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PROCESS FOR | NDUSTRI ALLY PRODUCI NG DI ALKYL CARBONATE

AND DI OL Technical Field 5 The present invention

relates to an industrial process for the production

of a dial kyl carbonate and a diol. Mre particularly,

the present invention relates to a process for

PR@QE%S'F??OR’ JQDQPBWR‘]AL'W PROPIGNG DALY HIGARBONATE

carbonate and the diol stably for a prolonged period

of time through a reactlwqpﬁ ol I ation system of

taking a cyclic 10 carbonate an& an aliphatic

nmonohydri c al cohol as starting materi al s,

continuously feeding the starting materials into a

cont.i s multi-stage distillation colum in which a
Techpig %h£§§3|s present, and carrying out reaction and

dlstlllatlon si mul t aneously in the col um.

BadEBﬁdM@fﬂﬂhlﬂﬂéﬂéKH]fﬁkﬁ§§§§b§nﬂ6ﬂUﬁﬁﬁabﬂﬁﬁﬁéﬁﬁdﬁrdhe

a di al kyl carbonate and a diol froma reaction
produetionaf a digitkylccarharmatat andral diol. al Mgrat particularly, the

nmonohydri ¢ al cohol have been proposed, but nobst of
presémeRevantipoTelstes 1 at pracess fat ihdaestriaity peaducing large

systens, four systens have been 20 proposed hitherto.

amoUMesef t19e!'diaRad tdathonatbeaRd ahe drRAGtabl dyif@f acgrsioniged
the production of dinethyl carbonate and ethyl ene

pe no@I ¥E®mé rtHF(‘)u@ﬁ|hc¥'r@%t&@r@%@ﬁfaqlﬁ@yﬁﬁ%ﬁﬁaﬂpkakW@' sheydic

he nost typl reaction exa Irst systemi’s

Cafb‘ife%%@h? %é?%%ﬂi%ﬁcrfﬁ@ﬁhhﬁr@r&yﬁﬁ CodlyEmiag matgrials,

contipolell 1860 3 heaﬁt@“ﬂagdn@?ﬁva?%‘ﬁrﬁﬁrﬁqée&‘iﬁ#ﬁ%égsr%'f' -stage
redeterm ned reaction tinme under an ap

distil 94#&3‘%&&"&%‘ H whichea qatahy steisperesaite Eﬁ'b’-b\?é"ﬂﬂﬁg out

boi | i ng point of nethanol (see, for
reaction and distillation simultaneously in the column.

Background Art

Several processes for the production of a dialkyl carbonate and a
diol from a reaction between a cyclic carbonate and an aliphatic
monohydric alcohol have been proposed, but most of these proposals
relate to a catalyst. As reaction systems, four systems have been
proposed hitherto. These four reaction systems are used in a process
for the production of dimethyl carbonate and ethylene glycol from
ethylene carbonate and methanol, which is the most typical reaction
example.

A first system is a completely batch reaction system in which
ethylene carbonate, methanol and a catalyst are put into an autoclave,

which is a batch reaction vessel, and reaction is carried out by holding
1
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exanpl e, Patent Docunent 1: U S. Patent No. 3642858,
Pat ent Docunent 2: Japanese Patent Application
Lai d- Open No. S54-48715 5 (corresponding to U S
Patent No. 4181676), Patent Docunent 5: Japanese
Pat ent Application Laid-Open No. S54-63023, Patent
for a Bfmifed RRBIRAT tiné UHAAPEhI £5p1iea tbahslefditre Nt a

54-148726). A second systemis a systemthat uses an

reac@ﬁﬁ?bﬂw rdtﬁr&"‘é&?‘vé‘thgiﬁéiililﬂggt)hweﬁf; Ca"alr Ig%%%i dB¢

op of a reaction vessel; nat e,

oxarfB g SoRu i L P18 A o CSHIP SRR, 1
Do a2 B B e B R B 71

with the produced di nethyl carbonate, nethanol is
(corrggpending taclr3aPatant Nas42B1648)i Radast Pagument 5:
batches, but in any event with this systemthe 15
Japapegset Patenpt Appligation LaidrOpenrNadc354r63@23cPatent Bocument
is batch type, in which the catal yst, ethylene
6: JapaneseaPatent Apglivation draéd pDpeanNo. Be4-148%260n i s
thus batch type, the reaction being carried out using

a Aafeion®syetemols AedyEten tHat@sesCahWppaidt0d id Whieh a
time in arange of from3 to over 20 hours (see, for

distil RtAW cRu ffiH %‘Pg&%&&?% 15 6@%39%%@%’?}%&&0 ethylene

Application Laid-Qpen No. S5I-1 correspondihg to
carsdhte Aaf8hn P ang 4320y £ il 105 R g ORGSR, anc
ronctR 1§ SRR B o PRk 2, 308 Y gt
With gisieVeteror taimpkendd daF soRdianaAisiissmad thrgugh azeotropy

.. continuously fed into a tubular reactor maintained at
with the,peadueed disaethdtadonatepsnatharg! isnadded toothe ireaction

m xture containing unreacted ethyl ene carbonate and
vesselecontioLoasdy prddubatatiestiwl ircanlyoewent with thisyspgstem the
react?olr}\/(;:)?'loc:e?ads only in the reaction vessel, which is batch type, in
which the catalyst, ethylene carbonate and methanol are present. The
reaction is thus batch type, the reaction being carried out using a large
excess of methanol under reflux taking a long time in a range of from 3 to
over 20 hours (see, for example, Patent Document 3: Japanese Patent
Application Laid-Open No. 851-122025 (corresponding to U.S. Patent No.
4062884), Patent Document 4: Japanese Patent Application Laid-Open
No. S54-48716 (corresponding to U.S. Patent No. 4307032), Patent
Document 11: U.S. Patent No. 3803201).

A third system is a continuous reaction system in which a mixed

solution of ethylene carbonate and methanol is continuously fed into a

tubular reactor maintained at a predetermined reaction temperature, and
2
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continuously withdrawn in a liquid formfroman outl et
on the other side. Either of two processes is used
depending on the formof the catalyst 5 used. That is,
there are a process in which a honbgeneous catal yst is
used, and i s passed through the tubul ar reactor

a redctipai heiktuvd Bohbginihgathresdteti ethylénet detbaneate and
carbonate and net hanol, and then after the reaction

methafd] GHE Pgéaubt: JHRARF @dr@é‘hafé ARd Benylend gmol is

m xture for exanple, Patent Docunent

contipSBRRRE i An dREr LRI IR elflst O 3fE diHetside.
Eithefft ok onced 'égg%«%ﬁ&e“ﬁ%?§7'f’i??"f8?'&eeigﬂn§?foﬂ‘ {etalyst

ctor is used (see,
usedoo?ﬂm is. Fhesgrarnadmaass MyieD-A foegenegy catalyst is
S63- 238043, Patent Docunent 9: Japanese Pat ent
usedpagmd @apa§ﬁedaﬁfﬂ0@s@ntm€5tleb“%&ﬁ%I%ﬁ%@éhﬁééfﬂUhdhﬁgmixed
to U S. Patent No. 4691041)). The reaction producing
solutit mef lethyten @ arbenatd andyhetheanoly @nd theowafter the reaction
reacti on between ethyl ene carbonate and net hanol is an

the catalylst bsiseparatedtownfroamdhbeareaction midbuse ¢see| fiopexampie,
flow reaction systemusing a tubular reactor, it is

Pateh{BOTUMEAL t70 JEkEnéde %@Htws?n@éh@naiadmpen No.

converS| on higher than the equilibrium conversion

S63- H?h%@ 2 te n%oh'a?nlﬁ qer(g@.' P'a‘i?@nf ﬁfd.%@sﬁsg@%a%téh?

react| er at or exanple, accor
C ( t
Docuiﬁéﬁf’ B s ?&%Nﬁ"W@%&M@W?i??ggéﬁﬁdwnbc'eo
. Pat ent 609 for Iowreactlona

heterpgeneing aAN&SA i inaids: 16 tyfularn ot %S%é#&ﬁe for

rati g of rret hanol / ethyl ene carbonate =
examplgy Ratentdesumant 3odepagiese P@t%%ﬂpm%ath%aﬁsa'ﬂns’tpen No.

a Iar%g amount_of 3 unreacted ethyl ene carbonate and
S63-238R4r0IPatendi Bpagment 8e JepaceisenPatent Appliagtiomd aid-Open

separated out, recovered, and recircul ated back into
No. 364-31737 (corresponding to U.S. Patent No. 4691041)). The
reaction producing dimethyl carbonate and ethylene glycol through
reaction between ethylene carbonate and methanol is an equilibrium
reaction, and hence with this continuous flow reaction system using a
tubular reactor, it is impossible to make the ethylene carbonate
conversion higher than the equilibrium conversion determined by the
composition ratio put in and the reaction temperature. For example,
according to Example 1 in Patent Document 7 (Japanese Patent
Application Laid-Open No. $63-41432 (corresponding to U.S. Patent No.
4661609)), for a flow reaction at 130°C using a starting material put in

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

carbonate conversion is 25%. This means that a large amount of
3
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reactor, and in actual fact, with the process of
Pat ent Docunent 9 (Japanese Patent Application
Lai d- Open No. S64-31737 (corresponding 5 to U S
Pat ent No. 4691041)), nuch equi pnment is used for such
separation, purification, recovery, and recircul ation.

unredcted ethyleys earbhonate andd mathding irenaaindng Snsthemreaction
first disclosed by the present inventors (see, for

mixtursamist bd’3epHratid RN reddveladaapderediré§iited back into the
plication Lai d-QOpen No. H4-198141, Patent Document

Ap d- Op
: : t I j el
reactB; 930, 1SRENETAE Hiin, 08 AT ol PlloRf Tocliment o
i ' el , -176061 P. .
(JapdiBss FeRE ARbfealiSR e it N o 4pEh 7Rs (E¥iHeEBbnding
-183744, Pat ent t. 16: .J Pat ent
to U5 atet Na, 28810403, Tach SsUBRR ISusaH RN
17 Interpational Publication No, 15 W97/23445
sepafalinn eppbiftaatipn.orecnvpvamnehrearcMationggo2s, U. S
Pat ent No. 5847189), Patent Docunent 18: International
Pubifousth system isv@deactivend{stitatéemeysitam fiossEdisgieand by

Patent No. 1086940, U.S. Patent No. 6346638), Patent

the pBesentivivddto rknisere) dfiorared mipld) Padénd DdeumeWdOZ:518pdnese
(correspondi ng to European Patent No. 1174406, U. S. 20

PatefeApPlickidio rP £ A8 enARbeH4- BuB PNt PElent BRA5IARENt 13:
Pat ent Application Laid-Open No. 2002-308804, Patent

Japa%.ﬁégggferﬁ%ﬁgéﬁ??ﬁ%ﬁ%gf’d-@ﬁen"N’B! HALI3R 41 Patdeh

4- that 1s a continuous production

L ' te..an I

DocuBGETS; JARKHHETs, PRt Mpmiation L Qe NG dips] Foge+.

cobum, angd reaction is rried out j.n 25 t resence
Pate Dy Slim &) 457 fanaTiRef Hateptdip Stisatin TaidiDeeT 1.

distillation _colum, while the product di nﬁwl i
H9"‘§§766n£%‘%00€9]4m%ﬂe1 81 yapangse Patgpparpldtian Laid-Open

Pat ent applications in which such a reactive
No. Hf<9443%. Bateal Bagumentset IndeenatiopalfdhlicatierNo.

filed by other conpanies (see,
WQ97/23445 (corresponding to European Patent No. 0889025, U.S.
Patent No. 5847189), Patent Document 18: International Publication No.
WQ099/64382 (corresponding to Eurcpean Patent No. 1086940, U.S.
Patent No. 6346638), Patent Document 19: International Pubiication No.
WQ00/51954 (corresponding to European Patent No. 1174408, U.S.
Patent No. 6479689), Patent Document 20: Japanese Patent Application
Laid-Open No. 2002-308804, Patent Document 21: Japanese Patent
Application Laid-Open No. 2004-131394), that is a continuous production
process in which ethylene carbonate and methanol are each continuously
fed into a multi-stage distillation column, and reaction is carried out in

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

column, while the product dimethyl carbonate and ethylene glycol are
4
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for exanple, Patent Docunent 22: Japanese Patent

Application Laid-Qpen No. H5-213830 (corresponding to

Eur opean Patent No. 5 0530615, U. S. Patent No.

5231212), Patent Document 23: Japanese Patent

Application Laid-Open No. H6-9507 (corresponding to
sepafatedof) Patént a%{ic@ﬁ@?&l% whith Sladieal réWctive distillation

5359118), Patent cunent 24: Japanese Patent

syste‘?ﬁ%'d‘é’éd %Mbﬁb@@%‘ﬂle’?ﬁly ngﬁbﬁﬂe&l@wb@%&ﬂﬁﬂs ﬁﬂﬁﬁh@% (see,

to I'nternational Publicat’on 006418? Pat ent

o oGRS i o R S
Lald-meéﬁ%e%e%&ggap%§mg‘? I(S%? %r&?&?ﬁ'}w a&enWO.

di.al kyl carbonate and a_diol _from clic carbonate
053081, s Palent Ne. mmza,cpamhaoéreem@ef panese

st ens: S_ onpl etely batch reaction syst eg
Pater(i %p@h@aﬁm Ga@t@pﬂnsNQt 250§ (@wmmaﬁlngsé@ uropean
having a distillation columm provided on top thereof;
PateitBNoa 05698103, U.§ui RaterdcNioord 3551 H8), RatentaDochohent 24:
reactor; and (4) a reactive distillation system 20

Japahbnevleaterithﬁ:pﬁl|béY|©rbEEm-r®p@hem‘ RIO0B-1he968aécorresponding
follows. In the case of (1) and (3), the upper limt

to |nt‘éfrnh'ﬂs%n%\lqi’ulsllééﬁéﬁnﬂbe W00 218 ), PAYR MbBAM &M 25:
he conposition put in and the temperature, and hence

Japabﬁgerﬁﬁféﬁ g@?BQ?Bnb?aF@‘rd ?H 194t b@)3°§6@'9%t6 OB gt

Ion ra reover in’the case

Docuﬁl;%r&tszht TRk tgﬁa&%ﬁ%léﬁpliéqﬁgﬁgf@?%ﬁ@&e%éfé $)883-342209).
SI'St %.e\ga?é b RIPPeSsPsohraposaa Tl to g miesuaia @
i's requued In the case of (4), the reaction can

dmmb@%ﬁﬂe"‘@tﬁ Bhcadiohframaa wyghier cadianata apd aamlighatic
mono(hlgzd né %a)lcc?{\ol( g)re the four systems:

(1) a completely batch reaction system;

(2) a batch reaction system using a reaction vessel having a distillation
column provided on top thereof;

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

(4) a reactive distillation system.

However, there have been problems with these as follows.

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

carbonate conversion high, the produced dialkyl carbonate must be

distilled off using a very large amount of the aliphatic monohydric alcohol,
5
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However, processes of (4) proposed hitherto have
related to producing the dial kyl carbonate and the
diol either in small amounts or for a short 5 period
of time, and have not related to carrying out the
production on an industrial scale stably for a

and @1ohgnettial tivde 0 regiiredhalnithe ¢d96 ©f (W)0tREIBRCtion can
have not attained the object of producing a dialkyl

be m%?irebﬂﬁ??Sceé&“ﬁvit,\“ﬁLfs‘ibhe'rrb&\}éfrsﬁii@n qaahnﬁwtﬁe(d@) (Q@tcg (3).

less t tfon for a prolonge per 0
ol 5 S\ A A el
the dﬁ%’@ﬁ?:%(“rhv’n@k;or%? fREE aififeiy %ﬁr'a%ﬁ&sﬁsrtfgr a short

g én) of thereactlve dlstlllatlon col um,

PG”O;S'rB tisee, apduhave nalgrelatey tercay fM%ﬂUtéQﬁbBF%@'éCt"aH&" an
the continuous production time T (hr) in exanples

indusiriad |sesdg stably fer gr perlonged pericsl of tinay| Thabinhdhese
(DMO) and et hyl ene glycol (EG from ethyl ene

processd® have aot atktihadotheaobjast of pfatdueirg aTddlkyll carbonate
TABLE 1 PATENT H: cm D : cm NO STAGES : n P : kgl hr

contifhuously |W3h%d@ﬂ(é Bhét s tHin 2ltod 8thr) stably for a
0.427 NOTE 5 16 160 5 40 0.473 NOTE 5 18 200 4

prologﬁg%bﬁmﬁgéwgio @@1909383%555@2 IH\EIEFS 1p|%f@(9ab5y not

less ﬂ%{&%ﬁﬁ) NQI!'I:‘S, mdre aFQfé%'aWﬂd\'qegg-th Whogrg’ﬁz

For example, the maximum values of the height (H: cm), diameter

(D: cm), and number of stages (n) of the reactive distillation coclumn, the
produced amount P (kg / hr) of dimethyl carbonate, and the continuous
production time T (hr) in examples disclosed for the production of
dimethyt carbonate (DMC) and ethylene glycol (EG) from ethylene
carbonate and methanol are as in Table 1.

Table 1
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23 NOTE 2 NOTE 2 NOTE 2 0.532 NOTE 5 24 NOTE 3 NOTE 3
42 NOTE 4 NOTE 5 25 NOTE 3 NOTE 3 30 3750 NOTE 5 26
200 15 PACKI NG COLUWN (BX) 0.313 NOTE 5 NOTE 1 :
OLDERSHAW DI STI LLATI ON CCLUWMN. NOTE 2: NO DESCRI PTI ON
WHATSCEVER DEFI NI NG DI STI LLATI ON COLUMN.  NOTE 3: ONLY
DESCRI PTI ON DEFI NI NG-?Cﬂ UW IS NUMBER OF
STAGES. NOTE 4: NO DE SOEVER OF PRODUCED
AMOUNT. NOTE 5: NO DESCRI PTI ON WHATSOEVER REGARDI NG
STABLE PRODUCTI ON FOR PROLONGED PERIGD OF TIME. In

nodi‘"?u’ﬁﬂhagﬁfuﬁ”ﬁm 2083 5300 ggf“%('gn‘%%b "ot g%li'(‘)&!"is T:he

SfAT €0 " THgoPT 9SeNty EXaNpl € Usgp (Ne Safe [§966SS| 400

iil e:l\Vr Ia.\:QLI 1 t L) |J| Cl CI1 ‘fu IIUu.C jUVVll 1 !l | A1 ] NOTE 5 |
¥ opelat 188 3 | confrercital scal #0appar at s fHA73 NOTE 5
poduct ng 200netlhy| 4 ar bPACKING OOLUMN Dixomije 0.932| NOTE 5

t-iy ough Noqgsp;t erigicajion by ggcatal ytijc cupyser SfONOTE 5
T mNBﬁ' T mélyi e Tar bo '3[ e and et IEEEQQ' MN%TEE

ot __H_H_H;Pr.,\nl W) an—tin Hhao 307 a0 A L
L %Y L LT T O QAT v UL'\J LI ] L' LS JI LI ClTy

ngam'wl h NQJEH' ade 5121‘9 \ 10 llQﬁq in the op 35# an ONOTES
#2 act bal 250parfat us3 , ankRACKING:QOLUMN:(Rasehib)e i t0.892 NOTE 5
g3t ed| tROTEY HO NQITE 2hf of dnOARtEh2! car honag.s32v@s| NOTE 5
sg,ecn CROTE 2T°H g | 1NE sca|4§ qescrl e“Nb‘?Ett{]E NOTE 5

L\
LI Clllllual I Uuubll UTl YU U

T Y NBIES NGE Sl ,Eg%r o bl o 3thg ", 1 "NOTE 5
@6 thel7 #00i nd of 16he pBACKIN UMM (BB  A-3thi ent NOTE S
NOT@QGU@ERQﬁAWBWEﬁRTEﬂi eoLumMmp! i cation Lai d- Open
NOTE®: ﬁ Eﬁ WAPATSOBVERDERININEBISTILLATIONCGLUMN.
NOTE‘%r Ev TicHE IR BISHLCATION COLUMN 1S HUMBER OF
NOTE 4 : NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.

NOTE 5 : NO DESCRIPTION WHATSOEVER REGARDING STABLE PRODUCTION
FOR PROLONGED PERIOD OF TIME.

In Patent Document 25 (Japanese Patent Application Laid-Open
No. 2003-3009386) (paragraph 0060), it is stated “The present example
uses the same process flow as for the preferred mode shown in FIG. 1
described above, and was carried out with the object of operating a
commercial scale apparatus for producing dimethy! carbonate and
ethylene glycol through transesterification by a catalytic conversion
reaction between ethylene carbonate and methancl. Note that the
following numerical values in the present example can be adequately
used in the operation of an actual apparatus”, and as that example it is
stated that 3750 kg / hr of dimethyl carbonate was specifically produced.
The scale described in that example corresponds to an annual production

of 30,000 tons or more, and hence this implies that at the time of the
7
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carried out. However, even at the tine of filing the
present application, 5 there is not the above fact at
all. Mreover, in the exanple of Patent Docunent 25
(Japanese Patent Application Laid-COpen No.

2003- 300936), exactly the sanme value as the

filingtdfethe pateht yappaicatian ¢6r Palteat Doclimierd 29(Japhaese Patent
anmount of di nethyl carbonate produced, but the yield

Appnfca"tso?t pyi¢BGpeh! MEOROGS- 300936 8)**@4/;?&:»/98520@4) Jpbrafdn of the

selectivity Is apprOX| mat el y 10" and heénce it

wor TR Sl L PP R Y8 g oo

cortd GBIl e acarn,

te also that Pat ent ment 25 anese Pat
thereA\@pnptahecﬁqu daehat a o www%ﬁgv@safa@éwﬁ%tent
have been wi thdrawn on July 26, 2005 15 due t
Docusment R4t (tapanese Ratenteplicatioastaid-Opan Nq he003-300936),
reactive distillation nethod, there are very nany

exactiyubessanfe ralwe st thmtbeoreﬁsahprqaisutated valueats etated for
due to reaction and conposition variation due to

the athotht btdimethyl caebdhateé [greldueed; duinthe gield for ethylene
tenperature variation and pressure variation in the

glycoqu%r@ﬂﬁwé}%%%?@%oahunméleetéawuey 9D A B roXIma281288.4%,
prol onged period of time is acconpanied by many

and %ﬁ%q%hhﬁa r%'a‘iw Bef it g4 pﬁﬁﬁf}gﬁfﬁ %fn'QCHI H eI Hvity

I ncreased e case o I Ng I"ar

vove SRR TS tﬁe‘*ﬁ%gi@et@ kb s
di stillat, t abl rolon er| od _of

Procq3srbam 1 REATRUPACRGA DS I S Bl jproceSs.  (Note
selectivities for the dlalkyl carbonate and the [

also that Patent Roginment |2k (%papgaea*?aterm@ppbeaep@vlealctropen
devi sed. However, 8 the only description of

No. 20413300236 swas depmedidoihave deen withdnays omdrina@s, 2005

of time with the reactive distillation method proposed
due tbi ¢kantinatiem nbtbavihg e reqde8tédurs in Pat ent

Docunent 12 (Japanese Patent

With the reactive distillation method, there are very many causes

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

high yields and high selectivities for the dialkyl carbonate and the diol,

the reactive distillation apparatus must be cleverly devised. However,
8
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Application Laid-Open No. H4-198141) and Patent
Docunent 13 5 (Japanese Patent Application Laid-Qpen
No. H4-230243). Disclosure of Invention Problens to
be Solved by the Invention It is an object of the
present invention to provide, for the case of 10

the opilpdesdriptior ofl edidihuoashstadie ddtmrﬂf@# a prolonged

industrially in large anounts .g. not less than 2
e I t
penotd?Bf /tlgﬂé/v@i‘ﬁlé the 1't "é‘h‘d@3|'§ﬁ"ﬁﬂ§ﬁg@e§ﬁ9ga@'ﬁpvde% Hiftdrto has

beengfrll-%t ?P c{% P‘Sh?énlr?fPé lﬂt@o E‘Eerfty?ﬁ (9ﬁg%tn%?aab%tent

! atIC rmnOh rlca as s |
AppliZaEEH et siophdd %*r‘iﬂefﬂ LnhPat boRtriBhE 13 o
i whi ch
(Japa!rg%?iPS%teZH?ESLéatlp'atkghe@ent Ninobdepsbagdyne

colum, a specific process in which the dialkyl
carbonate and the diol can be produced with high
sel ectivity and high productivity stably for a
Disclpsalrerafebhyeationl of tine (e.g. not |ess than 1000
hours, preferably not |ess than 3000 hours, nore 20

praf@bms todbe |Ssivedhby theOhvenitien .  Means for
Solving the Problens Since the present inventors first

di gokofedActt BFTRS piYserRORVEMIRIB kY droeile] figr tHE case of
dlalkyl carbonate and the diol using the continuous

prod%l nH e ?ﬁ?lk‘% %drbg%\'tarbﬁ@'tHETHio'i hﬁ&ﬁsﬂ‘?é{ﬁ’% kG988 Wmounts

oposa s ’regardi ng i nprovi

O NERLE BT3RS P g nor
1.3 (R dahE e Alpli AsoHabes sPaate SretlIFdh HateRt Phtaking
scal e stably for a prolonged period of tinme based on

the CVPHGl‘Fﬂ:{@Qﬂﬁt@l aed thier %U@haH&mQInqwr&T@r’ﬁ@Wbﬁs starking

present inventors have thus carried out studies ainmed
mategialglj sootisuiongly feeding the starting materials into the continuous

multi-stage distillation column in which a catalyst is present, and carrying
out reaction and distillation simultaneously in the column, a specific
process in which the dialkyl carbonate and the diol can be produced with
high selectivity and high productivity stably for a prolonged period of time
(e.g. not less than 1000 hours, preferably not less than 3000 hours, more
preferably not less than 5000 hours).

Means for Solving the Problems

Since the present inventors first disclosed a process for
continuously producing the dialkyi carbonate and the diol using the
continuous multi-stage distiliation column, there have been many
proposals regarding improving this process. However, these have been

on a small scale and short operating time laboratory level, and there
9
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5 a specific process enabling the dial kyl carbonate

and the diol to be produced on an industrial scale

of, for exanple, not less than 2 ton | hr for the

di al kyl carbonate and not less than 1.3 ton / hr for

the diol stably for a prolonged period of tine with
havebedn sl didclosuye awhatstieyarodndd ispieicyfic Praceiss, ot Bpparatus

present invention provides: 10 1. an industria

enabnh@%%%sf Bfod fi6ti®h B &N MY Wstrial Hcikydtabay Fopayd pr@lwged
diol in which the dialkyl carbonate and the diol

perlog{g Iﬁﬁf% ISP bk ﬁﬁﬁ%%btéméﬁjgﬁr %ﬁcar E‘éx? mglgrrﬂ?ntatlon.

t1on system aking a cyc onat

The ;ﬁ'%tseerariti |?g%tng§5€?m3/§/ ﬂf p%éﬁ%ﬁrbufﬁgééfb%%ﬂﬂgldl at discovering
o oo ARG <& BRI Ay T b hardh i

out reaction and distillation si nultaneously in |
producgdan aeolﬂndum@é|§¢akptqfdrfawen@rapleavmblqss@arpe? ten / hr
reacti on m xture containing the produced dial kyl
for thendbedkyt earbonate anthpet iesstthan 313 towe /dut fomthe diol stably
gaseous form and continuously w thdrawi ng a high

for a lprblomge d pertiod esfctimenwithxhigle sedetctivitynand Haghi productivity
from20 a |l ower portion of the columm in a liquid

f OTFait Y1EfHRI Bre§@nt sl éntiOAtPriqessul ti - st age
distillation colum conprl ses a tray colum type

flaﬁ{duéﬁ"ta‘ g&cfcﬁal 5 (cn%ﬂé :?goau‘a/lb'r{‘gf 'acéialk{/PBErtP@ﬁ&té’%nd a

ving a I nsi de di ane
Co Y r a & n
diol .ﬁﬂﬂnrbfh %ﬁ‘f%boq%allgl éﬁcrg)létpeat% ghg% n%}%r Pﬁ@el r%fs?grbqjoduced
ray havin al it f hoI and fur her vin
througgsg GRGHe ﬁ&%ﬂ'ﬁ@t' Susdems o5 BHIER el Epngt?o%nd an
of, the colum or in an 10 ug orti nof the ngl#
a"PhﬁBQrmpéotWé"ifbﬁlc%hN g8idastipgena alialy eantinHougly feeding
diameter d2 (cm) at a bottomof the colum or in a _
the stasting prateriaisdnto wheoadinuel sauliti-stage distitiatipnagolumn in
| east one first inlet provided in the upper portion
whichaadcatalystisrpddkenpocarmyingfouthre actiamandk distildatidngas
simultaneously in said column, continuously withdrawing a low boiling
point reaction mixture containing the produced dialkyl carbonate from an
upper portion of the column in a gaseous form, and continucusly
withdrawing a high boiling point reaction mixture containing the diol from
a lower portion of the column in a liquid form, wherein:

(a) said continuous multi-stage distillation column comprises a
tray column type distillation column having a cylindrical trunk portion
having a length L {cm) and an inside diameter D (cm) and having a
structure having thereinside an internal with a number of stages n, said

internal being a tray having a plurality of holes, and further having a gas

outlet having an inside diameter d4 (cm) at a top of the column or in an
10
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5 outlet, and at |east one second inlet provided in
the mddle portion and / or the |lower portion of the
col um above said liquid outlet, wherein: (1) the
length L (cn) satisfies the fornula (1); 2100 :_ L :
8000 (1), (2) the inside dianeter D (cn) of the colunn

uppesyortioreef the dolumn fmeamo( the tapP adSliquid okdled KaNing an
(3) aratio of the length L (cm to the inside

msMé'cﬁﬁ'ﬁﬁ@ferEM f@%)cﬁt éftﬁbtt@ml gfMh& aldIafe ertifea lewat portion of
, 15 (4) the nunber of

the cﬁl}% g?a?%'lﬁe' 86 tb'?ﬁ EP'ié%‘:'staog@first%ﬂl%t—tpfbn;n%e@ﬂ}]the

t h'e I nSi de

[ f
uppegﬁq@%%ﬁp. Fopa" ?Hﬂﬁ S PRTTER, of thd Edufin hB%odajd gas
5 6 ofthe|n3|de |arre
out'eﬁyr bod Bk She e e pravidsi In s TEisle Bofibh and
qui d outlet satlsfles the formula (6); 5; D/d2: 30
or th?d?we(rblyoﬁnm afdhe eglumnabaeye cﬁ;ﬂddﬂtq'élﬂr ouHEt ewheTein:
continuously introduced into said continuous
mu 1t)i thet beegti Bt(cim hsatisfies! thenfémowian{1);25 | east one
said first inlet provided between the 3rd stage from

the top of saizZh@Or Lnui@@HOMul ti-stage dist{1),ation
colum and the (n/3)th stage from 11 the top of said

COfRt) {HePHbsital @iarﬁé?é}eDd(IcﬁhD lf ahie0to LAhHBHtidfFes tthe formula
st art| ng material aliphatic nonohydric al cohol

(2): contains in a range of from1 to 15 % by wei ght of
" the dialkyl carbonate; and (d) the starting materi al

al i phatic rmnomléjrg' B Qlf(ﬁﬂ?l i's 2),
{3) a ratio of the length L (cm) to the inside diameter D (cm) of the
column satisfies the formula (3);
4<L/D<40 (3),
(4) the number of stages n satisfies the formula (4);
10<n< 120 (4),
(5) a ratio of the inside diameter D (cm) of the column to the
inside diameter d4 (cm) of the gas outlet satisfies the formula (5)
3<D/dy=c20 (5}, and
(6) a ratio of the inside diameter D (cm) of the column to the
inside diameter d; {(cm) of the liquid outlet satisfies the formula (6);
5<D/d,<30 (6);
(b) the starting materia! cyclic carbonate is continuously
introduced into said continuous multi-stage distillation column from at
least one said first inlet provided between the 3'® stage from the top of

said continuous multi-stage distillation column and the (n/3)™" stage from
11
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5 continuously introduced into said continuous
multi-stage distillation colum from at |east one
said second inlet provided between the (n/3) th stage
fromthe top of said continuous nulti-stage
distillation colum and the (2n/3)th stage fromthe

the tbppfodaiRiPténtintiouduaiiaticsladge gistgeadbhtddiuminon
colum, 10 2. the process according to item 1, wherein

| e@%n%ﬁf@iﬂj tﬁ{rfé'ga'?Héﬂb%bnﬁwfmf@hkéﬁoﬁ%nta;ns in a

he process "according to It

r Noz84. QI i ot
rangg ffrom. ' 15 5nb? ﬁ?!ﬁqﬁ of ' sakl St Bskiefen st
any,.one of itens to 3. ein said a sald
el matgifa é»%aﬁ'cgﬂano/hvaﬁ"&a'%omf
process according to any one of itens
contlﬂng@,Iy] introduced into said goptlglpo%m@tlfs@gq gpsgléauon
continuous multi-stage distillation colum satisfy
columadisent at éegsbeoe said secood, irdehprovided bﬁ@woersth@ (n/3
/| D<_30, 30 20 n:5 100, 4< D/d, !c 15, and
stage?ﬁ‘_dbhdh:%ﬂfp oﬁ.s&iﬁecmnkbnaeasanu&ﬁda’taget@isaiibatime caolumn and
items 1 to 5, whereinlL, DO L/ Db n, D/ dt, and D/
the (2R/F)T stai e fromt ie1eols oTddid- 66ATAUGLS! MU ieitstaryecaistimation
satisfy respectively 2500 < L < 5000, 210 < D5
coluBRO, 7 5 L/ D<_20, 40 n: 1590, 5<_D/ dt<_13, and
9<' D d2< 20, 25 7. the process according to any one of

RIS A

. 0 8.

d'a”%“’ el I 0Bl el X8R AbrET he St art g
tFEr{Srr@'c?ﬁ'SSr PSﬁBE‘?{nI&CEg?%Oh Hﬁg?»-gl E%E%q %23%9"" n%/clfl amount of

ar bonat e,
the d|0| is not less than 1.3 ton / hr,

)th

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

1<di/dz<5 (7),
5. the process according to any one of items 1 to 4, wherein L, D, L/ D,
n, D/dy, and D/ d; for said continuous multi-stage distillation column
satisfy respectively 2300 < L <6000, 200<D <1000,5<L/D<30,30=<
n<100,4<D/dy<15,and 7 <D /d: < 25,
6. the process according to any one of items 1 to 5, whereinL, D, L/ D,
n, D/dy, and D/ d2 for said continuous multi-stage distillation column
satisfy respectively 2500 < L <5000, 210<D <800,7<L/D=x<20, 40 <
n<90,5<D/dy<13,and 9<D/d; <20,
7. the process according to any one of items 1 to 6, wherein the

starting material aliphatic monohydric alcohol contains in a range of from
12
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5 9. the process according to any one of itens | to 8,
wherein the starting material aliphatic nonohydric

al cohol is continuously introduced into said
continuous multi-stage distillation colum from at

| east one inlet provided between the (2n/5)th stage

1.5 tb rmrwm/ ivanight ofahe Gﬁlkth&éﬂﬁonm& ti-stage
distillation colum and the (3n/5 )mstage fromthe

8. th@ppﬂfcés"’é Qc?:%r&ﬁ'ﬂ;] kO YRR f‘“Wer&ﬁﬁ@ﬁedétﬁﬂlhbg?\'a_‘?anal

he priocess according to any one I tenms

a"Ph%F'a'“ﬁmﬁ%g‘vc’W%% c8fieh EBhraat 8 Bifd Hiraff265)B/% by

t he rocess according to any one of itens
welgﬁppi?% d'\ﬁi‘é\‘ie?ﬂ ¥ay 15is a SI eve tray, a
cross-secti onal area per hole of said sieve tray being

9. thg progesyacserdingie any ene ehitemeiata 8yovhereny
of the Invention It has been discovered that by

startingomatesial fiphatip mesahydniccataahnl is2coontipugugik yntroduced
carbonate and the diol can be produced each with a

into $aighcontihactisvimultiestage distikatidnrcdamn fraaheatildastnone inlet
| ess than 97% nore preferably not |ess than 99% on

provided betwbehalhes (2h/5 8T stije frsm tHeato@ dfgaid/ cdintinuous
preferably not less than 3 ton / hr, nore preferably

multlnéjt*adeeaﬁsﬂli‘é'lﬁoﬁ cdlﬁ?hr‘ aNd tﬁ@r(SWS)‘u'sQébwerﬂf Pﬁ’é‘%ﬂ of said

andnot less than 1.3 ton 5 preférably not |ess

cont.b[}%ﬂhrl tlt&{?:#e Qfst T@trl nQ‘{o%fﬁﬁ"b' y not less than 2.6

or’ a prol onged period of
10. T e giheRgl et ﬂ%fve%‘é%g?ﬂ"t“fs PHSE BkYeiichpe tray 1o
a sieiglnyaspid siegndray Basifar iase 1 Go6 doIgs Hninng sieve

FIG 1 is an exanple of schematic drawing of a
portienAhenreelis

11. the process according to any one of items 1 to 10, wherein the tray
is a sieve tray, a cross-sectional area per hole of said sieve tray being in

a range of from 0.5 to 5 cm?.

Advantageous Effect of the Invention

It has been discovered that by implementing the present invention,
the dialkyl carbonate and the diol can be produced each with a high
selectivity of not less than 95%, preferably not less than 97%, more
preferably not less than 99%, on an industrial scale of not less than 2 ton
/ hr, preferably not less than 3 ton / hr, more preferably not tess than 4
ton / hr, for the dialkyl carbonate, and not less than 1.3 ton / hr,
preferably not less than 1.95 ton / hr, more preferably not iess than 2.6

ton/hr, for the diol, stably for a prolonged period of time of not less than
13
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mul ti-stage distillation colum for carrying out the
present invention, the distillation colum having a
nunber of stages n of trays as the internals (in FIG
1, tray stages are shown schematically) provided
inside a trunk 10 portion thereof. Description of

10003%6f§nﬁ&fuvasryahat |éss9ﬁ§noyobethoars | inee prafelrsbly not

4-b: inlet, 5. end plate,
less ﬁ'l r'\ 'Ef(gl{d;ﬁlg’urgr ;, o%'it'b' Sﬁrb&ﬁatecﬁﬁenﬁ?'gdi?ahnghc

'at’on
i nside dianeter 15 (cn) trunk
moanﬂ}f%%%éhgpl nsi de di anet er (cm) of gas outlet, d2 :
inside dianeter (cm of liquid outlet. Best Mde for
Carryi ng Qut the Invention In the foll ow ng, the
esent invention is described in detail. 20 The
B"'eerﬁéﬁl’lBHO@f of Rragfi@gent i nvention is a reversible
equilibrium transesterification reaction represented
byF tGBe1fisl amwixampte ofilschiematicctrawing af lay coptinbionkst e
(C and a diol (D) are produced froma cyclic

multiestalgendistil(afioarcblammalfopleatrygngooot e ipreseattinve Bpn, the
14 A0501 VP76/KAN R RZO ' WR 0/ CO + 2 RZHF ~ ~

distiltatiéh /colGinn lhhv@n?fh N T3 06‘(%_8@‘5 n \Wiargy9 ddlthe internals

represents a bival ent group ym (mis” an integer

(in F{) G.oMm ?raaél aGQa??y € oﬁﬁrﬁﬁénfd?fchd??ﬂrﬁwaehh‘?fﬁ@é a trunk

eing o stituted I kyl group or
p having 1 to 10 carbon atons. Moreover, 5 R2
porh@éébegéSFS a nonoval ent aliphatic group having 1 to 12

Desc?%rtlboorp o? F?Q?érence Numerals:

1: gas outlet, 2: liquid outlet, 3-a to 3-e: inlet, 4-a to 4-b: inlet, &:
end plate, 6: internal, 7: trunk portion, 10: continuous multi-stage
distillation column, L: length (cm) of trunk portion, D: inside diameter
(cm) trunk portion, dj: inside diameter (cm) of gas outlet, d: : inside

diameter (cm) of liquid outlet.

Best Mode for Carrying Out the Invention

In the foilowing, the present invention is described in detail.

The reaction of the present invention is a reversible equilibrium
transesterification reaction represented by the following formula in which
a dialkyl carbonate (C) and a diol (D) are produced from a cyclic

carbonate {A) and an aliphatic monohydric alcohol (B).

14
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AO5ONYPFs/RRNE of the hydrogens thereof being optionally
substituted with an alkyl group or aryl group having

1 to 10 carbon atons. The cyclic carbonate used as a
starting material in the present invention is a
conmpound represented by (A) in the above formula. For
10 exanpl e, an al kyl ene carbonate such as ethyl ene
car boRrat e or propyl ene carbonat Geg OF

1, 3Ai oxgcyclioheygy2- ong—4»3- di oxaey@l ohept a- 2., (g‘n.g
or the’like can be preferably usedy ethyl engld

car bor;ate or propylene carbonate b@ing nore
preferably used due to ease of procurenent and so on,
and ethyl ene carbgpate being particularly preferahly
used. ATS I\/breover(?Tt he aliphatic ndfbhydric al coﬁ&
used as the other starting material is a conpound
represented by (B) in the above fornmula. An aliphatic

whef@irpR/didpredletnba bivyliend grduprel Citpi)L-namAei an ik r from 2
that of the diol produced is used. Although possi bly

to BZ,gebC”bnSr ﬁ?@@@f Wﬁe%‘%%@erﬁé(@ﬁeféof B%lﬁ%‘ﬂﬂt%ﬁéﬂ?‘%}m’;sﬁltuted

exanpl es are hano et han 20 propanol

withéé@ﬂ%ﬁ&??roﬁb' 4t ?{/Fgﬂfggﬂ rf%( 8%%38 r%) n atoms. ~Moreover,

e cIRTRFE » R Vo i P nal 52 Bhoon stoms,
oneéqrig%{eséfgls e al@}gé%)éfné#?nogne@{pi?qﬂﬁ;l%éﬁé%stltuted with an

cycl ohept anol , cycl ooct anol , nethyl cycl opent anol
alky(igsemsr 8y aryl ByPepchapive Arel 10i ek ptoms.

met hyl cycl ohexanol (isoners), ethylcycl ohexanol

(i therrsy)c;licdica:ebh;nlatqdambnanalst(arisioge‘na)eria! in the present

di et hyl cycl ohexanol (isoners), phenyl cycl ohexanol

inve(itkomes 3 cobgpeyhd ralpgeBehteden¢abyh thlecabolve formula. For
(i soners), phenyl propanol (isoners), and so on.

exaiﬁp’lbh%frﬂﬁll@yleh@éﬁrt?éh@f@bb@h”@é‘@lh?léﬁe AdrplotlateHY propylene
substituted with substituents such as hal ogens,

carﬂcﬂ’{‘ﬁtre ag,,kqx?/ cﬂBQHegcloﬁé(fé‘(.’z-%rn%“pF'S -8l &exNrALPYBtA-2-0ne, or

groups, aryl oxycarbonyl ‘groups, ’acyl oxy
the like can be preferably used, ethylene carbonate or propylene

carbonate being more preferably used due to ease of procurement and

80 an, and ethylene carbonate being particulariy preferably used.

Moreover, the aliphatic monohydric alcohol used as the other
starfing material is a compound represented by (B) in the above formula.
An aliphatic monohydric alcoho!l having a lower boiling pecint than that of
the diol produced is used. Although possibly varying depending on the
type of the cyclic carbonate used, examples are thus methanol, ethanal,
propano! (isomers), allyl alcohol, butanol (isomers), 3-buten-1-ol, amyl
alcohol (isomers), hexyl alcohol {isomers), heptyl alcohol (isomers), octyl
alcohol (isomers), nonyl alcohol {isomers), decyl alcohol (isomers),

15
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10 groups, and nitro groups. O such aliphatic
nmonohydri c al cohols, ones preferably used are
al cohols having 1 to 6 carbon atons, nore preferably
al cohols having 1 to 4 carbon atons, i.e. nethanol,
et hanol , propanol (isomers), and butanol (isoners).

undetyl hlsoleals@isoimei)ndoziduyiarieohal finahers), gyclppeatanol,
15 carbonate as the cyclic carbonate, preferable

cyciogﬂté)d@?ﬁili, SYCRIRENHAS, ccteb&landl! tneri1apelopditttanol

hanol , met hanol being particularly “preferable. In

(o5 PRIy ATV G GAAHSH (Somors).

preese ere
ol ...The method of Ki th 20
ethyiEFekxart) R0t clas FhnyHanérandl listnepd.
. .. exampl e, of honogeneous cat al yst that K dj ssolves in
diethylyGlaBeKAaR! (SRINETShdre tRIcY G ahekaBR! fisainelOngenzy!
the catal yst can be nade to be present in the liquid
alcohglaphenethyt aleohel (isomers), iphemyipcepanal pigomeesla@nd so
the catalyst into the reactive distillation colum
on. dumtheomeskey theseialipinatic anenohya rixcatenholsgeayobs

catal yst that does not dissolve in the reaction liquid

substlitided withesubstitientsendhtasialoybascadbweydlkoay dreoups,
made to be present in the 16 reaction system by

cyandi g hlkByearBbn§l ﬁ?éués?@'rirl@)dy%atrb@nwg‘?bhb@, acyloxy

distillation Colum; these nethods nmay al So be used in

j QN he case that a honpbgeneous cat al yst
grou [ s’nggﬁﬂ'lrt]uo g#gp%ed into the reactive distillation

¢ ,
¢ oot A HATRIMRRINRE AgRho B 20 Ps, FsbFany used are

atcorfIe ARG 3008 K bes R, mefe g it Bril aving 1
reaction actually proceeds in the distillation colu

to 4 ¢arbon afe s, R Bethaaoosthapeal. Aropand dsemels 953

is fed in, and hence it is preferable to feed the
butanoit@sgetersnt o la thegtaaemft ueng ehylens earbegate or propylene

carbonate as the cyclic carbonate, preferable aliphatic monohydric
alcohols are methanol and ethanol, methanol being particularly
preferable.

In the process of the present invention, a catalyst is made to be
present in the reactive distillation column. The method of making the
catalyst be present may be any method, but in the case, for example, of
a homogeneous catalyst that dissolves in the reaction liquid under the
reaction conditions, the catalyst can be made to be present in the liquid
phase in the reactive distillation column by feeding the catalyst into the
reactive distillation column continuously, or in the case of a
heterogeneous catalyst that does not dissolve in the reaction liquid under

the reaction conditions, the catalyst can be made to be present in the
16
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10 colum and the position(s) at which the starting
materials are fed in. The catal yst nust be present in
at |east 5 stages, preferably at least 7 stages, nore
preferably at |east 10 stages. Moreover, in the case
of using a heterogeneous solid catal yst, the catalyst

reactmntsy@teﬁ'r pyedilspiosing theasatdlyst ages soidefrethdlrgaative
| east stages, 15 nore preferably at |east 10

distursét&g?%olénﬁplﬂ ﬁ%tﬁ%tdstﬁﬁ ais%nbaaﬁséa .ﬁfé@mtb.ﬁat.an.

packing 1 n the tillation colum nay be used. As the

CHERESEAC i BEREHs BT Mlalo Rl e
the regfigS Delietion ROLERR, ﬁ%ﬁ‘é@bﬁﬂﬂ"ﬁ’#@é%@?a@ﬁdﬁ? 56 fed in
togethawith esrEctbisasbadaterang /o hra-alinhatiamanahydiie

earth nmetals such as hydrides, édrOXIdeS al koxi des,

alcohgly psxmagshe £ad latnatjesdlffzaa‘emmﬁt jemplsuthe starting anaterials.
netal s and al kaline earth netals such as carbonat es,

The neacdidroaateally prdceegtnir theidistiation leumnti'naay'egion
am nes such as triethylamne, tributylam ne,

below thegxysitismat witieth trenzukalyst hglfadiime;and hence it is
ni trogen-contai ni ng heteroaromati ¢ conpounds such as

prefe%Bi&Yé FBeEolHRs cai‘h@r‘s'ﬂihtd‘@oiébﬁonoﬂéﬁﬁééﬁ ,the top of the
N-al kyl i m dazol es N-al kyl pyrazol es, oxadi azol es,

columM il 1R %é‘dlﬂép%r\ﬁﬁlcrﬂmé‘@téﬂ% rg:at]ﬁée’rllgl‘& QPé'fEESin.

I Soqul no i'ne yl1rsoqul nol I nes

The %@ﬁ%h@trﬁé Mp%@ﬁ?ﬁﬁ%\%@@s@%ﬁﬁgyﬁpB?QPJ}IaIBrIQ lHtNe%st 7

razines zinei qnd al kyl triazines; cyclic

| kyl p
Stag%ﬁ%l"ﬁéé’@ﬁ@ﬁa@é’ ﬁ* 8898&ecene (DBU) and

Moreover, in the case of using a heterogeneous solid catalyst, the
catalyst must be present in at least 5 stages, preferably at least 7 stages,
more preferably at least 10 stages. A solid catalyst that also has an
effect as a packing in the distillation column may be used.

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

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

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

basic compounds of alkali metals and alkaline earth metals such

as carbonates, bicarbonates, and organic acid salts;
17
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10 di azobi cycl ononene (DBN); thallium conpounds such
as thalliumoxide, thalliumhalides, thallium
hydroxi de, thallium carbonate, thalliumnitrate,
thalliumsulfate, and thalliumorganic acid salts;
tin compounds such as tributyl methoxytin,
t r tértifarlved iires isich 4B tdidihyldmine! bobwtylamine, trihexylamine,
di et hyl di et hoxytin, dibutyl di et hoxytin,
i i i, di phenyl met hoxytin, dibutyltin
and g%@?g%de'enﬁ]?@ﬁ?‘ﬁu n chloride, and tin

2 PG5 g B SEARAHALE, EReig suc

oxyzinc, e oxsznQ,a%nd

di.but oxyzi ne; .20. al um num conpounds ,such .gs_al um num
N-alkyByERfES BEadifnotia s Sl Ruimidaaslatn num

tri butoxide; titani umconpounds such as, . .
N-alkypyEazRles axa ﬁ?@ﬁ?s- P%F’H&?héﬁﬁbﬁpmﬁi'mﬁ- quinoline,

tetrabutoxytitani um dichlorodi methoxytitani um o
alkylguinalinepr esidinoliag, wikytisegninelinest aceidinadalkylacridines,

titanium acetyl acetonate; 25 phosphorus conpounds such
phenanthrolivee hallpHpbeniamthrolime st pyripmidépaj atkylpyrimidines,

tri butyl phosphi ne, triphenyl phosphine, 18

pyratinieh Wikl mpiragimée s tiarings, eid ddRyltriazines;
trioctyl butyl phosphoni um hal i des, and

t rb?@ﬁfé‘)élrﬁﬁﬁhébmﬁﬁi’%n&wﬁchﬂb}/éﬁﬁjndéé@ﬁéi(_WBU) and

conmpounds such as zirconium halides, zirconium

; ) t hrconi um al koxi des, and zirconi um
diaz i ¥|ASHERE (DBRY,

a | ead- cont ai ni ng conpounds, for

" oHFUm FRSCLHRS Aol & Akl SRile, B Hatides.

thallighs e K8 S Bl FasBPRATe: DA ritratgchallium sulfate,
and tmlaazlliiggr?lzbrggﬁibcogbidh%gﬁ%;oz' and KHPbQz;

tin compounds such as tributylmethoxytin, tributylethoxytin,
dibutyldimethoxytin, diethyldiethoxytin, dibutyldiethoxytin,
dibutylphenoxytin, diphenylmethoxytin, dibutyltin acetate, tributyltin
chloride, and tin 2-ethylhexanoate;

zinc compounds such as dimethoxyzinc, diethoxyzing,
ethylenedioxyzin¢, and dibutoxyzinc;

aluminum compounds such as aluminum trimethoxide, aluminum
triisopropoxide, and aluminum tributoxide;

titanium compounds such as tetramethoxytitanium,
tetraethoxytitanium, tetrabutoxytitanium, dichlorodimethoxytitanium,
tetraisopropoxytitanium, titanium acetate, and titanium acetylacetonate;

phosphorus compounds such as trimethylphosphine,

triethylphosphine, tributylphosphine, triphenylphosphine,
18
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10 plunbates such as Na2Pb(Q3, Na2H2PbO , K2Pb(3,
K2[ Pb(COH) 6], K4PbO4, Ca2PbO4, and CaPb(3; | ead
carbonat es and basic salts thereof such as PbCO3 and
2PbCO8Pb( OH) 2; al koxyl ead conmpounds and aryl oxyl ead
conmpounds such as 15 Pb(OCH3)2, (CH3O Pb(OPh), and

tnbuﬁhfr@?hwphdaspﬁoﬁﬂimsmﬁdeegmusmsue&agh%%@ibﬁwa@mes,

and basic salts thereof such

W& 3H2G, organol ead

and tE@in'pou S S Cﬁﬂggﬁg WEEEGQ Bu3PbCl, Ph3PbBr,
Ph3P P el; :
re%rrggéﬂ{m g@ﬁ%@%%‘%ﬁgﬂ%%%%{ﬁéﬁ#?% esd %'I?ch'um

ou | ead IIo such

acetflgSglon Bl HrcanfitB Ao de §uane: sisean it asptEeyal ena
and zi nc bl ende; and hydrates of such | ead conpounds
| neask apgsleadrgontaninegRmre Ut i@rsRmeleilpag oxides
starting 25 material of the reaction, the reaction

suchaPhQ, PhOnagnd biPapr oduct or the Iike, the
conpound can be used as a honbgeneous cat al yst,

whierazhsulfi®e s s udheasadBbSt .8 f)carcd RS2 |elad hydroxides such
di ssol ve, the conpound can be used as a solid

as PISEDH)YSPb; 04 OMEL NP [PLOJ(©HY30aRdePBLAROH )9 use,

as a honogeneous catal yst, a m xture obtai ned by

d'ﬁﬁ’.ﬁhﬁlt@g ﬁ..@wra%ohuraqp% RIMBON r@aﬁbfb’(g& NgnBBK AR D ,;

the reaction reac IOﬂ m Xt ure reactlon

di %Ig{)rﬁg?%%%hcbhg#mg?mpe 3 rI‘?é'slhang AS su Rﬁ@b&({émﬁ]
K4Pb m@ﬁ%@ﬁéﬁf@%ﬁ%?%' Q?n de groups. | §on exchange
LRt 68 o BHISt AreRRs PSR T8Ot Sl mBs EPEDs stk
2Pbcf’o3-P°b(0H)2;
alkoxylead compounds and aryloxylead compounds such as
Pb(OCHa)z, (CH30)Pb(OPh), and Pb(OPh)y;
lead salts of organic acids, and carbonates and basic salts thereof,
such as Pb(OCOCH3;),, Pb{OCOCH3)4, and Pb{OCOCH;),-PbO-3H,0;
organolead compounds such as BusPb, PhsPb, BusPbCI, Ph3sPbBr,
PhsPb (or PhgPbz), BusPbOH, and Ph,PbO (wherein Bu represents a
butyl group, and Ph represents a phenyl group);
lead alloys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, and Pb-Sb;
lead minerals such as galena and zinc blende; and
hydrates of such lead compounds.
In the case that the compound used dissolves in a starting
material of the reaction, the reaction mixture, a reaction by-product or

the like, the compound can be used as a homogeneous catalyst, whereas
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10 groups, and solid strongly basic ani on exchangers
havi ng quaternary ammobni um groups as exchange groups;
solid inorgani c compounds such as silica,
silica-alum na, silica-nmagnesia, alumnosilicates,
gallium silicate, various zeolites, various

in thevise thahthgedmpolintiedoesnibt Aivzoivetiex Tompednd can be
zeolites, and so on can also be used as the 15

usedCdsé 3 ¥§ﬂd Aftaty 0! | BuriethySle, iR i9H15b Pretblable to use, as a

preferably used one is a soli strongl'y basic anion
r |
hom ERERAE tEN Y JHTKEIATOEIEME LY BREEMDEE qompopnd as
[ ni.on xchan resi n _having,quaternary ni ym
abov§ih & S cfig RATGAREPLIRR ARt Loy PR8RNBNYmEIY.
basi.c ani Qqn exchanger havi ng quaternary anmoni um,, ,
fea%ﬁ’%tﬂi‘gp&egyﬁgﬁé b{‘%u%,b&gﬁﬁaﬁﬂnﬂrﬁ@r éaﬁscagam digsolution.
supported type strongly basic anion exchanger having
quatEhegmorenion axchanopss sdichershamign gxelippgeseesins
strongly basic ani on exchange resin having quaternary
havirgrtertiany gminpsg sl pscitangxchaagesresios kxving antde groups,
styrene 25 type strongly basic ani on exchange resin or

ion ekbhahigeeresinsbieapirgg at abagt onsethipsioftenohmnde Rroups
strongly basic ani on exchange resin is a strongly 20

seledtadi fFof sQfohERBAGESIP S SEAr B B 3 rotpel XABMpWdsphate
styrene and divinyl benzene as a parent material, and

grou@é‘,"éﬂﬂ SWIR4 %‘tf@ﬁ%lgaﬂgﬁgi Hmorgregéb‘i’%rﬂr%ét/rg%ig%:w{g GURRe tidry

S exchange grou can be sche

amm 35S0 8, b EAEL e B0 HELRSIS A EbRgioge suen
as siI'icg_%w{c%l_pgl&mcljﬁ%',\l(sﬁtfceg-%nébné%ia, aluminosilicates, gallium
silicate, various zeolites, various metal-exchanged zeolites, and
ammoenium-exchanged zeolites, and so on can also be used as the
catalyst.

As a solid catalyst, a particularly preferably used one is a solid
strongly basic anion exchanger having quaternary ammonium groups as
exchange groups, examples thereof including a strongly basic anion
exchange resin having quaternary ammonium groups as exchange groups,
a cellulose strongly basic anion exchanger having quaternary ammonium
groups as exchange groups, and an inorganic carrier supported type
strongly basic anion exchanger having quaternary ammonium groups as
exchange groups. As a strongly basic anion exchange resin having
quaternary ammonium groups as exchange groups, for example a styrene

type strongly basic anion exchange resin or the like can be preferably

used. A styrene type strongly basic anion exchange resin is a strongly
20



10

15

Xe ,,,- -CHCHR-CHCH2-CH%-"I/" (type Il) O

--NCH CH2- - CH2N(CH3) 2( C2HAOH) CH2N( CH3) 2( C2HAOH) Xe

Xe wherein X represents an anion; as X, generally at

| east one type of anion selected fromF, d-, Br-,

-, HCO3', C032-, CH3CO2-, HCO2 103-, Br03 10 and
basicCaffon lefs(dlf&ﬂfbe rﬂésfrehabluy? cbp@ﬂm@?&:ﬂ speenk andon

sel ected fromd - and C032-. Mbreover, as

dwm?i%rﬁéh’étdér 8 PArdtemiatstial, pé ?vﬁ?f §Uiaddrn £yt Eﬁfmamum

gel type one or a nacroretlcu type one can be

groufg'%gﬂi&é heoﬂ\@pteyflj Jﬁee&%hﬁ?{gt g%@égy ﬂﬁe{:}ﬁﬁ%%&ﬁ%‘?‘néﬂcally

gani c resis
exanpl.e .of a cel|ulose s bas ni on exchanger
reprasaiitRg’ fﬂ%ﬁﬁ@h&ﬁﬁﬁ%ﬁ?ﬁﬂ%&&f& B exchange
groups is cellulose having -OCH2CH2NR3X exchange

groups obtai ned by converting sone or all of the -OH
groups in the ceI | ul ose into trial kyl am noet hyl

groups. Here, represents an aIkyI group; nmet hyl ,
et hyl, propy uty I|k neral | y, used,
Preferidiy néHﬂ/ H§t‘ﬁ Iﬁ CH2spr S an

above. An j norganic carrler supported type

hat can be useﬂype I)
norgani c carrier

0 had NR3X R nary ni um
gr odps |ntroducedtereto by i ng rreo;sall of
€8 OH surface hy xyI oups lof tHeH2NCHa)a c
CH2N(EH3)ger eRa e Ed above )N((@ i's

genﬁ@I ly an

. _~—CH—CH2—CH—CH2—CH— "L~

<j] Q (type I
@ «~—CH—CH2~— CHzN(CHs)z(C2H4OH)

CH2N(CHa)2(C2H4OH)
X©

wherein X represents an anion; as X, generally at least one type of anion
selected from F°, CI', Br', I', HCOj3", CO3*", CH3CO2", HCO2', 103", BrOs",
and ClOj3™ is used, preferably at least one type of anion selected from CI,
Br, HCOs", and CO3;%. Moreover, as the structure of the resin parent
material, either a gel type one or a macroreticular (MR) type one can be
used, the MR type being particularly preferable due to the organic
solvent resistance being high.

An example of a cellulose strongly basic anion exchanger having
21
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integer from1l to 6, preferably n = 2. Exanples of the
inorganic carrier include silica, alumna,
silica-alumnna, titania, a zeolite, or the like, it 15
being preferable to use silica, alum na, or
silica-alumna, particularly preferably silica. Any
quatemridrydaamnohiumsgrb s lalscerehngeodramss is/icwulbbsAhsaving

surface hydroxyl groups of the 1 norganic carrier.

—~OCHYEHENRIX ExX e Je FDupsPBbPAI NS B ctivérdiid'Some or all of

quat érnary ammoni um gr oups as exchange groups, a

the —Q@Tgrrcﬂfgé iy .tﬁ¥aéélﬂﬂ|o§e°ﬁﬁo t%ﬂaa{Fg%érEﬁ\ ! adSrBtult?ei.s Here, R

ani on exchanger nay e use
tr esternjfication catal fter bei bj gcted to
repradgttS 2R Akl GFous! wilsdly Bt ishedTo PR fifé ke R
advance as pretreatnent. Moregver, solid cgtalyst
generany H$fhgP fﬁﬁés& gty ar ¢ v3e| -"?95%0"%%@?2@@"959“5 an

. polyner having bonded thereto heterocyclic groups each
aniorpascahP¥Pni ng at | east one nitrogen atom or an
inorganic carrier having bonded thereto heterocyclic
grAopnoegahic carcenisuppartedaypeoatromgly dusic @%ioat om
can al so be preferably used as the transesterification
exchaager s vingrquateamaryeaammeniurd graigy as éxcivdngé grops that

or all of these nitrogen-containing heterocyclic

can K AR Ve RReMNHOEhEdH Meams AAHHEYIHIY criercdat has
be simlarly used. Note that a solid catal yst such as

had ?ggle-lgjﬂi\l%Wéﬂgﬁér@ﬁeéhﬁﬁoﬁﬁﬁmaér@ﬁ%ﬂr BucRdl reto by

ent'ion. anmount of 't atal'yst "use

: P, Nk invention ' e | of
modify|ors gy A1 8hthE O SEeESBE8E AA St dnt SR
. feedi ng in a,honpbgeneo catal yst that dissolves in
inorgaRic CAREl o 191G RcE Uit AT S fiBgE AbAYEond] {5 generally an
. the amount used is 10 generally in a range of from, .
integgr doemn 1 3osH. prelerablym = $r efferaipples odrtheoinsuganic s@rrier
_ % by weight, nore preferably fromo0.01 to 10 %by
includeigjlica, aluming, spica-iadundnat Hdania.agé zenlifle. afthenbike, it

cyclic carbonate and the aliphatic
being preferable to use silica, alumina, or silica-alumina, particularly
preferably silica. Any method can be used as the method of modifying
the surface hydroxyl groups of the inorganic carrier.

As the solid strongly basic anion exchanger having guaternary
ammonium groups as exchange groups, a commercialiy available one
may be used. In this case, the anion exchanger may also be used as
the transesterification catalyst after being subjected to ion exchange with
a desired anionic species in advance as pretreatment.

Moreover, a solid catalyst containing a macroreticular or gel-type
organic polymer having bonded thereto heterocyclic groups each
containing at least one nitrogen atom, or an inorganic carrier having

bonded thereto heterocyclic groups each containing at least one nitrogen
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nonohydric al cohol fed in as the starting materials.
Moreover, in the case of using a solid catalyst
installed in the distillation colum, the 15 catal yst
is preferably used in an anbunt in a range of from
0.01 to 75 vol% nore preferably fromO0.05 to 60
atomveafoalyotbepreferallgraddy d9 the GrdnséstetFioation databybt.
on the enpty colum volunme of the distillation colum.

Furth&1eflo i 's)&ilmJébYa!fy%?(i'h Wehicdkeséifd bf ARbPARAkE i Nto
the continuous multi-stage distillati on col um

mtroﬁﬂsédr’it‘étlh Hate @%ﬁflié’?r@gpg'ﬁé&% o Boﬁ@ WEH ifto a

resen nven or t yclic
quat€RARPEAT ddh BE Sy yged pe&fﬁ F"aiy%gseoé ©. GPkRIYst such as
. . be cont nuoqsly |ntroduc%% i nt.o contj nuou
an '°Hu?’6?h§{‘985 MA¥3IPPAFHLAS D PASKING dht P P%%é?"‘oﬁb"e“ ion.

inlet provided between the 3rd stage fromthe top of

t hEheommommaf the catakysyaised in dheiprases laap@ﬁwrhﬁarles

the (n/3)th stage fromthe top of the continuous
depending -an Hye typet of the icatalysitwsed Thutin themase aft to

ensure that high 23 boiling point conmpounds such as

continbeusyy feedidy hormhe navge hbeudi cataly st thalt disswleesdd the
in a colum top conponent in stages above the cyclic

reactiéh hrNALeLUh 6K E)redttion BbRdineaSNthd heheunt &ised is
preferably not I ess than 3 stages, nore preferably 4

geneP%ll%QnS%]"f‘Sﬁ e ¥EErofR ¢ 0P &5 3P ?’ ?yt\&e?gwt]t 1eferably from

clic carbonate Inlet

0.0083880% B PLRLBRRCbe S Seb Dbl (A 1 e 89 Sight, as

n'ng a as beén produ

o orc RSy BB o S Gl A ¥ Sronat
Nyttt v

onpounds, the diol, and so on may thus be used as a

case gxfawnrmgarmled mﬂaIsﬁttln§tqﬂ@@entthemt@ﬁtilaimn celema, the
present invention, the starting material aliphatic

catalyshzhpdefarably used in an amount in a range of from 0.01 to 75
vol%, more preferably from 0.05 to 60 vol%, yet more preferably from 0.1
to 60 vol%, based on the empty column volume of the distillation column.

When continuously feeding the cyclic carbonate into the
continuous multi-stage distillation column constituting the reactive
distillation column in the present invention, it is important for the cyclic
carbonate to be fed into a specified stage. Specifically, the starting
material cyclic carbonate must be continuously introduced into the
continuous multi-stage distillation column from at least one inlet provided
between the 3 stage from the top of the continuous multi-stage

distillation column and the {n/3)'" stage from the top of the continuous

multi-stage distillation column. This is important to ensure that high
23
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al cohol nust contain in a range of from1l to 15 % by

wei ght of the dial kyl carbonate based on the total

wei ght of the aliphatic nonohydric al cohol 15 and the

di al kyl carbonate. It is nore preferable to use the

al i phatic nonohydric al cohol having this dialkyl
boilirgpReRttonssouRas sucH asathese cotlicicarbohdtet #nd 2h® Biol are

wei ght, yet nore preferably from2 to 10 % by weight.

not c\%ﬂﬁé‘@ ¥id8o Fithtt'E% Ebﬁ?ﬁ@ﬁeﬁ?ﬁ?%‘t@%e%%ﬁ kALl dyclic

besi res I C carbonate an or a |phat| c

al e t C
cars B FUB AR K Sty BB AP han 3
the al i 0 c, al cohol, as a main ¢ ngn
stasdharile Pidarab DR IR it vt Brd BRofbsRBIR 8 i p stages,
l&qess can al so be Bref e;ably used for the starting
abovga pyelc qarbopalf iBlels).ent " characteristic feature
of the 25 present invention that this is possible. An
exArpidiocathenate ppeterably usediiptbedsresantvimvemtiareis one
di aryl carbonate is produced fromthe dialkyl 24
not coatbiringea dadogenahatehas bremro pyddugedcihrpagihdrea dtéon
al i phatic nonohydric al cohol being by-produced in

betwebhs for exassp ) tan etkykeinedoxidéd e uctcadasthy|dne wxideced
al i phati c nonohydric al cohol generally contains the

propf\'eﬂé%kld?@b?@t??@ne Ristidetahdc100M dicaaeer el dytdic tarbonate

he 5 case that the content of the dial kyl carbonate

contehﬁnﬁg'é1 s?néﬁ‘”eﬂ'ﬁ 8RR VGch ?5ﬁﬁeve§?ta$féoqﬁﬁ)6uﬂfdst I}ﬁe diol, and

|nven Ion can be acC ecover

so O”ﬁimé’%-‘?ﬁ“gf?‘i% %34;%%-%Sﬁﬂgﬂ%ﬁéﬁﬁﬁﬁp%%sﬁ%t'ESF""M

ar%' (e Ripse DY Teve BORE: éﬁemrﬁagﬁr'n%war o Hatie R monohydnc

produced al i phatic nonohydric al cohol nmay be use

a|C°|'EPJ m§5&§°trﬂém ] a’@rfﬁ'h@erﬁa‘tféﬁﬂ'aﬂ tn16n% BVéﬁ@fﬁht of the dialkyl

invention, or may be used as the starting materi al
carbenate basedaom the witat waighhed tinet atiphbtici mg reohydytieralcohol
and t?\%l li;ar;syi carbonate. It is more preferable to use the aliphatic
monohydric alcohol having this dialkyl carbonate content in a range of
from 1.5 to 12 % by weight, yet more preferably from 2 to 10 % by
weight.

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

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

is a process in which the diaryl carbonate is produced from the dialkyl
24
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poi nt than the aliphatic nonohydric al cohol has been
reduced through distillation or the |like. 15 Wen
continuously feeding the aliphatic nonohydric al coho
into the continuous nmulti-stage distillation colum
constituting the reactive distillation colum in the

carbgrigizeahd aneirdmatici hoin®hydrokiyatbmbourd)etha afiphttic
nonohydri c al cohol to be fed into a specified stage.

monotRRfié iZlébhyl bleing ft%/o-lbrréaﬁ%di RIS PribcddrapdaFdddiered.

material aliphatiC nonohydri ¢ al cohol nust be

The GRRHAHELEL SRS AR o SEBHE MRSRo) qanorally
contds Uy PHIEHPRRERER, bl B 3od BERToIERTIEER e

d,the (2n/3)th stage fromthe t .of  the continuqus
case et the dgtert ot e Aalky! Gavbanath isinca fagge a8 above,
di scovered that, because the aliphatic 25 nonohydric
exceleaberdieqisaf he presentinyentinftean He aghienedr eddift
invention contains a specified anount of the dialkyl
recovaneisbhytproducad ladipthati¢ seesobydrizsakcohalrreayrfiurther contain
i nventi on can be achieved by nmaking the aliphatic
the amnmaticdmenahgdimty icoinepéapdban aliyidrgethethsmalhamounts
specified range. More preferably, the aliphatic

of anr@mqmm?Q carb6AAGS drid E98tdiBMAUSAdbON Afd, HWERD DAL O The

the continuous nulti-stage distillation colum from at

by—pl}%ﬂ'ﬁ]gﬂ??\ét@ ﬁ%%WQHS%IQSHW%?? e t(J%’é/d5é§ hsSd$9Re

op O e continuous nmulti-stage

startiﬂigghgtgfiﬁﬁugqﬂ Hhe ﬁ@s&ﬁ‘tﬂm\{&t@fﬁgg} %g?ftﬁ’%sﬁaﬁo%g % starting

cont’l1 nuous atron

Th arting materials agre fed cgntinuqusly .i.nto_the,.
mategiAl a4 {1 A YNk R, Gantane S anatEa VNG 3 NjAbge DI Iing
o form or as a mxture of aliquid and 10 a gas. %her
pointithan the &liphatie menebydycnalcahol has Regn Feduced through
. distillation colum in this way, it is also preferable
distilladiom@irithenlikey feed in a gaseous starting materi al
intermttently or continuously froma central portion
arhen continucusly feeding the aliphatic monohydric alcohel into

the continuous multi-stage distillation column constituting the reactive
distillation column in the present invention, it is important for the
aliphatic monohydric alcohol to be fed into a specified stage.
Specifically, in the present invention, the starting material aliphatic
monochydric alcohol must be continuously introduced into the continuous
multi-stage distillation column from at least one inlet provided between
the (n/3) " stage from the top of the continuous multi-stage distillation
column and the (2n/3)" stage from the top of the continuous multi-stage
distillation column. It has been discovered that, because the aliphatic
monohydric alcohol used as the starting material in the present invention

contains a specified amount of the dialkyl carbonate, excellent effects of
25
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/ or a lower portion of the distillation colum.

Mor eover, another preferable nethod is one in which
the cyclic carbonate is continuously 15 fed in a
liquid formor a gas / liquid mxed forminto a stage
of the distillation colum above the stages in which

the prheenttinvgatiohsc#n dseaichieveld ﬁWmaﬂkihghmé aliphatieydric
al cohol is continuously fed into the distillation

mon&Y AT élBoﬁoWﬁl%Qf@) hETiR @4ageOkithin itHId dpbeified rafge.
at” l east one inle provided in a stage of the
AL St . _ _ : -

Morelp 31arkBiy e S BFBLRERTRH Y AogHE 1T Eogkhuguay,

S are pre 0 cont act

. atalyst ip_a region _of at | t .5 es, prefe Ly
intro§bgeiRko sReled £8h RS Tuil;etBE oIt ot b at
stages, ,of th istjllation I . I'n the present
least g inletprovined Setuedadhe, fn/ATE: stabe Mok ahgyfan of the
carbonate and the aliphatic nonohydric alcohql fed
contingoyis: mallticstage, distiatien igalumm@nsbtheni30ss) estage from the
according to the type and anount of the
top of thesesntinubusamiudbti-stagel gistilkation leelumact i on
conditions, but a nolar ratio 26 of the aliphatic
nmoThbystartingl wetetial® arbefecly cohtincauzsdpanto tied distillation
generally in a range of from0.01 to 1000 tines. To
columnqheasri]dihefocrm,l inCa RPN fBriv0DIeaASizPMmixtlrd 8f a liquid and
preferable to feed in the aliphatic nonohydric
I c oy ¢ n . i
a gag?fol ?'tgferttﬁa?l fé‘t%@l?@sttfg s%ﬁgﬁ?ﬁ%ﬁeﬁ?#@eﬁﬂbrtﬁenH{Q?g!at%n

e cyclic™ car an anoun

j: i, C: dr [ L
colurbfidn i€ ghlcitdBIRY bisTelabiy R ABRorRYY Pl ¥ paseous
such .reasan t | ar ratj.o of the aliphatic .
startifg Baarial Blesnifetty il djtrugushfitng S3ntfal portion and
preferably in a range of from2 to 20, nore Preferably
! or & (Quen pqréom;gf e CﬁﬁF'HaBPé‘f eeluny. 1 (Mpreoyer.ignother
Furthernore, if much unreacted 10 cyclic carbonate
preferahie methatis ome immwddehdhecgptlic aarbpordedsregntisueusly
with the product diol to by-produce oligoners such as
fed im adliquid 6orm ar angas / laqpuddhmivced iformnihteta istbge of the
i mpl ementation, it is preferable to reduce the
distillation column above the stages in which the catalyst is present, and

the aliphatic monohydric alcohol is continuously fed into the distillation
column in a gaseous form and / or a liquid form from at least one inlet
provided in a stage of the distillation column as described above. The
starting materials are preferably made to contact the catalyst in a region
of at least 5 stages, preferably at least 7 stages, more preferably at least
10 stages, of the distillation column.

In the present invention, a ratio between the amounts of the cyclic
carbonate and the aliphatic monohydric alcohol fed into the reactive
distillation column varies according to the type and amount of the

transesterification catalyst and the reaction conditions, but a molar ratio
26
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amount of unreacted cyclic carbonate remaining as nuch
as possible. In the process of the present invention,
even if the above nolar ratio is 15 not nore than 10,
the cyclic carbonate conversion can be nmade to be not
| ess than 98% preferably not | ess than 99% nore

of the'RfpHatt yn@ﬁbh?asrc aldohbIXD He clblie cdrbiittecied in is
characteristic feature of the present invention. In

. . | . .
gene”ﬁﬂ Wg??ﬂégb%ﬁg{dgﬁk@ywrﬂ §080 HnTiy. ?éﬁn"c?éﬁfé th@cyclic

carbonate 1s continuous

coro RSy Lt RS AT, (408 S REp B G Rpy
acor b oo Tabel 2S5 ot R BT S vere

of the dial kyl carbonate to be produced. In a yet .
carbopgte. Er%laé“@blﬁé,()fttﬁiesaﬁﬁbagﬁ analydrigaléehgbused is
less than 1.9 Pton 25/ hr. FIG 1 illustrates an
too gesatpihernoit iscnenessaryitawnalecthe hpparatus hangarouskor such
mul ti-stage distillation colum for carrying out the
reasgnsdine noplarmadiceof thecaliph atictmonbéydrizs ahtohol to the cyclic
i nvention. Here, the continuous nulti-stage

carbshstd |d préfarabd UATa FAnyeesk fronh e te s afbrép@ferably from 3
conprises a tray columm type distillation colum

to 152@3%6@5 ;ﬁe?éwltyunsn#‘gyimlz@ pphtzh%r%m%r}qfnha&ﬁ%rﬁeacted

ve and 'below a“cylindrical trunk portion 7 having a

cycli#}%@?hgn%ﬁé 9@?{7155?1 é&lgﬁinnﬁ{n%%n%?g\?écﬂ?ﬁli@%rbm e may react

er e. ns! ger na a ny er o
with 1 BE80 Dt 375 it BY b BRGw O b et Rt eSS Bimey,of g trimer.

1 havi.n n inside dianmeter dl (cm at top of  the
and hecenin Jnauistal (PR msdtalian. & 1s Reekeralie dRrasise the
the top, a liquid outlet 2 having an inside diameter
amowt of upyeacted syclisrsabanateckgmainig AR MUChw@s possible.
portion of the colum near to the bottom at |east
In thepeotesstof theprasént inyeption, éabrodl the abevgasalar Iratio is
1
not more than 10, the cyclic carbonate conversion can be made to be not
less than 98%, preferably not less than 99%, more preferably not less
than 99.9%. This is another characteristic feature of the present
invention.

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

/ hr.

FIG. 1 illustrates an example of schematic drawing of the
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between the 3rd stage fromthe top of the continuous

multi-stage distillation colum and the (n/3)th stage

fromthe top of the continuous 15 multi-stage

distillation colum, and at |east one second inlet

3(b, c) and 4 (a, b) provided above the liquid outlet
contiAubtlsVerRNtitstagend iBtilldtich agduhim for caerying ¢ht the production

conti nuous multi-stage distillation colunm and the

procés?sf‘/a%bbfﬂdlrfd ﬁS‘QhU;?’I‘BééTﬁ irdrition e Hery, 'tﬁ!éoé'éntmuous

ti-stage distillation colum, and noreover must be

muittg%t%?at ﬁlsstﬂfét?not Vogﬁhﬂk*jlogpgﬁpt I{'II E‘P?Qérﬂ ‘i’mpgnﬁ{;?h cdMprises

rry ou SO reac

a tra’b @F‘he S?X/p%d'gfgég"%ﬁ%ﬁt’l Fo‘ﬂ ?Afpta%rgrﬁig&‘gﬁﬁfak%““g a pair
of ondl pltesia ahane andbboiowd il ipRBICH BNk EATENT BAvDg 2

Note that FIG 1 illustrates nerely one enbodi ment of
lengthhle (eont and @ars inside diametedDs{¢m)aanghhayingrthereinside an
according to 25 the present invention, and hence the

interma b witde aemt mdfe rt dfestages o, apdd indermalt béing acltaydhaviag a
shown in FIG 1. 28 The continuous nulti-stage

pluratity of | Halelsoa e WHibhate thét hgst®@ gadweoupletsehiaving an inside
i nvention satisfies not only conditions fromthe

dlaméﬁéﬁs&?%h’geapﬁ fopeof @hétddlhfﬁh F ihvaatier PattibAtdethe
hese conditions are conbi ne wth conditions

colurﬁﬁgﬁééﬁf’o e 3o, ”Bal‘ﬁﬁgﬂﬁl %\Hh@céﬁqn&@é’ Cme{tg:r%z

conver si dn a ect (Y speC|

(cm)%i) Bg?tq_rﬁé%% %i@nn@fﬁ?f@w&a&gﬁ f’gill]géoglgmn near to

the batig et bSR o heSTSh S 4 Can bPaAsh ey the Sascoutiet 1
betw!eg?llrfgﬁeagl(’ggt%tg% fron(1 trr]?e tofp to?ethecgclnrletrmugltjlsst mi?gllgtgéet he
distillation column and the (n/3)" stage from the top of the continuous
multi-stage distitlation column, and at least one second inlet 3(b, ¢} and 4
(a, b) provided above the liquid outlet 2 between the (n/3) " stage from
the top of the continuous multi-stage distillation column and the (2n/3)"
stage from the top of the continuous multi-stage distillation column, and
moreover must be made to satisfy various conditions so as to be able to
carry out not only distillation but also reaction at the same time so as to
be able to produce preferably not less than 2 ton / hr of the dialkyl
carbonate and / or preferably not less than 1.3 ton / hr of the diol stably
for a prolonged period of time. Note that FIG. 1 illustrates merely one
embodiment of the continuous multi-stage distillation column according to

the present invention, and hence the arrangement of the tray stages is

not limited to that shown in FIG. 1.
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4: L/ D540 (3), (4) the nunber of stages n nust
satisfy the formula (4); 15 10 :_ n :5 120 (4), (5 a
ratio of the inside dianmeter D (cn) of the colum to
the inside dianeter di (cn) of the gas outlet nust
satisfy the formula (5); 35D/dl:_20 (5), and (6) a

rathe dﬁnﬁﬁﬁobﬁﬁhﬁﬁliﬂtagﬁt@lfstﬂ]a(tﬁm celuinieagebrding to the
the 20 inside dianeter of the liquid outlet

prese!tPﬁl5 vﬁ{ti&f\ %ot Js"'h'@i‘t''0‘3}!&/@?1 ndﬁorl%’ ﬂ%m?tﬁe(ﬁe\,rspé\&ﬁ\?e of the

e term"” eto eco um or the upper

. h t " ' .
d'st"%ﬁLéﬁeﬁﬁﬂ?ﬁebmiL@ﬁ“ﬂi@%ﬁ!ﬁ%s Eoh i prydmbhéd with

h i mat el 0.25L, ..
condlifiths Rediler pras Fueke ther adiih PiaResR Fiably Juif 4 high

portion of the colum near to the bottoni neans the
CO"VQEﬁlpﬂoﬁﬂﬂrmﬂT‘tﬁ@l%‘ét‘t'ﬂm%ﬁe‘?ﬂ&aﬂg col um upward as far

as approximately 0.25 L. Here, "L" is defined as

abid)ethe tength beem Hmustveatisfy t’rza fopmuda §d)+ he

continuous nulti-stage distillation colum that
si nul t aneous! 2660 issLi<8000e fornmulae (1), (B)., (3),
5 (4), (5) and (6), and in which the starting nateri al

ﬂ@i)l thecpidideadrimateaDi wm?]m theneblah hanake eaisfy the

ets are respectively within the specified ranges
form@\%sg.?,bed above, and noreover using an aliphatic
ydric aIcohoI containing a specified amount in a

range of from wei ght of the djs kyl
car bonat e as t % rt'lgdfty?mteri al, the di a{ | 10

onat oduced. o
CoEoR B e ﬂbrte?%riﬁp%ﬁowﬁlﬂss&"ﬁﬁ@wez Defr) of the
hr of the dialkyl car bon;’% e and / or preferably not
columaJaush 2ati"y terformulZor3 X he diol with a hi gh
conver si on,
4<L/D<40 (3},
(4) the number of stages n must satisfy the formula (4);
10<n<120 (4),
(5) a ratio of the inside diameter D (cm) of the column to the
inside diameter d4 (cm) of the gas outlet must satisfy the formula (5);
3<D/dy <20 (5), and
(6) a ratio of the inside diameter D (cm) of the column to the
inside diameter d, {cm) of the liquid outlet must satisfy the formula (6);
5<D/dy <30 (8).
Note that the term “the top of the column or the upper portion of
the column near to the top” used in the present invention means the
portion from the top of the column downward as far as approximately

0.25L, and the term “the bottom of the column or the lower portion of the

column near to the bottom” means the portion from the bottom of the
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hi gh selectivity, and high productivity stably for a
prol onged period of tinme of, for exanple, not |ess

t han 1000 hours, preferably not Iess than 15 3000
hours, nore preferably not |ess than 5000 hours, from
the cyclic carbonate and the aliphatic nonohydric

columhcopwiard e faeasoap proxiniatedy 0.R6cione Herxesi Yl est defined as
produce the dial kyl carbonate and the diol on an

abovendustrial scale with such excellent effects by
i mpl ementing the process of the present invention is

Cotdiaf e &Pl%%%%é@hﬁwﬁgﬁf% e REHEpB Aliti-stage
di t Pr. ef f t
it ol e CRURLNERoadF RS IFE BT oy (1, 20
(4), (324 (B): 3N WBidh she si8TtivoamAtenel aue fE‘Zroaar%onate and
producti on anount. I\/breover to keep down th
allphe&p@. menehydrie alpohel dets iarg weatan&jwertbmﬁhe specified
enabl ing the desired production anount to be attai ned,
rangeés destcritbed reduteve, caid motreower usiag aB'Dad]'phAt'rmnwnohydric

preferable range for L (cm 30 is 2300 5 L 5 6000,

alcohelt do2t0Rirg b Spedfedamguein @orange effdfrahl d.to 16 B by
(cm is less than 180, then it is not possible to

we;gﬁi bRitRetdia | St 4 R5b PA1RAHS (theNs RITBinG mdYBFRAY the diflkyl
keep down the equi pnment cost whilé€ attaining the

| 5
carodifitd SRAMIBENES! G R BRbapELB5h o 1 TRARAA SRalPbY
< < it e

prefeé?@#wgﬁ’l'sss%%% 7 tns [nf 88 she Mt Vb PBFo ALY Bl of
then sta t [e! becone [
prefasably AatdrsSinan f bion Iheaf EREiah with & hlgn chaversion,
pressure di fference bet ween t he tog‘hand bottom of the
high é@l%ﬁﬁh‘”ﬂﬁée%ﬁ@é"ﬂ@ PerAyslivity siabhnieca pialppagsjperiod of
st abl e operation becones difficult. Mreover, it
time péctmeexampes mop lessithanc 4800t Ih@uma.npeef@n*abw netilass than
| oner portion of the colum, and hence side reactions
3000becors; nioablprefferablyunot less than 5000 hours, from the cyclic
carbonate and the aliphatic monohydric alcohol. The reason why it has
become possible to produce the dialkyl carbonate and the diol on an
industrial scale with such excellent effects by implementing the process
of the present invention is not clear, but this is supposed to be due to a
composite effect brought about when the above conditions are combined.
Preferable ranges for the respective factors are described below.
i L (cm) is less than 2100, then the conversion decreases and
hence it is not possible to attain the desired production amount.
Moreover, to keep down the equipment cost while securing the

conversion enabling the desired production amount to be attained, L must

be made to be not more than 8000. A more preferable range for L {cm)
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bringi ng about a decrease in the selectivity. A nore
preferable range for L/ Dis 55 L/ D5 30, with 7
< L/ D<_ 20 being yet nore preferable. 15 If nis
| ess than 10, then the conversion decreases and hence
it is not possible to attain the desired production

is 23000411 < ABOGOVAEh 25D 0<.AP < JOVD hEMEJBt PRGHE peefdrable.
whi l e securing the conversion enabling the desired

pfﬁ%%ﬁgﬁﬁ%%@ﬁ 150 2r et fed nBt E%%%il‘?l% Braetdif the

not Furt'hernore, i's greater than
desirgpradFetip Bramioltdy MAPablotale kE8p Jolhithe 85uldfent cost

wni LR 74 B S eBalES5Rant 1 bk baypade to be no
tenperature in the |ower portion of the colum, and
morenidaie 2604k réaf@tq!'Gr@'qj@E%gr@ range dor O {epuris 20Prgilhg 1000,

about a decrease in the selectivity. A nore preferable
with 2afAge D o 860i beB@ yeb moren prefam@bleni th 40 < n < 90

being yet nore preferable. If D/ dl is less than 3,

t herL ¥ ik isdespriban 4 aat gleaterdban ¢0, théd stbbéoograration

| ar ge anount of a gaseous conponent is readily

becohfdLaAsHEUIL IMpartictise iPL £ Deissypé£t@r thiath BenNcRen the
stabl e operation becones difficult. If D/ d, is

presah%aaﬁr%.tm %%tw%ﬁmvrggogaéﬁ@tﬁoﬁ@paﬂﬁ% dq:hhm awdbomes

anount becones rel ati ow, an nce stable

too oPRE] 8 MERES TN ndhhIEHE QAN BRKBInGs SRIGTRS

'he conversi‘on 1 s¥broug .
moreb Y751t BhequiathelBssay dpdnirpdss therlamnaratureln fhe lower

.tha , then the egui pnent, cost becones high. .

port'%rc{!‘as\ﬁ cofuan, jafid eicenaidaepashansbagedeable to occur,
_ relatively high, and 10 hence stabl e operation

bringing ghautda fdeg@ase i tine /sedectivityr e enoreharetarableHamge for

the flow rate through the liquid outlet and piping
L / Dhisechek /eRce 80, weith T ast,/ Brgl 2ifebeingiyedimardgrefieable.

|iable to occur, bringing

If nis less than 10, then the conversion decreases and hence it is

not possible to attain the desired production amount. Moreover, to keep
down the equipment cost while securing the conversion enabling the
desired production amount to be attained, n must be made to be not
more than 120. Furthermore, if n is greater than 120, then the pressure
difference between the top and bottom of the column becomes too great,
and hence prolonged stable operation becomes difficult. Moreover, it
becomes necessary to increase the temperature in the lower portion of
the column, and hence side reactions become liable to occur, bringing
about a decrease in the selectivity. A more preferable range for n is 30

< n <100, with 40 < n < 90 being yet more preferable.

If D/ d4 is less than 3, then the equipment cost becomes high.
31



10

156

20

25

about corrosion of the apparatus. A nore preferable
range for D/ d2is 75D/ d2 < 25, with 9 5D/ d2
< 20 being yet nore preferable. 15 Furthernore, it
has been found that in the present invention it is
further preferable for d1 and d2 to satisfy the

Mordoveniadldrge: ahountddf & gé¥séols (chmpohent &5 Teadily rsleaded to
stabl e operation" used In the present invention neans

the dmgrdé lae tABNd Y4 SaRl! hanéé %ztsb% %tdérb@rdrpaeeeh%@ difficult.

can 0O be operated continuously Ina steady state

If D P&S?Q @Ba&%‘?tﬁ&ﬁr ﬁr%rFﬂ'i‘&' éd%ﬂcb'?nﬂ?n&h?%ﬂkt‘i‘@r&&al

or erosion
am%f Ee%ﬁﬁﬂﬁr{?é[ﬂ%\'ﬂx%%?w s §ils pBerafAn B6ESmes
oSS Ak B o A R o

conversion, high selectivity, and high productivity.
morecpegferabie sangerffoat Dr/ed ofs ¥hs Rr/edest15 nwith bos B ¢ dy < 13
that the dialkyl 32 carbonate and the diol can be
beingyedunode qrabbégaliler a prol onged period of tine each
with high selectivity and preferably with high

prifddQtdyis Yed®othahte el kiyé expiibonehtecokt beicdmes high.
than 2 ton / hr and high productivity for the diol of

More%%r' e%é 1idiaa witRdrawal dihouhbdclicthkyl retativenphigindnd

e diol 5 are nore preferably produced in an anpunt

henc%fst%?:tl | Ser B e doe 5 cﬂfflcﬁ’\?d nPPera %stﬁhtégggan 30,

respectively, yet nore pre

nen g t%zwhrr/da@dw&"hqhm@ b lnes

excesfiely Tagl. anf prics asopluft begrmpslabier bt opr. Bringing
cont i nuous rrul ti-st age 10 distillation colum sati SB{
about corER$iPNePl, thea@pparatus. sgdmormpprefensbie range for D'/ dz2 is
5<L/ D: 530, 30<_n:5 100, 450/ d1<_15, and 7<_D/ d2<_25, not
7<Dége <t2t‘5anNah59 t<oB / dprs 2prreemgayey mote lpeefenabda. 3
ton / hr, nore preferably not

Furthermore, it has been found that in the present invention it is

further preferable for d4 and d, to satisfy the formula (7);
1<dy/fdy<5 (7).

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

A characteristic feature of the present invention is that the dialkyl
32
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| ess than 3.5 ton / hr of the dial kyl carbonate, and
not less than 1.6 ton/hr, preferably not |ess than
1.95 ton / hr, nore preferably not less 15 than 2.2
ton / hr of the diol can be produced. Furthernore,
anot her characteristic feature of the present

carboma® ahdnthe didlotahbé E@od&&@dt $tibli, fobP.a pkoloriged pdPiod of
/ d1, and D/ d2 for the continuous multi-stage

time @'a%h' Mzﬁlhtohgh s%@éé‘ﬁ@it?%déﬁef@ﬁtﬁ?%ﬁﬁ'!Yg%b_’QFbGucﬁvﬁy for

the dﬁlkﬂ%ﬁ?éﬁﬁ%}é&%{%gf Ieféiﬁ%‘y ng?l?{lgﬁr;aﬁﬁ' s'@;%\t ghf?&ﬁc tivity for
the dffLpfBpt 186§ aRaRe! LR (o oLHE I Catmaliat® ghdthe dio
o RS SO G 2L B B 5 o

produced. The "selectivity" for each of the dialkyl
and nok lessathanmdd986nerd! bir respestivedy, yet seore pﬁeﬁaﬂaubéh nat less
based on the cyclic carbonate reacted. In the present
than dntoant inorand riotglle sselhemn 2v6 ttpnof hnoespestiveivn Mocecrver,
generally 33 be attained, preferably not |ess than

anoti¥’charactepisticfaatorenof thegresem inveitiovbretivar in the case
‘conversion” in the present invention generally

that LB, 42 €, AhD £¥¢! bhdCBr PanFLE tReNY®HEhQBus Multistage
present invention it being possible to nake the

distilFaSth}ﬁ %o‘ffi‘ﬁ#? ?hs e;g?@gﬁééhggw%eﬂﬁi '@%Sebbgl 20D < 1000,

erab nore preterably not Tess

5 < LB a0 S b S A R B 7Rk “‘Mﬁ@? 5331197 s 28 pot tess
than 3,548~ ﬁié'm eaﬂBFar 3355 Jhaoners] B %&aﬁeb@eferabw not
mai nt ai ned wh mai nt ai ni ng hi gh seIechH%qtnthls

less tgn 319 tope/ Bamf theotialkyl carkeagte.dradingblashthan dnf

used in the present invention conprises a tray colum
ton/hrypeefgirebly Inatilensdbiaanmt . 9hdondi hy meagprefevably not less

plurality of holes trays as the internal. The term
than 2i2ttennaht of the dicl can be produced. Furthermore, another
characteristic feature of the present invention is that in the case that L, D,
L/D,n,D/dy, and D/ d; for the continuous multi-stage distitiation
column satisfy respectively 2500 <L <5000,210<D <800,7<L/D<
20,40<n<90,5cD/dy <13, and 9 <D /d; < 20, not less than 3 ton /
hr, preferably not less than 3.5 ton / hr, more preferably not less than 4
ton / hr of the dialky! carbonate, and not less than 1.95 ton / hr,
preferably not less than 2.2 ton / hr, more preferably not less than 2.6
ton / hr of the diol can be produced.

The “selectivity” for each of the dialkyl carbonate and the diol in

the present invention is based on the cyclic carbonate reacted. In the

present invention, a high selectivity of not less than 95% can generally
33
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used in the present invention neans the parts in the
distillation colum where gas and liquid are actually
brought into contact with one another. 15 Exanpl es of
the trays include a bubble-cap tray, a sieve tray, a
ripple tray, a ballast tray, a valve tray, a

be attainddrpreforabbynot léhs fthan 97%,, merepredetally hotyess than
Maxfrac tray, a dual flowtray, a grid plate tray, a

99%.! UMS@dverPtREE comersfond ﬁﬁetﬂr@éen‘?rlnvﬁﬁtﬂdrkgenerally

Moreover, in the present 1nvention, the nulti-stage

md:cé’ie%?o 'rtlblé?r})c@ éél&&ﬁv‘&i‘?{]@}ébﬂ%@ﬂh 3t fr?%/ pP?E{ahP”n@QnﬁBﬂ it

packi ngs i'n

being RERSIPE %3‘%@%’*99""%&&%bﬁn@sﬁféﬁﬁﬂg&?@%ﬁ@%&f’ibﬁaﬁeﬁi'ass than

ess ing, .2 Berl saddle,. a
95%, pilesablicaahigss shB 87 dmer h prelSraRkNBAL [eeR thENP9%.
Hel i - Pak, or a structured_ _packing such as Ml | apak,
yet meseppreferabhnfolders thlaékpﬁa‘é% a‘itgblﬂi‘éfe psetﬁahlnglotaless
Goodrol | packing or ditschgrid. Furthernore, the term
than 99u8ter Hfissongesf thekexcedentcharactecdistic featunes of the
present invention neans 34 the nunber of trays in the

presardisinveintiomybat ankigheonhkeosizin cah bemrhaintainedtwbide
in the case of packings. The nunber of stages n in the

main&Adth@highmsibetivitgom ehistwhyation col um having both
a tray portion and a portion packed with the packing

S TRe [dHistih $6us YALRI- fsttggerﬁ*'y?ﬁl Rin Eﬁﬂyﬁmaﬂgeﬂhﬁ the present

t heoreti cal nunber tages or the reaction
tnverm?cwﬁ‘aglpéﬂgggy% f'afy 8@51?@@%&2@%6“% htt.%]gltrﬁ m&luding trays
hav.r@gsg@g:rg By 3t HnleR avE ud %‘?ﬁﬁi‘frai;ﬁ“me 5?{@. Hinterns”

even if a ate type continuous nultj

used dpdiie PERSHAL HBYRHHOM MRANSHN & ﬁ@rﬁqtrbm@seuﬁﬁﬂnseoiumn

the trays having a predeterm ned nunber of stages or
wheregapadid liguidiare aehually browghhinto centaciowitbueneranother.
Exalmlopllgtseomet %/hpeetrays include a bubble-cap tray, a sieve {ray, a ripple
tray, a ballast tray, a valve tray, a counterflow tray, a Unifrax tray, a
Superfrac tray, a Maxfrac tray, a dual flow tray, a grid plate tray, a
turbogrid plate tray, a Kittel tray, or the like. Moreover, in the present
invention, the multi-stage distillation column having both a tray portion
and a portion packed with packings in part of the tray stage portion can
also be used. Examples of the packings include a random packing such
as a Raschig ring, a Lessing ring, a Pall ring, a Berl saddle, a Intalox
saddle, a Dixon packing, a McMahon packing or Heli-Pak, or a structured
packing such as Mellapak, Gempak, Techno-pack, Flexipac, a Sulzer

packing, a Goodroll packing or Glitschgrid. Furthermore, the term

“‘number of stages n of the internal” used in the present invention means
34




10

15

20

25

distillation colum in which the internals are trays
is preferable. Furthernore, it has been discovered
that a sieve tray having a sieve 15 portion and a
downconer portion is particularly good as the tray in
terms of the relationship between perfornmance and

the nemberefittrspsin the d@se ofl ﬁa%bﬁehddimwebﬁaié@laﬁuh’mbr of
sieve tray preferably has 100 to 1000 holes / nR in

stagddfh Th8 Wb ki ore preferable nunmber of holes
gis 1'30 to Qooﬁl’ﬁ;ﬁegg?onﬂ, yet nore preferably 150 to

8 eqvV Ile SNAS A0 1ol Vv :
CnEp e b & sl e cabelSf 2R3 08 Elsifiation
tr i.s preferapbly in.a ran of from0.5 tp 5 co A .
colump, V'Bgel?‘é{'bﬁl 2y, Bactian At Aapoisieh P;?e“rq‘eﬁlgr”éﬂf gﬁﬁ.pﬁc"'“g
. to 4 cn2, yet npre referably 0,9 to 3 cnp.
IS *h%F%éMFBr%f, the nymbekef trags and gaettngprgﬁcpgnumber of
particularly preferable if the sieve tray has 100 to
stagem00 holes / n2 in the 25 sieve portion, and the
cross-sectional area per hole is in a range of from
0.Fot thé reatiothbetweker th clyoliescanbanatesarddhgoalipbatic
may be the same 35 for all of the sieve trays, or may

monahydréd aléehdhin the priesainttiheemtitigrit ¢fas bekeesdizcoveted that
cross-sectional area per hole differs between the

a high! ®/¥vérsiyh, high%élebﬁbjtpolamah Protibetivilyesannss attained
in one tray stage nay differ between the stages; in

eweng#1 Espﬁéetglp?eégﬁi p%l%t%sgﬁnatﬁfiﬁ%ﬁge Hf%’t?l?éfi@ﬂ Bl In Wﬁich

Verage v € area for the stages
. . di t conditjo
the intbrtfs B8fThriSe 108 frAds. BB B e Rt RoCER e o
t he |ect of the presept_.invention can be ajtai ned
stageos (BBTAGKIngioRS Bk PRYT RE IBIAIMALS 15 kst Dh UShigte type
. .the dial kyl carbonate and 10 the diol are
distilladian godumninpmddabddenintesnalsarridrays é%cﬂ’i"ﬁée'iq{%!e-
cyclic carbonate and the aliphatic nonohydric al cohol
Furthgsmare, 5t haisi hgenaediscioartesedi ihad a istevortanhaving a sieve
mul ti-stage distillation colum in which the catal yst
portiars and a downcomer portion is particularly good as the tray in terms
of the relationship between performance and equipment cost. it has
also been discovered that the sieve tray preferably has 100 to 1000
holes / m? in the sieve portion. A more preferable number of holes is
120 to 900 holes / m?, yet more preferably 150 to 800 holes / mZ.
Moreover, it has been discovered that a cross-sectional area per hole of
the sieve tray is preferably in a range of from 0.5 to 5 cm®. A more
preferable cross-sectional area per hole is 0.7 to 4 cm?, yet more
preferably 0.9 to 3 cm?. Furthermore, it has been discovered that it is
particularly preferable if the sieve tray has 100 to 1000 holes / m? in the
sieve portion, and the cross-sectional area per hole is in a range of from

0.5 to 5 cm?. The number of holes in the sieve portion may be the same
35



10

15

20

25

present, carrying out reaction and distillation
simul taneously in the colum, continuously

wi t hdrawing a | ow boiling point reaction mxture 15
cont ai ni ng the produced di al kyl carbonate from an
upper portion of the colum in a gaseous form and

for all Gftthalelle/ tivd ys) e a0 difer.ghiP eheé idise PRahthe number of
reaction mxture containing the diol froma | ower

holeéJB?tth%”c!'Hehé %%cti%?idl“&?d%‘r;@r'ﬂdlé' Gllffé]*s”beﬁhéeheﬁfé sfdve trays,

for the transesteri cation reaction carried out

{ .
the téf%u*ﬁ@ea%ﬁeréigZstﬁgs*néLbnsﬁﬁ*é%ﬂ*eﬁa%?{hﬁ*f%ﬁ’egf’aé%H??Y%ﬁgf
in_the continuou exdistillation, .col um
betw?ﬁ@ W&aﬁfﬁ%‘ﬁsﬂ '§a?"i‘%% hlﬂw&h%rPrteﬁS"rth%egﬁ'%@ea"s
|nternals in_ the dlstlllatlon columm and the_ nunb
the ac‘lﬁ@gﬁg‘é% ue gt thedotakhete area for dhei siadas-or ptahgs?%en
in, the type and amount of the catalyst, the reaction
shomthainawa&gg thaiabevencondifiorsdeitoe continuous multi-stage
generally in a range of from 0.1 to 20 hours,
distillated e catbum i, ribve 6bfedtoofl théguesentineeptiehecabl bye fattained
1 36 to 10 hours. The reaction tenperature varies
moredeasitgi ng on the type of the starting material
conpounds used, and the type and anount of the

Cal'ﬁlé’ﬁbarfrﬂﬁgr@ﬁf?ih@rbrb%l?ﬁﬁﬂbéhﬁo'rﬁ t88n§faAk iV chfbénate and
range of from'30 to 5 I's preferable to

the dj (EICéle@%%nttﬂ'ﬁJdl??gﬁI%ﬂmlé@éé&r)%rf¢8{1ﬁgﬁr8g§i¥ itfgﬁd'ir‘f&rtﬁés(?ychc

e reaction
te eraturel Q h.. then si r c'o .
carod A ARG, o Ml 472 el SR Mol ot
refer blylnaran off[m40t
into eceannrbus iHbo RS diETayan SRNE ISR the catalyst is
60 to 150 C. In 10 the present invention, the reactive
Pfes%ntstqa"I"bi'tﬂ@bﬁuédﬁaﬁéloébaﬁﬂéﬂjisélultatwfl gimpitanenusly in the
bottom tenperature set to not nore than 150 C,
columneteondimiuously withdeawing al Bov @ oihimgeppirdf mamiqrn moixture
nore than 110 C, yet nore
containing the produced dialkyl carbonate from an upper portion of the
column in a gaseous form, and continuously withdrawing a high boiling
point reaction mixture containing the diol from a lower portion of the
column in a liquid form.

The reaction time for the transesterification reaction carried out in
the present invention is considered to equate to the average residence
time of the reaction liquid in the continuous multi-stage distillation
column. The reaction time varies depending on the form of the internals
in the distillation column and the number of stages, the amounts of the
starting materials fed in, the type and amount of the catalyst, the reaction
conditions, and so on. The reaction time is generally in a range of from

0.1 to 20 hours, preferably from 0.5 to 15 hours, more preferably from 1
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preferably not nore than 100 C. An excell ent
characteristic feature of the present invention is
that a high conversion, high selectivity, and high 15
productivity can be attained even with such a | ow
colum bottom tenperature. Mreover, the reaction

to 10PREGesr € varies depending on the type of the starting
mat eri al conpounds used and the conposition

t e hebRING TN téﬁ'ﬁ)é%@ﬁ?%%rf@é‘ﬁ%rp@dﬁlgu g GAdha%type of ke

reaction pressure may be any of ced pressure,

sta rﬁg@;1 gfigﬁ?w.sé&hﬁo%desagﬁaﬂ ’ %‘?’fﬁl'tﬁg t%?é@h@%mﬁﬂﬂt 5% the

catalfsh ; I78 torthah ShaSraiute s 088kt fi F BRnde o fFom 30 to

cont i nuous mJItl -stage distillation colum used in the
300 Yresdhis preterakia tosinggeassl the seastign tesnparatyrg so as to
such as carbon steel or stainless steel. In terns of

increaise thewreagtion rate. di dowgver2if the weastionatempeeatirg is too
to be produced, stainless steel is preferable. 37
high,BX8vPskR rEakctionsnbece e hiabde detactwd dEherigadtion of
the present invention through exanples. However, the

tempRraaed id ﬂ’{@@t;ir@fe#aibIQOih airgnigedof (ﬁrdrhe40ft6|2510\ﬂ°ﬂg more
exanpl es. e 1. <Continuous nulti-stage

prefe%b%‘i' 'f{'o%' 5’@ tBOﬂFG'@“’C Ayéﬁmdrréuﬁl‘éfégﬁb y TE3RY0 to 180 °C In

ation columm as” shown i 1" having L=33

the p‘igbeRﬁRQegﬂbthﬁélre%c%y ‘i‘snrraﬁ?ﬁ c&?%eDéarrJchsiﬁ?eL{/tewnh the

was use exarrp nterna

colub RSB Vo4 AR SRR 35 REE AR Indh FBPEE, bbby no
moren&%ﬂg’»ungéé_n%rg%lrg?erablgpr%tog(niorl%tt‘ﬂe}/n ]ﬁ% I(?, ygg(r)nc/)re
preferably not more than 100 °C. An excellent characteristic feature of
the present invention is that a high conversion, high selectivity, and high
productivity can be attained even with such a low column bottom
temperature. Moreover, the reaction pressure varies depending on the
type of the starting material compounds used and the composition |
therebetween, the reaction temperature, and so on. The reaction
pressure may be any of a reduced pressure, normal pressure, or an
applied pressure, and is generally in a range of from 1 to 2x10’ Pa,
preferably from 10° to 107 Pa, more preferably from 10 to 5x10° Pa.
The material constituting the continuous multi-stage distillation
column used in the present invention is generally a metallic material such
as carbon steel or stainless steel. In terms of the quality of the dialkyl

carbonate and the diol to be produced, stainless steel is preferable.
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<Reactive distillation> 15 3.27 Ton / hr of ethylene
carbonate in a liquid formwas continuously
introduced into the distillation colum froman inlet
(3-a) provided at the 5th stage fromthe top. 3.238
Ton / hr of nmethanol in a gaseous form (containing
EXARIFEGES by weight of dinethyl carbonate) and 7.489 ton
/ hr of methanol in a liquid form (containing 6.66 %

byFngﬁhgziQ Qfmgi‘mgheeaééé’ﬂlgbﬁgn"‘@f ehé ‘iﬁ'@%%hitl\iﬁbéntion

conti nuouSly 1 ntroduced into t rstillation colum

i (3 - vide t 30t
throddif BkefnSleh,  HRviler 1hb BiYR IEMGnIdT ISR JFFA%R to the
foll starti ngnn}ateri al nethanol was 7.35 % by wei ght.
OHOWING RXAMB'E®H| ar ratio of the starting materials
introduced into the distillation colum was nethanol /

et hyl ene 25 carbonate = 8.36. The catal yst used was
obt ai ned by adding 4.8 ton of ethylene 38 glycol to
Exampl fon of KOH (48 % by wei ght aqueous sol ution),
heating to approximately 130 C, gradually reducing
<Corntheupuesnutiestagd distitlation oolumheat treatnent for
approximately 3 hours at approxi mately 1300 Pa, so as

t OAPESkIR G0 Bs PNy gusdiseiiltion coliin® s8tsHowh in FIG. 1
solution was 5 continuously introduced into the

havir@itklé:ﬁso ¥ P Hr@ngrd?m &y pntefq, (B=ebo, B 9\H,08F & and D /
the 6th stage fromthe top (K concentration: d.1 % by

L W ed t. i |
dz = 2 ¥ upedn  JBIES KBRS A Rl itk Moy gapays Yacn
.conditions aof. a golum bottqm.tenperature of. 98 C
ha"'%@uﬁﬁ’stsd‘ﬁeﬁ&'é’@raée@r 9356\"3%' ?'?LY?LPQ)(E'BQ &&f‘;"eé’ﬁa"f
a 10 refl rat,io of 0.42. 1t _wa ossible to attai
appréximpisly, baugmi ahd 2ALIREHAT AIER GLAPRERKIEATRIY B0 to
boiyl i ng point reaction mxture withdrawn fromthe top
320 hmofwergaisq®fl.urm in a gaseous formwas cool ed using a

heat exchanger and
<Reactive distillation>

3.27 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distillation column from an inlet (3-a)
provided at the 5'" stage from the top. 3.238 Ton / hr of methanol in a
gaseous form {containing 8.96 % by weight of dimethyl carbonate) and
7.488 ton / hr of methanol in a liquid form (containing 6.66 % by weight
of dimethyl carbonate) were respectively continuously introduced into the
distillation column from inlets (3-b and 3-c) provided at the 30" stage
from the top. The content of dimethyl carbonate in the starting material
methanol was 7.35 % by weight. Further, a molar ratio of the starting
materials introduced into the distillation column was methanol / ethylene
carbonate = 8.36.

The catalyst used was obtained by adding 4.8 ton of ethylene
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thus turned into a liquid. The liquid | ow boiling

poi nt reaction m xture, 15 which was conti nuously
withdrawn fromthe distillation colum at 10.678 ton
/ hr, contained 4.129 ton / hr of dinmethyl carbonate,
and 6.549 ton / hr of nethanol. A liquid continuously

glycolitoh2rsaven fdfdﬂmhgttao%t b weifhtt dguecakstlutiond, hdating to
ton / hr contained 2.356 ton / hr of ethylene glycol,

appréxiiatdl9M 3o hb,ﬁgﬂﬂaﬁgy%du@ﬂi’g 4h5%/es‘§ur@‘%ﬁﬁﬁ easkifg out

et hyl ené carbon Excluding the dinet
[ j t) ' t
heat SHAEE (G bR SRR TS Hts of dpBFpEImAtely, 500 £a. so
ton hr, and _excluding,the ethylene glycol coptained
as to; fibduct a BPfoddiptitie biuliac.ct b Satolfalarifbhpas
of ethylene glycol was 2.301 ton / hr. The ethyl ene
contipyoSIk iBtraguRac INge dQ%)t.'%%UGnt‘?fgu@i"r‘rgf‘Pm an‘infet (3-e)
carbonate 25 selectivity was not less than 99.99% and
provides at the &he sfagedrosethe tppi (K congenications 9.1 Rarby weight
99.99% 39 Prol onged conti nuous operation was carried
basedurn wthglendearbooatdifeidoiny. AReactiveodisdiliadiore®00s carried
hours, 4000 hours, 5000 hours, and 6000 hours, the

out catitirlouxl9dusedr aonditisnsarf dauluwa dodtcAttemperdiutéOof
ton, 3.340 ton, 3.340 ton, and 3.340 ton respectively

08 °(‘§2,?%Odliilﬁ?ﬁrli‘¥bp @M@%ﬁapg?géﬁnﬁ%ﬁ PR & PLPROANd a

ton, 2.301 ton, and ton® respectively for

e col, the ethyl ene carbonate conversions
reﬂ”&térgg'b ?ﬁggi%mew 99.90% 99.89% 99.89% 99.88% and

-t i RAy BlTEO tkair REAMEG Gy REitabbbrau fiter 24
o o R oSl MRA AR 5 g 1 o
selectivities were respectively not |ess than 99.99%

the cpfimneiss atgageousJoum was realed pginga beat exaharger and
than 99.99% and not |ess than 99.99% Exanple 2:
thus turned into a liquid. The liquid low boiling point reaction mixture,

which was continuously withdrawn from the distillation column at 10.678
ton / hr, contained 4.129 ton / hr of dimethyi carbonate, and 6.549 ton /
hr of methano!. A liquid continuously withdrawn from the bottom 2 of the
column at 3.382 ton / hr contained 2.356 ton / hr of ethylene glycol,

1.014 ton / hr of methanol, and 4 kg / hr of unreacted ethylene carbonate.
Excluding the dimethyl carbonate contained in the starting material, the
actual produced amount of dimethyl carbonate was 3.340 ton / hr, and
excluding the ethylene glycol contained in the catalyst solution, the
actual produced amount of ethylene glycol was 2.301 ton/ hr. The
ethylene carbonate conversion was 99.88%, the dimethyl carbonate
selectivity was not less than 99.99%, and the ethylene glycol selectivity

was not less than 99.99%.
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15 Reactive distillation was carried out under the
follow ng conditions wusing the sanme conti nuous
multi-stage distillation colum as in Exanple 1. 2.61
Ton / hr of ethylene carbonate in a |iquid form was
continuously introduced into the distillation colum

frproloiggdd b@ht(rﬁ:cﬁ]s Pperatioh Was! barriéd ot agdef these

the top. 4.233 Ton hr of methanol in a gaseous form

condﬁ% §°”%ﬁté‘|‘ 80 2hh§ﬁr§/ @UOW&@{ 010@'0'7%15%' SEGGHAIR), and

7 ton methanol 'in a liquid form

6000"‘? G0t M Betudloradiosd Aiflorfits HFhOUE werdl 3°845%n, 3.340
ton, ST%{;# (A 3540308 And Sageby ed#‘%%es’ctﬁs%ﬁr ﬁ‘q'}ddﬁia%%@m

of dinethyl carbonate in the starting mt
carbgRatearand 2 38dstan.o2- 3 hjone 2gRe 1 tp@mﬂwém %an@'aﬁ 2.301 ton

ratio of the starting materials introduced into the
respegtively tar ethydenenglyesd, the iedhylene sarhppate cammrsiens were

40 = 8.73. The catal yst was nade to be the sane as in
respdotivelyc99,96G%] 9989% 0 80.808LSDY.88W, iarid 9ih88%, the dimethyl

distillation colum. Reactive distillation was

carbemdtd eeladtivitiy wereudspantiladlyavididdtisa®O R I0e, ot less
bottom tenperature of 93 C, a colum top pressure of

than @@099’% ”ﬁb?hdsétﬂéﬁ@@@g% Ryt 1888 tharPbburgsataRd Hot less
was possible to aftain stable steady state

than r@ge{??% Oﬁnﬁftth‘?ar e fifh Ieﬁ%“g%cdﬁrééIWc Qh t'léé‘gr\ié’&lf 'Pé%ectlvely not

i'on nT Xt uré omthe top

0 ous 0qQ| [ e

less @;éﬁ%géﬁ"gnﬁo??m thA e a0 et g3, fFarfg8%bop, ot tess

l.ow_ hojlin ctign ure, 10 which was
than 8§n9g%'oﬁ§8ﬁ PW@W\ ﬁglt/ﬁe distillation colum at

8.17 ton | cont ai ned 2.84 ton / hr of dinethyl

car bonat e, and 5.33 ton / hr of nethanol. Aliquid

conti nuously wthdrawn fromthe bottom 2 of the
Exampleu?nh at 2.937 ton / hr contained 1.865 ton / hr of

et hyl ene glycol, 1.062 ton / hr of methanol, and 0.2

k gREaletivef dmrl%m:edfva kedreieet out under the foilowing conditions
using the same continuous multi-stage distillation column as in Example
1. 2.61 Ton / hr of ethylene carbonate in a liquid form was continuously
introduced into the distillation column from the inlet (3-a) provided at the
5th stage from the top. 4.233 Ton / hr of methanol in a gaseous form
(containing 2.41 % by weight of dimethyl carbonate) and 4.227 ton / hr of
methancol in a liquid form (containing 1.46 % by weight of dimethyl
carbonate) were respectively continuously introduced into the distiilation
column from the inlets (3-b and 3-¢) provided at the 30™ stage from the
top. The content of dimethyl carbonate in the starting material methanol

was 2.02 % by weight. Further, a molar ratio of the starting materials

introduced into the distillation column was methanoi / ethylene carbonate
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15 carbonate. Excluding the di nmethyl carbonate
contained in the starting material, the actua
produced armount of dinmethyl carbonate was 2.669 ton /
hr, and excluding the ethylene glycol contained in the
catal yst solution, the actual produced anount of

= 8.78. hyTReecatalgsl vqmsrrﬂa&@%tmme dumelae mtEWémgﬂe 1, and

carbonat e conversion was 99.99% the dinethyl

was éﬁﬁﬁﬁﬂéh%lﬁ%ﬂ%kc‘l'thﬁ dﬁ%lll‘&‘?hﬂ edfuian ﬂ%a%%%e afﬁilllatlon

e eth ene gl ycol selectivity was not |ess

was 8§r ?3(% ﬁﬂﬁgugw‘o&;nﬁ%ﬁ? ?{?S'E# BY a'€aid cﬁﬂo?ﬁ't

ese con ours ours,
3000 hou d 5000 ho the act rodu 5
temp2iiiesohd? Houa SRikns Iopoprensurs 8he pﬁ'ﬂx'rﬁag%bf 304610
ton, and 2. 669 ton respectively for dinethyl
Pa, ang gorefiux ratie af 8atB8+on, 1.839 ton, 1.839 ton, and
1.839 ton resg:ctlvely for et hyl ene ?I ycol, the 41
et Hywaa passibimie attain stahlersteastyestatepeperatipn after 24
99.99% 99.99% 99.99% and 99.99% the dinethyl
hourg.ar Bolew daitingcp ointtrieactioer enixtespadthdmwn foom tes top 1 of
than 99.99% not |ess than 99.99% not |ess than
the cOMA%n angasedubgasm s 88oRYusang 4 heattdwdirneger and

gl ycol selectivities 5 were respectively not |ess than

thus ﬁ?rrﬂe?%nlrboh Ihﬁl%l th?ﬁe%q@?f)/?oﬂcﬂoﬂ|ﬁ§5poirhafréa%‘i|cﬂf9%|xture

and not |ess an 99.99% Exanple 3: "A continuous

whictﬁg\\lléé c%trﬁg'@bcgJ%S( ‘Ht#ﬂgégcm ﬂ@;@%@ﬁ&@ﬁ@ dég’c%blﬁar#af-gj 7 ton
/ hr, ?(ﬁ%?qiﬂpg 24 tQi é\z}glf%f %@eﬁﬁgﬂcak@g%ﬁb@ 8%8’@'3% 6% / hr of
methaRBleof b1 gordinund S %r'eﬂ@t Emm o % of the
hol es of approxi mately 220 to

colump at Z2:837rden// i containggd érﬁzﬁﬁépﬂo/nbf @fuethétlfﬁnalglacol
1.06.’;c (t)cggnlmﬁl?of methanol, and 0.2 kg / hr of unreacted ethylene
carbonate. Excluding the dimethyl carbonate contained in the starting
material, the actual produced amount of dimethyi carbonate was 2.669
ton / hr, and excluding the ethylene glycol contained in the catalyst
solution, the actual produced amount of ethylene glycol was 1.839 ton /
hr. The ethylene carbonate conversion was 99.99%, the dimethyl
carbonate selectivity was not less than 99.99%, and the ethylene glycol
selectivity was not less than 99.99%.

Prolonged continuocus operation was carried out under these
conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
the actual produced amounts per hour were 2.669 ton, 2.669 ton, 2.669

ton, and 2.669 ton respectively for dimethyl carbonate, and 1.839 ton,

1.839 ton, 1.839 ton, and 1.839 ton respectively for ethylene glycol, the
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continuously introduced into the distillation colum
fromthe inlet (3-a) provided at the 5th stage from
the top. 3.736 Ton / hr of methanol in a gaseous form
(containing 8.97 % by wei ght of dinethyl carbonate)
and 8.641 ton / hr of methanol in a liquid form

ethyleh@nEaiionatd cBav¥rSio e wWete ribpdctivelyi 99100%! gD abe),

were respectively continuously introduCed into the

99-9%“#25%%%?‘gg?gé’fr‘i%“ﬁ%ﬁﬂéﬁﬁg‘eEﬁ{?@bﬁ%fiﬁ%%?‘aﬂ_ﬂ%fé'@nﬂeem
rosp L AERSY e 8 4R, 9 i ToB5 i BBLGRYR ot qgs,nar

the startin materjals introduced . into the
99,9831 Ratdesehama-20 s ARRdRe SiWphe alvse! selectivities
carbonate = 8.73. The catal yst was nmade to be the sane
weregespecativgly rot b,%ﬂmm@ﬁ-@éﬁh Rablesy thag 9R@P fpdot less
distillation colum. Reactive 42 distillation was
than 88.8086, and rohtéssuthanB8UBASs. condi ti ons of a col um
bottom tenperature of 98 C, a columm top pressure of
approximately 1.118x105 Pa, and a reflux ratio of
0.42. It was possible to attain stable steady state
Exanfpergtion after 24 5 hours. A |ow boiling point
reaction mxture withdrawn fromthe top of the colum

! ¢ | !
'aﬂ/éfbt i PYas'Mi-$agh .s?ﬁl.ag_ﬁir{;%o PPhs foV EQWFIGJ

turned into~a Iiqui e liqurd ol l1ng
o} L 9L | CB V85 SUELNYPYS]Y=
navirdl Lo SR Pl R op &y e Pon B Tmoge 4y ;g ane D/
_ hr, _containe 764 ton hr di met hyl carbqnate,
d2 = 2 vaSSdS on In TS s¥arop (R Faibe InfEin],siEVS HaVS each
.continuously withdrawn fromthe bottom of the ol %&3
having ascrps-sggtional a/ea Rerdple. inlde sieye IPPTHP"eﬁlﬁFI of
glycol, 1.17 t,on / hr of nethanol, and 4.6 kg / hr_of
approxineatal¥dl .8t ey card canbionbe e of rolesweli agpresingatelyg20 to
carbonate contained in the starting material, the
340 /anfusbremusad.ed. anount of di net hyl carbonate was 3. 854
ton / hr, and 15 excluding the ethylene glycol
COBI7HNTdni hhi f stdiydénetcaatloddtenin aiguid form was
continuously introduced into the distitlation column from the inlet (3-a)
provided at the 5" stage from the top. 3.736 Ton / hr of methanol in a
gaseous form (containing 8.97 % by weight of dimethyl carbonate) and
8.641 ton / hr of methanol in a liquid form (containing 6.65 % by weight
of dimethyl carbonate) were respectively continuously introduced into the
distillation column from the inlets (3-b and 3-c) provided at the 30" stage
from the top. The content of dimethyl carbonate in the starting material
methano! was 7.35 % by weight. Further, a molar ratio of the starting
materials introduced into the distillation column was methanoi / ethylene

carbonate = 8.73. The catalyst was made to be the same as in Example

1, and was continuously fed into the distillation column. Reactive
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actual produced anmount of ethylene glycol was 2.655
ton / hr. The ethylene carbonate conversion was
99.88% the dinethyl carbonate selectivity was not

| ess than 99.99% and the ethylene glycol selectivity
was not |ess than 99.99% 20 Prol onged conti nuous

distilfRf6 AtWAS cLRPiePbUt @D MiHudisis’ uhd8p eoniti8hki ®a.column
After 1000 hours, 2000 hours, 3000 hours, and 5000

t
bottdYeinneldiEsdsit.h .08 I MF'TAR LS pBEFSmatoly
e |veI for.di onate, and 2.655 ton,
1. 11%’(@@ taon"=m 965%f|i"5ﬁ%tt@;8f?aégs ton respectively for
et ene t | ene onat e convers
rellinaapasiblaty afatusfanls S ga'@g%eaa 858t 24
t he di met hyl carbonate sel ect|V|t| es, were
5 hourgesgelaw \R9i{ingopoindskeadiion mixgung Wféﬁ*draéga fmahthe top of the
99.99% not less than 99.99% and not |ess than
colume. inogsgasebu s foemhwasneogled uising [acbeat iexchangay and thus
respectively not less than 99.99% not |ess than
turnedPirtd% Ihpuidl esThetlhguidove Msilingdpoiott reastiarharixture, which
99.99% 5 Exanple 4: A continuous nulti-stage

was sbﬁtihhb@tsié)gmvi@ﬁbmmnwoﬁhm@ distiBhGonlcoharhngt 1232 ton / hr,
3300 cm 300cm L/ D=11, n =60, D/ dt = 7.5,

cont&in@dl4 . 76% tonl2hVas diﬁ'?éihﬁ/'l %gtrﬁbﬁa?éaﬁﬂlde? 556 t6R / hr of

Internal, sieve trays eac aving’' a cross-sectional

10 meth%ﬁ%fl‘ PA 1IB€I'I& df'}gfﬂl?r&ﬁéls(\éﬁltﬁqr‘ébﬂpfﬁcpﬁrtﬂ%fb8{th of the

proxi rma nunber of hol

[0 40 to, 360,/ 46 T
colurnﬁ éeﬁé%ﬁf A charaiited . 2fpi LHF St e findeRe @col, 1.47
ont ] nuo sly |ntroduc d to . the dlstlll ion co
ton /ﬁ}roc# hanal ang. 46 95) Bf&ﬂ W&aa&tefih%a%t'ﬁnst%@r onate.
fromthe top. 7.742 Ton / hr of nethanol in a
Exciuding the dimethy} carbonate contained in the starting material, the

actual produced amount of dimethyl carbonate was 3.854 ton / hr, and

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

20 Prolonged continuous operation was carried out under these
conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
the actual produced amounts per hour were 3.854 ton, 3.854 ton, 3.854
ton, and 3.854 ton respectively for dimethyl carbonate, and 2.655 ton,
2.655 ton, 2.655 ton, and 2.655 ton respectively for ethylene glycol, the

25 ethylene carbonate conversions were respectively 99.99%, 99.89%,

99.99%, and 99.99%, the dimethyl carbonate selectivities were
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gaseous form (contai ning 8.95 % by wei ght of dinethyl
carbonate) and 17.282 ton | hr of nethanol in a
liquid form (containing 6.66 % by weight of dinethyl
carbonate) were respectively continuously introduced
into the distillation colum fromthe inlets (3-b and

respectively A¥t 168s 3hahheo YYR, HctdessAharP bt $8%,ovet TE¥s than

content of dinmethyl carbonate in the starting materi al

99.9@3?&,{%2&%6&%_%-&r’%%@gm,%ﬁd tﬁghée Ient@ g??'ﬁgﬁ setbtAvities

starting materrals 1 ntroduc Into

werete¥ractflal§ il 9L iHEE SFR0%1 hot 1SoRAER o A WdtTess

anml 1,, and, was,cont | ly fed into the

thangfbsgglcﬁa?f‘gnnegﬁﬁﬁmthﬁﬁpgﬁ% di stillation was

carried out continuously under conditions of a colum

top tenperature of 65 C, a columm top pressure of

approximately 1.118x105 44 Pa, and a reflux ratio of
Exanipl24: 1t was possible to attain stable steady state

operation after 24 hours. A low boiling point

r eAato mtinud us umealtivistadeadwstiibation belump 4s cthowhdn FIG. 1

colum in a gaseous formwas cool ed using a heat

havirRXthargsgo @, B £sotomned Dntotfa i i=080ddD Tk +i76i, ind D /
['ow boiling point reaction m xture, which was

_ genki it iiptéHat i
d2 = 35U S 'R RARERE A5 IRt M SRS A ctich

havirfg 2 SRS seS PRl ATk PEF Sin Bl Bin PR Rrtiof tetect of

apprERIARIE 1% E1, 388 2 nlin 68 of iS5 ot ABRLaEMatily %ap to
)(ﬁbz/ hr of unreacted ethylene carbonate. Excluding

360 / B WerRt4sARd-car bonate contained in the starting
material, the actual produced amount of di et hyl

caf tATonnabr pfmihwene/carbonate ineadiquidnigrimwas

et hyl ene gl ycol contained in the catal yst sol ution,
continbe usdy tintroducedl irdd theodistilbdtien pdlanmn dtorothenirset (3-a)

5.31 ton / hr. The 15 ethyl ene carbonate conversion
providest 201R&05' tagbnfebhythedoponat. §42 Ton / hr of methanol in a
gaseous form (containing 8.95 % by weight of dimethyl carbonate) and
17.282 ton / hr of methanol in a liquid form (containing 6.66 % by weight
of dimethyl carbonate) were respectively continuously introduced into the
distillation column from the inlets (3-b and 3-c) provided at the 30" stage
from the top. The content of dimethyl carbonate in the starting material
methanol was 7.35 % by weight. Further, a molar ratio of the starting
materials introduced into the distillation column was methanol / ethylene
carbonate = 8.36. The catalyst was made to be the same as in Example
1, and was continuously fed into the distillation column. Reactive

distillation was carried out continuously under conditions of a column top

temperature of 65 °C, a column top pressure of approximately 1.118x10°
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selectivity was not |ess than 99.99% and the ethyl ene
gl ycol selectivity was not |ess than 99.99%

Prol onged conti nuous operation was carried out under
these conditions. After 1000 hours, the actua
produced anmount per hour was 20 7.708 ton for

Pa, ﬁdTgtlerﬂu,@@éggr@;g 42nd 5.31 ton for ethylene glycol,
he et hyl ene carbonate conversion was 99.8% the

"‘*@5}4 pdSFiBRE, tt?@*niféﬁ" poatfP shite bpEralibiafter 24
hours, gaq%ﬁnﬁg%/‘&gﬁ @%ﬁky@%i@&%&hg&w the top 1 of
scovered t hat tg 45 di al k car bonat e zi\nd t.he di ol
the ce&%m@e"baosam%%aua OFMMas 909 %@9&5% gxaftanger and

| ess than 98% preferably not |ess than 99% nor e
thus fueied almq/arimundessThnalmqggi oy beiliag pamisteaciion mixture,
of not less than 2 ton / hr, preferably not |ess than
whick was corftinuousky witbideawsi fromitheedistil latios coluan at 24.641
hr, for the dial kyl carbonate, and not less than 1.3

ton/hrosohtdined pr82Rrtahl Yhnot diessthyhaarbodatepand 06,114 ton / hr
nore preferably not less than 2.6 ton / hr, for the

of mélifdnolst 3Rl Ui@rcEnt @b 8B WitRiradh dfomi 1 Bbttoth 2 of the
| ess than 1000 hours, preferably not |ess than 3000

colur?ﬁuéts'{ q@i ‘ioﬁrlelfnebéhlté{ldgﬁ 5, h@éstohhﬂﬂrfiﬁ@tmé‘ﬁédgrl%em 2.34

e cyclic carbonate and the I'i phatic 10 m)nohy

ton /?‘lg?@fﬁ{etgégéﬁ;ﬁ\gszg\%gjlhq'cF‘Fkyflreétgtr ong't%tlr and'caHS)Gﬁ?Fe
Excliding i dimptby b aateeels SaMEIRE it ot Gruflarategia!. the

system of takin
actualyproduced amou%t of dimethyl carbonate was 7.708 ton / hr, and

excluding the ethylene glycol contained in the catalyst solution, the
actual produced amount of ethylene glycol was 5.31 ton/ hr. The
ethylene carbonate conversion was 99.7%, the dimethyi carbonate
selectivity was not less than 99.99%, and the ethylene glycol selectivity
was not less than 99.99%.

Prolonged continuous operation was carried out under these
conditions. After 1000 hours, the actual produced amount per hour was
7.708 ton for dimethyl carbonate, and 5.31 ton for ethylene glycol, the
ethylene carbonate conversion was 99.8%, the dimethyl carbonate
selectivity was not less than 99.99%, and the ethylene glycol selectivity

was not less than 99.99%.

industrial Applicability

According to the present invention, it has been discovered that the
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cyclic carbonate and an ali phatic nonohydric al coho

as starting materials, continuously feeding the
starting materials into a continuous nulti-stage
distillation colum in which a catalyst is present,
carrying out reaction and distillation sinultaneously

dialkgncéﬁbdnﬁté amd ts@fionoansbe produiceddeashngith & dvigh
oi ling point reaction m xture containing the produced

seleéliln\ﬁ Qk)slf r&ﬁfl'%%gattrﬁaﬁ 98%, aBré’ﬂﬁ%‘blPWdt' le8s%hdr999%) Hibre

gaseous orm and continuously w thdraw ng a

prefegiagry?& t1bag tﬂ%‘rﬁbgr d%ﬂrﬁ}&w al G481 o¥ ﬁSt ié‘égﬁ than 2

romalovver |ono urmlna

form e|n ( tinuo ti
o /5 B M U @%aras?* Eut 7 BELF pl¥taratly 8% ress than
|st|IIat|on col umm aV|n a cyI| | t runk, portion
4 torphbrniprane AARY] Sgehpnane. and nef Eq& TaapcbR W Ly
and having a structure having thereinside an
preferably netdeastthan A @Hdendrhestmgse preferakly nat ismthan 2.6
being a tray having a plurality of holes, and further
ton /ray fog the ghie |, 26tahlyIfer ehpvolomged ipesiatk oditimret of not less than
(cm at a top of the colum or in an upper portion of
1000t heurs) pratergbly hottiesstthan 3000dwWrsyunbee grafenablnnot
i nsi de di ameter d2 (cm at a bottom of the colum or

less tH‘aﬁ JOOE hoRs! FimOthe EY6IiE YdiBBnRaran® theealwhang
| east one first inlet provided in the upper

or a mddle portion of the colum bel ow

'nonéHY%heq”eggooutlet and at | east one second inlet

prOV|ded in the middle portion and / or the | ower

portion of the columm above said liquid outlet,

wherein: 47 (1) the length L (cm satisfies the

formula (1); 2100 :_L:5 8000 (1), (2) the inside

di ameter D (cm) of the column satisfies the fornula

(2); 5 180 5 D5 2000 (2),
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(3) aratio of the length L (cm to the inside
dianmeter D (cn) of the colum satisfies the formula
(3); 45L/ D540 (3), (4) the nunber of stages n
satisfies the formula (4); 10 10 :_n :5 120 (4), (5)
aratio of the inside dianeter D (cm of the colum to
the inside dianeter dl qm|ME the gas outl et
satisfies the formula (5) 3:_ D/ d1 5 20 (5), and
aratio of the inside diameter D (cnm of the
,,W__e__qj:;%nﬁm to the 15 inside dianeter d2 (cm of the

oft (oyRbriBuydBiel hiSaabaiek thE Rfdiction st difl”
carvdiptg Biekel W MIRR T b5alhl elbiRats Wikine gt are
said first inlet provided between the 3rd stage from

contindeushy pspdacedathros@h angantivadistidatige sysiem ofttaking a
colum and the (n/3)th stage from the top of said

cyclicoarbonats and win atipbatidi sarid td rie adlobhohas(sbarting
starting material aliphatic nonohydric al cohol

matetiats aconatinously feeding theostatting matériays ieightcontinuous
the di al kyl carbonate; and (d) the starting materi al

multiddtalRfer8istiNPOR XY Ui WPich 8 chtab@stt ishpradnt, carrying out

i ntroduced into said continuous multi-stage
roactibf 414 B4MatS Ly Mulangaby) B0 ioat sontAtousy
L T e e L
o B4R T G G S S a0 fom,
and c?onrlp)#[rl]ttjog];l; I\?v?thdcilr%lvxl'(iwg gal'lrig?wng(t)ﬁirjgs prcla?rtlt l_gggﬁélr?anqi)ﬁutrgn
containing the diol from a lower portion of the column in a liquid form,
wherein:

(a) said continucus muilti-stage distillation column comprises a
tray column type distillation column having a cylindrical trunk portion
having a length L (cm) and an inside diameter D (cm) and having a
structure having thereinside an internals with a number of stages n, said
internal being a tray having a plurality of holes, and further having a gas
outlet having an inside diameter d4 (cm) at a top of the column or in an
upper portion of the column near to the top, a liquid outlet having an
inside diameter d, (cm) at a bottom of the column or in a lower portion of
the column near to the bottom, at least one first inlet provided in the
upper portion and / or a middle portion of the column below said gas

outlet, and at least one second inlet provided in the middle portion and /

or the lower portion of the column above said liquid outlet, wherein:
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3. The process according to claiml1 or 2, wherein a
produced anount of the diol is not less than 1.3 ton
/ hr. 10 4. The process according to any one of C ains
| to 3, wherein said dl and said d2 satisfy the
formula (7); 1 < dl1/ d2 < 5 (7). 15 5. The process

acmrmé‘lbﬁQtFﬁEY(c%ﬁ‘Psﬁilsﬂe@ﬂ‘Feioirﬁufa (Mrerein L, D
D, 1, and D/ d2 for said continuous

nultl-stage |4 ptd lum satisfy re ctlvely
2300 <_ L < ?Og%ﬁ g %Gg) 1000, 5!5 LP,)?D<

30
(3 theing B8 albmreh, b, Ky Tios e, Bflrtap s tﬁ%foormu*a
. 5, wherein L, Db L/ D, n, D/ dl, and D/ d2 for
(2); said continuous nmulti-stage distillation colum
satisfy respectlvel bOZSOO < L < 5000, 210 < D <_
800, 7 < L/ D8RS Wos0P890, 5< O/d, :5 182)and
9< D/d2:520. 25 7. The process accor di ng to any one
C &@)na raticoo® tharength L (em) dodhe inpidat diameter D (cm) of the
al i phati ¢ nonohydric al cohol contains in a range of

columA datishids TheoforBndkab{@nei ght of the di al kyl
carbonate. 8. The process according to Caim7,

wherein the stpatingg LAigerial aliphatic rm(@hydrl c
al cohol contains in a range of from2 to 5 10 % by

et hunie bt dtih esal ReNARas the FoPmAaqas

rding to any one of O ains 8, wherein the
starting rrateq@ ﬂl H@IC rmnohydrlc al cotw j
conti nuously |ntrodUce into said continuous

”Edéa;éé%%@eaﬂaﬁ%éb'a&' Gl bR YL cofditn X ins
msiofaiSPhatar Sy B A7 o ORE g AT FRUATE)
conti nuous ITU|§ |S- I%t/a :esd|2%t| I lation col um. (5), and

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

5<D/d;<30 (8);

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

(c) the starting material aliphatic monohydric alcohol contains in a
range of from 1 to 15 % by weight of the dialkyl carbonate; and

(d) the starting material aliphatic monohydric alcohol is

continuously introduced into said continuous muilti-stage distillation

column from at least one said second inlet provided between the (n/3) "
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10. The process according to any one of Clains 1 to 9,
wherein 15 the tray is a sieve tray, said sieve tray
having 100 to 1000 holes / n2 in a sieve portion
thereof. 11. The process according to any one of
Clains 1 to 10, wherein the tray is a sieve tray, a

stagd fioTh- Wﬁd@%@'sﬁﬂ%@ﬁﬁub%&n@f]tlfﬁh o a@tﬂléﬁ/@n icoWmn and
being in a range of fromO0.5 to 5
the (2n/3)'" stage from the top of said contmuous multl-stage distiilation

column.

2. The process according to claim 1, wherein a produced

amount of the dialkyl carbonate is not less than 2 ton / hr.

3. The process according to claim 1 or 2, wherein a produced

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

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

1<di/dz<5 (7).

5. The process according to any one of Claims 1 to 4, wherein
L,D,L/D,n, D/d4, and D/ d; for said continuous multi-stage
distitiation column satisfy respectively 2300 <L < 6000, 200 < D < 1000,
5<L/D<30,30sn<100,4<sD/d1<15,and7<D/d<25.

6. The process according to any one of Claims 1 to 5, wherein
L,D,L/D,n D/d4, and D/ d; for said continuous multi-stage
distillation column satisfy respectively 2500 < L < 5000, 210 <D <800, 7

<L/D=<20,40<n<90,5<D/d1<13,and 9 <D /d; =< 20.

7. The process according to any one of Claims 1 to 6, wherein

the starting material aliphatic monohydric alcohol contains in a range of
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from 1.5 to 12 % by weight of the dialkyl carbonate.

8. The process according to Claim 7, wherein the starting
material aliphatic monohydric alcohol contains in a range of from 2 to

10 % by weight of the dialkyl carbonate.

9. The process according to any one of Claims 1 to 8, wherein
the starting material aliphatic monchydric alcohol is continuously
introduced into said continuous multi-stage distillation column from at
least one inlet provided between the (2n/5)" stage from the top of said
continuous multi-stage distillation column and the (3n/5)" stage from the

top of said continuous multi-stage distillation column.

10. The process according to any one of Claims 1 to 9, wherein
the tray is a sieve tray, said sieve tray having 100 to 1000 holes / m? in a

sieve portion thereof.
11. The process according to any one of Claims 1 to 10,

wherein the tray is a sieve tray, a cross-sectional area per hole of said

sieve tray being in a range of from 0.5 to 5 cm?.
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