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a A0501 VP73/ KAN PROCESS FOR | NDUSTRI ALLY PRCODUCI NG
A0SO VP RIMKAMRBONATE  AND DI OL Technical Field 5 The
present invention relates to an industrial process for
the production of dialkyl carbonates and diols. Mre
particularly, the present invention relates to a

PSR £ IRBIL TR, VIRRERIRING BiadkRikasbonaTe

period of time through a reactive distillation system
of taking a cyclic carboABRDI@land an aliphatic
nmonohydri c al cohol as starting materials, continuously
feeding the starting materials into a continuous
multi-stage distillation colum in which a catalyst

Techrdcal E$&lt . and carrying out reaction and
distillation sinmultaneously in the colum. 15

Baqkgy piede i inFENABAl MRS RS o il ubialip Ritedd #6r the

di al kyl' carbonates an froma reaction between

prodgllcgigxﬁoi)f o‘fgflmr@atrﬁo%qegrhﬁﬁ Itgﬁp?érr{) g{\d%%n?ﬁ}’ﬁéilfarly, the

have “been pr oposed, ese
gsal

Lop relate to a catalyst. .As reaction syst.ens
presByR IREETion IBiEs 184 PiBchel Hardntisthaly rodiiaiBd rarge
four reaction systenms are used in a process for the
amoantﬁj@étcﬁaﬂkﬂfc% atgs andudinis stably tama riplogpedoperiod of
. from ethylene carbonate and nmethanol, which is the
time rthsougypa reactivecdistitiatiommyséemof itaking pscyelic carbonate
conpl etely batch reaction systemin which 25 ethyl ene
and aar dbiphatic meinwhdriaadcahohas! startiagematéerials ocentinuously

aut oc! ave, whi c_h is a batch re_acti on vessel, and
feedifgeheoftarfingaimdteriats inky ahdbAtinGout MU Istdge3distiiation

column in which a catalyst is present, and carrying out reaction and

distillation simultaneously in the column.

Background Art

Several processes for the production of dialkyl carbonates and
diols from a reaction between a cyclic carbonate and an aliphatic
monohydric alcohol have been proposed, but most of these proposals
relate to a catalyst. As reaction systems, four systems have been
proposed hitherto. These four reaction systems are used in a process
for the prdduction 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
éthyiene carbonate, methanal and a catalyst are put into an autoclave,

which is a batch reaction vessel, and reaction is carried out by holding
1
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~_for_a predetermined reaction tinme under an applied
AO0501 &fpEd &Aﬂe at a reaction tenperature above the
boili ng point of methanol (see, for exanple, Patent
Docunent 1: U. S. Patent No. 3642858, Patent Docunent
2: Japanese Patent Application Laid-Open No. S54-48715

for agpfafiRteriined; fEhdiion tine dil %ﬁameapﬁ X %{%Bepa i€ at a

No. S54- 63023, Pat ent Documant 6: anese Pat
reacligp) temppreaturs abeyetheoboting P@SOE meathanel, %%f%’m
is a systemthat uses an apparatus in which a
exampis,iPAtanlRocsent s (heobatentNo. GB42658, Batentn
vessel ; ethylene 10 carbonate, nethanol and a catal yst
Docwmenmz: Japantbe Pateiti Applieatieln, LaidiOpendioo554-48715
made to proceed by heating to a predeterm ned

(corfcRpRATding © U.Y iFafdhtNoY 4481676), PiRentDbeument 5:
met hanol d| stilled off through azeotropy wth the

Jap éﬁ‘?ﬁéjtewt'@sﬂﬂaﬁé‘ﬁq_oﬂat@ SIENH RS- B%O"’Z%jqﬂatéhtt PBcument

I on cont i nuousl or 1 n batches

an eve wi t.hy t hi.s st.e gl 0 eds
6: JdiHnEYE RatritabpliatyB.cdid- R s§§at3ﬁ3?’?§§
whi ch the catal yst, eth Iene c rbonat e and rrei
ar & BPEOBA SYSEN if & SYFLAM mgemrbﬁpwe U 38 which a
reaction being carried out u3| ng a large excess of
distillatipaneslumnds prrvidedionitag of Ade@ation vessglr atiyese
from3 to over 20 hours (see, for exanple, Patent
carbboater methanalpand se chialyst a1e ppbintoathemneaationOpessel, and
No. Sb1-122025 (corresponding to U S. Patent No.

reacﬁW&Bﬁ')adé’&b%ﬁodmﬁ?rﬁeétméalmamdﬁbemmed temperature.
Application Laid-Open No. S54-48716 (corresponding to

WrthLJEh?'s AL em, i‘@mé@é’mﬁ?dr %Wol d?@ﬁHEBnéff%roUgﬁ azeotropy

Pat ent” No. 380320 third systemis a continu

with rtﬁﬁcpﬁf'&f'uégatcﬁm 5?Bof\ﬁanbﬁgelth2a§'nogl%%&33fﬁfo the reaction

ene carbon S cont nuous
t ubul ar re%eét%b mai,nt,ai ned at a r?ﬂleierm ned

vessal hitintBuRhe pr i HAtehe: BUtengny g his'system the

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 iong time in a range of from 3 to
over 20 hours (see, for example, Patent Document 3: Japanese Patent
Application Laid-Open No. 8$51-122025 (corresponding to U.S. Patent No.
4062884), Patent Document 4: Japanese Patent Application Laid-Open
No. S54-48716 (corresponding to U.S. Patent No. 4307032), Patent
Document 11: U.S. Patent No. 3803201).

A third system is a continuous reaction system in which a mixed
solution of ethylene carbonate and methanol is continuously fed into a

tubular reactor maintained at a predetermined reaction temperature, and
2
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a reaction mxture containing unreacted ethyl ene
A0S0 AMEHKAN and net hanol and di met hyl carbonate and

et hyl ene glycol which are produced is continuously
withdrawn in a liquid formfroman outlet on the other
side. Either of two processes is used dependi ng on

a v e SN A TR Bnch e 8 2
methandand PR kbR A7 UG 0SS R4 produce

met hanol , and then after the reaction the catalyst if. .

is cosdprnrensly withdrawn ima liguid fermriremaa eutiet Ornorhe other side.
exanpl e, Patent Docunment 7: Japanese Patent

Eitheéppf twat processes P asedbdepentingiansthedormeofdhei ertalyst
to U S. Patent No. 4661609), Patent Docunent 10: U. S.

used?at THatNg,; tHerstats8)a prodessinoahsch ianhvhiodereous catalyst is
het er ogeneous catalyst fixed inside the tubul ar

' r ! thémixed
used TS PigS (AR (L8 BEP Becksl senBIcutm S mixe

2at : A ' ' oti
solufighiBhe KT bartaldti 555F pidEitol BRld 74 Aftey the reaction
Pat ent, No. 469104 . IO tion. duci | _
the RIS senavarad it TR 58S brRlo FRH TR b o hampte
- between ethyl ene carbonate and net hanot i 5 .a
Pateﬁttqupum%n{ Y edapanesenRatept Arphigation maéde@l?ﬁﬂnb‘&s
flow reaction systemusing a tubular reactor, it is

63-4 B2 {corresponding tht.8t Ratens Ner ¥&&E0Ye RatentoRocument

hi gher than the 20 equilibrium conversion determ ned
10; OyS! IFaatemiivs] 4734 518), amdia process imevhicbagtheterogeneous
tenperature. For exanple, according to Exanple 1 in

catafpé €fike dOPGIE the tublaBnreaetdiieseP@da aldroexample, Patent
Lai d- Open No. S63-41432 (corresponding to U S. Patent

Doclfg P81 SAened P ot ARIREROT - OFNE Sea:238043
el [RRSImbof B MO0 PRRM AR o dubp oD e
864353%%{@ fo#QéSS%Eﬁ?g ?tt::W!g.nﬁa%gﬁp?\lqoa.tfsg?&1§).A0W11e- reaction
producing dimethyl carbonate and ethylene glycol through reaction
between ethylene carbonate and methanol is an equilibrium reaction, and
hence with this continuous flow feaction 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. 563-41432
(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 unreacted ethylene carbonate and
3
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met hanol remaining in the reaction m xture nust be
Awoée‘ﬁ%?%‘&f"out, recovered, and recircul ated back into

the reactor, and in actual fact, with the process of

Pat ent Docunent 9 (Japanese Patent Application

Lai d- Open No. S64-31737 (corresponding to U S. Patent

mettihof'chgifing, 7 1Y 3EREHOT HiRbui i e Yeritated out

recircul ation. foyrth sysiemis a reactiye X
recoypted Pad treiigulatatioack 1alS thedeackh and Tpactyal fact, with
i nventors (see, for exanple, Patent Docunent 12: :
the prosasssef RatestDapumeanit 9 {Japanesg Patept Application
Pat ent Docunent 13: 10 Japanese Patent Application _
Laidt@penOhen $64-31722(208respording tyduSsrifatent dapAR8t041)),
Pat ent Application Laid-Cpen No. H9-176061, Patent

muc&@lﬁ?ﬁﬁeﬁﬁis dsethfsres foh esdp avatiom,ap urificatioh, Qeuovery, and
HO- 183744, Patent Docunent 16: Japanese Patent

recirtRipaiiept i on Lai d- Qpen No. H9-194435, Patent Docunent
17: International Publication No. 15 W97/ 23445

' P - S

badol FORE"Sgtoh 35 o+ 2GR0 s Eatith 3RHHN et WiScloged by
the BIRRAN JOYSNiBBs4SBS- 106 Sxampli PRIETBssasaent A2 o anese

Do t 19: Int ti | Publicati .. W00/ 51
PaterghPBUBaMbAI o bydbanHA] 281 Ao PaleritBBCUmEnt 36

Pat ent _ No. 6479@892., Pat ent Document 20:. Japanese
Japamese P aiestiAppiioationai aidogpemdo 20322302434, P atanint

Docunent 21: Japanese Patent Application Laid-Open

DoctmertiO04: Japankse Pladent Applicatiomdaid-@peduNo. dd9-176061,
process in which ethylene carbonate and net hanol are

PatetfChocafié R8s | Mapdisbeé Mateat APplicatieg L sidsOpemNg N
colum, and reaction is carried out in 25 the presence

- a } rakit i . . .
Ho- P33 P44l rewt %8?€nrr1‘n§d{ V\#‘ géigﬁf‘\e%baFﬁgeaipggyg?lcatloA1 Laid-Open

distilfation co , I I met hy e an

No. BB 8! Barsnt'Bcdufbht 4 729 rndt{3h 5 P ublication No.

WO097/23445 (corresponding to -European Patent No. 0889025, U.S.
Patent No. 5847189), Patent Document 18: International Publication No.
W099164382 (corresponding to European Patent No. 1086940, U.S.
Patent No. 6346638}, Patent Document 19: International Publication No.
WO000/51954 (corresponding to European Patent No. 11744086, 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 dimethyl carbonate and ethyiene glycol which are
4
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roduced are separated off. Patent applications in
ADSOYRRSEAMN a reactive distillation systemis used
have subsequently been filed by other conpanies (see,
for exanple, Patent Docunent 22: Japanese Patent
Application Laid-Open No. H5-213830 (corresponding to

prodBHR R8RS sBfafds O, SRS bRt B bln suon -

licatjqn Laid-Open No. - 9507 (correspondi ng .t,0

reachliBsiilaban dysigh Bsbsad-havs SuBsaquEnTY besadiad)by other

Patent Docunent 24: Japanese_ Patent Agsl ication
companiesofese Nior esesples tatentddecumpnti2dy Japanese Patent

International Publication No. W003/006418), Patent 10
Applizatioe itaigdsO pkap Mo sid 5P211883 0Aped ireapiont ihgi t- Bueoplian

2003- 300936, Patent Docunent 26: Japanese Patent
PateftNo c 85306 15 U-Speatbpt N@0§33323209Patbnt tihdsurdnt 23:

the processes proposed hitherto for producing the

i he r T

Japdficd & Patet Mﬁgﬁgﬁ%&ilghgﬂiéﬂ Nd. H@—b%?cr&fhrglspgrné:lmg to

carbonate a i ¢ nmonohydric alco

curdff BB BT TS TRASARLNG g 107y
DocifaFt 24 YaphaBel oA PR s ERE e o 2 rores

tubul ar. reactor; and 20 (4?_ a reactive distillation
(corgapanging i JeternatignalByblisatignyNen WR0340064 18 Satent
as follows. In the case of@é_l) and (3), the upp
Document 25: Japapgse Patenbip

er
icationlaidi@pensNo. 2003-300936,
deternmi ned by the conposition put in and the

Paterdnpocamsmt 26addpasese Patentipplivatiomiatidb©pear Need
out to conpletion, and thus the 25 conversion is |ow.

2003M34£x2E9). in the case of (2), to make the cyclic
carbonate conversion high, the produced dial kyl

canfangs %véﬂr‘,slthebﬁroée@QéQJpr\_chB%/eWitherto for producing the

dialky! carbonates and the diols from the cyclic carbonate and the
aliphatic monochydric alcohol are the four systems:
(1) a completely batch reaction system;
(2) a batch reaction system using a reaction vessel haviﬁg_a distillation
column provided on top thereof;
(3) a flowing liquid reaction system using a tubular reactor; and
(4) a reactive distillation system.

However, there have been problems with these as follows.

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

conversion is low. Moreover, in the case of (2), to make the cyclic

| carbonate conversion high, the produced dialkyl carbonate must be
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distilled off using a very |arge anount of the
AD504 VPRMKAN nonohydri ¢ al cohol, and a | ong reaction
time is required. In the case of (4), the reaction can
be made to proceed with a higher conversion than with
(1), (2) or (3). However, processes of (4) proposed
. pitherto .have related to produci ' :
distifleftr3fafaing s very TaFde it 6t s et B éHohvgric alconol,
a short period of tine, and have not rel 0 .
and galong Feablion, WEpiGIRRAUIER. o e canssef (&), Likyrgaction can
stably for a prolonged period of tine. That is, these
be made dQleEOGm&E with ashighercgonNergiginethapwith dd&c(gb og (3).
di al kyl carbonate continuously in a |arge anmount ]
Howewegy, protesses ofhi@) Eraposéd ithertahave selatedoto producing
prol onged period of tine (e.g. not |ess than 1000
the ARSI cAFS6RARD and e disbeitherin3dnailhanrauntsooefor a short
preferably not |ess than 5000 hours). For exanple, the
periBB’%F‘Hmdé’,aélﬁ%é\hf- ot ratatdy té Barffing ubtReéqrodustion on an
cn), and ’'nunber o

n., . stages (n) of the reactive
indug;tﬁtgp 'F,{g_gg!?%?egﬁggggié%gﬂgageggalgggtdi_ggg?@apégw idthese
T If:\g% ﬁ#ﬁﬁ%ﬁﬁg?th@gpﬁﬁéﬂp@? ?w@%gﬁgﬁ%&l@'&gt}gsmonate

ro
lycol (EG fromethylene carbonate, and t hano r
contlBUPHSHAM @ largeamount(ags goiess 1ha ?X@L’E?%fﬁééﬁw for a
H: cmD: cmNO STAGES : n P : k9/hr T : hr
prolpegeEpErinz vbsiree3e.9. Dot lass than 18005hqurs. preferably not
~ NOTES 16 160 5 40 0.473 NOTE 5 18 200 4 PACKI NG
lessCR4MIN0D hours) nddi2 peBterably hotdess tHarc 600 R Rburs).
NOTES -

pro

For example, the maximum values of the height (H: cm), diameter
(D: cm), and number of stages (n) of the reactiyé 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 methanol are as in Table 1.

Table 1




20 NOTE 1 5 60 0.258 NOTE 5 21 NOTE 1 5 60 0. 258
AOS0\MRES/KAN 250 3 PACKI NG COLUWN Rasch'  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 NOTES 26 200
15 PACKI NG COLUW (BX) 0.313 NOTE 5 NOTE 1 :
OLDERSHAW DI STI LLATI ON COLUWN. NOTE 2: NO DESCRI PTI ON
VWHATSOEVER DEFI NI NG DESALE\L_% UW. NOTE 3: ONLY
DESCRI PTI ON DEFI NI NG UW IS NUVBER OF
STAGES. NOTE 4: NO DESCRI PTI ON WHATSOEVER OF PR(I)UCED
Al\ﬂ II\IT I\I(‘ﬂ'I: R I\I('\ hESgp
P PRIDGET! DND F6iR HRONDIGTAGES!:GD C
D dtent—Doctinent . 25 1 J3panese-Rat-art—AR
L3 d- Oden N0 2003-200936) (par 3% aph 006l
tomt "The 160 esgnt &xangl e uses 4the sane

aggl or eqgg €T ¢rreg node 5 showygp In FIG I 078" | DENOTE 5
aI: Ve cante) S—¢art |4cu' g ,@I‘ MNW!\
d te Sand lethyl endB®l ycol thr
teansesit NOTEdafi ons5by 4 cat al yt8 converbi
rofcli gn \gsTRge) etigyl ene car borgﬁe and ngt

L fha

_tRd ope I o]

e24npl | iINOTE 3st| aNOTERa}t 3750 k4 / hr of d.N@mm NOTE 5
casbonal NOTE 3 snno'riai::;allly prodyged. The| sca7go NOTE 5
aggCT T ;FM 200" 1 CIs ' RACKING COLUMN (BX)] 2" 084¥3'2' | NOTE 5

irn oo eCT T UTT=OT uuu t+=-0HS—Of LLA*AN"F] AT T TCTICTUTIT S

t DSDERSIHAWIDISTHI/ATIAN COLUMN.
NOTE 2 : NO DESCRIPTION WHATSOEVER 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.

Note that Patent Document 25 (Japanese Patent Application
Laid-Open No. 2003-300936) (paragraph 0060) describes that “The
present example uses the same process flow as for the preferred mode

5 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 methanol. It should be noted
that the following numerical values in the present example can be

10 adequately used in the operation of an actual ap‘paratus”, and as that
example it is stated that 3750 kg / hr of dimethyl carbonate was
specifically produced. The scale described in that example corresponds

to an annual production of 30,000 tons or more, and hence this implies
7
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that at the tine of the filing of the patent
A0504p¢¥PY3ANN for Patent Docunent 25 (Japanese Patent

Application Laid-Cpen No. 2003-300936) (April 9,

2002), operation of the world's first |large scale

commercial plant using this process had been carried
weve

out. Hq L,,even at the ti f fi.li 5

that 3 ghecime of thRdiing ofide patsabapaliealibrfdrPatERE Bbcument
Moreover, in the exanple of Patent Do n .

25 (JappapsecP atarthAppisation LGW‘QB?B-NBe%B@'&‘)%%ss) (April 9,
2003-300936), exactly the same value as the )

2002)) copetation lof theawonldis dirst darge iscale nammeyciahplant using
produced amount of dinethyl carbonate, but the yield

this pebcesBN s deBry carried aphr odoweeey, @fetat thedtime of diling
selectivity is approximately 88.4% and hence it

the ggﬁ;&c’lﬁt éﬁ?‘li'c‘éti%,stﬁie‘i'e NP6t théiabiowe fact analihi doreover, in

Ivity have been attained. In particular, the

| 6ct Lyi g : ! .
the pRHTIG-Gf pithHs PUGHARR 27 Thapahesh PHraR AppiRation
. te SO t Docu n ; ;
Laidifien N 020D 208RER) naR8EHG thenBants) IRTNE T, TG Hiporetically
to have been wi.thdrgwn on July 26, 2005 due 1.0
calculatachaetun inataked 15 thesueduskit anpynt 6f difatby! carbonate,
reactive distillation nethod, there are very,nany
but theydeld tor ethijene: ghical JsrrRRrOSMASY Bh6Ver ARH e
due to reaction and conposition variation due to ,
seleditbtity isaipproximabelyd8 84 %!, arnd hengeuitrcanmet peally be said
tenperature variation and pressure variation in the
thatc8/Hgh yied D eegh adettivitycthavellesmopdtainedn flr particular,
prol onged period of tinme is acconpani ed by many

the %\F %&I‘Q(ﬁi\ﬁﬁl ir?cﬂga!té‘s Qﬁéi tRid AFoddes had Affatal Hrawbaick as an

ther i ncreased in the case of handling |arge
o el s uRRCdNGL 158 Pts e pbabne 25
(JagaResarPpientAPRIGAHRRLAI O 8 1 20835PgRE36) Was deemed

selectivities for the djalkyl rbonates 8 .AQ

C §01 .
‘to havesppen withdrawn on July 26, 2005 due to examination not having

been requested).

With the reactiv_e distillation method, there are very many causes
of fiuctuation 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 dialkyl carbonates and the diols using the
reactive distillation method stably for a prolonged period of time while

maintaining high yields and high selectivities for the dialkyl carbonates
8
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and the diols, the reactive distillation apparatus
A0S VP78 ANever | y devised. However, the only
description of continuous stable production for a
prol onged period of time with the reactive
distillation nmethod proposed hitherto has been the

Q t0,400 hours.,in Ratent,.Docunment .12 (Japaghese 5 .
and $88 413, The Taatslyd drTRHER RPPALath8 R B 3Tevery devised.
Docunent 13 Japanese Patent, Application Laid-(Qpen
HOWMGT%DQMX@;?S 'BBP&Q?EOBF'“IMFFQHGPPER#lé‘i’éogﬂJ%ea
Solved by the Invention 10 It is an object of the
proipngednperiodeof tiore with tbei eactive distillation method proposed
produci ng di al kyl carbonates and diols industrially in

hithédogeaarmeen shéec2@0 tondd0 |hemerst imPatehbDdcumendri2 Mdapahese
di al kyl carbonates, and not less than 1.3 ton / hr

Patdritr AppficaitidinsLaidupen No! PREMIOE 4#41)Sahl| Ratgnt Boeusient 13
of taking a cyclic carbonate and an aliphatic

: | Carit & i

(Jalcontl n(lij,;)dljts‘élr@/l #igeglﬂgé?ﬁ'eﬁgt alﬁt |'ﬁ§l riatgﬁg{)g‘l??ﬁ 0 a
continuous nulti-stage distillation colum in which a
catalyst is present, and carrying out reaction and

. distillagtion ii nul t aneously in the colum, a specific
DiscipgUER OF IRVGAYAD t he di al kyl carbonates and the diols
can_be produced w th high selectivity and high
pr odRklems Johaielved: by thednyegdiPderi od of 20 tine
(e.g. not less than 1000 hours, preferably not |ess
t hdit iISGE0D object pf the rpresesitdnaieingiototo Ipreyidéaforstion case of
hours). Means for Solving the Problens Since the

produciagndialkyeoacbonhtes and didlesadustdatigdasiarge amounts (e.g.
conti nuously producing the dial kyl carbonates and the

not fisd $hafi Ndok Tehr for B8 HiAIGY TdBbhiaté528Rd not less than 1.3
distillation colum, there have been many proposals

ton LS54, SRR S8000E s IARUR, oy By i -
cycﬁ)éJ %E%ioﬂgtéiar}?d la%bg[i;%%lii% rlnecovneolhyaar'i]((:]I atlggf\(e)l as starting
materials, continuously feeding the starting materials into a continuous
multi-stage distillation column in which a catalyst is present, and carrying
out reaction and distillation simuiltaneously in the column, a specific
process in which the dialkyl carbonates and the diols 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 Ieés 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 carbonates and the diols using the
continuous multi-stage distillation column, there have been many

proposals regarding improving this process. However, these have been
9
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have been no discl osures what soever on a specific
AQSONNREIMKAN apparatus enabling mass production on an
i ndustrial scale stably for a prolonged period of
time based on findings obtained through actua
i npl enentation. 5 The present inventors have thus
carried out studies ained, at discoyerin speci fj
on aFmadsscaleasndnsheropeeating tireda &’t"é&gra‘{n@‘{éie a&\%ﬁ%e’e
to be produced on an industrial scale of, for
havecheepl po disclosures whatgoevar/omea speeifimpresess@r apparatus
carbonates and not less than 1.3 ton / hr for the
enabling mass groductiormopr ahdngdestpal sodlektablyefav atprdlghged
selectivity and high 10 productivity. As a result, the

peridd @¥ithe B¥8BHOGA filRNifgseastififiedotiroaghpacheall implementation.
I nvention. That according to the first aspect of

S,
- Theg: Ss%ﬁﬁ%ni&%‘jgﬂl?%uyst gﬁfﬁea.r&tpéﬁﬁi;ig?déiﬂed at discovering

oce53 Fr I'n roduci ng a al kyl carbonate

. [ [ 15 .which i

a spgeyic arecesn enaBlEsy s Kkl Baf¥oniie Bt e Mgl o be
produigech proRRING UeUHBhpaRIE O TohBKakiple: didt 18gs thar 2ton / hr

materials, conprising the steps of; continuousl N
for thecdiallgyl narbonatesgndanet 1ess thanot 3 tynd ihfué![s%ezd'_o's

mul ti-stage distillation colum in which a catalyst is
stabpy éset proloarged perind of dimei withahig hisetedtivity and high

si mul taneously in said colum; continuously
prodddthditgW pg a redulbahld peesenhinverttors drave xeached to the

cont aining the produced di al kyl carbonate from an

pre%efnvfé(ﬂﬂ'ﬁ.n of the 25 colum in a gaseous form and
conti1 nuously withdrawi ng a high boiling point reaction

14y R 5 6 T R SR bt 6 ehton,

there are provided:

1. a process for industrially producing a dialkyl carbonate and a diol in

which the dialkyl carbonate and the diol are continuously produced
through a reactive distillation system of taking a cyclic carbonate and an
aliphatic monohydric alcohol as starting mat_erials, comprising the steps
of: |

continuously feeding the starting materials into a c;:ntinuous
multi-stage distillation column in which a catalyst is present;

carrying out reaction and distillation simultaneously in said
column;

continuously withdrawing a low boiling point reaction mixture
containing the produced dialkyl carbonate from an upper portion of the
column in a gaseous form; and

continuously withdrawing a high boiling point reaction mixture
10
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wherein (a) said continuous nmulti-stage distillation

AOS0IOVBAB/KANMDPri ses a structure having a cylindrical
trunk portion having a length L (cm and an 5 inside
di aneter D (cm and having thereinside an internal
with a nunber of stages n, and conprises a gas outl et
havi ng an inside dianeter d

av| i . (cm, at a top, of the,
conteinimgnthe dial freen @ jewepportion @mlﬂﬁ&%mﬁw r?e[alﬁui% form,
the top, a liquid outlet having an inside dianmeter d2
whe(eim at a bottomof the colum or in the | ower
portion of the colum near to the bottom at 10 | east
onqal igefll ¢onmbhuousadi-stagehdistitiatiomeoliunm eothgrises a
a mddle portion of the colum bel ow the gas outlet,

struéfiffethal fRfh SPth@ReAN UK PortiBhOvading arlehgthril i) and an

portion and / or the |ower portion of the colum
. | QUI | . ' : e .
insidS HiEpidier t 1eh), Al Favind R engiie BivittERIatwitt] SMumber
2) the inside di.ameter D (c f_ t.he:col. satisfi
of stadles fis Al OFHiSEE 5 gasifibs GayifG; & iSTE BlametGF o
the length L (c to the inside dianeter 20 of
(cm) gt a-beR el ther s:ghreg ehin the HRRe BPrtian qud'? &%f%n near to
(4) the nunmber of stages n satisfies the fornula (4);
the fap, @ liguidooutipt heming aninsids diameter dadcamha@polfom of
(cm) of the colum to 25 the inside dianeter d, (cn)-
the obluma gasn dbelleweraportior oft tie tolumnanésy fo thesbottom, at
di 520 (5), and 11 A0501 VP73/KAN (6) a ratio of the
leastsné!girdt Rt Provided)inothe Dppes!povtidioand / or a middle portion
of the column below the gas outlet, and at least one second inlet
provided in the middle portion and / or the lower portion of the column
above the liquid outiet, wherein
(1) the tength L {cm) satisfies the formula (1),
2100 < L <8000 (1),
(2) the inside diameter D (cm) of the column satisfies the
formula (2);
180 < b £ 2000 (2),
(3) a ratio of the length L (cm) to the inside diameter D
(cm) of the column satisfies the formula (3);
4<L/D<40 (3),
(4) the number of stages n satisfies the formula (4);
10<n <120 (4),
(5) a ratio of the inside diameter D (cm) of the column to

the inside diameter dy (cm) of the gas outlet satisfies the formula (5);

3<D/dy<20 (5), and
11
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the inside diameter d2 (cm of the liquid outlet
AOSOJNPEIMKSN t he fornula (6); 550/ d2530 (6), 2. the
process according to item 1, wherein the produced
amount of the 5 dialkyl carbonate is not |ess than 2
ton / hr, 3. the process according to item1l or 2,
wherei n a produced anmount .of .the diol js nho ess
than 1. 3(5&? yatip ofhe H@‘g?@@&e%cbr rﬂg“:'c}hgn?/"'mn to
of itenms 1 to 3, wherein said di and said d2 satisfy
the insidé dianieter dz; (aro) bf thelliguid sutipt satisfias thectargmula (6);
according to any one of itenms | to 4, wherein L, D L
I D, 'n, 85</Dd1d, an80D | d2 for said c¢@), nuous
mul ti-stage distillation colum satisfy the follow ng

2. gﬂé ?ﬂbééés%ﬁdihgﬁoﬁ%% 12G0h 8réin<thel PP6d ubed amdurit of the
30, 30 < n< 100, 4 5 D/ d1 5 15, and 7 5 D/ d2

L e S N
1 D/ d2 f ' ' 1 =
5. e PRheBea Rl Hhy TN SPLE A, 3ucad gmount of

2500 5 L:5 5000, 211%5 D?I8OO, 7<_ L/ D 520, 405

the diod iggnotsless thandh.3stom/ heng 9 5 o/ d2 < 20,
respectively, 7. the process according to, any one of .

4. themyocess accarding o aaydons eoilemdute Aumhergingpaid dv and
distillation colum is a distillation colum having a

saidt d 2 adisdy Ither fgracian(i’}as said internal, 8. the process
according to item 7, wherein said continuous

mul ti-stage ddissdj kImtion colum is a 73t e type
distillation colum having a tray as said internal,

5. %ﬁegar&c!bﬂss%%%ﬁi £9 =iy 8nkof items 10fo 8, whersiniL, D, L/ D,

salrd tray 1S a sieve tray having a sieve portion and

v 0S8t B g ot tum,
satits’Py the following formulae; 2300 < L < 6000, 200 <D<1000,5<5L/D
<30,30<n<100,4 <D /d; <15, and 7 <D/ d; < 25, respectively,

6. the process according to any one of items 1 to 5, wherein L, D,L/D,
n, D / dy, and D / d2 for said continuous multi-stage distillation column
satisfy the following formulae; 2500 <L < 5000,210<D <800,7<L/D
£20,40<n<90,5<D/d;<13, and 9 <D /d: <20, respectively,

7. the process according to any one of items 1 to 6, wherein said
contihuous multi-stage distillation column is a distillation column having a
tray and / or packing as said internal,

8. the process according to item 7, wherein said contin‘uous multi-stage
distillation column is a plate type distillation column having a tray as said
internal, |

9. the pfocess according to item 7 or 8, wherein said tray is a sieve tray

having a sieve portion and a downcomer portion,
' 12
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1000 holes / nR2 in the sieve portion thereof, 11. the
AOS0pMIRASIKAN: cording to item 9 or 10, wherein a

cross-sectional area per hole of the sieve tray is in
a range of from0.5 to 5 cn2. 5 In addition, according

to the second aspect of the present invention, there
are provided: 12. i nugus . mul ti

10. dihex Bryg@§5@wr9ﬁg ggm%@r y MReTSiR the°Hve trays has 100 to

transesteypification between a %c I c carbonate and an

1000ahplami im*® indhersigvecpartiomdher®et.di stillation, the
continuous nmulti-stage distillation 10 colum ]

11. dbeppretess acoordimgtodtemt 9 @wrk1Pomhereina crass-sectional
length L (cm and an inside dianeter D (cn);. an

areai puehBié dfathengievantralyels inf astaryys of fpooy Ddedoihsmfs
said trunk portion; 15 a gas outlet having an inside

di ?ﬂ%‘cfditﬂm,(ééaoﬂiﬁ%itéel%eakeéohﬂpagbecﬁ@ifdheqbwﬁemr

in an upper portion 0f said colum near to the top; a

et 088 BEAVBRITS 0567 ST 7 7% LTl
12. Y dBbus i R B RSB SO b g

and/or _a mddle portion Qf said cqlum belo aj.d gas
transgstedificatiandetiaan sruclecargonateand A AUphats he

m ddl e portion and/or the |ower portion of said
monoblydnic abeshokand distillatiosutther confiaugius, mulli-stags,gigtillation
L (cm satisfies the fornula (1); 25 2100 <_ L 5 8000
colufril cof@prisingnsi de diameter D (cm) of the col um
. satisfies the formula 13 A0501 VP73/KAN (2); _

a cylindrical trunk portion having a length L (cm) and an inside
diameter D (cm);

an internal having a number of stages n provided inside said trunk
portion;

a gas outlet having an inside diameter d4 (cm) provided at a top of
said column or in an upper portion of said column near to the top;

a liquid outlet having an inside diameter dz (cm) provided at a
bottom of said column or in a lower portion of said column near to the
bottom;

at least one first inlet provided in the upper portion and/or a
middle portion of said column below said gas outlet; and

at least one second inlet provided in the middle portion and/or the
lower portion of said column above said liquid outlet; wherein,

(1) a length L {cm) satisfies the formuia (1),

2100 <L <8000 (1),

(2) an inside diameter D (cm) of the column satisfies the formula
13
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180:9 D:!. 2000 (2), (3) aratio of the length L (cm
ADS01 WRTKIANI de di ameter D (cm) of the columm satisfies
the formula (3); 5 45L/D540 (3), (4) the number of
stages n satisfies the formula (4); 10 :_ n :9 120

(4), (5) aratio of the inside dianeter D (cn) of the
colum to the inside dianeter d1 (cm of the gas

(2); outl et satisfies the fornula (5); 103 _: D/ d, 5 20
(5), and (6) a ratio of the inside dianeter D (cn) of
the col ufBQ & Phe2008si de di aneter d2 (%)rr) of the
liquid outlet satisfies the fornula (6):

5 $8) @bhatid df thieelengthi bycoy) tmltlne-msu@dmnsueﬁer a |(orn) of the
colum according to item 12, 15 wherein d, and d2

colufi 'sﬁii)éﬁe%etﬂé“f&iﬂhﬁlé ;1 5d, /d2: 5 (7), 14. the
continuous nulti-stage d| stil I ation col umm accordi ng

to item oy erein L, D, LID g3 D/ di, and D
/d2for]4§§|d CO%IQHOUS mul ti-stage TStillation

o4 TpB0vudmesSFSERes Winhtisfes e fam Bl 0 =0

25, 15. the contlghous mul ti - stage di st Y | ation col um
accord| ng'd & Ay itens 12 to 11 wherein L, D,

mul(6) 3 ratje of the .ri‘%%piql’aggéséﬁbs& o LBl e
mméggﬁimlar:?cﬁuzd%ﬁ;%%?mmgas autler aatisfies thenformula (3
: 20, 14 A0501 VP73/ KAN 16. the continuous
mul ti-stage O s8i 14 @0i on col unm accor di(5), andany one
(6) a ratio of the inside diameter D (cm) of the column to the
inside diameter d2 (cm) of the liquid outlet satisfies the formula (6):
5<D/d>»<30 (6),
13. the continuous multi-stage distillation column according to item 12,
wherein d{ and d; satisfy the formula (7);
1<d1/d2<5 (7),
14. the continuous_multi-étage distillation coiuMn according to item 12
or 13, wherein L, D; ‘L I>D, n,D/dq, and D/ d; for éaid continuous
multi-stage distillation column satisfy, respectively, 2300 < L < 6000, 200
<D<1000,5<L/D<30,30<n<100,4<D/d;<15,and7<D/ds<
25,
15. the continuous multi-stage distillation column according to any one
of items 12 to 14, wherein L, D, L/ D, n, D/ dy, and D / d2 for said
cdntinuous multi-stage distillation column satisfy, respectively, 2500 <L <

5000, 210 <D <800,7<L/D<20,40<n<90,5<D/dy<13,and9<

D/d: <20,
14
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of items 12 to 15, wherein said continuous nulti-stage

AOS50diINRTIKAN on columm is a distillation colum having a
tray and / or packing as the internal, 17. the
continuous nulti-stage distillation colum according
to item16, 5 wherein said continuous nulti-stage
distillation colum is aﬁﬁl ahe ,tﬁpe distill atd.on

16. ctharantnuans mulisstage gustiflatipRgolumn g¢gording to any one
continuous nmulti-stage distillation colum according

of itarsi 1240115, wherein waid continyaus mylti-stage; éigtiliatign column
having a sieve portion and a downconer portion, 10

is a distiltatéors odlunuohavingta tsiyngaddl eripdckingras shennternal,
according to item 18, wherein said sieve tray has 100

17. tthe @oxtilcisd Muitinstage distilationt ¢olumhhecemfdingOto item 16,
the continuous nulti-stage distillation columm

whe GRS S %faﬁ giug: 1 ﬁ'@ﬂti%t dV4HRIHHion TALAHS 18 F plareatype

area per sieve tray is in a 15 range of
ool 0, 5.1 . n U ts of -the
d'snf'ﬂg?ﬁt F‘gwrﬁp%égﬁ.@eﬁ%\% éggﬁgr eégfﬁ'ﬁ by i npl enenti ng
the present invention, the dialkyl carbopates..and, t
18. il Santiueis roult-atage distilafiof hpfifh8cACLFEuRRiId Jem 16
- of not less than 95% preferably not |less than 97%
or 1fpmhensiarsaiddrayista isieve tray hungqs sigve RARIgN gnd a
scale of not less than 2 ton [/ hr, preferably not
dowheemeampartlonpn / hr, nore preferably not |ess than 4
ton / hr, for the dialkyl carbonates, and not less
19. t hiee corii@ous rhulti-stagbediatillatior cobsmnt Aecotdioy taitem 18,
[ hr, nore preferably not less than 2.6 25 ton 1 hr,
whef??n S8R1 dieN &S tray Nalsy 1007t021000! RoRRINTel fite dfieveportion
0

not |l ess than 1000 hours, preferably not |ess than

therﬁg?o hours, nore preferably 15 A0501 VP73/ KAN not
es's than 5000 hours, fromthe cyclic carbonate and

20. t?ﬁeaéti)r?ﬁr%ioﬁs %Tﬁpéﬁgbiecd@tﬁ%%n column according to item 18

or 19, wherein a cross-sectional area per hole of the sieve tray is in a

range of from 0.5 to 5 cm?.

Advantageous Effects of the Invention

It has been discovered that by implementing the present invention,
the dialkyl carbonates and the diols can be produced each with a high
selectivity bf 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 carbonates, and not less than 1.3 ton / hr,

‘ préferably not less than 1.95 ton / hr, more preferably not less than 2.6

ton / hr, for the diols, stably for a prolonged period of time of not less

than 1000 hours, preferably not less than 3000 hours, more preferably

15
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Brief Description of Drawing 5 FIG 1 shows an exanpl e
AOQ500VPRZ3KAM i c drawi ng of the continuous nulti-stage

distillation colum for carrying out the present
invention, the distillation colum having internals
(i n FlIG 1, tray stages are shown schematically)

ovi ded |nS|de a tyrunk portion thereof | bti,0 .
not Igss thas, 5000 REHES.crem the £y Esceﬁ?%?fe? L f'h%@é“’%‘w
outlet; 3-a to 3-e: inlet; 4-ato 4-b: inlet; 5. end
mon@hﬁdﬂp scohetlernal ; 7: trunk portion; 10: cont i nuous

mul ti-stage di stlllation columm; L: length of trunk
portion (cm; D: inside dianeter of trunk portion
(cm; dl: inside dianeter of gas outlet; d2: inside

Bne%@%ﬁﬁftuﬂi dfi Deawinytl et (cm). 15 Best Mode for
Carrying Qut the Invention In the follow ng, the

Pr ¢38nY bﬂp%bﬂ%*ﬁnﬁﬂé%f ?él‘i’eﬁétii,eﬂ@ahmgﬁfethe continuous
reaction o Fese

invention Is a reversible
b ira r i the
mu'tb%ﬂw |ohaﬂﬁ"at'g°aq§§§%ﬁo¢%?ﬁ‘f%ﬁ§b ga e préfene AR fon,
at C and a, a pL, 0

distifighpAcco Ruhbaariod Ktenalsing Ff%hit ?ﬁ%ﬁ%ﬁ%ﬁf’e shown

al cohol SB); 0/ RO+ 2 ROH R2 %2 gl
schegmafically) prowideg ipside @) trupk pggtsg@ erephs KAN

wherein Rl represents a bivalent group -(CH2)m (mis
DeseariptionegbRéfesenge Nungralsne or nore of the hydrogens

t her eof being optionally substituted )
1: gas outlet; 2: liquid outlet; 3-a to 3-e: inlet; 4-ato 4-b: inlet; 5:
end plate; 6: internal; 7: trunk portion; 10: continuous multi-stage
distillation column; L: length of trunk portion (cm); D: inside diameter
of trunk portion (cm); dy: inside diameter of gas outlet; d.: inside

diameter of liquid outlet (cm).

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 reversibie equilibrium
transesterification reaction represented by foliowing general formula (1)
in which a dialkyl carbonate (C) and a diol (D) are produced from a cyclic

carbonate (A) and an aliphatic monohydric alcohol (B);

R’ R0 OR? R
N
(0 2ROH — \9' by o (D
I o
, |
@w ® © ©

16



with an al kyl . group or an aryl group having 1 to 10
Aosoqaymmwrm Mor eover, R2 represents a nonoval ent

al i phatic group having | to 12 5 carbon atons, one or
"’“"—‘“‘\-—-\m)re of the hydrogens thereof being opti onaIIy

Substituted with an al kyl group or an aryl group
havi ng 1 to 10 carbon atoms. The cycli¢ car bona&e
whereinRicepresents agivalent group -t(fﬁé"p}ne-s Is pRBLegsH from 2
is a conpound represented by (A) in formula ( i
to 6)Pomlozsmate dfOtI'tehhydyogensm%enﬁtbeelnswmﬂ@"a Irys ehstituted
carbonates such as ethyl ene carbonate or propyl ene

w1th%1r AgoAt §iowp of. éh@rgkgwabdﬁww4dme10 carbon atoms.
, 3-di'oxacycl ohept a- 2-one, or the |ike, ethylene

Mor&&w.ogrez e eé’éﬁ’&\’?QﬂSno‘%’l@ﬁf‘é‘@H&legr@ﬂﬁflﬂ\ﬁhbm to 12

ue t ease of procurenent and so on

o il %ﬂ@%iarhsa%ﬁf%#.?ﬁgﬁ%é?fsggf‘ hhe} g ptiopaiy

as the

ot n terial is a d e
substiyed Whfan FVT oFaus on Sp il BHRNRORO TS P* 3foproen
havi ng a Iomer boiling point than the diol produced

atoms. used. Al though possibly varying dependlng on the
type of the cyclic carbonate used, exanples of the
al iPherdyclimoatyenate ssednas 2 staring datarialdfnothe present
et hanol , propanol (isoners), allyl alcohol, butano

invehitioris 9) coﬁrﬂnmedwépoéseatgd byl Gahin formole(l), Examples of
al cohol (isoners), heptyl alcohol (isonmers), octyl

10 the 6}(698‘33r@o?%ﬁrﬁﬂclu@éfmkylﬁw@lm@rbbhmé@rwch ageethylene
cohol (|soners) undecyl al cohol (isoners), dodecyl

cart?clr‘f%éﬁbr(d é?b%'n%‘i@nbfi‘“P|3-d%&}‘tﬂ6ﬂ@§tbr2 one,

epta ooct anol , 25 net hylcycl opent anol
6%1‘?@3%@%%?@?% e‘?ﬁi}f'ﬁi%?c thanate or propylene

cart(qrg%t(?eﬁg)mggr@?%gq gﬁ%«%’@%@ (e?%% Cljo%rﬁ%ﬁvé)ﬁt and so on,
and&ﬂ%é%%%ﬁ%ﬂ b:(a:nsgo%eérse prg?grz%lyatllscé) ol

15 Moreover, the aliphatic monohydric alcohol used as the other
starting material is a compound represented by (B) in formula (. An
aliphatic monohydric alcohol having a lower boiling point than the diol
produced is used. Although possibly varying depending on the type of
the cyclic carbonate used, examples of t-he alipharic monohydric aicohol

20 include methanol, ethanol, propanol! (isomers), allyl alcohol, butanol
(isomers), 3-buten-1-ol, amyl alcohol (isomers), hexyl alcohol (isdmers),
heptyl alcohol (isomers), octy! alcohol (isomers), nonyl alcohol (isomers),
decyl alcohol (isomers), undecyl alcohol (isomers), dodecyl alcohol |
(isomers), cyclopentanol, cyclohexanol, cyclohéptanol, cyclooctanol,

25 methylcyclopentanol (isomers), ethylcyclopentano! (isomers}),

methylcyclohexanol (isomers), ethylcyclohexanol (isomers),
17
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(i somers), phenyl propanol (isonmers), and so on.

AoswbhenaNe, these aliphatic nonohydric al cohols may
' b

e substituted with substituents such 5 as hal ogens,
| ower al koxy groups, cyano groups, al koxycarbonyl
groups, aryl oxycarbonyl groups, acyloxy groups, and
nitro groups. O such aliphatic nonohydric al cohols,
dimethgscyclehenaiol (isenieask distbyleyciohaxangl (isamers),
carbon atons, nore preferably alcohols having 1 to 4

phefficheroiéeanol (isemers)hderizylalsohol, phenpthyl alcohol
(1soners), and 10 butanol (isoners). In the case of

(isoﬁgegygpgé&gﬁ%@gm%ﬁﬁg)phﬂayé@rem. CRUPtHStmore, these

, preferabl e exanples of the
i i Y i uch
atioatif HbhonyER e Bl omes 8o SUBRHABA I oSebsRtifonts <
process of the present invention, at j de
as HESGns: Sowriuko%y Hoss v 0 orBeBE; i KBkykarptif oroues.
The net hod of naking the catalyst be.Fresent may be
arylaxycashopyl GIRKMPS nAENIOXYa9E0UPS, aBLRIIIQ 9TBHPS,
honbgeneous catal yst that dissolves in the reaction
| i qOf ushdaliphatic meanhydiie alaphplmsonesdrefetably; used are
can be nmade to be present in the liquid phase in the
alcotreisthaeing $ttol 6 atarboncatams, yore paeferatiy aleohojsthaving 1
into the 20 reactive distillation colum

to ACeatb AW MBhYs, i08. Hethaholaeehahoh peipamgetisomers), and
catal yst that does not dissolve in the reaction liquid

butﬁggtiﬁg}ﬁr%ea%i ?fé €48 ieéf QBFn% Ryt basboRate o propylene

fesent 1nt reacti on system by

carBp3R0S AAE ST e ISR AR St aiphati

conbi nation 5.ln the case that n :
morghyealcenaiRinAusE mERandlind <RERSELARhanol being more

distillation colum, the honbgeneous catal yst may be
prefes@hla. 18 A0501 VP73/ KAN together with the cyclic

carbonate and/or the aliphatic nonohydric alcohol, or
may lbbdheeprdoess ofi thie fpiresent ipyentiosh a @aﬁﬂkysgtlgrmmi@ to be
mat eri al s.

present in the reactive distillation column. The method of making the

catalyst be present may be any method, but in the case, for example, of

a homogeneous catalyst that dissolves in the reaction liquid under the

reaction conditions, the catalyst can be made to be present in the liquid
phase in the reactive distillation column by feeding the catalyst into the
reactive distillation column continuously, or in the case of a
heterogeneous catalyst that does not dissolve in the reaction liquid under
the reaction conditions, the catalyst can be made to be present in the
reaction system by disposing the catalyst as a solid in the reactive
distillation column; these methods may also be used in combination.

In the case thai a homogeneous catalyst is continuously fed into

the reactive distillation column, the homogeneous catalyst may be fed in
18
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The reaction actually proceeds in the distillation
ADSAO/PTR/KANA region below the position at which the
catalyst is fed in, and hence it is 5 preferable to
feed the catalyst into a region between the top of the
colum and the position(s) at which the starting
materials are fed in. The catal yst nust be present, n
togethet with thestyajisscappenateiand/ar thealiphaticimgashyidsic
preferably at |east 10 stages. Mreover, in the case

~ alcohbl,ust ngay lbe fed én egecadifferent pdnsdmaltpshi'te starting: materials.

cat al yst nust be present in at |east 5 stages,

The %Sﬁ:ﬁb@!bhiétti’éllylv pREbeédsSinatns distliationedaluabh inaa region
| east 10 stages. A solid catalyst that also has an

belcﬁf iﬁétp@ ﬁnpcat I'PSh | the Egtsiﬂkﬂ id k&4 1iAN apRl HEMCeRit iBe

yst use t he pr esent inventi on,

Pfefsg%'a'o i%%ﬁ@eoﬁgfﬂk’é@i‘?‘éﬂk@éﬁ% ibh WY the @1??%3
colugan and thesastpnie) Bhu Ewcﬁh%&aﬂ?ﬁg Tataridis-dte fed in.

calcium strontium and barium_basic co
Thezatajyst mist by prespaddn al lle@ﬁtofe@a%sapﬁ%@g’i% Bieast 7
am des or the |like of alkali netals and al kaline earth
stagest, ansye prafecablynpbleaist $0stagescar bonat es,
bi car bonates, organic acid salts or the |like of
al kidoresekdl I thel cadeabt usingithe heteabgeneswrus sojid catalyst,
am nes such as triethylamnne, tributylam ne,

the *chw@;ég A0 8e ?é@emenﬂlt deashyl stages, Prefbeablykat 1€ast 7

n- cont ai |ng het eroaronmati c corrpounds such as

-stagké i Iﬁé@gggﬁby\%ﬁﬁé%gg%@gﬁo ﬁoé(ﬂﬁi catalyst that also

nas 5 VAR bR BT e el FRlmn.may be usea.
gfﬁ&gﬁ% Iggt—e@yglt X sleldS?nq%ﬁg oplrleg%?lt 1%3ren%on 'any of various

catalysts known from hitherto can be used. Examples of the catalyst
include:

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

basic comppunds such as hydrides, hydroiides, alkoxides,
aryloxides, amides or the like of alkali metals and alkaline earth metals;

basic‘compounds such as carbonates, bicarbonates, organic acid
salts or the like of alkali metals and alkaline earth metals;

tertiary amines such as triethylarriine, tributylamine, trihexylamine,
and benzyldiethylamine or the like;

nitrogen-containing heteroaromatic compounds such as

N-alkylpyrroles, N-alkylindoles, oxazoles, N-alkylimidazoles,
19
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thaltiumahydnesida.sthallium garbenatet thaliempitrate, th

phenant hr ol i ne, al kyl phenant hrol i nes, pyrim di ne,

AO504I URPYBAKANI di nes, pyrazine, al kyl pyrazi nes,

triazines, alkyltriazines or the like; 5 cyclic
am di nes such as di azabi cycl oundecene (DBU),
di azabi cycl ononene (DBN) or the like; thallium

conpounds such as thallium oxi de, tERaI l&,um hal i.de?. '
N-alkylayrazelesdp¥adiazolesanyridinea Alkypyidings, qyjReline,
nitrate, thalliumsulfate, thallium organic acid .
alkykplinslioes, isoquingline, alkylisomunolinesyacridine, alkylacridines,
tributyl methoxytin, tributylethoxytin,
phea®HrolicieTeiIRgiptiénanth relimgs]i pyrimidinen, alkylpyrimidines,
di butyl di et hoxytin, dibutyl phenoxytin,

pyragws,e_amﬂa??ﬁzmsn,trpaimég! BIKyI8GaEiHes of theuikéfin

ori1 de, 2-et hyi hexanoate or the |ike; zinc

gﬁwg{]bggnﬁufﬁbé%u@mggfmé&ébmycn%emwf@ ;TBBU)15

I'oxyzi nc, di butoxyzinc or the 1ike; alum num
. _C ounds such um,pum.t j met hoxi de, al um num
dmz@?’l@%@ﬁf%&%éﬁﬁﬁhﬁi’ﬁﬁ% It“%é’but oxi de or the |ike;
titanium conpounds such as tetramethoxytitani.u .
t ctthalivexgompguads sush asdhaiium axids, thallitm halides,
di chl or odi met hoxytitani um 20 tetrai sopropoxyt i%@ni um

um sulfate,

i ke; phosphorus conmpounds such as trinethyl phosphi ne,
thaltivireohgaphoagchd salis or hheiksiosphi ne,
tri phenyl phosphi ne, tributyl nmet hyl phosphoni um

hal fifl eompbuerisys oh Yas hab phdmetmoxttind dsibudylethoxytin,
tri phenyl met hyl phosphoni um hal i des or the Iike;

i ‘ /h I aflityl RAhbs9Ein,
dlbtﬁ”@%%%gp%i%ﬁy%gg} KA ﬂg'cgmmt onat g, :

oy AT s e BRI, ABEVSHGy ool igityn
chlo()r%(&g,efcin 2-ethylhexanoate or the like; - |

zinc compounds such as‘dimethoxyzinc, diethoxyzinc,
ethylenedioxyzinc, dibutoxyzinc or the like;

aluminum compounds such as aluminum trimethoxide, aluminum
triisopropoxide, aluminum tributoxide or the like;

titanium compounds such as tetramethoxytitanium,
tetraethoxytitanium, tetrabutoxytitanium, dichlorodimethoxytitanium,
tetraisopropoxytitanium, titanium acetate, titanium acetylacetonate or the
like; '

| phosphorus compounds such as trimethylphosphine,
triethylphosphine, tributylphosphine, triphenylphosphine,
tributylmethylphosphonium halides, trioctylbutylphosphonium halides,
triphenylmethylphosphonium halides or the like;

zirconium compounds such as zirconium halides, zirconium
' 20
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such as PbQO, Pb02, Pb302 or the like; |ead sulfides
AD503WP7IKARPS, Pb2S3, PbS2 or the like; 5 | ead

hydr oxi des such as Pb(OH)2, Pb302(CH) 2,

Pb2[ PbQ2( OH) 211 Pb20(OH)2 or the like; plunbites such

as Na2PbQ2, K2Pb(2, NaHPb(Q2, KHPbQO2 or the |ike;

pl unbat es such as Na2Pb(C3, Na2H2PbO4, K2PbCB, .
acetylajcei¢ 0ats, ZirconiumPa ipxidgs pRiscondy M agetate gE theylike:

| ead carbonates and basic salts thereof such as PbCO3

2 Ph BiY(dDS &d awornitainingeomp dwngs cfor esappladeashoxides

aryl oxyl ead conpounds such as Pb(OCH3) 2,

such( 53D EL FHD), PRYCFH thenikeie |ike; 15 | ead salts of

organi ¢ acids, and carbonates and basic salts thereof,

su asee;C! ngmg 4 SEEYERNIERbO. 3H20

or?ﬁgsﬂﬁﬁ&e; orgaﬁaoﬁ ea ’conpo%'nggwéuch as Bu4Pb,

Ph4P P : b : ,

Pt BRI p b A RPORTR, ERROATHR. REYFRTAOH:,

, and Ph represents a phenyl group); |ead alloys

sz(ﬂ(ﬁ%a@ﬁ&%ﬁ!‘epb-m, Pb-Ba, Pb-Sn, Pb-Sb or the

like; lead mnerals such _as galena a [ nc ‘ X

an®@luhites sueh as Na:2PbGa. é&?db@ndg]a%ébhﬂrmp’gg%ém the

that the conpound used dissolves in a starting
like;material of the reaction, the reaction mxture, a

reacti on by-product or 21 A0501 VP73/KAN the Iike,
t hglopimexisaeh 4 NsRb@s, NaybipRieDeolsPb@ =l KsPb(OH)e],

whereas in the case that the conpound does not
K.PHOSS C¥sPbONE CHPPOY Bt BiF iR,
lead carbonates and basic salts thereof such as PbCOs3,
2PbCO3-Pb(OH); or the like;

alkoxylead compounds and aryloxylead compounds such as

Pb(OCHa)2, (CH:0)Pb(OPh), Pb(OPh); or the like;

lead salts of organic acids, and carbonates and basic salts thereof,

such as Pb(OCOCHS3)2, Pb(OCOCH3)4, Pb(OCOCH3)2:PbO-3H20 or the
like;

organclead compounds such as BusPb, PhyPb, BusPbCl, Ph;PbBr,

PhsPb (or PhgPbs), BusPbOH, Ph,PbO or the like (wherein Bu represents

a butyl group, and Ph represents a phenyl group);

lead alloys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, Pb-Sb or the
like;

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
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used as a solid catalyst. Furthernore, it is also

A0S0 ¢PPsAAIG tO use, as a honpbgeneous catal yst, a
m xt ure obtai ned by dissolving a conpound as 5 above
in a starting material of the reaction, the reaction
m xture, a reaction by-product or the like, or by
reacting to bring about dissolution. Furthernore,
the kka/hecompbbadceanibe useskeasim homogensens ¢atalyst.owhereas
i nclude ion exchangers such as ani on exchange resins

in theAkhBa thisd thisasymppound Gomsaot idiss elueh dhgecompoind can be
havi ng am de groups, ion 10 exchange resins having at

used ‘”q%sé Hd loaralyet. © RefPm@reuRsis alse pedferfatien to use, as a
sul fonate groups, carboxylate groups and phosphate
a

r oups [ A I ' [
homali o ud Kate Ve, 8. MY JoiABes BY RBsENINgWEGmpound as

sol.id inorganic ¢co u suc ) : :
aboypincs statina ke 18l of ie et Y [daction mixture. a

alliumsilicate, various zeolites ri.ous . .
reaqi'mralbkpmdhgte@f 1b8l li'llsféng bvareastng J\é}a‘ébEﬁaﬁ‘]‘é‘éﬂt dissolution.

zeolites, and so on. As a solid catalyst, a

par Fuciiieamorepraxamples of dbe eatalyst ysgd injthe presging

basi c ani on exchanger havi ng quaternary ammoni um

invetitismwinehide o exvhaymersospeh axamibpexdhange resins having
i ncluding a strongly basic anion exchange resin having

tertﬂ-i?té’mi'ﬁéygo@ﬁﬁ%?iibﬁ‘ SXENBAgeTeBInd draMingr amide g UPS, ion
cel'l ul ose-based strongly basic ani on exchanger havi ng

excﬂldﬁlb%r fEihs ﬁ{ﬂm’!ﬂ 4N FL 8t Bhety p o F@h g gFoupsds@lected

I'norfgani ¢ carrier’ supportedtype strongly basic anion
exchanges hayin j
frorg sl oateyBrgBs: ERThERIRE STy BT A BhbspateYroups, and
~ exch in havi ¢ : .
solg.SHaRGly bomiacmem ARG M BE BB AERY Brionium
type strongly basic anion exchange resin or the |Iike.

gronpst3ds éxsehange §revnRgl y basi ¢ ani on exchange resin is
a strongly

solid inorganic compounds such as silica, silica-alumina,
silica-magnesia, aluminosilicates, gallium silicate, various zeolites,
various metal-exchanged zeolites, and ammonium-exchanged zeolites,
and so on.

As a solid catalyst, a particularly preferably used one is a solid
strongly basic anion exchanger having quaternary ammonium groups as
eéxchange groups, examples thereof including a strongly basic anion
exchange resin having quaternary ammonium groups as exchange groups,
a cellulose-based strongly basic anion exchanger having quaternary
ammonium groups as exchange groups, and an inorganic carrier
supportedtype strongly basic anion exchanger having quaternary
ammonium groups as exchange groups. Examples of the strongly basic

anion exchange resin having quaternary ammonium groups as exchange
22



basi c ani on exchange resin having a copol yner of

d di vi nyl benzene as a parent material, and
AOSOER&fng quat ernary ammoni um 5 groups (type | or type
I1) as exchange groups, and can be schematically
represented, for exanple, by the follow ng fornul a:
-CHCH2- CHCH2- CHCH2-./1/" 6 C (type 1)  HZN(CH3)3
grouﬁs%m&@ 3tyfenetypatstichdiy EagicCanion exchange yesin or the
CH2- ~~-" CH2N( 2(C2H4OH) CH2N( CH3) 2( C2H4OH)
like. XeA s%y}é‘né Q?g@b&fSnbg; Balsic anibANsxSEahgeaesiniisra strongly
I ncl Ude general ly at Ieast one type of

basi n' Si: S&%gSeflrf%ghﬁ\%\ﬁngé eor{idgsl mef preferm

ably at

ast one type of apion
divinyTasteane avs aaveRt MaeH Rl Rp b GuateFhary Rfonium
resin parent material include a gel t C
5 groupsntyper bor dyparil) AR exXhange Ifa %ﬁ’ﬁec%&%# %@ﬁs"%‘ca"y
being particularly preferabl e due to the organic
represented, fesexample, by the follawing foxEiRes of the

cel | ul ose-based strongly basic anlo xchan
L/AQ§O&—ﬂHi%#KNNﬂﬂmﬁ: é Hosrmdeld-=n Tﬁﬁﬁgjuﬁg as
exchang groups inglude cellu ose havi ng - OCH2CH2NR3X

of

type 1)

X©

mCH—CHz—-—— CH—CH2—CH—~"L"

© Q (type I)
o —CH—CHz— CHzN(CHa)z(CzH4OH)

CHzNéCHs)z(CzHaaOH)

in the above formulé, X repres.ents an anion; examples of X
include generally at least one type of anion selected from F°, CI", Br’, I',
10 HCOs, CO32%, CH3COz ', HCO2, 1057, BrOs", and ClOj’, preferably at least
one type of anion selected from CI", Br’, HCOg','and C0:%. Moreover,
examples of the structure of the resin parent material include a gel type
structure or a macroreticular (MR) type structure, the MR type being
particularly preferable due to the organic solvent resistance being high.

16 Examples of the cellulose-based strongly basic anion exchanger
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trial kyl am noet hyl groups. Herein, R represents an
A0503NPT3/RANIP such as 5 nethyl, ethyl, propyl, butyl or
the li ke, preferably nethyl or ethyl. Mreover, X is
defi ned as above. The inorganic carrier supported type
strongly basic anion exchanger having quaternary
anmoni um gr oups as exchange groups that can be used
havilh% duBtepnasy @mmorEum grouparas axchasigm 6reupgrinciude
that has 10 had (CH2)" NR3X quaternary amoni um
celluls §¢ MaviRy  OOGIESC HNREX dxchamgs roogssabtaioedaby of
the -OH surface hydroxyl groups of the inorganic
c‘onv%@{ihgeéoni#b?'dn oFtﬁad-dmgeodeslinemeaaeubm inted n
i'S enerally an integer froml to 6, preferably n =
. . i ni ' | @l irbi ch as
trialkylpfAeLEH) Brobl, HEreifr R rERre4Entd BRIaMS) roursu
like, ef er ahl idic ' b Gl
metiyl, &tbll iapyIpbufel b e dRY BreraRbo L MRVt i
used as .the nmethod of nodifying the surface hydroxyl
MorepwephsXds defined A 8R0¥€carrier. The solid strongly
basi ¢ ani on exchanger havirELquaternarK agnnniunl
gr dilps inergaricoeawiel supported dypersdrengly Basl¢ apien
In 20 this case, the anion exchanger may al so be used
exciféng&e hiavang epiateirhacpEnomarkual groupstas exshagige groups that
subjected to ion exchange with a desired anionic
can BREGEEY intisl prEsentsnveRtibRanENs aktinesganjc zasdlerdhat has
catal yst conprising a macroreticular or gel-type

had g—f@ pigﬁ%@@ﬁ%%‘e&uQ?é’rjd%ﬁybé’rﬁﬂ?@nId?ﬁfmdyﬂ_trﬂi‘@ducémthereto by

ro 5°contal nfng at | east™ one nitrogen atom

mocﬁéytiﬁgoi% :E?@Pi&‘jloﬁggﬁée gg%nagﬁﬁg.cebﬁg@%*llé@éoﬁlﬁ of the

contai ni n one

inor3ash i es e hiny L LR, 88 BT onBEve . and m i
genetally aminieasriroBh izt Pnd ARGV 2 oo RaAEy Y the

been converted into a . G .
inorganic carrier include silica, alumina, silica-alumina, titania, zeolite or
the like, preferably silica, alumina, or silica-alumina, particulariy
preferably silica. Any method can be used as the method of modifying
the surface hydroxyl groups of the inorganic c.arrier.

The solid strongly basic anion exchanger having quaternary
ammonium groups as exchange groups is commercially available. in
this case, the anion exchanger may also be used as the
transesterification catalyst after being subjected to ion exchangelwith a
desired anionic species in advance as pretreatment.

Moreover, a solid cétalyst_comprising a macroreticular or gel-type
organic polymer having bonded thereto heterocyclic groups each

containing at least one nitrogen atom, or an inorganic carrier having

bonded thereto heterocyclic groups each containing at least one nitrogen
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quaternary salt can be simlarly used. 5 Note that a
AOD504 O/PTB/EAN yst such as an ion exchanger nmay al so act

as a packing in the present invention. The anmount of

the catalyst used in the present invention varies

depending on the type of the catal yst used, but in the

case of continuously feeding in a honbgeneoys
atomcaanl gise baprefesably usedas ﬁaeﬁoaasggtqr icatign; eatalyst.

under the reaction conditions, the anmount used is
Furtiymmaoee) a solid cadalystdn which com@ vriall 57 thase wei ght

preferably 0.005 to 20 % by weight, nore preferably
nitro@e®lcbntdinifg heteroohtlic groupsphaverbeen coinvertetddndd a

wei ght of the cyclic carbonate and the aliphatic

[ ki ' .the starting materials.

quatmg%gr%?ﬁ?ﬁht@@ﬁ%irgll?glsveﬂg?ﬂusi ng a solid catalyst

N | ! 2 s . .

or Ne.fifsf 8t Gafalvst Bchag un'ion ditharigefiny diso act

to 75 volg/ nor.e gleferagxl 0.05 to 60 vol % vyet nore
as apﬂ%‘f'@f‘&o!r&/ I%)e_Prgge ‘"¥8P}Q° ased on the enpty col umm

volune of the distillation col um,

There aje no .. .
parlthe @meunt of the; catalyst Fﬁ%dn‘élt%PB?S‘EBLf'i‘Y]%'&UQPy"af_'eS
20 feeding the cyclic carbonate and the aliphatic
dependingy ani theatypmef the: eatalysbusedudus imihe casgyef
distillation colum constituting the reactive
contitisdu s lyaféedingoiniarhomdgenenes eatalysidhat dissalves in the
feedi ng nethod nmay be wused so long as the cyclic

reactidrPfigai@ itk fie akhBtiohi conditiunglrthe asmowhbusednisbe
made to contact the catalyst in a region of at least 5

f {Bgoei
gen@élf\{aﬁg‘;ﬂsra & cﬁfﬁéhi’g?gobW%t 50 ‘}]‘f’o ?ﬂ%{g‘mr referably 0.005

pre y al |east 10 stages, o e distillation

to 26BN 80 Mt 25,2,
pronSiRA L RbtoksCueabt ATe’ 0k16 S3rBHBAE oflq 1hgfiphatic
mon%ygigniﬁéla,slgé\i\élf i n%ptcahseﬂ?g g‘%i‘;\}'tiir?gsmgteesr%ist?edM%a}'glgveerr; in the
case of using a solid catalyst installed in the distillation column, the
catalyst is preferably used in an amount in a range of from 0.01 to 75
vol%, more preferably 0.05 to 60 voi%, yet more preferably 0.1 to 60
vol%, based on the empty column volume of the distillation column.
There are no.particular limitations on the method of continuously
feeding the cyclic carbonate and the aliphatic monohydric alcohol into a
continuous multi-stage distillation column constituting the reactive
distillation column in the present invention; any feeding method may be
used so long as the cyclib carbonate and the aliphatic monohydric
alcohol can be made to contact the catalyst in a region of at least 5

stages, preferably at least 7 stages, more preferably at least 10 stages,

of the distillation column. That is, the cyclic carbonate and the aliphatic
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carbonate and the aliphatic nonohydric al cohol may be
AOS0H VPTSIKAN i nto 5 the sanme stage of the distillation

colum, or may be introduced into different stages to

one another. The starting materials are fed

continuously into the distillation colum in a liquid

form in a gaseous form or as a mxture of a |jquid
monahydrie ajeohodxdan behaantisueusdy fed v tipm qyr %%gﬂam'émbef of

into the distillation 10 colum in this way, it is
inletglincstagelscofibhe dontimwous onalti-stagedistillatipns seligmn

starting material intermttently or continuously from

ity Irg B g naf deberibddséatlier i oblorelowen, thé oywlier
satlﬁé#ot erepryraér%dcelgabl e nmethod is one in which the cyclic

’ ' ' id hOwHay berimteddaced into
carbERETS"HHA the AR afiLHBhsNEiIC BldoNs Y be
distil]atio I . V. t s M
the $aiia sts 8 SRELRIRT Rl FEmDP bt fictdanto
. alcohol is ~continuoysly fed in a gaseous formand /
d'ﬁ%ﬁnbsﬁaﬁﬁﬁéof%F?nq'h‘?'g‘e(rhe | ower portion of the
distillation colum. In this case, the,cycli T
caru starting materials aee fed cRHinuaugly éﬂé’[ fhe distillation
nmonohydric al cohol. In the present invention, the L.
colusiruin iandjquid dorm, snfagasequs, feunt o @s aomixtyne,ef a liquid and
carbonate and | or diol being the products. The

a gaQnt Othet hBAAfeeding the starting aiatgrialarintodhe, distillation
generally in a range of fromO to 40 % by weight,

figr Ui ' diifioabiveteed Ontaogaseous
col%ﬁwb’@%hé’y.hﬁ .§Oa|%bme/aer§me toraidai ifioakdiyate ed g

welght, in ternms of the percentage by wei ght

stargﬁggﬁ%tg}ﬁgi‘iéh@’ﬁftcar %l Sontifoasiy hdih @ m@?%ﬂti‘on of the

nate mxture,” and is, for
. Jhe.diaol, generally in a. f M) i
it h Ly B 4P B B8 fRehB¥ne i
preferably 0 to 5 % hy weight, in teros of th
whiGivahe roi RAPABALE F Aot dus Brteth R ahliahf fip ora gas /
cyclic carbonate / diol mxture. \Wen carryi ng out
liquichenixedstonm rista & stageefidhe; distijlatian cqlismn. abpve the stages
cyclic carbonate and / or aliphatic nmonohydric al cohol .
in wisishythentatalyseds present, and the aliphatic monohydric alcohol is
continuously fed in a gaseous form and / or a liquid form into the lower
portion of the distillation column. in this case, the cyclic carbonate may
of course contain the aliphatic monchydric alcohol.

In the present invention, the starting materials fed in may cpntain
dialkyl carbonate and / or diol being the products. The content thereof
is, for the dialky! carbonate, generally in a range of from 0 to 40 % by
weight, preferably 0 to 30 % by weight, more preferably 0 to 20 % by
weight, in terms of the percentage by weight of the dialky! carbonate in
the aliphatic monohydric alcohol / dialkyl carbonate mixture, and is, for

the diol, generally in a range of from 0 to 10 % by weight, preferably 0 to

7 % by weight, more preferably 0 to 5 % by weight, in terms of the
26
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into the reaction system materials having the cyclic
A050¢ ArPir3iKipdN and / or 5 the aliphatic nonohydric al coho
as a nmamin conponent thereof recovered fromthis
process and / or another process can al so be
preferably used for the starting materials. It is an
excell ent characteristic feature Qf th resent .
percentage ibshweight ofthe digldad eyelig cgé,%fagef digl spigpre.
process is a process in which a diaryl carbonate is
pr Ydbendcdmying oditdheypresentrenstion indystriallyohasides fresh
monohydr oxy conpound, the aliphatic nonohydric
cycliel cabindte apdblyepadigiait mondhydrcoaleehod mewly introduced
recovered. The recovered by-produced aliphatic

into IR eBYdtich 8ysadipl maraials Nadiigthe vydliw carbdwate and / or
I Kyl carbdnate, the aromati c nonohydr oxy conpound,

di a
the @Egt@{igyﬂnoﬂb\sﬂygfrwa%iﬁwll é%é’ﬂaaﬁﬁ’_‘éo oféROtIFERGT fecovered

anount aryl -carbonate, the

di,aryl_carbonate, an . Y= : [ '

from {18 Rrgs S ABGHo BT A the irokesd 4h UG e gpraRRI used
material in the presepnt inventjon, or nmay be.used.,a

for thaestarting: Mathaei: ot & P8 exaaliant charabiarnstigjeatdre of the
mat eri al having a higher boiling point than_that of

preseind invephian thabthisyisrpessibieno/Amaxamee pEAnather process
through distillation or 20 the like. Acyclic ]

is a paobesstia whitlkermatiarylcadbonateds pragited fikam:a shalky!
one produced through reaction between, for exanple,

carb¥hatbkahgngn @fodtatic thonohydrdyy oumpoudd, theoplipbatic
oxi de or styrene oxide and carbon dioxide; a cyclic

mon%"i‘ﬁ}?:‘?i@lta%tgﬁm Bbﬁ@éﬁfﬂ%ﬁué@ﬂﬁﬁﬁmi@fprﬂm sAd recovered.

materi a compou or the Iike my be used as a

The@bi}rg})ﬁx%dﬁ\tjﬁljoﬁudéh E\E}ﬁhﬁ"tﬁ? noﬁﬂ&ﬁﬂtél%ggt?&eg%@%w often

€ present i nvention, ratio | _
con3iREIHR: Slak e salFbbSte L aRah I b HEnPht & efrpgyna. an
alky?grgmtt\\/gg ia%sd ggcgr;,dgrq rtn%yt Qlesc} Xg%t%ds%%wgh(%n shgf an
alkyl aryl carbonate, the diary! carbonate and so on. The by-produced
aliphatic monohydric alcohol may be used as is as a starting material in
the present invention, or may be used as the starting material after
amount of contained material having a higher boiling point than that of
the aliphatic monohydric alcohol has been reduced through distillation or
the like.

A cyclic carbonate preferably used in the present invention is one
produced through reaction between, for example, an alkylene oxide such
as ethylene oxide, propylene oxide or styrene oxide and carbon dioxide;

a cyclic carbonate containing small amounts of these raw material

compounds or the like may be used as a starting material in the present

invention.
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transesterification catal yst and the reaction
AOB0OVRTIAAN, but a nolar ratio 5 of the aliphatic

nmonohydric al cohol to the cyclic carbonate fed inis

generally in a range of fromO0.01 to 1000 tines. To

i ncrease the cyclic carbonate conversion, it is

preferable to feed in the aljppati c nonohydr,ic .

al tttbe presanteinyension, auatiaetweemanaunss-gf the cyelic

nols of the cyclic carbonate, but if the anmount of
carbbhatal aphahecaliphatig dnoochiydsimpleshel fed inta the seastive

then it is necessary to nmake the apparatus |arger. For
distifH€ibn E6RFARSValibs aodcadingttoothd type arid pmouat of the

nonohydri c al cohol to the cyclic carbonate is

h'e: fihle’ padtién céhditions, (bt armblar ratio

t'angé%ﬁqg%‘“%{b@rfg??‘gﬂfaﬁgn y 5to 12. Furthernore, if

of i ANlpHIG Ao VENE BIcEAOPIAING EPEHE Barbbhiate fd in is

aied car bona ‘reactt with 15 the
gendfally T snianoe Al driEhpe0 15 RaREeR. - IFY 1RErdads fRe oyolic

it is preferable to reduce the nmoynt .of uor :
carhpnateccenveEsigne it ISRf ﬁjfjt’r{@bég to,fapddn 68§séj'b‘?'isﬁaﬁﬂ°"°hyd”c
the process of the present invention, even_if the .
alcohinhip anlexcess bbatdeanb? tires themnumber of mpls jof the cyclic
carbonate conversion can be nade to be not 20 |ess _
carbdwated Bat [fridlecamibyntnof the sdiphatic ssonohydeic alcohol used is
preferably not less than 99% This is another
too 9'?35?‘,0{!%1’1 $#t iscnbeakuafy ®b rbkepttas epparatvetaiger. |hor such
he present invention, preferably not [ess than 2 ton

readof, fe W?Lardnia"ﬂé(lﬁlf tha' MApRAfic hoRdNydiiastohol to the cyclic

prog’uced; e mni num anmount of the 25 cyclic
car@éﬁaf’eﬂﬁ‘ﬁvr%?%bfwﬁﬂsé ¥ﬁ¥*§%??§!"edﬂ2€%3b?’f G DS preferably 3 to
.0.P .
15, SorRie iR $4612" 5iMipeb AR, Hinhith ubEeRBRad overi

ona
to be produced. In ay nore preferable c this

t .
- carbepate remnins, thes e staggeq GRIE GRIbqriAre may réact with

the produced diol to by-produce oligomers such as a dimer or a trimer,
and hence in industrial implementation, it is preferable to reduce the
amount of unreacted cyclic carbonate remaining as much as possible. -
In the process of the present invention, even if the above molar ratio is
not more than 10, the cyclic carbonate conversion can be made to be not
less than 97%, preferably not less than 98%, more preferably not less
than 99%. This is another characteristic feature of the present
invention.

In the present invention, preferably not less than 2 ton / hr of the
dialkyl carbonate is continuously produced; the minimum amount of the
cyclic carbonate continuously fed.in to achieve this is generally 2.2 P ton

! hr, preferably 2.1 P ton / hr, more preferably 2.0 P ton / hr, based on the
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FIG | shows an exanple of schematic drawi ng of the
AOS0OVPTBMAKAN S5 multi-stage distillation col umm for
carrying out the production process according to the
present invention. Here, the continuous nulti-stage
distillation colum 10 used in the present invention
conprises a structure having air of eng pl ates, 5
amouhb R (tord/ he) of thecgialkut p@&bow ko be REQ H&eg | e“bf“hyet
L (cm and an inside dianeter D (cm and having
moré lpreéerableccase] thisramounttdam beumasde 4o be Ageg thanaﬁd? P ton
further conprises a gas outlet 1 having an inside
/ hr.diameter dl1 (cm at the top of the colum or in an
upper portion of the colum near to the top, a liquid

outehed ‘? hoWd A% 8Rahipiedss Qbﬁ&ﬁ{aﬁic Waliny of tite continuous

bottomo the col umm gr in a lower portion of the

655 G IR 509G ST iy pocess
acoqidithie e hemaSee e AT, HEFhotd i b ptaoe

~ mddle portion_and / .or the | ower, portjon of the t
distidlatiom cobowa 1Reaised dnitheopresanbi VENHIGR CAMBFISessR structure
be made to satisfy various conditions so_as to be
havinly a paircfrepd platestd ahoyedandibelew ancylindeicad trunk 7
reaction at the 20 sane tine so as to be able to
havngdUI@@g!heII ¢cat) andain iresidet dmmateod (cm) and hawing
di al kyl carbonate and / or preferably not |ess than

therkigsid®ah iptemial Wit i Mimblerdisfagesinpranidfigettier comprises
period of time. Note that FIG 1 is nerely one

ﬁ%ﬁqléfp‘f‘tl'la‘?fnag% ;iﬁé‘ﬂh USRI U, -(@hep8t ¢hettdp 8f tR8 column

glunn accor e present invention, and hence
or g ﬁb{n%&ﬂ%ww%&.te%%&wﬁ%%ﬁfcﬁxrzﬁ;%m iyt 2
havirg SndOe BRC@me T dnba Sbe BoRED AEIG @bm" or in a lower

condi tions fromthe perspective of the disti]l ﬁ Pq
portioncef the celemmapaar teHbeccebimn o5e 05 MoR fiystdalet 3 (a~e)

with conditions required so as nake the reaction
propiderténl the aipye mpontianhand / or a middle portion of the column

below the gas outlet 1, and one or more second inlet 4 (a, b) provided in
the middle portion and / or the lower portion of the column above the _
liquid outlet 2, and moreover must be made to satisfy various condiﬁons
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 is 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.

The continuous multi-stage distillation column according to the
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conversion and high selectivity, specifically: 5 (1)

' A0SOINgPYSARaIN L (cm nust satisfy the fornmula (1);

21005L58000 (1), (2) the inside dianeter D (cm of

the colum nust satisfy the fornmula (2); 180 < D5

2000 (2), 10 (3) a ratio of the length L (cm to the

inside dianmeter D (cn) of the colum nust satisfy the
preskat imventian satisfiswot 08)y condjtions frombthe grerspggdive of the

n nmust satisfy the fornula (4); 10 < n 5 120 (4), 15
distillalion fuaidtionf bubeatner tiresk aoriditioRs(arg combined with

colum to the inside dianeter d, (cm of the gas

condiibhé! meaﬁd He/nidKe fi0s Tehatioh) proceed stabhP with a high
-(5), an 6

I aratio of the inside d:jamater Df(chn) of
conﬁ}%ﬁ'@ Al vl h%@?%@f.@%yffﬁfﬁ@im T zéhé D
3 6 . .
coﬂiﬁ'ghﬁﬁe&\d@hdp’\gt@%‘):ﬁﬁsitEﬁ?‘ib%fgrtﬁ]ﬁei%gﬁﬂ%?( 'aﬁ ?o t he

top" used in the present invention neaqﬁ the portion
from the 2H0 6f Lish 800 urm downwar d as (fdr as
approximately 0.25L, and the term"the bottom of_ the
col(@therinside| diametasr Di (embof the cojusvn musheatisfy the
the bottom' nmeans the portion fromthe bottom of the
forrmdhui®); upward as far as approxinately 0.25 L. Here,
"L" is as defined 30 A0501 VP73/KAN above. It has

been di scpygr€e khapody using the conti(@yous
mul ti-stage distillation colum that sinultaneously
satiagTd ¢atibher 1M TEhgeh (Nom] %0 the3hside diameter D (cm) of the
column must satisfy the formula (3);
4<L/D<40 (3),
(4) the number of stages n must satisfy the formula (4);
10 <n <120 (4),
(5) a ratio of the inside diameter D (cm) of the column to the
inside diameter d, (cm) of the gas outlet must satisfy the formula (5);
3<D/dy=s20 (5), and
(6) a ratio of the inside diameter D (cm) of the column to the
inside diameter d2 (cm) of the liquid outtet must satisfy the formula (6);
5<D/d><30 (8).
Note that the term “the top of the column or the upper portion of

the column near to the top” used in the bresent 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

column upward as far as approximately 0.25 L.. Here, “L" is as defined
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(4), (5) and (6), the dialkyl carbonate and the diol

'AOSQ@%';{?KK duced on an 5 industrial scale of preferably

not l1ess than 2 ton / hr of the dialkyl carbonate and
/| or preferably not less than 1.3 ton / hr of the dio
with a high conversion, high selectivity, and high
productivity stably for a prolonged period of tine

abovel, for exanple, not |ess than 1000 hours, preferably
not | ess than 3000 hours, nore preferably not |ess

t hﬁ”ﬂég%éﬁ d1866Gerdd tHat by G8irlg the dntimiess andlti-séage
al 1 phati ¢ nonohydric al cohol's. e reason why it has

distifEASHTeAREIA that nRiiGhESud jes slistiby theardimalae (142), (3),

e Wwth such excel |l ent

. LGRIEY o RRTRTOLS B, G0 o 4 8 isliood on an

. due to a conposite effect broyght out .
industrial scale obtprefera Vrﬂﬂta'@s(slﬂ%?'& Eﬁ“ér@@ﬂ#ﬁﬁgﬁ’ééﬁ‘y'
Preferable ranges for the respective factors e X
carboaatei ard /et prefarably pet)less tF'&!s"t%éﬂ“ﬁl’@bet?h_@rfj'Pﬁé”'th a
conversion decreases and hence it is not _ggssi ble.to
higha¢énaversibe, ddghrseleptivityc winsh high productibiitostablyder a
keep down the equi pment cost while securing the 20
prol§RJEA S&ABdeaRbim@ ®f! for erampie, pratdiestsi thamt®dt hoyrs,
be“attalined, L nust be nade t-o be not nore than 8000.

fera390n bt less than 5000
pref&%@{f\vﬁ?ﬁégggﬁbﬁ 3@%%%%'32??1?@5 ’;mre preferablg.

vould ot S el or % Slphngtorsals oo

Moreover, to
The faah i A e DR o ei6 Jo B At arbonate
anddbe i on aromusiEl A WERs R SHia SVoSHEET b5,

bei ng yet nore preferable. If L/ Dis_Ie_ssthaP4%r o
implpraenting the proceskef theapreseptinyestionyscepkglear, but this is

difficult. In particular, if L/ Dis greater than 40,
suppbeed fiebe due to a composite effect brought about when the

.conditions of the formulae (1) to {(6) are combined. Preferable ranges

for the respective factors are described below;

If L (cm) is less than 2100, then the conversion decreases and
hence it is not possible to attain tt;e 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)
is 2300 < L < 6000, with 2500 < L < 5000 being yet more preferable.

If D (cm) is less than 180, then it is not possible to attain the
desired production amount. Moreover, to keep down the equipment cost
while attaining the desired production amount, D must be made to be not

more than 2000. A more preferable range for D (cm) is 200 < D < 1000,
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pressure difference between the top and bottom of the

A0504 AYpTand@gomes 5 too great, and hence prol onged stable
operation becones difficult. Mreover, it becones
necessary to increase the tenperature in the |ower
portion of the colum, and hence side reactions becone
liable to occur, bringing about a decrease in the

with 2elEet Dvkt800 Beimg oyatrrabeegieferabls for L/ Dis
55L/D<_30,wi th 75L/ D520bei ng yet nore preferable. 10 -
| f 11Li 5D RSkedshBan @, ot geaatéetian i, sthem stableagperation
and hence it is not possible to attain the desired

becdéré%g%itffieﬂlt?”?ﬂ\rl‘\%ﬂtmmﬁ‘?yﬁ‘.rk /'D i§egreatdpthahhsD, then the

ui pnent cos e securing the conversion enabling

prespiig, (ifArERGe hafWERh Ml B B Bopor e ol Bpgomes

thernmore, if nis

greater than 120 hen th e Q.. j i
too §iaalecnd Renssp iR Gt Ble BRETaLPR e gofi aRficuit
great, and hence prol onged stable t
Morapyer.ill hecamesonepessar %dﬂ%ﬂ%?ﬁ??@!&'}%ﬁiﬁgﬁ@%’a‘* lower
?heterrperatureinthelowe_r portion of the colupn -
portionl dfetheccelutan; aac hensensisenteactipns hesespe fable to occur,
bringing about a decrease in the selectivity. A nore
brinBid eibdlitea rdwgeaser imthe sklectigity. A snaoprefenable range for
<_n 5 90 being yet nore preferable. If D/ d, is less
L/ [?/Eefs 3 LyheNs t3ne WK PREDY DosR(bbeimgyehirgbre preferable.
reover, a Targe anount of a gaseous conponent is
Leaﬂ"rw? rlg%galﬁgﬂ i tﬂé‘tg tRB! SbRee HiohhGestsdsus amadhence it is
hence  stabl'e opera Ton beconmes difficult. If D/ di
i s greater than S ne
not aatqs%faﬁ% azﬁaﬁgr!@w%nﬁEE?éénéiﬂéé‘?ﬁ?ﬁv%@Wﬁow Moreparto keor
stabl e operati on C s diffic ,
dov%g%@agwnmmcesﬁw&% srausnsg ShiipcHirgion Riidpfing the
f 1 VP73/KAN nore preferable r f D/ '
desbed prodection AMGurg &9 be/ ati?ﬁkeg 1 emBgi bg V@ijd%{ﬁsﬁe hot
preferable. If D/ d2 is less than 5, then t

he
mowes thanet20 cofturbeeomese hifgn is greater than 120, then the pressure

difference between the top and bottom of the column becomes too great,
and hence prolonged stable operation becomes difficult. Moreover, it
becomes necesSary to increase the temperature in the lower portion of
the column,r and hence side reactions become liable to occur, bringing
about a decrease in the selectivity. A more preferable range for n is 30
< n < 100, with 40 < n < 90 being yet more preferable.

If D / d4 is less than 3, then the équipment‘cost becomes high.
Moreover, a large amount of a gaseous component is readily released to
the outside of the system, and hence stable operation becomes difficult.
If D / dy is greater than 20, then the gasebus component withdrawal
amount becomes relatively low, and hence stable operation becomes

difficult, and moreover a decrease in the conversion is brought about. A
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Moreover, the liquid wi thdrawal anobunt becones
AOSOﬁWSIKﬁN’ hi gh, and 5 hence stable operation becones
difficult. If D/ d2 is greater than 30, then the
flowrate through the liquid outlet and piping becones
excessi vely fast, and hence erosion becones |iable to
occur, bringing about corrosion of the apparat us.
eTprefecrabﬂerrahlge fambe/ toris@ £ QY ds< ¥55wWith 515 B /2@1 <13
wth 9 5D/ d2:!'-, 20 being yet nore preferable. 10
bemJjLVéthﬂlbﬁ’éf;ﬁrefe?ab@ been found that in the present
rnvention it is further preferable for d, and d2 to

sajf pf ¥ d} 3@ lé@%rﬂ#'a@a 67then thedeqliptieht wost)bedomeschigh.

prolongéd stabl e operation” used in the present

Mor%é!ff}th%t ﬁl%ﬁﬁ”&lﬂ@%ﬁﬁﬁam AHOLSTEY Férativady high, and

e operated continuously

d b d
nencs el BrbaAlRL oeBSER AP ik EBEbRIETtyan o0
not |less than 1000 ho abl nat SS tnﬂ%%]
thengtuniiewirate doreugh dherignig odbet Plhg | EBEahHE

and predetern1ned anounts of the dlalk carbo nat
excessivehefastylanchhense po0sios bREPME Sl a. tRi %@G%ebfmg'“g
hi gh 20 conversion, high selectivity, and high
abowr ednasigntof the al;m&tattesJ stA mdreapieferable fangectampP / dz is
invention is that the dialkyl carbonate and the di ol

7< 9an9% REOWER & gtabﬁ ¥, k0P 0 eiIng pevatbrepreférablet i ne
each™w th high selectivity and preferably w th high

pr f Foirld Brabpneie pebseat iheeation it is
thﬁwﬁ‘@h?\éﬁd“e %Qﬁﬁhﬁ?gﬂ proguct ivity fg? 25 the diol

furticy, BPate Gblp TOZR, aid i pBlinty WReToAtuly (7 20ret ©

an

amount of  not, |ess tgan 3 ton/ hr 33 qgam VP73/ KAN
and not |bssdtH 5 ton / hr respectively, yet m)re

preferably not less than 4 ton /[ hy | ess .th
2. 6T hertermipralopaed stable aBeERtiRn’ u3RR e Frésent”

characteristic feature of the present invention i
invertion imeahs thatdhe continuous muiti-stage distiliation column can

be operated continuously in a steady state based on the operating
conditions with no flooding, 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 predetérmined amounts of the dialkyl
carbonate and the diol can be produced while maintaining the high
conversion, high selectivity, and high productivity. |

A characteristic feature of the present invention is that the dialkyl
carbonate and the diol can be produced stably for a prolonged period of |
time each with high selectivity and preferably with high productivity for
the dialkyl carbonate of not less than 2 ton / hr and high productivity for
the diol of not less than 1.3 ton/ hr. The dialky| carbonate and the diol

are more preferably produced in an amount of not less than 3 ton / hr
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that L, Db L/ D, n, D/ di, and D/ d2 for the

AOS0AOMPTRAN nulti-stage 5 distillation columm satisfy,
respectively, 2300 5 Ls' 6000, 200 5 D <_ 1000, 65:5
L/ D<_30, 305n5100, 4SD/ d, :515, and 750/ d2525, not | ess
than 2.5 ton / hr, preferably not Iess than 3 ton |
hr, nore preferably not |ess than 3.5 ton /ql}r of

and oohlless tbanbdRA sondrur FRspeetive v aetimoredr erﬂbly Rt less
preferably not less than 1.95 ton / hr, nore

thanp4 ¢bar/abt andonot éess tthan 2.80ton 7 hrorespeetively. heMergpver,
can be produced. Furthernore, another characteristic

anoth%@tdﬁaidﬁtehhelcpfmlﬁé dfmbanpresent invention ishihatdsethe case
that L, D, D, n, D/ dl, and D/ d2 for the

0 t t
i 51 0 4 5 e e

ool e ppbeRyi 4008 21,308, Apuo < 1000
5 < L?Sﬁoa%” t?s?aﬁa“r B FaPichs 3 %{/ecfzié?‘f ot less
han 1.95 to referabéglé Iels,ﬁ,thanzzf 0 t
than 2h tondybr, mr@‘f@r%i\fynﬁbie%; pradon fghr. ere mr.e Bf’a y no
the diol can be produced. The term' sel ectivity"

lessethan 8¢5 tthe dhelofthecdiaisylacarbeniatercand giot less trharhél 6 ton /
present invention is based on the cyclic carbonate

hr, predetaily hot dss thaast®5 torvéitr, omorea peferabdycvet less/than
of not less than 95% can generally be attained,

2.2 Péﬁf/%aaf thédiol eah bBFPToUlisedIOr Fuﬁiﬂﬁéﬁﬁaté,yanothéless
than 99% Moreover, the term "conversion" in the

chafgcﬁ%‘??sthd RYSHIreO0s ﬂ'?é‘%@&bﬁt ihPehfidhrers ft By ohé Q:ase that L, D,

carpbonate conversion e present invention it

B TSN b e g
confh sl shirsrobelpihc2éohitt A an af Bl 121 10 <
referablgnot less than 99.9% It is qgne of the

20, dcsin sn90c o Riedi 5113, apdi9ed blzt$20; m%ts'@rﬁs than 3 ton /

i nvention that a high conversion can be maintaine
hr, prefeeably not less than 3.5 ton / hr, more preferably not less than 4

ton / hr of the dialkyl carbonate, and not less than 1.95 ton / hr,
preferably not less than 2.2 ton / hr, more preferabiy not less than 2.6
ton / hr of the diol can be produced.

The term "selectivity” for each of the dialkyl carbonate and the diol
in the present invention is based on the cyclic carbonate reacted. In the
present invention, a high selectivity of not less than 95% can generally
be attained, preferably not less than 97%, more preferably not less than
98%. Moreover, the term “conversion” in the present invention generally
indicates the cyclic carl:;onate conversion, in the present invention it
being possible to make the cyclic carbonate conversion be not less than

895%, preferably not less than 97%, more preferably not less than 99%,
34 '



mai ntai ni ng high selectivity in this way. 5 The
A0508 VP73IKAM nul ti-stage distillation colum used in the
present invention is preferably a distillation colum
having a tray and / or packing as an internal. The
term"internal"” used in the present invention neans
the parts in the distillation coluym where gas .and
yet morpipdeferablytned legs than§d. 5% %tlUdHP&i%tPf\ﬂ??Fﬁ@Nemt less
anot her. Exanples of the trays include a 10 bubbl e-cap
thanig@P%a dt éverie of the exdeltent aharactesistiefeatures af the
a Superfrac tray, a Maxfrac tray, or the IliKke.

pres&Rt $RVERtiohtHdtea Migh tnveretohican biehmaintaineds whike
distillation colum having both a tray portion and a

: AT g APV D § i in part of the tray
mam@?%‘.‘éap%ﬁfgﬁf‘%%t#% é@qgie% %@d. Exanpl es of the
packi ngs i e £ FeYel '
5 THengontfUels” Rt d¥, diEfiftaflon coftinAysed i tbcpresent
. an I ntal ox saddle, ,a.Dj xon ckin 1ACKj] :
invegHopuis braferagly Audfatilatih eBlt faymd s e gl oF packing
Cenpak, TECHNO PACK, FLEXI -PAK, 'a Sul zer packing, .a
as agoadeonal. patReders “iaternal gised *ﬁiﬁﬁh@? nt "l‘%‘é‘tf%’? fheans
"nunber of stages n of the internals" used in the
the padsednt the distillationezolummavirere gascandrliquisd are actyally
case of trays, and the theoretical nunber of stages
broughttifgo aasistact witklomg andthert hExampiesofibevisaystinglude a
cyclic carbonate and the aliphatic nonohydric al cohol

hiie- SanéjeviaViralyl @valv ,Beeouniteciowrtedys baSuperfrac
bUb?%eEEPgﬁégb%v%'rés‘iiéoﬁ?whi g‘rl}asgl ggli vity, and high y

tray,géﬂ?l‘é%}é’é E%’q}{ffﬂﬂ_ ﬁf‘eaﬁﬁe?t tl@lio'?ﬁﬂvé?.i iiotie Prakent ¥Agention, the

I Nuous ge distillation colum and / or a
muiirigae AptiEioEEGIGHN, AN HHE 8 Faf FRrtior phuca d¥ition
pacERliukE noindraineet (984147 B85 AR KRN gfho be used
Exaﬂ{;nsltpisgégtﬂiag ﬂ@f:c%gmé nlazmﬁmg In Frggtq{hgg Ip?@tgimgls Ss ueh atsIr ) %’?aschig
ring, a Lessing ring, a Pall ring, a Berl saddle, an Intalox saddle, a Dixon
packing, a McMahon packing or Heli-Pak, or regular packings such as
Mellapak, Gempak, TECH'NO—PA(_)K, FLEXI-PAK, a Sulzer packing, a
Goodrol! packing or Glitschgrid. Furthermore, the term “number of
~ stages n of the internals® used in the present invention means the
number of trays in the case of trays, and the theoretical number of
stages in the case of packings.

For the reaction between the cyclic carbonate and the aliphatic
monohydric alcohol in the present invention, it has been discovered that
the high conversion, high selectivity, and high productivity can be

attained using a plate type continuous muiti-stage distillation column and

/ or a packed column type continuous multi-stage distillation column in
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di scovered that sieve trays each having a sieve
AOS0RRTIRAMNI a downconer 5 portion are particularly

good as the trays in ternms of the relationship

bet ween performance and equi pnent cost. It has al so

been di scovered that each sieve tray preferably has

100 to 1000 holes / nR in the sieve portion. A nore
whichrtfeeintersaisicompiise tbectyays and /1¢f PRkiags having 2

yet nore preferably 150 to 800 hol es/n2. Moreover, it .
predetsrmired dimbeeafdstageshiut: the platestyne distilatignegolumn in

per hole of each sieve tray is preferably in a range
whichf tHe amteinald ark waPs ié preferablef. er Ebrthermore, it has been

cross-sectional area per hole is 0.7 to 4 cn2, yet -

discggé?ecﬁ’ft%?rs‘?@w tp?]‘z? te%tc%_ ﬁE%ingw sfuverpoetiontantas downcomer

n di scovered t Is particularly preferable if

each sieve. ; b el hi
portigitgeS p eyl 8y, 465 SL e YR i Tefihs ofthe Teldfionship

hole is_in a range, of from 5 el
betwapaSaTioMmABCE 808 o PRI BgSE. I Bz 138 BEBH isZovered

the sieve trays, or may differ. . Lt een sh :
thatteagh sjevedray rratetahlydhas dd ?%r?@‘ﬂg?‘??%s Lot Thihg, sieve

mul ti-stage distillation colunn, the, og'bgct 8 t he 2 t
portiores el moneepréferable number wfi hel@snisr 42049 é_ﬂ beles / m*, ye

When carrying out the present invention, the dialkyl
moreasfaferablyan80 11800i bblesmconMareoverry itphas laen idjscovered

continuously feeding the cyclic carbonate and the .
thatif P Brb & §-BUIRINVAL" afe 2 pet19b|easf ebeht sieyentragr isapseferably in a

into the continuous multi-stage distillation colum

ranﬂ'?é1 oH¥r6h bhg tgaﬁ st hsmd?_bﬁl%ffe’raﬁw cYb8€-sBitional area per

eaction an istillation sinultaneously in the 25

nol LT3 GOl RASAG ol st T haimore,

produced di al kyl
carbongte from,the, ypper. partio f 6 ;
nasvreniRcouPLRl et bneatculaiy relefabidit i sjeve tray
W t hdrawi ng a high iling _point reactio i xture .
hasc @0 don{ ﬂggtwaﬁ bmbz?\*bmg ﬁégv%v%?”m-t%ﬂ the ¢ipss-sectional
colum in a liquid form ‘ 2 .
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 for all of the sieve trays, or may differ.

It has been shown that by adding the above conditions to the continuous

. multi-stage distillation column, the object of the present invention can be

attained more easily.

When carrying out the present invention, the dialkyl carbonate and
the diol are continuously producéd by continuously feeding the cyclic
carbonate and the aliphatic monohydric alcohol as starting materials into
the continuous multi-stage distillation column 4in which the catalyst is
present, carrying out reaction and distillation simultaneously in the
column, continuously v_vithdrawing a low boiling point reaction mixture

containing the produced dialkyl carbonate from the upper portion of the
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Moreover, in the present invention, as the continuous
AosohomramAN OS5 the starting material cyclic carbonate
and al i phati c nonohydric alcohol into the continuous
mul ti-stage distillation colum, the cyclic carbonate
and the aliphatic nonohydric alcohol may be fed in as
a starting material mxture or sepa[atelxv,in . -
coluhingin & gaseousdormraad ontineorshhwithdiawing, %31'9}‘ boiling
provided in one place or a plurality of places in the

pointipeattipar mioturkOcontdihingritbel diopframdiherfowae pastiginof the

bel ow the gas outlet in the upper portion of the

colufirsin ld ﬁghm}fgﬁhyrm. A method in which the cyclic
carbonate or the starting material containing a | arge

¢ i an oot _
3{";&{1‘?#@%%%00 uh%&seﬁﬁi &ni asf @& cohfinutus feeding of

inaliqudtormfrominlet(s) in

t he,.upper_.porti or ] ' i

the statef il R chfioHafy RBLRlihaRndiydric alcohol

. al cohol or the startin teri.al_caontaini l-ar

into Sha.rRntnuows muiratace AR SRS Evelif Hipgnate
the distillation colum in a gaseou (Lormfro . terial

and ithecaliphapicononemydric gécoRabimay E&rfﬁ p&s ?ng]aFHRErma eria
portion of the columm above the liquid outlet in the

mixtuveesr peparatelyf in lacliguid Formtang /@ argaseous Jerm, from
preferable. 20 The reaction tinme for the u

inlef(s3prosided fihcswé graceast agulucality efl pdacesrin theeupper portion
present invention is considered to equate to the

or tRY Ghitffle’ SSHIGRGT the BBIthnlbéloweahéi gas loutletdin the lupper

continuous nmulti-stage distillation colum. The

porﬁﬁﬁé@fk@sﬁkﬁl%{ﬁéh g.l%slglﬁﬁfn diahgh AR ol WHiBh Ghe Bgclic

ation col um _and t he n_unber
carfenstE S ne' Py Hainbl Ty E e TSR o1 the oyciic
cartansionfy fof oo thagissflalish cSbmbn o2 BBf otkh okt pletce)

in thetupfer pnetiop. oiTHs reidstip oEiaR 6f 2her Lsyifatias cofuihn, and

dependi ng on the type of the .
the aliphatic monohydric alcohol or the starting material containing a
large amount of the aliphatic monohydric alcohol is fed into the
distillation column in a gaéeous form from inlet(s) provided in the middle
portion or the lower portion of the column above the liquid outlet in the
Io\&er portion of the distillation column is also preferable.

: The reaction time for the transesterification reaction carried out in
the?b present invention is considered to equate to the average residence
time of the reaction liquid in the continuous muiti-stage distillation
column. The reaction time varies depending on the form of the internals
in the distillation column and the number of stages, the amounts of the

starting materials fed in, the type and amount of the catalyst, the reaction

conditions, and so on. The reaction time is generally in a range of from
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starting material conpounds used, and the type and
AOS04APRTA/KAINt he 5 catal yst. The reaction tenperature is
-.generally in a range of from30 to 300 C It is
preferable to increase the reaction tenperature so as
to increase the reaction rate. However, if the
reaction tenperature is too high, then side reactio
0.1 the2brho UG EtAbCOrS taiib heads; IOt RFeleranic | 1510
thus preferably in a range of from40 to 250 C, nore
hours0 preferably 50 to 200 C, yet nore preferably 60 to
150 C. In the present invention, the reactive
di qthd r@atabncmperature eariestdepehding oncthaitype of the
bottom tenperature set to not nore than 150 C,

start%§2ﬁ?ﬁ€ﬁ¥&§gh}g@@ﬁﬂstm 13AdGheBype ainef anmiuint obthe

yet nore preferably not nore than
C. | S t 30t
catalydd o TARFHRH LR BrHRafite s Herferalyl i & r@ngpolthom 30 to
selectivity, an hi gh_productivjt '

300 $on 11 o teiagle dniparemne bl ifACt @ BRrtuPE So as to
Moreover, the reaction pressure yaries dependin .
increage thepeeagtiondateqr tl'll'g‘ge#&(e&i the 5%%%ﬁ§grr&géga°t”g,qg is too

the conposition therebetween, the reacti_?n .
hight éhper side ccactiansdesomentiapladeiancuro pthedeactian
be any of a reduced pressure, nornal pressure, or an
temporaigd i ermipeefenably ingenangel ¢f frora 4Gikg2 8 °Crgnore
1 to 2x107 Pa, preferably 103 to 107 Pa, nore

' preftﬁr"r]SBW 80 16 200 %S?éeﬁneﬁe prateratilgréitoctsB ria.ut Imdhe
e

continuous mul fi-stage distillation colum used

preé.rfég%lg Qﬁﬁﬁ&ﬁ”tnég&smibe%ﬁn&qm darvba ¢@tridd iout with the

such as carbon steel or stainless steel.
| t i i ( t
confy Bt ghi B A4Eid by v ety ot
38 A0501,VP73/ KA Ex i i
morg e AL 35+ dnofR BCFTRIARIK bt FIRISMATE 1) YR shore

ion
t hrough Exanpl es. However, the pre?ent i.nvention.i

prefesably matamore thae 100 °C.  An excellent characteristic feature of
the present invention is that the high conversion, high selectivity, and
high productivity can be attained even with such a low column bottom
temperature. Moreove_r, the reaction pressure varies d,ependi.ng on the
type of the starting material compounds used and the composition
therebetween, the reaction temperature, and so on. The reaction
pressure may be any of a reduced pressure, normal pressure, or an
applied pressure, and is generally in a range of from 1 to 2x10’ Pa,
preferably 10° to 10 Pa, more preferably 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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5 foll ow ng Exanpl es. Exanple 1: <Conti nuous
AOSOMVRT3MAN e distillation colum> A continuous

mul ti-stage distillation colum as shown in FIG 1

havi ng L= 3300cm D=300cm L/ D= 11, n=60, D/ d1=7. 5, andDJ

10 d2 = 12 was used. In this exanple, as the

internals, sieve trays each having a cross-sectional

area per hole in the sieve portion thereof of

approximately 1.3 cn2 and a nunber of hol es of
Examppe®xi mately 180 to 320/ n2 were used. <Reactive

distillation> 15 3.27 Ton / hr of ethylene carbonate .

i n Followiriglis armoresdetailed desesiptiomof dbecpesenbinvantion

distillation colum froman inlet (3-a) provided at

throérnrgﬁ Brafmplegdge Howevighetivopresent ind8nlion is hot dimited to the
thanol * in a gaseous form (containing 8.96 % by

' Laet hyl carbonate) and 7.489 ton/hr of
fol!oﬁbﬁgﬁg T'nlrﬂbg‘?l iquid form (containing 6.66 % by 20

Wej . of dinmethyl carbonate) were respectively
Exa@&ﬁgmuousl y introduced into the distillation colum

frominlets, (3-b and 3-c). provi ded at the 31lst stage
<COml&ﬂql-l%e"Bgflr%ﬁgerH@%?éPRr%‘?li%“%? the starting
materials introduced intQ the di stiu ati on col um 1
nethsemtinuaus yulticstage sligtibationscayimb As§ %éﬂgﬁ@: |
used was obtai ned by adding 4.8 ton of ethylene
havigig/b ot 3BO@ch,t Bre FOKom,(Bd Doyl lwe B0 abuésus= 7.5, and D/
solution), heating to 39 A0501 VP73/ KAN approxi mately

d, =182 was wisstilal hy thixlexample)apties dnternadsdsiave yrays each
out heat treatment for approxinmately 3 hours at

haVHF AT 4B e, 0o et rdhs pobtongnarat of
app%@%i@?gféq?q BnEo2tdivd A Almbét bPhdlekWapprdxintatdlyef80 to
320/m? were used.
<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 55" stage from the bottom. 3.238 Ton / hr of methanol
in a gaseous form (zcontaining 896 % 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 iﬁtroduced
into the distillation column from inlets {3-b and 3-c) proﬁided at the 31°%
stage from the bottom. The molar ratio of the starting materials
introduced into the distillation column was methano! / ethylene carbonate
= 8.36.

The catalyst used was obtained by adding 4.8 ton of ethylene

glycol to 2.5 ton of KOH (48 % by weight aqueous solution), heating to
- 39
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5 provided at the 54th stage fromthe bottom (K
ADS00/RRRKAN i on: 0.1 % by weight based on ethyl ene
carbonate fed in). Reactive distillation was carried
out continuously under conditions of a colum bottom
tenperature of 98 C, a colum top pressure of
approximately 1.118x105 Pa, and a reflux ratio  of .
approxirpately 180viS, gradupily resiugingithespE@SSUES caRY carLying out
operation after 24 hours. A | ow boiling point
heatr geatmentfortapprasintateiyyd houns atapmpximsately Ha300 Pa, so
columm in a gaseous formwas cool ed using a heat
as t¢PTBANGE! a dvmoganedus seluiioho A HiseatalySheolution was
| ow boi ling point reaction mxture, which was
nt i ' r idH bl i ke ta3-e
cont@@g%ﬂ.}gl‘ﬂgﬂké{d%éﬁﬁﬁmhh @idtiRRicH Sollmnd frein Gam q3-e)

ton contained 4.129 ton | hr of

di, mgt carlap | :hangl 1 9
Pf°"|"i’€§i%}y %?ﬁnugﬁ‘% R fhe bordif i cBhcBntBEGATL % by

.colum at 3.382 ton / hr contained 2. . .
weightyasag o pibyiene oarBpgats RH EY- riRariie disifiption was

/ hr of unreacted ethyl ene c_a_rbonage. E){(C| di t he
carripdroutysontinuwerahe upgder fonditions Ak as¢q mn&wﬁgmi al ,

the 20 actual produced anount of dinethyl carbonate 5
tempasatlirasf 88r°C, arcolumin dopl pesayrenef appypximagelycd)118x10

contained in the catal yst solution, the actual

Pa, pinfaodlweatib of 0stdyl ene gl ycol was 2.301 ton / hr.
The ethyl ene carbonate conversion was 99.88% the

di ngtypxé poddiBnats atssinestdblbtstewasy stitel eperatien after 24
99.99% and the ethylene glycol selectivity 25 was

I I
noufEL ST ANER SRR HGAE RO 19 top 1 of
e SO0 7% o888 TR0 1< coBIER BRHE e A igpager e
i SRS SBES el S ot ab P o mixture
whishwas Gotinoaucnwithdawn grom the distillation Goltmn at 10.678
ton / hr, contained 4.129 ton / hr of dimethyl c’arbonate,’and 6.549 ton /
hr of methanol. A liquid continuously withdrawn from the bottom 2 of the
column at 3.382 ton / hr cbntained 2.356 ton / hr of ethylene glycol,
1.014 ton / hr of methanol, and 4 kg / hr of unreacted ethylene carbonate.
Excluding the dimethyl carbonate contained in the starting material, the
actual produced amount of dimethyl carbonate was 3.340 ton / hr, and
excluding the ethylene glycol contained in the catalyst solution, the
actual produced amount of ethylene glycol was 2.301 ton/ hr. The
ethylene carbonate conversion was 99.88%, the dimethyl carbonate
selectivity was not less than 99.99%, and the ethylene glycol selectivity

was not less than 99.99%.

Prolonged continuous operation was carried out under these
' 40
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5 respectively for ethylene glycol, the ethylene
A0506 YPIRIAN conversions were respectively 99. 90%
99.89% 99.89% 99.88% and 99.88% the dinethyl
carbonate selectivities were respectively not |ess
than 99.99% not less than 99.99% not |ess than
99.99% not |ess than 99.99% and not | ess 8
condiSonsY, After 500 bonyscR00§ hours.s4PBB: houts . aﬁr'ém"s: and
respectively not 10 |less than 99.99% not |ess than
600 A0S} tetadtaat produced. avxuntstpeehouriweare $934804on, 3.340
and not |ess than 99.99% Exanple 2: Reactive

ton, 81,540 tod, I DBAREF 28 RE 3 340 tomdespektividy fondimethyl
cond|t| ons 15 using the sane cont| nuous multi-stage

carbgh%tt{el LA 9 G‘P tHAN 2a§g‘l {to’ﬁX@Bb@! tdn, 2.301 Ten, and 20801 fon

bne car onat e1n iquid form V\BS cont i nuousl Yy

oss B SEHTOT el B 1P 508 P wore
esnisbiat gt 85, BR300 i UERR Bl 96 B spo aimetn

and 4.227 ton / 20 hr of nethanol
carbonaieselecjivities wers r@,@pgﬁtwgfy @,o,ygpﬁwth%&ggoﬁg%)not less

were respectively continuously introduced into th
thand99t89¥atnohlessotham 9.68% heot less shes. %Qeﬂﬂu%s%')d not less
provided at the 31lst stage fromthe bottom The nol ar

thari 881 @9%‘ ane thbaétHWGnareglgcoalseleotamms:u\cenmteﬁpe@twely not
di stillation colum was nethanol / et hyl ene carbonate

Iess%(h%r?@g q@% 2Rof fés¢ YRANVTP.0984E no? Ibesithars80e99%,imot less

was continuously fed into the
thhb ofli stillation was carried
thaqﬁ? 39 @Oéﬁq %%‘\lﬁg%{q %goﬁsl y under conditions of
a colum bottomtenperature of 93 C, a colum top
pressure of approximately 1.046x105 Pa, and a refl ux
ratio_ of 0.48. It was possible to attain stable
Exagirlgdg: state operation after 24 5 hours. A | ow boi ling

point reaction mxture withdrawn fromthe t ?g
Reactive distillation was carried out under the Howmg conditions

using the same continuous muiti-stage distillation column as in Example
1. 2.61 Ton / hr of ethylene carbonate in a liquid form was continuously
introduced into the distiltation column from the inlet (3-a) provided at the
55" stage from the bottom. 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 31°! stage from the
bottom. The 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 distillation was carried out
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the columm in a gaseous formwas cool ed using a heat

A0S0 NPEBIANand thus turned into a liquid. The |iquid

| ow boiling point reaction m xture, which was
continuously withdrawn fromthe distillation colum at
8.17 ton [/ hr, contai ned 2.84 ton / hr of dinethyl

car bonat e, and 33 ton hr of 1 tha uj o

conttrumuﬁkyouad9rmn¢dt43mﬁ? arrelnB Rqtiomote %PPFHEM’% bf93 °C,
colum at 2.937 ton | hr contained 1. 86E ton / hr

a columyl tope pgegsute of apmpxiovatelynd .046xd0nftay andna r@flyx 'at'°
kg / hr of unreacted ethylene carbonate. Excluding

of 048 dinmethyl carbonate contained in the starting

material, the actual produced amount of dinethyl

canpord 90\&%%!% P atiintstable Bteadydstate lopbradidmafter 24

et hyl ene gl ycol contained in the catal yst solution,

hou%hssg%wlbo'?ﬁﬁg%ﬁﬂt ‘?HH flonPhifine ﬂﬁ‘ﬂ‘ncﬁhmﬂrdmahe top 1 of

99. 99 tonhl g e et ylene carbonat e conversi on was

0/
e BB AR e OSSR BTN iy g o
] SR, R oGP 0B8R B mixture,

After 1000 hours, 2000 hours, 3000 hog and 5000 8.17 t
whiglowas cortinuaysiy withdrawadfram fhedistiliatian celiyan at on

2.669 ton, 2.669 ton, 2.669 ton, and 2.669 ton -
/ hr,resptaitiede? \84 ton dihreofhigdimethyboarkonate, anddp 33ten / hr of
1.839 ton, 1.839 ton, and 1.839 ton respectively for
metBhhyl ena ﬂh)ﬂ@@borﬁhmd&ia! twitheraweafrioondhe bottom & ofighe
were respectively 99.99% 99.99% 99.99% and 99. 99%

coldrﬁﬁ éiﬂ o8 417 lto A RPBBheaimRE At BB tons/ Werof ethyoheglycol,
73/ KAN respectively not |ess than 99.99% not |ess

1. O%QQB%hP%% %lilﬁlssaﬁ(f‘@”? I@( f aRfedlled BIRYyldAN

yl'ene gly ect|V|t|es wer e
carg@igt, ' Fcludls e%%*&%“ygia@ébaﬁ cqrtgingddf the starting

mate?ualgtheSactual produced amount of dimethy! 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 tpn !
hr. The ethylene carbonate conversion was 99.99%, the dirﬁethyl
carbonate éelectivity 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
ethylene carbonate conversions were respectively 89.99%, 99.99%,

99.99%, and 99.99%, the dimethy! carbonate selectivities were
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Exanpl e 3: The continuous nulti-stage distillation
AOS0dWVRRKAN shown in FIG 1 having L = 3300 cm D = 300

cm.,L/ D=11, n,=60, D/ dt =7.5, and D/ d2 =
12 was used. In this exanple, as the internals, sieve
trays each 10 having a cross-sectional area per hole

in the sieve portion.t eof appr oxi .
respgRtivelY iatdessr e 9@-1351"/%5?@;&%55?9%@%}/ “%’ﬂ?‘ﬁg?‘ha"

were used. 3.773 Ton / hr of ethylene carbonate in a,. ...
99.99%uand notrless than 89.98%s@apd the slhylane glycelgelectivities

distillation colum fromthe inlet (3-a) 15 provided
werarespectively noddess riban 88.99%:,onot @szsthanm99.98% onot less
nmet hanol in a gaseous form (containing 8.97.% by

than'8o o %0 fartd Hthskscmdn 08 e9%.and 8. 641 ton / hr of
met hanol in a liquid form (containing 6.65 % by
wei ght of dinmethyl carbonate) were respectively
continuously introduced into the distillation columm

fromihe inlets (3-b and 3-c) provided at the 20 31st
Exag‘pgﬁeé'fromthe bottom The nolar ratio of the starting

materials ..introduced into t.he distillation S
ot TR ONineyS dhu -stBuR A TEE ol 2§ Mk HoFIC. 1
was made to be the sanme as in Exanple 1, and, was ,
havigghti 71 &30 ¢M.c8 700 e, -.Hi'lspifﬁ bilbiF 60 D di = 7.5, and D/
Reactive distillation was carried out continuousl
d. =uhBewasamsidi ohs tbis &xasnplen antbeinternalgpsievateays each
98 C, a colum top pressure of approximately 1.118x105

haviay aaorbss-setlivnalairea perholé. indhers e pRTHONAMeneof of
was possible to attain stable steady state operation

appPbkithately NAUEM? dnd AvnehbePofidles ¢leapproxinratelyr220 to
w thdrawn fromthe top of the colum in a gaseous

Q2 |fs% ed using a heat exchanger and thus
340{'3'r %gﬂ?n 0 aliquid. The liquid | ow boiling point

{22 T W B AR LR e
continuously introduced into the distillation cdlumn from the inlet (3-a)
provided at the 55'" stage from the bottom. 3.736 Ton / hr of methanol
in a gaseous form (containing 8.97 % by weight of dimethyl carbonate)
and 8.641 ton / hr of methanol in a liquid form (containing 6.65 % by
weight of dimethyl carbonate) were respectively continuously introduced
into the distillation column from the inlets (3-b and 3-c¢) provided at the
31% stage from the bottom.  The 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, apd
was continuously fed into the distillation column. Reactive diStiIIétion

was carried out continuously under conditions of a column bottom

temperature of 98 °C, a column top pressure of approximately 1.118x10°

Pa, and a reftux ratio of 0.42.
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contained 4.764 ton / hr of dinmethyl carbonate, and
A0S0N.\BBB3MKAN/ hr of nethanol. A liquid continuously
wi t hdrawn from the bottom of the colum at 3.902 ton
/ hr contained 2.718 ton / hr of ethylene glycol, 1.17
ton / hr of methanol, and 4.6 kg / hr of unreacted
et hyl ene car bonate udi ng ,t h
O ettt et steddy %&?%rq%'yatt% after 24
actual produced anount of dinethyl carbonate was
hounson A Inw beiling paint aeagtioremixhifeewithgirawn @Htt&entﬁP of the
in the catalyst solution, the actual produced anount
colunfn ét lay jaseoyisy furim weas Zo@ﬂédtumn/g arheathexchange¢rand thus
car bonat e conversion was 99.88% the dinethyl

turnéé'fll?wt.lfﬂft\t fiquid selTafd liguid 18asboiing point hreactidniktured which
t he ethylene egcoI selectivity was not |less than

wasund@r @) i aW?f&H’i%?&%eBP&ﬂ ti®R cEntRiati €2 3ton / hr,

ondi ti ons 100 ours, 2000 hours,

458 05 P B S Pl 1 o
et 3Rt oo R S ARl L ErT oo

2.655 ton respectively for eth Ienelg gcgl, ttg‘?e
colummateh 02 topdhrecoptrines 3518 deR /bt gk athylene glycol, 1.17
99.99% 99.99% 99.99% and 99.99% the dinethyl
ton £ hrofneiethaelobcandi 4 iGekgviehe of newpacted ethyiene|carbonate.
than 99.99% not |ess than 99.99% not |ess than 25
ExcRAiiAg%headimedhyl eacbdimate 86nddivtedhin thecstartinpematerial, the
gl ycol selectivities were respectively not |ess than

actl.%c-iﬁ%éud?éﬂ anf§ant bAiIRRtPYVcafbbnkes swadB.8640fon / hr, and
P73/ KAN t han 99.99% and not | ess than 99.99%

excl@quﬁntﬁaesetslﬂl%n‘eoﬁw'{{lié%t%%ﬂ ﬁtt?\%ecgta?&bt ls¥1LfiBn, the
e B RGN s P i e

t
ethylegéscal%onate 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 respeetively 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
respectively not less than 99.99%, not less than 99.99%, not less than
99.99%, and not less than 99.99%, and the ethylene glycol selectivities

were respectively not less than 99.99%, not less than 89.99%, not less
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havi ng a cross-sectional area per hole in the sieve
AOSOAVRTIKANer eof of approximately 1.3 cn2 and a nunber
of hol es of approximtely 240 to 360/ n2 were used. 10
7 546 Ton / hr of ethylene carbonate in a liquid form
contlnuously introduced into the distillation
fro i nl rovided at the 55th
thangélg-)glﬁ,@m pety ﬁf?gh\agﬁgingﬁon/ hr of methanol in
a gaseous form (containing 8.95 % by wei ght of
di met hyl carbonate) and 17.282 ton / hr of methanol
inaliquid form (containing 6.66 % by 15 wei ght of
Exandpbetdhyl carbonate) were respectively continuously
introduced into the distillation colum fromthe
i NMTHes coBtinuanss uslti-staye déstidationecolkm®n as shewn imFIG. 1
the bottom The nolar ratio of the starting materials

havuhptL igaed taf, DIH80d &, /Il AD en140lueTB0RD Mdy kamo§, and D /
| ene carbdnate = 8.36. The catal yst was nmade to

i A A, A b
hav'eslna.qrpgtﬁsgg?t'ﬁ’%%b%ﬁr”ﬁf'Re%f Rl 5114V ol ngreor o
eop eI 50 2 oSBT PRGELN o A4St 200t

ble steady state operation after 24 25 hours. A |ow
360450?!\/\!3@ psedt reaction nmixture withdrawn fromthe top
1 of the colum in a gaseous formwas cool ed using a
heat.5e6cFangehr aficethyend sarbonzde iana tiguidtformewant o
a liquid. The liquid |low boiling point reaction
confih¥ibussy inttbduitedintoctid distilfatiomiddidrawirdmoihe irdet (3-a)
di stillation colum at 24.641 ton | hr, contained

prmﬁdéa@lf /5t sQigF'ﬁ‘Bfrthe tjthemat e7. WT%% Lkt dfonelthanol

anol iquid continuously wthdrawn from

in até;%§%?|ﬁ%3gg g%orﬁt%ﬁn *8'9‘ b%l engﬁtl yco‘lmgg‘y&! carbonate)

_andéhf%@%yg(?t ¥ of mé it 5 a/hqhtfldoiforunr(ggﬁ{aeﬂlﬁéI@’b%n% by

weight of dimethyl carbonate) were respectively continuously introduced
into the distillation column from the inlets (3-b and 3-c) provided at the
31°! stage from the bottom. The molar ratio of the starting materials
introduced into the distiilation column was methanol / ethylene carbonate
= 8.36. The catalyst was made to be the same as in Example 1, and
was continuously fed into the distillation column. Reactive distillation
was carried out continuously under conditions of a column top
temperature of 65 °C, a column top pressure of approximately 1.118x10°
Pa, and a reflux ratio of 0.42.

It was possible to attain stable steady state operation after 24

hours. A low boiling point reaction mixture withdrawn from the top 1 of

the column in a gaseous form was cooled using a heat exchanger and
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Excl udi ng the di nmethyl carbonate contained in the

- A0SOt dP7BAAMBt erial, the actual produced anount of

di met hyl carbonate was 7.708 ton | hr, and excl uding
the ethyl ene glycol contained in the catalyst

solution, the 10 actual produced anount of ethylene
was 5.31.ton hr,

s 55 S8R A ianTH e SR 18881 mixture.
i v b S FReR oS DAt FoRLA 8034 041

Prol onged conti nuous operation was carried out under

ton & heseoffainediBt52A4onAf heof iowthylcarbppatacans 15.114 ton /
produced anmount per hour was 7.708 ton for dinethyl

hr of AidgEi&l. aAdiquidlcomiindoushy withadwavgh foam, thenbotiom 2 of the
et hyl ene carbonate conversion was 99. 8% the dinethyl

colupdh k%ﬁnﬁ.t 4 $6h 9% ¥bhiained 536 a6a £ haof ¥hyPehe alvdcol, 2.34
the ethylene glycol selectivity was not |ess than

ton E?\gg&wgn%ﬁa'n%quﬁhﬂi?% I@?\Phir%bﬁlai'éﬂct‘&ﬁef 189 eatbiSnate.

resen ventti on, S bgen I scovered that the
exclifintitng HimeRiEehMtongfe Fonp il 7 the yEfHoiterial, the
actalcaraduped amount af IR arbooats Was 157 BRtaf fihs, and

2 ton [/ hr, preferably not |ess than 3 ton | fir . m)rﬁ
excludingrtite gthyleneglyadiepntaingd Aosthe optalyeivgalution, the
hr, for the dialkyl carbonate, and not |less than 1.3
actuainproduced mmbeandafiethyleneglycohwas 85314darv/ hr, The
nore preferably not less than 2.6 ton | hr, for the

ethfl’b@ie carBbhitd eonversidmngrsl 99T Yqdthe dimethyk cadionate
ess than 1000 hours, preferably not |ess than 3000

| sel%WﬁY was %cfl”%%%r IV 90009% | #58 theastfiA8Rehglycol selectivity
Fom

he cyclic carbonate and the aliphatic

wasnRB?qgggit?\a?Il §§@é%.

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

was not less than 99.99%.

industrial Applicability

According to the present invention, it has been Vdiscovered that 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 89%, on an industrial scale of not less than 2 ton

!/ hr, preferably not less than 3 ton / hr, more preferably not less than 4
46



47 A0501 VP73/ KAN CLAIMS W claim 1. A process for
A0S0 IBEBMAN| y producing a dial kyl carbonate and a di ol

in which the dialkyl carbonate and the diol are

conti nuously 5 produced through a reactive

distillation systemof taking a cyclic carbonate and

hat i,c ric.alco ' hal s,
ton PEW dfalBVL BatRobA1S SRR Jm@f&%%@ AL,
ing materjals into ont i nuous |t
prefarabiy nat fess éBaunhg%t%u’&H et QF%EE"%"AV &%tsa%ﬁs than 2.6
carrying out reaction and distillatiaon S|nultaneous Y
ton { hrstordthe dieinstabbhfonacpralgngednpesadngf timepf not less than
boiling point reaction mxture containing the
1000 Hasiuee praifatahly wot lesmtieah r300Guhayrsemore pirefexgbly not
the colum in a gaseous form and 15 continuously

lessViHdH 6800 Hofrs] Gankhki ciR®carborats iamd thetaliphatic
containing the diol froma |ower portion of the col um

unoddﬁfaﬁéQHéShBPf”W wherein. (a) said continuous

ti-stage distillation colum conprises a structure
having a cylindrical trunk portion having a length L
(cm and an 20 inside dianeter D (cm and having
thereinside an internal with a nunber of stages n, and
conprises a gas outlet having an inside dianeter d,
(cm at a top of the colum or in the upper portion of
the columm near to the top, a liquid outlet having an
inside dianmeter d2 (cm at a bottomof the colum or
in the |lower portion of the colum near to the bottom
at 25 least one first inlet provided in the upper
portion and / or a mddle portion of the colum bel ow
the gas outlet, and at | east one second inl et
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48 A0501 VP73/ KAN provided in the mddle portion and /
AO0SQ, VPR aMANer portion of the colum above the |iquid
outlet, wherein (1) the length L (cm satisfies the
formula (1); 2100<_L58000 (1), 5 (2) the inside
di aneter D (cm of the colum satisfies the formula
(2); 180<_D<_2000 (2), (émbigti o of the length L
(cm to :the inside diane (cm of the colum
- satisfies the fornmula (3); 10 45L/ D540 (3), (4) the
We ﬁ%rﬂ'!br of stages n satisfies the fornula (4);
105n<120 (4), (5) a ratio of the inside djapqeter BP
(crid). of tA®resesmfardndustrialyprodusipge dd?n%@rﬁa" nate and
the gas outlet satisfies the formula (5); 15-35D/d,

‘a diobire&hish, thendiglRy! sarbonatefandthe dicbareicontiruously

(cm of the colum to the inside dianmeter d2 (cm of
produted tRtbwgh ¥ reactiebi diktilatidresysteml af {e#king a cyclic
550/ d2<_30 (6). 20 2. The process according to Caim

carbbndRCARE Ak *ﬁio;fdé’l‘i’é‘?ﬁénoﬁ%ﬁ%t alb;oﬁhdrleagist’éhﬁig materials,

carbonate 1s n less than™2 ton The process

comBiHg B bR e | 07 7 wherein o procuced amunt
ggoﬁﬁqﬁéﬁgw @%thnog Y 2fiRh nvhfMBIstidtd & colifiGbls

multi-stage distillation column in which a catalyst.is present;

carrying out reaction and distiliation simultaneously in said
column;

continuously withdrawing a low boiling point reaction mixture
containing the produced dialkyl carbonate from an upper portion of the
column in a gaseous form; and

continuously withdrawing a high boiling point reaction mixture
containing the diol from a lower portion of the column in a liquid form,
wherein

(a) said continuous multi-stage distillation column comprises a
structure having a cylindfical trunk portion having a length L (cm) and an
inside diameter D (cm) and having thereinside an internal with a number
of stages n, and comprises a gas outlet having an inside diarheter d4
(cm) at a top of the column or in the upper portion of the column near to
the top, a liquid outlet having an inside diameter dz (cm) at a bottom of
the column or in the lower portion of the column near to the bottom, at
least one first inlet provided in the upper portion and / or a rﬁiddie portion

of the column below the gas outlet, and at least one second inlet
' 48
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said di and said d2 satisfy the formula (7); 1 _9d,
AOSONMRB3/KAN 5. The process according to any one of
~Claims | to 4, wherein 5L, Db L/ D, n, 0/ di, and
D/ d2 for said continuous multi-stage distillation
colum satisfy the follow ng fornul ae; 2300 5 L:5

6000, 0 <, ] \
proviged i SheqTiddie Bostien. andd or thy 49wes Rariongf fhe column
25 re_spe_ctivel%/. 10 6, The process according to any
abowshthediqyidi egtlet,cwhereitherein L, D, L/ D, n, D/ di,
and D/ d2 for said continuous nulti-stage

di sti | | af{ftpihedemgthdalcai)satisfiesthefasmular 6LX ae;
2500 5 L <_ 5000, 210

D5800, 75191 P& UGs 88990, 5<_D/ d, 513, and (9pD/ d2 : _ 20,
respectively. 15 7. The process according to any one

of O ai Mg2% the ihsidd Yighibte?a dcavnbf theolumn isatisfiss the
distillation colum is a distillation columm having a

yyoand / or packing as said internal. 20 8. The
form%{l%c(e 5 according to daim?7, wherein said continuous

mul ti - st glé tkm on colum is a plégﬁe-type
T

di still at =col ving a tray as d internal.
9. The prcess according to aimJ.or, 8,. wherej.n _sai d
tray is (gg aar%ﬁ'@\f%frﬁ'feagﬁ'h%tnghg(cénEf%\mep&rsﬁ%rd'gﬂbeatfr D
downconer portion. 50 A0501 VP73/KAN 10. The process
(cmaot thaicrjuman gadisfies thedpemuladsd)si eve trays has 100
to 1000 holes / n2 in the sieve portion thereof. 11.
The procets hdcDrgldlg to Claim 9 or 10,(3herein a 5
cross-sectional area per hole of the sieve tray is in
a range of4)ftheamlntbéoof Stagés 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 dy (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 d2 (cm) of the liquid outlet satisfies the formula (6);

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

2. The process according to Claim 1, wherein the produced

amount of the Adialkyl 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
' 49
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12. A continuous multi-stage distillation colum for
AOS501avPYBAMGANUt transesterification between a cyclic
carbonate and an aliphatic 10 nonohydric al cohol and
distillation, the continuous nulti-stage distillation
colum conprising: a cylindrical trunk portion having
alength L (cm .and .an | nside iameter D (cm); an
saidigy ap a$aﬁ’adﬂr$@t!¥r}ﬁdg‘ﬁef°’6’ﬁm§§ s n provided inside
said trunk 15 portion; a gas outlet having an inside
di anet er g dehjdzpedvi ded at a top of (€did col um or
in an upper portion of said colum near to the top; a
liquid outlet having an inside dianmeter d2 (cm
provided at a bottomof said colum or in a | ower

porg.i on ofhé Frdcessiatcoriing  ahy oRé dfoClaims dt to 4, wherein
| east one first inlet provided in the upper portion

L, Dg&df o A D7 dg! ?nBODU ap 18 sl CotingBusThoni-sAagegas

; ‘and at’' ['east oné second inlet provided in the

msﬁg?a ﬁﬂ]h B Sy ?ﬁaffﬁﬁgﬁiﬁéﬁ°f%@?gﬁﬁ?3€%§?&?s £000, 200 <
L T :

D < i (i L% SR BP0 RAEA LD { HhisidSadier B/ o2 s
c of the colum satisfies the fornula (2); 180 5 D

25, respectiveby., (3) a ratio of the length L (cm to the

inside diameter D (cn) of the 5 colum satisfies the

formula (3); 45L/ D540 (3), (4) the nunber of stages n
satisfies the formula (4);

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 muiti-stage
distillation column satisfy the following formulae; 2500 < L < 5000, 210 <
D<800,7<L/D<20,40<n<90,5<D/d;<13 and 9<D/d:<20,

respectively.

7. The process according to any one of Claims 1 to 6, wherein
said continuous muiti-stage distillation column is a distillation column

having a tray and / or packing as said internal.

8. The process according to Claim 7, wherein said continuous
multi-stage distillation column is a plate-type distillation column having a

tray as said internal.

9. The process according to Claim 7 or 8, wherein said tray is

a sieve tray having a sieve portion and a downcomer portion.
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105n5120 (4), (5) a ratio of the inside dianmeter D
ADSQICWMP73fKANe columm to the 10 inside dianeter di (cm
of the gas outlet satisfies the formula (5); 35D/d,
520 (5), and (6) a ratio of the inside dianeter D (cm
of the colum to the inside dianeter d2 (cm of the

[iquld | et satisfies )
(6)18.%15 g pfﬂgeéarﬁ9%%d]§9rﬁa Biate s unnel3i ¢ tidve trays
oI um accord| ng m 12, wher.ei n, di d d2

has 51&1{1 mﬂ&%hpéewlra (m)theﬁ'&‘lﬁjmf@o('ﬁ efesg 14. The

continuous nulti-stage distillation column accordi ng

to Caim1l12 or 13, wherein L, Db L/ D, n, D/ di,

and D/ d2 for said continuous nulti-stage

di st1.l| atThe melcess actosding tee Slairhi ¥ ary] 0 2@ rein &

6000, 20050 :5 1000, 55L/D :530, 305n: 5100, 450/ d, 515, and

cros q:@%@%rﬁ &P hol8fotid kv srapis in of paige of from 0.5 to
|st| ['at1 on co um according to 52 A0501 VP73/ KAN

5‘:“.ﬁ);nyoneofClalrr512tol4 wherein L, Db L/ D, n, D
and D/ d2 for said continuous nulti-stage
distillation colum satisfy, respecti veI y, 2500 SL:5
5000, 2105D5800, 75L/ D520, 405n590, 55DI d, 13
and9_ D/ d2520. 5 16. The,L cqnti nuo
G SUZT1 at Adeon uats JBL B aiAge s e goly Rl forgareying out
to 15, wherein said continuous rmulti-

trangiesteifigation between 8 aydicscarpanatm awlg amqalﬁabaﬂg a
tray and / or packing

monohydric alcohol and distillation, the continuous multi-stage distillation
column comprising:

a cylindrical trunk portion having a length L (cm) and an inside
diameter D (cm);

an internal having a number of stages n provided inside said trunk
portion;

a gas outlet having an inside diameter d {(cm) provided at a top of
said column or in an upper portion of said column near to the top;

a liquid outlet having an inside diameter d; (cm) provided at a
bottom of said column or in a lower portion of said column near to the
bottom;

at least one first inlet provided in the upper portion andlbr a
middle -bortion of said column below said gas outlet; and

at least one second inlet provided in the middle portion and/or the
lower portion of said column above said liquid outlet; wherein,

(1) a length L (cm) satisfies the formula (1);

2100 < L £ 8000 (1),
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as the internal. 10 17. The continuous multi-stage
ADSQ YP7BIKANON col um according to C aim 16, wherein
said continuous multi-stage distillation colum is a
plate type distillation colum having trays as the
internal. 15 18. The continuous multi-stage

distillation cqlum, acgor di t claimi16 or.17,
whd2bian inide digmetsrDc(eml 4t the falimh sadstics the formula
portion and a downconer portion. 19. The conti nuous
(2); nul ti-stage distillation colum according to 20 claim
18, wherein said sieve tray has 100 to 1000 hol es/ M2
in the sit8® < Pogt2@I0t hereof . 20. The (@dnt i nuous
mul ti-stage distillation colum according to daim 18

7 814 Yoo stoger e el gt D) of e
column satisfies the formula (3);
4<1./D<40 (3).
(4) the number of stages n satisfies the formula (4);
10 <n <120 (4),
(5) a ratio of the inside diaméter D (cm) of the column to the
inside diameter d4 _(crﬁ) 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).

13. The continuous multi-stage distillation column according to
Claim 12, wherein dy and d; satisfy the formula (7);

1<dy/d g5 (7).

14. The continuous multi-stage distillation column according to
Claim 12 or 13, wherein L, D, L/ D, n, D / d4, and D / d, for said
continuous muilti-stage distillation column satisfy, respectively, 2300 < L <
6000, 200 <D <1000,5<L/D<30,30<n<100,4<D/dy <15 and?7
<D /dz < 25.

15. The continuous multi-stage distillation column according to
' 52
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A0501 VP73/KAN

any one of Claims 12 to 14, whereinL, D, L/D,n, D/ dy, and D / ds for

said continuous multi-stage distillation column satisfy, respectively, 2500
<1 <5000,210<D<800,7<L/D<20,40sn<80,5<D/ds<13,
and 9 <D /d;<20.

16. The continuous multi-stage distillation column according to
any one of Claims 12 to 15, wherein said continuous multi-stage

distillation column is a distillation column having a tray and / or packing

as the internal.

17. The continuous multi-stage distillation column according to
Ciaim 16, wherein said continuous multi-stage distillation column is a

plate type distillation column having trays as the internal.

18. The continuous muliti-stage distillation column according to
claim 16 or 17, wherein said tray is a sieve tray having a sieve portion

and a downcomer portion.

19. The continuous multi-stage distillation column according to
claim 18, wherein said sieve tray has 100 to 1000 holes/m? in the sieve

portion thereof.

20. The continuous multi-stage distillation column according to
Claim 18 or 19, wherein a cross-sectional area per hole of the sieve tray

is in a range of from 0.5 to 5 cm?.
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