AOSO%W@ 76/ KAN PROCESS FOR | NDUSTRI ALLY PRODUCI NG

| AL RBONATE AND DI OL Technical Field 5 The

. present invention relates to an industrial process for
the production of a dialkyl carbonate and a diol.
More particularly, the present invention relates to a

PROOESS FOR iINDUYSTRIAMYRRODWE ING gHALICYUCARBONATE
the dial kyl carbonate and the diol stably for a

prolonged period of tingND'Regh a reactive
distillation systemof taking a cyclic 10 carbonate
and an ali phatic nonohydric alcohol as starting
materials, continuously feeding the starting

material s, into a continuous nulti-stage distillation
TeCh&'HPaL‘E??qu which a catalyst is present, and carrying

out _reaction and distillation sinultaneoysly in the
b col Jif Pigsentkayentanelatgs tp an m@&% PragessipT the
production of a dialkyl carbonate and a. diol froma
produsdian of aodialkyhcarkodpte arul bodigle Aharapasticpleny.cthe
nmonohydri ¢ al cohol have been proposed, but nost of
presemdavpnbtiorsedlates dbat proceascardngsisirialyrpraciucing large
systens, four systens have been 20 proposed hitherto.

amoUhes &fftb difiRgl tarbsnateamdtite Wiedstably fora psslorfiged
t he production of dinethyl carbonate and et hyl ene

peri®dYslindd AifolRH Y Eilectpvé l@ﬁ@ﬁnstiandswgmrml takifig & cyelic

the nost typical reaction exanple. ‘A first systemis
o confrBAIC ARl MIAMALIE Ayl B matoriale
cont 880, AAHLYSe, s i 0 it GftaCE Apglgte Shbi-stage

. ,.YP76/ KAN . . . .
dlstlﬁatm/n column in which a catalyst is present, and carrying out

reaction and distillation simultaneously in the column.

15 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 propoéed, but most of these proposals
relate to a catalyst. As reaction systems, féur systems have been
20 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
25 ethylene carbonate, methanol and a catalyst are put into an autoclave,

which is a batch reaction vessel, and reaction is carried out by holding
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r Q{ﬁgeterm ned reaction time under an applied
Aosq.‘gvrrg?e‘?a e at a reaction tenperature above the

boiling point of methanol (see, for exanple, Patent
Docunent 1: U S. Patent No. 3642858, Patent Docunent

2: Japanese Pat ent Application Laid-Open No. S54-48715
for a'égfé@é{@rm PéladGo . timePahaer doapplidtbt@hpelrater at a

cunment .5: Japanese Patent Application Lald-Open-

el HOuE Rt Ble, FE VTR Aipley ATl s, o,

exarplé, PRI RED K mARE Y Y SUPREhENG. o830 batent,

DocUfiSHh2: JAPANERe PRLEnl APRISELAN LAk OPERcNPon ] 4467 15
made to proceed by heating to a predeterni ped _

(corespending to Ui RateniNey <4 t816{6).nErtent Dagument 5:
met hanol distilled off through azeotropy wth the

Japanese Fateaditnipplitatienbloait-@ pere Neuti 46302 [cBatent Rocument
reaction vessel continuously or in batches, but in

6: JapgnegsenPatenthApblisasiost teidiGpéh Nea&8Sbn 487&B)keds
only in the reaction vessel, which is batch type, in

whi £ R ddih alyaterhtis &idPSteRetisar beaat#n aippareitbsnal which a
are present. The reaction is thus batch type, the

disti[lrle%?ﬁdﬂ eRIPHNE pg;;faio% Bb_ttr%f'bﬁ% PeAGiSR veR¥els etRflens

anol under ux taki along tinme in a range of
from 3 Q e : P
cartigyifica e 8] aRd.2 SRR Gip B ISR TerktiTyegsel, and
No. $51-122025 (corr onding to U S Patent.
read)iin a8 47 A0R0eRt CeREd Hnn oAt fo A Bte SRt RineY temperature.
_Application Laid-Open No. Sh4-48716 (cofr ondi to
with)teis pystam. te.makgaappr mathanol @@éﬁtﬁfﬁfi@?m&ﬁ azeotropy
_Patent No. 3803201). A third systemis a continuous )
withr the produsest dimethyltear enatiex saetiznabiyadggdoto the reaction
et hyl ene carbonate and nethanol is continuously fed
vesseal ooatinudusinorieabateches butimechyaevanpvatieitbisrsystem the
reaction tenperature, and 2 A0501 VP76/ KAN
reaction proceeds 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. §51-122025 (corresponding to U.S. Patent No.
4062884), Patent Document 4: Japanese Patent Application Laid-Open
No. $54-48716 (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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m xture contai ni ng unreacted ethyl ene
AOSCﬂaY@?ﬁ and nethanol and product dinethyl carbonate

and et hylene glycol is continuously withdrawn in a
liquid formfroman outlet on the other side. Either
. of two processes is used depending on the formof the
a reééﬁéhyrﬁfxtﬁréscﬁ%tamm% Uﬁrehbﬁéd? eth§flehePEaeeshatd amd ch

onbgeneous cat al y used hand i's passed t hrough

' %ﬁg
metﬁ%}‘?ol ﬁnpeﬁ{a c{:l'gtf;{g%ﬁﬁ e and net aﬁr?o It"J‘qa‘ientd @?FEE Iiétjﬂe
A A q%«aﬁﬁn@@daﬂp@v%w&*gﬁeﬁgﬂtper

7: Japanese Patent cation, lLaid- No.

Eitheg;of 1Wp3processes ;55@&% depeninarap dhe s E%’g’feo%?ta'yst
Pat ent Docunent 10: U. S. Patent No. 4734518), and a

usegpr odéd isnthareiara arosesgeinewiick & hpmRegengeys catalyst is
inside the tubular reactor is used (see, for exanple,

usedaandtis(passedtthBoudhthectidb Har gsactpptogathemwith the ‘mixed
Lai d- Open No. S63-238043, Patent Docunent 9: Japanese

“soluBaireof ethpldraatasbohate-dPemdthavm!, 86w gl after the reaction

(corresponding to U S. Patent No. 4691041)) The
the &S?éﬂ/b?'ﬂs Repratad dlitwbhy theaehRertre ARtk (wéenfor example,

glycol through reaction between ethylene car bonate

Patéar'i}dREF:W@é‘@lo g; ISJnaSi;aur?é% P AR ﬁl?@ﬁbﬁmauﬂné

OW reactl on system usi

SR %aé@%m 3 DIROBBISheNtS AR Tohls, E%F%hff‘e
oocR I Ay wsmag@%agrbﬁaca%sasoﬁﬁf%%

to Exanple 1 |n Pat ent Docunent 7 (Japanese Patent
heterggenanus satalyst dixad Apsidssthe tubnlarcmadosdamsrd (gee, for

U.S. Patent No. 4661609)), for a flow reaction at
exangde, Rategt DecumentgBndapangse Ratent Zpplicatian faigrOpen No.

ratio of methanol / ethylene carbonate = 4 / 1, the
$63e2880dd3¢ P at@ritddetancamiver sjiaplariaseZB%temhApp’rmﬁ;om hatid-Open

a |l arge anmobunt of 3 A0501 VP76/ KAN
No. $64-31737 (corresponding to U.S. Patent No. 4691 041)). 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. S63-41432 (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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f et hyl ene carbonate and nethanol renaini ng in
AOSO{“%&?@@% on mxture nust be separated out,

recovered, and recircul ated back into the reactor,
and in actual fact, with the process of Patent
Docunent 9 (Japanese Patent Application Laid-COpen No.
unresefed LiR( 1468 dABRMHEMN S rhétharfol Redhenhingin the reaction
4691041)), much equipnent is used for such _
f , n i
mmti??i@?%ﬁ»%yg?ééfét'e‘ﬂabbf’, reé&%ﬁ%’w??@pﬁ%@lé%ﬂ dlackninto the

] X ! | mis a reactive _ ation system

IS I.SC se
ronclbf A d AEAAER Bl MR, MEBFGkesRUETPBIED B
RSB LS o B0 ORS00 PG bponaing

H4- 230243, Patent Docunent 14: Japanese Pat ?nt
to UsppPiadant dvo L 468164d0) Nsuapeguipent iseed T85 Skt
15: Japanese Patent Application Laid-CQpen No.
sepaidtics 7gdrifieatiat, eovesy anét recipankiionrat ent
Application Laid-Qpen No. H9-194435, Patent Docunent
17:A Fouethney sl isRubkactiveodishdlaticn \Wgsteasfinst disclosed by
(correspondi ng to European Patent No. 0889025, U. S.

the E?’é@é‘ﬁt NMverr@ft$1Ede, BaleadmprsuPetént Boduhentatd:of@bpanese
ubl i cation No. = W99/ 64382 (correspondi ng to Eur opean

g G L b FR ik e 0

COrT[ ndi . ro B , 20

JapefBEh R A Bl s T e AR OB Non e ST patent

Pat ent . App)ication Laid- 0 . 4002- 308804,  Pghe
DocHIeEAR JAPassA BATSBIARRC AN A A e CHgsT 76061,

No. 2004-131394)., that is_a continyous produgtion
Pat@ab@@wmﬁn\kﬂi%rﬁ%ﬁweﬁﬁf%%d&ap CahgnbetizipenNo.

each continuously fed into a nulti-stage distillation
H9-48BdMd, RatentcRecusment 16aapanase Ratest Aprligatiqadcaid-Open

of a catalyst in a plurality of stages in the
No.di8t194485p P atenit Documieritel T hinteroationalifebhigation No.

carbonate and ethyl ene glycol are 4 A0501 VP76/ KAN
WO097/23445 (corresponding to European Patent No. 0889025, U.S.
Patent No. 5847189), Patent Document 18: International Publication No.
W099/64382 (corresponding to European Patent No. 1086940, U.S.
Patent No. 6346638), Patent Document 19: Iinternational Publication No.
WO00/51954 (corresponding to European Patent No. 1174406, 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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of f. Patent applications in which such a
AoSGIERBTRIEN o1 i1 It s use

istillation systemis used have
subsequently been filed by other conpanies (see, for
exanpl e, Patent Docunent 22: Japanese Patent
Application Laid-Open No. H5-213830 (corresponding to

sepdrateassHt. P Aent Npplrc PSS 1A which stehediredetive distillation
5231212), Patent current 23: Japanese Patent

systéqp'(i)é g:%tﬁ'dj g#g'{h%@&‘lﬁﬁ%;@egﬁc@eﬁg}{l ﬁ@ﬁb%rﬁﬁah?es (see,
for e%%g%t%@ Faﬁ hEPlpagisiRg2: zﬁt?ﬁ'i%%@?@ﬁ%@ﬁ%ﬁﬁ?ﬂg

Intern nal Publ i cation W03/ 006418
Laidrpa o3 5-20 3HAh e poag N R FUIPPBAN BRISTLS
No. 2003- 300936 Patent Docunent 26: Japanese Patent
053065 th6. FatentdNopd2 AR 120d3atentDopument 28; Japanese

t he processes proposed hitherto for producing a
PateditoA pplicatiopobaid: Open Naoli BI6-F9507 dcoyrd sporedinigoteaEaropean
and an aliphatic nonohydric al cohol are the four

Pater)tsNerD569812) UaSc Patesit ey, B35S 18)aRatentystement 24:
(2) a batch reaction systemusing a reaction vessel

Japéﬁés@@éltechtSAthaétlaﬁ L&RI-OPeR Ny 29@301‘191’98tg@r?@§p0ndmg

lowng liquid reaction systemusing a t

to |r{5§?ﬁé%na@fﬁhb| ﬁét:é‘n fﬁSCWé%bﬂggsta'ﬂs%t ' e?atfﬁgemm%‘?mt 25:

t here have been ese

foll

JapgfesRPadh épﬁaﬁﬁﬁﬁ&é ‘cﬁ-&%@%ﬁﬁ% .0? GaBERRE, A
osj tion d the te re, n

Dochifiefbabt IaParbir Pasant AnR iketueh L4 d:0Ran NEb 042209,

thus the reaction ratlo is low Mjreover, in the case

of lthistwapathe precesspsPrapeseditherte Jovaredycing a

hi gh, the produced di al kyl carbonate nust be
dialkykcarbedats andsardjohframya icyclis aathenale andean aliphatic

al i phatic nonohydric al cohol, 5 A0501 VP76/KAN
monohydric alcohol are the four systems:
(1) a completely batch reaction system;
(2) a batch reaction system using a reaction vessel having a distitlation
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 monochydric alcohol,
5
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reaction tinme is required. In the case of
AOSO?IZ\?P‘?@) eaction can be made to proceed with a

hi gher conversion than with (1), (2) or (3). However,
processes of (4) proposed hitherto have related to
producing the dialkyl carbonate and the diol either

and hn o?'@“% @HPHrﬁ eof"s F&?uﬁ‘sahorlh fheeakadoP{4},ithe rédétion can

rying out the producti'on on an
tr SC a n
vo f T ey AdboByBFEELARn RS2l o
ect of produ di al k t .
Howgilek, PEPERSERBT (0P Pernd MUGETRIED rEREY i
stably for a rol onged  peri d Qf ti not e
the diedhyﬁgadm@atéanﬂr@?%ﬂa& git her 'mcﬁmgﬁsémﬁgw%d?fo of & short
hours, nore preferably not |ess than 5000 hours). For
periedofplime,t 4red thavenot valated b0 caitying out the: pr@muctlon on an
dianeter (D. cm, and nunber of stages (n) of the

industdal iscalelistbbly for arpradbonged pedodpobtivoed di@tnis, khese
(kg / hr) of dinmethyl carbonate, and the conti nuous

prod¥syHi haQe ﬁbﬂﬁtfé|ﬁ€ﬂ)thdlob]@¢1pbfeprdﬂacinysaddifacbkyt barbonate
production of 15 di nmet hyI carbonate (DMC) and et hyl ene

confhUEGhIL 7% (449 BB By prg) sy for

oo GARRAIR i 88 0T 4 b, oray ot
s it s T e B 8 e

For example, the maximum values of the height (H: cm), diameter
(D: cm), and number of stages (n) of the reactive distillation column, the
produced amount P (kg / hr) of dimethyl carbonate, and the continuous
production time T (hr) in examples disclosed for the production of
dimethy! carbonate (DMC) and ethylene glycol (EG) from ethylene
carbonate and methano! are as in Table 1. |

Table 1
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26 200 15 PACKI NG COLUWN (BX) 0.313 NOTE 5 NOTE 1 :
OLDERSHAW DI STI LLATI
VWHATSCEVER DEFI NI NG

5 60 0.258 NOTE 5 21 NOTE |

5 60 0.258

250 3 PACKI NG COLUWN (Ras i) 0.392 NOTE 5
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

oFABLE ol

2: NO DESCRI PTI ON
UWN. NOTE 3: ONLY

DESCRI PTI ON DEFI NI NG DI STI LLATI ON COLUWN | S NUMBER CF
STAGES. NOTE 4: NO DESCRI PTI ON WHATSCEVER OF PRODUCED

.1 NOTE 5 [NO DES PIIU\IV\HAI u:VI:RR RDI NG|

DS&E&& pRIBGEY gn D Fem proL @ Of Pakr,| Tibr
PaREMT_POCYRETT |25 (pJapaiese I-’at§61t /—\ppll Eat 10706 200
PN 6 K PARVE NP Y A BT
f M6w as| f o6 he |prefferred node s@®wn in FlG 0483 NOTES
dasgcri bed gbove,| andt was| PACKINGCOIUMN (Dixorl) | t n®.988 ec] NOTES
OT1g0PET ATRAFEA |COMEBT CT fl_Scal eggppar at Uy 1 @.275 NOTE 5
N M AR A 58 | Note s
r@ctioh NOTEded et Byl enk carbonBPe and mpt hAh2H8 |\ktN0TE5
tie2t the 2601 oMi ng Siune|RPACKINGCOLUMN(Reschigihe  (0.392:nt | NOTES
el e| CROTER Jdnome 8' Y 10 UNOTE 2 the dperms3pn ¢f NOTES
f{bgf“;;“‘Luﬁh‘Eﬁ_p lllﬁ:)TEQ[‘ a5 T CXAllDT 1T INGTE4 | NOTES
28 11 L NOJER JANOFES re ocal oépw. hi 398, | NOTES
ex26npl e| corb@sp nds 160 _apPABKING COLWMMN (BX) %31%0 QNOTE 5

Nof qs Dﬁgﬁf%ﬁ DAFIONCOLUMNI €s that at the tine

{ATSOEVER DEFINING DISTILLATION COLUMN.
NOTE 3 : ONLY DESCRIPTION DEFINING DISTILLATION COLUMN IS NUMBER OF
STAGES.
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 (Japaness Patent Application Laid-Open

No. 2003-300936) (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 dimethyl carbonate and

ethylene glycol through transesterification by a catalytic conversion

reaction between ethylene carbonate and methanoi.

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 dimethy! 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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P fyyt he patent application for Patent Docunent
AOS@SV%@Imse Patent Application Laid-Open No.

2003- 300936) (April 9, 2002), operation of the _
world's first large scale comercial plant using this
process had been carried out. However, even at the

filinq bﬁhgf patdritnéppheafibASRI P afiHt Datupenb2EhRyapdifes®Patent
he above fact at all. Mreover, in the exanple of

Ron EhBh PSP AQOBEROOSSEI A ro00ey Bperticn of e
ol OPB Sl AR 5 g g ndloon

for ethylene lycol is r.oxi mgt el .6% and the, _..
carriad eiti viHGWRYShyBYBRi Akt §ime O liNg {BcPrsrat ppBlication,
cannot really be said that a high yield and hi gr
thergdpauet; tha pbave, tacicahall « MeEaoven isnthe @nagrple gE Patent
| ow sel ectivity indicates that this process has a
Docliatenit 216 {dapanese RatentApiplication ddidt OpenpNes 62303-300936),
(Note also that Patent Docunent 25 (Japanese Patent

exadipptheaiams Lalud Bsaine fieo2ANIBOcaB)Iated videeeis stated for
have been w thdrawn on July 26, 2005 15 due to

the S¥F0ARSS Gﬂn%@ﬁyhé‘ém@nbﬁ@ﬁrbawéaﬁ ent- thY yleithfor ethylene

reactive distillTation nethod, there are very nany

glycgz‘gé{%}pu%fxiHa%SFW% i.@%dséﬂﬁa_tﬂ_% SOIBRApity 79 o i é‘b?%h‘éﬁ‘ely 88.4%,

reacti on ‘an cdnposi tion varl at’i on
istillati in.t L sti.Ll.ati . .
and s If rBRok Pealy b SiRiuPat & nidh gPid BRE hien petectivity
havh kaem i odnparfieaiars thadedh A8 elrEy Thifites tht tnis
difficulties, and in particular these difficulties are
progass has 2 fakaldeawPACKIaS &Rk GHSHE Y gtigyprocess.  (Note

anounts. To continue mass production of the dialkyl
alscthatoRatentRbaument @5 ($apanene Patent Application Laid-Open
distillation nmethod stably for a prol onged period of
No. (200330033 G nivesadeienge @ o ave \esrd svitindrawgon July 26, 2005
selectivities for the dial kyl carbonate and the diol,
duetteekanfihaYiorhst lHd\ﬁIA%Clﬂe@rWéqudv.St be cleverly

devi sed. However, 8 501 VP76/ KAN

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 diatkyl 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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escription of continuous stable production |
AOSOﬁL?ng)Wonged period of tinme with the reactive

distillation method proposed hitherto has been the
200 to 400 hours in Patent Docunment 12 (Japanese
Patent Application Laid-Open No. H4-198141) and

the &ﬁl&%&s@ﬂ%@?ﬁbf E3ntinutARA8easIePBF el ceR! fior ad :p@ﬁlonged
Open” No. H4-230243). Disclosure of I nven

peru?c? %*?'t'ﬁ[ﬁ% bR é?laéé%ﬂvgydltstfﬁlétfﬁ’r?'ﬁ’ié rEéo@BdoﬁitﬁéFto has

t he resen I nventi on to provide case O

oo WA 5578 ol B B2 %&ﬁaﬁ?% (Falafbag Potent

ton / hr f th | k t t
ApphCBiea T EPAY %ZH&%@%%HS&""@& AR B 18"

distillation systemof taking the cyclic carbonate
(JapanesenP adenp heaplicationhaid: @panclige H4s230248) ng

materials, continuously feeding the starting materials
into the continuous 15 multi -stage distillation colum
in which a catalyst is present, and carrying out
Disdleéagie of lanendicri il 1 ation sinultaneously in the
colum, a specific process in which the dialkyl

cardiiiAbmaRe Bds sl el RBhBanRepditied with high
selectivity and high productivity stably for a

Pr qf ?Q%‘?‘fjo ﬁf Phe i | esn@ﬁngeng‘g@ohﬁﬁd’w fjd}ol(?\e case of

hour s, pre not nor e

R T —
R e RN “amztugess

mul ti-stage distillation colum, there have been ¥
1.3 ton privpiarathe diglithrayghmreackiye: disiljatipn system  of taking
However, these have been on a small scale and short
the opeliatdarpariate anddhet aliphhticenonahy drie adcehpbegistarting
VP76/ KAN have been no di scl osures what soever on a
matepiats f confinucesiy jeedppgtheustarting materials into the continuous
mulfi-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 dialky! 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 dialkyl carbonate and the diol using the

continuous multi-stage distillation 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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ss production on an industrial scale stably
Aoscﬁ“?BZb{]%lﬁg

nged period of tinme based on findings
obt ai ned t hrough actual inplenentation. The present
i nventors have thus carried out studies ained at
di scovering 5 a specific process enabling the dial kyl

hav%c%r A ?Joe Ao @Pefhfﬂat%%e%r %d§$89|fiﬁ‘pﬁacesszor apparatus

tri a Sca or exanpl e, not ess t han

enaléigﬂé /m%% %l{bequﬂdt%ﬁén gﬁ ag?ﬂ?sttﬁg?%gané’t tésgﬁ dﬁpanpljoclanged
v T ol B AR bl Pt mentatin

i ndustrial process for the productlon f a dialkyl . .

The qiesedtiBvantors havel thus GArdRd et at tﬁﬂawgc%ta@@covermg
and the diol are continuously produced through a

a spesdficiprecéisst @hablingnthsy dialikybcarbrnate @rtq/éhecdml to be
carbonate and an aliphatic nonohydric al cohol as

prodiicad iorgansingusitia) scahe iofydaslexaneeid, mpt tdss tham 2 ton / hr
materials into a continuous nulti-stage distillation

for té@ dnakiNcatbobis Brd Aat a&ysithad PrEsENY hrcfdr tHediol stably
out reaction and distillation sinultaneously in said

for & rH‘Eh%QHVHér”&BLb?l tYmd Wi ﬁYQ}ﬁ%aﬂebﬂWt?%r’\d WﬂthS’I*dHuctlwty

act | m'xture contal ning the produced dialk

carpposie (e BY8e nt AR RBAIAAR, @St he col m'in <

gaseous t'orm nuousl drawi ng a high
. Bhhde °él%a%%%%$tc?”wr%ﬁrﬁh§c®§% h3 k) g ghnate ana -
sl T el AR A Yo BByt produced

distillation colum havi acyllndrlcal trunk portion
thronghi ag eactivydistiliatian Wﬁ%eﬁh afrigking @ aveliecay te and an
and having a structure having thereinside an internal
aliphatic monothalrioalsohgeasrstasting daterniaés napntisuey sdy feeding
tray having a plurality of holes, and further having a
the géartirng trh&teriaiel imgo a ciomtirileows mnssmge distiilatiom €oumn in
of the colum or in an 10 A0501 VP76/ KAN upper

wm@zg{/alf Egl‘%ﬁrfstt:Q%r%%bWﬂ“cB?@"nboo@hﬁeé@ﬁ’mn aand @isdllatibhet
simultaneously in said column, continuously withdrawing a low boll;ng
point reaction mixture containing the produced dialky! carbonate from an
upper portion of the column in a gaseous form, and continuously
withdrawing a high baoiling point' reaction mixture confaining 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

outiet having an inside diameter d; (cm) at a top of the column or in an
10
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A05d1n§pg§"‘giﬁrreter d2 (cnm) at a bottom of the columm or
ower portion of the columm near to the bottom

at least one first inlet provided in the upper
portion and / or a mddle portion of the colum bel ow
said gas 5 outlet, and at |east one second inlet

uppd¥ purtisa dfntl'\@@omrﬁﬁ' RedPtbithe B 4 liquidid@iéowaving an
portion of the colum above said I|qU|d out | et

f
msu%%%‘i&ﬂn%{géa %b%f%bﬁtﬂpﬁ %ﬁtﬁiﬁgﬁi eﬁ?ghﬁ&:-.;{ég%* portion of
C t h r
the %Ib@l?%g b @? B&Eél)% aétr I}ta{sg %ﬁ?‘é ?Hg@ﬁ)%ln(eﬂ%row?ed in the
Si de net er col atisfies,
uppeiBoripmAnd (3 2 4uiqqiBop b on)ot thel SpllifpR6 o sid gas
stages n satisfies the fornula ( Qe 10< n<i_dl$| 'S }
outlets)and ailpgshone secpaddinlat previgebin dhf piddie.portion and /
colum to the inside dianeter dl1 (cm of the gas
or thrilower gartioin of thaecdlummiabqs sasillwd@tad)et( syhenein:
20 (6) aratio of the inside dianeter D (cm of the
col{dmtheolariythi bgcoy shatisfiesrthé2fdromilaoft ), he |i qui d
outlet satisfies the formula (6); 5<D/d2< 30 (6);

(b) the startimgomkeriegoopclic carbonate i@),
continuously introduced into said continuous

|
Sal(g) “the2gasid Sd|b|ﬁ@{téroﬁd[%gﬁ¥‘ﬁ? thedB1aimn $atlstasd tR8Formula

frrst 1n et provi de etween the 3°'d stage from
(2).the top of said continuous nulti-stage distillation
colum and the (n/3)th stage from 11 A0501 VP76/ KAN

f:gleutn;)f) of sai %‘d’%tb”é*%‘b%dm' ti-stage disti té)z?\ti on
(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 d; (cm) of the gas outlet satisfies 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 oﬁtlet satisfies the formula (6),
5<D/d;<30 (6);
(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
11
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(c) _the starting material aliphatic nonohydric al cohol
ADSQYoVREPMAN N a range of from1l to 15 % by wei ght of

the dial kyl carbonate; and (d) the starting materi al
al i phati c nonohydric alcohol is 5 continuously
i ntroduced into said continuous nmulti-stage

e e
oS . LGB P R ) St in

continuous nulti-stage distillation

| lym, 10 2. .th
rangs of &samatdorth S hyoweiaht of tﬂﬁe‘#'@'hyggﬁﬁaﬁé% %ﬂﬂunte

of the dialkyl carbonate is not |ess than 2 ton / hr,
3. (dhahprsteetingarededial@liphatie manehydricaleohd] ig
produced amount of the diol is not less than 1.3 ton

contintibust irithed ntedeisito amidrebmijnuouanpuitistagei distdlation
to 3, wherein said dt and 15 said d2 satisfy the

colun®h THOR 4 least Snetaild €8cEnd it plovided bebeeen the (n/3) ™

according to any one of itenms | to 4, wherein L, D L

s_tag(%ﬁaqu gpggé:!pdgi' .ﬁﬁ%%t‘n%%%uﬁﬁis@aﬁgrﬂiisl‘i%@ﬂﬁm column and

Irstillation mm sati Sfy respectively

o f L. < 6000, 2 : . :/ 30 11ati
the EAR5 Rt O s b 9l i 3-qgiflugis Tpuietage ditlillation
according to any one of itens 1 to 5, wherein L, D L
colymp, | D/ dt, and D/ d2 for said continuous

mul ti-stage distillatigon colu satisfy respectivel
2. 4beoprocassacsopaingie iterm L w sy acpfodliehd ampiing of the

n590, 55D d1<13, and 95D/ d2520, 25 7. the process

dialkyt oadvopate iamptdessdhan ent/ 16, 6, wherein the
starting material aliphatic nonohydric al cohol

3. abet pigceds azcoadiyey 66 iferam of 2 AebErePEopROViHged amount of
12 % by wei ght of the dial kyl carbonate,

the diol is not less than 1.3 ton / hr,
4. the process according to any one of items 1 to 3, wherein said d, and
said d; satisfy the formula (7),

1t<dy/d2<5 .(7).
5. the process according to any one of items 1 to 4, wherein L, D, L/ D,
n, D/ d4, 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,and7 <D /dz <25,
6. the process according to any one of items 1 to 5, whereinlL, D, L/ D,
n, D / dy, and D / dz for said continuous multi-stage distillation column
satisfy respectively 2500 < L < 5000, 210 <D <800, 7 <L /D <20,40<
Nn<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 rénge of from
12
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AOSG VPPRBARCess according to item7, wherein the
starting material aliphatic nonohydric al cohol

contains in a range of from2 to 10 % by weight of
the dial kyl carbonate, 5 9. the process according to
any one of itenms 1 to 8, wherein the starting

1.5 (Y Qr ¥abyalveRitt of thethialkylicardlosdtel is continuously
introduced into said continuous nulti-stage

hatd | 7, \RABFe PN thd Bt&iting P {etesl
8. glg‘tgvgedr?%{éﬁggfgﬁtdg;‘ph{iﬁgg@rom {he top of ;gd
; [ < St i Shklibali 0 0
alipfEfIbBRehyalE blecheptoflising inc rangs b FamiE 170 % by
.multjp-stage,distillation colum, 10. the process
We'@%‘c@t HaFBIY KRS, i tens | to 9, wherein the tray
is a sieve tray,, said sieve tray havin 00 to 10
9. Hbedrracens pRCATAING IO a&wsrpf ﬁe%ﬂ,t%léz wwem%e
process according to any one of itens 1 to 10, wherein
starting material =lighaticineqaohydyic alcohnldsseentiouaushy Broduced
per hole of said sieve tray being in a range of from ]
intoGsdidt cohtinodusAnvdiitstggeudistilfation wolutmn fronamt leastione inlet
has been discovered that by inplenmenting the present
provideenbbtReendhid [Bn/d)Hl kldge drdrarnhiectap dftdmiddiontinaous
be produced each with a high selectivity of not |ess

mulfiDsa RO W st &Xi Sh A UniPlariE B%e (BAPS PT ¥tagBfeom the top of said

preferably not |ess than 99% on an industrial scale

con@f'lyg)‘%ﬁs/ hﬁﬁﬁ;%@é aigt?ghrlg%ﬁrcolghﬁ erably not |ess than

pre y not l'ess than 4 ton / hr,

0. e AL T8 By B IS, %, il v i

preferably not |ess than.2.6 n/ for the gi.ol .
a sigugHTRYr Shid Spvs draedayinactoB A0 {eo Bies s arsipve
13 A0501 VP76/ KAN 1000 hours, preferably not |ess than
porttioodheseet, nore preferably not |ess than 5000 hours,
froma cyclic carbonate and an aliphatic
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

. arange 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 less 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 less than 2.6

ton/hr, for the diol, stably for a prolonged period of time of not less than
13
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qﬁo%g al cohol . 5 Brief Description of Draw ng
A0S I ?ﬁﬂ{éﬁan exanpl e of schematic drawi ng of a

continuous nulti-stage distillation colum for
carrying out the present invention, the distillation
col um having a nunber of stages n of trays as the.

1000 HRirdalgreféidbly! ot fess {Ran SCABHoure, Pherd preferably not
schemati cal | y) provided inside a trunk 10 porti on

less th%ﬁ'??bﬂﬁﬁﬁl"é Pioay outﬁoayaﬁé%ﬁﬁﬁﬁé}'ﬂ'ﬁﬁélaﬁ aii

inlet, ato

i nl end plate, 6: internal, 7: trunk
monﬁ&ytqrb%a?%l%hé(:ontl nuous multi-stage distillation

colum, L: length (cm of trunk portion, D: inside

di arreter 15 (cm trunk portion, di: inside dianeter

& 8as outlet, d2 : inside dianmeter (cm of
Brigy |Qﬁ|$féfll@ pneef DBawingbde for Carrying Qut the

Invention In the followi ng, the present invention is

desklG.bedsian decanple pb sthe matictdrawiolg oha peRbBHOUS

invention is a reversible equilibrium

multirstagestimstiliation icoiuneaés r carndpgeseintres ppgsent invention, the
following formula in which a dialkyl carbonate (C)

dlstﬁﬂﬂ:c’h ot mirPh a@tfg R AdHASSE bF %R@?e@)h?brmra paraofas énternals
and an ali phatic nonohydric cohol (B). 14 AO0501

in PRSI A5 o {songlhl pss el o
port%r\f%%%oﬂrow (CH2)m (mis an integer from?2

Description of Reference Numerals:

1: gas outlet, 2: liquid outlet, 3-a to 3-e: inlet, 4-a to 4-b: inlet, 3:
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, di: inside diameter (cm) of gas outlet, dz : inside

diameter (cm) of liquid outlet.

Best Mode for Carrying Out the Invention

In the following, 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 (8);

14
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or nore of the hydrogens thereof being
AO502?JYE?-())%Ia y substituted wth an al kyl group or aryl

group having 1 to 10 carbon atons. Mreover, 5 R2
represents a nonoval ent aliphatic group having 1 to 12
carbon atons, one or nore of the hydrogens thereof
being optionally substituted with an al kyl group or
aryl @roup having 1 to 10 carbo ato&& The cyclic
Fonalye usgd aggp St asthg i ngt he pr nt
|ﬁgeqjﬁ%n |s$a conpound'represente by (X) i HO Q
aboveiformul a. For 10 exanpl e, anoalkylene carbonate
such &s et hyl ene carbonate or propyl ene carbonate, or
1, 3-dj.,0oxacycl ohexa- 2-one, 1, 3- dloxacyclohepta 2- ope,
or t#e like cant preferably usefl) et hyl ene
carbonate or propyl ene = carbonate being nore
preferably used due to ease of procurenent and so on,

whe%m R! hebpaSe Al BOtB‘i@fafPeﬁ?gﬂﬁuFal(tGHH}n@I é“‘ 15 ghermbbwr from 2
used. 15 Moreover, the aliphatic nonohydric al cohol

to S)US&‘P' Oéih% h%%hb?l% {H f%elrg ap Hrngubstltuted

repr esent e above or mu 'p hati c

h | an

with L bf%\i‘ba&“?*va*%yi@%a%vi&ﬁeam ‘eﬁoug é&%s"i?bl Moreover,
varyi ng, dependi ng,on t e of thec rbo ate

R riesetis,aneaoyaushalshatitbacrup LAY 1 186 2 aEERR atoms,
(i somars) al Lyl al cohol, butanal (isQ .

one prynesa-af the hydrpgershiaseof |ts%ﬁ9r§§’“°ﬁ@i%/l spgtifiged with an
(i soners), heptyl al cohol (|somersg) octyl al cohol

alky[ gsotpra) arybogsouplheiog 1 itechRcerboneatdmal cohol
(isomers), 15 A0501 VP76/ KAN undecyl al cohol

(i stivercy)clicdodemyhate asked a$isstartia)g materoaleimt theopresent
cycl ohexanol, cycl oheptanol, cycl ooctanol,

mveﬁﬂﬁdﬂ’i§%b@ﬁﬁjﬁm|rer)fe§@ﬁmc$h AN ehie| slpevé dopula,  For
(i somers), nethylcycl ohexanol (isoners),

exal?‘phéé' Q)ﬁcémiﬁéggoéarﬁioﬁfﬁ@@ﬁch CﬁﬁiﬁVl‘eﬁ@bQPBéﬁﬁ@é or propylene

I SOners) I et hyl cycl ohexanol (isoners)
oo SRR R Mt e o
the ?Re &&n be preferably used, ethylene carbonate or propylene
carbonate being more preferably used due to ease of procurement and
so on, and ethylene carbonate being particularly preferably used.

Moreover, the aliphatic monohydric alcohol used as the other

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

alcohol (isomers), nonyl alcohol (isomers), decyl alcohol (isomers),

15



. rnmore, these aliphatic nonohydric al cohols
A05q¥;¢Pg§k&gﬁbstituted W th substituents such as
hal ogens, | ower al koxy groups, cyano groups,

al koxycar bonyl groups, aryl oxycarbonyl groups, acyl oxy
10 groups, and nitro groups. O such aliphatic

undéﬁlgﬂﬁﬁﬂo‘? (Fe SRS ,’dgﬂgg Eéﬁfcﬁiﬁbﬁ)éoﬁi"&%),ab?clopentanol,

ols having 1 to 6 on atons, nore preferably

g e N Y I R
sohirt s iHIE e SRS R4S EHATBII e BegRe) Comers)

al i phati c nonohydric, al cohols a eﬁmat h n?I and
ethydgxilabexanal r{meﬁg).n@"whxleupﬁ? %f"a'b?ale I8PHIE) | n
~ the process of the present invention, a catalyst is
5 diethylgyclehexangt tisomers), phendayelchexarel (isameys), benzyl
colum. The nethod of meking the 20 catalyst be

alcopiodsphenetiyy balcohyoings bodkrshuphiemyiproparsal, (isomers), and so
exanpl e, of a honbgeneous catal yst that dissolves in

on. ! IFurtie@ahbes, these dliphigic mienohgdeic altohwidirhagrise
the catal yst can be made to be present in the liquid

subf’(ﬁgﬂédi Wfth@uf)&ﬁﬁiéﬂt% §i;ghidd AbISgeRs! YoWePlkeffigidups,

catalyst into the reactive di stillation colum
u 0
cyariG il HikexaEatboh P afaiss JanfiokycarbBhPBREARS, acyloxy
under ,the reaction conditions, the catal yst can be
10 groyps;cangd ’Hg’%PE‘%‘éRF- in the 16 A0501 VP76/ KAN reaction
system by dj.sposing the catal yst.,as a solid in the
;b ueh alizhaRcihoseruatin contls Hieh e AgPIy uged are
be used in conbination. In the case that a horm%ene us ,
alcafmlgIavinigs1 dork ioRrbes gtames, imete praterablyaigenols having 1
distillation colum, the honobgeneous catal yst may be
to 4fearbon %on@dtmememhanwhetlwool.cprma;fmiaetlléomﬂfﬁdr and
the aliphatic nonohydric al cohol, or may be fed in at
butandgli {i§ ermrs)podnt thancasetdfeusireg ethylers earbdnate or propylene
15 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

20 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

25 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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jon actually proceeds in the distillation
Aosogg?ﬁ?rﬁﬁﬁwa region below the position at which the

catalyst is fed in, and hence it is preferable to
feed the catalyst into a region between the top of the
10 colum and the position(s) at which the starting
reacwrféyaién%;f disfokihg tHéAalydtyss avelidin Meseattive
at | east 5 stages, preferably at |l east 7 stages, nore
- f t t i At i
distifiafi 88lumf, thESs mEnakETRay HpIpYsed o Unbhidtion.
must e present .in,at S e
edbi ™ BpgEalat 4 s8inoG8RboRiercdf Tt Y EoBiYdt fed into
stages. A solj.d catalyst that al so has an effect as ,a .
the taadtive distilAtion; SolymB, tBR hasnaaRnARHSEalRYEY maY bR fed in
catal yst used in the present invention, any of various
togedhenwith shrrex@lic carprnate @ns/esthgealishaticenananudris
the catalysts include: 20 alkali netals and al kaline
alcobalt br meawlbe fedlinast aidifierent podition topthestacing materials.
rubi di um cesium nagnesium calcium strontium and
The ra@iction basislly proeeeds of the ldisiillatibal soumnainkalregéon
earth nmetals such as hydrides, hydroxides, alkoxides,

beloW Yhe8Xpd§itiorP At wiiTcHCEe 2atRFst s FeaDPY isd tlerrdekitl iis
metal s and al kaline earth netals such as carbonates,

pref%kég;{xﬁﬁ'%.@ﬁ' th dafi R0 iAtS S ﬁa@éhtﬁ'etﬂ?ﬁoﬁ%ltop of the

ertrary anrnes such triethylam ne,

R R e

Thons G PHIASIS ar et B 5 S48 Brarapapyat tosst 7

pyridi ne, alkyl pyridines, quinoline, alkylquinolines,
stages g@ofs| wrﬁf?r%lp%«/at {oast ﬂg| $1382S. acri di ne,

al kyl acri di nes, )
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:

atkali metals and alkaline earth metals such as lithium, sbdium,
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 aikali metals and alkaline earth metals such

as carbonates, bicarbonates, and organic acid salts;

17



A050qf$9 ﬁ&{,@l i ne, al kyl phenant hrol i'nes, pyrim dine,
yfl m di nes, pyrazine, alkylpyrazines,

triazines, and al kyltriazines; cyclic am dines such as
di azobi cycl oundecene (DBU) and 10 di azobi cycl ononene
(DBN); thallium conpounds such as thallium oxide,

thadftip Ech@%Ssucﬁ% tri SEAYVIH ARSI Qﬁbmf‘@midéntnhexylamme
carbonat'e, thalliumnitrate,” thalliumsul fate

and Prgﬁge!l ?E&ﬁm acid salts; tin conpounds such as

yti'n, trlbutyl et hoxytin,

g: Eh%b?ng?tﬂ%ﬁlﬁg h%@ih?ﬂ%&é@%@ﬁéﬁunds such as
N-alkURRITAES, N AKHRScLE hy PROZIRsS: B- Do KRARIB RS

such as di net hoxyzi nc, diethoxyzinc
5  N-alkylpyrazede sx9xpatazeles, Awsidiory Alkylpyridinasiguimoline,
conmpounds such as al um num tri nmet hoxi de, al um num
alkytqu|nshme@posoqamahnleaau«ylmmumobme&|am‘ldtna aaikyhacridines,
conpounds such as tetranethoxytitani um

pheh@hiraetine vélkiydphenanthatolims g, pytimidirie|nalkylpyrimidines,
di chl or odi met hoxytitanium tetrai sopropoxytitani um

pyratdlﬁénb!l@lﬁ‘}?éﬂir%s aprhZdihbaniamd aneliriasimeyiate; 25

phosphorus conpounds such as trlnethylphosphlne

K BB S BRI (050) e
10 dia%ﬁ’l%ﬁ%%ﬁ]ﬁ%ﬁ@%@ﬁgﬁrqummhgla: |dg§s _an_d _
rhﬁa?tﬂ%@”‘éae#&g"é? UG B 8 o< Bl natices.

él acetonate, zirconi um al koxi des, and zirconjium
thalligy yeroxideyainadlium earoenata maﬂﬁua% iatesthallium sulfate,

exanpl e | ead oxi des such as PbO Pb02, and Pb304;
and thallium organic acid salts;

tin compounds such as tributylmethoxytin, tributylethoxytin,

15 dibutyldimethoxytin, diethyldiethoxytin, dibutyldiethoxytin,
dibutylphenoxytin, diphenylmethoxytin, dibutyltin acetate, tributyltin
chioride, and tin 2-ethy|hexanoate;

zinc compounds such as dimethoxyzinc, diethoxyzinc,
ethylenedioxyzinc, and dibutoxyzing;

20 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,

25 phosphorus compounds such as trimethyiphosphine,

triethylphosphine, tributylphosphine, triphenyiphosphine,
18
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I fuy des such as PbS, Pb2S3, and PbS2; |ead
A0501 such as Pb(OH)2, Pb302(CH) 2,

Pb2[ PbQ2( OH) 2], and Pb20(OH) 2; plunbites such as

Na2Pb2, K2Pb(2, NaHPb(Q2, and KHPb(O2; 10 plunbates

such as Na2Pb(3, Na2H2PbO , K2Pb(Q3, K2[ Pb(CH) 6],

T

| ead conpounds such as
and E'Jég@éﬁ@ﬁg 'SV‘W%@”% Pb(OPh) 2; |ead salts
ani c aci ds d car,bonates._and
thé."é: Hufn, omReuitt Searo2ent imdiglges el onium
OCOCHS)ZPbO 3H2G, organol ead, conpouynds such as

acets@nﬂionﬂ%gpslw&mpﬁtﬁ mﬂgﬁﬁsﬁndvﬁy nym Pﬁ&i%*ﬂ

Bu3PbCH, and Ph2PbO (wherein Bu represents a 20 buty

gr depd and leadrepniaiaing canpeupdsgfet gxampleiead @%des

such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, and Pb-Sb; |ead

suchrasdPblDs B, mci;ﬁ’lbama;;and zi nc bI ende; and hydrates
of such | ead conpounds. In the case that the conpound

usggdadi sififideessubhasPEs, PH,83, amidPbd 2 0feddhydroxides such
reaction, the reaction mxture, a reaction by-product

as PGH (OHfe beg@ﬂa h?z-cpwm*@“’?ﬁ éﬁaq:%g%lﬁm in

ormgeneous C Wher eas A0501

h e, .
OB A4 SyEH) SE0gt NOBOL ah P

F th |
hzimaﬁié%{?? shby g S%tﬁ!? Ef%%t‘a@nzﬁe%% HalPh(QIDs.
d tart t | of th
KeP Bt G Abb Do arEhBarOm xture, a5 reaction
by- product or the like, or by reacting to br| about
di desducahonatas anerhasic, saly!ﬁ thesRahsich PEPs and

ani on exchange resins
2PbCO3-Pb(OH);;

alkoxylead compounds and aryloxylead compounds such as

Pb(OCH3)2, (CH30)Pb(OPh), and Pb{OPh)z;
| lead salts of organic acids, and carbonates and basic salts thereof,

such as Pb(OCOCH3)2, Pb(OCOCH3)4, and Pb{OCOCH3)2'PbO-3H:0;

organolead compounds such as BusPb, PhsPb, BuaPbCl, PhaPbBr,
PhaPb (or PhgPbs), BusPbOH, and PhaPbO (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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AosAlAVBRgKAt i ary am no groups, ion exchange resins
avi ng am de groups, ion exchange resins having at
| east one type of exchange groups selected from
sul fonate groups, carboxylate groups and phosphate 10
groups, and solid strongly basic ani on exchangers

in thleaya 86 tHBRtRENCI M podtP dbe® 6D dPsSs GlyeSthBadempeunydean be
solid inorgani c compounds such as silica,

usecFE's@%‘cﬁid%Ffﬁlgsﬁi | GR1EENBES 2it i@ é'@d“??éférﬁﬁ'i@% use, as a
gal Iicate va

aI:um S , various zeolites, I ous
hom?@%ﬁe{o@@?Eéﬂeﬁﬁg&zlﬁﬁ%'sé{ﬁf‘%@%%é‘ﬁlﬂéﬂHg‘a‘s??ﬁéf@%gﬁgmpmd as
sbo i e Sy B PP Kot A i, =
exchanger havi ng quaternary anmonj umgrou S as

reackharhRigeraértor the diks. &ar brdeastingt Mil?@ abayt, digpajution.
basi ¢ anion exchange resin having quaternary anmoni um
gr dupdhasmexeh ey exphanger2sushas ainios exhange yesins
basi ¢ ani on exchanger havi ng quaternary amoni um
haviggolgrsiany amahagyeoupsolipn,exchiaage iresinamavingrainéde groups,
supported type strongly basic ani on exchanger having

ion awaﬁsnParnesaﬁaumwﬁggapte%ta@ne'ewpba@gax@ham@@ gfeups
strongly basic anion exchange resin having -quaternary

seleRER oM gﬁﬁﬂﬁﬁtéﬁrﬁég%WWMQ& gf8hp§>aiPiphasphate

styrene 25 type stron basi c "ani oh exchange resin or

gronp{ée, éﬁ{i)e/sqgﬂfspr% Igftﬁiﬁ@ Anick E%changers q{ﬁi%ﬁvat%wary

r'ong asiC ar bn exchange resin rs a |
a5y AU B 0 A e 0Ll s suon
as TR bl B i et SRR e oS

~schematically represented, for exanple, by the
silicate ) vl oy s sealites. wrinusHmetpl-exchapged zeplites; and
ammonium-exchanged zeolites, and so on can also be used as the
catalyst.

As a solid caté|yst, 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 gquaternary ammonium groups as exchange groups,
a cellulose strongly basic anion exchanger having quatefnary ammonium
groups as exchange groups, and an inorganic carrier supported type
strongly basic anion exchanger havihg 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
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O,,,--CHCH2-npt- CH2N(CH3)3 CH2N(CH3) 3
A05cﬁe\%?£ﬁ(,4@ ny--CH CH2-CH- CH2-CH % (type Il) OO .
-, NCH CH2-/ - --- CH2N(CH3) 2( C2HAOH)
CH2N( CHa} 2( C2HaOH) Xe X wherein X represents an
anion; as X, generally at |east one type of anion

b éeér%heééhs B resth-halihg alcopdiypver of8d¢rend d¥d2 |
asl 0 ﬂgr E%e 1% ar?da(glos i's I-uged,s)zrprr:eferabl y

diwméﬁiéhe(%géi )K‘}%?eﬂ i il Yt hadi ﬁ%%ﬂ%r?ﬁ?ﬁ ammonium

reover, as the struct e resin

r L al 0
arof e ['BLTpE ks SEendnde arelfis. %i%?arf‘ﬁe REpeppsically
bei n articul arl e bl e due .to e organic
reproaeOtat. [eipXpaRIE. B¥F 1P APURWRG TRAMWEipl o of a
cellul ose strongly basic ani on exchanger having 21
A0501 VP76/ KAN quaternary ammoni um groups as exchange
groups is cellulose having -OCH2CH2NR3X exchange
groups obtained by converting sone or all of the -OH
groups in the cellulose into trialkyl am noet hyl
Cldre CH2refHserCHam=CH—GH2r—et ™
Jropyl, butyl} or the likelis 5 generally used,
preferady nethyl og~ethyl. Mresw X represents an

gani c FAr 1 supported type (type I)

®

® : CH2N(CHz)3
CHzN(CHa)s - CH—CHz—~"— X©

_\_~—CH—CH2—CH—CHz2

@ (type II)

® «~n—CH—CH2—— CHzN(CH3)2(02H4OH)

CHzN&CHa)z(CzH‘:OH)
wherein X represents an anion; as X, generally at least one type of anion
selected from F°, CI', Br', I, HCOy', CO3%, CH3CO2", HCOZ', 103", BrOy',
and ClOj is used, preferably at least one type of anion selected from CI,
Br, HCOs', and C0O3s*. Moreover, as the structure of the resin parent
material, either a gel type one or a macroreticular (MR) tybe one can be
used, the MR type being particulariy preferable due to the organic
solvent resistance being high.

An example of a cellulose strongly basic anion exchanger having
21
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havi ng quat ernary anmoni um gr oups as
AW@@EZ%@'&OWS that can be used in the present
i nvention means an inorganic carrier that has 10 had

-Q(CH2) "NR3X quat er nary anmoni um groups i ntroduced
thereto by nodifying sone or all of the -OH surface
§ AN b8 g8 RAYi
U T L o s PSSy e
-ef = f i QAN
-0 X e oFgubE UBlatiod oy BEVaRBR e or ail o

alum na, sI ca-a

e o7 drBypd s sEunhad Vi iy botngifhUborpuppn, Here. R
reprigeata e AIYATRP. o abL (54, PrY G L o7 e bisgiis

groups of the inorganic carrier. As the solid strongly
geneealix useidopreferablyemethyl ag athxl.cr MeRpovafshrapfesents an

groups as exchange groups, a commercially avail abl e
aniognas afovey be used. In this case, the ani on exchanger

may al so be used as the transesterification catal yst

af t&n iherggnksiBaedeed upported dypbastyengly basic dationed
ani oni ¢ species in advance as pretreatnent. Moreover,

exclRaf§bt %éﬁhgldéétem@wiérhﬁgoﬁ_mqgeu@si &5/ éMcHinge groups that
gel -type ofganic pol yner having bonded thereto

can ﬁ B8/ H %I?e q:fr%'égﬁtG?ﬁGQn‘?i%nCﬁ‘iEaﬂé‘h?lgirﬁig iaﬁ\gétcbégﬂ%é fhat has

rogen atom or an I norganic carrier

nad 81 GH) ARG S Sk AR R ) g i oBlgetPereto by
modfip@csamesor 2158l ths o b Futtacy tuERucae dhe afth

. these nitrogen-containing heterogcyclic groups, have
inorgagic Catviart ed-lefﬁ,oRaanal)gtaéen%eﬁl@Q@be&ﬂ- bd? is generally an

~ simlarly used. Note that a solid catalyst such as 5 _

integarifoomel disaigerefanatdy yv=a2t &xampiexiaidheninarganic carrier
present invention. The amount of the catalyst used in

inclubde gitieserdiuminantsidcayvalumdna, dédpeinaj agzewliteheor thp lidke, it
the catal yst used, but in the case of

being preferable to use silica, alumina, or silica-alumina, particularty

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 quaternary
ammonium groups as exchange groups, a commercially 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
22 '
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Ao&gfg&,zg&ggﬁl y feeding in a honmpgeneous catal yst that

inthe reaction liquid under the reaction
conditions, the amount used is 10 generally in a range
of from0.0001 to 50 % by weight, preferably from
0.005 to 20 % by weight, nore preferably fromO0.01 to
atoni?:a:ﬁ] %Ys d"‘i{eg??efé?’%blﬁ LEre‘EPgEtt'h@tr‘éfnsté%@eﬁﬁfc@ltidwwﬁlyst.

| c%/c I € carboriate and the aliphatic monohydric
Furtflie, o $o! QL BiIEL BT FitkBrserel Abar M ot "
it g o Bt S TR A5 0h el poealb 968U e, =

nore preferably fromO0.05 to 60 vol % yet re
quatarersy &l carvhecsimilady aseamd) oNalgskhats s{fvﬂg gAtalyst such as
colum volunme of the distillation colum. Wen _
an ioprexchangey Mmagdilag acicas wcppekig bothecpianant: mvention.
continuous multi-stage distillation colum
corBhéetarmonmttdfetrecaatalyst 2@ edi it the giresent dhyention varies
the present invention, it is inportant for the cyclic

depéﬁﬂh_@@?ﬁrﬁtlﬁ@ tbFef@ﬂtﬂ@t_@t@ly&wméd,eﬂustmme case of
Specifically, the starting material cyclic carbonate

conﬂn]dﬂ)iu_ ?¥ ?QBHH@?#% hondgeqEead ¢aflyéhthatCiF'sdoNessn the

st age ation columm from at | east one
' ty: Qr-Qvi t : proy g r
readifb RN 88 hE BRI o GhA0MEAOLAF bR 6
the, (nl13)th stage.fro t fod he caontinuo
gensapy 1874 gangecst front OB v hBY FENNEAErrapty from
ensure that high 23 A0501 VP76/ KAN bojlin [ .
006515 cAM % Rt MOTE, BrateraBhh M) Gt D t by weignt, as
are not contained in a colum top con‘gonent I n stages )
a praperéioref ¢heltotal waigbhef dhergyelie parkepatejand thg @liphatic
there are preferably not |less than 3 stages, nore
monrheydriataigohal deddnsasndbe, stpstingomatprigier aMgreover, gn the
stages, 5 above the cyclic carbonate inlet(s). A
caseysf usirmpEbooHt ecatabfstriastalledeaa the tistilpattsprdolumn, the

invention is one not containing a hal ogen that has
catgen i 96 psb Wi 88N AR&EHOONt 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 émpty 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 in.to the
continuous muiti-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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or exanple, an al kyl ene oxi de such as
Aoscge}{e?gﬂ@ XI de, propylene oxide or styrene oxide and
carbon di oxide. A cyclic carbonate 10 containing small

anmounts of such raw material conmpounds, the diol, and
S0 on may thus be used as a starting material in the

boiiiis%g;eéﬁmt é&\ﬁ sPBhté@ tReE&Rc bEVﬁ@ﬁéi@antdehe lel are

tlngrraerl I phati c nonohydric al cohol
vo G B8 0B B SPTRrAD, i Shive o e

al i hatl C no ydrl c al cohol and th

carbRgdlg St ST Fon s SRl T B tably N9t dpss than 3
nonohydrlc aIcohoI haV|ng this dial kyl car onat e

stagesniapre infeferablyet dp 19 3a0ess ved 'EQF%%? %‘a&? to.§ stages,
nore preferably from2 to 10 % by weight. Wen

abovarthyi eyclimcarbenptedelat(skacti on industrially,
besi des fresh 20 cyclic carbonate and / or aliphatic-
nmonaleydiicccatboriate peederably usdubdthe mresend ingeotiomis one
system nmatter having the cyclic carbonate and / or

not bbﬂtamlmgfaaha%geﬁqhmrhas dleeohplodgcad throughmeattion
thereof recovered fromthis process and / or another

betWS8RCRST BRANFHIR 4IF alkAEAEABLIAISAen S0Tethiforfs Bxiteg

mat et i al s. is an excellent characteristic feature

pro;&leh%eogﬁeoﬁ?sﬁ Feﬁé“b@ﬁﬁb%a hadrblo aldﬂdBOSSA@g‘EhcA@arbonate

process IS a process In wh

r carbonat e ro Q 2
confgiBig 5 ﬁwea S AT ﬁ*aﬁ"ﬁb%iﬁddﬁhﬁﬁb%ﬁe%yd'°' and
ound the aliphatic hol
so a5y MAbd0UaDEE head 857 statinaateriali B Pf?ﬁ8n9 invention.
recovered by-produced aliphatic nonohydric al coho
genky the ypregent inwenting, dﬁm Kiartipgr Mﬁf'@l admha*tc mgnohydric
been discovered that in the 5 case that the content of
alcahed miusitlodntain horearange efnfrem dnte 18s%abyweeight of the dialkyl
excel l ent effects of the present invention can be
carbehaty basethen thectotal edeilgnt ofolhec atipalatichatarohydric alcohol

nonohydri ¢ al cohol may further contain
and the dialkyl 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 ha\)ing the cyclic carbonate and / or the
aliphatic monohydric 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 excellent 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 .
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h i ¢ nonohydroxy conmpound, an al kyl aryl
A0561tﬁp?éﬂ% anounts of an al kyl aryl carbonate and

the diaryl carbonate, and so on. The 10 by-produced
al i phati c nonohydric al cohol may be used as is as the
starting material in the present invention, or may be

carbéiffteddnd 'h Frahiati@ maﬁbﬁgd%x?fdcﬁﬁ shAdanREnsliphatic
cont ai ned matter having a hi gher b0| ing point than

monUﬁS« f%%@l‘%ﬂ FPQ@‘%S&' gﬁ;%&@fﬂﬁb @ﬁ%@@@\%&ﬁ%@l‘i&%covefed
i SRESVAIRE R AL ERERAE BB e M By

contaasahe HIAIRK. Farponats oy hﬁbﬁ’%érﬁeaér%%?ﬁq‘i@\'f%recbmﬁ# i the

nmonohydri c al cohol to be fed into a specified stage.
casespbat thegontentpfithe gialkyhcarkosate én iniheans 25 r‘@ove
material aliphatic 20 nonohydric al cohol nmust be

exceldani affects ofi ther pdesent innentibe caombenacbieved. The
multi-stage distillation colum fromat | east one

recovered pygyicthscdrtaligdratic neofohBdrichalsobgd rhagnfurtteer contain
top of the continuous nulti-stage distillation colum

the éﬁtﬁin{dtﬁ:: h?é‘ﬁ@hyar@i)r‘%rﬁ;ﬁaﬂhﬂh%nt akyfaryh@tRent smgslamounts
mul ti -stage distillation colum. It has been

of aﬂ'é ed’rg g‘?ﬁbnaﬁg%ﬁ;%érﬁa | @Qﬂic? ate tiﬁ’é‘%@@hlc The

al co as ft starting nateri present

or 4GRS SR PR 5 R i A e

resent, i nventjion ca

starBngE atesa Briey RS o8l LIVRRTTRI of (asy e Birelf gehe starting

within this specified range. ,More preferably, 5_‘
matara%rﬁaﬂ%t%@dn%m @fém%neﬂsme&w.hﬁmg s higher boiling

i ntroduced into the continuous nulti-stage
pointi than theialip katicmmonpbydsic aiqc&a@lth@s\@aen sedpeed dugugh

between the (2n/5)th stage fromthe top of the
distdtatiomuwautheriikel - st age distillation columm and the

(3n/5)th stage fromthe top of the continuous

mul Whéh agmtihgs Uslyafd edfingothemaliphatic monohydric alcoho! into
the continuous multi-stage distillation column constituting the reactive
distillation column in the present invention, it is important for the
aliphatic monohydric aicohol to be fed into a specified stage.
Specifically, in the present invention, the starting material aliphatic
monohydric alcohol must be continuously introduced into the continuous
multi—stége distillation column from at least one inlet provided between
the (n/3) '" stage from the top of the continuous muiti-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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h ,ng materials are fed continuously into the
AOSc’ll:‘i gF?ﬁM#‘on colum in aliquid form in a gaseous

form or as a mxture of a liquid and 10 a gas. O her
than feeding the starting materials into the
distillation colum in this way, it is also preferable

the progik¥ Hwﬁtféﬂ ddifBel acﬁimays'namgtthegam@haﬁbal
Intermttently or continuously froma Central portion
: et Lt
mongfirls, Bledhaf bt RTH] I Lpade i NS e finge.
th l,i bonat e, .i ' f '
MorpKjarar 5 (6P Sangtip npAahy AR Bleris Fehfdeusiy
f the, distillati I . he, [ n_whjch
intratuced iaia, e iconiasent Ml stats QISTURNETL SRENBR, PR o
al cohol is continuously fed into the distillation
leas¢ sinaninliet proyided hetwaen dhe (2rdp)a stage fromythertogpf the
at least one inlet provided in a stage of th
continsoiik| multivstageudist daties colbeoh abdvthe TBBISZ)%‘ stage from the

starting materials are preferably nade to contact the

top eftBesontinueusaguiti-stageadistidiatiord colages, preferably
at least 7 stages, nore preferably at |east 10

st apRa staftihgematsfiald ark FedCObHITAUCURIY et TS Riistillation
invention, a“ratio between the anmounts of the cyclic

cohﬁﬁ@ﬁﬂﬁgﬁﬁﬂ‘#&rw igﬂségqhg%c}@maﬂhy%i &s d RARAIrd 8f a liquid and

eact1vé atron’colum varies
accordin the t.vpe u . T
2 oY anCibBE than. e e R BT in et it dhe distitiation
conditjions, but .a nolar rati 6 AD501 VP76[ KAN. of
colTRE TR NRAIAE. iR ipt: PoTar 8Bl fodAaonE b 4ot iR a gaseous
carbonate fed in is ﬁenerall_ in a range of fromO.01
startingl oGt eriatdterritienily reconiinbpusiy. from a &esteal portion and
conversion, it is preferable to feed in the aliphatic
! ormimigdpiartionm obhoe distidationceelumon. atMosasvep, anpthker
the nunber of nols of the cyclic 5 carbonate, but if

pref@rabl®uneétiodd tibored iphlehich thenclglici cardoretel isusedtinsiously
too great, then it is necessary to nake the apparatus

fed liRrDAGUIdF6rHU6N a §88TaNGuId xed! fairnT dtticoaadtalgeeof the
al i phati c nonohydric al cohol to the cyclic

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 iniet
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 disfillation cdlumn.

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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AOSWV?’?B is preferably in a range of from2 to 20,
nore preferably from3 to 15, yet nore preferably

from5 to 12. Furthernore, if nmuch unreacted 10 cyclic
carbonate remai ns, then the unreacted cyclic carbonate
may react wth the product diol to by-produce

of i bUPFRItic FiSMoRydacigbhodtoadhle’ tyElic carbdnataded im is
i ndustrial inplenentation, it is preferable to reduce

genépﬁhy A PAn % A ¥r At DEE1 Q6CH 090%?1@%’?“?0ﬁﬁ&?éé‘éé‘ghéscyclic

much’ as posstTble. I'n the process of the present

cartdie, E8fvefRiSR,l 1§ BFeftatips fed 1 1ReldipHati& thonohydric

e to be not ess_th 98% npref erapl ot les ,

atcofiincySxnges of 81 dpash ¢ Hees A€ UmBRY 8 TonlS B, tpe cyclic
i's anot her.  characteristic feature of th esent \

carhanales i, if|an areoynte&ihe; a]k»@h@tlednowiwfé%@c%?l used is
less than 2 ton / hr of the 20 dialkyl carbonate is

too gomal,theusityispnedessary todnakeaithenappanatusiangasr. For such
cyclic carbonate continuously fed in to achieve this

reaseng)ethes atdharraicPof dhe dliphatiprmbaphlyidyi alcoheloto the cyclic
hr, nore preferably 2.0 Pton / hr, relative to the

carbuwale iPpréfarabliin #rahfe &f o2 eedmnaoeetprefarably from 3
produced. In a yet nore preferable case, this anpunt

to 162) RemBPEDricde Pebiverom Bt 429 PFLPtherdfore, WF - mitf udreacted
ifl"ustrates an exa _Ie of sche_matlc drayvl ng of _the 27
cycl@%?%%gﬁog?é Kahth S 'tﬂlé%uhéglﬂ}ﬁg'gég@?ﬁlﬁzt EAtESh & may react

carryi ng out process
. di 1 ' i on. the .. .
wir 268 ot bl o RERTBbubEERABRen i A S eimacer  wimer.
the present, invention conprises . a tray cql.unm type
and fianbe (18 nGstaRL iR ttion, it {5 Reetpiatig, o fduce the
pair 5 of end plates 5 above and below a cylindrical
amaynief pereasted ayslicngatponateyfemainng agndhush agegsible.
di aneter D (.cm, and having thereinside an interna

In the torcxessmbbthefpresegpdsnuentiaing everihthe @iove malegyratio is
havi ng a ‘

‘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 carbonafe 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
27
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A0501 ‘ﬁP?biKA(NOf hol es, and which further has a gas outl et
1 having an inside dianmeter d, (cn) at a top of the
colum or in an upper portion of the 10 colum near to
the top, a liquid outlet 2 having an inside dianeter
d2 (cm at a bottomof the colum or in a | ower

contheubdiismaftitstageadistitiatioar cotumnhforboatrying atut! thes production

one first inlet 3 (a, e) provided bel ow the gas outl et
prockssPSEBBRAiNG o Bhé preagntfingentitm.t ORepl, thE continuous
continuous .multi-stage distillation columm and the
A h . t: i 4: .
mulfiHiEbE HISARTIC REIAR,BRufd HAREPr SRt fvetion comprises
second_inlet 3(b.,C)._and 4 V] .
a trgf ERmpL biis BSgubtielortunt Frnith o813 S ABTE haliRa a pair
top of t ont i nuqus | ti-stage distillation colum
of eBiplaies (5 abaNenand, BefBW Ay RETEA) Tk ROTEGR { HiAYiDe 2
nmul ti-stage distillation colum, and noreover nust be
lengthde (ea)sand Sy insideodiarsten D (49) sangshawing: therainside an
20 carry out not only distillation but also reaction
inteenalt withsameumibes afostagaon, saidbntetnalgveing @ tray having a
preferably not less than 2 ton / hr of the dial kyl

pluratitpofdicieancnd whiphdettedr hascd gasseutleart ha¥ingran inside
hr of the diol stably for a prolonged period of tine.

dianhBiér 8hakrf) & altdp bishe BABNMERGR i QReup pebpdriientobdfhe
the continuous nulti-stage distillation colum

collﬁ'ﬁﬁq{éjépgottﬂe%%ﬁ?li&h@&%ﬂtlét”!%&iﬂgaﬁ"iﬂ_sﬂf‘é““d?aHbﬂer d2

arrangenent of tray stages is imted to that

(cmi%?}'gllpisoﬁsdgjg%ﬁ (;r?elz %ﬁ&@?\i\oar YF%M&%& r iti%ﬁ?t?l{f%géolumn near to

n-col umm  acc
resent invention sat, sf,i ot _only conditions.fr
the BOSC, &3deaston Frsbminf S (1 of Poividit belgW yid 88 outlet 1
rather thgse conditions are combined wth corisi tjions
betwegpi thei3sostagehiamihe tepafithe protiBreus: BWY-3Hade a
~ high 5 conversion and high selectivity, specificall ){
dist{llgtiemealemn mnd (hen(nfkt stage Srom: e top afl the epntinuous
2100 <_ L 5 8000 (1),
multi-stage distillation column, and at least one second inlet 3(b, c) 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 mulii-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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7?:%(5 i de dianeter D (cm of the col um nust
Aoséﬁ}lirjs y tﬁi formula (2); 10 180 5 D 5 2000 (2), (3) a

ratio of the length L (cnm) to the inside dianeter D
(cm of the colum nust satisfy the fornula (3);
451/ D540 (3), (4) the nunber of stages n nust satisfy

t heTheréahan(dus mihﬁiﬂélEPéld&tKII@tior{ eplamraacoondinghto the

i nside diameter D (cn) of the colum to the inside

pro R i Al ot Sy SyblBlor i o of e

s ARG Bt B Bl g wi
conbibE LT HE A R e R e O, e i

of the column near to the tog,"_ used in the present
conygysien aRdnighs selretiviby.: SRS 'ffP:(ﬁﬁrWt-he top of the
col um downward as far as approxi mately 25 0.25L, and
t he(t)ethe lengthbs fasm musheage‘mmeaprmaﬂdv}ér
portion of the colum near to the bottonf neans the
portion from th2100t< ik B00Ge 29 A0501 VP76/(AMN
colum upward as far as approximately 0.25 L. Here,

"L" (2ptefihBRiE asameler ® (tin)hebtieeeonlwinscmuestesatisiy the
by using the continuous nulti-stage distillation

4yt hat sinultaneously satisfies the formulae (1),
f°”?9|)',r(?§) 5 (4), (5) and (6), and in which the

e hya APy prgeneienate and o PR
Sheqs) anthtid YHIRG GG £ e RY the MEJP LAl D T8m) of the
column must satisfy the formuia (3);
4<L/D<40 (3),
(4) the number of stages n must satisfy t'he formula (4);
10 < n <120 (4),
(5) a ratio of the inside diameter D (cm) of the column to the
inside diameter di (cm) of the gas outlet must satisfy the formula (5);
3<D/fdy<20 ' (5)7, and
(6) a ratio of the inside diameter D (cm) of the column to the
inside diameter d2 (cm) of the liquid outlet must.satisfy the formula (6),
5<D/d><30 (6).
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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AOSO&}I%WM aining a specified amount in a range of -

15 % by weight of the dial kyl carbonate as
the starting material, the dial kyl 10 carbonate and
the di ol can be produced on an industrial scale of
preferably not less than 2 ton / hr of the dialkyl

co!uﬁfﬁ E’I? Are 3§Cfa/r &5 apl?;:rrﬁf(ﬁﬁapébﬁ 0@5 LeSSthéﬂ“ll” fs deffirfed as

a high conversion hi g
aboﬁ%ﬂ ectivity, and hlgh productivity stably for a
prolonged period of tinme of, for exanple, not |ess

ol 83 3@?%3”@3%932%@ tﬁ%%’h)’"@% 1§ fetiindois Mpitizstace

he cycljc onat and th at i nohydr
distilafgrbfolume Sheounfs SabhBHa *%E%.fﬂlyiga i, 2), (),
produce t he dlalkyl carbonate and the _diol on
(4), [&bas\ﬂr(%)l andiin which the stasting reateréak gyelc tﬁ?fbmafe and
i npl enenting the process of the present invention is
alipmatic cheachykuic aldcholsindetspasedespesctively within the specified
conposite effect brought about when the above

rangddebipibe daboveEmE thordvadreuairig anaaliphatior mamohydric
respective factors are described below If L (cm is

alcoh@ﬂ‘%drhéfhl%bog sp&Eif e 8nfoUMEIs Aatarifs b Fpem #1td 15 % by
hence it is not possible to attain the desired

h
wl USRS e gy ans darhggPnitnal iy ik

conversi on

AR AL A0
oro 545 b3e5EMRrL 25t/ P 3R AEIRY, EROIBIL oh 7S

f bl I h
prefEBSbﬁéSmE%sttaaa% S hon i aLahe alof ot e‘}aﬁéwlsﬂmrs-on

Moreover, to keep down the equi pment cost whil
highaseks afivity.: and drighr peogulavidy issabhbona, pmlmgedogeﬂod of

made to be not 5 nore than 2000. A nore preferable
time ofigforf exaMglemndtde28tarD1000100Qrs, preferabdy qaotphess than

800 being yet nore preferable. If L/ Dis less than 4
3000"h@ueAt RbrehpreféPabihabt séedlthanp®0o0itesurs, 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.

If L (ecm) 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)
30



10

15

20

25

pfficult. In-particular, if L/ Dis greater
AOSCBE‘\ZE?E , 'then the  pressure difference between the top

and bottom of the columm becones 10 too great, and
hence prol onged stabl e operation beconmes difficult.
Moreover, it beconmes necessary to increase the

is 23¢omer at "o%d Nwithe25 L @qdoo)aemﬁgtm worepreforsble.

ence SI reacti ons econe |liable to occur, bri ngi ng .

ﬁ#p f'crﬁ‘f‘i%fl@%@ b gsf_ﬁ%gﬁt |'t‘1’,§8%t m@aﬁ%@e ﬁbe§a%ﬁgltﬁe
cosba B Lo IR ozrz»gas/seraia' eéh;é‘%"fﬁﬁet@"ﬂ‘%“‘

possi ble to attajn the desjred
whilgeziaining the fegpedipipdyriion tbc
securing the conversion enabling the deS|red
morertbanc200A. ardunere preterghlgi range fords{cmd 1FR0 oDpg 1000,
not nore than 120. Furthernore, if n is greater than
with1200 ¢ Der 80@ heingsyetnmiiredpfdiarabée. bet ween the top
and bottom of the column becones too great, and hence
pr af enpedisiedd ehanes origrediecohan 40 thenlstable operation
Moreover, it beconmes necessary to increase the

becﬁﬁf@’seﬂﬁ’h%hﬁ | nid Barfiewrdr, ROLL/ DNisOfredtes t@nua0, tAsd the
ence side reactlons become |iable to occur, bringing

predRYt 4 fé%%ﬂceeaﬁgbwggg\hﬁé%ﬁ%r% gd(tolﬁ §Ptive Fé'b@uﬁfrﬁb'e%omes

range for n h 40 5 n <

o BT, 485 85 5 A0 bl Bl e s i

76/ KAN Mor eover aseaqus
Morgongsntrkesemasmnersssaridediergas et At Pataiyre insthe lower
system and hence stabl e operation _becones dlf{ BV ‘
porman ofithe columpeand herse sile reastipRs BRSRBRliable to occur,
conmponent wi t hdrawal anount becones relatlvel¥ I qw,
bringinig Fedraiet 8tdatreasseimthesalectivity. 5 Aimere pre erghie range for
noreover a decrease in the conversion is brought

gp‘g'ade‘ to be not

"L/ Bhisus .< B/ Dot Syrwfthrald & rBng@d beily /yet, mosepreferable.

d, 515 with 55 D/ dl < 13 being yet nore
pr effeh adli@ss 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 bécomes 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 / d; is less than 3, then the equipment cost becomes high.
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f is less than 5, then the equi prrent cost
AOSDbe\é%ﬂﬁ}I gh. Moreover, the liquid wthdrawal anount
becones relatively high, and 10 hence stable

operation beconmes difficult. If D/ d2 is greater than
30, then the flowrate through the liquid outlet and

| Moregiﬁér‘?% GBS ESE Y gh¥ebas! compbiiaitcis aiagilpheleased to
econes |1i7ab

'e to occur; bringing about corrosion of

e IR G S5 AR PhSHRea 5305t Bddiforiut
10 P55 er b2 bR e aboPBRs SGaHEIAS, withirafas

and d2 to satisfy the fornula (7); dl/d2< .5 .
amoyRg heaqmeﬁrr@lahgeiy &‘Hb?é‘%ﬂ@é‘ﬁ?i gablaareratia Qewmes
___present invention neans that the continuous
diffigult.t andt mgseaver ia Hecreasednutng sanvepsioseiHpepHEBE about.
continuously in a steady state based on the operating
more @reéfésaivle rande for D datii isgd ot Db elyi 99,5, avidhd nigDof dy < 13
pi ping, or erosion for not |ess than 1000 hours,
being" péEffdey preterbss. t han 3000 hours, nore preferably -
not | ess than 5000 hours, and predeterm ned anmbunts of
t hﬁf D) 3] gl 15 NS tRRA {HE euibniciit Estbedbafss high.
while maintaining a high 25 conversion, high
T . L i o
Mor88LEE end 1iguid WAl SiGhhY bekonfs§ haIAGiEl fldf. and

re o e present 1 nvention is I"a

nend 385l IR bEBRRREISRAe of by 8 BBter than 30,
therpihm il TAls thesudhbedigud Bulldtzia Aib e bitares

than 2 ton / hr and high productivity for the dio] .of.
excegsiveby fashand hene erogion pecamasdiableto,grsue BAGSING
the diol 5 are nore preferably produced in an anount .
about cootosiessof Ham apparatushr A aworenpreferablerrange for D / dz is
ton / hr respectively, yet nore preferably not |ess
7 < Dhada4k &) withrg anD hd 4 28sbéimanyat Gnoon preferable.
- respectively. Moreover,

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

>

further preferable for dy and d; to satisfy the formula (7);
1<dy/dz2<5 (7).

The term “prolonged stable operation” used in the present
invention means that the continuous multi-stage distiflation 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
dialky! 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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aracteristic feature of the present
Aosqqr\?éﬁg{wﬂls that in the case that L, DO L/ D, n, D
/ dl, and D/ d2 for the continuous multi-stage 10
distillation colum satisfy respectively 2300 <_ L 5

6000, 200 <_ D 5 1000, 55L/D<_30, 30Sn5100, 4<_D/d,

carb%%%teaé]rq 1Re ?Eﬁﬁa';h PE éﬁéedtéiﬁfilffér hoﬁrdlohbed period of

pr e erab y no ess nore preferably

timegachof ThAUGH pejettMty ppld R?éf%?@#ﬁ W g BreRitfvity for
the gizikybRaroanals of Kiotdess Biain ot dalwnd Ptlrﬁfeﬂﬁ‘év'tv for

another characteristic feature of t he pre ent
the dinleoft noh less than 1.8 tan/ duse Thadiplky carponate andhe diol

[/ d, and D/ d2 for the continuous multi-stage

are ticte prefdrably prbduceskin anyamespcof vgwesscbgaa 3tgn/ hr
5000, 210 5 D< 800, 75 L/ Ds/

and HbHRs th D9 1565/ tdin FhR respeebivedp596t murd peaferakbly not less
3ton 20 hr, preferably not less than 3.5 ton / hr,

tharm@.rfo r@freéﬁa"r%btrl%fss'ﬁfaﬁ phanof / heRespbEtivkly. heMoreover,
Ky car bonate, and not |less than 1.95 ton / hr,

ancf’rﬁ%I ?ﬁﬁpé tétj_: Zéé Jr%"ﬁf ﬁh@(#r%%e/ntghveﬁ?lfoﬁl 1Y Bh 81 AbkMe case

ess can

pr The ' v int c
thatgh, B ﬁa?@-aﬂuq hehaab Py 4a8 458 *P%@éﬂ?g.ﬁﬁﬁ“g%{".%#a.gs
sed on the cyclic carbonat
distllFiGen [CORIMD REURTE SPSRBRUVE)Y Goibe +asBopia @85 L 1000,
neral I 33 A0501 VP76/ KAN be attain ef erab
5¢< t BErs 97541 0fhr 4 fpl%f&laﬁl&é Sdze b hah éé pot less
I\/breover the "conversion" in the present invention
thamyénbrtain § hrj paeterably nes legs! than 3risshAte. BrrRepERtRTably not
in the present invention it being possible to make
lesd tigan &6 e Ahvorfathte dialkyl sashobataepanidesst i¢9$ tban 1.6
95% preferably not |ess than 97% nore preferably not
tonirﬁsgrbma %ot Mals (e 1pasTermbhy, nmurd pssferbbly not less

still nore preferably not | ess

than 2.2 ton / hr of the diol 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 distillation
column satisfy respectively 2500 < L £ 5000,210<D <800,7<L/D<x
20, 40 snsVQO, 5<D/fdy €13, and9sDIdésZO, not {ess 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 1.85 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. Inthe

present invention, a high selectivity of not less than 95% can generaily
33 '
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is one of the excellent characteristic
A°5°f1r\2{353’3@9'*gf the present invention that a high
conversion can be nmintai ned while nmaintaining high

selectivity in this way. 10 The conti nuous nulti-stage
distillation colum used in the present invention

be affﬁ:fﬁégszﬁer?rtébw rﬁﬂl/l.‘é?% iAe #%t Mo prafardblyThot less than

ays ing a plurality of holes trays as

t he rn Th mt.er

99% nv'xtweﬁx fethel ?ﬂé%*‘%@b i PR 4R rhfbrien Bty

ere gas a are actual ly.br

indigatas Uik cxRbIarDorRtE, Sagretin’ eﬂéﬂﬁ?%{&éﬁ*c\fﬁ%ﬁ*@ it
bubbl e-cap tray, a sieve tray, a ripple tra a

beingappasiblerteymake, the eycligcarbonaia egﬂveﬁ?‘ﬂf}épe %Pf less than
Unifrax tray, a Superfrac tray, a Maxfrac tray 0

95%qumieferabiyt nayless thad B %t enoraybreﬁeraluym@? I%ﬁ%ﬂé@@ 99%,
tray, a Kittel tray, or the |ike. Mreover, in the

yet fiorecpieferabhnhbbiess tham8is%, a4dl dicrei preaftarably not less
columm having both a tray portion 20 and a portion

tharpggkg% Wi Ithsp@ﬁéldfgﬁwe expellen?fcHdractedgtist fegtupes fdhe
can also be use Exanpl es of the packings include a

d.
pregé\ﬂdﬁme‘?ﬁ&f‘ﬁ ‘Eﬁaf’ Hcﬁsgtgggr\vgﬁﬁiﬂ gahl B¥ mairtansédavhile

ring, saddl e, a Inltaloxk saddl e, a
Hel i - P
ma'&a'ﬁ@?ﬁﬁét”%asév%%us B P Gk,
T S Z
pac kPR Gt upuS nBRT-sBag, aEhiagiost BpumPpRe SRR present

of stages n of the internal” used i esent
invanti@nEAIPTERkSS 1oy RSVOTN, by Rl [ALORy ‘éP“Bf'”Fl%‘!/SQ trays

in the case of trays, and the theoreti cal nunber _ of Y
havmgageplumtmmfdm!@%ﬂaygcas tge.inteenalunpEie dera dgdernal

in the case of a multi-stage distillation colum
uselaivi tree lpoebent imegntiontmearentha pacts intheadistidlaliomcolumn

the packing 5 is thus the sumof the nunber of trays
whetedghbeandeiefediaral aotudiey bebughit dgis contact with one another.
Examples of the trays include a bubble-cap tray, a sieve tray, 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
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AOSDﬁO\r/ngﬁ(Ar@aCti on between the cyclic carbonate and the
al rphatrc nonohydric al cohol in the present

invention, it has been discovered that a high
conversion, high selectivity, and high productivity
can be attained 10 even if a plate type continuous

the fitiMberséPaRayd i thé dldseNof otays) amd Whecthadretical number of
internals conprise the trays having a predetern ned

stag.@‘é'mefh%)f:a_s%t@ﬂggcﬂkﬁﬁe packings as a part of

Internals is us the plate type distillation
col [ ' I ls r [+8 ablhied:
FurtH et f <1aBesthihdReledts dr §ifuitE Bagb iR Btion
having.a sieye 15 portion and a doywnconer rtion,.i .
colugiy i g 1goBdaakPartin ARJ & ParLie PaGKBE M tE packing
) rel ati onship between perfornmance and equi nt, cost,.
is thus thes sum &f thecRumbRILOLIRY S ARA tth?etwg&g?%la?umbef of
preferably has 100 to 1000 holes | nR2 in the sieve
stagescti on. A nore preferable nunber of holes is 120 to
900 holes / n2, yet nore preferably 150 to 800 holes /
n2.F @0théreaction betweenbthencyckc marbemateaand the aliphatic
cross-sectional area per hole of .the sieve tray is '

montsidii@Bldoh sl i R ederitinveAtion, ot hasnBeoh diBcovered that
preferabl e cross-sectional area per hole is 0.7 to 4

a higﬂ?chor)’ rs'?‘Bﬁ?hi@ﬁ fkahvityOaPd Righ prBdutHvityccan e attained
t as

een discovered that 1t is particularly

eveﬁé‘?%ﬁﬁl{%ﬁé%@% Egﬁtiﬁiu%xfsl %ﬁﬁaﬁ%ﬁiggtﬂ%ﬂgﬂ%aﬁlﬁliﬁ which

Sl eve po € Cross-secti ona
ar.ea

r hole.is,n ra f fro 91
the fiE8BR, Ofpass thY eV, ptiatsy e, A0 tnel 6t
35 A0501 VP76/KAN for all of the sieve trays,, or
staggy pEANe| PRCKBAs38 2 PAT PRNIRIAGLS 15Usef) Bt She fibte type
. cross-sectional area per hole differs between the
distdiatian codymn in mhich: the iegnalsaredraye indqrefefaligent
in one tray stage may differ between the stages; in.
Furthersnares dt Mag been disduveredsihat & sievieitpay hanisgsatsieve
average value of the total hole area for the stages.
portién asd kedowrsiuoner tpwatiopy isapdrtigulEtty gomdasotindi triagnin terms

to the continuous multi-stage
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 / m>.
Moreover, it has been discovered that a cross-sectional area per hole of
the sieve tray is preferably in a range of from 0.5to 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

26

Aosoﬁmifé)i@&on col um, the object of the present

can be attained nore easily. Wen carrying
out the present invention, the dialkyl carbonate and
10 the diol are continuously produced by continuously
feeding the cyclic carbonate and the aliphatic

for aﬁ‘)&f’ﬂé{&réi&va'tﬁ?_&' oftnAPUiffer! t IAGNERESSbahat th@_tﬁ?]ﬁwlbﬁér of

cgntlnuolus ul st age |st|I]a_t|on colum in whic
vteh e -A5rPOAE b 4 |y it ieve vove,
the toigt hLS Frelcft trn oo esedons el s, BR-HErer

froman upper portion of the olum in a gaseous..
betwesmtheaftages iiAdbis CRsSE: t%&ﬂﬁ&ﬂﬁgth& Hraﬂeﬁﬁm\r%‘wn means
poi nt reaction m xture containing the diol froma
the dvexagemaluerfothe tetal dwlenaraa far thewtages: m it has been
reaction tinme for the transesterification reaction

showaArthia¢ by adding the abeveraxeditidns/tmthercortineoss deubii-stage
to equate to the average residence tine of the

distilla®ield eBlumavitHel 6bjdte giathid presentimvéntidbagean be attained
distillation colum. The reaction tinme varies

morg.eé)aesqﬂ.ng. on the formof the internals in the
distillation colum and the nunber of stages, the

a t ' Fhabsefed kB, di t
Andaisd fer e, BiCid, PYeFBRETAdeatbR the; ey é8fbonate and
onditions,. and so on., The, reaction ti [ I :
the AfPlcane, AEBtGRIGU I PO tRe B FonfiBublitly (el 1o gyotic
0.5 to 15 hours, nmore preferably fr 1 6 AD5Q1 .
carbgmaexand the ﬁﬁpna&wsmwwg’éetq'eﬂ%ﬁ&e&ﬁ &?%Rm materials
~ depending on the type of the starting materi al )
into dbepoontinuesisdmulticsteige digtillation salumn i which the catalyst is
catal yst. The reaction tenperature is generally in a
presemigeartyingpousteacti®roanddlistitiationpsimal taneoysy in the
i ncrease the reaction tenperature so as to increase
colume, cominwsusigtwithdeaswey a idwthheilingapbintnreaction mixture

tenperature is too
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 jower 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 th‘e average residence
time of the reaction liquid in the continuous muliti-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 cata!yst, 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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Aosdqi\g‘brem side reactions becone |iable to occur. The.
reaction tenperature is thus preferably in a range of
fromd40 to 250 C, nore preferably from50 to 200 C

yet nore preferably from60 to 150 C. In 10 the
present invention, the reactive distillation can be

to 1GHodred out with the colum bottomtenperature set to
not rmre than 150 C, preferably not nore than 130 C,

I
pre era %sﬁﬁg ﬁén‘?ﬁ a% ﬁé&@ag@%&ggﬁ Pmﬁ type of the

r v
start?ﬁﬁrﬁ‘éiﬁﬁéﬁk %@@éﬁ%ﬁ* AESECHRH ey SRiOAR of the
ductj vit atta ned even mn u | 0
cataBistym BB ERAA RPArANY® i Behwtl ol feBae B from 30 to
pressure varj es endi ng on .t he f the startin
300 fift er |tds rerﬁ»feéahte?%earw the r&ﬁ%ﬁ%ﬂ femperature so ds to
t herebetween, the reaction tenperature, and so on. The
increase tthenregstien uate maymuexny, Bithe reaction tpmpenatare is too
normal pressure, or an 20 applied pressure, and is

highgd¢henaside reactionsdeaimerlbable to abcle7 Fehe reaction
preferably from 103 to 107 Pa, nore preferably from

temﬁ@r"eﬁﬁeﬁéh@ﬁré’?ref&hmm@ rahgeasBfromidontp 25O °C, more
continuous nulti-stage distillation columm used in the

pref@l‘@?ﬁﬁfrdrﬁ“ﬂ% P00 SCISRARr¥ prafBiably frofBT t@l150 °C.  In

suc as c on steel or stainless steel. In terns of

the ch?%é‘Hﬂﬁ\éé/nt‘?ént bife qle L¥Ve distil Fé\‘i@r‘i"&?‘fngﬁ’aﬂri’%ﬁ Gt with the

staln ess stee IS pre

conBRThIETS errrrrgrﬁrrﬂcrrrrar&or%rrr@ffcrdsrmnv
morp.r%saporere&rem AR BE 1143 B yet more
prefécr:glgu g%?urﬁorglt}'rlarrs% 8‘ eCOII StAlnI leitc:eﬂren(t:%lh%racterrstlc 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. Moreever, 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 2x107 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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' us nmulti-stage distillation colum as shown
Aosdt VePb! havi ng L= 3300cm D=300cm LI D=
11, n=60, D/ dt =7.5,andDl 10 d2 = 12 was used. In this
exanpl e, as the internal, sieve trays each having a
cross-sectional area per hole in the sieve portion

of approximately 1.3 cn2 and a nunber of
EXAMF[éE%;f approximately 180 to 320 / n2 were used.

RSV ol 45 By il praduhenanton
rol 58 A4 DS STl D30 A o e

Ton | hr of nmethanol in a gaseous form (containing
follogviog exdPl@Eght of dinethyl carbonate) and 7.489 ton
I hr of methanol in a liquid form (containing 6.66 %
by wei ght 20 of dinethyl carbonate) were respectively
continuously introduced into the distillation columm
Exafmple@inl ets (3-b and 3-c) provided at the 30th stage
fromthe top. The content of dinmethyl carbonate in the

<Cogtiud g nidtiestade distihation selumn35 % by wei ght .
Further, a nolar ratio of the starting materials

| nt & QRHiRlid s %%nﬁs@égéidgbgghﬁwebmnw sTRIvanal FIG. 1

et hyl ene 25 carbonate = The catal yst used was
[ d fnet iyl epe 38 1=
hav{il B R 581 brs SPE L oM 1E2 8y Kl Rr 78 and B
| uti . heat | t Nopdl I

c: S0 AL A PO Sy AR B Sl omn
navlipeckdSRa-Bo sk 3% 851 TSwh e StRe BovtingDrsscd o

solution. This cgatalyst solution was 5 continuousl
approximataliid Brew’t #d &8 SUMPEE 08N BBHHAPPERKURATS o180 to

(3-¢ provided at the 6th stage fromthe top (K
320chmceweratised. 0.1 % by wei ght based on et hyl ene

carbonate fed in). Reactive distillation was carried
<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 dimethy! carbonate) and
7.489 ton / hr of methanol in a liquid form (containing 6.66 % by weight
of dimethyl carbonate) were respectively continuously introduced into the
distillation columﬁ from inlets (3-b and 3-c) provided at the 30" stage
from the top. The content of dimethy! carbonate in the starting material
methancl 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
38



QUi jyauousl y under conditions of a colum bottom
A%@Leygzg@{‘*ﬂe of 98 C, a colum top pressure of
approximately 1.118x105 Pa, and a 10 reflux ratio of

0.42. It was possible to attain stable steady state
operation after 24 hours. A low boiling point
glyc&PF&tZ'.Qﬂo'ﬁ St WOHN 489t DY Widight HepidoUs sodiitiohheheating to
colum in a gaseous form'was cool ed using a heat
o > oY o Ll o
app BXITRRRY 13%cr Sraduiierbadiifgila Grogpulyanbadying out
conti nuoys wi f hdr.a fir ¢St ! I
neat§epiiEigieY, ke R BielY g Uls Sapp 1K nPletg 1400 B, so
carbonate, and 6.549 ton / _hr of_nethapngl. A liguid _. :
as to TOdkGA. 81 ROTOGRNSRNS SOUHiBRe bUR RSBt SpUlich Was
colum at 3.382 ton / hr contained 2.356 ton | hr of
5 conténugueheinfroducediintesheodistillation calummiom g inlat{3-e)
/" hr of unreacted ethylene carbonate. 20 Excl udi n% .
provideddatiag'" stagefoom thentap (iconcentratien:t Onty % by weight
material, the actual produced anount of dinethyl

basedrdipeahgiams carBdfatermet i), dMelactiveldidtitigtidrewas carried
et hyl ene gl ycol contained in the catal yst sol ution,

out %ngﬁ‘ﬁd@l}l R{}r?ﬂ’é’@r ESnG‘i‘%lﬁ& dff a RN Botomdemperature of

1 ton . e -ethylene carbonate conversion was
- 88% ' :@%&Q i Hi1g:{t09Pa, Hd a
o8 %sé%ﬂgw}gégg % a#&gﬁgggﬁtéfﬁﬁgﬁﬁp%gﬁ selectivity
was t ss,than 99.99% 39 A0501 VP76/ KAN Prol-onged
10 refl%ﬁ?ﬁ u%t@%%‘erati on was carried out under these

conditions. After 500 hou 2000 .hou r
5008 Wesmosshle e el ol ie s ady Hldte, FpalalgH der 24
anmounts per hour were 3.340 ton, 3.340 - ton, 3. 34?

hourgn, Asladailing pattIrerstionmxiur wifhdrawpdrom the top 1 of
di rethyl 5 carbonate, and 2.301 ton, 2.301 ton, 2.301

the colymn B0a gaaeousdormBemas caoledd sdngiq sisatiexchanger and

ethyl ene glycol, the ethylene carbonate conversions
thusvtuemed éateat ligald. 9The0fguid |@8%boibingpainioeedsdenanikture,

99. 88% the dinethyl _

15 which was continuously withdrawn from the distillation column at 10.678
ton / hr, contained 4.129 ton / hr of dimethyl carbonate, and 6.542 ton /
hr of methanol. 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 6f unreacted ethylene carbonate.

20  Excluding the dimethyl carbonate contained in the starting material, the
actual produced amount of dimethyi carbonate was 3.340 ton / hr, and
excluding the ethylene giycol contained in the catalyst solution, the
actual produced amount of ethytene glycol was 2.301 ton/ hr. The
ethylene carbonate conversion was 99.88%, the dimethyl carbonate

25 selectivity was not less than 99.99%, and the ethylene glycol selectivity

was not less than 99.99%.
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ox:1y selectivities were respectively not |ess
AOSQ:I'E]\AE?é 799% not less than 99.99% not |ess than

99.99% not |ess than 99.99% and not |ess 10 than
99.99% and the ethylene glycol selectivities were
respectively not |ess than 99.99% not |ess than

(fq%%n 8l ES finLib@s Qﬁe%’%nﬂﬁés'@?led bat fRISMhese
ess t an 99.99% Exanple 2: 15 Reactive

concﬂgl%tnsl | ahifd} 5‘@6 r&fl#s %(ﬂﬁ”ﬁo‘i{]‘geﬁdd‘@ Hi rko‘ﬁ'o‘% hours, and

ndi'ti ons ~ usTn €’sane conti huous nul

600Q N %L%Z%&%h%rq oo ] a7 #%Pm}mﬁwﬁ %fr?} %(‘W “95 3.340

mtroducedintothe dlSélH tion colu fromt e|
ton, 3340 w340 4en; pad QBef SRRt ‘fF‘e’Yt
Ton / hr of nmethanol in a gaseous form 20 écont a| n| n

carbprateysaryd BBt tast, 2B tan. 2a3GbAane)2. 3Rd tpmand 301 ton

[ hr of methanol in a liquid form (containing 1.46 %
respsctivesighorodt il energly cotathieeé plenee carbenpte ioryleysions were
continuously introduced into the distillation colum

resgddlivdiyed rd@¥s d880% N8938%%,09\88M%d atd ©89e88% hihe dimethyl
stage fromthe top. The content of dinethyl car bonat e

carﬂcfhélﬁaeséié’éﬁ Qﬁs”%?é'@sp@%‘tﬂ@l?'n@!é@tﬁar@@é’@b% not less

wel ght a nolar ratio of the starting

a3 “po R4 B! Holps b piaes v s

thaﬁéng?guan G BB A3 e fErboectively no
lesscltian 5 5906 5ot TS 4BRD S e it [5¥5nian S5° a8 ot tess
bottom tenperature of 93 C__a colum top pressure of

tham 9 88 %measKynat tems van 99.88%and a reflux ratio of

0.48. It was possible to attain stable steady state

operation after 24 hours. A |ow boiling point

reaction mxture wiwthdrawn fromthe top 1 of the
ExaooplenR: i n a gaseous formwas cool ed using a heat

exchanger and

Reactive distillation was carried out under the following conditions
using the same continuous multi-stage distillation column as in Example
1. 2.81 Ton / hr of ethylene carbonate in a liquid form was continuously
introduced into the distillation column from the inlet (3-a) provided at the
5t 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
methanol in a liquid form (containing 1.46 % 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 2.02 % by weight. Further, a molar ratio of the starting materials

introduced into the distillation column was methanol / ethylene carbonate
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AOSATYP7EREARd into a liquid. The Ii qU| d | ow boiling
poi nt reaction mxture, i0 which was conti nuously

wi thdrawn fromthe distillation colum at 8.17 ton /
hr, contained 2.84 ton / hr of dinethyl carbonate, and
5.33 ton / hr of nethanol. A liquid continuously

= 8.Y\8t hdTlawrcdtabystiwashnadentd bef thagamelasin Exanphy 1, and
ton / hr contained 1.865 ton / hr of ethylene glycol,

was%cﬂﬁ?nﬁegsfgt ﬂ!d PhtdBR & 1811l aBidh Qoﬂ.uhﬁ / ﬁi'éa@flve distillation

unreacte hyl ene 15 car bonate. Excl udi ng t
I t
wasmﬁﬁg Ic:u"lt cgﬂgi‘?tﬁ Egg:dirghr%%%[ssﬁfﬁ éé\ﬂmpln bottom

669 ton [ hr, and ex lLudin

car bonat e, ugs, 5
tempggts L@ﬁeofgiﬁ’? 5 BRI dopPiaslra of poprogihafely,1.046x10
t he, act roduce mount of ethylene gl ycol was
Pa, anghsg | tegﬁ-"S’P atip °ﬁ‘ﬂé‘a&3t hyl ene carbonate conversion was
99.99% the dinethyl 20 carbonate selectivity was not

| edé waspassib4o attainheiahlastendyysiatel opeeatéeniafter 24

was. not | ess than 99.99% Prol onged conti nuous

hourmer At icom badatingpaing deactiom duxtute withdraveh fremsthe top 1 of

After 1000 hours, 2000 hours, 3000 hours, and 5000
the boluimn il hega@séoas formdwasdcaoiadiusingra heat extranger and
2.669 ton, 2.669 ton, 2.669 25 ton, and 2. 669 ton

thudﬁﬁﬁﬂ,fd iR ¥ ffquidd n'FhEYﬂqGiQf W@cﬁlm@nﬁo#}t&%%dt&fh mixture,
39 ton, 1.839 ton, and 1.839 ton respectively for

whe&’i Q%é&'&%rﬁlrﬁ&%slgt\hﬂhdf‘émﬁpﬁ%%Yﬁ@éi@’t‘magg&g Pimn at 8.17 ton

carpbonate conversi ons were respecti vel Yy

9 r

/. GoBihed 7 o zfm §Eai&e?to&i“§aﬂgﬁﬁ%E%Saﬁﬁa%%“@%hr of
| ess han 99. 99% t han 9% _and not

metfigag b igars soptiipysly withsirahd &%&3 Bottom 2of the

selectivities 5 were respectively not |ess than
columnaab?. ¥f tpedsht RaAtaigeshd, B@attones br afihydengmlycol,

and not |less than 99.99% Exanple 3: A continuous
1.06@iten-/shagé raethansla@nsh Oc8lkgni asokoreacted-ethytene
carbonate. Excluding the dimethyl carbonate contained in the starting

material, the actual produced amount of dimethyl 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 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 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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d,e\, "I{]@.lL:SSOOcm D = 300cm L/D= 11, n =60, D/d,
AOS: .E?wz'an Db d2 = 12 was used. In this exanple, as

the internal, sieve trays each having a
cross-sectional area per hole in the sieve portion
t hereof of approximately 1.3 cn2 and a nunber of

ethyl@h& catbonaite RXdivé &livnédNef® respBctively 99.999699.99%,
3.773 Ton 1 hr of ethylene carbonate in a liquid form

09.94%% aHYBY! th}‘lei Hirhggﬁsgféaéﬁﬁrpatg"sé@cﬁwi{ib@t' 8Pe

;:olUrmfromt 3|7nlet 4 provided at the 5th stage
resped e LR el $5 5ot hef e fEshaf Ba . T8 nan
o0 kot Sbu o8 RaRido iy i fhe TUFSRh Alfefy Sefbbibues

carbonate) were respectively continuously introduced

were fegpegtively ﬂqt|lpgﬁit6\ar‘c8|9u§%%,rw tass F%%t%"-%%-'g- BRY less
3-c) provided at the 30th st age fromthe top. The

tharc 98t 28%,cindinadtlesls tam&®%98%.n the starting materi al
met hanol was 7.35 % by weight. Further, a nolar ratio
of the starting materials introduced into the
distillation colum was nethanol / ethylene 25

Exafffleogate = 8.73. The catalyst was made to be the same
as in Exanple 1, and was continuously fed into the

di SAiddrﬂidﬁw%Hmstﬁgg%ikﬁﬁaﬁ%ﬂéﬂﬂmwg@/s@\hn in FIG. 1

distillation was carri out continuously under

hav@gg%iﬁlﬁ) b, apcol cnfOLLOP 4 elqps{ Qtlﬁ'qg?;g&gsiiﬁ? and D /

top préessure of approximatel

_a areflux ratip.of 0.42 It S .ppssihl e. '
dz <favabdteath, BRie pamifle, Aedfe RS Sid e Yy Facn

boi |l i ng poi nt ,rea?ti on m xture wthdrawn fromthe top
haviig enerossopaRtiondl 2reasesndasrim NEs SR eer eﬁn@%eof of

heat exchan%gé nd thus turned into a liquid. The
appreximate!pd -Boemi rngd Aumbae of hielapefuaeproxinately220 to

continuously withdrawn fromthe distillation columm at
34012m32weom Usdd., contained 4.764 ton / hr of dimethyl

carbonate, and 7.556 ton / hr of

3.773 Ton / hr of ethylene carbonate in a liquid form was

continuously introduced into the distillation 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 methano! in a liquid form (containing 6.65 % by weight
of dimethy! 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 = 8.73. 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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negql. A liquid continuously withdrawn fromthe
AOS(%IﬁYFZrén of 'the colum at 3.902 ton | hr contained
2.718 ton | hr of ethylene glycol, 1.17 ton I hr of

met hanol, and 4.6 kg | hr of unreacted ethyl ene
carbonate. Excluding the dinmethyl carbonate contained

dlstllIBtlU?f\ew%tsa&hfﬁéd"@tﬁtGébﬁhnubh@ apider conaitises ofrmeolumn
di met hyl carbonate was 3.854 ton / hr, and 15

bott@ﬁf{#ﬂ?{%gai % %?@d efe agl:é‘ﬁ%PC@})t gf@@gm‘é‘ o‘f'"éapproxmately

ution, act ua uced anount

5€ The et hyl ene
1. 11?&‘3?%'2\?(3%9&%?%?6\/@? fIBSoSé/o the di met hyi
carbonat e A s . not_.less than 99. 99%
et ata5 PassThfg ko attineRanip s eSS thp dredtipnFiter 24
99.99% 20 Prol onged contjnuous operation was car ?
hoursut Arigey boiliBg Peigh deacHan Mixiune WHdInaun érom{rt? op of the
hours, 3000 hours, and 5000 hours, the actual
colummdncegasenus fofrprwas noaiedeusingsa haat ezchangesnand thus
3.854 ton, and 3.854 ton respectively for dinethyl

turnear ipaoad ¢|,qL£idd T663iquid, low? b6blin g going réastioonmiature, which
2.655 ton respectively for ethylene glycol, the 25

waseécm'ﬁﬁ@u%w mn@@mwﬁwsmstr@a.wnsnbam@mnam2 32 ton / hr,
999% 99.99% = 99.99% and 99.99% the di nethyl

con%ﬁeBn@%‘ﬁbﬁc’twa i ARV E c4BodRakd, yﬁaﬁf@% ton / hr of

respectively not |ess than 99.99% not |ess than

metééngz‘;/z ARl st ah Bt bl o e
oo GFFEH 43 i Soay S0 57 e bRl ol 117

% le 4: A continyous nulti-s

9 99 age
ton dibgtof ma h@m!om%%@ kenolh af Hriegeted ﬁ%t\»ﬂﬁ&eparbonate
3300 cm D = 300 cm LID= 11, n=60, D/ dt = 7 and
Exchidingpthe timgatbylisagbonate ontainaghie, thssstafémg material, the

internal, sieve trays each
actual produced amount of dimethyl carbonate was 3.854 ton / hr, and
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%.

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

ethylene carbonate conversions were respectively 99.99%, 99.99%,

99.99%, and 99.99%, the dimethyl carbonate selectivities were




' a cross-sectional area per hole in the sieve
AOSOE}&P?%’ thereof of approximately 1.3 cn2 and a nunber

of hol es of approximately 240 to 360 / n2 were used.

7.546 Ton | hr of ethylene carbonate in a liquid form

was continuously introduced into the distillation
resp%@twm¥fﬁdlmé§%ethéﬂ €9.69%) nof Pe ¢ eMaACI0 MO%heoitibss than

stage Tfromthe top. 7.742 Ton / hr of nmet hanol in a

oo BEFCBHE BN LS ARk Sy oty B

- carb ton
liquid f.orm (cqntaini % ' faddi h
were s bRstSp o Tp8s dth Horvo e, ot inaf i oFh ot tess
into the distillation cqlu romthe inlets (3-b and
tha%9§)9é)%\ﬁ’élﬂd‘%&‘etsﬁe‘ ﬁ%@g{é 20 fromthe top. The
content of dinethyl carbonate in the starting nmateri al
3 met hanol was 7.35 % by weight. Further, a nolar ratio

of the starting materials introduced into the
Exanipdei4] ati on col um was net hanol / ethylene carbonate

= 8.36. The catalyst was nade to be the sanme as in

Ex aN@ontiduoas tnuktsstage idistiliatiorf edlumnoas Isthown in FIG. 1
distillation colum. Reactive 25 distillation was

havfRy LI @300 cHoND 880G ewm undep £andin izoee, @ / @celBnand D /.
top  tenperature of 65 C, a colum top pressure of

2 f??rﬁég@éééy }n kb éQlétm%S,’AQéQﬂeVﬁYér‘r{‘a‘ﬂ\'sF@ve sy each

efl-ux ratio of 0.42. possible to attaln stable
' t eady sta rati I iHd
to naviiF R ERE AR AR bt Hdin R ShevdrRiteRetiereer or
the coJ ymm, i_n_asgaseous farm Qal ed_using. t
apPRAAIAY hicd TARd | DSt B it ¢ pHBrRistaltiRiz00 to
| ow,boi | ing point reaction mxture, which was
3600 i WaFRHSPH t hdrawn fromthe distillation colum at
24.641 ton/hr, contained 9.527 ton / hr of dimethyl
car b Jorahtir 1. athylens ganhonaie ireanigieid form was d
continuously w thdrawn fromthe bottom 2 of the
continuous | ptinfrcdicadinto the distibatied soldsn tfooml the inlet (3-a)
et hyl ene glycol, 2.34
15 provided at the 5" stage from the top. 7.742 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
20 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 methano! / 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

25 distillation was carried out continuously under conditions of a column top

temperature of 65 °C, a column top pressure of approximately 1.118x10°
44
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r of nethanol, and 23 kg / hr of unreacted
AOS(é?“&?gﬂéAlgar bonate. Excluding the dinethyl carbonate
contained in the starting material, the actual

produced amount of dinethyl carbonate was 7.708 ton /
hr, and excluding the ethylene glycol contained in

tel |dft0g@ the actual produced anount of
Pa, Epﬁyégng yci‘? .31 ton / hr. The 15 ethylene

22[*8&%?9&%%?%%?‘%3“@%@% g S e
noul L Bgb b ot YEBel B T W ab o g to 1 o

t hese cond| tions. After 1000 hours, the a E

the pebHnBeM argaAsROWS: foHBWag-co0! e using & baa %Changef and
di met hyl carbonate, and 5.31 ton for ethylene glycol,

thust hernetchintena lwsuonaﬂeedtqwdrIgvaﬂwheggmla%retaﬁélon mixture,
di met hyl carbonate selectivity was not |ess than

whid9 waRdcomtihudis|gtithdnawal froon thel distillation cohismnoat 24.641
 ess than 99.99% 25 Industrial Applicability

tonmﬁceéﬁtélﬁeﬂogtm pORTEME of RN eTEthgh carbohase band 15. 114 ton / hr
di'scovered that the 45 A0501 VP76/KAN di al kyI

te
oL AN b 1

t
CO!J&ﬁﬁa%t ?h ‘g I@égg “Z'\Te not %ggght han%5 é"tﬁglés?e%f‘ycol 234
r ef e abl S to I fe
ton Ear Foaethan? san%t%%‘k ' fhuhiaietsR el fepi bafhdnate.
not |l ess tha 1.3to /hr ef er abl | ess .
Exc{quﬁlgltrge;, d@@wty\yﬂpar%yg ordai r;;up,gbe@tég{]pgawaiegal the
ton / hr, for the diol, stablyfor prolon eri
actuﬂl pioduesd mamoust ofidimethydsmrbonate \paéfTe Bofhéthf and
| ess than 3000 hours, nore preferably not 1|ess than
exchofidghthe ethylema ghe:cdymmamadhmnﬁ'teecatﬂlysh@mut!on the
al i phatic 10 nonohydric al cohol . _
actual produced amount of ethylene glycol was 5.31 ton/ hr.,_ The
ethylene carbonate conversion was 99.7%, the dimethyl carbonate
selectivity was not less than 89.99%, and the ethy|ehe glycol selectivity
was not less than 99.99%.

Protlonged 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 éthylene 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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; P76/ KAN CLAIMS We claim 1. An industria
A05€f3§2§8é$ r the production of a dialkyl carbonate and

a diol in which the dialkyl carbonate and the diol are
5 continuously produced through a-reactive
distillation systemof taking a cyclic carbonate and

dialR @é#ﬁlﬁét@aﬁawardl%ﬂx b prodScelasdéNWith a high

nat er | continuously feeding the starting materials

seleﬁfv?ﬁfc?%& I?EQ%an”%% ﬁF@f@?aﬂlryslhhll 'lé‘éé‘iﬂaﬁoég'ﬁ‘ l'n%re

esent car react

n i st IIat| n S J.aneousl _
prefagabliibhiest 168 ?ﬁ%ﬂ%w%aa el ?ﬁé?%%m less than 2
reacti on m xture containing th roduced ia kyl
ton £ §¥o BratarabibAC oS8 HIaT, B ioroh hey MaTe BEr e L.@g nt loss than
gaseous form and continuously w thdraw ng a
4 tonoﬁ hr,rigrgbiendialkut cashorpie.uaed nenkessnthay theé t@arb( hr,
froma lower portion of the colum in a liquid form
prefeinabbi not 18s¢ dhasal % toni/ruyusonaipreferatyy not less than 2.6
distillation colum conprises a tray colum type
ton dirgt Fot Hié Aok Gtamiy Heviaprélotgedgeriaal of time gonot tess than
haV|ng a length L (cm and an inside dianmeter D (cm

| 1009%@@” ;ﬂ%feraﬁw Hét Y& &s IRBhNMB0OO HAUMS HBrépreferably not

internal's wth a nunber of st ages n, said interna

|es{ﬂ+éw 5ddd msuggvr.ggp qﬁegeﬂ.&%r%n% %hd e él%ﬁ&ﬁ&

aving a gas I'ng an 1 nside di anmeter
of the colum or in an upper portlon of

'"oééﬁg%%%ﬁﬁﬁgﬁghr to the top, a liquid outlet having an
i nside dianmeter d2 (cm at a bottom of the colum or
in a lower portion of the colum near to the bottom
at least one first inlet provided in the upper
portion and / or a mddle portion of the columm bel ow
said gas 25 outlet, and at | east one second inl et
provided in the mddle portion and / or the |ower

portion of the columm above said liquid outlet,
wher ei n:
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‘ AT, P76/ KAN (1) the length L (cm satisfies the
AOS%Y@ﬁ?@%%; 2100 5 L <_ 8000 (1), (2) the inside

di aneter D (cm of the colunm satisfies the fornula
(2); 5180 5 D5 2000 (2), (3) aratio of the length L
(cm to the inside dianeter D (cm of the colum

satisfies the fornula (3)gLAIME/ D5 40 (3), (4) the
nunber of stages n satisfies the formula (4); 10

o 505120 (4), (5) aratio of the inside dianmeter D
Lé\%i@*‘of the colum to the inside dianeter di (cm of

the gas qutlet satisfies th I s 3<

( 5)1,'and (%("Gjn‘au?Qf{T’Iop@c?sfﬁe??{}giq%}rgpg'%ﬁgfoﬁq( gfrﬁﬁzg“

the colum to the 15 jnside, djajreter d2, (c f the
carbgn@ipeedd giok it MTIFB&%&%YEEP@D?%?EEK %@Dﬂ&é@%‘ are

(6); (b) the starting material cyclic carbonate i? .
contiououalopsegucadribdouah areactiveddisdiiatien gystem of taking a

mul ti-stage distillation colum fromat |east one

cycliacdrbonate iariccanpalbiphdtic menaryrdricialephiokasgitartiom
the top of 20 said continuous nulti-stage

matéfials, t@htianotsiyfsediiy the starBhgmategals imto atdmntinuous
top of said continuous nmulti-stage distillation

mulﬁ-oét%ﬁgyl' distiidthén SAUh M oh WHitH 8l catbiydtalsi presast)wdirrging out

al co contains in a range of from1l to 15 %by
roadlf A b e AL AREABNNE n 38y CBluhe bt ioasty
i B34 b DRI UEREH 4888 ApROfs M, e produced
dialﬁ?‘ ga?t?grggge ifrncln(\?\tarﬁ)ruoﬁl,:i)edregopt%ﬂeoefntr}eh%o J]r/nls”) in Q gaseous form,
and continuously withdrawing a high boiling point.reaction mixture
cbntaining 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 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 dy (cm) at a top of the column 6r in an
upper portion of the column near to the top, a liquid outlet having an
inside diameter d2 (cm) at a bottom of the column or in a lower pdrtion 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 bne second inlet provided in the middle portion and /

or the lower portion of the column above said liquid outlet, wherein:
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4 VP76/ KAN stage fromthe top of said
AOSQ@}@%%@QI multi-stage distillation colum and " the
(2n/3) th stage fromthe top of said continuous

nul ti-stage distillation colum. 5 2. The process
according to claim1, wherein a produced anount of

th [ j §-on / hr. 3.

tha 1 BieStengf EXGM s plsfip tiSfoirtgia 1100 1 2

produced anou e di is not |ess tha .3 ton

/" hr. 10 4. Thg“oﬁéégé §9§5’r ding to any oneﬁoﬁ d ai s

1to.3 wherein, said d nd, sai,d d2 satisfy.the

foraItng Wyside diammpiess () Slshe Safiinpregtiatis the formula

according to any one of Clainms | to 4, wherein L, D
(2);)L/ D, n, D/ d1, and D/ d2 for said continuous

multi-stage distillation columm satisfy respectively

2300 5 L s 600018@G0D<g 20@0 1000, 5sL/D<_30(3D:5 n<_
100, 45D/ di sl15,and 7<_D/d2<_25. 20 6. The process

aCC(CH)diarr@tIdDoﬁmMedéﬂgﬂﬁ [ emngoltheinsidehdiaameter. D (&m) of the
L/ D n, D/ dl1, and D/ d2 for said continuous

colUMhtdagings thd fdrmiligt (PP col um satisfy respectively
2500 5 L <_ 5000, 210 s 'D <_ 800, 7

L/ 0x20, 40sn<_9045sp/Odp<c 43 and 9sD/ d2520. 253y The
process accordiﬁgsspo’dgngyho%ne of CGains 1to (g,)'v\,herei n

cont i AL BB A 8 HLISR AR EEHT s <o
12 % by wei ght t he digl kyl carbonate. 8. ?
process accor di gé £ 8 €4 7, wherein the stl i'i ng

mat eri al aliphatic nmpnohydric al cohol c?nt ai nﬁ in atl
r anf) afratie@f theipside diameter D (cm) of the column to the

inside diameter d4 (cm) of the gas outlet satisfies 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 satisfies the formula (6),

5<D/d;<30 (6);

(b) the starting material cyclic carbonate is continuously
introduced into said continuous muiti-stége 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 distiliation' column;

(c) the starting material aliphatic monchydric alcoho_i contains in a
range of from 1 to 15 % by weight of the .dialkryl carbonate; and

(d) the starting material aliphatic monohydric alcohol is
continuously introduced into said continuous multi-stage distillation

column from at least one said second inlet provided between the (n/3) '
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9 wei ght of the dial kyl carbonate. 9. The
A“‘gﬁ?g@ cording to any one of Clains 1 to 8, wherein
the starting material aliphatic nonohydric alcohol is

continuously introduced into said continuous
mul ti-stage distillation colum fromat 10 | east one

stagioep*r;%tgil gﬁg\étiggfgf QS‘&\%?u?]t[rﬂ_?%\%gééhf%ttléc??Qﬁsfﬂl%??oltﬁ“ﬁohﬂﬁn and

I NUous | ation colum

d.the (3n/5)th... stage.fro .t [ kil At

the BN sRER AT oesle B S oind Bl Ty g gistitiation

process according to any one of Clains 1 to 9, wherein
columng he 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

cr dds- secfhemabcassaapeordiopetootiaim d, wilewisva progced

being in a range of from0.5 to 5 cnk. 50
amount of the dialky! 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 d, and said d; satisfy the formula (7);

1<di/drs5 ).

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
distillation column satisfy respectively 2300 < L < 6000, 200 < D < 1000,

5<L/D<30,30<n<100,4<D/dy<15,and7 <D /d; 525.

6. The process according to any one of Claims 1 to 5, wherein
L, D,L/D, n, D/ds, 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/dy <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 procéss 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.

8. The process according to any one of Claims 1 to 8, wherein
the starting material aliphatic monohydric 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 proces:s 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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