa (10 torr), and 25 the tenperature of | ower portion 28 (below the

| ower - 118 nost stage) was 138 [err]C. A gaseous m xture of MeCOH and
DMC distilled fromthe top of distillation gghum 50 was condensed by
condenser 26, and a part of the re- sultant condensate was refluxed to
upper portion 24 of 5 colum 50 through conduit 27, while the

remai nder of the condensgle VRS 4KGAYCESEal I OB bhR BYSseshathatfl thw rate of
49 g/ h. The recovered condensate was anal yzed and, as a result, it was

found that the regddwddtsLomdenset ewssnieongd dhéyHeldDVE DMC was 97 3
concentrations of 10 84.6 % by weight and 15.4 % by wei ght,

respectively. A |(ipMG dva@sprddbcsaveatfaoprodecbbohomaté ofl LEA.80g/bid a
part of the withdrawn liquid was recovered fromthe systen1thr0ugh condui t
32 at a flow rat e tHe HeFegtivithi fertPMCreasi ndtr Lloverhthant 88r awnthequi d
was heated 15 by reboiler 30 and returned to |ower portion 28 of
distillatign col ugield of THe havinerbighi puritwi vas Beiwhovesnithae B8t fom
of colum 50 was anal yzed and, as a result, it was found that thS I%quig
cont ai ned di et hyl eand gthe csebeativity h§PEnEGgVascnotnlawegnthan 99 3. As

apparent from the above, EC did not remain in the

hydrolysis reaction mixture. The productivity of DMC

in terms of the space time yield was 252.9 g/liter-h

10 - (158.8/0.628 = 252.9).

Example 4

Using a system as shown in Fig. 5, dimethyl car-
bonate (DMC) and ethylene glycol (EG) were continuously
15 produced from ethylene carbonate (EC) and methanol
(MeOH).
Continuous multi-stage distillation column 1 was
operated in substantially the same manner as in Example
2, except that the flow rate of EC fed through conduit
20 2 was 120 g/h, and the flow rate of a mixture of MeOH
and DMC (weight ratio of MeOH/DMC = 85/15) fed through
conduit 5 was 330 g/h, to thereby effect a transester-
ification reaction. The temperature of upper portion
(above the uppermost stage) 4 of distillation column 1

25 was 77 °C.



20 tration of 63 % by weight in total. A gaseous fraction was

w t hdrawn from colum 50 through withdrawal port provided in a side wall of
colum 50 at a position 90 cmbelow the top of colum 50 at a flow rate of
75 g/ h, and condensed by condenser 33, and the resultant con- 25

densate (containing EG and EC in concentratjgas of 86.5 119 % by wei ght
and 13.5 % by weight, respectively) was recovered fromthe system Fromthe
above data, it can be seen that the conversion of EC was 92 % the yield of

DMC was 84 %5 . ( DS gd@ée&&@%'fﬁ@u@é &1 9£ 011681 BPokatReOtop08£gahE- t he
selectivity for DMC was 94 % the yield . of EG was 76% (EG was produced at a

production rate ofy{thatid)conifht Dewss! €6hdehsgdf by héanasoB3ceéndehsean
al so be seen that when EGis separated froma transesterification 10
reaction mixture by, dirsd i thé@tiosultahbecpn@snaateo{cantaigingn¥ed ehd
unreacted EC, the resultant distilled mxture as an EG fraction inevitably
contai ns not only OME hin cbscettrabiohatoEGHadi figbhi yaighti apdc4Andt 2bby
obt ai ned, and diols having a high boiling point is 15 i nevitably

by- produced.  Thevedghte Xaspettivelyragastreroyvenredi frewnthausystem at

mul ti-stage distillation colum 1 was cal cul ated as foll ows:
a flow rate of 363 g/h. A liquid reaction mixture

[containing a low boiling point mixture (comprised of
MeOH and DMC), EG and EC in concentrations of 31.8 % by
weight, 61.2 % by weight and 6.8 % by weight, respec-

10 tively] was withdrawn from the bottom of distillation
column 1 at a flow rafe of 141 g/h and fed to low
boiling point mixture-separating column 10 (which was
of the same type as used in Example 2) at a position 40
cm below the top of column 10.

15 Low boiling point mixture-separating column 10 was
operated under conditions such that the pressure of
upper portion 11 (above the uppermost stage) was 1.3 x
103 Pa (10 torr) and the temperature of lower portion |
16 (below the lowermost stage) was 105 °C. A gaseous

20 mixture containing MedH and DMC, withdrawn from the top
of column 10 was condensed by means of condenser 13. A
part of the resultant condensate was refluxed to upper
pbrtion 11 of column 10 through conduit 14 (reflux
ratio: 2) while returning, through evaporator 15, the

25 remainder of the condensate in a gaseous form to con-



V =[err] x 1.25[err] x 250/ 1,000 = 1.23 liters. Therefore, the

productivity of DMC in terns of space tine yield 20 was: 103/1.23 =
83.7 g/liter.h. Exanple 3 Using a systemas shown in Fig. 4, dinmethyl car-
bonate (DMC) and et hyl ene glycol (EG were continuously 25 pr oduced

from et hyl ene carbonate (EC) and methanol ;5620 (MeOH). A
transesterification reaction was carried out 1 n substantially the sane
manner as in Exanple 2, except that the flowrate of EC fed fromconduit 2

was 160 5 9/ kinubasf MV tidlstadfe (dI&t3 1%a04 i unD! Wtd®a Gosiddi um
hydroxi de in ethylene glycohol fed fromconduit 2' was 11 g/ h; the weight
rati o of MeOH DMCtiibnt h@omcs Wedowf YieOtom b M3 Stad Fatamre auditinin 5 vals a
85/15; the MeOH/ DMC mi xture was fed at a flow rate of 462 g/h 10 to
distillation colufio¥ abte pdsids grhl00 Gamtdieo\othidre Heotd,orm @darttheof a
distillation colum through evaporator 6 and conduit 5 ; and distillation
colum 1 was equi ppadidi ((lcoatadindinge EG @md iBfLdus qanasntnakjons «f 18047 on
colum 1 was 15 oper at ed under atnospheric pressure, and the tenpera-

ture of upper por&i by wedgbdy @nchdOufhdr s wedahh,oFespectively) was

withdrawn from the bottom of column 10'through conduit
20 at a flow rate of 96.5 g/h, while the remainder of
the withdrawn liquid was heated by reboiler 18 and
returned to loﬁer portion 16 of column 10. The liquid

10 withdrawn from the bottom of low boiling point'mixture-
separating column 10 was fed to upper.portion 24 of
continuous hydrolysis reaction column 43 through con-
duit 22, which column 43 had been packed with Dixon
packings (6 mm @¢) and wés comprised of a column having

15 an inner diameter of 5 cm and a packing height of 150
cm. Continuous hydrolysis reaction column 43 was
operated under conditions such that the pressure of
upper portion (above the uppermost stage) 24 thereof
was 2.5 x 104 Pa (190 torr) and the temperature of

20 lower portion (below the lowermost stage) 28 thereof
was 156 °C. A gaseous mixture distilled from the top
of column 43 was condeAsed by means of condenser 26 and
introduced to gas-liquid separator 39, from which
carbon dioxide was discharged through conduit 40 and a

25 mixture of EG and water was withdrawn through conduit



of distillation colum 1 was 76 [err]C. A gaseous m xture (containing MeCH
and DMC in concentrations of 55.1 % by weight and 44.9 % by wei ght,
respectively) distilled 20 fromthe top of distillation colum 1 was
condensed by neans of condenser 7. A part of the resultant conden- sate was.
returned to distillation colum 1, and the jg#uminder of the condensate was
recovered fromthe systemat a flowrate of 508 g/h 25 Aliquid
reaction m xture (containing MeOH, DMC, 121 EG and EC in concentrations

of 23.3 % by wei ghiz 2t % YeDyw a8t of 78068 %M. WehghhlEnd£2 the%withdagint |
re- spectively) was wthdrawn fromthe bottomof distilla- tion colum 1. A

part of the |iqui dnigeeté Ofasi ¥&Plexdd to upperf pdrtadocho24boifl codumoi 48

m xt ure-separating colum 10 which was of the sane type as used in Exanple
2 at a position 40tkrolgh ogohdeitop7 ofhtbeuretifningatheonematiadeir 0F0 theh.
The remai nder of the liquid reaction m xture was heated by reboiler 6 and
returned to | ower ibDthdrawpomikburé t6 dpstihhiqusohydsplysis zeachkiont he
MeOH DMC wei ght ratio of the withdrawn liquid reaction nixture becane 8.0.
Low boi | i ng poi nt edkummeddcptirat PAFLEEPRNKO0Q0CHaBedpYr RhedtERJEE column

conditions such that the tenperature of | ower gortion 16 (bel M/Lhe
| ower nost 43, together with water which was introduced through

conduit 35 at a flow rate of 2.0 g/h. The weight ratio
of EC to water in the EC/water mixture introduced to
continuous hydrolysis feaction-column 43 was 0.5. A

10 . gaseous fraction was withdrawn from column 43 through a
withdrawal port provided in a side wall of column 43 at
a position 130 cm below the top of column 43 at a flow
rate of 84.5 g/h, and condensed by means of condenser
33, to fhereby obtain EG (EG content: not lower than

15 99.999l% by weight; and the total content of EC and
DEG: not higher than 0.1 ppb by weight). On the other
hand, a liquid (containing EG in a concentration of 97
% by weight) was withdrawn from the bottom of column |
43, and a part of the withdrawn liéuid was recovered

20 | through conduit 32 at a flow rate of 9 g/h, while the
remainder of the withdrawn liquid was heated by reboil-
er 30 and returned to lower portion 28 column 43.

From the above data, it can be seen that the

conversion of EC was 100 %, the yield of DMC was 92 %

25 (DMC was produced at a ‘production rate of 112.9 g/h),



15 stage) and the pressure of upper portion 11 (above the uppernost
stage) were 103 [err]J]C and 1.3 x 10[err] Pa (10 torr), respectively. A
gaseous m xture containing MeOH and DMC was wi thdrawn fromthe top of
colum 10, and a part of the withdrawn |iquid m xture was condensed by 20
condenser 13 to obtain a condensate, and th bt ai ned condensate was
recycled in a gaseous formto distilla- tion colum 1 at the same position
as described in Exanple 2 through evaporator 15 at a flowrate of 44.5 g/h.

The remai nder of t%ﬁ‘eC%ﬂé&éé@ftyﬂfofebtdé”ﬁgs2ﬁot lowekOtHBRCHIPG! t it 11
of colum 10 through conduit 14. 22 liquid mxture (contalnlng NaCOH

and EG |n.concentr?¢e1d0@§ e6 ﬁa@&ﬁ? ?Ehbuﬂméy9%a&6hﬁtwﬁbﬂét thaspoot Bye-
ly) was withdrawn fromthe bottom o um 10, and a part of the w thdrawn

l'iquid m xture wasafidConer §d15ctiv1tyhfengiac;cwadunbtzmoaérathbnwgsa%e ofasli
g/h, while the remainder of the withdrawn liquid mxture was returned to

| ower portion 16 cippatent fHomAthasebaose(i ECuddd( oottt zemahnp EG &he EC in
concentrations of 95.8 % by weight and 4.2 % by wei ght, respectively) was
wi t hdr awn %0 hydmolysisnredcthonughxtunet hdAdreal pbetpppdubﬁé&itw of
side wall of colum 10 at a flow rate of 114 g/h, and condensed by
condenser 21 to ol?MEninm ter@enaft the space time yield was: 112.9/0.628 =

179.8 g/liter-h.

Example 5

10 Using a system as shown in Fig. 6, dimethyl car-

| bonate (DMC) and'ethfléne glycol (EG) were continuously
produced from ethylene carbonate (EC) and methanol
(MeOH).
| Using the same continuous multi-stage distillation

15 column 1 as in Example 2, a transesterification reac-
tion was performed in substantially the same manner as
in Example 2, except that the flow rate of EC fed from
conduit 2 was 120 g/h, and the flow rate of the low |
boiling point mixture of MeOH and DMC (weight ratio_of

20  MeOH/DMC = 85/15) fed from conduit 5 was 305 g/h. The
temperature of upper portion 4 (above the uppermost
stage) of continuous multi-stage distillation column 1
was 78 °C. -A gaseous mixture distilled from the top of
distillation column 1 was condensed by means of con-

25 denser 7, and the resultant condensate (containing MeOH



The condensate obtained in condenser 21 was nixed with a liquid m xture fed
fromconduit 41, which was 15 W thdrawn as a liquid phase from
gas-liquid separator 39 (which was of the same type as used in Exanple 2),
and the resultant m xture was fed to azeotoropic m x- ture-separating
colum 47 at a position 40 cm bel ow t he toplgg colum 47. Azeotoropic

m Xt ure-separating 20 colum 47 was of “Stbstantially the same type as
diol - separating colum 23, and was operated in substantially the sane

manner as in the opgg ahuen ﬂfcéheénéfaeiahgnefcghumn%% waeghemaaralae.e of
| ower portion (below the IomernDst stage) 28 thereof and the pressure of

upper 25 port%QQ%ZﬁeigﬁﬁVerégﬁeéﬁﬂeéM?§tw&éaﬁébov@fédliiohethhc and
123 2.7 x 10[err] Pa (20 torr respectively. A gaseous m xture w thdrawn

fromthe top of codyw¥ed /atios £0ow fateedfbg3goggrosen 2fquadobbactian
condensate, and a part of the obtained condensate was introduced to 5
conti nuous hydr ol ywistusac[eontdifihgch baw bbdbilhagspointypéxiares ¢dom
Exanpl e 1) which was heated at 180 [err]C, through conduit 34 at a flow
rate of 5552 g/h, poimedeof WedHvandrDMa); oBGcaddt BEodighconrenitra3ioas @f
flowrate of 1.0 g/h. The weight ratio of water to ECin the 10

wat er/ EC mi xt ure i3 +®dudeyi veighh: i PReOs¥hhyrvejght and 7.1 % by weight,

respectively] withdrawn from the bottom of distillation
column 1 at a flow rate of 146 g/h was fed to continu-
ous hydrolysis reaction column 43 at a position 90 cm
10 below the top of column 43, which was comprised of a
column having in an inner diameter of 5 cm and a pack-
ing height of 250 cm, and had been packed with Dixon
packings (6 mm @g). Continuous hydrolysis reaction
column 43 was oberatedﬁunder conditions such that fhe
15 pressure of upper portion (above the uppermost stage)
24 thereof was 2.7 x.IO4 Pa (200 torr) and the tempera-
ture of lower portion (below the lowermost stage) 28
thereof was 161 °C. A gaseous mixture distilled from
the top of continuous hydrqusis reaction column 43 was
20 condensed by means of condenser 26, and the resultant
condeﬁsaté was introduced to gas-liquid separator 39,
from which carbon dioxide was discharged through con-
duit 40 and a mixture of MeOH and DMC in a liquid form
was withdrawn from the bottom of gas-liquid separator

25 39 through conduit 42 at a flow rate of 171.5 g/h.



reactor 37 was 0.6. The remai nder of the condensate was returned to upper
portion 24 of azeotropic m xture- separating colum 47 through conduit 27.
The inner pressure of continuous hydrolysis reactor 37 was nain- 15

tained at 2.6 x 10[err] Pa (26 kg/cnferr]-G. A hydrolysis reaction

m xture was w thdrawn from conti nuous hydrohﬁo sis reactor 37, and

I ntroduced to gas-liquid separator 39 through conduit 38, from which carbon
di oxi de was di scharged t hrough conduit 40, and a m xture of EG and 20

water was w t hdravwguihgugheCgiduiiqfita sEpa¥Fetivhl hni¢rayah Bak! waisovi ded
in a side wall of azeotropic m xture-separating colum 47, EG (EG content :

not |ower than 99. RBrdati¥edetehyasandquia kepakratent 8ot throaghadnduEt not
hi gher than 0.1 ppb by weight) was 25 recovered at a flowrate of 113
g/ h. 124 From t4® pboveddat en ithecadwee peetibhabft Beparatersidon iof EC
was 100 % the yield of DMC was 97 % (DMC was produced at a production rate
of 158.8 g/ h), theosdérctoveeparateDbErbas ddbxideefromathed 1%gutiide nEx~
yield of EG having high purity was not |ower than 99 % and the selectivity
for EG was mot | oweurehafi MO, and BMPar eAt pRrsnefh&heb¥e@H/PHCHmd xitgre

remain in the hydrolysis reaction mxture. The productivity of DMC
was refluxed to upper portion 24 of continuous hydroly-

sis reaction column 43 through conduit 27 while return-
ing, through evaporator 15, the remainder of the mix-
ture in a gaseous form ‘to continuous multi-stage dis-

10 tillation column 1 at a position 120 cm below the fop
of distillation columﬁ 1l at a flow rate of 49 g/h.

A part of a liquid (containing EG in a concentra-
tion of_97 % by weight) was withdrawn from the bottom
of continuous hydrolysis reaction column 43 at a flow

15 rate of 9 g/h through conduit 32, and the remainder of
the liquid was heated by reboiler 30 and returned to
lower portion 28 of continuous hydrolysis reaction
column 43 through conduit 31, together with water whicﬁ
was introduced to the inlet of reboiler 30 at a flow

20 rate of 2.1 g/h so thet the concentration of water in
the above-mentioned condensate derived from the gaseous
mixture distilled from the top of column 43 was main-
tained at a concentration not higher than 50 ppm. The
weight ratio of water to EC introduced to continuous

25 hydrolysis reaction column 43 was 0.3. A mixture of EG



in terns of the space tinme yield was 252.9 g/liter.h 10 (158.8/0.628 =
252.9). Exanple 4 Using a systemas shown in Fig. 5, dinethyl car- bonate
(DMC) and et hyl ene glycol (EG were continuously 15 produced from

et hyl ene carbonate (EC) and net hanol (MeOH). Continuous nulti-stage
distillation colum 1 was operated in substigaially t he sane manner as in
Exanpl e 2, except that the flow rate of EC t hrough conduit 20 2
was 120 g/ h, and the flowrate of a m xture of MeOH and DMC (weight ratio

of MeOH/ DMC = 85/ 1) 5f2doh ifugﬁ?ﬁgﬂgéﬁéwétggswgéorgégveEgdt?ﬁ%ﬁp¥%§ﬁﬁfﬁl a

transester- ification reaction. erature of upper portion bove the

upper nost stage) 4dfgv?%3ﬁ%££a££89iﬁehuﬁﬂ thédside widd3 6f bRhithiGuous 125 A

gaseous m xture disti romthe top of dis- tillation colum 1 was

condensed by nmeanshpir&PpEe8SLeadtidndcbiamheas! hénh peedensat @30cent ai ni ng
MeOH and DMC in concentrations of 55.3 %.by weight and 44.7 % by 5

wei ght, respecti vepa)owatheeceopeoedcblaiint 48 shsbaghatoadénserr 38e offhas3
g/h. Aliquid reaction mxture [containing a | ow boiling point m xture
~(conpri sed sf recovered mixture was analyzed and, as a result, it was
found that the recovered liquid mixfure contained only
EG and water. The flow rate of the mixture, after
removal of the water, was 85 g/h. The EG content of the
mixture was not lower than 99.999 % by weight.
10 . From the above data, it can be seen that the
conversion of EC was 100 %, the yield of DMC was 91 %
(DMC was produced at a production rate of 111.7 g/h),
the selectivity for DME was not lower than 99 %, the
yield of EG having high purity was not lower than 99 %,
-15 and the selectivity for EG was not lower than 99 %. As
apparent from the above, EC did not remain in the
hydrolysis reaction mixture. Also, the productivity of
DMC in terms of the spéce time yield was: 111.7/0.628 =
177.9 g/liter-h.
20
Example 6
Using a system asﬁshown in Fig. 7, dimethyl car-
bonate (DMC) and ethylene glycol (EG) were continuously

produced from ethylene carbonate (EC) and methanol

25 (MeOH).



MeOH and DMC), EG and EC in concentrations of 31.8 % by weight, 61.2 % by
wei ght and 6.8 % by wei ght, respec- 10 ‘tively] was withdrawn fromthe
bottom of distillation colum 1 at a flowrate of 141 g/h and fed to | ow
boiling point m xture-separating colum 10 (which was of the same type as
used in Exanple 2) at a position 40 cn1beIoT/éhe top of colum 10. 15
Low boi l i ng point m xture-separating colum 38 was oper at ed under
conditions such that the pressure of upper portion 11 (above the uppernost

stage) was 1.3 X 10[errétggﬁiégaé§£§%%aﬁg¥§FgPE§ggﬁégtwgeg@f¢bowggeportion

16 (bel ow t he | owernost™S e aseous m xt ure

cont ai ning NeCH ang iy 14 DA 2AEHOTLIE11 888k 2LETD1AR:WRS ANARNTEd

by neans of conde part o e resul tant condensate was refluxed.

to upper portion I, pbn CRLYBonBriBE@UgR S088ELn1RabERG! X LAhbe: ddhmekil e
returning, through evaporator 15, the 25 remai nder “of the condensate

in a gaseous formépe 6#M2 cm 4R& aiﬁaausn@héi?ﬁtaee doet &l at Betweehuan 1
at ~a posi- tion 120 cm below the top of distillation colum 1 at a flow

rate of 4559/ h. Opddrtddhel0hamdbebowatheotop bifqdidtitdataoni colifnadd EC
I n concentrations of 80.7 5 % by wei ght and 10.0 % by wei ght,
respectively) was and a position 50 cm above the bottom of the distilla-
tion column 1, respective inlets 61, 63, 65 and 67 and
respective withdrawal ports 62, 64, 66 and 68 for
transesterification reactors A, B, C and D were provid-
10 ed in a side wall of diétillation column 1 as shown in
Fig. 7. Each of transesterification reactors A, B, C
and D fluid-tightly communicates with distillation-
colﬁmn 1. The internal volumes of transesterification
reactors A, B, C and D were 200 ml, 100 ml, 100 ml and
15 100 ml, respectively. Each of the transesterification
reactors was packed with an anion-exchange resin (a
catalyst for transesterification reaction) having a
quaternary ammonium group as an ion-exchange group
[which anion-exchange ;esin had been obtained by sub-
20 jecting a Cl~ type of Dowex (registered trademark) MSA-
1 resin (manufactured and sold by Dow Chemical Co.,
U.S.A.) to ion-exchange with a 2N agueous solution of
Na,CO3 so that about 50 % of the Cl~ ions were convert-

ed to C032' ions, and the resultant resin was washed

25 repeatedly with purified water and then with dried



wi t hdrawn fromthe bottom of columm 10 through conduit 20 at a flow rate of
96.5 g/h, while the remainder of the withdrawn |iquid was heated by
reboiler 18 and returned to | ower portion 16 of colum 10. The liquid 10

wi t hdrawn fromthe bottom of |ow boiling point m xture- separating colum
10 was fed to upper portion 24 of continuougggydrolysis reaction colum 43
t hrough con- duit 22, which colum 43 had been packed wi th D xon packings
(6 mmJ[err]) and was conprised of a columm having 15 an inner dianeter

of 5 cmand a packjdghdbOhto 0bs#altCabnfarhtigAUanay deing! o1 ¢aet i on
colum 43 was operated under conditions Such that the pressure of upper

portion (above therawiag] most stage) 24 thereof was 2.5 x 10[err] Pa (190
torr) and the tenperature of 20 | ower portion (bel ow the | owernost
stage) 28 thereof was 1B6 d&srd¢éntingeasdysfadxtor erdnsestbedficatibne t op
of colum 43 was condensed by neans of condenser 26 and introduced to
gas- | i qui d separ atmzadtor fA obthvwough canGuihtd2oandepwabedterhdr by whigbgh
conduit 40 and a 25 m xture of EG and water was w t hdrawn throu%h
condui t 5127 42 EG wes|pveheabedf t@07@ §Ch. ak aaflows rate @ift AdBaa(h,

m xture was refluxed to upper portion 24 of columm 43 through conduit 27
whi l e returning t RN e dJéas ogopfinuously fed to lower portion 8 (below

the lowermost stage) of distillation column 1 in a
gaseous form through conduit 5 and evaporator 6' at a
flow rate of 327 g/h, to thereby effect a transester-
10 ification reaction. Continuous multi-stage distilla-
tion column 1 was operated under atmospheric pressure,
and the temperature of upper portion 4 (above the
uppermost stage) of distillation column 1 was 64 °C.
The liquid flowing-dowh inside continuous multi-stage
15 distillation column 1 was withdrawn from each of the
withdrawal ports provided in the éide wall of distilla-
tion column 1, and the withdrawn liquid was introduced
. to the respective transesterification reactor corre-
sponding to each withdrawal port. The flow rate of the
20 liquid introduced to each transesterificatioﬁ reactor
was set at 0.5 liter/h, and the temperature and pres-
sure of each transesterification reactor were set at
70 °C and about 4.9 x 10° Pa (5 kg/cm?-G), respective-
ly. A transesterification reaction mixture, obtained

25 by the transesterification reaction performed in each



W t hdrawn m xture to continuous hydrolysis reaction 5 colum 43 at a
position 100 cm bel ow the top of columm 43, together with water which was

i ntroduced through conduit 35 at a flowrate of 2.0 g/h. The weight ratio
of ECto water in the EC water m xture introduced to continuous hydrol ysis
reaction colum 43 was 0.5. A 10 gaseo § fraction was w thdrawn from
colum 43 through a wi thdrawal port provideg n a side wall of colum 43 at
~a position 130 cm bel ow t he top of colum 43 at a flow rate of 84 5 g/ h,

d d db 33 h
not Fﬁwgfﬁﬁn Y EeaRaggt a8t a5 0B ReotaRa eRutPabInd. Bneihvy e
DEG t t h
(contgfnlnégE2!|nqggggﬁée ? S ygﬁﬁgggbglsﬁg &wgcg%t?éﬁggﬁaltﬂgkg%ﬁb?fonlthe

bottom of col um E%hsofw Eerwthbﬁéaweol Betd 18T bACevaLRE 20
t hrough. condui t 32 at ow raté of 9 g/h, while the remainder of the

wi thdrawn |iquid vgs Qefésdléyofebﬁél cofitad® amdthat wigaddt €1bawag-aekin on
28 colum 43. Fromthe above data, it can be seen that the conversion of EC

was 100 % g he yi elflsDle Hsp23192i002801umn (Difithaa papdicadcainding
production rate of 112.9 g/h), - 128 the selectivity for DMC was not | ower
than 99 % the. = from the bottom toward the top of distillation column
1, the respective concentrations of DMC (product) and
EC (starting material) in the flowing-down liquid
decreased.
10 A gaseous mixture distilled from the top of dis-
tillation column 1 was condensed by means of condenser
7 to obtain a condensate (containing MeOH and DMC in
concentrations of 63.7 % by weight and 36.3 % by
weight, respectively), and a part of the resultant
15 condensate was refluxed to upper portion 4 of distilla-
tion coiumn 1 (reflux ;atio: 2) while the remainder of
the condensate was withdrawn from the system through
conduit 71 at a flow rate of 365 g/h. On the other
hand, a liquid reaction mixture (containing MeOH, DMC,
20 EG and EC in concentrations of 26.1 % by weight, 1.9 %
by weight, 68.0 % by weight and 4.0 % by weight, re-
spectively)'wes withdrawn from the bottom of distilla-
tion column 1, and a part of the withdrawn reaction
mixture was heated by feboiler 6 and returned to lower

25 portion 8 of distillation column 1. The remainder of



yield of EG having high purity was not |lower than 99 % and the selectivity
for EG was not |lower than 99 % As apparent fromthe above, EC did not

remain in the 5 hydrol ysis reaction m xture. Al so, the productivity
of DMC in terns of the space tine yield was: 112.9/0.628 = 179.8 g/liter.h. .
Exanple 5 10 Usi ng a system as sggﬁn in Fig. 6, dinethyl car-

- bonate (DMC) and et hylene glycol (EGQ were ti nuously produced from:

~ethyl ene carbonate (EC) and nethanol (MOH). Usi ng the same continuous

mul ti-stage distil at| aé?lon mixEQrdMad QEthHr ﬁ”ﬁteazfﬂaw rate of

transesterlflcatlo 1'ON Was perfornmne n substantially the sane

manner as in Exa 2? /BXCERE i?@tﬂ&HFeE|GW'EéhtlﬂﬁoE§ hedrbh 9 eoRdidic- 2

was 120 g/ h, and t owrate o ow boiling point mxture of MeOH and

DMC (wei ght ratio €6r2§7 [whicle@ELDVE €h85kdRe t9gel B8Museddin! Exam@de305
g/ h. The tenperature of upper portion 4 (above the uppernost stage) of

continuous multi-siaoendi thel LatepAatoteipetatse’8nfeprbEsutegafeahdich
mxture distilled fromthe top of distillation colum 1 _was condensed by

means of cen- 25 was maenseindd asdivbe°Ceantt 2nt zon08n®at ¢ 26c&kgymmdi-ng
NeH 129 G), respectively], together with water which was intro-
duced via conduit 35 at a flow rate of 5,3 g/h, to
thereby effect a continuous hydrolysis of EC in the
reaction mixture. The resultant hydrolys1s reactlon
10 mixture was recovered through conduit 38 at a flow rate
of 140 g/h. The recovered hydrolysis reaction-mi#ture
was analyzed and, as a result, it was found that.the
hydrolysis reaction mixture contained MeOH, DMC and EG
in concentrations of 25.1 % by weight, 1.9 ¥ by weight
15 and 68.1 % by weight, respectively. |
From the above data, it can be seen that the
conversion of EC was 100 %, the yield of DMC was 96 %
(DMC was produced at a.production rate of 132.6 g/h),
the selectivity for DMé was not lower than 99 %, the
20 yield of EG having high purity (which contained no EC)
was not lower than 99 %, and the selectivity for EG was
not lower than 99 %. As apparent from the above, EC
did not remain in the hydrolysis reaction mixture.
Also, the total volume (V) of the reaction zones in

25 transesterification reactors A, B, C and D was calcu-



and DMC in concentrations of 53.1 % by weight and 46.9 % by wei ght,
respectively) was recovered fromthe systemat a flowrate of 337 g/h. A
liquid reaction mxture [containing a |ow boiling point mxture (com 5
prised of MeOH and DMC), EG and EC in concentrations of 33.8 % by wei ght,
59.0 % by weight and 7.1 % by wei ght, respeg%évely] wi t hdrawn fromthe
bottom of distillation colum 1 at a flowr of 146 g/h was fed to
continu- ous hydrolysis reaction colum 43 at a position 90 cm 10

bel ow the top of cledy L3, g4 y\@s",cgné)_r%ts_gg?pjz 2 §9f upmg hgvin 'gn an

inner dianeter of 5 cmand a pack- ing herght 50 cm andf ad bé n
packed wi th Di xon jpasdd NOSTHEr&FBEE! Mne SROULOELDPSLIYGE ODYE £n ! €8EHE 08
colum 43 was operated under conditions such that the 15 pressure of

upper portion (abahe idiadePEIN®SHiSIAufs 2413266 0] 5 Was2@5 72 Xg AP1 g6+l nPa
(200 torr) and the tenpera- ture of |ower portion (below the |owernost
stage) 28 thereof was 161 [err]C. A gaseous nixture distilled fromthe top
of continuous hydrolysis reaction colum 43 was 20 condensed by neans
of condensér 26, &xamgie rAsultant condensate was introduced to gas-1liquid
separator 39, fromwhich carbon di oxi de was di scharged through con- duit 40
and a mixture of MeOH ¥sdrmove isysten qs dshaym imsFig + Bl alime thyl t bar-

bottom of gas-liquid separator 25 39 through conduit 42 at a flow
rate of 171.5 g/hponate (DMC) and ethylene glycol (EG) were continuously

produced from ethylene carbonate (EC) and methanol
(MeOH).

10 Continuoﬁs multi-stage distillation column 1 was
operated in Substantially the same manner as in Example
6, except that stainless~-steel Dixon packings (6 mm @)
were packed in each of ‘the transesterification reactors
instead of the anion-exchange resin used in Example 6,

15 _ that EC was fed to thé transesterification reactor
through coﬁduif 2 at a flow rate of 240 g/h, that a 3 %
by weight solution of sodium hydroxide (as a catalyst)
in ethylene glycol was also continuously fed to transe-
sterification reactor A through conduit 2' at a flow

20 rate of 22 g/h, and that a mixture of MeOH and DMC
(weight ratio of MeOH/DMC = 95/5) was fed to lower
portion 8 (below the lowermost stage) of continuous
multi-stage distillation column 1 through conduit 5 at
a flow rate of 628 g/ﬁ, to thereby effect a transester-

25 ification reaction. Continuous multi-stage distilla-



130 During the gas-liqui-d separation, nitrogen gas was introduced to
gas-liquid separator 39 through conduit 45 provided on the |ower portion of
separator 39 in order to separate carbon dioxide fromthe liquid mx- 5
ture of MeOH and DMC. A part of the MeOH/ DMC m xture was refluxed to upper .
portion 24 of continuous hydroly- sis react%gg colum 43 through conduit 27
while return- ing, through evaporator 15, the remainder of the mx- ture in
a gaseous form to continuous nmulti-stage dis- 10 tillation colum 1

at a position 120 g{pbetouhiel | §Rs Obpdiratibd! ahaer Sehég?hérib_ prbkawreat e
of 49 g/h. A part of aliquid (containing EGin a concentra- tion of 97 %

by wei ght) was w tdxH awie ftampéheripbt 68 @ppELNpoRYLEA Y (aBbyei theeact i on
colum 43 at a flow 15 rate of 9 g/h tﬁrough conduit 32, andthe

remai nder of the luppéfhoes Seage) by dedeilratdénasdlumhulnedst 641 ocer A
portion 28 of continuous hydrolysis reaction colum 43 through conduit 31,
toget her with wat egasdowd mistune r Ocdootaitbng hMeOH| ahdobDMCelni toncdbtaa-a
flow 20 rate of 2.1 g/h so that the concentration of water in the
above- nent iopned coridurs e Gy 6 vedYreaight gadedds4n®xbur wedgbti | respecom
the top of colum 43 was nmin-_tained at _a concentration not higher than 50
ppm The wei ght rddely) wasrdistitledt fsemctaet 5oroRf| gaBinpgus multi-

hydrol ysis reaction colum 43 was_0.3. _ A mxture of EG
stage distillation column 1 was condensed by condenser

7 to obtain a condensaée. A part of the obtained
condensate waS'reéovered from the system at a flow rate
10 of 694 g/h. The remaihder of fhe condensate was recy-
cled to upper portion 4 of distillation colﬁmn 1. A
ligquid reaction mixture [containing a low boiling point
mixture (comprised of MeOH and DMC), EG and EC in
concentrations of 29 $ by weight, 65.1 % by weight and
15 6.1 % by weight, respectively] was withdrawn from the
bottom of distillation column 1. A part of the with-
drawn reaction mixfure”was fed to low boiling point
mixture-separating column 10 at a position 40 cm below
the top 6f column 10 at a flow rate of 274 g/h, which
20 column 10 was comprised of a column having an inner
diameter of 2.5 cm and a packing height of 120 cm, and
had been packed with Dixon packings (3 mm @¢). The
remainder of the withdrawn reaction mixture was heated
by reboiler 6 and returned to lower portion 8 of dis-

25 tillation column 1. Low boiling point mixture-separat-



131 and a small amount of water was recovered froma with- drawal port
provided in the side wall of continuous hydrolysis reaction colum 43 at a
position 230 cm bel ow the top of colum 43 through condenser 33. The 5
recovered m xture was anal yzed and, as a result, it was found that the
recovered liquid mxture contained only EG g ﬂ water. The flow rate of the
m xture, after renoval of the water, was 85 3 h. The EG content of the

m xture was not |ower than 99.999 % by weight. 10 From t he above

data, it can be segllhgiyhlic16ous SpenafbaliniEs LHAaYiiRe Kith thacPC

was 91 % (DMC was produced at a produttion rate o g

sel ectivity for DNEH&?%rQQ&qu“@E ﬁBﬁarggo%%ibRelii?ESOQE Effchappasmdisdh

purity was not | ower an 99% 1 nd the selectivity for was nhot

| ower than 99% Astagesreas ir9nkt he3abaveioEEodicy BAH thBRiBmperbRare
hydrol ysis reaction mxture. Al so, the productivity of DMCin ternms of the

space tinme yield v&s:13ddr 7H8r628n=167(b81ok ther lbweZfioEtasthged Waisngod
systemas shown in Fig. 7, dinmethyl car- bonate (DMC) and et hyl ene gl ycol
(EG were @ntinuolB!y A gaseous mixture containing MeOH and DMC, dis-
tilled from the top of low boiling point mixture-
~ separating column 10, was condensed by means of con-
denser 13. A part of the resultant condensate was
refluxed through conduit 14 (reflux ratio: 2) while the
10 remainder of the condensate was recycled in a gaseous
form to continuous multi-stage distillation column 1 ét
a position 100 cm below the top of distillation column
1 at a flow fate of 76 g/h. On the other hand, a
liquid (containing EG and NaOH in concentrations of 97
15 % by weight and 3 % by weight, respectively) Was with-
drawn from the bottom of column 10, and a part of the
withdrawn liquid was ;ecovered from the system through
conduif 20 at a flow rate of 22 g/h, while the remain-
der of thé withdrawn liquid was heated by reboiler 18
20 and returned to lower ﬁortioh 16 of low boiling point
mixture-separating column 10. A gaseous mixture con-
taining EG and EC was Qithdrawn from a withdrawal port
provided in a side wall of column 10 at a position 90
cm below the top of column 10 at a flow rate of 174

25 g/h, and condensed by means of condenser 21 to obtain a



produced from et hyl ene carbonate (EC) and net hanol 25 (MeOH) . 132
St ai nl ess-steel Dixon packings (6 mm[err]) were packed in continuous

mul ti-stage distillation colum 1, which was conprised of a col unm havi ng
an inner dianet- er of 2 cmand a packing height of 200 cm Between a 5
position 10 cm bel ow the top of distillatiogﬁgolunn 1 and a position 50 cm
above the bottomof the distilla- tion colu 1, respective inlets 61, 63,
65 and 67 and respective withdrawal ports 62, 64, 66 and 68 for

T

side wall of disti fon col In F

Lransesteri ficati oo £ty SubigRe §ndNd. D § Bylueight! Y reapaRRIGaIGY Wi LN

distillation colum 1. The®internal vol unes of transesferiflcation reactors

A, B, Cand D vwere 200 fhe d8Ra&hsat80oBtadfddlby condeh8B8rM21 was intro-
respectively. Each of the transesterification reactors was packed with an

ani on- exchange r esqiicéd@ €at8biEinhiotst hgpasesyeisl reaticor B8Zafwhich kas of a
guat ernary anmoni um group as an i on-exchange group [whi ch ani on-exchange
resin had Im®en obteheecsamy type 28 used iheEkample T, [ end] theypeteirnBdwex
(registered trademark) MSA- 1 resin (manufactured and sold by Dow Chemi cal
Co. , - temperature and pressure of which were maintained at
180 °C and 2.5 x 100 pa (25 kg/cm?-G), respectively],
together withla liquid obtained by condensing a gaseous
mixture withdrawn from the top of diol-separating

10 column 23 through conduit 34, and water which was
introduced via conduit 35 at a flow rate of 3.4 g/h, to
thereby effect a continuous hydrolysis reaction of the
condensate obtained by condenser 21. The weight ratio
of water to EC in the qixture introduced to continuous

15 hydrolysis reactor 37 Qas 0.5. A hydrolysis reacfion
mixture was withdrawn and introduced to gas—liquid
.separator 39 through conduit 38, from which carbon
dioxide was discharged through conduit 40 and a mixture
of EG and water was withdrawn through conduit 22.

20 Thg withdrawn mixture éf EG and water was fed to
diol—separating column 23 at a position 40 cm beloﬁ the
top thereof, which column 23 was comprised of a column
having an inner diameter of 2.5 cm and a packing height

.0of 120 cm, and had been packed with Dixon packings (3



U S A) to ion-exchange with a 2N aqueous solution of Na[err]CJerr] so

t hat about 50 % of the C[err] ions were convert- ed to CJerr] ions, and
the resultant resin was washed 25 repeatedly with purified water and
then with dried 133 nethanol to effect dehydration and drying of the
resin]. EC was continuously . fed to transestE£¢f|cat|on reactor A through
conduit 2 and preheater 3 (by which 5 was preheated to 70 [err] O
at a flowrate of 135 g/h, and MeOH was continuously fed to | ower portion 8

(bel ow the | owermost stggsy _of Qf%ah atb Piimf 028 Had 6gefa9aaeaﬂae§oam

t hrough conduit 5 and evaporator ow rate of 327 g/h, to thereby

effect a transest gireddure of'i'ﬁai'P@sr?§C€29ntor£@n&$nﬂéﬂ§uﬁehthtshﬁgér
distilla- tion colum 1 was operated under atnospheric pressure, and t

tenperature of UpRBrEsni 2L GakhebeVvens heppeprosbsstageye) Af gdsebukl ation
colum 1 was 64 [err]C. The liquid flow ng-down inside continuous

mul ti-stage 15 misxtwte | dbsthhled! fivom Ithastopt bfirdiolfsepaeathingf t he
wi t hdrawal ports provided in the side wall of distilla- tion colum 1, and
the withdrawm |iquiclums 23twasucendensedicby enpansi 9 condenserr 26i candon
reactor corre- sponding to each withdrawal port. The flow rate of the
part of the resultant condensate was refluxed to the
upper portion of column 23 through conduit 27 (reflux
ratio: 2) while the remainder of the condensate was
returned to continuous ‘hydrolysis reaetor 37 through
10 conduit 34 at a flow rate of 5.0 g/h. A liquid with-
drawn from the bottom ef diol-separating column 23 was
heated by reboiler 30 and returned to column 23. The
temperature of lower portion 28 (below the lowermost
stage) of diol-separating column 23 was 110 °C. Also,
15 a gaseous fraction was recovered from a withdrawal port
provided in a side wall of column 23 at a position 90
cm below the top of column 23 at a flow rate of 169
g/h, and condensed by means of condenser 33, to thereby
obtain EG (EG content: not lower than 99.999 % by
20 weight; and the total eontent of EC and DEG: not higher
| than 0.1 ppb by weight).
From the above data, it can be seen that the con-
version of EC was 100 %, the yield of DMC was 93 % (DMC
was produced at a production rate of 228.3 g/h), the

25 selectivity for DMC was not lower than 99 %, the yield



20 liquid introduced to each transesterification reactor was set at
0.5 liter/h, and the tenperature and pres- sure of each transesterification
reactor were set at 70 [err]C and about 4.9.x 10[err] Pa (5 kg/cn2-Q,

respective- ly. A transesterification reaction m xture, obtained 25 by .
the transesterification reaction perforned &2 each 134
transesterification reactor, containing dinet%yl car- bonate (DMC) and

ethyl ene glycol (EG in increased concentrations, was returned to

distillation col ungelpcARaih Sﬂkéhoﬁuka%ycngaﬁbtpﬁohg% lthaw @9 %, and
fl owi ng-down 5 inside diStilTatron colum 1 with a vapor ascendi ng

fromthe bottom t oygs dséiectopiel €bst Ebl ahkORotOhvarl thihe goegpecirsye
concentrations of DMC (product) and EC (starting material) in the

f1 ow ng-down |i qui gdppeeéresedomlEhe above, E8 dddechot temadne it ahd | ed
fromthe top of dis- tillation colum 1 was condensed by neans of condenser
7 to obtain a condeypdabkyétsnreacthgnMaiktard.DVBliso, cdhee volameo(d Jofofs3. 7
% by wei ght and 36.3 % by weight, respectively), and a part of the

resul tant 15 thedeesationagonef wasedgalloudpped psr foddowssf & still a-
tion colum 1 (reflux ratio: 2) while the renai nder of the condensate was
wi t hdrawn from t he(tgtatnvehusaghRf the transesterification reactors) +

(volume of the continuous multi-stage distillation
column) = (0.2 + 0.1 + 0.1 + 0.1) + 0.628 = 1.13
liters. Therefore, the productivity of DMC in terms of

10 the space time yield was: 228.3/1.13 = 202.4 g/liter-h.

Example 8

Using a system asdshown in Fig. 9, dimethyl car-

bonate (DMC) and ethylene glycol (EG) were continuously
15 produced from ethylene carbonate (EC) and methanol
(MeOH) .

An anion-exchange resin was packed in each of
transesterification reactors A, B, C and D. Continuous
multi-stage distillation column 1 was operated in

20 subStantiélly the same manner as in Example 6, except
that the flow rate of EC fed through conduit 2 was 132
g/h, and a mixture of MeOH and DMC (weight ratio of
MeOH/DMC = 85/15) was fed through conduit 5 at a flow
rate of 381 g/h,ltq thereby effect a t;ansesterifica-

25 tion reaction. Continuous multi-stage distillation



conduit 71 at a flowrate of 365 g/h. On the other hand, a liquid reaction
m xture (containing MeOH, DMC, 20 EG and EC in concentrations of 26.1
% by weight, 1.9 % by weight, 68.0 %by weight and 4.0 % by wei ght, re-
spectively) was withdrawn fromthe bottomof distilla- tion colum 1, and a.
part of the w thdrawn reaction nm xture was Eg?ted by reboiler 6 and

returned to | ower 25 portion 8 of distillation colum 1. The .
remai nder of 135 the reaction mxture was withdrawn at a flow rate of

134 g/h, and introdyfegnt 9 Gaat BBHPH%eByﬁhal#Sh%mb@?ﬁeﬂier peéskifech apas of
the sanme type as used in Exanple 1, and the internal tenperature and

pressure of which fhe tempBfatBi8t 8ENfigpatr poLthiohr UC(abdve. the LPpefrinbsta
(25 kg/cnferr]- G, respectively], together with water which was i1ntro-

duced via conduit Sbagé)aof! anstiliatioh. doflun LlowhbebdbycCef f Actyasmeous
continuous hydrolysis of ECin the reaction m xture. The resultant
hydrol ysi s reacti anigfure (caonkxaintngaMeOHcandr BMCt bfobghlcé&nbyi weldghdt a
flow rate of 140 g/h. The recovered hydrolysis reaction m xture was
anal yzed arfd, as aam@s4dt9 #tbwaweightd rhaspechiveysdofjstdliedcitirom the
m xture contained MeOH, DMC and EG in concentrations of 25.1 % by wei ght,
1.9 % by wei ght 15top of sm@gntdnyoysphpudbightageedpseiddatjon column 1 was
B condensed by condenser 7 to obtain a condensate. A
part of the obtained condensate was recovered from the
system at a flow rate of 419 g/h. The remainder of the
10 condensate was returned to upper portion 4 of distilla-
tion column 1. A liquid reaction mixture [containing a
low boiling point mixture (comprised of MeOH and DMC),
EG and EC in concentrations of 29 % by weight( 68.0 %
by weight and 3.0 % by weight, respectively] was with-
15 drawn from the bottom of distillation column 1. A part
of the withdrawn feact;on mixture was fed, at a flow
rate of 133 g/h, to low boiling point mixture-separat-
ing column 10 (which was of the same type as used in
Example 7) at a position 40 cm below the top of column
20 10. The remainder of the withdrawn reaction mixture
was heated by reboiler 6 and returned to lower portion
- 8 (below the lowermost stage) of distillation column 1.
Low boiling point mixture-separating column 10 was

operated in substantially the same manner as in Example

25 7, except that a liquid was not withdrawn from the



From the above data, it can be seen that the conversion of EC was 100 %
the yield of DMC was 96 [err] (DMC was produced at a production rate of
132.6 g/ h), the selectivity for DMC was not |ower than 99 % the 20
yield of EG having high purity (which contained no EC) was not |ower than

99 % and the selectivity for EGwas not |o than 99 % As apparent from
t he above, EC did not remain in the hydrolysis reaction m xture. Al so, the
total volune (V) of the reaction zones in 25 transesterification

reactors A B, C ﬁ?g$£5#ﬁ§$§?5ﬁu5°i%éﬁé?85§h%dm§§tﬁ9?L%ﬁ%ﬁrgting'%°1“&“1 +

0.1 +0.1=0.51 ore, t ductivity o in ternms of the

space tinme yiel d Was: tHAgubhOcondu£528. 9/ thbetelipebature bfampwer’ pdii-ng a
system as shown in Fig. 8, dinmethyl car- bonate (DMC) and et hyl ene gl ycol

(EG were continuogsdy D6 OodbeEew! tha Bbhgrmostcathgedt enfEpressdreetifanol

(MeOH). 10 Conti nuous nulti-stage distillation colum 1 was

operated in subst anppet | potbtonab® (aboee &hei nppeampst Stagedepif tLioat

stai nl ess-steel Dixon packings (6 nm[err]) were packed in each of the

transesterig i cati dooiEimgopeintsniatuve-sepazatingecobunge 10evereydd2 i°F

Exampl e 6, and 1.3 x 103 pPa (10 torr), respectively. A gaseous
mixture containing MeOH and DMC distilled from the top
of low boiling point mixture-separating column 10 was
condensed by condenser 13 to obtain a condensate. A

10 paft of the obtained condensate was returned to. upper
portion 11 of column 10 through conduit 14, and the
remainder of the condensate was recycled in a gaseous
form to continuous multi;stage distillation column 1 at
a position 100 cm below the top of column 1 through

15 evaporator 15 at a flow réte of 38.5 g/h. A gaseous
mixture (containing EG and EC in concentrations of 95.8
% by weight and 4.2 % by weight, respectively) was
withdrawn from a withdrawal port provided in a side
wall of low boiling point mixture-separating column 10

20 at a flow rate of 94 g/h, and condensed by means of
condenser 21 to thereby obtain a condensate. The
obtained condensate was fed to azeotropic mixture-
‘separating column 47 at a position 40-cm below the top

of column 47, together with a liquid phase introduced

.25 through conduit 41, withdrawn from gas—liquid separator



15 that EC was fed to the transesterification reactor through conduit
2 at a flowrate of 240 g/h, that a 3 % by weight solution of sodium

hydroxi de (as a catalyst) in ethylene glycol was also continuously fed to
transe- sterification reactor A through conduit 2' at a flow 20 rate
of 22 g/h, and that a m xture of MeCH and DyF (weight ratio of MeOH DMC =
95/5) . was fed to |l ower portion 8 (bel ow the "owernost stage) of continuous
mul ti-stage distillation colum 1 through conduit 5 at a flow rate of 628

g/h, to thereby efégctwﬁléﬁaﬁﬁﬁsbﬁr th35same tybkCakl i8eBe3n! EXAmple 2

Cont i nuous mul ti-stage distil tion €olum 1 was operated under
at nospheric pressure, ang éBéo%QBBQ&ahﬂkQuQE g8 ﬁkaﬁﬁh eB14mhal9ve thiee
upper nbst stage) of distillation colum was 64 [err]C. A gaseous m xture

(containing MeOH agdm&Miypa 6€neelina- aE the diblrsephréZifg¥coyumd @3 and
37.4 % by weight, respec- tively) was distilled fromthe top of continuous
mul ti- stage distihsedi bn Esbmphel7waascemgtoged.byAzenteopdc whiktumetai n a
condensate. A part of the obtained condensate was recovered fromthe system
at a flow riate 10 separatigg4cglumn FWewasnapatstedf unflerccpuddtdoasnissich
recy- cled to upper portion 4 of distillation colum 1. A liquid reaction
m xt ure [cont ai ni nghat| Bhebbresayreopfit upper portion 24 (above the upper-

most stage) was 2.7 x'lO3 Pa (20 torr), and the temper-
ature of lower portion 28 (below the lowermost stage)
was 112 °C. A gaseous mixture distilled from the top

10 of azeotropic mixture-separating column 47 was con-
densed by condenser 26 to obtain a condensate. A part
of the obtained condensate was fed to continuous hydro-
lysis reactor 37 [which was of the same type as used in
Example. 7, and the temperature and internal pressure of

15 which were maintained at 180 °C and 2.6 x 106 Pa (26
kg/cmz-G), respectively] through conduit 34 at a flow
rate of 45.6 g/h, together with water which was intro-
duced via conduit 35 at a flow rate of 0.8 g/h, to
thereby effect a continuous hydrolysis reaction of EC

20 in the condensate (the weight ratio of water to EC
introduced to reactor 37 was 0.6). The remainder of
the condensate was refluxed to the upper portion of
azeotropic mixture-separating column 47 (reflux ratio:
2). A hydrolysis reaction mixture withdrawn from

25 hydrolysis reactor 37 was fed to gas-liquid separator



m xture (conprised of MeOH and DMC), EG and EC in concentrations of 29 % by
wei ght, 65.1 % by weight and 15 6.1 % by weight, respectively] was

wi t hdrawn fromthe bottomof distillation columm 1. A-part of the wth-
drawn reaction mxture was fed to | ow boiling point mxture-separating
colum 10 at a position 40 cm below the top;9k colum 10 at a flow rate of
274 g/ h, which 20 colum 10 was conprised of a columm having an inner
dianeter of 2.5 cmand a packing height of 120 cm and had been packed wth

Di xon packings (3 59 é%g%% cdh8ui M8 Nderofl whiiehwehbgbaaibRadel Gas
y

m xture was heate er 6 and refurned to lower portion 8 of dis- 25

tillation colum Igisdioae-80d! tRBoRGhNEcABYL Y 20SaAar 8t mixtutasoifn §GC andm
10 was operated under conditions such that the pressure of upper portion 11

(above the upper mogdtst ages weshdradwi tAkbeugh Ben@hfitt dir) &mwdmt bewith-
tenperature of |ower portion 16 (below the | owernost stage) was 101 5
[err]C. A gaseousdféawalrporonpronidgdVifHaasddBMealdi of szeb&gopdem t he
top of low boiling point mxture- separating colum 10, was condensed by
means of con- denseixtdre-sdeparatibhgt bolnmpul¥anEGc dFferontenkds nodt lover
through conduit 14 (reflux ratio: 2) while the 10 remai nder of the
condensat e was recthardd9 999 gliskpuweight; and the total content of EC

and DEG: not higher than 0.1 ppb) was recovered at a
flow rate of 93 g/h. -
From the above dafa, it can be seen that the
10 conversion of EC was 100 %, the yield of DMC was 97 %
(DMC was produced at a production rate of 131 g/h), the
selectivity for DMC was not lower than 99 %, the yield
of high purity EG was not lower than 99 %, and the
selectivity for EG was not lower than 99 %. As appar-
15 ent from the above, EC did not remain in the hydrolysis
reaction mixture. Also, the productivity of DMC in
terms of the space time yield was: 131/0.5 = 262

g/liter-h.

20 Example 9
Using a system as shown in Fig. 10, dimethyl

carbonate (DMC) and ethylene glycol (EG) were continu-
ously produced from ethylene carbonaté (EC) and metha-
nol (MeOH).

25 Continuous multi-stage distillation column 1 was



formto continuous nmulti-stage distillation colum 1 at a position 100 cm
below the top of distillation colum 1 at a flowrate of 78 g/h. On the
ot her hand, a liquid (containing EG and NaCH i n concentrations of 97 15

% by wei ght and 3 % by wei ght, respectively) was with- drawn fromthe
bottom of colum 10, and a part of the w thdjyggwn |iquid was recovered from
the systemthrough conduit 20 at a flow rate of 22 g/h, while the renmain-
der of the withdrawn |iquid was heated by reboiler 18 20 and returned

to | ower. portion jpeatedVipigubitapiidl 1 WHe SR aiadindly | iHTEddhpYe
gaseous m xture con- taining EG and EC was w thdrawn froma w thdrawal port
provided in a sidg.wafhatf iegl whe resgectipesifiliown ¥ remndie|ROv (ted t op of
colum 10 at a flowrate of 174 25 g/ h, and condensed by neans of
condenser 21 to olthxomgh conii3d tr @dems atisctiwmntel MeQf E®AMMEC fed
concentrations of 90.3 % by weight and 9.7 % by wei ght, respectively). The
condensat e obt ai n&briougboceadidit 5D ,wand @ rselutiend afo sashium dwdroxide
hydrol ysis reactor 37 [which was of 5 . t he sane type as used in Exanple

1, and t he5i nt er nARSt nFatalyss Jadd towdene GFL¥galcH ShRQUEH IRt E: T
90 eI and o ot O e aebes ST 7 | SO Y e 5L M
compositions of the MeOH/DMC mixture and the catalyst ‘
solution were the same as in Example 7. Continuous
multi-stage aistillation column 1 was operated under
10 atmospheric pressure, and the temperature of upper
portion 4 (above the uppermost.stage) of the distilla-
tion column was 64 °C..:
A gaseous mixture distilled from the top of dis-
tillation column 1 was'condensed by condenser 7. A
15 part of the resultant condenséte (containing MeOH and '
DMC in concentrations of 62.6 % by weight and 37.4 % by
weight, respectively) was recovered from the system
through conduit 71 at a flow rate of 694 g/h, and the
remainder of the condensate was returned to upper
20 _ portion 4 of distillation column 1. A liquid reaction
mixture [containing low boiling point mixture (com—
prised of MeOH and DMC), EG and EC in concentrations of
28.5 % by weight, 65.1.% by weight and 6.1 % by weight,

respectively] was withdrawn from the bottom of distil-

25 lation column 1. A part of the withdrawn reaction



m xture withdrawmn fromthe top of diol-separating 10 colum 23 through
conduit 34, and water which was introduced via conduit 35 at a flow rate of
3.4 g/h, to thereby effect a continuous hydrol ysis reaction of the

condensat e obtai ned by condenser 21. The weight ratio of water to ECin the.
m xture introduced to continuous 15 -hyggglysis reactor 37 was 0.5. A

hydrol ysis reaction m xture was w thdrawn and’i ntroduced to gas-liquid

separator 39 through conduit 38, from which carbon di oxi de was di scharged

through conduit 4%%&%5&%&91‘ aEGaapdoVRaikeVaE Wrahg/awn dohneygh

cpnduit 22. 20_ e mnthdramn m xture of EG and water was fed to
di ol - separating Coﬁéﬂriﬁé ﬁéiﬁtpﬁikthﬁaré@pﬁﬁh?@h@“@bmamhonotmﬁhﬁgh,wd@ ch

colum 23 was conprised of a colum having an inner dianeter of 2.5 cm and
a packing hei ght obf 1€Re csaméntypadabeasefaticdxampleD7joatpacposdtiocn 29
mierr]). 140 Diol -separating colum 23 was operated under a pressure of
2.7 x 10[err] Pa (&b beloy thentapuofdcelumppz0 phrough 2énGalidvé.t h@he
uppernost stage). A gaseous mixture distilled fromthe top of
di ol - separ & i ng 5 remaindéxnof28heawithddawnedebgtivanmigturenvessbeaed
and a part of the resultant condensate was refluxed to the
by reboiler 6 and returned to lower portion 8 (below
the lowermost stage) of distillation column 1.
Low boiling point mixture-separating column 10 was
operated under conditions such that the pressure of
10 upper portion li (above the uppermost stage) was 1.3 x
103 Pa (10 torr) and the temperature of lower portion
16 (below the lowermost stage) was 103 °C. A gaseous
mixture (containing MeOH and DMC) withdrawn from the
top of column 10 was condensed by condenser 13 to
15 obtain a condensate. A part of the obtained condensate
was refluxed to upper bortion 11 of column 10 through
conduit 14 (reflux ratio: 2) while returning, through
evaporator 15, the remainder of the condensate in a
gaseous form to continuous multi-stage distillation
20 - column 1 at a position 120 cm below the top of distil-
lation column 1 at a flow rate of 78 g/h. A liquid
mixture (containing EG and EC in concentrations of 91.1
% by weight and 8.6 % by weight, respectively) was

withdrawn from the bottom of column 10, and a part of

25 the withdrawn liquid mixture was heated by reboiler 18



upper portion of colum 23 through conduit 27 (reflux ratio: 2) while the
remai nder of the condensate was returned to continuous hydrol ysis reactor
37 through 10 conduit 34 at a flowrate of 5.0 g/h. A liquid with-
drawn fromthe bottom of diol-separating colum 23 was heated by reboiler
30 and returned to colum 23. The tenperatupggof |ower portion 28 (bel ow
the | owernost stage) of diol-separating colum 23 was 110 [err]C Al so, 15
a gaseous fraction was recovered froma w thdrawal port provided in a side

wal | of colum 23 ghgaraefirheant801ewekepowtiba 16poF codumin 183 ahidd | ow
rate of 169 g/ h, and condensed by neans of condenser 33, to thereby obtain
EG (EG content: notheéoxremnaihder98£9the’whithdtawn miwtuget wasndeidhea apper
content of EC and DEG not higher than 0.1 ppb by weight). Fromthe above
data, it can be seporthanh 24e(abovevihei uppermbStwatage) «f coatilnsomsof
DMC was 93 % (DMC was produced at a production rate of 228.3 g/h), the 25
selectivity for DMiydmelwsis| seectihancoduwmnt 48 hawiing an)inner Bdametiery
hi gh purity was not |ower than 99 % and the selectivity for EG was not

| oner than®9 % ABEaBpameands porpckéngbbedghtcodi d580£M: e ARAN hiayinge been

hydrol ysis reaction njxture. Al so, the volu of
y y _ packed with-stainless-stegg gg&on packings (6 mm ¢),

through conduit 22 at a flow rate of 196 g/h.
Continuous hydrolysis reaction column 43 was .
operatéd under conditions such that the pressure of
10 upper portion 24 of the reactor was 2.5 x 104 Pa (190
torr) and the temperature of lower portion 28_(below
' the lowermost stage) ﬁas 156 °C. A gaseous mixture
distilled from fhe top of continuous hydrolysis reac~
tion column 43 was condensed by condenser 26, and the -
.15 resultaht condensate was introduced to gas-liquid
separator 39, from which carbon dioxide was discharged
through conduit 40 and a mixture of EG and water was’ |
withdrawn through conduit 42 at a flow rate of 58 g/h. .
A half of the ﬁithdrawﬁ EG/water-mixture was retu;nedﬂm&
‘20 - to upper pértion 24 of continuous hydroleis reactién l;
column 43 through conduit 27, while returning the
remainder of the mixture to continuous hydrolysis reac-
tion.column 43 at a position 100 cm below the top of
column 43, together with water which was introduced via

25 conduit 35. The weight ratio of water/EG in the mix-



5 the reaction zone was calculated as follows: V = (total vol une of
the transesterification reactors) + (volune of the continuous nulti-stage
distillation colum) = (0.2 + 0.1 + 0.1 + 0.1) + 0.628 = 1.13 liters.
Therefore, the productivity of DMCin terns of 10 the space tinme yield.
was: 228.3/1.13 = 202.4 g/liter.h. Exanple §4Ysing a systemas shown in

. Fig. 9, dinethyl car- bonate (DMC) and et hyl ene glycol (EGQ were

- continuously 15 produced from ethyl ene carbonate (EC) and net hanol
(MeOH). An ani on- ekghanietreducedasopachafini A3eaal Of 5.r apsgakebuki hicen
reactors A, B, C and D. Continuous nulti-stage distillation colum 1 was
operated in 20 tiegmbwasnvithdyawhe a&na fhowerate off Esanpl/a, 6 £remcapt
that the flowrate of EC fed through conduit 2 was 132 g/h, and a mxture
of MeOH and DMC (\iél girdraviel opott\pohivbied-185the) side Wwedlt bfocghumandai t
S5 at aflowrate of 381 g/h, to thereby effect a transesterifica- 25

tion reaction. CohtihuResSikirni130age bedev| thei sap of1golumhuds., 1ands

oper at ed under atnoiﬁgeric pressure, and-‘the tengﬁrature of upper portion 4
u

(above the Supper mRNERTRY BY GPREFNFEri 84, cbPuRheTeRisobkatn EGghEEous
content: not lower than 99.999 % by weight; and the

total content of EC and DEG: not higher than 0.1 ppb by
~weight]. A hydrolysis reaction mixture (containing EG.
in a concentration of 97 % by weight) was withdrawn

10 from the bottom of column 43, and a part of the with-
drawn mixture was recovered from the system through
conduit 32 at a flow rate of 22 g/h, while the remain-
der of the withdrawn mixture was heated by reboiler 30
and returned to lower éortion 28 of column 43.

15 From the above data, it can be seen that the
conversion of EC was 100 %, the yield of DMC was 93 %
(DMC was produced at a production rate of 228.3 g/h),
the selectivity for DMC was not lower than 99 %, the
yield of high purity EG was not lower than 99 %, and

20 - the selectivity for EG was not lower than 99 %. As
apparent from the above, EC did not remain in the
hydrolysis reaction migture. The productivity of DMC
in terms of the space éime yields was: 228.3/1.13 =
202.4 g/lifer-h.

25



m xture (containing MeOH and DMC of 55.1 % by weight 5 and 44.9 % by
wei ght, respectively) distilled fromthe top of continuous nulti-stage
distillation colum 1 was condensed by condenser 7 to obtain a condensate.
A part of the obtained condensate was recovered fromthe systemat a flow
rate of 419 g/ h. The remminder of the 10 31509 condensate was returned to
upper portion 4 of distilla- tion colum 1. Aliquid reaction mxture
[containing a | ow boiling point mxture (conprised of MeCH and DMC), EG and
EC in concentr at i Ewample280% by wei ght, 68.0 % by wei ght and 3.0 % by

wei ght, respectively] was with- 15 drawn fromthe bottom of
distillation colum 1.Usingaatspftemeasni showawinr Fdgt.i a4, nidimerthylas f ed,

at a flowrate of 133 g/h, to low boiling point mxture-separat- ing columm
10 (which was of carbenatet {PMCisandegthylerenplycol 4EGY perer comtdmucm
bel ow the top of colum 20 10. The remai nder of the w thdrawn
reaction m xture Wa8lyicareduged, 5em ethglgne carberaget  ECdnendydethar 8
(below the | owernpst sta e} of distillation colum 1. Low boiling point
nixture-sébanﬂirﬁP%o(%ﬁ&H ® was operated in substantially the same nmanner

in Exanpl e 25 7 t that_a liquid . i,t hd f th
123" bottom of | ow boi 1 SGEbORRPUM Fe4Es-SERPaELRG bRkt cotumn 17 11°

(which was of the same type as used in Example 7) was

operated in substantiafly the same manner as in Example
7, except that the mixture of MeOH and DMC (MeOH/DMC

10 weight ratio = 85/15) was continuously fed to continu-
ous multi-~stage distillation column 1 at a flow rate of
614 g/h. Continuous multi-stage distillation column 1
was operated under atmospheric pressure, and the tem-
perature of upper portion 4 (above the uppermost stage)

15 -of the distillation column was 64 °C.

A gaseous mixture distilled from the top of dis-
tillation column 1 was condensed by condenser 7 to
obtain a condensate. A part of the obtained condensate”
(containing MeOH and DMC in condentrations of 53.2 % by

20 weight and 46.8 % by weight, respectively) was recov-

| ered from the system through conduit 71 at a flow rate
of 680 g/h. The remainder of the condensate was re-
turned to upper portion 4 of distillation column 1. A
liquid reaction mixture [containing low-boiling point

25 mixture (comprised of MeOH and DMC), EG and EC in



10 through conduit 20. The tenperature of |ower por- tion 16 (below the

| ower nost stage) and pressure of upper portion 11 (above the uppernost
stage) of low 5 boiling point m xture-separating colum 10:were 102
[err]C and 1.3 x 10[err] Pa (10 torr), respectively. A gaseous m xture
contai ning MeOH and DMC distilled fromthe ggp of |ow boiling point

m Xt ure-separating colum 10 was condensed by condenser 13 to obtain a
condensate. A 10 part of the obtained condensate was returned to upper

portion 11 of col usdndénthatiighscendart 614, bgndelighty, e68i. 2d&r bef welight
condensate was recycled in a gaseous formto continuous nulti-stage
distillation col unand tla%pbgi wedghtO)Orespketiwveliyd wep witbdrawn from

t hrough 15 evaporator 15 at a flow rate of 38.5 g/h. A gaseous

m xture (contai ni mfgh&PdahtioBE®Endistidhationogolymngs,sandphp warghofafhes. 2
% by wei ght, respectively) was withdrawn froma w thdrawal port provided in
a side wall of |owbbhdraynpseactiprt nigtysparasi §§deoPling fdopprate of; 5

flowrate of 94 g/h, and condensed by neans of condenser 21 to there
obtain a cdndensat#/2T8&hebtai FERtiBHANSS BYETRAYSLEITRECAIOR FOHEPNER ur e-
separating colum lon_40 cm bel e togﬁgf col u

47l i t t 47, .
together with a.IiﬁﬁfﬁhﬁﬁﬁgginFFOGﬁégﬁtﬁg °%Wb'BhF8u c8nB§cfing height
Wit hdrawn fron‘ga%é%'ﬂgbdcﬁeg%rgtggsition 90 cm below the top of column

- 43 [which continuous hydrolysis reaction column 43 had

been packed with stainless-steel Dixon packings

10 (6 mm ¢), and the pressure of upper portion 24 (above
the uppermost stage) was 2.7 = 104 Pa (200 torr) and
the temperature of lowér portion 28 (below the lowerf
most stage) was 161 °C]. A gaseous mixture withdrawn
from the top of continuous hydrolysis reaction column

15 43 was condensed by condenser 26, and the resultant
condensate was introduced to gas-liquid separator 39,
from which carbon dioxide was discharged through con-
duit 40, and a mixture of Meoﬁ and DMC was withdrawn
from the bottom of gas-liquid separator 39 through

20 cénduit 42 at a flow rgte of 75 g/h. During the gas-
liquid separation, nitrogen gas was fed to the lower
portion of'gas-liduid-separator 39 through conduit 45,
in.order to separate carbon dioxide from the 1iquid
mixture of MeOH and DMC. A part of the withdrawn

25 MeOH/DMC.mixture was returned to continuous multi-stage'



144 39 (which was of the sane type as used in Exanple 2). As azeotropic

m Xt ure-separating colum 47, the sane type of columm as the

di ol -separating colum 23 used in Exanple 7 was enpl oyed. Azeotropic

m xture- 5 separating colum 47 was operated under conditions such
that the pressure of upper portion 24 (abovggbhe upper- nost stage) was 2.7
x 10[err] Pa (20 torr), and the tenper- ature of |ower portion 28 (bel ow
the | owernost stage) was 112 [err]C. A gaseous mxture distilled fromthe

‘top 10 . of azegi 5Pl taWivhUEe18mRAAakhRoug® BRRpbratet A® -atdeNgrsbiby
- condenser 26 to obtain a condensate. A part of the obtained condensate was

fed to continuous gy8ho120Y&inSbegaGt @he3topMIifC khend isftilllatiame dolpmmat
used in Exanple 7, and the tenperature and internal pressure of 15

whi ch were mai nt ai aeflew +88eCo&ni52gBhy WA 1Ba reRarkdngn? tBrough conduit
respectively] through conduit- 34 at a flowrate.-of 45.6 g/h, together with
wat er whi ch was i n27p- tHacedmaiaderndfi thaSmiktarel do upperopodtday 124 taf
~thereby effect a continuous hydrolysis reaction of EC 20 in the
~condensat e §t he wetghtinuous bydwelysisoreectipnogedsan: 43r-cactor 37 was -

- 0.6). The remai nder of the condensate_was: refluxed to the upper portion of

azeotropic nixture-sepaPaligyidohyfnolysiserrastion gixipres (Fpptaipdng

éreaction_nixture wit hdrawn from 25 1 h¥d59I¥sL§ regc %5 %L§M¥§€E§}£#%

. gas-1iquid separatBf in a concentration o Y g

| from the bottom of continuous hydrolysis reaction
column 43, and a part of the withdrawn mixture was

10 recovered through conduit 32 at a flow rate of 22 g/h.
The remainder of the withdrawn mixture was heated by
reboiler 30 and returned to lower portion 28 of column
43, toggther with water which was introduced to the
inlet of reboiler 30 at a flow rate of 3.9 g/h so that

15 the concentration of wéter in above-mentioned conden-
satelderived from the gaseous mixture withdrawn from
the top of column 43 was maintained at a concentration
not more than 50 ppm. The weight ratio of water to EC
in the mixture fed to continuous hydrolysis reactor 43

20 was 0.33. From a withdrawal port provided in a side
wall of column 43 at a position 230 cm below the top of
column 43, a mixture of EG and a small amount of water
was recovered through condenser 33. The recovered

mixture was analyzed and, as a result, it was found

25 that the recovered mixture contained only EG and water.



145 39 through conduit 38, from which carbon di oxi de was di scharged t hrough
conduit 40 and a m xture of EG and water was w t hdrawn through conduit 41.
Froma with- drawal port provided in a side wall of azeotropic 5

m xt ur e-separating colum 47, EG (EG content: not |ower than 99.999 % by
wei ght; and the total content of EC and DEGjsmot higher than 0.1 ppb) was
recovered at a flow rate of 93 g/h. Fromthe above data, it can be seen
that the 10 conversion of EC was 100 % the yield of DMC was 97 % (DMC
was produced at a phedECbivoRatat 8£0thé3higitre,t BEFtes! eeinovialy ofortHVC was
not lower than 99 % the yield of high purity EG was not |ower than 99 %
and the sel ectivi tyater, Edasai6goyg/howerheh@c @onitents ofphe mixture wast
fromthe above, EC did not remain in the hydrolysis reaction m xture. Al so,
t he productivity ochoPMlowert thas 6P.0B8 $phyewedgbtyield was: 131/0.5 = 262

g/liter.h. 20 Exanpl e 9 Using a systemas shown in Fig. 10, dinethyl
carbonate (DMC) and et hfremetheysbpveE@ptaer dtcean b seed Fhetodeed from
et hyl ene carbonate (EC) and netha- nol (MeOH). 25 Cont i nuqus

mul ti - st ageb di sti | FERVERSEBPURE ECwH@s 100 %, the yield of DMC was 92 %
(DMC was produced at a production rate of 225.9 g/h),

the selectivity for DMC was not lower than 99 %, the
_ yvield of high purity EG was not lower than 99 % and the
selectivity for EG was not lower than 99 %. As appar-
10 | ent from the above, EC did not remain in the hydrolysis
reaction mixture. The productivity of DMC in terms of

the space time yield was: 225.9/1.13 = 200.3 g/liter-h.

15

20

25



146 operated in substantially the same manner as in Exanple 7. That is, the
respective flow rates of EC (fed through conduit 2), a m xture of MeOH and
DMC (fed through conduit 5), and a solution of sodium hydroxide 5 (as
a catalyst) in ethylene glycol (fed through conduit 2') were the sane as in.
Exanpl e 7, and the respective conpositions gfkysthe MO/ DMC mixture and the
catal yst solution were the sane as in Exanple 7. Continuous nulti-stage
distillation colum 1 was operated under 10 at nospheri c pressure, and
the tenperature of upper portion 4NSUPMeIADLARPPPECABBLITY age) of the
distilla- tion colum was 64 [err]C A gaseous mxture distilled fromthe
top of dis- tillation ceyuthelméghodobdicthedpirgsentddnvention) it becomesr t
of the resultant condensate (containing MeOH and DMC i n concentrations of
62.6 % by wei ght apds8ible%hatwai dhtlkydsparbonalte) ands ar bdghe padriftyom t he
system through conduit 71 at a flow rate of 694 g/h, and the remai nder of

t he condensat e wasdieluisedontinppuslgOproducgdr firom & e¥cdist iclarhongte
colum 1. A liquid reaction mxture [containing | ow_boiling point mxture
(com prisesl of Mempfdand Bhiphakicamgnpbydricoadepbrdri ¥ihohigh pradwe-

wei ght, 65.1 % by weight and 6.1 % by wei ght, ,
tivity, without using a large reactor or a complicated

separating system, irrespective of whether the feed-
stock aliphatic monohydric alcohol does not contain or
contains a concomitant dialkyl carbonate in an amount

10 up to 40 ¥ by weight.

15
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25



respectively] was withdrawn fromthe bottom of distil-

25 | ati on

colum 1. A part of the w thdrawn reaction 147 m xture was fed, at a
flowrate of 274 g/h, to | ow boiling point mxture-separating colum 10

[which was of the sane type as used in Exanple 7] at a p

the top of columm 10 through conduit 9. The g
W t hdrawn reaction m xture was heated by reb PPer

r emai
6 and

A TR O

reéturfned t9 | dwer

portion 8 (below the | owernost stage) of distillation colum 1. Low boiling
nder conditions such that
he upper nost stage) was

poi nt m xture-separating colum 10 was oper
the pressure of 10 upper portion 11 (
1.3 x 10[err] Pa (10 torr) and the tenperature of

| ower

portion 16 (bel ow

t he | owernost stage) was 103 [err]C. A gaseous m xture (containing MeOH and
DMC) wi t hdrawn from t heat gatAbdC eb¥NBoALi HESUSPPUIBPS&HcRigCaANEdeRIRY113ak0
15 obtain a condensate. A part of the obtained condensate was
refluxed to upper péhatenand af dielufPomOat ByEUPE 6&PHuhbtd4andekhux rati o:

2) while returning, through evaporator 15, the renainder

of the condensate

in a gaseow form abipbhaticumoaohytiriesaigehdlst cbprishng® colum 1
at a position 120 cmbelow the top of distil- lation colum 1 at a flow
rate of 78 g/h. A liquifil) continuously feeding a cyclic carbonate repre-

sented by the following formula (A):

| /\
0 \/

()

wherein Rl is a divalent group represented by

thg formula ——(CHz)m——,-wherein m is an infe-

ger of from 2 to 6, which is unsubstituted or

15 substituted with at least one substituent

selected from the group consisting of a Cy -

C10 alkyl group and a Cg - Cjg aryl group,

and an aliphatic monohydric alcohol represented by the

following formula (B):

20 R20H

(B)

wherein R? is a monovalent aliphatic Cy - Cqp

hydrocarbon group which is unsubstituted or

substituted with at least one substituent

selected from the group consisting of a Cy -

25 Cio alkyl group and a Cg - Ci1p0 aryl group,



m xture (containing EG and EC in concentrations of 91.1 % by wejight and-8.6
% by wei ght, respectively) was withdrawn fromthe bottom of colum 10,  and

8 O 28 g LS haraun 1 qu 6 mxture ves g AN RIS

*

the withdrawn nixture was fed to upper portiqgg24 (above fheLupﬁernDst
stage) of continuous hydrolysis reaction colum 43 having an inner dianeter
5 of 5 cmand a packing height of 150 cm and havi ng been packed with

stainl ess-steel D xgnapaphkiciftous milltelslthge! Big¥dN16@380 toddmal, hidrow
rate of 196 g/ h. Continuous hydrolysis reaction colum 43 was operated

under conditions sdgeh EBal Ghephaticumenohyd@ic alcohpdl coditiaios 24 coh-t he
reactor was 2.5 x 10[err] Pa (190 torr) and the tenperature of |ower

portion 28 (bel ow tbailcantr dialkylagerboaatiSan] anr h@iouhtyafe EuromriOx thar 40
distilled fromthe top of continuous hydrolysis reac- - tion colum
43 was condensed b$ bgnwerngbt,2daseddonh&hestotal wedghttapf seddeeddphatas
i ntroduced to gas-1iquid separator 39, from which carbon dioxide was
di schar ged % hr oughicomenphydrignalaoholt and spipGeangomditantnsd-adikyidr awn
t hrough conduit 42 at_a flow rate of 58 g/h. A half of the wi thdrawn
EG wat er mi xture wearpengitgeqand qontinuously effecting a transesterifi-
cation between said cyclic carbonate and said aliphatic
monohydric alcohol in the presence of a transesterifi-
cation catalyst in at least one reaction zone_selected
10 from the group-consisting of
(a) said multi-stage distillation column, and
(b) at least one transesterification reactor which
is disposed outside of said multi-stage distillation
column and which has an inlet and an outlet, each
15 fluid-tightly communicating with said multi-stage
distillation column,
thereby continuously producing a dialkyl carbonate and
a diol,
while continuously withdrawing a low boiling point
20 mixture containing'the produced diélkyl carbonate in a
gaseous form from an upper portion of said multi-stage
distillation column and continuously withdrawing a high
boiling point mixture containing the produced diol and

unreacted cyclic carbonate in a liquid form from a

25 lower portion of said multi-stage distillation column,



20 to upper portion 24 of continuous hydrolysis reaction colum 43

t hrough conduit 27, while returning the remainder of Thé mxture to
continuous hydrolysis reac- tion colum 43 at a posi f) iﬂﬂ HI“““ t'he
top of colum 43, together with water which was intr“nﬂu Imm :
conduit 35. The weight ratio of water/EG injidge mx- + €149 ttres *
~introduced to colum 43 was 0.5. A gaseous frac- tion was withdrawn, at a
flowrate of 169 g/h, froma wi thdrawal port provided in the side wall of
colum 43 at a positionyhd@edd RBeAWsERE ttRRndesterdT chtioN'd O conducted
condensed by condenser 33, to thereby obtain EG [EG content: not |ower than
99.999 % by wei ght inasdifiherhakaktesiifddationEreartodbGa Naiquiidy Falowi
0.1 ppb by weight]. A hydrolysis reaction mixture (containing EGin a
concentrati on of 9do¥mbinmstdehspidamulitirétage 8istillaftiomn dodumet tiem of
colum 43, and a part of the with- drawn m xture was recovered fromthe
syst em t hr ough condantiggously withdrawe chraagl ht eslst one wdrbhidrawddr
of the withdrawn m xture was heated by reboiler 30 and returned to | ower
portion 28 ®»f col uRRTE3Preyided in a sidgnivald Qfokhedmudti-stege iddsdddm
that the conversion of EC was 100 % the yield of DMC was 93 % ( DMC was
produced at a prodi@ti8R Falumpr asr8 poghfpion or positions thereof corre-

sponding to a stage or stages selected from the group

consisting of intermediate stages and a lowermost stage
of said multi-stage distillation column, and said

10 .withdrawn liquid is continuously introduced to said
transesterification reactor through said inlet the:eof.
to thereby contact the cyclic carbonate and aliphatic
monohydric alcohol contained in said withdrawn liquid
with said transesterification catalyst and effect a

15 transesterification between said cyclic carbonate and
said aliphatic monohydric alcohol, whereupon the re-
sultant reaction ﬁixture is continuously withdrawn from
said at least one transestefification reactor through
said outlét thereof and recycled to said multi-stage

20 distillation column through an introduction port pro-
vided in the side wall of the multi-stage distillation
column at a position above the or each withdrawal port;
and

(2) continuously feeding water and said high

25 boiling point mixture withdrawn from the lower portion



the selectivity for DMC was not |ower than 99 % the yield of high purit

EG was not lower than 99 % and 20 t he sel ecti vity-fer—EGwas not -

| ower than 99% As apparent fromthe above, EC did not r I, Del

hydrol ysis reaction m xture. The productivity of DMC i “ “ﬂ!gﬂ!bace
time yields was: 228.3/1.13 = 202.4 g/Iiter.HSBZS 1% Ing a

systemas shown in Fig. 11, dinethyl carbonaté@ (DMC) and et hyl ene gl ycol
(EG were continu- ously produced from ethylene carbonate (EC) and netha- 5

nol (MeOH). Conti nH@“E?anLF\gl%LaQ%aebshiigl't@.g.ilf&%i% | W uhn( W StepAg19f dde

sanme type as used In was - operated I n substantially the sane

manner as in ExanphecdntenGeits hjaroheid redctos!, MeOdnardpyMe fede@aDMC

10 wei ght ratio = 85/15) was continuously fed to continu- ous
mul ti-stage distil&aht2AueakURgdtoaysids’ bEwsadde ubirebbted BycTdid idaous
mul ti-stage distillation colum 1 was operated under atnospheric pressure,
and the tem peratboaaté apfeprpduteca dipiband dhsrbonpdioxdidest age)lel 5
of the distillation colum was 64 [err]C.
5 continuously withdrawing the resultant hydrolysis
reaction mixture containing the produced diol from said

continuous hydrolysis reactor.

2. The method according to claim 1, wherein the
10 . conversion of said cyclic carbonate in step (1) is from

80 to 99 %.

3. The method according to claim 1 or 2, wherein, in
step (1), said cyclic carbonate in a liquid form is
15 continuously fed to an upper portion of said continuous
"multi-stage distillation column, and said aliphatic
monohydric alcohol in a gaseous form is continuously
fed to a lower portion of said continuous multi-stage
distillation column. |
20
4. Thé method according to any one of claims 1 to 3,
wherein, in step (2), said continuous hydrolysis of
said unreacted cyclic carbonate is conducted in the
presence of at least one hydrolysis catalyst selected

25 from the group cdnsisting of a solid catalyst and a



A gaseous m xture distilled fromthe top of dis- tillation colum 1 was
condensed by condenser 7 to obtain a condensate. A part of the obtained
condensate (containing MeOH and DMC in concentrations of 53.2 % by-26—
wei ght and 46.8 % by wei ght, respectively) was recau- 4red7romthe ﬁystem

through conduit 71 at a flow rate of 680 g/ hgdhe rema \“\
condensate was re- turned to upper portion 4 0 dISt b

liquid reaction mixture [containing |ow boiling p0|n h1xture _
(conprised of MO, dilaus Easddy &€ i n 151 concentratlons of 27.6 %
by weight, 65.2 % by weight and 7.1 % by wei ght, respectively] was

w thdrawn fromthe bottomof distillation colum 1, and a part of the

wi t hdrawn reaction m xture was fed, at a flowrate of 5 272 g/ h, to
conti nuous hydrol y&i s rfeetmethad| arroXdi g viogamy omaesf dchabher1oto24)5 cm
and a packing height of 250 cmat a position 90 cm bel ow the top of colum
43 [whi ch conti nuodsereidt aadsd shighadohing| poednd nirtube cwmi phdkawn WwErom

st ai nl ess-steel D xon packings 10 (6 nMm[err]), and the pressure of
upper portifon 24 (mbewen fropin rm%tszsi@g@qanus nulit] e Fag@adistbl -
torr) and the tenperature of | ower portion 28 (below the |ower- npst stage)
was 161 C]. A gasddtsiqn @akwnn,imFEgm (1) contains said aliphatic

monohydric alcohol and said dialkyl carbonate, and
wherein said high boiling point mixture is continuously
introduced, prior to the feeding thereof to said con-

10_ .tinuous hydrolysis reactor in step (2), to a low boil-
ing point mixture—sepafating column which is comprised
of a continuous multi-stage distillation column, and
wherein a low boiling point mixture containing said
aliphatic monohydric alcohol and said dialkyl carbonate

15 which are contained in said high boiling point mixture
is continuously withdrawn from an,uﬁper portion of said
low boiling point mixture-separating column, while
continuously withdrawing a high boiling point mixture
containing said unreacted cyclic carbonate and said

20 diol from a lower portion of said low boiling point
mixture-separatinglcolumn,

wherein said low boiling point mixture withdrawn

from the upper portion of said low boiling point mix-
fure—separating column is continuously recycled to said

25 multi-stage distillation column used in step (1), while



fromthe top of continuous hydrolysis reaction colum 15 43 was
condensed by condenser 26, and the resultant condensa%e—was*ﬁnrrﬁaﬁﬁéa—“o

gas-liquid separator 39, fromwhich carbon di oxi de was
con- duit 40, .and a mxture of MeCH and DMC was wit hdr ﬂ r““ m‘
of gas-liquid separator 39 through 20 cq! |t 42 a owhr ate of 75

g/h. . During the gas- |iquid separation, n|trogen gas was fed to the | ower-
portion of gas-liquid separator 39 through conduit 45, in order to separate

carbon dioxi de fr OEbhtll.g.nlubﬁ'éll‘} Boddinly YailleHH AN SIMNEnP gt Hidthre

W thdrawn 25 DMC m Xture was returneéﬂpo contlnuous mul ti-stage

152 distillation cah%mrawwrf%ah SAMA Ao VoilAry pbiRfsimidture-sdpsrat-
bel ow the top of the distillation colum at a flowrate of 75 g/h, while

returning, throughiagnéolumd/ td baidesonvitiucils HyRr6l¢ire deadperused
portion 24 of 5 continuous hydrolysis reaction colum 43. Aliquid

hydrol ysi s reacti odnmistep € 2)contai ning EGin a concentration of 97 % by
wei ght) was wi thdrawn fromthe bottom of continuous hydrolysis reaction

colum 43, &and a part of the withdrawn m xture was 10 recovered

t hrough conduit 32 at a flowrate of 22 g/h. The renminder of the w thdrawn
m xture was heat edbby The method according to any one of claims 1 to 5,

wherein said continuous hydrolysis reactor is selected
from the group consisting of a tube reactor and a.
vessel reactor, and wherein the produced hydrolysis

10 .reaction mixture containing said diol and said carbon
dioxide is continuously introduced to a diol-separating
column which is comprised of a continuous multi-stage
distillation column and wherein said diol 'is continu-
ously withdrawn from a lower portion of said diol-

15 separating column, while continuously withdrawing a low
boiling pbint mixture containing said carbon dioxide

from an upper portion of said diol-separating column.

7. The method according to claim 5, wherein said

20 continuous hydrolysis reactor is a hydrolysis column
comprised of a continnous multi-stage distillation
column, and wherein a high boiling point mixtufe con-~
taining said diol is withdrawn from a lower portion of
said continuous hydrolysis column, while continuously

25 withdrawing a low boiling point mixture containing said



reboiler 30 and returned to | ower portion 28 of colum 43, together with
wat er which was introduced to the inlet of reboiler 30 at a oW T

3.9 g/h so that 15 t he concentration of water mi"nl

conden- sate derived fromthe gaseous m xture vmthdra ﬂmm,”mE m’
colum 43 was nmintained at a concentration § mor e 't hdn 50

weight ratio of water to ECin the mxture fé€dto continuous hydronS|s
“reactor 43 20 was 0.33. Froma withdrawal port provided in a side
wal | of colum 43 é&rﬁoﬁoaibkgaezigoﬁ”hgehﬁ EhgoEQEoﬁf ofOLHTR 43ntdnuous
m xture of EG and a snmall anount of water covered through condenser
33. The recovered Hyakglgsm@scgmghﬁzed and, as a result, it was found 25
that the recovered m xture contained only EG and water. 153 The fl ow
rate of the mxture, after renoval of the water, was 169 g/h. The EG
content of the nixture was not |ower than 99.999 % by weight. Fromthe

- above data, it can8be sthe mb&hotihactordingctovelaimn70f whEredn 20 d%hiighe
yield of DMC was 92 % (DMC was produced at a production rate of 225.9 g/h),
“the selecti¥ity fobobDlMingapoihot miwsurehwd thdréwnt fizop the dbwierypopdiiliony

EG was not lower than 99 %and the selectivity for EG was not |ower than 99
% As appar - of said low boiling point mixture-separating column is

continuously introduced to said continuous hydrolysis
column through an introduction port provided in a side
wall of said hydrolysis column at a position above a

10 .withdrawal port provided in a side wall Qf said contin-

uous hydrolysis column for withdrawing said diol.

9. The method according to claim 7 or 8, wherein said
water is continuously introduced to said continuous.
15 hydrolysis column at a position above said withdrawal

port for withdrawing said diol.

10. The method according to claim 5 or 8, wherein said
cyclic carbonate is capable of forming a minimum boil-
20 ing point azeotropic mixture with said diol, and wher-
ein said high boiling point mixture Withdrawn from the
lower portion of said low boiling point mixture-sepa-
rating column is continuously introduced to an azeotro-
pic mixture-sepérating column prior to thé feeding of

25 said high boiling point mixture to said continuous



10 ent fromthe above, EC did not remain in the hydrolysis reaction
m xture. The productivity of DMC in terns of the space_tine yield was:

225.9/1.13 =

200.3 g/liter.h. 15 20 25 154 | NDUSTRI AL APPLI CABI LI TY By

t he met hod of the present invention, it becones possiblﬂ ”Hﬂlﬁ n
carbonate and a high purity diol is continuoyghy produ mnﬂmm H

carbonate 5

and an aliphatic nmonohydric al cohol, w'th®hi'gh "%rddué-

tivity, without using a large reactor or a conpllcated separating system

i rrespective of whayleblyesf ee@actdirCyhalliedbahitd nwenehydiitnaraiiely ‘3&%&
not contain or contains a concomtant dial kyl carbonate in an anDunt

up to 40 % by melgumollﬁraﬁ a5 lowelSportion of said azeotropic mixture-

10

15

20

25

separating column and continuously withdfawing a low
boiling point mixture containing the minimum boiling
point azeotropic mixture of said cyclic éarbonate with
said diol from an upper portion of said azeotropic
mixture-separating column, and wherein said low boiling

point mixture withdrawn from the upper portion of said

azeotropic mixture-separating column is introduced to

said continuous hydrolysis reactor to effect a hydroly-

sis reaction and obtain a hydrolysis reaction mixture.

11. The method according to claim 10, wherein said
hydrolysis reaction mixture is recycled to said azeo-

tropic mixture-separating column.

12. The method according to any one of claims 1 to 4,
wherein said high boiling point mixture withdrawn from
a lower portion of said continuous multi-stage distil-

lation column in step (1) contains said aliphatic

monohydric alcohol and said dialkyl carbonate, wherein

said continuous hydrolysis reactor is a continuous
hydrolysis column comprised of a continuous multi-stage
distillation column, and wherein a low boiling point

mixture containing said monohydric alcohol, said dia-



CLAI M5 1. A net hod for continuously producing a dialkyl car- bonate and a

diol froma cyclic carbonate and an 5 al i phati c nonohydric alc
conprising: (1) continuously feeding a cyclic car bonatmmmm

the followng fornmula (A): 10 [err] wherein Rerr] is lmﬂmm
represented by the fornula -(CHerr])[err]-, j¢erein m% s cantinte-s ger of
.from2 to 6, which is unsubstituted or 15 substituted with at

| east one substituent selected fromthe group consisting of a CJerr] -

Clerr] alkyl groupiagd esa®benalte aﬁhe%rdldaaérwrpmoﬁ@é 3 %drmﬁido%sly
nonohydri c al cohol represented by the followng fornmula (B):

[err] wherein R erglitharawiDEewhl @n! uppeRhPoreiCe ot said efddtlhmﬂé:arbon
group which is unsubstituted or substituted with at | east one substituent

sel ected fromthe bhydwplgeisi sbillagnofind Teeyiclled 2o said contifuwiug al kyl
group and a CJerr] - Cferr] aryl group, 156 to a continuous nulti-stage
distillation col umulghiestage distillation column used in step (1), while

5 continuously withdrawing said diol from a lower portion

of said continuous hydrolysis column.

13. The method according to claim 12, wherein said
carbon dioxide or both of said carbon dioxide and said
10 -water are removed from said low boiling point mixture
withdrawn from the upper portion of said continuous
hydrolysis column prior to the recycling of said low
boiling'point mixture to said continuous multi-stage

distillation column used in step (1).

15
14. The method according to claim 12 or 13, wherein
said high boiling point mixture withdrawn from the
lower portion of said contihuous'multi—stage distilla-
tion column used in step (1) is fed to said continuous
20 hydrolysis column'at.a position above a withdrawal éort

provided in a side wall of said continuous hydrolysis

column for withdrawing said diol.

15. The method according to any one of claims 1 to 14,

25 wherein said cyclic carbonate is ethylene carbonate and



ein said aliphatic nonohydric al cohol contains a con- comtant dialkyl
carbonate in an anount of fromO to 40 % by wei ght, -based—oen—the-total—

wei ght of said aliphat- 5 i ¢ nonohydric al cohol i ] t ant
di al kyl carbonate, and continuously effecting a tranj ﬂﬂ'"l wﬂﬂ :M"L
bet ween said cyclic carbonate and said aliphikhc non dCL I t he

presence of a transesterifi- cation catalyst™n at |east one reaction zone
sel ected 10 fromthe group consisting of (a) said multi-stage '
distillation colu n s A s T ristl Gahl Foml j ch
i s disposed outsig%a%? géﬁghﬁﬁﬁFi@gﬁgggagﬁét?FFQ?Pgnl%o%%%ﬁﬂgﬁ%pmhichtﬁgi
an inlet and an 9”#&8&p £€8ABis%ing off hEitHahbdNt EXha@dIUNnCpriopanyit, h isy-d
mul ti-stage distilTation colum, Thereby continuously producing a dialkyl
carbonate and a di gkop#hbhe fOBLIEAHBUS! Ysvi-badaanl)Jsac-butasicl agd dertt-20
m xture containing the produced dial kyl carbonate in a gaseous formfrom an
_upper portion of sBudafvllli-stage distillation colum and continuously

wi t hdrawi ng a high boiling point nixture containing the produced diol and
unreacted cyclic carbonate in a.liquid formfroma 25 | ower portion of

said nulti-stage distillation colum,
16. The method according to claim 15, wherein said

cyclic carbonate is ethylene carbonate and said

aliphatic monohydric alcohol is methanol.

10
15
20

25



157 wherein when said transesterification is conducted in said
transesterification reactor, a liquid flow hg- down inside said nmulti-stage
distillation colum is continuously w thdrawn through at |east one

wi t hdrawal 5 port provided in a side wall of the multi-stage distil-

| ation columm at a position or positions thaesf corre- sponding to a stage
or stages selected fromthe group consisting of internediate stages and a

| ower nost stage of said nulti-stage distillation col.um, and said 10
withdrawn |iquid is continuously introducBBSTRBAEEI d transesterification
reactor through said inlet thereof to thereby contact the cyclic carbonate
and al i phati c nonohpPdscdosesoid ac sertdiode £arh apaytd nMausdvamradusing \@ t h
said transesterification catalyst and effect a 15 transesterjfi-cation

between sai d cfEPLEYdarBERPEtEn @ chiad HHlph SIPTHEHAG Al AHag 2
shereupon he Lecgil Lanh betel Lo MXLe conuaisl, Wi o
on eovol 0 BoRRUMINE g ATR ABe, atedil LELGR VI AGRAY o
O ot oy WsBh el ISR S50U8d bl b MBI P
wi t hdrawn fromgihe;la¥eheP@ildtdllation column and/or at least one transe-
sterification reactor which communicateé.fluid-tightly with
the distillation column, while continﬁously withdrawing a
10 - low boiling point gaseous mixture containing the produced
dialkyl carbonate from a upper portion of the distillation
column and a higﬁ boiling point liquid mixture from a lower
portion of the distillation column; and (2) continuously"
feeding water and the high boiling point mixtufe to a hydro-
15 lysis reactor, to thereby effect a continuous hydrolysis of
the uhreacted‘cyclic carbonate contained fherein and produce
a diol and carbon dioxide. By the method of the present
invention, it becomes possible to produce a dialkyl car-
bonate and a high purify diol, with high productivity, e&en
20  when the feedstock aliphatic monohydric alcohol contains a

concomitant dialkyl carbonate.

25



158 of said nulti-stage distillation colum in step (1) to a continuous
hydrol ysis reactor, to thereby effect a continuous:#fiydrol ysis of said
unreacted cyclic car- bonate and produce a diol and carbon dioxide, while 5
continuously w thdrawi ng the resultant hydrolysis reaction m xture
cont ai ning the produced diol fromsaid continuous hydrolysis reactor. 2.

The nmet hod ‘according to claim1, wherein the 10 conversion of said
cyclic carbonate in step (1) is from80 to 99% 3. The net hod accordi ng
toclaim1 or 2, wherein, in step (1), said cyclic carbonate in a liquid
formis 15 continuously fed to an upper portion of said continuous

mul ti-stage distillation colum, and said aliphatic nonohydric alcohol in a
gaseous formis continuously fed to a | ower portion of said continuous
multi-stage distillation colum. 20 4. The met hod according to any one of
claims 1 to 3, wherein, in step (2), said continuous hydrolysis of said
unreacted cyclic carbonate is conducted in the presence of at |east one
hydrol ysi s catal yst sel ected 25 fromthe group consisting of a solid

catal yst and a
FIG.1

2 Q4 }—2
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159 honogeneous catal yst. 5. The nethod according to any one of clains 1 to
4, wherein said high boiling point mxture withdrawn fromb5 a | owner
portion of said continuous nulti-stage distil- lation colum in step (1)
contains said aliphatic nonohydric al cohol and said dial kyl carbonate, and
wherein said high boiling point mxture is continuously introduced, prior
to the feeding thereof to said con- 10 ti nuous hydrolysis reactor in
step (2), to a low boil- ing point mxture-separating columm which is
conprised of a continuous nulti-stage distillation colum, and wherein a

| ow boiling point mxture cont ai+t i ' i nohydri c al cohol and
sai d dial kyl carbonate 15 ich are contained inh said high boiling
point m xture is continuously thdrawn from upper portion of said | ow
boi ling point m xture-separatin [ ont i nuou t hdrawi ng a
hi gh boiling point m xture cont rbonate and

)

said 20 diol froma |lower portion of
m Xt ure-separating col um, mher?in said |g i LA wi t hdr awn
fromthe upper portion of said lfow boiliry f i
colum is continuously recycled|to said 25 k- Siéﬁﬁkéﬂ {11 atgpn
colum used in step (1), while N
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160 continuously feeding said high boiling point m xture withdrawn from
said |l ow boiling point m xture-separat- ing colum to said continuous
hydrol ysis reactor used in step (2). 5 6. The net hod according to any one
of clainms 1 to 5, wherein said continuous hydrolysis reactor is selected
fromthe group consisting of a tube reactor and a vessel reactor, and
wherein the produced hydrolysis 10 reaction m xture containing said
di ol and said carbon dioxide is continuously introduced to a

di ol -separating colum which is conprised of a continuous nulti-stage-
distillation colum and wherein said diol is continu- ously wthdrawn from

a |lower portion of said diol- 15 separating colum, while continuously
wi t hdrawi ng a | ow boiling point m xture containing said carbon di oxi de from
an upper portion of said diol-separating colum. 7. The net hod accordi ng
to claimb5, wherein said 20 continuous hydrolysis reactor is a

hydr ol ysi s col unm conprised of a continuous nmulti-stage distillation
colum, and wherein a high boiling point mxture con- taining said diol is
wi thdrawn froma | ower portion of said continuous hydrolysis colum, while
conti nuously : _

FIG.3
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25 wi thdrawing a | ow boiling point m xture containing said car bon
di oxi de from an upper portion of said continuous hydrolysis colum. 8.

The net hod according to claim7, wherein said high 5 boi | i ng poi nt

m xture withdrawn fromthe | ower portion of said | ow boiling point

m xt ure-separating colum is continuously introduced to said continuous
hydr ol ysis columm through an introduction port provided in a side wall of
said hydrolysis colum at a positiohr—above-—a 10 wi t hdr awal port
provided in a side wall of saidjcontin- uous hydrolysis colum for

wi thdrawi ng said diol. 9. Thejmet hqd according to qi@im7 or 8, wherein
said water is continuously intr¢duce o/Sal g cohi ndous 15 hydr ol ysi s
colum at a position above said{w thdrawgl p&xt for W thdrawi ng said diol.
10. The nethod according to claim5 or 8, ™ said cyclic carbonate is
capable of formng a m ni num boifl - 20 do1g point azeotropic mxture
with said diol, and wher- ein said high boi%3{ng point m xture withdrawn
fromthe | ower portion of said fow boiling foijnt m xture-sepa- rating
columm is continuously introduced to an aze - pic mxture-separating
colum prior to the feeding of 25 saicd h boiling point mxture to
sai d conti nuous '
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hydr ol ysi s feactor, whi |l e continuously wi thdrawing said diol froma | ower

portion of said azeotropic m xture-

separating colum and conti nuously

wi t hdrawing a | ow boiling point m xture containing the m ninumboiling 5

poi nt azeotropic mxture of said cyclic carbonate w
upper portion of said azeotropic m xture-separating

said low boiling point m xture withdrawn fromthe upper
azeotropi c m xture-separating colum is introduced to 10

th said diol from an

colum, and wherein

portion of said
sai d

continuous hydrolysis reactor to effect a hydroly- sis reaction and obtain

a hydrolysis reaction m xture.
wherein said hydrolysis reaction mxture is recycle
tropic m xture-separating columm. 12. The nethod ac
claims 1 to 4, wherein said high boiling point m xt
| ower portion of said continuous multi-stage distB;
in step (1) contains said ali ti c_nonohydric alco
carbonate, wherein said conti ug hy, ol\é%%
hydrol ysis col umm conprised of a gont¥nuoys
col um, and wherein a | ow boiling pori 5
nonohydri c al cohol, said dia-

11. The method according to claim 10,

to said azeo- 15
cording to any one of
ire Wi t hdrawn from a
20 | ati on col um
hol and sai d di al kyl
r is a continuous
.age distillation
urd containing said
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163 | kyl carbonate and said carbon dioxide is continuously w thdrawn from
an upper portion of said continuous hydrolysis colum and recycled to said
continuous multi-stage distillation colum used in step (1), while 5
continuously wi thdrawi ng said diol froma |ower portion of said continuous
hydrol ysis colum. 13. The nethod according to claim12, wherein said
carbon di oxi de or both of said carbon dioxide and said 10 wat er are
renoved fromsaid | ow boiling point m-xture withdrawn fromthe upper
portion of said continuous hydrolysis colum prior to the recycling of said
| ow boiling point mxture to said continuous nulti-stage distillation
colum used in step (1). 15 14. The nethod according to claim 12 or 13,
wherein said high boiling point mxture withdrawmm fromthe | ower portion of
said continuous nmulti-stage distilla- tion colum used in step (1) is fed
to said continuous 20 hydrol ysis colum at a position above a

w t hdrawal port provided in a side mallﬁﬁqégaigﬁcontinuous hydr ol ysi s
colum for withdrawing said diol. 15. The ] according to ‘any one of
claims 1 to 14, 25 wherein said cyclic carbonate is ethyl ene carbonate
and '
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164 said aliphatic nonohydric al cohol is selected fromthe group consisting
of net hanol, ethanol, n-propanol, iso- propanol, n-butanol, iso-butanol,
sec-butanol and tert- butanol. 5 16. The nmethod according to claim15,
wherein said cyclic carbonate is ethylene carbonate and said aliphatic
nonohydri c al cohol is nethanol. 10 15 20 25

FIG.T
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hydratés of these lead compounds; ion-exchangers, such
as anion-exchange resins having tertiary amino groups,
ion-exchange rcsins having amide groups, ion-exchange
resins having at least one type of ion-exchange group
selected from the group consisting of sulfonate, car-
:boxylate and phosphate.groups, strongly basic solid
anion-exchangers having a q%%géggggéy ammonium groups
as ion-exchange groups and the like; solid inorganic
compounds, such as silica, silica-élumina, silica-~
magnesia, aluminosilicate, gallium silicate, vsrious
types of zeolites, various types of metal-exchanged
zeolites, ammonium-exchanged zeolites; and the like.
Among the above-mentioned solid catalysts, stron;
gly basic anion-exchangefs_having quaternary ammonium
groups as anion-exchanoe groups are'preferably used.
Examples of such anion-exchangers include strongly
basic anion-exchange rcsins having quaternary ammonium -
groups as anion-exchange groups, cellulose type stfong—
ly basic anion-exchangers having quaternary ammonium
groups as anion—ekchange groups, strongly basic. anion-
exchangers carried on an inorgsnic carrier which have
quaternaiy ammonium groups as anion-exchange groups,
and the like. _ | -
0f these strongly basic anion-exchange resins

having quaternary ammonium groups as ion-exchange



10

15

20

25

REPLACEMENT SHEET

15 MAY 1999

68 Substitute Sheet . 14/5/0a |

dialkylaminoethoxylated to obtain a -OCH,CH,NR, group,

which is then converted to a —OCH,CHoNR3X group by the

above-mentioned method.

Commercially available solid, strongly basic

anion-exchangers having quaternary ammonium groups as

‘ion-exchange groups can be used in the present inven-

tion. When a commercially 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 transestérification catalyst.- |

A solid catalyst comprised of a macroreticular or
gel type organic_polymer or an inorganic carrier, each
having bonded thereto a.heterocyclic group containing
at least one nitrogen atom, is préferably used as a
transesterification catalyst. Further, the above-
mentioned solid'catalfst ban be treatgd for quarternar-
izing a part or all of the nitrogen-containing hetero-
cyclic groups.beforg it is used.

The amount of the.transésterification catalyst to
be used in the present invention varies depending on
the type thereof. The homogeneous catalyst, which is
soluble in the reaction mixture under the reaction
conditions; is fed continuously in an amount of from.
0.0001 to 50 % by weight, based on the fotal amount of

the feedstock cyclic carbonate and the -freedsteek




