*166166* 1 TITLE OF THE | NVENTI ON Met hod for continuously producing a

di al kyl carbonate and a di ol BACKGROUND OF THE | NVENTI ON The
I nvention The present invention relates to a nethod for (““@“Im mmmww
produci ng a dial kyl carbonate and a diol froma cyclic carbonat

al i phati c nonohydric alcohol. Mre partlculquy, the pr esent fﬁ@entlon S
10 concerned with a nmethod for continuously producing a dialkyl carbonate
and a diol froma cyclic carbonate and an aliphatic nonohydric al cohol,

conprising contin- uously feeding arfeyelbs 3¢ beReERTaAd an aliphatic:
nonohydri c al cohol to a cont|nuous—nugtr—stag31m1nT¥LQg | ation col um, and
conti nuously effectlngMgt56@n§%§I%bneﬂﬂdaygﬂy1dyyaggyh tgadagig§1carbonate
and the aliphat- ic nonohydric al cohol in thé presence of a transester-

i fication catalyst in thepdwatte Shagde diishi | | ati on col um, thereby
continuously producing a dialkyl car- 20 bonate and a dioI, whi | e
continuously wthdraw ng a | ow BROKGROYNDOIOF THEX{INVENTI@UTMNI Ni ng the
produced dial kyl carbonate in a gaseous formfrom an upper portion of the
nmul ti-stage disti FiefdonfcOhemingettdont i nuously withdraw ng a high
boiling point m xture containing the

The present invention relates to a method for

continuously producing a dialkyl carbonate and a diol
from a cyclic.carbonate and an aliphatic monohydric
alcohol. More pa:ticularly, the present invention is
10 concerned with a method for continuously_producing a
dialkyl carbonate and a diol from a cyclic carbonate
and an aliphatic monohydric alcohol, comprising contin-
uously feeding a cyclic carbonate and an aliphatic
monohydfic élcohol to a continuous multi-stage distil-
15 lgtion column, and continuously effecting a transester-
ification between the cyclic carbonate and the aliphat-
ic monohydric alcohoi in the presence of a transester-
ification catalyst in tﬁe multi-stage distillation
column, thereby continuously producing a dialkyl car-
20 , bonate and a diol, while continuously withdrawing a low
boiling point mixture containing the produced dialkyl
carbonate in a gaseous form from an upper portion of
the multi-stage distillation column and continuously
withdrawing a high boiling point mixture containing the

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

*G00002*



25 produced diol inaliquid formfroma lower portion of Il 11 IIHIIIII
[TO11L 1 I 1l *000002* 2 the nulti-stage distillation colum, wherein the
trans- esterification is performed under conditions wherein: (a) the
reaction pressure is 5 x 104 Pa or less, as neasured at the inner bottom
of the multi-stage distil s lation colum; (b) the reaction tenperature is
inthe range of from-20 Cto less than 60 C, as neasured at the inner
bottom of the nulti-stage distillation col- um; and (c) the multi-stage

distillation columm has an _f g S{{h{i@&é&”@%ﬁ&ﬁ fzﬁﬁ%£éght€?éa drar kyl

the 10 method of the present T°OR, CORt 1 NUOUS pro Ion

carbonate and a diql.dyr.om &y&klfs £ hanal &, and atahd ehatd coeRehydri o
W th h

al cohol can be ea5| y pertorned i gh product|V|ty and high sel ec-

tivity (i.e., a |Qvﬁ'ﬂ%0}e$@€1&90¢¥é§§9§e0{sw 451 0¥ OlicE ) 1e ¥k ! hayt

using conplicated equi pment Therefore, the nethod of the present

invention is extheEyradvant ageolsndr opd£-Hien COIMEBNE i mhl vi eypajataisPilor
Art Wth respect to the nmethod for producing a dialkyl 20 carbonate and a

diol by reacting aetyicn ccehithonatie) wvhé hredwncel ophetmper@mtahy dtscial tbaol ,

various proposals have been nade. Mdst of those proposals relate to the
range of from -20 °C to less than 60 °C, as measured at
the inner bottom of the multi-stage distillation col-
umn; and (c) the multi-stage distillation column has an
F-factor in the range of from 0.2 to 5.0. By the

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

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

With respect to the method for producing a dialkyl

20 'éérbonate and a diol by reacting a cyclic carbonate
with an aliphatic monohydric alcohol, various proposals
have been made. Most of those proposals relate to the
development of catalysts for the above reaction.

Examples of such catalysts include alkali metals or

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



devel opment of catal ysts for the above reaction. Exanples of such

catal ysts include alkali netals or 25 basic conpounds containing al kal
netals [see U S. 3 Patent No. 3,642,858, Unexam ned Japanese Patent Appli -
cation Lai d-Open Specification No. 54-48715 (corre- sponding to U S. Patent
No. 4,181,676)], tertiary aliphatic am nes [§ee Unexam ned Japanese Pat ent
Appli 5 cation Laid-Open Specification No. 51-122025 (corre- sponding to
U.S. Patent No. 4,062,884)], thallium conpounds [see Unexan ned Japanese

Pat ent Applicatioqgﬂggggg§?gn%sp@§i gggt&gg?gpinéé-§§g§§é§g9§5@épgngﬁggilo

U.S. Patent No. 4, i n"al koxi des (see Unexam 10 fi ned Japanese

Patent Applicati Oggel-@ic% Pela pech f658c1 F1o8:Non R4 650283718l kexrdes of

zinc, alum num an titanium (see Unexam ned Japanese Patent Application
Lai d- Open Speci fi cagld i NG t&4u 148725 ene NbXturesof 626) Lewtsracagywi th a
ni trogen-contai ni ng organi ¢ base (see 15 U. nexam ned Japanese Patent
Application Lai d- Gueipbr¥ect -ahisasi pHedounSbaw#h68) Japhospdi Paeesonppphils
(see Unex- am ned Japanese Patent Application Laid-Open Specifica- tion No.
55-64551), gquat er nzayi@hosphdnOpem sepési{ seatitneNan hedl IapaneseoPaeent
Appl i cation Laid-Open Speci 20 fication No. 56-10144%, cyclic am dines [see
Unexam ned Japanesgormdirmt tAppl$cababentald- CheloBp &4?¥caﬁhéhl#bm

59- 106436 (corresponding to U S. Patent No. 4,681, 967, ) .
compounds [see Unexamined Japanese Patent Application

Laid-Open Specification No. 54-48716 (corresponding to
U.S. Patent No. 4(307,032)], tin alkoxides (see Unexam-
10 ined Japanese Patent Application Laid—Open Specifica-
tion No. 54-63023), alkoxides of zinc, aluminum and
titanium (see Unexamined Japanese Patent Application
Laid-Open Specification No. 54-148726), a mixture of a
Lewis aéid with a nitrogen-containing organic base (see
15 Unexamined Japanese Patent Application Laid-Open Speci-
fication No. 55-64550), phosphine compounds (see Unex-
amined Japanese Patent Application Laid-Open Specifica-
tion No. 55-64551), qua%ernary phosphonium salts (see
Unexamined Japanese Patent Application Laid~Open Speci-
20 fication No. 56-10144), cyclic amidines [see Unexamined
Japanese Patent Application Laid;Open Specification No.
59-106436 (corresponding to U.S. Patent No. 4,681,967,
EP 110629B, and DE 3366133G)], compounds of zirconium,
titanium and tin [see Unexamined Japanese Patent Appli-

25 cation Laid-Open Sﬁecification No. 63-41432 (corre-



EP 110629B, and DE 3366133G) ], conpounds of zirconium titaniumand tin

[ see Unexam ned Japanese Patent Appli 25 cation Laid-Open Specification No.
63-41432 (corre 4 sponding to U S. Patent No. 4,661,609, EP 255252Bl1 and
DE 3781742Q) ], a solid, strongly basic ani on-exchanger containing a

guat ernary anmoni um group (see Unexam ned Japanese Patent Application

Lai d- Open Specification No. 5 63-238043), a solid catal yst selected from
the group consisting of a tertiary amine- or quaternary anmoni um

group- cont ai ni ng i on- ¢ lgﬁacaeilj.egi r},a@elﬁ (rj,@gmglt% el d+§9, Otp g\gggﬁ?g}(g%gi c

i on- exchange resi TPoA s npreg- nate a silTicate of an a

metal or an al kal ijpe aplgflie%é;) g:télsofﬂﬂj %@P&A%ﬁ{ ggbc%%n&ggomégcg Ql'tum

ion |[see Unexam ned tent Applicatio al d- Open Specificalion

No. 64-31737 (cor IesRNG i t0 &aascelpﬁéﬁ%ﬁtamm%i&mGg%@@ﬁlba;eeauﬁ@ﬁgﬁ@ﬂ@@us
S

catal yst selected from the group consisting of tertiary phosphine,
tertiary 15 apsi ngageiddearnasdndiAp ] fodlt Vo epdisubper Sopapoandatass Ro.

sel eni um conmpound (see U.S. Patent No. 4,734,518). Wth respect to the
met hod f or _conductaan@3Igmiapove-senid arech I'eatt sehedeédetnom thel grcoup
carbonate and a di ol , the bel ownentioned four types of nethods (1) 20 to
(4) have conventi aealdisthoen pf oposedtiddey eimbed owpT expd b aDY ABMARHE™
with respect to such nethods (1) to (4), taking as an exanple the
production of di n@¥gdp-containing ion-~éxchange resin, a strongly acidic
or a weakly acidic ion-exchange resin, a silica impreg-
nated with a silicate of an alkali metal or an alkaiine
10 earth metal, and a zeolite exchanged with ammonium ion
[see Unexamined Japanese Patent Application Laid-Open
Specification No. 64-31737 (corresponding to U.S. Patent
No. 4,691,041)], a homogeneoué catalyst selected from
the groﬁp consisting of tertiary phosphine; tertiary
15 agsine, tertiary stibine, a divalent sulfur compound
and a selenium compound (see U.S. Patent No. 4,734,518).
With respect to the method for conducting.the
above-mentioned reactioﬁ_between a cyclic carbonate and
a diol, the below-mentioned four types of methods (1)
20 to (4) havé conventionally been proposed. Hereinbelow,
explanation is made with respect to such methods (1) to
(4), taking as an exémple the production of dimethyl
carbonate and ethylene glycol by the reaction between

ethylene carbonate and methanol, which is a representa-

25 tive example of reactions between cyclic carbonates and



carbonate and ethyl ene glycol by the reaction between ethylene carbonate
and net hanol, which is a representa 25 tive exanple of reactions between
cyclic carbonates and 5 diols. (1) A conpletely batchwi se nethod. (2) A
bat chwi se met hod using a reaction vessel provided at an upper portion
thereof with a distillation colum. 5 (3) Acliquid flow nethod using a
tubul ar reactor. (4) A reactive distillation nethod. The conpletely

bat chwi se nethod (1) is a nmethod in which ethylene carbonate, nethanol and
a catalyst are fggoig_an aut ocl ave as a batchw se reaction vessel, and 10
a reaction is perforned at a reaction tenperature higher than the boiling

pointof et hanol ( yndgr cBygsecsyyenhetnd:Beedetabiined period of tine [see
U.S. Patent No. g, 42,858, Unexam ned Japanese Patent Appli- cation

Lai d- Open Specifi g@t)i ANpNechR4 48732 h6E0Ee nd5 as peaditignt velds®l Patcenitdelo.
4,181,676, EP 1082B and DE 2860078G, Unexam ned Japanese Patent
Application Laid-aEpen Speerf peation Mberbd£63028, aUddsdrilied idapmrdgen -
Pat ent Application Laid-Open Specification No..54- 148726, Unexam ned
Japanese Pat ent Appli sat.ignifafdoR0mEpdedSpedingi atibn 1RG. TSRBAT50,
Unexam ned”Japanese Patent Application Laid-Open Specification No.

55- 64551 and Unex4ni Aedeaepanes8ipiiddetAgp Meabren Lai d- Open

The completely batchwise method (1) is a method in
which ethylene carbonate, methanol and a catalyst are
j,j fed to an autoclave as a batchwise reaction vessel, and
10 a reaction is performed at a reaction temperature
higher than the boiling point of methanol under pres-
sure for a predetermined period of time [see U.S.
Patent No. 3,642,858, Unexamined Japanese Patent Appli-
cation Léid—Open Specification No. 54-48715 (corre-
15 sponding to U.S. Patent No. 4,181,676, EP 1082B and DE
2860078G), Unexamined Japanese Patent Application Laid-
Open Specification No. 54-63023, Unexamined Japanese
Patent Application Laid:Open Specification No. 54-
148726, Unexamined Japanese Patent Applicatioh Laid-
20 Open Specification No. 55-64550, Unexamined Japanese
Patent Application Laid-Open Specification No. 55-64551
and Unexamined Japanese Patent Application Laid-Open
Specification No. 56-10144].

The batchwise method (2), using an apparatus

25 comprising a reaction vessel provided at an upper



Specification No. 56-10144]. The batchw se nethod (2), using an appar atus
25 conprising a reaction vessel provided at an upper 6 portion thereof
with a distillation colum, is a nethod in which ethylene carbonate,

nmet hanol and a catalyst are fed to the reaction vessel, and a reaction is
performed by heating the contents of the rea%tion 5 vessel to a
predeterm ned tenperature. In this nmethod, the produced dinethyl carbonate
and nmethanol forma mninumboiling point azeotropic m xture having a

boi i ng point of . 760 Hggg T oLl | [ : thanoly '
64.6 C/ 760 mmrHg. S%rgégg ﬁet oaf %gt?hé nggggéﬁkﬁg&bé??brnédJﬁi%agﬁﬁgkgh

excess anount of pgt Qﬂgeh LRRLABNECRGLHBRa%ES B@theRolt hdla thed@syldr ant
reaction products can be sepafated into the azeo- tropic m xture and

net hanol , due to Lbg dilif eperee rRacRebhi RespeiNt anderLheiaweaon bys means of
the distilla 15 tion colum provided at the upper portion of the reac- tion

vessel . Speci fi capbyfo2mgaseguieaivthyl eéhef cdintemiishylf careh orestcet iand

met hanol, which is formed in the reaction vessel, is allowed-to ascend

inside the; dis- tikkatiloroceal pmedediedmdueidn g efripe rasteredi ngirofthiee mrhod,

gaseous mXxture, the gaseous mxture is caused to separate into a gaseous

azeotropi ¢ m xt ur shangrbdggied dieetrandl caThemnateh@nghfedusnnrectdhi®

mxture is minimum boiling point azeotropic mixture having a

boiling point of 63 °C/760 mmHg. The boiling point of
Y methanol per se is 64.6 °C/760 mmHg. In this method,

10 the reaction is performed by using an excess amount

of methanol in the reaction system, so that the result-

ant reaction products can be separated into the azeo-

tropic mixture and methanol, due to the difference in

boiling-point therebetween, by means of the distilla-

15 t%on column provided at the upper portion of the reac-
tion vessel. Specifically, a gaseous mixture of di-
methyl carbonate and methanol, which is formed in the
reaction vessel, is alléﬁed-to ascend inside the dis-
tillation column, and during the ascending of the

20 gaseous mixture, the gaseous mixture is caused to
separate into a gaseous azeotropic mixture and liquid
methanol. Then, the gaseous azeotropic mixture is
distilled from the top of the distillation column while

the liquid methanol flows down to the reaction vessel

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



distilled fromthe top of the distillation colum while the liquid

met hanol flows down to the reaction vessel 25 so as to be recycled to the
reaction systemin the 7 reaction vessel. The liquid flow nethod (3) is a
method in which a solution of ethylene carbonate in nethanol is continu-
ously fed to a tubular reactor to performa Qﬁaction at 5 a predeterm ned
reaction tenperature in the tubular reactor,” and the resultant Iiquid
réagtlon nlxéure hcon'ltaining the unreacted materials (i.e., ethylene
carbonate and net hanol), and_ t he reaction products i.e., dinethyl
carbonate and et hyiSfE iy 9% s 10 cont?nuously m}thdramn throﬁgh an

outlet of the reac- torThéI'l'iilsc%\‘?é hod, has. G e onald mdaass condieied 4n
accor dan

two different manners in ce wmth the two types of catal yst used.

That is, one mannel,GANSi S i dpASSidIE A BBAE tE 610 met sl | 08 ebneihyt ene
carbonate 15 in né?hano and a solution of a honpbgenous catalyst in a

sol vent through a duhu) afed e@etOrtdwu Per fddBtor eas-per oM, a theaebjon at
obtaining a reaction mxture, and sepa- rating the catalyst fromthe

obt ai ned reacti on.a Prddé€erinesd Unexar sredeetapaneser Patentheé\pphbeber on
Lai d- Open O Specification No. 63-41432 (corresponding to U S. Patent No.
4,661, 609, EP 255252Ritand D 3784 742G lwantt 1iquid reaction mixture

containing the unreacted materiais (i.e., ethylene

carbonate and methanol) and the reaction products

(i.e., dimethyl carbonate and ethylene glycol) is
10 continuously withdrawn through an outlet.of the reac-
tor. This method has conventionally been conducted in
two different manners in accordance with the two types
of catalyst used. That is, oﬁe manner consists in
passing é mixture of a solution of ethylene carbonate
15 i@,methanol and a solution of a homogenous catalyst in
a solvent through a tubular reactor to perform a reac-
tion, thereby obtaining a reaction mixture, and sepa-
rating the catalyst from the obtained reaction mixture
[see Unexamined Japanese Patent Application Laid-Open
20 Specification No. 63-41432 (corresponding to U.S.
Patent No. 4,661,609, EP 255252B1 and DE 3781742G) and
U.S. Patent No. 4,734,518]. The other manner consists
in performing the reaction in a tubular reactor having

a heterogeneous catalyst securely placed therein [see

25 Unexamined Japanese Patent Application Laid-Open Speci-



U.S. Patent No. 4,734,518]. The other manner consists in performng the
reaction in a tubular reactor having a heterogeneous catalyst securely

pl aced therein [see 25 Unexam ned Japanese Patent Application Laid-Open
Speci 8 fication No. 63-238043 and Unexam ned Japanese Patent Application
Lai d- Open Specification No. 64-31737 (corresponding to U S. Patent No.
4,691, 041, EP 298167B1 and DE 3781796G]. 5 The reactive distillation
method (4) is a nethod in which each of ethylene carbonate and net hanol is

continuously fed qu]caaﬂtg NSt 3 Haddd | Ald AhSUMREA t PaPORESE MPAtent
reaction in a plurality.of stages of the J distillation colum in the

presence of a catalydticaddbWidLd nh repousd 1 e 854 i g, sepagarspn bet ween
the produced di methyl carbonate and the produced ethylene glycol [see

Unexam ned JapanegeRataiporfipihd cad iwns. Ledter3pan Spectdi cadi pnENo.
4-198141, Unexam ned Ja- panese Patent Application Laid-Open Specification
No. 15 4-230243, UpsxasTinedrdapsnese8 PA@Eni] Application Laid- Open

Speci fication No. 5-213830 (corresponding to DE 4129316A1, U.S. Patent No.
5,231,212 gnd EP 530615A8) remeit Unexdhs hekl Jelamenetived eht ) Abpl #cBEFDBAC

Lai d- Open ~“Specification No. 6-9507 (corresponding to U. S. Patent_ 20 No.
5,359, 118, EP 56981pAMhighl rchafiouhmigne ¢mkeeste t#rd aRevRaRRMt £ 8ned

conventi onal nethods . s .
continuously fed to a multi-stage distillation column

to perform a reaction in a plurality of stages of the
! distillation column in the presence of a catalyst,

10 while continuously effecting separation between the
produced dimethyl carbonate and the produced ethylene
glycol [see Unexamined Japanese Patent Application
Laid-Open Specification No. 4-198141, Unexamined Ja-
panese éatent Application Laid—bpen Specification No.
15 4;230243, Unexamined Japanese Patent Application Laid-
Open Specification No. 5-213830 (corresponding to DE
4129316A1, U.S. Patent No. 5,231,212 and EP 530615A3)
and Unexamined JapanesefPatent Application Laid-Open
Specification No. 6-9507 (corresponding to U.S. Patent
20 No. 5,359,118, EP 569812A1 and DE 4216121Al1)].

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

In the case of each of the completely batchwise

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



(1) to (4) have their respective problens as described below In the case
of each of the conpletely batchwi se 25 nethod (1) and the flow nethod (3)
using a tubular 9 reactor, it is inpossible to achieve a higher conver-
sion of ethylene carbonate than the conversion of ethylene carbonate at
the equilibriumstate of reaction (the latter conversion is dependent on
tpe conposition 5 ratio of the feedstocks feg to the reactor and the
Lg?gt;ogptfnpe{aturﬁ):ng; exanple, in Exanple 1 of Unexam ned Japanese

n plication Laid-Open Speci- fication , -41432. r
U.S. Patent No. E?B@f‘f?é@g}tEﬁgzéﬁ%féiggﬁdt Ngﬁl?g%‘f%zé) %?‘%ﬁ i%g&gi@ qligg He
rected to a continuous flow

( [ i Lng i beaect d
wherei n the flom/Féggtpgneﬁgyggﬁg ggg eﬁggg %géﬂctggiEgggg?ﬁéggtggﬁrnsgture

having a met hanol /et n r t r ti1Q pofi uff Litathe o fCaRetSionn
of ethyl ene carbo%gggﬁ¥é%oﬁﬁ§% 2%%? %ﬁrg%%Seggé%gbtﬁgt %éfge gnnunts of

unreact ed et hyl eng cgar 1 RQRat &-ARE UNLRAGIe deRiNdanel orwtiheh catmposarntiainned
in the reaction mxture, need to be separated and recov- ered, which in

turn are r5ecycl edrbe ithe ff add Feeddtlodld ¥ed rta hhenekrlaododi soldogde in

Unexam ned”Ja- 20 panese Patent Application Laid-Open Specification No.

64- 31737 (corr esper@dicid.drp ténPeraternt) .No Fot, 6kBr@le, 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-

10 rected to a continuous flow reaction method using a
tubular reactor and wherein the flow reaction is con-

ducted at 130 °C using a feedstock mixture having a

methanol/ethylene carbonate molar ratio of 4/1, the

conversion of ethylene carbonate is only 25 %. This
15 means that large amounts of unreacted ethylene car-

bonate and unreacted methanol, which are contained in
the reaction mixture, need to be separated and recov-
= - ered, which in turn arefrecycled to the reactor.
Actually, in the method disclosed in Unexamined Ja-
20 panese Patent Application Laid-Open Specification No.
64-31737 (corresponding to U.S. Patent No. 4,691,041,
EP 298167B1 and DE 3781796G), various apparatuses are
used for the separation, purification, recovery and

recycling of the unreacted compounds.

25 As described below in detail, the batchwise method



EP 29816781 and DE 3781796G, various apparatuses are used for

t he' separation, purification, recovery and recycling of the unreacted
conpounds. 25 As described below in detail, the batchw se nethod 10 (2)
using a reaction vessel provided at an upper por- tion thereof with a
distillation colum has problens in that thf reacti on nust be conducted
for a prolonged period of tine and, therefo %, a |l arge anount of netha 5
nol needs to be used for preventing the lowering of the selectivity for

the desired produg%zéuggnggéh?ga%%abni@e%ggﬁrpggﬁg% engate ﬂéﬁﬁ#{ﬁ;or_

met hanol distille ofropic mxture o met hano e

produced di met hyl +¢8hbeRAEEos! e +h0aCRTLIIYIUT 10k ALY %ssqg%&naggéc}?sgf'n

suppl emental nmetha- nol to the reaction. vessel 1s option

However, irrespecthye @heWpehBehofl midt $eChoatudddy fdon Yroap&irent al
met hanol is conducted, the reac- tion per se is perfornmed only ina

batch-type reacti garisavegselimeThal,i $helr@rbes REURGGe AR URAGH Gk tdrsa-
bat chwi se perforned under reflux for a prolonged period of tine as |ong as
3 to 20 hoyrs. | nnbhi aesdshed, beheasddnegoly presebhaiage thehilehrdrsingres afhd he
reaction products, is continuously withdrawn 20 out of the reaction
system whereas thBelethyivétg gby tbe, delsiicled greadotiter. reacti on product,
remai ns toget h-
In method (2), in order to compensate for the
methanol distilled as an azeotropic mixture of the
ﬁﬁF methanol and the produced dimethyl carbonate, the
10 continuous or batchwise addition of supplemental metha-
nol to the reaction vessel is optionally conducted.
However, irrespective of whether or not such an addi-
tion of supplemental methanol is conducted, the reac-
tion per se is performed only in a batch-type reaction
15 vqssel. 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
one of the reaction products, is continuously withdrawn
20 out of the reaction system, whereas the ethylene gly-
col, which is another reaction product, remains togeth-
er with the unreacted ethylene carbonate in the reac-
tion system éontaining the catalyst for a long period

of time. This long residence time of the ethylene

25 glycol and the ethylene carbonate in the reaction



er with the unreacted ethyl ene carbonate in the reac- tion system
containing the catalyst for a long period of tinme. This |ong residence
time of the ethylene 25 glycol and the ethyl ene carbonate in the reaction
117 system causes side reactions to thereby produce poly- ethylene glycols,

such as diethylene glycol and triethylene g%ggol. For preventing the
occurrence of such side reactions and the | ring of the selectivity 5

for the desired products, it is necessary to use a |arge excess of

met hanol, relative to the anmount_.of the .ethylene at.e whiceh Hod v -
bat chwi se fed to ?HEQFQaEPWﬁegnS&e§§§ﬁ?%ﬁio ac?? F%aggggc%ngg%tiogglyy

pr oposed nEthOdSFtbgﬁe %lbq&%ggfﬁgQHRhP%SaHQeQQQQQnEng el ank0 | arge

excess of nethano used; use Is nade” of methanol in excess

amounts (in ternms. of Jthe ey ofi MRS ¢frfRang ther odeherehcet kil ene
carbonate or propylene“carbonate), such as 14 noles (U.S. Patent No.

3,803, 201), 17 nokgsh( UNpAMNRd 13 RANESE R QfveARRlgl o¥5 that isen ecaiid-i@yen
Speci fication No. 1-311054), 22 noles [Unexam ned Japanese Pat ent

Applicatiop Lai d- @een treperidireal impdiets51-i12262 helessreypdmdiveg o U. S.

Pat ent No. "4, 062, 884 and DE-2615665B)], and 23 noles [Unexam ned Japanese

Pat ent Appl i cat i on akrajed-cQuers 2 ® Spedifdredt,i oreldd1ive4 8 1the @é@#’r’éfs;ﬁfgdﬁhﬁg

to U S. Patent No. 4,307,032, EP 1083B and DE 2860142Q)].
ethylene carbonate which is batchwise ed to the reac-
tion vessel. In fact, in the conventionally proposed
methods, the following examples are noted in which a

10 large excess of methanol is used; that is, use is made
of methanol in excess amounts (in terms of the number
of moles of methanol per mole of ethylene carbonate or
propylene carbonate), such as-14 moles (U.S. Patent No.
3,803,261), 17 moles (Unexamined Japanese Patent Appli-

15 cation Laid-Open Specification No. 1-311054), 22 moles
[Unexamined Japanese Patent Application Laid-Open
Specification No. 51-122025 (corresponding to U.s.
Patent No. 4,062,884 ané DE 2615665B)], and 23 moles
[Unexamined Japanese Patent Application Laid-Open

20 Specification No. 54-48716 (corresponding to U.S.
Patent No. 4,307,032, EP 1083B and DE 2860142G)].

In the case of the reactive distillation method

(4), it is possible to perform a reaction with high

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

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



In the case of the reactive distillation method (4), it is possible to
performa reaction with high conversion, as conpared to nethods (1), (2)
and (3). 25 In fact, it has been reported that, when the reactive 12
distillation is conducted using a | arge amount of pure nethanol
(containing no dinethyl carbonate), relativeizto the amount of ethyl ene
carbonate, i.e., an anount such that the nethanol/ethyl ene carbonate nolar
ratio 5 is 9 to 10, the conversion of the ethylene carbonate reaches 100 %
[see Exanple 1 of ddnpdanmiareibr apaneseduPes@nisfpgl achdrga amodntpeh pure
Specification No. 4-198141 and Exanple 11 of Unexam ned Japanese Patent
Applica- tion Lai cree@emdpecidntatniong Noo SiRdB883D ¢soperspend telehgveo
U S. Patent No. 5,231,212, EP 530615A3 and DE 4129316A1)]. In nethod (4),
t he produced di netthyltrearduente ¢5 etihgliene cdathonitae diStil PAL ABAUBRSI um
as a low boiling point product together with the unreacted nethanol. 15
Di met hyl car bonat susid thtthafle ToEnfanl A9EBY PP cCARPRPAFR. "ThEFeFBF&° t he
separation of the produced dineth carbonate fromt aseous eac%%on

al

mxture disstil | ed$ ront? e di SiF _‘lart‘*‘i’%ﬁst%ﬁ‘uﬂﬁ AR B9~ Spa

o easar e | Unexam Hardmniel Bal6hE CABEN Eati Gh (APASCRER. SpEbRREs i on

NO=SS LS 108015 Patent Application Laid-Open Specification No. 4-198141

and Example 11 of Unexamined Japanese Patent Applica-

tion Laid-Open Specification No. 5-213830 (correspond-

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

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

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

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

be obtained, whereas methanol can be obtained only in

25 the form of a mixture thereof with dimethyl carbonate.



(corresponding to DE 2607003B)]. Generally, by this nethod, dinethyl
carbonate contai ning no nethanol can be obtai ned, whereas nethanol can be
obtained only in 25 the formof a m xture thereof with dinmethyl carbonate.
13 Therefore, it is difficult to obtain pure nethanol containing
substantially no dinethyl carbonate. For exahple, in the Exanples of the
above- nenti oned Unexam ined Japanese Patent Application Laid-Open
Specifica 5 tion No. 51-108019 (corresponding to DE 2607003B), a

net hanol / di net hyl rearlenRates Mt ex{mei ghtt red i btaid/ Be ivesepPasBt ed by
distillation, and pure dinethyl carbonate is obtained as a col umm bottom

product . Fbwevercoaqecaammg)cmms@hrsﬁaigd A o hdieh €D | carbdmpte 10 Doty a
met hanol / di net hyl carbonate m xture (weight ratio: 95/5) is obtained. As
can. be -seen from ekampileyve,irf orheEamp s pof etherst et neani euied t Vosadm-
separation process needs to be conducted. Therefore, fromthe vi-ewpoint of
ease in 15 practi dineg alapﬂnmen%t@thl@wldml‘@wlmnh@idtﬂm h%wecbﬁ%%@nate
it has been strongly desired to develop a nethod in which

met hanol / & net hyl té@rbdirat S1midARRE EROLIRFPRRAM PR t@eQF a%%N%%%l%to%k

instead of pure nethanol. 20 However, heretofore, onl feM/technlques

have been known, W%¥hﬂﬂQﬂ{QﬁW%FQ¥¥nﬁ?ERRW?H?H%%%@?r%a‘H%H%T%

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

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

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

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

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

Example 5 of Unexamined Japanese Patent Application

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



m xture is used as a feedstock in nethod (4). For exanple, there can be
mentioned the nmethod described in Exanple 5 of Unexam ned Japanese Patent
Application 25 Lai d-Open Specification No. 5-213830 (corresponding to 14

U S. Patent No. 5,231,212, EP 530615A3 and DE 4129316Al1). However, in
Exanple 5 of this Unexam ned Japanese Patenfgq Application Laid-Open
Specification No. 5-213830, in which a nethanol/dinethyl carbonate mx 5
ture (weight ratio: 70/30) is used, the conversion of ethylene carbonate
is only 62.8 % (cgl gul pednkr am.t Be2adaba20f EPhE306MBeS Wnan Dif t he product
m xture obtained at the colum botton). The reason for such poor con-
version resides ip1bbhal sasiincenbheveeactinoExhaplec’s bF ahiy emexcaribetat e
and nmethanol is an equilibrium reaction, the presence of dinethyl
carbonate (whi ch pspadekeartitentprogidtasfionhdadldoveene Speicdrf)idatitdre Noeac-
tion system causes a lowering in the conversion of the ethylene carbonate.
Therefore, this nethodsBas anlyhpcobleemeithaniedt/ difme tharlg&a s adifo THtX of

di met hyl carbonate recycled to the reacti on system the |onger the
reaction t§ ne (residenéwetomy) reddair d9/880 dchiverd i ffea cPEVgTREon of
conversion and the | arger the anount of nethanql .requi.red for hi evi.ng a
desired conversi ofthZdepec GRAPRGIEFE IF PI’?&thﬁédEécﬁ d%a&F“iadieeﬂ %o%aif'rleg

bonate and a d|0|d2%gng %%%lu%m%%gg%Q%EEO%n%h%pproduct mixture obtained

at the column bottom). The reason for such poor con-

version resides in that, since the reaction betweeﬁ
10 ethylene carbonate and methanol is an equilibrium
reaction, the presence of dimethyl carbonate (which is
a reaction product of the above reaction) in the reac-
tion system causes a lowering in the conversion of the
ethylené carbonate. Therefore, this method has a
15 problem in that the larger the amount of dimethyl
carbonate recycled to the reaction system, the longer
the reaction time (residence time) required for achiev-
ing a desired conversiog_and the larger the amount of
methanol required for achieving a desired conversion.
20 Accordingly, in the production of a dialkyl car-
bonate and a diol from a cyclic carbonate and an
aliphatic monohydric alcohol by using method (4) and by
making use of recycled methanol in the form of a metha-

nol/dimethyl carbonate mixture, for achieving a com-

25 plete conversion of ethylene carbonate, pure methanol



al i phati c nonohydric al cohol by using nethod (4) and by naking use of
recycled nethanol in the formof a netha- nol/dinethyl carbonate m xture,
for achieving a com 25 plete conversion of ethylene carbonate, pure

met hanol 15 needs to be supplied in addition to the nethanol/di- nethyl
carbonate m xture as in Unexam ned Japanese j#®atent Application Laid-Open
Speci fication No. 6-9507 (corresponding to U S. Patent No. 5,359,118, EP 5
569812A1 and DE 4216121A1). However, when the net hanol /di met hyl carbonate
mxture is used i peeaRbitRAbieOBUWPLH cpurie: mEdiaien ton thaddidtiremdly/ die main
operation for obtaining the de- sired products, an additional conplicated
operation to 10 sepahgtle calrdomatteamdlx/tdireetasy |irc dinscrsatienesl eEpaom £

m xture into conponents thereof for obtaining pure methanol containin
substantial ly no ®aventtyAppdilserndioe Lededdpen Foasurfduatddr] M- catqile,
such an additional operation needs to be conducted using, in conbination,
15 two distill ati dsceslemnendifmdc Fohdé -diFFtarentNoper-ati%n 1r &Bures (see
Unexam ned Japanese Patent Application Laid-Open Specification No.
2-212456)]5 I n facbI8lRAl R@daREy & Htd’8ed Unexam ned Japanese Patent

Parent No. 5. 350, 116 O BGEEL2 Ko e P TR PR e e GRRARRIS [s
obtained by the a%&&%ﬂre'is used in combination with pure methanol, in
addition to the main operation for obtaining the de-
f.} sired products, an additional complicated operatioﬁ to
10 separate the methanol/dimethyl carbonate.azeotropic
mixture into components thereof for obtaining pure
methanol containing substantially no dimethyl carbonate
needs to be conducted [for ekample, such an additional
operatién needs to be conducted using, in combination,
15 two distillation columns which have different operation
pressures (see Unexamined Japanese Patent Application
Laid-Open Specification No. 2-212456)]. In fact, in
the above-mentioned Une;amined Japanese Patent Applica-
tion Laid-Open Specification No. 6-9507 (corresponding
20 to U.S. Patent No. 5,359,118, EP 569812A1 and DE
4216121A1), pure methanol is obtained by the above-
mentioned additional complicated operation and used.
As mentioned above, in the case of method (4), it

is possible to perform a reaction with high conversion,

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



menti oned additional conplicated operation and used. As nentioned above, in
the case of nmethod (4), it 1is possible to performa reaction with high
conversion, 25 as conpared to nmethods (1), (2) and (3). However, 16
met hod (4) has a problemin that the productivity has not been
satisfactorily high. Further, nethod (4) alsog has a problemin that the
occurrence of by-products, such as dialkylene glycol and 2-al koxyet hanol ,
has not 5 been able to be reduced (e.g., when ethyl ene carbonate and
met hanol are usedmashbeeddt)otisss adipetdbilesmergltheal thengmostuuoxdyettarh@s ar e
by- produced). For solving the above-nentioned problens of nethod (4), a
proposal has beennoad®ewsine seitd s aritawirly ¢fighd néurdteir  ame tdiadet (Hy) also
carbonate is reacted with ethy- | ene carbonate so as to cause the
conversi on of ethpasl enercdleondre ttf@fbéetm@qce’éﬁet% OO BPYRARAUIE -unr e-
acted. ethylene carbonate is hydrolyzed to forn1eth | ene col thereby
Skt Wi

produci ng d|nethyﬁu§&r@@néﬂ@%ﬁﬁ}QH%ﬁg%M?ﬁinqqﬁ/ Py E
productivity while renpvin the need to recycle he unre cted et e e
carbonat e fsee V\D%?PZ@E&E? Co%e e'r‘ljg teogU 'SV theI5‘ate %’ and

i, TP AL DA 5t
requires conplica%%% %@%Hyyygthanol are by-produced).
For solving the above-mentioned problems of method
i“) (4), a proposal has been made wherein a mixture of
10 methanol and dimethyl carbohate is reacted with ethy-
lene carbonate so as to cause the conversion of ethy-
lene carbonate to become less than 100 % and the unre-
acted. ethylene carbonate is hydrolyzed to form ethylene
glycol,-thereby producing dimethyl carbonate and high
15 purity ethylene glycol with high productivity while
removing the need to recycle the unreacted ethylene
carbonate [sée WO 97/23445 (corresponding to U.S.
Patent No. 5,847,189 ané EP- 0889025A1)]. However, this
method requires a hydrolysis reactor or the like, in
20 addition to a distillation column. That is, this method
requires complicated equipment.
As can be understood ffom the above, no method has
heretofore been proposed for continuously producing a
dialkyl carbonate and a diol, each with high productiv-

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



As can be understood fromthe above, no nethod has heretofore been
proposed for continuously producing a dialkyl carbonate and a diol, each
wi th high productiv 25 ity and high selectivity (i.e., a |lowering of the 17
occurrence of by-products), froma cyclic carbonate and an aliphatic
nmonohydri c al cohol by using only sinple equijprent. 5 SUMVARY OF THE

| NVENTI ON The present inventors have nmade extensive and intensive studies
with a view toward devel oping a nethod which is free fromthe above

probl ems acconmpanycdu¥rddiee Rbf By aptodopes) f i £abhya thelstudeesohare haan
10 made in connection with a continuous nethod which conprises
continuously feedidtg s ipHd t Lc arsheingdei @ndlcanoal bphasiagnonakydimple

al cohol to a continuous nmulti- stage distillation columm, and continuously
effecting a transestigmdntcati on between the cyclic carbonate and 15 tie

al i phati c nmonohydric al cohol in the presence of a transesterification
catalyst in the nmulti-stage distil- lation colum, thereby continuously
produci ng a dial kyl carbonate and a diol, while continuously w thdraw ng a
| ow boi lin§ point mixture contai nSHYMARY SFodiifedNMEN{HINXy| carbonate in a

gaseous form from an ugfer portion of the nulti-stage distillation _colum
and continuously wit hdrifvi PeSeht g v TPRY PBY At Mafikt Gré&ensive and

intensive studies with a view toward developing a

method which is free from the above problems accompany-

—’

ing the prior art. Specifically, the studies have been

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

15 the aliphatic monohydric alcohol in the presence of a
transesterification catalyst in the multi-stage distil-
lation column, thereby continﬁously producing a dialkyl

.fz_ carbonate and a diol, wgile'continuously withdrawing a
low boiling point mixture containing the produced

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

lower portion of the multi-stage distillation column.

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



containing the produced diol in aliquid formfroma |ower portion of the
multi-stage distillation colum. 25 As a result, it has unexpectedly been
found that, when 18 the transesterification is perforned under conditions
wherein: (a) the reaction pressure is 5 x 104 Pa or |less, as neasured at
the inner bottomof the nmulti-stage 5 distilligtion colum, (b) the reaction
tenperature is in the range of from-20 Cto less than 60 C, as neasured
at the inner bottomof the nmulti-stage distillation colum, and 10 (c)
the multi-stage ditgid |4m=dn s tat ificdesomni &-pédatdomed nuider raogéi of ohsom
0.2 to 5.0, the F-factor being represented by the following fornula (1):
F-factor = ug (P giEr2irl) wherein ug represents the gas velocity (ms)

15 in the nmulti-stage distillation colum and P g represen%s t he gas
density: (kg/ nB) in the (aulthe steretibztpiéasuon tol uamn, 10T beconesess,
possi bl e to achieve the above objective, i.e., to continuously produce a
di al kyl carbonat e &ndeRSWEH| Bt , thach e hPot &Pm pp bdtlee i Bt §i aR828egh
selectivity,. wthout using conplicated equi prment, even when the aliphatic
nmonohydr i ¢ 5al cohol &/l Ehhdrfat ol ar

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

10 _ (c) the multi-stage distillation column has an F-
factor in the range of from 0.2 to 5.0, the F-factor
being represented by the following formula (1):
F~factor = Ug (o g)l/2 (1)

wherein ug represents the gas velocity (m/s)

15 v in the multi-stage distillation column and
Jej g represents the gas density (kg/m3) in the
multi-stage distillation column,
it becomes possible to ;chieve the above objective,
i.e., to continuously produce a dialkyl carbonate and a
20 diol, each with high productivity and high selectivity, .

without using complicated equipment, even when the

aliphatic monohydric alcohol/cyclic carbonate molar
ratio is low. The present invention has been made,
based on this novel finding.

25 Accordingly, it is a primary object of the present



ratio is low. The present invention has been made, based on this novel
finding. 25 Accordingly, it is a primary object of the present 19

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

equi pnent. The foregoi ng and ot her objects, features and advantages of the
present inventioniwkkhthenapraredlidd emridive If aldthdEstet@dhethdess1ypti on
and appended 10 clains taken in connection with the acconpanyi ng draw ing.
BRI EF DESCRI PTI ONp©BdtHE nigRAVWANGS kyiln dalidcdveeted gsl alWife )y, dadls withagram
showi ng the system which was used for practicing Exanples 1 to 7 and
Conpar ative Exanphigh briodustdfvittye gmdedergh sgmilecd@tviory, @hde Fi gg Rowera

di agram showi ng the system which was used for practicing Reference Exanple
and Reference 20iGgmpdr dtieveduamsineeofoft by mreshittappl fixem i m. aliphat-

Description of Reference Nunerals - 1 contjinuous nulti-stage distillation
colum 2,52 cond@i monohydric alcohol and a cyclic carbonate without

using complicated equipment.

The foregoing and other objects, features and
advantages of the present invention will be apparent
from the following detailed description and appended

10 claims taken in connection with the accompanying draw-

ing.

BRIEF DESCRIPTION OF THE DRAWINGS

In the arawings:

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

Fig. 2 is a diagraé showing the system which was

used for practicing Reference Example and Reference

20 Comparative Example of the present application.

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

25 3 preheater -



25 3 preheater 20 4 4 top of colum 5, 5 conduit 6 reboiler 6
evaporator 5 7 condenser 8 bottom of colum 9 conduit 10 | ow boiling
poi nt m xture-recovering colum 11 top of colum 10 12 conduit 13
condenser 14 conduit 15 conduit 16 bottom of colum 15 17 conduit 18
reboiler 19 conduit 20 conduit 21 conduitz@0 22 conduit 23

di ol -separating colum 24 top of colum 25 conduit

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

25 27 conduit



26 condenser 25 27 conduit 21 28 bottom of columm 29 conduit 30 reboiler
31 conduit 5 32 conduit 33 condenser 34 conduit 35 conduit j 36 conduit
10 37. continuous hydrolysis reactor 38 conduit 39 gas-liquid separator

40 conduit 15 DETAI LED DESCRI PTION OF THE | NVENTION I n the present
invention, there is provided a nethod for cantinuously producing a dial kyl
carbonate and a diol froma cyclic carbonate and an aliphatic nonohydric
al cohol, conprising continuously feeding a 20 cyclic carbonate represented
by the follow ng 28rnul abotApm bfOocdmum 22

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

(A):

e
\\\\O

'R

:::>C=O (a)

25



wherein R is a divalent group represented by the formula -(CH2) m,
wherein mis an integer of from2 to 6, which is unsubstitut- ed or
substituted with at | east one substitu 5 ent selected fromthe group
consisting of a O - Cl0 alkyl group and a C6 - Cl10 aryl group, and an
al i phati c nonohydric al cohol represented by e 10 follow ng fornula (B)
R2CH (B) wherein R2 is a nonovalent aliphatic d - Cl2 hydrocarbon group
which is unsubstituted or 15 substituted with at | east one substituent

sel ected fromthe grouploorsistRngiofa adBlaled (gudly| repoapennddabes - C10
aryl group, to a continuous nmulti-stage distillation colum, and 20
continuously effecting &he rEagestarit(Cdg ) gm betheepinthel8yeni c carbonate
and the aliphatic nonohydric alcohol in the presence of a _
transesterification cat™®teda% h FFE" ntil ¥7 -8t AgRiGR siF 1 PRFIBATEEF M,

t hereb cont i nuousl roducing a di al kyl carbonate and a dio 25 while
continﬁously mﬁthdra&ﬁp é“fdﬂgﬁ%Y+Y%@F%th€h2%t ?fﬁr%n%oﬁ?éﬁﬁ?g§~the

produced di al kyl carbonat.e | S (o) 0, ortign of the
multi-stags distillation STisere Iﬁ%‘ﬁﬁ%%%%‘?‘%%%?%ﬁ%@ él%hlggh
C; - Cip alkyl group and a Cg - Cyqg aryl

group,

i and an aliphatic monohydric alcohol represented by the

10 following formula (B):
R20H (B)
wherein RZ is a monovalent aliphatic C; - Cj5

hydrocarbon group which is unsubstituted or

15 H substituted with at least one substituent
selected from the group consisting of a Cq -
Cip alkyl group and a Cg - Cjp aryl group,
A to a continuous multi-stage distillation column, and
20 continuously effecting a transesterification between

the cyclic carbonate and the aliphatic monohydric
alcohol in the presence of a transesterification cata-
lyst in the multi-stage distillation column, thereby
continuously producing a dialkyl carbonate and a diol,

2t while continuously withdrawing a low boiling point



boiling point m xture containing the produced diol in a 5 liquid formfrom
a lower portion of the nulti-stage distillation colum, wherein the
transesterification is performed under conditions wherein: (a) the
reaction pressure is 5 x 104 Pa or less, 10 as neasured at the inner
“bottomof the nmulti-stage distillation colu@®, (b) the reaction
tenperature is in the range of from-20 Cto less than 60 C, as neasured
at the inner bottomof the nmulti-stage distillation colum, 15 aid (c)
the multi-stage dimdgithirgt icomtedinime Hde arghudedttdraliiyt earkoretefifhram
0.2 to 5.0, the F-factor being represented by the followng fornmula (1):
20 F-factor = ug OPS§PYE2 for & eiah WPRegh RSN t9e the el bkishadear s)
in the nulti-stage dLitiILation colum and P g repre- 25 sents the gas
density (kg/n8) i Aithéd aitdicns ey and ﬁqqqlgm oI Ryring 2akigh
-under st andi ng of %%eépresent i.nven-_tion, the essenti al n§$tur

various preferred8 dndPTeRts "B THE FESEIRII s R FEEE 3%@?& tg @

5 liquid erm from a lower portion of the multi-stage
distillation column,
wherein the transesterification is performed under
conditions wherein:
f (a) the reaction pressure is 5 x lO4 Pa or less,
10 as measured at the inner bottom of the multi-stage
distillation column,
(b) the reaction temperature is in the range of
from -20 °C to less than 60 °C, as measured at the

inner bottom of the multi-stage distillation column,

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

the F-factor being represented by the following

formula (1):

20

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

wherein ug represents the gas velocity (m/s) in

the multi-stage distillation column and p repre-

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



below. 1. A nethod for continuously producing a dial kyl carbonate and a
diol froma cyclic carbonate and an aliphatic nonohydric al cohol,
conprising continuously 10 feeding a cyclic carbonate represented by the
following forrmula (A): O R/ C=0 (A) 15 0 wherein R is a divalent group
represented by the formula -(CH2)mwherein mgs an integer of from2 to
6; which is unsubstitut 20 ed or substituted with at |east one substitu-
ent selected fromthe group consisting of a Cl - C10 al kyl group and a C6
- C10 aryl group, and @s#®lipheids a®nehydric al cohol represented by the
25 followng fornula (B): 25 R20OH (B) wherein R2 is a nonoval ent aliphatic
C - Cl2 hydrocarbon group which is unsubstituted or 5 substituted with at
| east one substituent selected fromthe group consisting of a C1 - C10

al kyl group and a C6 - KO am yeagy oupderstanding of the present inven-

tion, the essential features and various preferred

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

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

formula (A):

N
e

Rl\ C=0 (A)
15 g 0
wherein R' is a divalent group represented by
the formula ——(CHZ;m——; wherein m is an
integer of from 2 to 6, which is unsubstitut-
20 ed or substituted with at least one substitu-

ent selected from the group consisting of a
Ci1 - Cy10 alkyl group and a Cg - Cjg aryl
group,
and an aliphatic monohydric alcohol represented by the

25 following formula (B):



to a continuous multi-stage distillation colum, and

? E. 10 the cyclic carbonate and the aliphatic nonohydric alcohol in the
presence of a transesterification cata- lyst in the nmulti-stage

distillation colum, thereby continuously producing a dial kyl carbonate
and a diol,

contai ning the produced di al kyl

whi |l e continuously w thdraw ng asl ow boiling point 15 m xture
carbonate in a gaseous formfroman upper

portion of the multi-stage distillation colum and-continuously
wi t hdrawi ng a high boiling point mxture containing the produced diol in

liquid formfroma | ower portion of

continuously effecti

a

mul ti-stage 20 distillatsypn col um,

wherein the transesterification is perfornmed under conditions wherein: (a)
the reaction pressure is 5 x 104 Pa or |ess, as neasured at the inner
bottom of the nmulti-stage 25 distillation colum, 26 (b) the reaction
tenperature is in the Waggeist Ky dm R00reved drds£liipdhe @ G as Geasur ed
i nner bottom of the nulti-stage distillation colum, and

at the

5

10

15

20

25

hydrocarbon group which is unsubstituted or
substituted with at least one substituent
selected from the group consisting of a C, -
Cip alkyl group and a Cg - Cyg aryl group,

to a continuous multi-stage distillation column, and

- ~

continuously effectin

3.

& lransesterificetion beitween

(9]

the cyclic carbonate and the aliphatic monohydric
alcohol in the presence of a transesterification éata-
lyst in the multi-stage distillation column, thereby
continuously producing a dialkyl carbonate and a diol,
while continuously withdrawing a low boiling point
mzxture containing the produced dialkyl carbonate in a
gaseous form from an upper portion of the multi-stage
distillation column and continuously withdrawing a high
boiling point mixture containing the produced diol in a
liquid form from a lower portion of the multi-stage
distillation column,

wherein the transesterification is performed under
conditions wherein:

(a) the reaction pressure is 5 x 104 Pa or less,
as measured at the inner bottom of the multi-stage

distillation column,



5 (c) the nulti-stage distillation colum has an F- factor in the range of
from0.2 to 5.0, the F-factor being represented by the following formula
(1): 10 F-factor = ug (P g)1/2 (1) wherein ug represents the gas velocity
(ms) in the nulti-stage distillation colum and p g repre- sents the gas
density (kg/nB).in the multi-stage 15 distibklation colum. 2. The net hod
according to item 1 above, wherein the F-factor is in the range of from
0.4 to 4.0. 20 3. The method according to item 2 above, wherein the
F-factor is in the range of from0.6 to 4.0. 4. The method according to any
one of itenms 1 to 3 alddve thsheregiatidie tanpdma fere nbhohydthe abéoohobf con-
25 tains a concomtant dial kyl carbonate in an amount of 27 fromO to 40 %
by wei ght, based é&°fhe 40ot’8l taeilgfs dfhan Hel al§ phas i reawwodydet ctlag cohol

and the concomtant dialkyl carbonate. 5 5. The nmethod according to any
one of itens 1 toipner bottom of the multi-stage distillation column,

and
5
(c) the multi-stage distillation column has an F-
factor in the range of from 0.2 to 5.0,
the F-factor being represented by the following
,\) formula (1):
10
- = 1/2
F-factor ug (o g) (1)
wherein Ug represents the gas velocity (m/s) in
the multi-stage distillation column and p g repre-
sents the gas density (kg/m3)_in the multi-stage
15 .
: distillation column.
2. The method according to item 1 above, wherein the
F-factor is in the range of from 0.4 to 4.0.
20 .
3. The method according to item 2 above, wherein the
F-factor is in the range of from 0.6 to 4.0.
4. The method according to any one of items 1 to 3
above, wherein the aliphatic monohydric alcohol con-
25 ‘

tains a concomitant dialkyl carbonate in an amount of



above, wherein the cyclic carbonate is at | east one carbonate sel ected
fromthe group consisting of ethy- |ene carbonate and propyl ene carbonate,
and the aliphatic nonohydric al cohol is nmethanol. 10 6. The net hod
according to any one of itens 1 to 5 above, wherein: the cyclic carbonate
is continuously fed, to an wupper portion of otthe continuous nulti-stage
distilla- 15 tion colum, in a liquid formor a gas-liquid mxture form
and the aliphatic nonohydric alcohol is continuously. fed, to a | ower
portion of the comtriomu@usomdllt i% shyageighitst iddsdd ah aldintbtdn we PGISEOUS
formor a gas-liquid 20 m xture form or in a gaseous formand in a liquid
form individuallyhel altipdhargichaorafhydrel pralsmitcl rmrehttlon, concdetoaes
possi bl e to advance the transesterification reaction 25 with high
productivity and Kiighkydl eeribgnate.as com 28 pared to those achi eved by
conventional nethods, even when the aliphatic nonohydric al cohol/cyclic

carbonate nolar ratio is |low. Hereinbelow the present invention wll be
expl ained Ln nore _detail. 5 The reaction perforned in the present invention
's a reversi bl e, Sequi T PERNCaRCE e R 11 @cQloritens 1 to 4

above, wherein the cyclic carbonate is at least one
carbonate selected from the group consisting of ethy-
lene carbonate and propylene carbonate, and the
aliphatic monohydric alcohol is methanol.
10
6. The method according to any one of items 1 to 5
above, wherein:
the cyclic carbonate is continuously fed, to an
upper portion of the continuoﬁs multi-stage distilla-
15 tion column, in a liquid form or a.gas—liquid mixture
form, and
the aliphatic monohydric alcohol is continuously
fed, to a lower portion‘bf the continuous multi-stage
distillation column, in a gaseous form or a gas-liqguid
20 mixture form, or in a gaseous form and in a liquid form

individually.

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

25 with high productivity and high selectivity, as com-



represented by the follow ng reaction schene (1), in which a dialkyl
carbonate (C) and a diol (D) are pro- duced froma cyclic carbonate (A and
an aliphatic 10 nonohydric alcohol (B): OOH / \ / RL C=O + 2R20H >
RROOOR2 + RL (1) \ / Il A\ OO 15 (A (B) (O (D wherein: RlLis a

di val ent group represented by formula -(CH2»gy, in which mis an integer
of from2 20 to 6 and which is unsubstituted or substitut- ed with at

| east one substituent selected fromthe group consisting of a Cl1 - C10

al kyl group and aaged tClGhyed aPHikpiedny ROIGIHESSHHHE metho@¥al 60énd -
Cl2 aliphatic 25 group which is unsubstituted or substituted 29 wth at

| east one substit weenh stleectlapHatonm ndrehgrdntip: cansitsdl Nyeiia €hrbofd e

al kyl group and a C6 - C10 aryl group. The above reaction is an exothermc

reaction. The 5 molar ratio is low. Hereinbelow, the present invention
will be explained in more detail.
5 The reaction performed in the present invention is
a reversible, equilibrium transesterification reaction
represented by the following reaction scheme (I), in

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

duced from a cyclic carbonate (A) and an aliphatic

10 monohydric alcchol (B):
@] . OH
/ \ /
rR" c=0 + 2rRZ?0H > R20corR? + RI (1)
\ / < I ' \ :
0] (6] OH
15 . (A) (B) (C) (D)
wherein:

rR1 is a divalent group represented by formula

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

ed with at least one substituent selected

from the group consisting of a C; - Cyg alkyl

group and a Cg - Cyg aryl group; and

R2 represents a monovalent C; - C;, aliphatic

25 group which is unsubstituted or substituted



| ower the reaction tenperature, the larger the equilib- rium constant
becones and, therefore, the higher the equilibriumconcentrations of the
products beconme. However, the | ower the reaction tenperature, the small e
h :"- 10 ing and maintaining a satisfactory production rate while
performng the reaction at a |ow tenperaturezgit 1is necessary to increase
the volune of the reaction system An increase in the volune of the
reaction system nmeans a |lowering of the productivity as defined 15 in the
present invention. |n whiehpresariasitneert isabstitthentte smléeptedudtrion t y" nmeans
a yield per unit volume of the reaction zone in a continuous nulti-stage
dis- tillation colum &he geoupniconsiimEing ©f, aaCgpac€1phi mKyyield in the
reaction zone of a continuous multi-stage 20 distillation colum. Wen a
plurality of continuougromp eindstta§e di $hiol leavilogTOPPUMMSs are used, the
total volunme of the continuous nulti-stage distillation colums is used
for calculation of the above-nentioned vyield. 25 On the other hand, %Q%n

it is desiged to perfoﬁ§@3@bove reaction is an exothermic reaction.
lower the reaction temperature, the larger the equilib-
rium constant becomes and, therefore, the higher the
equilibrium concentrations of the products become.
However, the lower the reaction temperature, the small-

[P -2 - £

er thae reaction retve becomes. rcecordingsy, fow achiev-
10
ing and maintaining a satisfactory production rate
while performing the reaction at a low temperaturé, it
is necessary to increase the volume of the reaction
system. An increase in the volume of the reaction
system means a lowering of the productivity as defined
1o ig the present invention. In the present invention,
the term "prodﬁctivity" means a yield per unit volume
of the reaction zone in a continuous multi-stage dis-
'éuﬂ tillation column and per unit time, i.e., a Space time
yield in the reaction zone of a continuous multi-stage
20 distillation column. When a plurality of continuous
multi-stage distillation colﬁmns are used, the total
volume of the continuous multi-stage distillation
columns is used for calculation of the above-mentioned
yield.

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



the reactive distillation under a | ow pressure wi thout decreasing the
feeding rate of the feedstocks, it is necessary to increase the dianeter
of the distillation columm. For |lowering the reaction pressure without 5
decreasing the dianmeter of the distillation colum, it is necessary to.
reduce the feeding rate of the feed- stocks.3phus, a decrease in the
reaction pressure is expected to result in a lowering of the productivity.
Therefore, according to the conventional know - 10 edge, an attenpt to
performthe reactithe diesidtilvat idirstilndari qondidéons Wheretdssheerefachbon
pressure is as lowas 5 x 104 Pa or less and the reaction tenperature 1is
as |low as | ess thdect@aCimgndinheasfamtsy ethtad dhethe nfeeddbodtlos oftt he

mul ti-stage distillation colum, is 15 considered as bei ng di sadvant ageous
from the vi ewpoi npecessay Frodustiadssy Hwd-dimmetae. of nthacdisthetethes
been no attenpt in which the reactive distillation is. conducted under the
above pressure an8°teMPer atfiitfe LXHTENG diE TS tiAhePeRHE S ovistedpt oyed

in the nethod 20 qf the present invention. wever, unexpectedly, it has
for the ff?st ti nBSCEEST FWurid d a@?ﬁﬁ%ﬂQ%j%QﬁnqkﬁE&¥9 PR GPbE R anibe

continuously prodyced wth hi hcdpr %%l%tel vir;ey Pnd high selectjvit V\%en t he
‘reactive distill atlf‘;onelcsesbsearfygr ired 25 Undet coened?%q%n%a%e?élth%o%[e% Ty are
the pressure and §%ocks. Thus, a decrease in the reaction pressure is
expected to result in a lowering of the productivity.
Therefore, according to the conventional knowl-
10 edge, an attempt to perform the reactive distillation
under conditions wherein the reaction pressure is. as
low as 5 x 104 Pa or less and the reaction temperature
is as low as less than 60 °C, each as measured at the
inner bottom of the multi-stage distillation column, is
15 considered as being disadvantageoué from the viewpoint
of the productivity and the like. 1In fact, there has
been no attempt in which the reactive distillation is.
conducted under the abo&e pressure and temperature
conditions, i.e., the conditions employed in the method
20 of the present invenfion.
However, unexpectedly, it has for the first time
been found that a dialkyl carbonate and a diol can be
continuously produced with high productivity and high

selectivity when the reactive distillation is performed

25 under conditions wherein not only are the pressure and



tenperature of the columm bottom maintained within the above-nentioned
specific ranges, but also the distilla- tion colum has an F-factor in the
range of from0.2 to 5. Conventionally, the F-factor of a distillation 5
col um has been known as a paraneter which relates to the stage efficiency
of the distillation colum [see Kagakukougakyy jiten (Dictionary of

Chem cal Engi neer ing), edited by Kagakukogaku Kyokai (Associ ation of

Chem cal Engineering), p.55 (1986) (Maruzen Co., Ltd., 10 Japan) and
Cheni cal Engi neer' tehp@eddtoke 6fftheedolimn, bSecbnonaiBtapned® ¢i9K3h the
(MG awHi I | Kogakusha, Ltd.)]. However, in the production of a dialkyl
carbonate and a d@%@v%ym@héloeeﬁnsqaeléicreangese dustaltattbs 455091 da-
distillation colum, it has never been known at all 15 that a correlation
i s present betweentiPe FolumRohasfant Refdrsor| inttbe tahgemoanfromed.2 to
productivity of a g the selectivity for the desired products. The present
i nventors have for>thée ?PY%?t%?ﬂélibuthﬁhErf@ﬁéoF of agtdisbiliabion

distillation columm qu|OX %n the 20 reactive distillation has a
correlati o with tHe PF-"atchPeRt ¥ ey and ?h%a§%m%5?¥vW?yc$o¥elﬁ§e€e§©red

Wy a high product i (308 S hiheugrent o8t rryl EaRTEe cohvemekeny

performng the preS&%gai@@8&§9Eu3}1ten (Dictionary of Chemical Engineer-

' ing), edited by Kagakukogaku Kyokai (Association of

Chemical Engineering), p-55 (1986) (Maruzen Co., Ltd.,

10 Japan) and Chemical Engineer's Handbook,lfifth edition,
Section 18, p. 6 (1973) (McGraw-Hill Kogakusha, Ltd.)].
However,'in the production of a dialkyl carbonate and a
diol by the technique of reactlve distillation u81ng a
dlstlllatlon column, it has never been known at all

1s that a correlation is present between the F-factor of

the distillation column and the productivity of and the

selectivity for the desired products. The present

inventors have for the Eirst time found that the F-

factor of the distillation column employed in the

20 reactive distillation has a correlation with the pro-
ductivity of and the selectivity for the desired pro-
ducts. |

Elucidation has not yet been made with Tespect to

the reason why a high productivity and a high selectiv-

5c ity can be achieved by performing the present reaction



by the reactive distillation under conditions wherein the reaction
pressure and tenperature fall within the above-nentioned respective
specific ranges, as neasured at the inner bottomof the nmulti-stage
distillation 5 colum, and the F-factor of the distillation colum is from
0.2 to 5.0. However, it is presuned that the32efficiency of the reactive
distillation is increased by enploying such reaction conditions. Exanples
of by-products fornmed in the reaction for 10 producing a dial kyl carbonate
and a diol from abgythecregatbvratidsiadlaniani phdeirc copddihidmisc viaxshiol
include a condensation product of ethylene glycol (EG, such as

di et hyl ene gl ycol theEgpagahdonr PEERFHERe 35y EBMPETELNTe F7d 12 WwigthHax yidiehanol
(2ME). When the content of DEG in 15 ethylene glycol as the desired diol_is
hi gh, a problem aPP¥Bs™ERALCRSHoFGEREEFINAI ERCFE fpFodGOSG Susiary Mafsured

t hyl I I .materjal h -unif i t i l.qr., Further,
SRR R e My S GBS e e M ot LA AR R L O s
s monofunc 20 1008k, 3.RAORLEMFALLERS,! BB (ANEAELS 138 A LCINAPNe I N
a polyester-form ng reactron using € ethylene  glhycol "as™a raw mat eri al

and, hence, the obpghngd; EB'ggéterHB§ebEK?|Xttgshﬁ¥@sﬁmbﬁwﬂﬂaﬁﬂ%ﬂé”

weight. Therefore, it is disadvantageous that ethylene glycol 25 contains
such by-products agriBpHAEYI 88 thB geBekdke d3stillation is increased by

employing such reaction conditions.
,f_' Examples of by-products formed in the reaction for

10 producing a dialkyl carbonate and a diol from a cyclic
carbonate and an aliphatic monohydric alcohol include a
condensation product of ethylene glycol (EG), such as
diethylene glycol (DEG) and triethylene glycol (TEG),
and 2—methoxyethanol (2ZME). When the content of DEG in

15 e?hylene glycol as the desired diol is high, a problem
arises that a polyester which is produced using the
ethylene glycol as a raw material has a non-uniformity
in color. Further, wheﬁ ethylene glycol (which is a
bifunctional monomer) éontains 2ME (which is monofunc-

20 tional), a problem arises that 2ME acts as a terminator
in a polyester-forming reaction using the ethylene
glycol as a raw material and, hence, the obtained
polyester is likely to have a low molecular weight.
Therefore, it is disadvantageous that ethylene glycol

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



t he by-products contained in EG are separated therefrom by distillation.
For exanple, since the boiling point of DEG (245 C) is higher than that of
EG (198 C), when EG containing DEGis subjected to distillation, a 5
purified EG containing a small amount of DEGis ob- tained as a colum top
fraction or a side cut (side stream (i. €. 548 fraction withdrawmn from a

wi t hdrawal port provided in a side wall of "the distillation col- |iquid.
In this distillation, for Iomering the concen- 10 tration of DEG in the

purified EG the §»e§t15>'f'r§‘ tg%aggameaeﬂw@daw D38 B+ DU TOREr 8F rom

distillation sta |on € concentration in the colum

bottom |1 qui d I's J.oves.ed by %ymn OpSONELARPYA! dPn0L BG 190P1hE! folhe

colum bottom | i qui eret ore, en the columm bottomliquid Ts

wi thdrawn from the oot um 45EGc')slgeﬁ§§r gari tiami thetawn EcomoBeccolum -
bottom toget her with by-produced DEG This withdrawn colum bottomliquid

containing EG is .generat! yomest 88ng20e0r iknsupgeated, teodikailiaeiyghel d of
EGis |owered. Therefore, for preventing such a | oss due to the oc-

currence ef by- praduct sed aEQi gbnseliachyvit ymédl &heuntesfreEGpisdabts is

required. Wth respect to the continuous nmulti-stage distil- 25 lation

colum to be usedcainédeaseshodlomnt heppfesehiog4or a side cut (side
stream) (i.e., a fraction withdrawn from a withdrawal

port provided in a side wall of the distillation col-

e R P KR I [, PO JEEOURE R

10 ligquid. 1In this distillation, for lowering the concen-
tration of DEG in the purified EG, the distillation
column is required_to have a number of distillation
stages. In addition, the concentration of DEG in the
column bottom liquid is lowered by causing some amount

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

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

With respect to the continuous multi-stage distil-

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



invention, there is no particular limtation, as long as it is a
distillation colum which has two or nore stages of distillation and which
is capable of continu- ous distillation. In the present invention, the term
5 "stages" is intended to include theoretical stages (theoretical plates).
In the case of a distillation colum having3do substantive stages, such as
a* packed colum, the val ue obtained by dividing the packing height by the
hei ght per theoretical stage (plate) 10 (H. E. T.P.) (height equivalent to a
t heoretical plate)linvientdorsi ddraxk aks tihe pamberubdr st getatERanpheslong
such continuous nulti-stage distillation colums in- clude plate type

col urms usi ng a t B8y itdch aadisHublapien ceplyrrywhichibhye EY’@y‘?ramS?éﬁve
tray, a counterflow 15 tray, and packed type col ums packed w th various
packi ngs, such asStagesciify Fisigl L P 1 easidne ryineh ot s PapPabiRgof acRRELNU-
saddl e, an Interlox saddle, a D xon ackin a McMahon packing, a Hel

pack, a Sul zer p&&d rﬁig‘%tﬁdul\?eﬂ%'akfrb\nénecg‘?{ﬁﬁ\e%i%’Puv‘?’gtb%ﬂergmaytﬁﬁmused

as a continhuous myl ti-stage distillation col can be utilized. Further,
S mxed tybe of pratedis oks SHEldd O chidi e SRRkl b0l Z8Raghll | ]

plate poriion and . dordd on, pagkethyy uﬁﬂQQaigagﬁ%seiQeép%§£§aa. abl y

used. When a solid catalys I's 1nso ein e |l1qui ase in a
distillation col ugiignHefbidy 3B substantive stages, such as a packed

column, the value obtained by dividing the packing
height by the height per theoretical stage (plate)

10 (H.E.T.P.) (height eqguivalent to a theoretical plate)
is considered as the number of stages. Examples of
such continuous multi-stage distillation columns in-
clude plate type columns using a tray, such as a bub-
ble-cap tray, a sieve tray, a valve tray, a counterflow

15 _ tray, and packed type columns packéd with wvarious
packings, such as a Raschig ring, a Lessing ring, a
Pall ring, a Berl saddle, an Interlox saddle, a Dixon.
packing, a McMahon packing, a Heli pack, a Sulzer
packing and Mellapak. Any column which is generally

20 used as a continuous multi-stage distillation column
can be utilized. Further, a mixed type of plate column
and packed column, which comprises both a plate portion
and a portion packed with packings, can also be prefer-

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

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



packed columm type distillation colum, in which the solid catalyst is
used in substitution for part or all of the packings, is preferably

enpl oyed. As the con- tinuous nmulti-stage distillation colum to be used in
5 the nethod of the present invention, the above-nen- tioned distillation
colums can be used individually or in conmbipation. Wien used in

conbi nation, a plurality of distillation coPdms may be connected in
series or 10 A cyclic carbonate to be used as a feedstock in the present

invention is represented by fornula (A . .mentioned above. Exa

cyclic carbonat esp?ﬁ]EPEdEOYL&f“ﬂ/I%W@ gﬁ'so Heton ¥ ‘g%n’et%r}l‘%nleg%a?%%nat e
and propyl ene carbonate, ,1,3-di axacycl A Y
dioxacyclohepta-2§8ﬁé$ Sﬁéa9m5¥iﬁaa %Tft%gggﬁﬁﬁﬁﬁ%ékééjékﬁl %E? %fh?%%ne

Co e, 0 PLOBH SIE BRGNS Rl e oo oo

avail ability. yl ene st pre _ n aliphatic
monohydri ¢ al conok; 15edsa%uaRaL Rifag 2l Betsl ekod ned NanPresesd isegnthon

is a conpound whic I's represented by forrmula (B) nentioned above and has

a boiling point tpuepethad UrttHy ghwsdnodusasheion, e diypeeahean
al i phati c nonohydric al cohol which can be used in the present invention
vari es dependi ng efion2d thettiye tofort e loywhs ccararimnated usedi v Edaapl gsoof
36 aliphatic nonohydric al cohols include nethanol, etha-

in combination. When used in combination, a plurality

of distillation columns may be connected in series or

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

i5 djoxacyclohepta-2-one, and the liké. Of these cyclic
carbonates, ethylene carbonate and propylene carbonate
are preferred because of their good availability.

~Ethylene carbonate is_m;st preferred.
An aliphatic monohydric alcohol used as another

20 feedstock in the present invention is a compound which
is represented by formula (B) mentioned above and has a
boiling point lower than that of the produced diol.

The type of an aliphatic monohydric alcohol which can

be used in the present invention varies depending on

25" the type of the cyclic carbonate used. Examples of



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

(i sonmers), undecyl alcohol (isoners), dodecyl alcohol (isoners),

cycl opent anol, cycl ohexanol, cycl o- heptanol 36cycl ooct anol ,

nmet hyl cycl opent anol (i soners), ethylcycl opentanol (isoners),

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

di met hyl cycl o- hexdnghatisomErs)hydiiiet el ayed ohekamblidd i sebpasy)l, etha-
phenyl cycl ohexanol (isoners), benzyl alcohol, phenethyl alcohol (isoners),
phenyl propanol (i swier Prapahalhe idaners JThea kol ea heohdbnebubanphat i c
nonohydri ¢ al cohol 15 nay be substituted with at | east one substituent,
such as a hal ogerl RIS | Gwdrutdnendy Yk ommy b ayeekr hr obpomens), hexyl

al koxycar bonyl group, an aryl oxycarbonyl group, an. acyloxy group or a
nitro group. O tRRESENAY dHaIEThoBRRY eﬂi%ﬂﬂﬂ%,(%ﬁP%ﬁﬁ%holchﬁlhaving

LL0,0 arbon St omn 5 B S 0L B o ShASH P Eopongly g g1 cool s
o a2 o S M e A o oo P Yepl 207 Cathgngte |
especial l'y prefe“é%%&ﬁ%fg&iéHHéngv-cyclopentanol, cyclohexanol, cyclo-
-heptanol, cyclooctanol, methylcyclopentanol (isomers),
ethylcyclopentanol (isomers), methylcyclohexanol
10 (isomers), ethylcyclohexanol (isomers), dimethylcyclo—
hexanol (isomers), diethylcyclohexanol (isomers), .
phenylcyclohexanol (isomers), benzyl alcohol, phenethyl
alcohol (isomers), phenylpropanol (isomers) and the
like. The above-mentioned aliphatic monohydric alcohol
15 may be substituted with at least ohe substituent, such
as a halogen atom, a lower alkoxy group, a cyano grodp,
an alkoxycarbonyl group, an aryloxycarbonyl group, an.
o - acyloxy group or a nitré group.
Of these aliphatic monohydric alcohols, an alcohol
20 having 1 to 6 carbon atoms is preferred. More pre-
ferred are monohydric alcohols having 1 to 4 carbon
atoms, i.e., methanol, ethanol, propanol (isomers) and
butanol (isomers). When ethylene carbonate or propy-

lene carbonate is used as a cyclic carbonate, methanol

25 and ethanol are preferred, and especially preferred is



In the present invention, the reaction represented by reaction schene (1)
is conducted by the technique of reactive distillation, that is, the
reaction is con 5 ducted in a continuous multi-stage distillation columm
whi | e separating a produced | ow boiling point mxture fromthe reaction
system by distillation. In the method of the_present invention, a catalyst
10 colum. The nethod for causing a catalyst-“to be pre- sent in the

mul ti-stage distillation colum is not particularly |imted. For exanple,
a honogeneous cat al yst ich is soluble in the reaction systemunder the
reaction conditioﬁ?t§gﬁo ¢ caused to be present in 15 the continuous

mul ti-stage distillatigp %g%ﬁﬁ%$¥§¥§3§Qﬁﬂﬁﬁﬁﬁy15&9@ %fghgﬁggg%gﬂ%éh

catalyst to the continuous ation col um.

tively, a heteroggpeods 4abal ¥3haO!lid Gal Aotfic it ¢ dr sl ge idk:
the reaction systemunder the reaction 20 conditions, can be caused to be
present in the copthb¥ive QUStTUhttridrageHlitStid | alHeo Rl t4Bh bys paski ng
the solid catalyst in the continuous multi-stage distilla- tion columm.
The above-3rent i onadchedgeneodsnaichudifd enageiney < al il 4SS €odh keoLs@d i n
conbi nati on. 25 When a honobgeneous catalyst is continuously fed to 38 the
continuous nulti-sehage diephirlaltanigora gatadured tlawmboildadgeddint heixture

distillation colum together with a
from the reaction system by distillation.

In the method of the present invention, a catalyst

‘
PR, N

10 column. The method for causing a catalyst to be pre-
sent in the multi-stage distillation column is not
particularly limited. For example, a homogeneous
catalyst which is soluble in the reaction system under
the reaction conditions can be caused to be present in

15 the continuous multi-stage distillétioh column by
continuouslf feeding the homogeneous catalyst to the

continuous multi-stage distillation column. Alterna-

tively, a heterogeneous-catalyst (s0lid catalyst) which .

is insoluble in the reactioq system under the reaction
20 * conditions, can be caused to be present in the continu- .
ous multi-stage distillation column by packing the
solid catalyst in the continuous multi-stage distilla-
tion column. The above-mentioned homogeneous and
heterogeneous catalysts can be used in combination.

25 When a homogeneous catalyst is continuously fed to

3
’



feedstock cyclic carbonate and/or a feedstock aliphatic nonohydric

al cohol . Alternatively, the honogeneous 5 catalyst may be fed to the
distillation colum at a position different fromthat at which the
feedstock is fed. Further, the honbgeneous catal yst can be fed to the
distillation colum at any position as long gg the position is at |east
one theoretical stage (plate) 10 above the colum bottom However, since
the region where the reaction actually takes place in the continu- ous
mul ti-stage distikhat icomtaeons infulganeitlde) diedw 1ddieomassiumn, aft Wdyeh
t he honogeneous catalyst is fed, it is preferred that the honbgeneous
catalyst is fed t belFedheoditsie |diattian aadlaimrciiuntrhecagepeiepositon of t he
colum. When a heterogeneous solid catalyst is used as a catalyst, the
cat al yst can be pdeledd tiorka ayediiicedardmmatie @&ndy cdesi riskdrosddck anl gfhd thies
continuous multi 20 stage distillation colum, as long as the catal yst

| ayer present in MeaogyIdFHe RdschHtei gl teirgtivelve- Bpoduynagengodseast
one_theorg;ical stage (plate), preferably two or nore theoretical stages

(pl ates). cata L¥isitc Ragakes drode tes thep ddigtid gl A€ oHin R & ous
mul ti-stage . distillatiqn cal, can so be used. 39 As a catalyst used in
the present invenPPSd 105 %&&?"etr saflcﬁonkr%\ﬁﬁ &t é"l%Vﬁ}S W %@Q%@Fk 1s
Exanpl es fed. Further, the homogeneous catalyst can be fed to

the distillation column at any position as long as the

Prs Ay
p—

?ﬂ, position is at least one theoretical stage (plate)

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

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

When a heterogeneous solid catalyst is used as a.

- h ' catalyst, the catalyst can be packed in a desired

=N
Lt
e

amount at a desired position of the continuous multi-
20 stage distillation column, as long as the catalyst
layer present in the column has a height which corre-
sponds to at least one theoretical stage.(plate),
preferably two or more theoretical stages (plates). A
catalyst which can serve as a packing for the continu-

25 ous multi-stage distillation column can also_be used.



of such catalysts include alkali netals or alkaline earth netals, such as
lithium sodium potassium 5 rubidium cesium nagnesium calcium
strontiumand barium basic conmpounds, such as hydrides, hydroxides,

al koxi des, aryl oxides and am des of alkali nmetals or alkaline earth
metal s; basic conpounds, such as car 10 al kaline earth netals and al kal
metal or alkaline earth netal salts of orgéﬁ%c acids; tertiary am nes,
such as triethylamne, tributylam ne, trihexylam ne and

benzyl di et hyl am ne; nitro cont ai_ni n heter aromatic nds, such as
N-al kyl pyrrole, N al kyt ?n%o?%taggsﬁ4ﬁfgp tﬁ?k?FlﬁF&%Z&Peen ron,

N-al kyl pyrazol e, oxadlaz pyEi di ne K Lidi ui nal4 ne,
al kyl qui nol i ne, ?%O#YR%S éFkyPPngﬁFﬁéhg cen |ngg%é kylggnetes

di ne, phenanthrollp U@Ak¥éggf?ggghaghggg EXF%EEdh%%alsmdﬁ”éﬂﬁéfg$g”e

pyr adi ne, aIkyIpyra rrazf ne an triazine; cyclic amdines,

such as di azabi cy £4e5enguLhByk Qa@héuﬁzagb@x%hpn@ms(ml\b
thallium conpounds, suc% as fhallium oxide, thalliumhalides, thallium

hydr oxi des tha”'fﬁ%f@i@ﬂna&651hﬁa|hbgﬁé@humtr@bQ01hh@”sﬂﬁBﬁﬂﬂdmﬂéh&md
thalliumsalts of organic 25 acids; tin conpounds, such as

tributyl mnethoxyt imer#@m; tbabmbybembomymsn sdichutyl thydetikieeyt ihydroxides,
~di et hyl di ethox- ytin, dibutyldiethoxytin, dibutyl phenoxytin, diphenyl-
met hoxytin, di butglkonidest ageylpribesybndnashidesi ¢ alkali metals or

alkaline earth metals; basic compounds, such as car-

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

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

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

25 acids; tin compounds, such as tributylmethoxytin,



and tin 2-ethyl hexanoate; zinc conpounds, such as 5 di nethoxyzinc,

di et hoxyzi nc, ethyl enedi oxyzinc and di butoxyzinc; al um num conpounds, such
as alum num trinethoxide, alum numtriisopropoxide and al um num
tributoxide; titanium conpounds, such as tetramethoxy- titanium

tetraet hoxytitanium tetrabutoxytitanium 1GQi chl orodi net hoxytitani um
tetrai sopropoxytitanium titaniumacetate and titanium acetyl acetonate;
phosphorus conpounds, such as.trinethyl phosphine, triethyl phosphine,

t ri but yl phosphi netributypathgkphdsphiihbutylApueFhaeyhynphedprdvilddeitdcxdes,
15 trioctyl butyl phosphoni um hal i des and triphenyl - nethyl phosphaoni um
hal i des; zirconi wiFébnpethasyldiekhasytiny c8APUMYARPEREZY APy c GriPhpnyL-

acetyl acetonate, zirconium al koxides, and zi i , t . |l ead d

ngg-cortahn- :Pgﬁ%ﬁﬂ%ﬁ&ﬁag:a@?gé%yiiégnSQé%é g?;%ghgg Y%%%P 5§g?r§%§ 20
4; lead sulfides,_ such as, P Ph2S3 and.PhS2: | h i , h

as ZEE(OZ oH) 2, Pgbsoz? E,lnPg'z'?%Bbgﬁ%iﬁﬁ‘Qfa%%ndZngoEBﬂfg;%g‘SFu%%i(‘%ls?‘l‘%:ucf}u;s
_ , 2, nd KH : hat Rh@B..n

|\la2H2PbO4!§2K2PbO3(?§%‘Fg§)%5%?§f,’ Egg%&g%agggbeo%tgﬁggggaégg%ﬁ?’ | o4

car bonat es and bagi6,$8Lys: hBEr §9fni AURN bhoofRaB) OSBoRNEs2BICHARR( OH) 2

al koxyl ead conpounds and” aryl oxylead conmpounds, such as Pb(OCH3) 2,

(CH3O) Pb( OPh) anérEhé@RbkzaeLeaduﬁahhﬁ ek 1968pRboRE S andN 1G@EnUm

tributoxide; titanium compounds, such as tetramethoxy-

titanium, tetraethoxytitanium, tetrabutoxytitanium,

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

15 tgioctylbutylphosphonium halides and triphenyl-
methylphosphonium halides; zirconium compounds, such as
zirconium halides, zirconium acetylacetonate, zirconium

alkoxides and zirconium acetate; lead and lead-contain-

i
. N
S

ing compounds, e.g., lead oxides, such as PbO, PbO, and
20 Pb304; lead sulfides, such as PbS, PbyS3 and PbSy; lead
hydroxides, such as Pb(OH),, Pb302(0H)2, Pb, [PbO4(OH) 5]
and Pb,0(OH),; plumbites, such és Na,sPbO,, K,oPbO,,
NaHPbO, and KHPbO,; plumbates, such as NayPbOg,
NayH,PbOy, KoPbOz, Ko[Pb(OH)gl, K4PbO4, CayPbOy and

25 CaPbO3; lead carbonates and basic salts thereof, such



bonates and basic. salts thereof, such as Pb(OCOCH3)2, 5 Pb(OCOCH3)4 and
Pb( OCOCH3) 2PbQO. 3H2G, organol ead com pounds, such as Bu4Pb, Ph4Pb, Bu3PbC
Ph3PbBr, Ph3Pb (or Ph6Pb2), Bu3PbCH and Ph2PbO wherein Bu represents a
butyl group and Ph represents a phenyl group; lead 10 | ead m nerals, such
as galena and zinc bl ende; hydrates of thesge |ead conpounds;

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

havi t | t f _1,00= h | f
Consi St ing of sulTonBbEoacaPa BERyPar BoRa B0 gsRar B e P L (Al )
basi ¢ sol 1 " ani of GxghaNgss BAYENAAGUALELAALY BATBRHIT, O QL5 G¥eb (OPh)

i on- exchange groups; I'norgani ¢ coénmpounds, such a

silica-al um na, Sshacabff@sﬂﬁigi;azleabuggmi 020 Jrigedlie, agaldd umrsd IdLat e,
various types of zeolites, arious types of netfal -exchanged zeol.ites and

amoni um  exchanggdngeaki k88 bAERERI shhe sakawe=maNt iseedd a30lHHt R y5] S,
stron- gly basic anion-exchangers having quaternary ammoni um 25 groups as

ani on- exchange grpygpscece;pyehaar 8. oEvamy42 - PRice SHYD ; S ety adiu lered xad@nger
i ncl ude strongly basic ani on-exchange resins having quaternary amoni um
groups as ani on-pxschdsgesgrbups, BogPbul &g Pbypd&ugPibdigl Phizddibyr, PhiPb
ani on- exchangers havi ng quat ernary anmoni um gr oups as
(or PhGsz), Bu;PbOH and Ph,PbO wherein Bu represents a
butyl group and Ph represents a phenyl group; lead

LT LA VoLt o- L PO ST TS T ) S
Ll . X - L, HERTEN e Sl A 2ty

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

15 | selected from the group consisting of sulfonate, car-
5oxylate and phosphate groups, and strongly basic solid

anion-exchangers having quaternary ammonium groups as.

ion-exchange groups; solid inorganic compounds, such as . -

silica, silica-alumina, silica-magnesia, aluminosi-

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

Among the above-mentioned solid catalysts, stron-
gly basic anion-exchangers having quaternary ammonium

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

S

<)



5 ani on- exchange groups and strongly basic ani on-exchang- ers carried on an
I norgani c carrier which have quater- nary ammoni um groups as ani on-exchange
groups. O these strongly basic ani on-exchange resins having quaternary
anmoni um groups as ion-exchange 10 groups, styrene type strongly basic

ani on-exchange resins and the like are prefegged. A styrene type strongly
basi ¢ ani on-exchange resin is conprised of a styrene/divinyl benzene
copolymer as a base resin, and quaternary ammoni um groups (type | or type
1) as 15 ani on-eptBangé guehpsniexapochanglershiick lade ditagraby nedical |y
represented by the followng fornmulae (11). IV -CH CH2-CH CH2- CH CH2--, --
/I .(type |) 20 CaGHRNCEHBNhangEHZRSEHS) BaxiGgXau@ade rnailyZ amfcOHRWTCIHICHD-S
CH/1-" 25 6"", (type Il) (D O W -CH CH2CH2NCH3) 2( C2HaCH)

CH2N( CH3) 2( C2H40OHpsXanXen-exchange groups, cellulose type strongly basic

anion~-exchangers having quaternary ammonium groups as

5 anion—exchaﬁge groups and strongly basic anion-exchang-
ers carried on an inorganic barrier which have quater-
nary ammonium groups as anion-exchange groups.

Of these strongly basic anion-exchange resins

\
e,
N

having gquaternary ammonium groups as ion-exchange

10 _ groups, styrene type strongly basic anion-exchange
resins and the like are preferred. A styrene type
strongly basic anion-exchange resin is comprised of a
styrene/divinylbenzene copolymer as a base resin, and
quaternéry ammonium groups (type I or type II) as

15 anion-exchange groups, examples of which are diagram-

matically represented by the following formulae (II).

"\ —CH—CH:—CH—CHz— CH—CHz—"L"

0
L (type 1)
20

CHﬂQCHsa
CHzNéCHs)s —CH—CHz—~"— ga )

(1)
~—CH—CHz—CH—CHr—CH—~—"1_"

25 _ (type 1I)

®
‘A~ —CH—CHr~~ CHIN(CH3)2(CZH(OH)
CHIN(CHs)2(C2HiOH) X k
X



43 In above formulae (11), X represents an anion. Cenerally, X is at |east
one type of anion selected fromthe group consisting of F-, d-, Br-, |-,
HC®3-, C03 2-, CH3C2-, HCO2-, 103-, Br03_ and C1(3-. It is 5 preferred
that X is selected fromthe group consisting of d-, Br-, HCO3- and CO32-.
Wth respect to the structure of the base rgsin of the ani on-exchange
resin, either a gel type or a nmacroreticular~type (MRr 10 sistance to
organi c solvents, the MRtype is preferred. Exanples of cellul ose type
strongly basic ani on- gexchangers havin terpa L r as ion-
exchange groups incIudgnc%??%?os%rTV%ggs??g%gl5 %ég?ggggkgghgeggﬁgﬁders
havi ng i on- exchange gr o} e_ 415 C e rgge bychhetkar mul a:
- OCH2CH2NR3 X, wﬁ%%ﬁggggﬁghg%réga?g %%%%?n%géb§9 ?igﬁksﬁggpnﬁgt%ylg- tion
of a part or all plofhendydroxy! cghauRinG el ko, tese. skn the akoos-,
formula; R represeﬁ?s an afkyl group, for “exanple, a methyl group, an ethyl
group, a 20 propyh,8tougy.eo u;yhcgﬁouplgg‘thgrbgkeanareﬁe@ablyIa iret hyl
group or an ethyl g?oup; and I's as“definéd above. The inorganic
carrier-cqgried sprepgtyehashet Anisnseiehaederrosalthe igmotipe conederiting
i nvention,” which 25 has quaternary annnniuglgroups as ion-exchange groups,
of C17, Br~, HCO3 and COgz - With respect to the

structure of the base resin of the anion-exchange

resin, either a gel type or a macroreticular type (MR

- - 1 ~

R S VI Do o ER e 1A raa AL

10 sistance to organic solvents, the MR type is preferred.

“ Examples of cellulose type strongly basic anion-
exchangers having quaternary ammonium groups as ion-
exchange groups include cellulose type strongly basic
anion~ex§hangers having ion-exchange groups of the

15 sfructure fepresented by the formula: -OCH,CHoNR3X,
which exchangers are obtained by trialkylaminoethyla-
tion of a part or all of the hydroxyl gfoups of cellu-
lose. In the above foréula; R represents an alkyl
group, for example, a methyl group, an ethyl group, a

20 propyl group, a butyl group or the like, preferably a
methyl group or an ethyl group; and X is as defined
above.

The inorganic carrier-carried strongly basic

anion-exchanger usable in the present invention, which

25 has quaternary ammonium groups as ion-exchange groups,



44 is an ani on-exchanger havi ng quat ernary anmoni um groups represented by
the formula -Q(CH2) nNR3X wherein R and X are as defined above and n is
usually an integer of from1 to 6, preferably 2, which ani on-exchanger can
be 5 prepared by the nodification of a part or all of the hydroxyl groups
on the surface of the inorganic carri- er. Eggnples of inorganic carriers
include silica, alumna, silica-alumna, titania and zeolite. O these,
silica, alumna and silica-alum na are pre 10 ferred. Silica is nost

preferred. There i;g e lddidri-etdidhyds hAesReGud Ceteryeimenien §h6ups
nodi fication of hydroxyl groups on the surface of the inorganic carri- er.

For exanple, suchrapyidseigian RS ehanf OFimexe hangs, ) o Lx esh@fe a8l RN@h@ani c
carrier can be obtained by 15 sibjecting an inorganiCc carrier and an

am noal-cohol represericddfindie dmsvall andQf GR)udNRR211p a@n dehydgati on
reacti on between themin the presence of a basic cata- |yst to. thereby

ef fect am noal koxyflram dn,td &} | aweefdyablhel r edei¢hremion hexchangenntan be
am noal koxyl ated inorga 20 nic carrier with an al kyl halide represented by
the formga RX , paemesiad Yoy ridpe dsedi Slcationgeh atpegt %?eé‘bfa%f-yt’@, Br
or I, to thereby convert the am noal - koxy group into a - Q CH2) nNR3X' |
group. The - O( CHIWNR3NY L GHRIHPT OF ubRPeFuThRRrRdthe osIary EHPF ANR3X

roup having the desired anion X an_ . . s
9 P 9 er. Examples opyinorganic carriers include silica,

alumina, silica-alumina, titania and. zeolite. Of
iYL these, silica, alumina and silica-alumina are pre-

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

15 sybjecting an inorganic carrier and an aminoalcohol
represented by the formula HO(CH,),NR, to a dehydration
reaction between them in the presence of a basic cata-

'{-) - lyst to thereby effect ;minoalkoxylation, followed by

oy the reaction of the resultant aminoalkoxylated inorga-

20 nic carrier with an alkyl halide represented by the
formula RX', wherein X' represents a halogen atom,
preferably Cl, Br or I, to thereby convert the aminoal-
koxy group into a -O(CHy),NRgX' group. The

—O(CHz)nNRSX‘ group is further converted to a

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



45 ani on exchange reaction. Wien n is 2, an inorganic carrier is treated
with N, N-dialkylaziridine so that the hydroxyl groups on the inorganic
carrier are N, N- dial kyl am noet hoxyl ated to obtain a - OCH2ZCH2NR2 group, 5
which is then converted to a - OCH2ZCH2NR3X group by the above-nentioned
met hod. Commercially avail able solid, strong %g basi ¢ ani on- exchangers
havi ng quaternary amoni um groups as 10 tio When a comercially
avai |l abl.e solid, strongly basic anion- exchanger is used, it can be treated

for an|on_exchan%ﬂleatsrggggakrggﬁgghgn sp%%|%§ bqfobed%hffd%r%%gglps a

transesterificati catalyst conprlsé
macroreticul ar or . 1o;gel ; Tsy% th%%&tp%yW%ﬁﬁk@'iaz’l%@%ec SAHA

each having bondearfﬁere 0 Réterodyclic group contalnlng at | east one

nitrogen atom.is e Used s 3n hansestrelanfiicC dlairan etat-Aey N N-
Further, the abovgBra R%??%%%é gs%u?d cgtalyst 05%%55 treated for . quaternar

20 izing a part og;ghky@hmtReehhbk9dar=aorbalohitad rhet 8I0TH CYCINRS, Yrdifs
before it is used. The amount. of the catalyst to be used i'nh the present

i nvention varies garpendiBgtaent keniypeecdheieal ~OCHEHNREeraTud dat aihest
which is soluble in the 25 reaction systemunder the reaction conditions,
is fed 46 ' above-mentioned method.
Commercially available solid, strongly basic
anion-exchangers having quaternary ammonium groups as
; st invens
10 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 transesterificafion catalyst.
A éolid catalyst comprised of a macroreticular or
15 gel type organic polymer or an inorganic cafrier, each
having bonded thereto a heterocyclic group containing
at least one nitrogen atom, is preferably used as a
transesterification cat;lyst. Further, the above-
mentioned’ solid catalyét can be treated for quaternar-
20 izing a part or all of the nitrogen-containing hetero-
cyclic groups before it is used.
The amount of the catalyst to be used in the
present invention varies depending on the type thereof.

The homogeneous catalyst, which is soluble in the

25 reaction system under the reaction conditions, is fed



continuously in an anount of fromO0.0001 to 50 % by weight, based on the
total weight of the feedstock cyclic carbonate and the feedstock aliphatic
nonohydri ¢ al cohol. Wen the solid catalyst is packed in the 5 continuous
multi-stage distillation colum, it is packed preferably in an amount of
from0.01 to 75 % by volune, based on the iggernal volune of the enpty
distillation colum. There is no particular restriction with respect to 10
the nethod for continuously feeding a cyclic carbonate and an aliphatic

monohydri ¢ al cohokohe i ueaRt iiHIGHS anBlit -6t ageonlieioddatt®re@od uskr, and
any feeding nethod can be used as long as the feedstocks can be contacted
wi th the catal yst welght,e@adedford htheaditsdtdl ate ghtl 5o £ ot et edd stock
corresponds to at | east one stage, prefer- ably at |east two stages. That
is, the cyclic cacydidratcardwhates ald ptiat | feedsodnidra ol phactohn | maarhjrécic
continuously fed to at | east one stage of the continu ous nulti-stage

di stillation col usdcoiwodugh Whedesihreedso R0 matrelysf feaigiediestimto a
desired stage as long as. the above requirenent is satisfied. The cyclic
car- bonat® and tﬁ@d%mﬂﬂﬂﬂﬁiWP%ﬂkﬂﬁﬁﬂQQnﬂF%ﬁ##%ﬁﬁ%ﬁﬁPﬁﬁl%%ﬁrt%% BAnme stage

of the distillation colum or tqQ sepa- rate stages_individually. The,
f eedst ocks are coﬁ’ﬁ%%?r&fﬁﬁf‘%% 3T 3P I 3PRHTYE ¥ M g%’gcglou%s/of%%ﬁ i a

gas 47 volume, based on the internal volume of the empty
distillation column.
-
igy) There is no particular restriction with respect to
10 the method for continuously feeding a cyc¢lic carbonate
and an aliphatic monohydric alcohol to the continuous
multi-stage distillation column, and any feeding method
can be used as long as the feedstocks can be contacted
with the catalyst in a region of the distillation
15 ceolumn which corresponds to at least one stage, prefer-
ably at least two stages. That is, the cyclic car-
bonate and the aliphatic monohydric alcohol can be
-l ) continuously fed to at ieast one stage of the continu-
ous multi-stage distillation column through a desired
20 . number of feeding pipes onto a desired stage as long as.
the above réquirement is satisfied. The cyclic car-
bonate and the monohydric alcohol may be fed either to
the same stage of the distillation column or to sepa-

rate stages individually. The feedstocks are continu-

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



liquid mxture form In addition to the feeding of the feedstocks to the
continuous nulti-stage distillation colum as described above, additional
feedstocks can be fed in a gaseous formto the |ower portion of the 5
distillation colum intermittently or continuously. Al so preferred is a
met hod- wherein the cyclic carbonate is contlnuously fed in aliquid form
or a gas-liquid mxture formto a stage at 47 evel hi gher than the 10 is
nonohydri c al cohol is continuously fed to the Iomer portion of the

distillation colu in.a eous formor i g i d m xt or
a gaseous form angnFlHld 8§ G n&lr\/lacﬁlgig% Ucr‘? ﬁh féeasdel %on%% il
the aliphatic no dric aI ohql e _cont ain .

carbonate. The a ﬁ s&p Fﬁegﬁﬁﬁﬁﬁéd%n ﬁEWbus "'ﬁﬁ@ at%§1:g%é%¥ilatlon

gaseous formto tgglhglwerasp%retsl ?fqraeg{ JHg, i déllt%:'&%'} %@e%ci]&eg% ald y

froml to 100 % Dby weight, prefe yfrorﬁ by wel ght, nore
pref erabl y from 29ch0: 100, Yol Cfon RESRIL G Postdll deigl of the

al i phati c nonohydric alcohdl fed to. the |Iower portion of the distillation

colum. Assa et hedthion sfaei Re e aldvhiadtiteamnehyl icordicallsiy.  a
gaseous formto the I ower portion of the distillation colum, a nethod may

be used wherei n aaneacprefesidem=?2% s@UHdDWHeralirt Meawy dlriemdarodroner
portion of the 48 distillation colum and heated by a reboiler so as to
is continuously fed in a liquid form or a gas-liquid
mixture form to a stage at a level higher than thel
i T mlivhet-
10 ic monohydric alcohol is continuously fed to the lower
portion of the distillation column in a gaseous form or
a gas-liquid mixture form, or in a gaseous form and in
a liquid form individually. .In this case, some of the
'aliphatic monohydric alcohol may be contained in the
'15 cyclic carbonate. The amount of the aliphatic monohy-
dric alcohol fed in a gaseous form to the lower portion
of the distillation column is generally from 1 to 100 %
by weight, preferably f£om'5 to 100 % by weight, more
' preferably from 20 to 100 % by weight, based on the
20 total weight of the aliphatic monohydric alcohol fed to .
the lower portion of the distillation column. As a
method for feeding the aliphatic monohydric alcohol in
a gaseous form to the lower portion of the distiliation

column, a method may be used wherein a reaction system

25 solution is withdrawn from the lower portion of the

[



be partially or conpletely evaporated, to thereby obtain a gas or
gas-liquid mxture,.and the obtained gas or gas-liquid mxture is returned
t.o the lower 5 portion of the distillation colum. In this case, the
position in the |l ower portion of the distillation colum, fromwhich a
reaction systemsolution is with- drawn, nmaygge or may not be the sane. as
the position in the lower portion of the distillation colum, to which 10
the gas or gas-liquid mxture is returned. In the present invention,

a. di al kyl carbonatgsand 1atidnolcoasiniesHin®hautsiias drayelel Lont &b ned tH t he
f eedst ocks. For exanple, when the aliphatic nonohydric alcohol contains a
concom tant dial kpe paridmitleg, drhechiplammint efarddiatahcotn temnérabal Ky
carbonate in the aliphatic nmonohydric alcohol is generally in the range

of fromO to 40 %obyraviei ghtgaspoef @esh!yi duigndixture 30y wee ghtt tahmed
preferably from1l to 20 % by weight, } based on the total weight- of the

al i phati c nonohydgieé ©20 ggiscéiduighditainoricomatanned] atkythealdeemt e. The
rati o of the aliphatic nonohydric alcohol to the cyclic carbonate to be
fed to thes conti nBOESiRH OFf THea@d shidthigtian (P edtiimm Faythes yearpentiitig

on the type and quanti.ty aof the gatal yst and the_ reactjon 25 conditions,
but, in gggeral, RELIGCR Hafihs JrOWSFe RRF tion of fhe dist{Tiation

column, from which a reaction system solution is with-
drawn, may be or may not be the same. as the position in
Q{,. the lower portion of the distillation column, to which
10 the gas or gas—liquidlmixture is returned.
In the present invention, a dialkyl carbonate and
a diol as desired products may be contained in the
feedstocks. For example, when the aliphatic monohydric
alcohol.contains a concomitant dialkyl carbonate, the
15 amount of the concomitant dialkyl carbonate in the
aliphatic monohydric alcohol is generally in the range
of from 0 to 40 % by weight, preferably from 0.1 to 30

]

% by weight, more preferably from 1 to 20 % by weight,

‘b\

based on the total weight'of the aliphatic monohydric
20 alcohol and the concomitant dialkyl carbonate.

The ratio of the aliphatic monohydric alcohol to
the cyclic carbonate to be fed to the continuous multi-
stage distillation column may vary depending on the
type and quantity of the catalyst and the reaction

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



al i phati c nonohydric al cohol to the cyclic carbonate nay be in the range
of fromO0.01 to 1,000. For in- creasing the conversion of the cyclic
carbonate, it is preferred to feed the aliphatic nonohydric alcohol in 5
an excess anount which is 2 tines or nore by nole the nole of the cyclic
carbonate. However, too high a concentration of the aliphatic nonohydric
al cohol is undesirable because the size of %%he reaction equi pnent 10 to
use the aliphatic nonohydric alcohol in an anount which is 2 to.20 tinmes
by nole the nole of ,the ,cyclic ,carhaonate. . The |l ow boil.i poi_nt m_xture
cont ai ni ng the dF;FRBFtéér8898P¥%§F863é§ﬁh92 t ewhgtﬁggﬂgF Fﬁéﬁ&%ﬁiﬁu
nvention is contfyopsly, wiadtay f Lamd g eRsr (BOAL ke Of Al (n-
atio y orm Th

cont i nuous nulti-s?gge disti colum i n a gaseous e

15

Wi t hdr awn gaseousFmvaméisﬁhgr RhEBY R cATRASeF Qhed Jicaliky agRich@nat e sal gre or

a mxture thereo n aliphatic nonohydric alcohol 20 and a cyclic

carbonate. FurthepreBerWat Rer 2Waa0a$ROWS 1 phAit bUMSntRY 3l $0 sQ@drdi1n i hi gh

boiling point product 1in a snall anount. wi t hdrawal port of the

continuouss mul ti - shaggecedisShmbluatd @mhieel uWen 2f aimeist bar avireg biyhewcgasemiss | ow

25 boiling point mxture containing the dialkyl carbonate 50 is preferab
provi ded at a posmbilenoffetiveernythdcpesirbonate. However, too high a

concentration of the aliphatic monohydric alcohol is
undesirable because the size of the reaction equipment
SN I A L '\ Tred
10 to use the aliphatic monohydric alcohol in an amount
which is 2 to. 20 times by mole the mole of the cyclic
carbonate.
The low boiling point mixture containing the
dialkyl.carbonate produced in the method of the present
15 invention is continuously withdrawn from the upper
portion of the continuous multi~stage distillation
column in a gaseous form. The withdrawn gaseous mix-

ture may be composed of a dialkyl carbonate alone or a

mixture thereof with an aliphatic monohydric alcohol

20 and a cyclic carbonate. Further, the withdrawn gaseous .

mixture may also contain a high boiling'point product
in a small amount.
. A withdrawal port of the continuous multi-stage
" distillation column for withdrawing the gaseous low

25 boiling point mixture containing the dialkyl carbonate

Iy
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tion fromwhich the feedstocks are fed and the top of the distillation
colum, or in the top of the distilla- tion colum. It is nore preferred to
provide the 5 withdrawal port for the low boiling point mxture in the top
of the distillation colum. A part of the low boiling point m xture

wi thdrawn fromthe withdrawal port may be regpurned to the upper portion of
t-he dis- tillation colum to thereby effect the so-called reflux 10
operation. Wien the reflux ratio is increased by conducting this reflux
operation, the didts lpratfiearablef fprdeinind aft aa | posbiol dn Nge poead phedpositnt o
a vapor phase is increased, thereby advantageously increasing the
concentration of d&iloowflomn iwlgiqdoi e pfedictodks tdmee 162dv ahdr blvd §apeofis
conponent. However, too nuch of an increase in the reflux ratio

di sadvant ageousl y theadsi stol 1 latigre reabant n @heln hergratornef gihe edistddla-
Thus, the reflux ratio is generally chosen in the range of from0O to 10,
preferably from 0%E™ CHBHE pr eflerehINPFe R eDrrd otB. PROG 8¢ PPBduced in

t he met hod of thepr_r sent _jinvention ishconti uoufll%/. V\Athgrawm froma
| ower por-5tion o lttﬁ’éircad“fﬂji RISUs #?ﬂﬂ tTRS YR 5119 R ONt BT Si Ata
liquid form 25 1n.ihe presentyd yent of. dhe dPAgE, POrAT 98- 0 oENEndtiou
continuous nulti-s age di s il Tation col'um Tneans a
boiling point mixture withdrawn from the withdrawal
port may be returned to the upper portion of the dis-
e
{1”) : tillation column to thereby effect the so-called reflux
10 operation. When the reflux ratio is increased by
.conducting this reflux operation, the distillation
efficiency of a low boiling point product into a vapor
phase is increased, thereby advantageously increasing
the concentration of a low boiling point product in the
15 withdrawn gaseous component. However, too much of an
increase in the reflux ratio disadvantageously leads to
an increase in the thermal energy required. Thus, the

reflux ratio is generaliy chosen in the range of from O

N
-~
——

to 10, preferably from O to 5, more preferably from 0
20 to 3.

A diol produced in the method of the present
invention is continuously withdrawn from a lower por-
tion of the continuous multi-stage distillation column
in a liquid form.

25 In the present invention, the upper portion of the



portion between the top of the distillation colum and a position at
approximately half the height of the distillation colum, and the upper
portion includes the 5 top of the columm. The | ower portion of the
continuous nulti-stage distillation colum nmeans a portion between the
bottom of the distillation colum and a posidjon at approximately half t he
hei ght of the distillation J is n f 10 the colum. The w thdrawal port for
wi t hdrawi ng the reaction mixture containing the produced diol fromthe

continu- ous Ml 1ls:3L A96odL Shil LRLLROSE ORI, | Pa POSHEONGHN Bhedns| GAeS

portion of the dis ron colum, preferably at 15 tie bottom of the

distillation col um-+foRahtt@behNBhe MbPdEaWEHE CALEL DD &t XEHT 80 MBYNDENd
recycled to the l'ower portion of the continuous nulti-stage distillation

colum. in a gaseoMsp69{ P16k AtJapprbAundtal¥t Haeff ORe hdygheabEnghby neans
of a reboiler. 20 I'n the reaction conditions enployed in the nethod of the

present inventiondisbelretionstagemdi sthél aheonppenl ponthas ancFuflast thein

the range of from0.2 to 5.0, the F-factor being represented by the

fol | owi ngsformul ato 19f 2beFepaumor =Thg LPwgrlp@rtipn5ef the continuous
multi-stage distillation column means a portion between

the bottom of the distillation column and a position at

approximately half the height of the distillation
conler e reT e G oo o T dncludas it hottom of p
10 the column.
The withdrawal port for withdrawing the reaction
mixture containing the produced diol from the continu-
ous multi-stage distillation column is positioned at a
lower pértion of the distillation column, preferablf at
15 the bottom of the distillation column. A part of the
withdrawn reaction mixture may be recycled to the lower
.portion of the continuous multi-stage distillation
column in a gaseous forﬁ'or a gas-liquid mixture form
by heating by means of a reboiler.
20 In the reaction conditions employed in the method
of the présent invention, the multi-stage distillation
column has an F-factor in the range of from 0.2 to 5.0,
the F-factor being represented by the following formula
(1):
25 F-factor = ug (¢ g)l/2 (1)



wherein ug represents the gas velocity (ms) in the nmulti-stage
distillation colum and P g represents the gas density.(kg/nB) in the

nmul ti-stage. distillation colum. 5 The F-factor of the distillation colum
is preferably in the range of fromO0.4 to 4.0, nore preferably from 0.6
to 4.0. The rate at which a liquid flows dowpinside the continuous
multi-stage distillation colum and the 10 above-nenti oned gas velocity
(u9) in the multi-stage distillation columm may be varied dependi ng on the
type of the distiIIatwheremhuup,rapdeenntbethﬁpga@fvbh@cip@Can;jr1the
case of a packed colum. However, the distillation colum is generally
operated so that no 15if] tbedinndtarswegpi ddstddirsiofheocdasrdarsity (0 g)
in the nulti-stage distilla- tion colum may be varied deggnding on the
reacti on tenperature &ng pepsegeatsafieogashdengpdy. dkavie ) dyclthe
carbonate and aliphatic nonohydric al cohol used, 20 but is generally in the
range of from 0.01 to Pubtiggrage piéeftdrlaBityorr §MG™E-to 0.8 kg/nB. In the
met hod of the present_invention, tg% bg%c- Hion t akes place within the

conti nuou® mul ti - SP&gE-TAPELTI Pt it oAt L e FRE A FOGHM Do f Sy iBf 8&RT AP LY
carbonate 25 prodyced, depends 9n e agYntOf ol doR LA d i fhe od
0.6 to 4.0.
The rate at which a liquid flows down inside the
{(;) continuous multi-stage distillation column and the
10 above-mentioned gas velocity (ug)-in the multi-stage
distillation column may be varied depending on the type
of the distillation column, and on the type of the
packing in the case of a packed column. However, the
distillation column is generally operated so that no
15 flooding or weeping occurs.

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

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

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

distillation column. The amount of dialkyl carbonate

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



distillation colum. That is, when the height and dianeter of a
distillation colum are not changed, a greater hold-up capacity is
preferred because the greater the hold-up capacity, the longer the
residence 5 tine of the liquid phase, nanely, the time during which the
reaction is effected. However, when the amount of the hold-up liquidis
too large, the residence tinme becones too I%%g so that side reactions and
flooding h 10 present invention, the anount of the hold-up liquid of the

ti Iti-st tillat |y nd

di st i I‘rg??oﬂ“cohd% a%eﬂ'a%a'oph%oh&ﬁpw e T A

Cener a , h th t | d- f
from 15 0.005 (o BE7ESHRT §%‘r¢2 SFardiaitiohe P st b arhdRE N o
P D Y o PR o %tpag%gdsdatege 1 g rifleibecdibd hé’hémt hod of

t he present invention {he “aver ti e of 't he 't quid phase in the

continu- age 20 oysgeaubll +Hea9e1H -3 |dd QRO 18eRRAASHN A8 dence
reaction conditions, and the type and inner Structure (for exanple, the

types of the plat %m@do&acasleng)lq@m iR ONtiafieays mild itisleagrirdirgf ivHiaiH on
colum., but is generally in the range of fromO0.001 to 50 hours, 25
preferably from Otht treatRilbouris affer-tdf emabieyweir,o0mhen the amount of
the hold-up liquid is too large, the residence time
becomes too long, so that side reactions and flooding
soa, dn o whin nothnd of the L
10 present invention, the amount of the hold-up liquid of
the continuous multi-stage distillation column varies
depending on the distillation conditions and the type
of the distillation column. Generally, however, the
amount df the hold-up liquid is in the rénge of from
15 0,005 to 0.75 in terms of the volume ratio of the hold-
up liquid to the empty continuous multi-stage distilla-
tion column.
In the method of tﬂe present invention, the aver-
age residence time of the liquid phase in the continu-
20 ous multi-stage distillation column depends on the
reaction conditions, and the type and inner structure
(for example, the types of the plate and packing) of
the continuous multi-stage distillatibn column, but is

generally in the range of from 0.001 to 50 hours,

25 preferably from 0.01 to 10 hours, more preferably from



54 0.05to 5 hours. In the nethod of the present invention, the reac- tion
tenperature is in the range of from-20 Cto less than 60 C, as neasured
at the inner bottomof the 5 nulti-stage distillation columm. A preferred
range of the reaction tenperature varies depending on the types of the

f eedstocks and the reaction pressure, but isgggenerally fromO Cto |ess
that 60 C. In the nethod of the present invention, the reac- 10 tion
pressure, as nmeasured at the inner bottomof the nulti-stage distillation
colum, is generald s vo Hholasor |ess, preferably from1l x 103 Pato 5 x
104 Pa, nore preferably from1l x 104 Pa to 5 x 104 Pa. It is also possible
to recycle a part of a Ireathe betiadh of xthe epieédditht awivdheioh hethOWwesac-
portion of the nulti-stage distillation colum to the multi-stage
distillation col um,orsdensratpa tinfimnthmreawedf cfodm c-2@r boned eless
and/ or unreacted aliphatic nonohydric al cohol can be recycled to the

mul ti-stage distilth@n @® 26 cHumeasyredist cdve, inter riesctéonofii kber e

wi thdrawn fromthe |ower portion of the nulti-stage distillation colum,
as such, nmhy be f &yt 1 HegfuldisibgEtmtgelunnt i dh Regigmred range of
Alternatively, a t hod may, be used in which aﬁart or_all of the reaction

m xture withdrawn FEFR TR 'SR IR O L/ hAGRATTIRG 2 HhretFYPeRi on

of the feedstocks and the reaction pressure, but is
generally from O °C to less that 60 °C.
iﬁ) '~ In the method of the present invention, the reac-
10 tion pressure, as measured at the inner bottom of the
multi-stage distillation column, is generally 5 x 10%
Pa or less, preferably from 1 x 103 Pa to 5 x 104 Pa,
more prgferably from 1 x 104 Pa to 5 x 104 pa.
It is also possible to recycle a part of a reac-
15 tion mixture withdrawn from the lower portion of the
multi-stage distillation column to the multi-stage
distillation column, so that a part of an unreacted

cyclic carbonate and/or unreacted aliphatic monohydric

PEN

alcohol can be recycled to the multi-stage distillation
20 column. In this case, the reaction mixture withdrawn
from the lower portion of the multi-stage distillation
column, as such, may be fed to the multi-stage distil-
lation columﬁ. Alternatively, a method may be used in
which a part or all of the reaction mixture withdrawn

25 from the lower poftion of the multi-stage distillation



55 colum is subjected to separation using a distillation separation
columm thereby obtaining a colum top frac- tion containing an unreacted
cyclic carbonate and/or unreacted aliphatic nonohydric al cohol and a
¢colum 5 bottomliquid, and the colum top fraction and/or the colum
bottomliquid is then fed to the nmulti-stage__distillation colum. For

exanpl e, preferred is a nethod in which a reaction mixture withdrawn from

the 10 tion colum is introduced to a | ow boiling point mx-
t - i I whi ch is i,sed of distil-. |ati |  t

ther eby obtain a RPXEDRe 51 SHb) S5 Hophatt CORRTGHY CAPEorold a5t 4 ky!
carbonate from tESP%%ngfotn;%%fu%o‘%@f& ‘Hb%r}igﬁd o RN e by r?f%tcf-r

e
wi t hdrawn fromthe € recovering colum cont1nuously recycl ed

to the-”U|ti'Stagﬁ'ngEBHﬂﬁiAﬂﬁ§1éﬁﬂdﬁ?&a-QgHWEQéiﬂH)d%?ﬂaﬁggéﬂéddfgﬁaliOn
th an introdi

Wi th respect to e position o oduction port in the nulti-stage

20 distillation cQhvERctedr QUGHRMYE nR HRAGH QN dlicdHd1e aMd Rdresmur{d om t he

mul ti-stage distillation colum is recycled to the multi-stage
distillatign col upbttohowaerid Weeld ahdlidRasiredo ifhaiviomena)dls ithe

al cohol is recycled to the nmulti-stage distillation colum, it 25 is

preferred that theslunhr dbididromn igorid iis posart ifweddGhe multi-stage
distillation column. For example, preferred is a
method in which a reaction mixture withdrawn from the

R T T T B S SN e R B P

10 tion column is introduced to a low boiling point mix-
ture-recovering coluﬁn which is comprised of a distil-
lation column, to thereby obtain a mixture of an
aliphatic monohydric alcohol and a dialkyl carbonate
from tﬁe top of the recovering column, and then the

15 mixture withdrawn from the top of the recovering column
is continuously recycled to the multi-stage distilla-
tion column.

There is no partic&lar'limitation with respect to
the position of an introduction port in the multi-stage

20 distillation column, through which a reaction mixture

" withdrawn from the multi-stage distillation column is
recycled to the multi-stage distillation column.
However, when an unreacted aliphatic monohydric alcohol

is recycled to the multi-stage distillation column, it

25 is preferred that this introduction port is positioned

iy,



at a lower portion of the nmulti-stage distillation colum, and when an
unreacted cyclic carbonate is recycled to the nmulti-stage distillation
colum, it is preferred that this introduction port is positioned at 5 an
upper portion of the nulti-stage distillation col- um. In the present
invention, it is not necessary to use a solwént. However, for the purposes
of, e.g., (1) facilitating the operation for performng the reaction 10
and (2) efficiently obtaining a dialkyl carbonate and a diol by azeotropic
distillation or ed@¥%actiewedireiticen ¢f ofhe drubpbroprvat@ishbltatbPvent may
be used as a reaction solvent, an azeotrope-form ng agent or an .
extracting agent. et Thidh t2 HREPRSTEH P 4 5CBRPRAER, 13N

al i phati c hydrocarbon, an_ aromgtic dro-, carbon al pgenat ed al i phatic
hydr ocar bon™ and areﬁ%{*f‘b]geednaﬁ%g&é"r dﬁ?’c‘%?%ﬁ%c%r%%’?%ﬂ%l ‘?le??f‘é'&%', gﬁc:hs as
ni trogen, helium or on b resent in the reaction system Further,
for 20 the purposper% plf%drm?q?ayn% %h%s ar's ??(?Lf%%%%?fp%]f alsge%gesrlgjt%%le 0 @

boi l.ing point reacl] %%f%}%ﬁtié#%@%&m@@ii% L&;:gé%igfé‘t?é a-gpseous

formof an3i nert |ow poi nt organi ¢ conpoun e 1Tntroduced to
the reaction systgmfroma |lower portion of the continuous 25 nmulti-stage
distillation colum. 57

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

reaction system from a lower portion of the continuous

25 multi-stage distillation column.



BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The present invention will be
described in greater detail with reference to the follow ng Exanples, Com
parative Exanpl es, Reference Exanple and Reference 5 Conparative Exanpl e,
whi ch shoul d not be construed as Ilimting the scope of the present
invention. In the follow ng, the analysis ofga reaction mxture was
gonducted by neans of gas chromatograph GC- 717, C 10 Japan) using col um
TC-1 (manufactured and sold by G. Science Inc., Japan). The yield of and

selectivity for a produgiggpduémie Fok a6ARRY PRGAOGPNTHRUGNTENMLDN- St age
distillation colum were Teasured T the fof i ow ng manner. 15 vield and

selectivity The yield ¢¥p ?Ee%bh)&' QR BIEH WiSl 1deiLrddE gl be b ase dy b tdie
anount of the charged ethylene carbonate; the selectivity (% for ethylene

gl ycol .is deternigedailbased eerehenzunt tife tfa loansigrekaigldeneCom-
carbonate; 20 the yield (%9 of dinethyl carbonate is determ ned, based on
t he anmount of thepehatdged Ekbypdes,cRdfenare;e Exvwhplle ares jecfenaence
selectivities (%9 for dinmethyl car- bonate, diethylene glycol and

2- net hoxyef hanol @espdetginen&aampdsod Wi atheshuhtnadf hehecqrogistied a8 hy-
25 | ene carbonate. 58

limiting the scope of the present invention.

In the following, the analysis of a reaction

mixture was conducted by means of gas chromatograph GC-

T T T T T T T o I LR R

ld Japan) using column TC-1 (manufactured and sold by GL
Science Inc., Japan). The yield of and selectivity for
a product and the F-factor of a continuous multi-stage
distillation column were measured in the following
manner..

15 Yield and selectivity

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

the selectivity (%) for:ethylene glycol is determined,

PR
. H
S—

e

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

25 lene carbonate.



F-factor The F-factor of a continuous nmulti-stage distilla- tion colum is
represented by the following formula (1): 5 F-factor = ug(P g)1/2 (1)
wherein ug represents the gas velocity (ms) in the multi-stage
distillation colum and ,P g represents the gas density (kg/nB) in the

mul ti-stage distillation colum. 10 In the apgve formula (1), ug and P g
can be deter- mned by the following formulae (3) and (2), respec- tively:
pg=PM[R(273.16 +t)] (2) wherein P represents the reaction pressure
15 (atm), as neaswm-€dcabrt he inner bottomof the nulti-stage distillation
colum, Mrepresents the average nol ecul ar weight (g/nol) of the ~. ..
feedstock fed in a gas&tes Fi-damtior & fl eaweonthiouousn mofl ttilke taget idisttaigd a-
distillation 20 colum, R represents the gas constant (literatm Knol), and
t represents the tieactiodnmnemhsergpresenCed &y bgs dodd ominchd onmplay
bottom of the nuIHEBStage distillation colum; 25 and 59

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

wherein ug represents the gas velocity (m/s)

in the multi-stage distillation column and

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

g

A multi-stage distillation column.

P
N’

g and o g can be deter-

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

10 i In the above formula (1), u

tively:

o = P.M/[R<(273.16 + t)] (2)

g

wherein P repreSents the reaction pressure

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

ot

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

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

column;

25 and



ug = Q(3,600Ap g) (3) wherein Qrepresents the nmass velocity (kg/h) of
the feedstock fed in a gaseous formto a |ower portion of the nmulti-stage
distillation 5 colum, and A represents the cross-sectional area (n2) of
the multi-stage distillation colum. Thus, the F-factor of a distillation
colum can be 7 7 10 nentioned Q A P, M and t. (In the above cal cul a-
tions, when a reaction mxture is withdrawmn fromthe nulti-stage
distillation colum and heated by an evapo- rator or the like to obtain a
gas or a gas-liquid mxtureand the PYRNe s or gas-liquidigyxture is
15 then returned to a lower p&tion of the mui%i-stage distillation

colum, the returned ganegeih® reEnonad fsd heer@tLepedkgas) | i qui d
m xture is excluded fromthe "feedstock fed in a gaseous formto a | ower

portion of the nulti-sbagend Fdddsatidaxn el UMm'a EEedis t fonedtabave. )
Exanple 1 Using a production systemas shown in Fig. 1, di- nethyl
carbonate (DMC) and et hypwenre pginciain (HGthee meul 25- stoag e ndibssi Y1 atdodaced
from et hyl ene carbonate (EC) and 60 nethanol (MOH).
' 5 column, and A represents the cross-sectional
area (m2) of the multi-stage distillation
column.

Thus, the F-factor of a distillation column can be

s T e R ot SPTICT PN G JR Y 2 DY Fanmes T s
B ST H o AN R ., [ B D A SUETTITR O

above—';,

10 mentioned Q, A, P, M, R and t. (In the above calcula-
tions,.when a reaction mixture is withdrawn from the
multi-stage distillation column and heated by an evapo-
rator or the iike to obtain a gas or a gas-liquid
mixture and the obtained gas or gas—liquid mixture is

15 tgen returned to a lower portion of the multi-stage
distillation coluﬁn, the returned gas or the gas com-
ponent of the returned gas-liquid mixture is excluded
from the "feedstock fed?in a gaseous form to a lower
portion of the multi-stage distillation column" men-

20 tioned above.)

Example 1

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

25 continuously produced from ethylene carbonate (EC) and



D xon packings (3 mm 0) were packed in continuous nulti-stage distillation
colum 1, which was conprised of a colum equipped with a reboiler and a
condenser, 5 the columm having an inner dianeter of 4 cm (cross- sectional
area: 0.00126 n2) and a packing height of 200 cm EC was continuously fed
inaliquid formto colum top 4 of distill &0 on colum 1 through conduit
2 and ' preheater 3 at a flowrate of 776.2 g/h, and a 4.8 % by 10 wei ght
sol ution of potassium hydroxide (as a catalyst) in ethylene glycol was

al so continuousl y Metthapoh (Ne@Hi) d form through conduit 2' at a flow rate
of 32.6 g/h, while continuously feeding a m xture of MeOH4 and DMC .
(MeOH DMC wei ght rati o Biogr agkinggaseols ¢ orvels RaERe@hie ofenfringous
evaporator 6' and conduit 5 at . a  flow rate of 2,267.7,géh, to thereby
effect a trans- edteri¥ietageiiehttianiormdreivtdut niPtFR stagecarerifed

| ati on colum 1 was_operat ed under conditj.ons erejn the reaction
ks ek §
pressure and reactorf t EAPEPAL T & PRY hWJaJEhZ?) e %hi%’a A9 B GRRIBRPEDm 8
t her eof 45, 600 P t d. ' ively.
oo Y o e e (R, el AN R0 oL SRRECHI 0B X AVELGE,.
i f distillatd . b S, 2 adi Xt d
portion of distillaldonecel ulrd. (hgd1ie m)bea & X yg@(ﬂg%l\ég%g}@napﬁo

fed in a gaseous formthrough 25 conduit 5 )" was calculat
MeOH DMC nol ar 61 o at i Bc (P98 Re Hlddu sty FOLEOWS.a 1iquid form to column

top 4 of distillation column 1 through conduit 2 and

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

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

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

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

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



M= 0.989 x 32.04 + 0.011 x 90.08 = 32.7 Therefore, gas density p g

(kg/ nB) and gas velocity ug (ms) in distillation colum 1 were cal cul ated
as fol- 5lows: Pg =0.45 x 32.7 / [0.08205 x (273.16 + 56)] = 0.545 wug =
2.2677/ (3,600 x 0.00126 x 0.545) = 0.917 wherein the value of nmass
velocity Q (2.2677) used in obtaining gas vepécity ug is the mass 10

vel ocity (2.2677 kg/h) of the gaseous m xture of MeOH and DMC fed through

duit 5. F th .th i d P d I t
ETaotor of di oti FREECoN CeaPue D Ve Bt L 3 Tol lows. 15 Ffactor =
0.917 x (0.545)0.5 = M68 ,6 gﬁﬁ'@e@uézg]dﬁt q*rg)enser II(%:I 6§om§£u7|rm top 4 of

distillation colum 1 was con ense y ‘con part~'of " the

resul tant condens fl Lo/ 48 pf I

(reflux ratio: O. ?;n%r% 18 eg%&%rllctﬁ)g t e (kgral n)gearr%fé%%e‘%c%% lE a @
(containing MeCH apg HMgr m%cmclq%tt&%td U ffn 66 i anla\@w@éaagg §§1 %

by wei ght, respectlvely) inaliquid formfromthe production system The
flowrate ©of the i1akeve condensate recovered fromthe systemwas nain 25
tained at 2,524 g/h by heating the colum bottomliquid. 62 by neans of
reboiler 6. Aliquid r&agtho@.@Sx&uB&.? / [0.08205 x (273.16 + 56)] = 0.545

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

follows.

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

o

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

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

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



(containing MeOH, DMC, EG and EC in concentrations of 48.7 % by wei ght,
9.2 % by weight, 48.2 % by weight and 2.0 % by weight, respectively) was
withdrawn from5 columm bottom 8 of distillation colum 1 at a flowrate
of 1,165 g/h and fed to | ow boiling point mxture- recovering colum 10 at
a position 100 cm below the top of colum 1§, through conduit 9, wherein
colum 10 was f -1 CM 10 and a packi ng hei ght of 200 cm and havi ng packed
there- in Dixon packings (3 nmO). Low boiling point mxture-recovering
colum 10 was opgyahedndnder regadileirons wWaenegiguildhe epicgssu enioftumol um
top 11 thereof was 1.3 x 103 Pa (10 torr) and 15 the tenperature of colum
bott om 16 t her eof (seati@hifg MAOCHISEMIS MHGXtamde RO timd cawmcenrtora ttignsno £ op
11 of columm 10 was condensed by condenser 13. A part of the resultant
condensat e was re#Bu%ed by eelight,tdp2l% by wedlglvin ¥3 .thriodgh woirghtf tand
while returning, through 20 conduit 15, the remainder of the condensate in
aliquid formto2c6l Gmbyboetignts clespemtivedys mas wisthdy@vwndifien | ation
colum 1 at a flowrate of 578.5 g/h. . On _the other hand, a part_of a
liquid w thdr awn FPéRMIc Sk S CEMALE taL lediieim Crd WS I &doverfePY ridti& he

25 production system_through conduit 20 at a flow rate of 63, 586.6 g/h,
while the remaind8F & 1Re St AP HRY itguit@y boiling point mixture-

recovering column 10 at a position 100 cm below the top
of column 10 through conduit 9, wherein column 10 was
2 ol oo onlumn hovwivgs en dnnor dicmotzn oof 5 oom | _)

LG

10 and a packing height of 200 cm and having packed there-
in Dixon packings (3 mm ¢).

Low boiling point mixture-recovering column 10 was
operated under conditions_wherein the pressure of
column top 11 thereof was 1.3 x 103 Pa (10 torr)‘and

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

20 conduit 15, the remainder of the condensate in a liquid
form to column bottom 8 of continubus multi-stage
distillation column 1 at a flow rate of 578.5 g/h. On
the other hand, a part of a liquid withdrawn from
column bottom 16 of column 10 was recovered from the

25 production system through conduit 20 at a flow rate of



was heated by reboiler 18 and returned to colum 10 through conduit 19.
The withdrawn |iquid (bottom liquid of columm 10) contai ned EG (i ncl udi ng
catal yst- derived EG, EC and by-produced diethylene glycol (DEG in
concentrations of 95.8 % by weight, 4.0 % by weight and 0.02 % by wei ght,
respectively. In the withdrawmm 1liquid, 2- rre?ﬁoxyet hanol (2ME) (as

a. possi bl e by-pro- duct) was not detected. 10 Fromthe above data, it can

be seen that the nyer sion of _EC s 97 % he vyiel.d of, was 97 %
(DMC was pr oduced5§8' H/bduc‘f’ AT rdi% roefmafemged? H%/f e?hee Wi exé?‘i"\)/if%/q‘f%)?
DMC was not |ower than 99.9 % th Vi el f 7. % r ced
at a production 1ga§aﬁga%]e%5§%{ 'fegol%%lll,eragloé) tahngP seﬁc%eyq tég%Wngunot
| over than 99.9 %t:{m'%‘lo%%& fc%%]dm'ﬁ%ﬂ o fed8a6 1 L& WMot for

-S d as follows: V=

continuous nul ti age“distillation colum 1 was cal culate

re x 22 x 200/ 11?@}%6 of Loldmld d ) (@intafRIE Y & iddriPnagues 41 fycof
DMCin 20 terns of the space tine yield was: 770/2.51 = 307 g/literh. The

condi tions_and reguhtiseef Eohe tHEARSd ast-aitdduadd AidEactddn GIecShoWEE N
Table 1. Eranple 2 25 Dinmethyl carbonate (DMC) and ethyl ene glycol (EQ 64
wer e continuousl y ipr eduecest tifa@mceishyd £1865 carbanatvee {(diG), 4l $evhameight
(MeOH) by using substantially the sane

and 0.02 % by weight, respectively. In the withdrawn

liguid, 2-methoxyethanol (2ME) (as a possible by-pro-
'EW) duct) was not detected.

| 10 From the above data, it can be seen_that the

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

esterification reaction are shown in Table 1.

Example 2

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



production systemas in Exanple 1, except that continu- ous nulti-stage
distillation colum 1 had an inner 5 dianeter of 5 cm (cross-sectional

area: 0.00196 n2) and a packing height of 135 cm The operation for the
production of DMC and EG was perfornmed in substantially the sanme nmanner as
in Exanple 1, except that the reac 10 rate 0§,727.0 g/h; a 4.8 % by. weight
solution of po- tassium hydroxide (as a catalyst) in ethylene glycol was
fed at a flowrate of 30.2 g/h; a m xture of MeOH and DMC was fed through

conduit 5 at a fl Qurkat®n@finudul Drtidlicdder FRRE £18/1 d8aned b bk £t &F (EC)
colum bottom 15 8, was 55.7 C, and gas density p g and gas velocity ug 1In

distillation col ugRdl meahard1S4AMeaH Nhyants thplubsient I€BPECthe esyme and
hence the F-factor of distilla- tion colum 1 was 0.41. A liquid mxture
obt ai ned by condepsativartion aysMengasealrs Eraaipliee W tdwtepm tha cahubmut op
4 of distil- lation colum 1 (hereinafter referred to sinply as "colum
top condensat e fr omscotulrii -EYade ahifsti inli egt ie O o lamah DM ad @oncemer at | ons
of 67.2 % by weight and 32.8 by wei ght, respectively) was obtai ned at a
flow rate® 25 of 9ige@tgrnofs om |(eraAstreertivmhisxesre ¢ oMt 26 Mmhy by,
BDMC, EG and EC in concentrations of 47.4 % by weight, 1.2 by V\Bi%t]t, 48. 7
% by wei ght and 2§6pgg&}qﬁﬂQﬁﬁqhq(9f 135 cm. The operation for e

production of DMC and EG was performed in substantially
the same manner as in Example 1, except that the reac-
thovy conTi U on v oo e Toiloas o O owme oot 2 flow \ ) _
10 " rate of 727.0 g/h; a 4.8 % by weight solution of po-
tassium hydroxide (as a catalyst) in ethylene glycol
was fed at a flow rate of 30.2 g/h; a mixture of MeOH
and DMC was fed through conduit 5 at a flow rate of
2,157.9 g/h; the reaction temperature of column bottom

15 8$was 55.7 °C; and gas density o and gas velocity ug

g
in distillation column 1 were 0.545 kg/m3 and 0.560
m/s, respectively, and hence.the F—factor-of distilla-
tion column 1 was 0.41.7

A liquid mixture obtained by condensation of a

20 gaseous mixture withdrawn from column top 4 of distil-
lation column 1 (hereinafter referred to simply as
"column top condensate from column 1") (containing MeOH
and DMC in concentrations of 67.2 % by weight and 32.8

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

25 of 2,363 g/h.



spectively) was withdrawn from colum bottom 8 of 5 distillation colum 1
at a flowrate of 1,064.6 g/h and, as in Exanple 1, fed to | ow boiling
poi nt m xture- recovering colum 10 which was operated under the sane
conditions as in Exanple 1. A part of a liquid m xture obtained by
condensation of a gaseous m xture w t hdrawn %8 from col um top 11 of colum
10 (hereinafter referred to sinply as "colum top condensate from col um
10") was returned in a

Li.qui.d, form.,t.o col.um bottom8 of, distillatiqn
colum 1 at a flowraté &ﬁ%gf%.§%ﬁq{ng B idami) c???ﬁﬁ?ﬁ%ﬁtiﬁ#%mﬁﬁ$$om
col um bottom 16 L5 -celu @Qﬁlggggv rﬁﬁ] he \production system
t hrough condui t 2§E;at:£§‘zci1 %:covq\;qlr %%él 0 : %gﬁeﬂog e'ivﬁt%r‘g%ﬁqéql?m?di ¢
(bottom liquid of ,go hi0) 4go”t ai GhEGAND by -pr Lethyl ene
glycol (DEG in Egn%gn rations of gﬁé%’?ﬁ%y mé?ght?yé?o Yo %g%ﬁ?gh?gand 20
0.03 % by wei ght, SF@%QQQI@ZLW' Yead Ry ittt Ml M od 1 boedmt floxy et hanol
(2ME) (as a possible by-pro- duct) was not detected. Fromthe above data,
it can be seen thatsthelataovecslamrofl & wast 1w Watdaoyie)abofe Dy was 96
% 25 (DMC was produced at a production rate of 710 g/ h), the 66

selectivity for DEBdwassndn [Exasmpliehdn D €4 ldwe boileing gio & wabkx O6rée
(EG was produced at a production rate of 489 g/h), and the selectivity for

EG was not - recovering column 10 which was operated under the same-

conditions as in Example 1. A part of a liquid mixture

{7) obtained by condensation of a gaseous mixture withdrawn
10 from column top 11 of column 10 (hereinafter referred

to simply as "column top condensate from column 10")
was returned in a liquid form to column bottom 8:of
distillation column 1 at a flow rate of 517.3 g/h. A
part of a liquid withdrawn from column bottom 16 of
15 cglumn 10 was recovered from the pfoduction system
through conduit 20 at a flow rate of 547.3 g/h. The
withdrawn liquid (bottom liquid of column 10) contained
EG, EC and by—producéd éiethylene glycol (DEG) in
concentrations of 94.7 % by weight, 5.0 % by weight and
20 0.03 % by weight, respectively. In the withdrawn
liquid, 2-methoxyethanol (2ME) (as a possible by-pro-
- duct) was not detected.
From the above data, it can be seen that the
conversion of EC was 96 %, the yield of DMC was 96 %

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



| ower than 99.9 % Also, the volune (V) of the reac 5 tion zone in
continuous nulti-stage distillation columm 1 was calculated as follows: V
=it x 2.52 x 135/ 1,000 = 2.65 liter. Therefore, the productivity of DMC
in terms of the space tine yield was: .710/2.65 = 268 10 esterification
reaction are shown in Table 1. Conparative ganple 1 Dinethyl carbonate
(.DMC) and ethylene glycol (EG were continuously produced from ethyl ene

carbonate (EC)

15 atd nethanol (MeOH) in substantially the sane manner as

in Exanple 2, exceptelpabiiPerbeapitonalr essunewalr &dlawmmohot ttomtheof
distillation colum 1 was 101,000 Pa (1 atn) and that, as a result, the
reaction tenperatyy &1 3g0obsCREUFAsLOBt 8M(EGokvadi Plrbldhaleldor tcal widduataso20
79.6 C, and gas density P g and gas velocity ug in distillation colum 1
were 1.130 kg/ nB pdte 002788801 §/h )1, eapdcttineelsy 1 eartd viieryc & oich € G-+fagec trart of

distillation

colum 1 was 0.29. A columm top condensate fromcolum 1

(containing 25 NeGkbeanthBMCOPn9cé&ncedflsat,i ahe oblumel (%)by fwdihghtreawd 67

25.9 % by weight, respectively) was obtained at a flow rate of 2,313 g/h.
A liquid reactionthdRt aere[ éontanfiipgoMsOmulmiestagg dEgtidilétiyare e gimcol
(DEG and 2-net hoxyethanol 5 (2ME) in concentrati oni of 5?28. 1 % by Vlvei&)fbt,

1.0 % by

10

15

20

25

1 was calculated as follows: V =10 2. x 1357/
= 2.65 liter. Therefore, the productivity of DMC in
terms of the space time yield was: .710/2.65 = 268

Tiomo e

esterification reaction are shown in Table 1.

Comparative Example 1

Dimethyl carbonate (DMC) and ethylene glycol (EG)
were coﬂtinuously produced from ethylene carbonate (EC)
apd methanol (MeOH) in substantially the same manner as
in Example 2, except that the reaction pressure of _
column bottom 8 of distillation column 1 was 101,000 Pa
(1 atm) and that, as a éesult, the reaction temperature
of column bottom 8 of distillation column 1 was
79.6 °C, and gas density p g and gas velocity ug in
distillation column 1 were 1.130 kg/m3 and 0.270 m/s,
respectively, and hence the F-factor of distillation
column 1 was 0.29.

A column'top condensate from column 1 (containing

MeOH and DMC in concentrations of 74.1 % by weight and



wei ght, 40.3 % by weight, 20.3 o by weight, 0.19 % by weight and 0.009 %
by wei ght, respectively] was with- drawn from colum bottom 8 of
distillation colum 1 at a flowrate of 987.4 g/h. A part of a colum top
10 condensate from colum 10 (Il ow boiling point m xture- recovering col um)
was returned in a liquid formto colum bot®dm 8 of distillation colum 1
at aflowrate of 385.7 g/h. A part of a liquid withdrawn from col um
bottom 16 of columm 10 was recovered fromthe produc 15 tjon system through
conduit 20 at a fEew’rat BYoVesght7 I§FRECFAY MY hHRIMYDEdHed @otd dmhov
l'iquid of colum 1%% c%néai nﬁd ;G; EC, by-produced diethyl ene glycol (DEG
and by- produced 2FfE®h8%yér RaRoP/P2ME) in concentra '+ ..f tions of 66.1 %

by wei ght, 33.4 % by ight., .Q.31 %b 20 wei_ght. and Q. Q15 ¢ ght
respectively. Fromt hgﬁagé\%lgafg,acf:tl%gaﬁnlﬁ(écusf%erl;cPﬁ’atalPﬁgg (g&%é\r/\g@f of

EC was 72.4 % theg.yield qt ( rod uction
rate of 535 g/h),E?heEgélgg?iv'%€@§o§%aégaéﬂﬁ%§é}n@;%tmgﬁﬁéngﬁﬁgﬁé was
25 72.0 %4 EG was &EﬁﬁqUE%dc%cénFEE:QQli%Hso'&fr afge 10fy 3084 Li6%t ,9hho sangd, the
selectivity for EGwas 99.4 % It can also be seen that the selectivities
for by-produced dieghyl ene.gl xcel, aad gy, produced b2~ MRtikkexy etchanpls wer e

0.60 % and 0.020 % respectively. Further, the produc 5 tivity of DMC in
terns of the spaceelighe ¥nal d.8@S: ¥ by weight, respectively] was with-
drawn from column bottom 8 of distillation column 1 at
{m) a flow rate of 987.4 g/h. A part of a_column top
'10 condensate from column 10 (low boiling pqint mixture-
recovering column) was returned in a liquid form to
column bottom 8 of distillation column 1 at a flow rate
of 385.7 g/h. A part of a liquid withdrawn from column
bottom 16 of column 10 was recovered from the produc-
15 tion system through conduit 20 at a flow rate of 601.7
g/h. The withdrawn liquid (bottom liquid of column 10)
contained EG, EC, by-produced diethylene glycol (DEG)
and by-produced 2—metho£yethanol (2ME) in concentra-
AL tions of 66.1 % by weight, 33.4 % by weight, 0.31 $ by
20 : weight and 0.015 % by weight, respectively.
| From the above data, it can be seen that the
conversion of EC was 72.4 %, the yield of DMC was 72.0
% (DMC was produced at a production rafe of 535 g/h),

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

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



535/2.65 = 202 g/liter.h. The conditions and results of the
transesterification reaction are shown in Table 1. 10 the reaction was
performed under conditions wherein the reaction pressure and tenperature
of colum bottom8 of colum 1 were 1.013 x 105 Pa (i.e., atnospheric
pressure) and 79.6 C, respectively (which agg higher than those in Exanpl

e

2), and the 15 F-factor of colum 1 was 0.29 (which is lower than that in

Exanpl e 2). A conparison between the results of such Conparative Exanple
and the results gfhkxaapletReskbevectiati iyhefqur @ucids/id9y. £ DMIt rcan

Conparative Exanple 1 (202 gliter-1h-1) is 20 lower than that in Exanple
(268 gliter-1.h-1alspi be. se2fi2tBaq the Aelddtnps)iiesantbn ey -qumdusste of

1
2

t he by-products in Conparative Exanple 1 is larger than that in Exanple 2,

despite the fact dikshyCenpagaviced BExamblve pircsiysiasy < -tiethege Hraniue wegre
tion systemas in Exanple 2. 69 Conparative Exanple 2 Di nethyl carbonate
(DMC) and et hyl en@-§PycoPnEER) 02Refe a@@FaTUGHENY pr JHIKEE T r R IRIRABE
carbonate (EC) and nethanoIN&NbC}D in substantially the sane manner as 5
in Exanpl & 2, exc&pVitHaPfaPNEx ity &egmaviedH Bt SRS ™S et ¢! St

bottom .8 of diStEEE?Et%g 20585”g¥1EQ£399h The conditions and results

of the transesterification reaction are shown in Table

1.

[

PR P R s Y - ——— —~
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10 the reaction was performed under conditiqns wherein
the reaction pressure and temperature of column
bottom 8 of column 1 were 1.013 x 10° Pa (i.e.,
atmospheric pressure) and 79.6 °C, respectively
(which ére higher than those in Example 2), and the
15 F;factor of column 1 ﬁas 0.29 (which is lower than
that in Example 2). A comparison between the
results of such Comparative Example 1 and the
results of Example 2 shows that the productivity of
DMC in Comparative Example 1 (202 g-liter'l-h'l) is
20 lower than that in Example 2 (268 g-liter“loh‘l)
[i.e., 202/268 = 0.75 (times)], and the occurrence
of the by-products in Comparative Example 1 is
larger than that in Example 2, despite the fact

that Comparative Example 1 employs the same produc-

25 tion sysfem as in' Example 2.



conduit 5 at a flowrate of 3,123 g/h and the reaction pressure of colum
bottom 8 of distillation colum 1 10 reaction tenperature of colum bottom
8 of distillation colum 1 was 76.7 C, and gas density P g and gas.
velocity ug in distillation colum 1 were 1.14 kg/nB8 and 0.388 nis,
respectively, and hence the F-factor of dis%%llation colum 1 was 0.41. 15
A columm top condensate fromcolum 1 (contarning MeOH and DMC in
concentrations of 78. 4 @6by wei ght and 21.6 % by wei ght, respectively) was
obtained at a flow !8 3E§%é g/h A liquid reaction mxture

[ contai ni ng MeOH, —Bﬁ hyl ene gl ycol (DEG and

2- met hoxyet hanol (2NE ced 2 0, t %ty

wei ght, 44.4 %by weig tl}"@ 0} %gb%tda%ﬁt(%oﬁzfﬁ%ﬁf ﬁéﬁym%ﬁtgla%%élo 0 %
by wei ght, respect,iygl &n\e@auwshy q;@@mcferdo@m WEhPUdOB S nate (EC)
distillation colum 1 at 25 a flow rate of 1,028 g/h.” A part of a colum
top cond 70 ensakadf mewhaabumm MEQH) aw @iﬂsl‘dm\tﬁ.@llﬂlty nihd Wmd atne£rafng
colum) was returned in a liquid formto colum bottom 8 of distillation
colum 1 a8 a fl ownr @kempfle 251 eXogdt thgtard mdfxtaide qui MetH helrdvME roms
colum 5 bottom 16 of columm 10 was recovered fromthe produc- tion system

t hrough conduit 2@edt ta tbdwmnate tforb®B7 of dj/stilMetign erlawm |3 geixough

(botton1I|qU|d of colum 10)
conduit 5 at a flow rate of 3,123 g/h and the reaction

pressure of column bottom 8 of distillation column 1
10 reaction temperature of column bottom 8 of distillation

column 1 was 76.7 °C, and gas density » and gas.

g

velocity u, in distillation column 1 were 1.14 kg/m3

g
and 0.388 m/s, respectively, and hence the F-factor of
distillation column 1 was 0.41.

15 - A column top condensate from column 1 (containing
MeOH and DMC in concentrations of 78.4 % by weight and
21.6 % by weight, respectively) was obtained at a flow
rate of 3,302 g/h. -

A liquid reaction mixture [containing MeOH, DMC,

20 EG, EC, diethylene glycol (DEG) and 2-methoxyethanol
(2ME) in concentrations of 42.8 % by weight, 1.1 % by
weight, 44.4 % by weight, 11.4 % by weight, 0.21 % by
weight and 0.0097 % by weight, respectively] was with-

drawn from column bottom 8 of distillation column 1 at

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



contai ned EG EC, by-produced diethylene glycol and 'by- pr oduced
2- met hoxyet hanol in concentrations of 79.0 10 by weight, 20.31 % by wei ght,
0.38 % by weight and 0.017 % by weight, respectively. Fromthe above data,
it can be seen that the conversion of EC was 83.9 % the yield of DMC was
83.4 % (DMC was produced at a production rat@ of 620 g/h), 15 the
selectivity for DMC was 99.4 % the yield of EGwas 83.4 % (EG was
produced at a production rate of 427. h), and the selectjivity for EG
was 99.4 % It caff*S8%o %é’"’se%%“l“ﬂhtl% h(g‘/%‘%zlhéc&’t YRRt ¥%6Iﬁ‘888"'
di et hyl ene gl ycol _and by-produced 2- et hoxyet hanol. were. 20 0.60 % and_ 0. 019
LS S O M TS cheR ofo T SR ce

. ] mn wa re
% respectively. Fart e the prodsuc- I"Vi
time yield was: & 6% 32 litarh, T i ti r t of
the transesterifi c%&'{to%gl r%eaoct i%ginsgéalr elﬁ%v\% J.bﬁl _iaglqe éghgﬁﬂgg %ﬁ i%ﬁed
above, in Conpar atisie 2Exapl e 2.pdihie i a reantd PN MasaPShh OfPEH 088hn
conditions wherein the Teaction pressure and tenperature of colum bottom
8 of colwm 1 wepetaidIB&Si CJIeas WE vl rdedvdzed 696 - thé Vel yahmhi ch
are higher than those in Exanple 2), and 5 the F-factor of colum 1 was
0.41 (which-is theisamsyasten rntHpaamgt echduhel®@idt tdef foil acd b ®¥aS577.1
achieved by increasing the flowrate of a m xture of MeOH and DMC

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

contained EG, EC, by-produced diethylene glycol and by-

%‘) produced 2-methoxyethanol in concentrations of 79.0 $
10 by weight, 20.31 % by weight, 0.38 % by weight and

O.bl? % by weight, respectively.
From the above data, it can be seen that the
conversion of EC was 83.9 %, the yield of DMC was 83.4
% (DMC was produced at a production rate of 620 g/h),
15 tge selectivity for DMC was 99.4 %; the yield of EG was
83.4 % (EG was produced at a production rate of 427.3 |
g/h), and the selectivity for EG was 99.4 %. It can
also be seen that the selectivities for by-produced
diethylene glycol and by-produced 2-methoxyethanol were
20 0.60 ¥ and 0.019 %, respectively. further, the produc-
tivity of DMC in terms of the space time yield was:
620/2.65 = 234 g/liter+h. The conditions and results
of the transesterification reaction are shown in Table

1.

25 As mentioned above, in Comparative Example 2, the



fed to colum 1 through conduit 5 to a | evel higher 10 results of such
Conparative Exanple 2 and the results of Exanple 2 shows that the
productivity of DMC in Conparative Exanple 2 (234 gliter-l1.h-1) is |ower

than that

in Exanple 2 (268 gliter-1.h-1)[i.
and the occurrence of the by-products in 15

than that in Exanple 2, despite the fact that the amount of MeCH fed to
distil- lation colum 1 in Conparative Exanple 2 is larger than that in

exanpl e 2. 20 Exaplé. ol QEEhé}lar?ﬁrffﬂgﬂah%d(a%n@@cé1%5@3/kvﬁ@%eg.lrﬁ/(%@x'e (EG
were continuously produced from et

ene carbonate (EC) and net hanol

(MeOH) Dby using SPQééé%habk&sghgesaﬁe +B ?@E‘%tt'u% %xfsegm;a@ o toea f1,

except that continu 25 ous nulti-stage dis

72 dianmeter of 5c36uffh fCLASE- sehbkpRalidl @aesdul@2andn®k . 7and a meapdaig
hei ght of 100 cm The operation for the production of DMC and EG was

performed in substapélgl kwhithe asaneigheserchas ithoseapl Exémpdec@pt, tamst
the reac 5 tion conditions were as follows: EC was fed at a flow rate of
612.2 g/ h5 a 4.8 ¥nbyFwekghbrsolfucodnmof 1sedisum. 4y dmwdiiche ifaghg same as

e., 234/268 = 0.87 (times)],
nparative Exanple 2 is |arger

illation. colum 1 had an i nner

catal yst) (i nstead. of potassium hydrox- ide) in ethylene glycol was fed at a
flow rate of 25.4ihyExghple B9t eabieasrisn thegFnfactom wesr echiemecHbyhd DVC
increasing the flow rate of a mixture of MeOH and DMC
fed to column 1 through conduit 5 to a level higher
cratynE G ey Wetaonsn TR ‘\)

10

15

20

25

results of such Comparative Example 2 and the results
of Example 2 shows that the productivity of DMC in-
Comparative Example 2 (234 g-lifer'l-h'l) is lower than
that in Example 2 (268 g-liter'l.n"1)[i.e., 234/268 -
0.37 (times)], and the occurrence of the by-products in
CQmparative.Example 2 is larger thén that in Example 2,
despite the fact that the amount of MeOH fed to distil-
lation column 1 in Comparative Example 2 is larger than

that in Example 2.

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

were continuously produced from ethylene carbonate (EC)

. and methanol (MeOH) by using substantially the same

production system as in Example 1, except that continu-

ous multi-stage distillation column 1 had an inner

o
-



10 was fed through conduit 5 at a flowrate of 1,737 g/h; the reaction
tenperature of colum bottom 8 was 56.2 C, and gas density p-g and gas
velocity ug in distillation colum 1 were 0.545 kg/nB and 0. 393 nis,
respectively, and hence the F-factor of distillation 15 colum 1 was 0. 29.
A colum top condensate fromcolum 1 (contai’/@ ng MOH and DMC in
concentrations of 67.2 % by weight and 32.8 % by wei ght, respectively) was
obtained at a flow ! rate of 1,902 g/h. 20 Aliquid reaction _mxture
(cont ai ni ng MeCOH, qgﬁyethBQﬁuﬁfiﬁ|¢WC€FE@§§T%@?Eh%“%¥ areq: @@b?o@@lgﬁt

1.2 % by weight, 47.1 % by weight, and 6,0, 9 , _re- ectively mas
Wi t hd(; awn from colaﬁ’rﬂw aod(%"’l g?el%hgt‘?f I ]a? ¥|“‘col ‘?ﬁp‘éfaﬁgpf‘oﬁorrat

888.7 g/h and, 25 Ex I fed I b 73
rocover| ng. col um SIS BE G fovégqa%%cat Thls® (e EarRS8 cBhaF Iés‘néé%ggal%y
Exanple 1. A part q{ %;9%% :§ agopg n§H£r9n1g? gpd%ga@lg gbggghng

p0| nt m xture- recoverl ng C was re orm col um

bottom 8 of distildah Q{brﬁﬁ%; wré 44 %iﬂg@s oﬁc4&§sg!fed Acparteaef, a

liquid withdrawn from colum bottom 16 of columm 10 was recovered fromthe

I13(r)§)d;JC' tion systeaddiruon Zondyin; 29 atgas fbPWie BBt 050tiZ 1 dnCh £C QLM

hydroxide (as a catalyst)(instead of potassium hydrox-

ide) in ethylene glycol was fed at a flow rate of 25.4

g/h (instead of 32.6 g/h); a mixture of MeOH and DMC

e

i

\‘ )
e

10 was fed through conduit 5 at a flow rate of 1,737 g/h;
the reaction temperature of column bottom 8 was

56.2 °C; and gas density o g in

distillation column i were 0.545 kg/m3 and 0.393 m/s,

g and gas velocity u

respectively, and hence the F-factor of distillation

15 cglumn 1 was 0.29.

A column top condensate from column 1 (containing
MeOH and DMC in concentrations of 67.2 % by weight and
32.8 % by weight, respeétively) was obtained at a flow
rate of 1,902 g/h.

20 A liquid reaction mixture (contéining MeOH, DMC,
EG and EC in concentrations of 45.7 % by weight, 1.2 %
by weight, 47.1 % by weight and 6.0 % by weight, re-
spectively) was withdrawn from column bottom 8 of
distillation column 1 at a flow rate of 888.7 g/h and,

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



10 contai ned EG EC and by-produced di et hyl ene glycol (DEG in
concentrations of 88.5 % by weight, 11.3 % by weight and 0.02 % by wei ght,
respectively. In the wthdrawn |iquid, 2-nethoxyethanol (2ME) (as a
possi bl e by-product) was not detected. 15 Fromthe above data, it can be
seen that the conversion of EC was 91.3 % tHe yield of DMC was 91.3 (DMC
was produced at a production rate of 572 g/h), the selectivity for DMC was
not lower than 99.9 % the ( 1 yield of EGwas 91.3 % (EG was produced at
a production 20 raé€o0kr3fd ebhhmnand whechehast opetrytedr uRGewasheotsameower
than 99.9 % Al so, the volune (V) of the reac- tion zone in continuous

mul ti-stage distitcobatiiononsl asninl Ewaspdal dul ategaas bdl lsowel uvin= tidp x
2.682 x 100 / 1,000 = 2.26 liter. Therefore, the productivity of DMC 25 in
terms of the spaceondessgicel draasco3pmh? 126 (2o5Potd ing/ [piotieyt. mixTivere-
conditions and results of the trans- esterification reaction are shown in
Table 1. Conpar a¥®9eveEXahrpl ec3usnp) waehye teansendhe 3( BGH18hd &hyi%ne
glycol (EG were continuously produced frqom ethyl ene carbonatef(EC and
met hanol GMeOH) | ROSHBBt BREIESM ¢ Phe Id&itd haider 91U Bx FipiPe T3 0% XESt

that a m xture of and, DMC was __fed to.coly hottom 8 qof disti.llation
col um 1 through o¥t2y6 ggh. A part of a llqu1gnw1%%drawn %rom column

bottom 16 of column 10 was recovered from the produc-
tion system through conduit 20 at.a flow rate of 472.7
o/t Tho wfuvkdyoen Liguid (hotton liguid of column 10) {:)
10 contained EG, EC and by-produced diethylene glycol
(DEG) in concentrations of 88.5 % by weight, 11.3 % by
weight and 0.02 % by weight, respectively. In the
withdrawn liquid, 2-methoxyethanol (2ME) (as a possible
by-product) was not detected.
'15 N From the above data, it can bé seen that the

rd

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

oe

(DMC was produced at a production rate 6f 572 g/h),
the selectivity for DMC was not lower than 99;9 %, the
yvield of EG was 91.3 % (EG was produced at a production

20 rate of 394 g/h), and the selectivity for EG was not
lower than 99.9 %. Also, the volume (V) of the reac-
tion zone in continuous multi-stage distillation column
1 was calculated as follows: V = 1t x 2.682 x 100 /
1,000 = 2.26 liter. Therefore, the productivity of DMC

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



10 conduit 5 at a flowrate of 719 g/h and that, as a result, the reaction
tenperature of colum bottom8 of distillation colum 1 was 55.9 C, and
gas density P g and gas velocity ug in distillation colum 1 were 0.545
kg/ m8 and 0.163 m's, respectively, and hence the F 15 factor of
distillation colum 1 was 0.12. A colum top’#ondensate from colum 1
(containing MOH and DMC in concentrations of 66.3 % by weight and 33.7 %

by wei ght, respectively) was obtained at a flo rate of 789.3 g/h. 20 A
liquid reaction nd &rtér['@ont di r@morﬁv&n\% EGSEEIRSE ik hyFane-

gl ycol (DEG in congentratiqns of 42.3 %.Db i ght,. 0. % wei ght, 19.3
% by wei ght, 37. &s%’c)eﬁy}f\?v&agﬁﬁonarﬁ?a& rb/oaox%)/a %Og‘m 0 qu%%]ﬁi ely]  was

wi t hdrawn from colum bottom 8 of distillation 25 colum 1 at a flow rate
of 998.9 g/h. 75 A part of a columm top condensate fromcolum 10 (Il ow

boi i ng poi nt mxﬁﬁgﬁ [ @'# ) was returned in a liquid formto
columm bottom 8 o a_ctfi\(z%r}ﬂ& o 1 at aflowrate of 431.8 g/h. A
part of 5 g liquid withdrawhyir daxddaee QEMomMak deigoldi d,c¥BS(EG)
recovered fromthe production systemthrough con- duit 20 at a flow rate of
567.1 g/ h. The w tgieawdn dingidud 13b@rdcanddd)Wrtbnofe ot lene EYrisand €¢ neec EG
EC 10 tions of 33.9 % by weight, 65.86 % by weight and 0. 02

and methanol (MeOH) in substantially the same manner as

in Example 3, except that a mixture of MeOH and DMC was

fed to column bottom 8 of distillation column 1 through

P
1
h —_—

10 conduit 5 at a flow rate of 719 g/h and that, as a
result, the reaction temperature of column bottom 8 of
distillation column 1 was 55.9 °C, and gas density » g
and gas velocity Ug in distiliafion column 1 were 0.545
kg/m3 aﬁd 0.163 m/s, respectively, and hence the F-

15 fgctor of disfillation column 1 was 0.12. |

A column top condensate from column 1 (containing

MeOH and DMC in concentrations of 66.3 % by weight and

33.7 % by weight, respeétively) was obtained at a flow

P )
\
N

rate of 789.3 g/h.

20 A liquid reaction mixture [containing MeOH, DMC,
EG, EC and diethylene glycol (DEG) in concentrations of
42.3 % by weight, 0.96 % by weight,.19.3 % by weight,
37.4 ¥ by weight and 0.02 % by weight, respectively]
was withdrawn from column bottom 8 of distillation

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



by wei ght, respectively. Fromthe above data, it can be seen that the
conversion of EC was 39 % the yield of DMC was 38.9 % (DMC was produced
at a production rate of 244 g/h) and 15 th : e yield of EG was 38.9 % (EG
was produced at a pro- duction. rate of 168.2 g/h). Further, the
productivity of DMCin terns of the space tidre yield was: 244/2.26 = 108

g/liter.h. The conditions and results of the transesterification reaction
are shown in Table 1. 20 As descri bed above, in Conparative Exanple 3, the

flowrate of a m xturesofaMeOHrandc Be@oﬁpcghaéhhkée ki8R eshudm 1o
t hrough conduit 5 is decreased so as to achieve an F-factor (0.12) which

is lower than thatidh p&Examphepdind GOARAFESPBCBOEWRAR EBeumBjulks Of such
25 Conparative Exanple 3 and the results of Exanple 376 shows that the

productivity of DMNtufn&anparativquibBxa@sphetd €d08mal bbekoh. B- b @3 stawer
than that in Exanple 3 (253 gliter-l.h-1) [i.e., 108/253 = 0.43 (tines)].
5 Exanpl e 4 Usi ngldthrosanelpmodlictiton $yswernae bfi Eanpl g/h,. di patrthybf
carbonate (DMC) and et hyl ene glycol (EG were continuously produced from
et hyl ene gar bonat® IEDridnditbdrewhadigbm( poluini hostbst dft Pdl Fplune d&me
manner as in
: was recovered from the production system through con-
duit 20 at a flow rate of 567.1 g/h. The withdrawn

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

LT TN - LT AT i e T T D a1 S~

(TG v oo ntres ,\ )

10 tions of 33.9 % by weight, 65.86 % by weight and 0.02 %
by weight, respectively.

| From the above data, it can be seen that the
conversion of EC was 39 %, the yield of DMC was 38.9 %
(DMC was produced at a production rate of 244 g/h) and

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

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

25 Comparative Example 3 and the results of Example 3



Exanpl e 1, except that the reaction conditions were as follows: EC was fed
at a flowrate of 988.6 g/h; a 4.8 by weight solution of potassium

hydroxi de (as a catalyst) in ethylene glycol was fed at a flowrate of 15
61.5"g/h; a mxture of MeOH and DMC was fed through conduit 5 at a flow
rate of 2,580.9 g/h; the reaction pressure dfd tenperature of colum
bottom 8 were 30,400 Pa (0.3 atm) and 47.1 C, respectively; and gas

density ) P g and gas vel oci t%ug in distillation colum 1 were 20 0.373
kg/ n8 and 1.524 nF&ovSedpédt ithe ProdiFHene e DNE fHRtGRMRATHFEYEI | ati on

colum 1 was 0.94_ A cqlumm t condensate frpomcolum 1 (containing MOH
and DMC in concemE?‘é—’ﬂpgﬁsrggf( 18)% P'glﬂiﬁﬂei'dht hrcf H2er o R wEPght 10
respectively) was_obt aine flaw, 25 1 3te of 2,891 , A liguid
reaction nixture FggﬁP&ien%ngtzl\E@O% T EGAnd BC 1% 'coﬁé@n%ggtl‘o s4gf 44. 8
% by weight, 1.1 (@ﬁ\gg ht, 48.5 % by weight and 5.4 % by weight, re-
spectively) was wi'thdrawn from col um bottom 8 of 5 distillation colum 1

at a flowgate of 1,446 g/h and, as in Exanple 1, fed to | ow boiling point
m xture- recovering columm 10 which was operated under the same conditions

as in Example 1. Axpaigieofs a colum top 10 recovering colum) was returned
inaliquid form{to colum bottom8 of distillation columm 1 at a flow

rate | Using the same production system as in Example 1,
dimethyl carbonate (DMC) and ethylene glycol (EG) were
Ei) continuousiy produced from ethylene carbonate (EC) and
10 methanol (MeOH) in substantially the same manner as in
Example 1, except that the reaction conditions were as
| follows: EC was fed at a flow rate of 988.6 g/h; a 4.8
% by weight solution of potassium hydroxide (as a
catalyst) in ethylene glycol was fed at a flow rate of
15 61.5 g/h; a mixture of MeOH and DMC was fed through
conduit 5 at a flow rate of 2,580.9 g/h; the reaction
pressure and temperature of column bottom 8 were 30,400
Pa (0.3 atm) and 47.1 °6} respectively; and gas density
o g and gas velocity Ug in distillation column 1 were
20 0.373 kg/m3 and 1.524 m/s, respectively, and hence the
F-factor of distillation column 1 was 0.94.
A column top condensate from column 1 (containing
MeOH and DMC in concentrations of 65.1 % by weight and
34.9 % by weight, respectively) was obtained at a flow

25 rate of 2,891 g/h.



of 664.2 g/h. A part of a liquid withdrawm fromcolum bottom 16 of colum
10 was recovered fromthe produc- tion systemthrough conduit 20 at a flow
rate of 781.8 15 g/h. The withdrawn liquid (bottomliquid of colum 10)
contai ned EG EC and by-produced di et hyl ene glycol (DEG in concentrations
of 89.6 % by weight, 10.0 % by weight and 0791 % by wei ght, respectively.
In the wthdrawn |iquid, 2-nethoxyethanol (2ME) (as a possible 20

by- product) was not detected. Fromthe above data,
conversion of EC was 928 Yiguhe Yeglctieh PNxtwre q2dhtdibagraseai oduaed at

it can be seen that the

a production rate of 932 g/h), the selectivity for DMC was not | ower than
99.9 % the 25 yietdan8 EG was c®2cdnth@tiasmsproddudded & bay predidyict,i an 78

rate of 642 g/ h),
Further, the prodbgtweightof 4BMS i%n byt evenmhdf anide Ssglade byl meidhet d weas:
932/2.51 = 371 g/liter.h. The conditions and results of the trans 5

esterification reapecthvaly )smewn Withigsaws £romaapine DOytast B/10%ar bonat e
(DMC) and et hyl en

car bonat e 3 EC)

1

and the selectivity for EG was not |ower than 99.9 %

e glycol (EG were continuously produced from ethyl ene

@iaﬁélﬁréttﬁgﬁom(lml B Gsit@rsddieant di144& 1 v Apd

production systemas . in_Exanple_1, excetpot 1tor€qatbocﬁnt' nu- .ous nulti-stage

distillation col ufii i"hEd38R-Enrter £e4

10

15

20

25

ing point mixture
recovering column 10 which was operated under the same
conditions as in Example 1. A part of a column top

Rioewts Do e A0 (Lo Loiling roint olnture-
recovering column) was returned in a liquid form to
column bottom 8 of distillation column 1lat a flow rate
of 664.2'g/h. A part of a liquid withdrawn from column
boftom 16 of column 10 was recovered from the produc-
tion system through conduit 20 at a flow rate of 781.8
g4h. The withdrawn liquid (bottém'liquid of column 10)
contained EG, EC and by-produced diethylene glycol
(DEG) in concentrations of 89.6 % by weight, 10.0 % by
weight and 0.01 % by weight, respectively. In the
withdrawn liquid, 2-methoxyethanol (2ME) (as a possible
by-product) wés not detected.

From the above data, it can be seen that the

conversion of EC was 92 %, the yield of DMC was 92 %
(DMC was produced at a production rate of 932 g/h), the

selectivity for DMC was not lower than 99.9 %, the

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

)



di anmeter of 5 cm (cross-sectional area: 0.00196 nR) and a packing hei ght

of 135 cm The operation for the 15 production of DMC and EG was perforned
i'n substantially the sane manner as in Exanple 1, except that the reac-
tion conditions were as follows: EC was fed at a flow rate of 938.9 g/h; a
4.8 % by weight solution of po- tassiun1hydr6§ide (as a catalyst) in

et hyl ene glycol 20 was fed at a flowrate of 58.7 g/h; a mixture of MOH

and DMC was fed through c uit at flow rate aof , 2, 581 ; the
reaction pressurer§%& Péngggagdpé'ofﬂgkﬁqﬁn?%;ﬁﬁﬁhﬁﬁfy & 3¢ 45 PP 0. 3
at and 47 C, r tivel y,qanrd.gas ity R.qa and gas velocit 3_25
i nr?ji stillation cgﬁﬁﬁ%% f%\%é)rggo%'f/g k&?‘%&%ﬁ&xo.% pféb&rﬁstsfvﬁteyspoe%t%ellyﬁ

and hence the F-factar afe disl ible LR Galdien Lwas G0, A £ol um top

condensate from colum (cont arni ng OH an in conCentrations of

66.6 % by wei ght ZQit%r3%-.4_ Yy MRIBRL oL HRRC AR s Was it alngd.at a
flow rate of 2,8 g/h. Aliquid reaction m xture (containing MeOH DM

EG and EC in concegtreatiifraes t@brdse@Hiln weighihowh in teBid e - 10
spectively? was Wt hdrawn. from col unmm bottom 8 of

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

respectively; and gas density o and gas velocity u

g
ih distillation column 1 were 0.373 kg/m3 and 0.978

g
25



distillation colum 1 at a flowrate of 1,385.2 g/h and, as in Exanple 1,
fed to low boiling point mxture- recovering colum 10 which was operated
under the sane conditions as in Exanple 1. A part of a columm top 15
condensate fromcolum 10 was returned in a liquid form to colum bottom 8
of distillation colum 1 at a flow rate of 638.5 g/h. A part of a liquid
w thdrawn from colum bottom 16 of colum 10 was recovered fromthe
production systemthrough conduit 20 at a flowrate of 20 746.7 g/ h. The

wi t hdrawn |iquid b9t tesspéguidedy, sniurendd) thenfFaifaetdorGofEGiand1la-

by- produced di ethylene glycol (DEG in concentrations of 87.7 % by wei ght,
12.0 % by wei ght taish Cc®lluth by wesgbt 60crespectively. |In the w thdrawn

i quid, 2-methoxyethanol (2ME) (as a 25 possible by-product) was not
detected. 80 Fromthes aboVvemdatap condansbtesdzpmt kat umne 1cdowpertsiioringf EC
was 90.5 % the yield of DMC was 90.5 (DMC was produced at a production
rate of 869 g/h),Me@Hcard| BYE| int gohgenbrEthassnet Bé&wér %t ban wed.ahtanthe 5
yield of EGwas 90.5 % (EG was produced at a production rate of 599 g/h),
and the sélectivi33-4of Emmsggét resRertiNghYdovgsypbArdged B Folfdy (V)
of the reac- tion zone in_c n%i nyous multi-stage distillation colum ".y 1
was cal cul at ed asT3of | B2 @¢bx 2.52 x 135/ 10 1,000 = 2.65 liter.

Therefore, the prOdUCtAviigugé %eéction mixture (containing MeOH, DMC,

o

EG and EC in concentrations of 45.0 % by weight, 1.1

| RN S P e e [ R U B . | (= ” C e e d T
- Vot IR . [ o R € Y LI ol LRR (SRR SRR

re- {i)
10 spectively) was withdrawn from column bottom 8 of
distillation column 1 at a flow rate of 1,385.2 é/h
and, as in Example 1, fed to low boiling point mixture-

recovering column 10 which was operated under the same

conditions as in Example 1. A part of a column top
15 condensate from column 10 was retufned in a liguid form

to column bottom 8 of distillation column 1 at a flow

rate of 638.5 g/h. A part of a liquid withdrawn from

column bottom 16 of column 10 was recovered from the =
o production system thrbugh conduit 20 at a flow rate of L

20 746.7 g/h. The withdrawn liquid (bottom liquid of

column 10) contained EG, EC and by-produced diethylene

glycol (DEG) in concentrations of 87.7 % by weight,

12.0 % by weight and 0.01 % by weight, respectively.

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

25 possible by-product) was not detected.



in terns of the space tinme yield was: 869/2.65 = 328 g/literh. The
conditions and results of the trans- esterification reaction are shown in
Table 1. 15 Exanple 6 Di nethyl carbonate (DMC) and et hyl ene glycol (EGQ
wer e continuously produced from et hyl ene car ggnate (EC) and net hanol
(MeOH) by using substantially the.sane ,} production systemas in Exanple
3, except that a feed 20 port for a mixture of MeOH and DMC whi ch was fed

t hrough conduit 5, evapqrataqrn 6 conduit. .5 _to, c i i -stage
R‘Orom Yhe aba(ﬂ/qg r{% 1\% cén t%ee%el[rpoq%% n@’“é

distillation colum 1 i's posi- ti1oned cntabove

distillation colu nJvers-E.Qﬁ et L fL TRy 4 he pér@#&%(ﬁ“ i OAC (A def nas

25 performed in substantially the sanme manner as | am 81 ple 3, except

that the colum bet {@md i b falie’] ide d At MHuSH Sl anasy me@%rby, _
means of reboiler 6 so as to maintain the weight ratio of DMC to CHin

the colum bottomHd @didafiwist iddatoMn v et L aled /G304 B the reaadion
tenperature of colum bottom8 was 56.0 C, and gas density p g and gas

vel ocity ug in diystdld atf @6 edurh? .5 erE® . VS kgiditeahd i) 833 odwsstion
respectively, and hence the F-factor of distillation 10 A colum top
condensat e from calatmn cf (Zhtaimi ng@ndvedie sgrll M3 Vit divoe G atd omoof
65.3 % by weight and 34.7 %b vve%l ght, respectively) was obtained at a

fl ow lower than 99. Also, the volume (V) of the reac-
“tion zone in continuous multi-stage distillation column
-gA) 1 was calculated as follows: V = n x 2.5% x 135 /

10 1,000 = 2.65 liter. Therefore, the productivity of DMC
in terms of the space.time vield was: 869/2.65 = 328
g/liter-h. The conditions and results of the trans-

esterification reaction are shown in Table 1.

15 _E§am21e 6
Dimethyl carbonate (DMC) and ethylene glycol (EG)

were continuously produced from ethylene carbonate (EC)

and methanol (MeOH) by Gsing substantially the same

T
’ *
e

production system as in Example 3, except that a feed

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

25 performed in substantially the same manner as in Exam-



rate of 1,913.4 g/h. Aliquid reaction m xture (containing MeOH DMC, 15
EG and EC in concentrations of 48.2 % by weight, 0.13 % by weight, 49.9 %
by wei ght and 1.65 % by wei ght, respectively) was w thdrawn from col um
bottom 8 of distillation colum 1 at a flowrate of 891.9 g/h and, ) as
in Exanple 3, fed to | ow boiling point mxtuge 20 recovering colum 10

whi ch was operated under the sanme conditions as in Exanple 3. A part of a
colum top condensate fromcolum 10 was returned in a liquid form to
distillation col upnel3at egcBpsi thak 20 eCBoakare ddteoatimofodi¢idtintion
colum 1 at a flowrate of 430.7 25 g/h. A part of a liquid withdrawn from
colum bottom 82 1d€ieh eehufin 10waes heeee@densd rfd=018 tdfe fumslcdt 0f sSyss em
through conduit 20 at a flowrate of 461.2 g/h. The withdrawn |iquid
(bottom liquid of teohaimtifh thenwaigdd EGtilECcahdMyy-tar otioredidi tidyl ene
glycol 5 (DEG in concentrations of 96.6 % by weight, 3.2 %by weight and
0.02 % by wei ght, cogspecbbegby. ligutikde o fivdtitsdriadm diicquiah 1 ismel ok yet Hizthol
(2ME) (as a possible by-product) was not detected. t Fromthe above data,
it can be Xeen ththet heactiepnkempesn tofr cEC e lomrp bpttdwe §/ivasl of DVC

was 97.6 (DMC was produced at a production rate of 611 %{h),
' 56.0 °C; and gas density o g and gas velocity ug

distillation column 1 were O.S4S kg/m3 and 0.393 m/s,

in

respectively, and hence the F-factor of distillation
ealivn 3 oaee .20 :)
10 A column top condensate from column_l (containing
" MeOH and DMC in concentrations of 65.3 % by weight and
34.7 % by weight, respectively) was obtained at a flow
rate of 1,913.4 g/h.

A liquid reaction mixture (containing MeOH, DMC,

o\

15 Eg and EC in concentrations of 48.2 % by weight, 0.13
by weight, 49.9 £ by weight and 1.65 % by weight,
respectively) was withdrawn from column bottom 8 of
distillation column 1 éé_a flow rate of 891.9 g/h and,
as in -Example 3, fed to low boiling point mixture-

20 recovering column 10 which was operated under the same
conditions as in Example 3. A part of a column top
condensate from column 10 was returned in a liquid form
to distillation column 1 at a position 50 cm above the
bottom of disfillation column 1 at a flow rate 6f 430.7

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



the selectivity for DMC was not |ower than 99.9 % the vyield of EG was
- 97.6 % (EG was produced at.a production -rate of 421.1 g/h), and the
selectivity for EGwas not 15 |lower than 99.9 % Al so, the productivity of
DMCin terns of the space tine yield was: 611/2.26 = 270 g/literh. The
conditions and results of the trans- esterifiggati on reaction are shown in
Table 1. 20 Exanple 7 D nethyl carbonate (DMC) and et hyl ene glycol (EG
wer e continuously produced from et hyl ene carbonate (EC) and
met hanol ' (MeCOH) byl6ueifngoduiost 20t wakl yetbeezratiefrpnotdhet poodagsiem as in
Exanpl e 1, except that continu 25 ous nmulti-stage distillation colum 1 had
a packi ng 83 hei ghystém8Shraughheopgedi#t ROnators fhewpratecofodsédf2 PYE. and
EG was perforned in substantially the sanme nanner as in Exanple 1, except
that the reaction Ebadwithisawnwkiguad {bbtows: laquidt af ecolumbOHOANd DMC
fed to 5 distillation colum_1 through conduit 5, evaporator 6' and
conduit 5 had an FRBEPADRE] EGei Rt 2pdt by-prodgged/ diethvdlenasglrdodt a
flowrate of 1,255 g/h' EC was fed at a flowrate of 528.1 g/h;, a 9.6 % by
wei'ght solmition of PEBdi & AYRFERTEETEQESaCEaPEF §sb) PY nWeiahF. 18- &x3eby
gl.ycol was used (ip i solution oi%potassium

f 4_.6.b i i
hydr oxi de); the regégggg g@ﬁg8r8? fu¥§m§%998%unﬁ658??BﬁY% f df8tFPPation

colum 1 was withdrawn liquid, 2-methoxyethanol (2ME) (as a possible

by-product) was not detected.

/( .
ﬂw) From the above data, it can be seen that the
10 . conversion of EC was 97.6 %, the yield of DMC was 97.6

% (DMC was produced at a production rate of 611 g/h),
thg selectivity for DMC was not lower than 99.9 %, the
yield of EG was 97.6 % (EG was produced at a production
rate of.421.1 g/h), and the selectivity for EG was not
15 lgwer than 99.9 $. Also, the productivity of DMC in
terms of the space time yield was: 611/2.26 = 270
g/liter-h. The conditions and results of the trans-

esterification reaction7are-shown in Table 1.

20 Example 7 |
Dimethyl carbonate (DMC) and ethylene glycol (EG)

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

25 ous multi-stage distillation column 1 had a packing



49.8 C; and gas density P g and gas velocity ug in distillation colum 1
were 0.544 kg/nB8 and 0.285 nis, 15 respectively, and hence the F-factor of
distillation colum 1 was 0.21. A colum top condensate fromcolum 1
(containing MOH and DMC in concentrations %f 63.3 % by weight and a )
36.7 % by weight, respectively) was obtained dt a flow 20 rate of 1,403.8
g/h. Aliquid reaction m xture (contai ni4nog/ I\/g(]—| DIVE]:t 5;5 gnod/ EC in he and
concentrations of Q..% i ght, Q. 0 . Wei , ) yei g

1.89 % by wei ght, hé&@%&e@?%/\?\gyﬁqhms&vﬁlﬁp Fawn Tt o rco‘ftlﬁnP’B%‘%‘f%H%no‘f’EZS

distillation col ugycl sag &df LM {f?éxefcﬂ.fméd %%&@g%naéﬁ%tllg% i%élggxarrpl e

1, fed to low boiling polnt mxt recovering colunm

operated under thea 338 26ONG tHQAH@S 10 & rat AR e+ fo50L . top
Iqui orm ott

condensate fromcolum 10 was returned in a to colum om

8 of distillationteeneekedtasd fd10Wwd AtL npfx Q4% & Ohhbor Dl ok AhiQuid
withdrawn from colum bottom 16 of colum 10 was recovered fromthe

product i oncsyst emdtibrtdugh tdemduidludth at thddum radrft A Avagoratad ¢+
+nrn lirii 1"l nf' 10 colum 10) contained EG . EC and by-produced
di ethyl ene gl ycoen@DEGndud tcGricéwmtd ari diemf/IHE]1 vieightwaighio &3 % by
wei ght and 0.02 % by wei ght, respectively. In the :
' 99.9/0.1 and was fed at a flow rate of 1,255 g/h; EC
was fed at a flow rate of 528.1 g/h; a 9.6 % by weight
'Fj solution of sodium hydroxide (as a catalyst) in ethyl-
10 ene glycol was used (instead of a 4.6 $ by weigihic
solution of potassium hydroxide); the reaction tempera-
ture of column bottom 8 of distillation column 1 was
49.8 °C; and gas density o g and gas velocity ug in
distillation column 1 were 0.544 kg/m3 and 0.285 m/s)
15 respectively, and hence the F-factor of distillation
column 1 was 0.21.

A column top condensate from column 1 (containing

MeOH and DMC in concentrations of 63.3 % by weight and

o
e
~—

36.7 % by weight, respectively) was obtained at a flow
20 .rate of 1,403.8 g/h.
A liquid reaction mixture (containing MeOH, DMC,
EG and EC in concentrations of 70.0 % by weight, 0.14 $%
by weight, 27.8 % by weight and 1.89 % by weight, m

respectively) was withdrawn from column bottom 8 of

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



wi t hdrawn |iquid, 2-nethoxyethanol (2ME) (as a possible by-product) was
not detected. 15 Fromthe above data, it can be seen that the conversion
of ECwas 95.1 % the yield of DMC was 95.1 (DMC was. produced at a
production rate of 513.9 g/h), the selectivity for DMC was not | ower than
99.9 % the yield of EGwas 97.6 % (EG was g oduced at a production } 20
rate of 354.1 g/h), and the selectivity for EG was not |ower than 99.9 %
‘Further, the productivity of DMCin terns of the space tine yield was:
513.9/ (1000 x O.d¥22% % {n8BxampP691g/ fedeth. 1dhebodhdnti ppin&nacixtesert s
of the transesterification reaction are shown 25 in Table 1. 85 Table 1
Reacti on Conditi orscdResting cPiomncld-wSettkcwasi pperated ovhdPretheTempe-
F-factor MeOH/ EC DMC in DMC DEG 2ME sure rature ternms of 5 of of the space
col um*col unm * té¢ordibbensndsbont Brempiel d. ( PA) PACF PRbRafcolymn tep- (%
(%9 (%9 ratio) h) Exanple 45,600 56.0 0.68 7.8 307 399.9 0.05 0

condensate from column 10 was returned in a liquid form
5 to column bottom 8 of distillation column 1 at a flow
rate of 949.8 g/h. A part of a liquid withdrawn from

column bottom 16 of column 10 was recovered from the

production system through conduit 20 at a flow rate of

ANA © ~ ik Mhe withAraem 1ianid (hattom 1imeiA af

adia
\v/‘

10 .column 10) contained EG, EC and by-produced diethylene
‘'glycol (DEG) in concentrations of 93.1 %.by weight, 6.3
% by weight and 0.02 % by weight, respectiveiy. In the
withdrawn liquid, 2-methoxyethanol (2ME) (as a possible
by-product) was not detected.
15 " From the above data, it can be seen that the
conversion of EC was 95.1 %, the yield of DMC was 95.1
% (DMC was. produced at a production rate of 513.9 g/h),
the selectivity for DMwaas not lower than 99.9 %, the
yield of EG was 97.6 ¥ (EG was produced at a production { !
20 rate of 354.1 g/h), and the selectivity for EG was not
lower than 99.9 %. Further, the productivity of DMC in
terms of the space time yield was: 513.9/(1000 x
0.00225 x 0.85) = 269 g/liter-h. The conditions and

results of the transesterification reaction are shown

25 in Table 1.



1 Exanple 45,600 55.7 0.41 7.9 268 399.9 0.05 0 ~._,. .2 10 Conpara-

101, 000 79.6 0.29 7.9 202 99.3 0.60 0.02 tiveEx anple 1 Conpara- 101, 000
76.7 0.41 11.5 234 99.4 0.60 0.02 tive Ex anple 2 Exanpl e 45,600 56.2 0.29
7.6 253 ;99.9 0.05 0 3 15 Conpara- 45,600 55.9 0.12 3.1 108 399.9 0.05 0
tive-,~Ex anmple 3 Exanple 30,400 47.1 0.94 786 371 ,99.9 0.02 0 Exanple
30,400 47.0 0.60 7.3 328 >99.9 0.02 0 5 Exanple 45,600 56.0 0.29 7.6 270
399.9 0.02 0 20 6 Exanple 45,600 49.8 0.21 6.8 269 >,99.9 0.02 0 7 Note:
*1) the reaction pressure, as neasured at tHeblenher bottom of the

mul ti-stage distillation colum *2) the reaction tenperature, as neasured

at the inner bettom of| the rﬁ‘ék&éloﬁté‘&%lgkét' I Tat1 ¢gn col um %esults
Producti- Selectivity
. vity of
Pres- Tempe- F-factor MeOH/EC|DMC in DMC DEG 2ME
sure rature terms of i
5 of of the space
column, *1 column, time
bottom bottom *2 yield
(Pa) (°c) (Molarj(g/liter-| (%) (%) (%)
ratio)| h)
Exanle 45,600 56.0 0.68 7.8 307 299.9 0.05 O
£ Ean;ple 45,600 ~ 55.7  0.41 7.9 268 299.9 0.05 0
10 Compara-|101,000 79.6 0.29 7.9 | 202 99.3 0.60 0.02
tive Ex- '
ample 1 _
Compara- {101,000 76.7 0.41 11.5 234 99.4 0.60 0.02
tive Ex-
ample 2
Exagple 45,600 56.2 0.29 7.6 253 >99.9 0.0 O
15 Compara-| 45,600 55.9 0.12 3.1 108 299.9 0.05 O
tivevEx- : ’
ample 3
Exaﬂple 30,400 47.1 0.94 7.0 371 399.9 0.02 O
) Exagple 30,400 47.0 0.60 7.3 328 299.9 0.02 O
) _
-Exagple 5,600 56.0 0.29 7.6 270 299.9 0.02 0
20 :
Exan71p1e 45,600 49.8  0.21 6.8 269 399.9 0.02 0

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

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

25



86 Reference Exanple Using a production systemas shown in Fig. 2, the
l'iquid (containing unreacted EC) withdrawn fromcolum bottom 16 of | ow
boiling point m xture-recovering 5 colum 10 in Exanple 2 was subjected to
hydrolysis with respect to the unreacted EC to thereby produce EG and
then subjected to distillation-separation, t86thereby obtain a purified
EG Specifically, the operation was } conduct ed as follows. lu The liquid
w hg a,:n iiom _colum bot~ om.16 oi" colum 10 through conduit 20 at a
flow rate of 547.58ef 2 was i ntroduced to conti nuous hydroly-

sis reactor 37 through condwt 21, ther with wat fed through conduit
35 at a flowrate of 5U P1gFn 2 PFofy ’%é?‘bb?’se??“écats & iHudUeE hyor ofhsi s

t f EC i I ' vvh t C ris
ol " havi ng an LAver i Setted irieE R S 1 g o0 %ﬁ"én%oaln‘émdng
ked th Di t. ure an
B?gsgure g; elgactgrglgt%]cg?n\%?r fal%n‘ﬁg}gr#ajilnn nﬁ%dﬂﬁﬁ{d}? Ztt%dmﬁéi %a (25
kg/ cn2- G 5 respectby g 1'5h€inW5c‘!x%fPer1ré‘t2 Q,JaPJ WA R t%cl?}}dztéhf & 4 U &l 9]

reactor 37 was 0.5. The hydrolysis reaction mXxture w thdrawn from reactor
37 was intro- ducedspecdastd it hiryRRAIHDOESId WHH AR RAIGH a5 25 ander

at nospheric pressure) through conduit 38. From
then subjected to distillation-separation, to thereby
obtain a purified EG. Specifically, the operation was
?;3 conducted as follows.
10 The liguid withdrawn from cgolumn LuL com 16 cf
column 10 through conduit 20 at a flow rate of 547.3
g/h in Example 2 was introduced to continuous hydroly-
sis reactor 37 through conduit 21, together with water
fed through conduit 35 at a flow rate of 5.7 g/h, to
15 tgereby effect a continuous hydrolysis reaction of EC
in the liquid, wherein reactor 37 was comprised of a-

column having an inner diameter of 5 cm and a length of

100 cm and having packe& therein Dixon packings (3 mm

miin,
—

$). The internal temperature and pressure of reactor
20 37 were maintained at 180 °C and 2.5 x 10° pa (25
kg/cmz-G), respectively. The weight ratio of water to
EC at the inlet of reactor 37 was 0.5. The hydrolysis
reaction mixture withdrawn from reactor 37 was intro-
duced to gas-liquid separator 39 (which was operated

25 under atmospheric pressure) through conduit 38. From



87 separator 39, carbon dioxide was discharged through conduit 40 and a

| i quid containing EG was wi thdrawn through conduit 22. The w t hdrawn
liquid containing EG was fed to diol-separating colum 23 at a position 5
60 cm bel ow the top of colum 23, wherein colum 23 was conprised of a
colum havi ng been packed w th Di xon packings (3 nm0) and having an inner
dianeter of 5 cm and a packing height of 200 cm 10 conditions wherein the
pressure of columm top 24 there- of was 2.7 x 103 Pa (20 torr). A gaseous
mxture was W t hdegupakbemeol uaRbbeP ddbxafdet Wasma idE gondensesh by
condenser 26 to obtain a condensate (hereinafter referred to sinply as
"colum top condepsataiktr am dbdcal uAGudd' orkfiaringoEaMaEh wiashdedwixed to
colum 23 through conduit 27 (reflux ratio: 5), while returning the

remai nder of the chpdaghatentiaitoRRi.nuale hyichih@irywnsilsi gueat taam B3vindng Bh
conduit 34 at a flowrate of 16.4 g/h. Aliquid withdrawm fromthe bottom
of colum 20 23 wasshéetiedobyipébsiepera3frandalemmr P&d ato a @asit X3

t hrough conduit 31. The tenperature of columm bottom 28 of colum 23 was
116 C. A gaseous APxElr beday thet k@Pa@f QdMMrhedni WRETRAET GForHMIprod i iRl
in the side wall of columm 23 at a position 120 cm bel ow the top of 25
colum 23 at a f| BRMPELESHf C528. FOGMAR HFY IdvhRafIedasikegh with Dixon

packings (3 mm ¢) and having an inner diameter of 5 cm

and a packing height of 200 cm.

Nirl e mmdde e mmVaims DD rms Amasadtad inAne £
10 conditions wherein the pressure of column top 24 there-
of was 2.7 x 103 Pa (20 torr).' A gaseous mixture:was

withdrawn from column top 24 of column 23 and condensed
by.condenser 26 to obtain a condensate (hereinafter
referred to simply as "column top condensate from

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

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

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



condenser 33, to thereby obtain EG as a side cut (side stream [EG content
was not |ower than 99.99 % by weight and none of EC, DEG and 2ME was
detected]. A part of the liquid withdrawn from colum bottom 28 of 5
colum 23 was recovered fromthe production system through conduit 32 at a
flowrate of 10.5 g/h. The withdrawn |iquid&8®%ottomliquid of colum 23)
contained EG and DEG in concentrations of 81.5 % by weight and 1.3 % by
wei ght, respectively. 10 Reference Conparative Exanple Production of a
purified EG was cGRIAENSLT w3 subRt BneTabPyyoPhaisafE AfinAeFids PHtRéSéAence
Exampl e, except 2§$$E%2de%$Uid w t hdrawn from col umm bottom 16 15 of | ow
boi | i ng poi nt i xtWW&EF L iR LR RS 0nPh lesRparaePve EREAnpl BY1 was
used instead of the liquid ,wthdra iLn I nd that the qQperation
was slightly mdiwﬁlé’&‘q‘asa’h%&?r?%e%%¢omﬁégﬂg{‘gi é”ﬂgtﬂésl aﬁ?atwiﬁ hdr &wn
from col um botto . nduj t . 20 flow, rate of
547.3 g/h in Cbnpg%gﬁ?féﬁégghgﬁg '%égl%ﬂéf%gﬂcggogoc£%gﬂ??%ﬂgﬁgmhg%r8%ysis
react or 37a toget heyy upd B avajes rééﬁbé£E@UEPo@Oﬁﬂahp5§5u8£iénfLg&%g te of
: - I'hg

41.1 g/h part of a columm top condensate Trom separ at col um
23 was returned t ane@ugHEBIRAdNEr DL Vot Salr £86W0FaB8 of 10.5 g/h. The
withdrawn liquid (bottom liquid of column 235 contained
EG and DEG in concentrations of 81.5 $ by Qeight and
g*a "~ 1.3 % by weight, respectively.
10

Reference Comparative Example

Production of a purified EG was conducted in
substantially the same manner as in Reference Example,
except that the liquid withdrawn from column bottoﬁ 16
15 05 low boiling point mixture-recovering column 10 in
Comparative Example 1 was used instead of the liquid
withdrawn in Example 2 and that the operation was

slightly modified as described below.

—
—~—

That is, the liquid withdrawn from column bottom’
20 16 of column 10 through conduit 20 at a flow rate of
547.3 g/h in Comparative Example 1 was introduced to
continuous hydrolysis reactor 37, together with water
fed through conduit 35 at a flow rate of 41.1 g/h. A
part of a column top condensate from diol-separating

25 column 23 was returned to continuous hydrolysis reactor



37 through conduit 34 at a flowrate of 119.5 g/h. The tenperature of

col umm bottom 28 of diol-sepa- rating colum 23 was 116 C (which was the
same as in .Reference Exanple).- Wen diol-separating colum 23 was 5
oper ated under conditions wherein the reflux ratio of the colum top
condensate fromcolum 23 and the flow rategof the liquid withdrawn from
colum bottom 28 of colum 23 through conduit 32 were the sane as in Refer
~ b r- F~-+17r x(2(2r ,.FT~F tnac ar~tc+rf r~r~i T a G r7n Cut 10
(side strean froavcehusngB3cohduarderd ba lkowow kateamuliofs REGI n the
side streamfromcolum 23, the reflux ratio of the colum top condensate
fromcolum 23 was rarTaedteopgrandreheff lcodumat dodftarhe 8 icfuidli o w ddyok-awn
fromcolum bottom 28 of colum 23 through 15 conduit 32 (containing EG and
DEG i n concentr at retgngf coQamg ¥3byaseildlht &nd whihoias Wdiegligme as in
respectively) was increased to 67.2 g/h. As a result, the flowrate of

t he side stream f RefrEengenEX3mpdedne Wnene dgod.-separgdding GrPtWwIEG3 was

(contained in a concentration of 99.98 % 20 by weight), the side stream
cont ai ned DEG andPPREALRYI UBACENCPRALSASNST WH'eFEs sIE W& TgHt® it D %

by weight, respectively. As nmentioned above, in Reference Co ratjve
Banpl e ube 1’ mEHE GPLERE (PR FEPNECR AR BT RIS S0 Ame i s SE b
I ow boi ling pOIntrgkét%%e%%%CQg higowithdrawn from column bottom 28 of

column 23 through conduit 32 were the same as in Refer-
gnos Exzmnls BOAD rrm nf DEC wac detected in 2 gide cut

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

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

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

As mentioned above, in Reference Comparative

Example, use is made of the liquid withdrawn from

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



ing colum 10 of the production systemused in Conpara- tive Exanple 1 (the
liquid containing DEG and 2ME in |large anounts). As a result, purified EG
obtained in Reference Conparative Exanple as a side streamfrom5

di ol -separating colum 23 contains inpuritieéO such as DEG and 2ME.
Whereas, in Reference Exanple [using a liquid wi thdrawn from col um bottom
16 of colum 10 of the production systemused in Exanple 2 (the |iquid

containing only asyeldiaRuns oF BRG BRAalR Al byotlmeldhen eGiaira2 E

ua dctecte: in a's rea:+iron. -d separating col um t he
flowrate (67.2 gémeoé}(?mbig%d(%éhﬁ&aw&d( 2 Wi he) DEE0EndC PMEm Pot tom

28 of diol-separating colum 23, in Refer- ence Conparative Exanple is nmuch

hi gher than that 15-§d0aho@hb)in Ref gr eaee1fkxamig fliece 56 GHtAiHEP i 6. 4
(times)]. 20 25 91 1 NDUSTRIAL APPLI CABILITY By the nethod of the present

i nvention, conti r©isrept@dochpanaciva dkahplle ear bordte andemndifalonf rom a
cyclic carbonate and an aliphatic nonohydric al cohol 5 can be easily
perfornmedsw t h hidhobfedpetavity antluhngR3 sengeting tiymplriciesy |sawdr iasg of
t he occurrence of by- products), w thout using conplicated equi pnent.
DEG and 2ME. Whereas, in Reference Example [using a
liquid withdrawn from column bottom 16 of column 10 of
the production system used in Example 2 (the liquid
3:3 containing only a small amount of DEG and no 2ME)],
10 neither LEG nor 2IME was detected in & sice streesn frown
diol-separating column 23. Also, the flow rate
(67.2 g/h) of a liquid withdrawn (as a waste) from

column bottom 28 of diol-separating column 23 in Refer-

ence Comparative Example is much higher than that

15 (EO.S g/h) in Reference Example [ile., 67.2/10.5 = 6.4
(times)].
{ .
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Therefore, the nethod of the present inventionis 10 15 20 25 92 CLAIM
1. A nmethod for continuously producing a dialkyl carbonate and a diol from
a cyclic carbonate and an 5 aliphatic nonohydric al cohol, conprising
continuously feeding a cyclic carbonate represented by the foll ow ng
formula (A): 0O O wherein RL is a dival ent Q{oup represented by the
formula -(CH2)m, wherein mis an integer of"from2 to 6, which

i s.unsubstitut- 15 ed or substituted with at | east one substitu ent

selected fromthe group consistin f 1, 5 b kybygroup and a C6 -
; ! AP ABIKYTY

C10 aryl group, and an aliphati PNBUS_ : ﬁ:_ esented by the 20

followng formila (B): gB20He( RLenthPlcd R dreRAi0NNARNorR! I fudds -

Cl2 hydrocarbon group ich I's unsubst it ut or

' production of a dialkyl carbonate and a diol from a
cyclic carbonate and an aliphatic monohydric alcohol
5 can be easily performed with high productivity and high

selectivity (i.e., a lowering of the occurrence of by-
products), without using complicated equipment.
Therefore, the method of the present invention is

C oA L)
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substituted with at | east one substituent 25 selected fromthe group
consisting of a d 93 Cl10 alkyl group and a C6 - Cl10 aryl group, to a
c¢ontinuous multi-stage distillation colum, and continuously effecting a
transesterificati on between said cyclic carbonate and said aliphatic
nonohydric 5 al cohol in the presence of a tr8Rsesterification cata- lyst in
said nulti-stage distillation colum, thereby continuously producing a

di al kyl carbonate and a diol, while continuously w thdrawing a | ow boiling
point in 10 gaseous formfrom an upper porgkéﬁméf said nulti-stage
distillation colum and continuously withdrawing a high boiling point

m xture containing the produced diol ina liquid formfroma |ower portion
of said nmulti-stage distil}atd " rel ' .
transeSterificatigﬁ isApé??%@ﬁggﬂuﬁ%%ggﬂggﬁgf¥ﬁgH§}€%§$%$%:a(%}a%ﬁgl

reaction pressureg;%éb%nét@%n%a e i{j%isﬁré%? (ag‘)?@féﬁifg &b 88at 8NghaPQLt om of

said nulti-stage dis- tillation co , e reaction tenperature is

in the range of hi@Pha?d Cricddiefridan &hdl, asomPassi LY 8bnthRuclBNGr

bottom of said nmulti-stage distillation colum,
feeding a cyclic carbonate represented by the following

formula (A):

N

0
10 | | R{:::: :::)c=o (1)
| 0 |

wherein R! is a divalent group represented by
the formula ——(CHz)m——, wherein m is an
integer of from 2 to 6, which is. unsubstitut-

15 ed or substituted with at least one substitu-

(54

ent selected from the group consisting of a-

C1 - Cyp alkyl group and a Cg - C;qg aryl

group,
ﬁ,} and an aliphatic monohydric alcohol represented by the
20 following formula (B):

R20H (B)
wherein RZ is a monovalent aliphatic C; - Cjy5
hydrocarbon group which is unsubstituted or
substituted with at least one substituent

25 selected from the group consisting of a C; -



and (c) said nulti-stage distillation colum has an F- 25 factor in the
range of fromO0.2 to 5.0, 94 said F-factor being represented by the

fol I ow ng

“formula (1): F-factor = ug (P g)1/2 (1) wherein ug represents

the gas velocity (ms) 5in the nmulti-stage distillation colum and P g

represents

the gas density (kg/nB) in the mdti-stage distillation colum.

2. The nethod according to claim1l, wherein said F- 10 faotcl is in :..:a
man gc of iron 0.4 to 4 .0. 3. The nethod according to claim2, wherein

said F- factor is in t@fgrgmg§lo§rgﬁgnhgd68tg 4 Oc éSaéle@eom@thod

according to any one of

lainms 1 to wherein sai'd al il phatic nonohydric

al cohol contains g0 &086AFihadlsdnalkytFstagbodakeiilnaatcameoiumef, fandm 0 to
40 % by wei ght, based on the total weight of said aliphatic nonohydric
al cohol and sai d contbnmubanly28fdealktkph eatbenseestesiifibetienhbe taceor di ng

to any one
car bonat e

of claimse 1 to 4, wherein said cyclic carbonate is at |east one
sel ectedifiropelhe grobpnetesesdi sgidf adtphhsde Barocpydsdsat e and

propylenescarbonate and said aliphatic 95

10
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25

alcohol in the presence of a transesterification cata-
lyst in said multi-stage distillation column, thereby
continuously producing a dialkyl carbonate and a diol,
while continuously withdrawing a low boiling point
mictiien mrmtbmdedos dha nredaand Afellr] carhonzte inoa 5’)
gaseous form from an upper portion of said multi-stage
distillation column and continuously withdrawing a high
boiling point mixture containing the produced diol in a
iiéuid form from a lower portion of said multi-stage
distil;ation column,
. wherein said transesterification is performed
under conditions wherein:
(a) the reaction pressure is 5 x 104 Pa or less,
as measured at the inner bottom of said multi-stage dis-
tillation column, .
(b) the reaction temperature is in the range of
from -20 °C to less than 60 °C, as measured at the
inner bottom of said multi-stage distillation column,
and

(c) said multi-stage distillation column has an F-

factor in the range of from 0.2 to 5.0,



nmonohydri c al cohol is methanol. 6. The nmethod according to any one of
clains 1 to 5 wherein: 5 said cyclic carbonate is continuously fed, to an
Upper portion of said continuous nulti-stage distilla- tion colum, in a
liquid formor a gas-liquid mxture form agg 10 fed, to a | ower portion
of said continuous nmulti-stage distillation”Columm, in a gaseous formor a
gas-liquid mixture form or in a gaseous formand in a liquid form

individually. 15 20 %gid F-factor being represented by the following
formula (1):
F-factor = ug (0 g)l/2 (1)
wherein Ug represents the gas velocity (m/s)
5 in the multi-stage distillation column and » g
represents the gas density (kg/m3) in the

multi-stage distillation column.

e 2. The method according to claim 1, wherein said F-

th

i0 facter is in the renge of from 0.4 toc 4.0.
3. The method according to claim 2, wherein said F-

factor is in the range of from 0.6 to 4.0.

15 4: The method according to any ohe of claims 1 to 3,

wherein said aliphatic monohydric alcohol contains a
concomitant dialkyl carbonate in an amount of from 0 to
40 % by weight, based oﬁ_the total weight of said

‘{ } aliphatic monohydric alcohol and said concomitant

20 dialkyl carbonate.

5. The method according to any one of claims 1 to 4,
wherein said cyclic carbonate is at least one carbonate
selected from the group consisting of ethylene car-

25 bonate and propylene carbonate, and said aliphatic
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monohydric alcohol is methanol.

6. The method according to any one of claims 1 to 5,
wherein:
said cyclic carbonate is continuously fed, to an

upper portion of said continuous multi-stage distilla-

tion column, in a liquid form or a gas-liquid mixture

form, and

—_——

B T A T T R e I B N L T s el et o v R e A R KT

fed, to a lower portion of said continuous multi-stage
distillation column, in a gaseous form or a gas-liquid

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

individually.

N



