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PROCESS FOR | NDUSTRI ALLY PRODUCI NG DI ALKYL CARBONATE
AND DI OL Technical Field 5 The present invention
relates to an industrial process for the production
of dial kyl carbonates and diols. Mre particularly,
the present invention relates to a process for

PRAPESSIFQRMDISTRIELLY ERQBUENG BlatkictarBgNATE

time through a reactive d| stl Ihd)ﬁtl on system of taking
a cyclic carbonate 10 afdN phati c nonohydric
al cohol as starting materi aI s, continuously feeding
the starting materials into a continuous nulti-stage
distillation colum in which a catalyst is present,
Techaiohld@iedgi ng out reaction and distillation
simul taneously in the colum. 15 Background Art

SevVheaprayertapventicdl rékreprtodastindasofiablppbtyss for the
carbonates and diols froma reaction between a cyclic

prod&é‘lﬁ@ﬁr@ﬁ Gl&ﬂl@?l éQrE’éhé’fég bfd dRNehy dsbfe @'a?ﬂaglaﬂl‘ Vehe

been proposed ut rmst of these proposals relate to
pros e AT refaibioty B, rjdtr A BB large

am@iﬁ%ﬁﬁ?ﬁé%h%ﬁﬁ#ﬁé?iﬁ aa%%!ff"gﬁ"‘s?a%‘i%h% giuloflge, Ritiod of
time Siaie & reactéy ApullsHoncors mataalyo ol f Garbogpte

systemin which 25 et hlyl ene carbonate, methanol and a
and %latadawtlramorpghydﬁpoa 50 halas starsing matenials, sopsnstpusly
reacti on vessel, and reaction is carried out by

feedingl mmgtamrfgamatqcnaisené@m goatinewats multlrﬁ@gmdestlléa]tlon
applied tenperature at a reaction tenperature above
colurhhanbwhicma patailysbis peebent| atdemrryitrg 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 production of dimethyl carbonate and ethylene glycol from
ethylene carbonate and methanol, which is the most typical reaction
example.

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

which is a batch reaction vessel, and reaction is carried out by holding
1
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exanpl e, Patent Docunent 1: U S. Patent No. 3642858,
Pat ent Docunent 2: Japanese Patent Application

Lai d- Open No. S54-48715 5 (corresponding to U.S. .
Patent No. 4181676), Patent Docunent 5: Japanese
Pat ent Application Laid-Open No. S54-63023, Patent

for a%%@%%%ﬁédﬁ%@ﬁqs{ﬁﬁﬁéﬁﬁiﬂ@pghi é@éﬁ%ﬁnt?ﬁiﬁé%@egﬁ a

t whi ch ti [ i ded
reacfRRrisaesratlrEmEr v theSRHlinapagRAE Maana Jaate 1o
nmet hanol and a catal yst are put into the reaction
examples df atenicPopumen oh: ks Smitetans Npo 3642858 rRatey 1 o

a predeterm ned tenperature. Wth this system to
Documkat 2 JapameséaHaterdiAp plicadoofifaidaOperh NoeS64ep§715
with the produced di nethyl carbonate, nethanol is

(correggendingttoelr 8aPdtent N@s4¢B16716)| Retest \Document 5:
batches, but in any event with this systemthe 15

Japa'fn‘%zf’ls"et Pate Rt ApPAtatRIH Laid-OpenrRacs 59063823 Pateht Document
is batch type in which the catal yst, ethylene

r Te nis
6 e O A P BB . - LA i g

] hiéﬁvg‘ﬁ%%&%éé%l ?%a&a"‘%?'b&%ﬁ@ésr Sonidppagld,h wieh =

. Pat ent Doc panese,.Pat e
d*stﬂi@%ﬁ SHlng FRnsouRat A fop 21 5655tipRore teglo RINVIPRS
Patent No. 4062884), Patent Docurrent 4: Jap anes?

Carb@ﬁﬁtﬁ'}t mﬁébﬁﬂ@éﬁ%%@ﬁ@]m’eﬂre Rt inka thgrraaction vessel, and
(corresponding to U S. Patent No. 4307032), Patent

reaciioousemadelto ure;ceadttémﬂlaailn@&o@owdetenmineﬂ tgmparature.
is a continuous reaction systemin which a mxed 25

Withdbiisisiystem, tot makenep farbmethanahdistitddndf though azeotropy
continuously fed into a tubular reactor maintained at

with eheaeied datetippicCtaongmanativanol dddead tethéireaction
m xture contai ning unreacted ethyl ene carbonate and

vess&Pmemu@my%rﬂm Bytckas bBORL S M eQBRY VAR taly 895tem the
are produced
reaction proceeds only in the reaction vessel, which is batch type, in
which the catalyst, ethyiene carbonate and methanol are present. The
reaction is thus batch type, the reaction being carried out using a large
excess of methano!l under reflux taking a long time in a range of from 3 to
over 20 hours (see, for example, Patent Document 3: Japanese Patent
Application Laid-Open No. $51-122025 (corresponding to U.S. Patent No.
4062884), Patent Document 4: Japanese Patent Application Laid-Open
No. 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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is continuously withdrawn in a liquid formfrom an
outlet on the other side. Either of two processes is
used depending on the formof the catal yst 5 used.
That is, there are a process in which a honbgeneous
catalyst is wused, and is passed through the tubul ar

a fe%&?tgﬁﬂévéagﬁ%%ﬁ@?m{h& SREa PR Rt ERndl BT

h [ [ r fromthe, r
metrgRICAAA e 3 R5B3RASF M olbBAL SR WHRh are produced
Japanese Patent Appl i catl on Lai d-Open No. 10 63-41432
is congiuausyynuithgrawnuinsa lgiishfon fromeapaaytiebandie other side.
Docunent 10: U. S. Patent No. 4734518), and a process
Eithemofuwohpro destsern e needsdepanding orf thedormsotithe eatalyst
tubul ar reactor is used (see, for exanple, Patent
usedDocTihatis Sthel@paregepRad¢ess iMwihichas i tombgiethetnen chidalyst is
S63- 238043, Patent Docunent 9: Japanese Patent

usedARiNd ¢Qipaw et HrodyH the tu bl £16fe $3{6T tolgethee swith theomixed
to U S tpPatent No. 4691041)). The reaction producing

soluﬁéﬂ"dfhéﬂh hﬁoé‘é’tib%r?ﬂg £hAYhetsaAbl chdt Bﬂuﬂﬂer the reaction

reacti on et ween | ene car bonat'e an anol 1s

the cad}aﬁ%{ IISi ?é##mte%aght ?l[bm&wl% r@f&?&n"}‘n )H{Jb%d?gre, for example,

cont’ i muous ow reaction system USi ng
0SS t,0, M thylene

PatepfHaciment 7, JobFBRSR, gﬁﬁqn%anhf:ﬂbogofaﬁ%ﬁf%?i'\&?n

onver si on determ ne he coppos t
63- 4§ﬂa2t@rr¢§aemm9 ﬁeﬂﬂe’%/ %’aﬂ%m Ner ﬂeééﬂgpe? E@&gwﬁ%ument

nple 1 in Patent Docunent 7 (Japanese Patent

10: Us.pﬁol Fah@nfoNOLaﬂ?ﬁ@bﬂ) Nand sspragass in(wbichegpbatereagangous

U S. Patent No. 4661609)), for a flow reaction at
cataly3odixes] imsidesther ttillnglarartesadtar iputsach(seehfear eshmple, Patent

rati o of nethanol / 25 ethylene carbonate = 4 / 1, the

Doclahbnt éhelapamesatRatertvesplioation Raith-OpEn Noe863-288043,
a | arge anmobunt of unreacted ethylene carbonate and 3

PateFR e\ @ e "Gl 498N bBelP8td &b pABa TR LARI-DISén Mo,
separated out, Trecovered, and recirculated back into
S64 EH?ﬂ?eP&ér‘?bspﬁ?x‘éth tBCU‘.@! PAcht N8 14691041)). The reaction
producing dimethyl carbonate and ethylene glycol through reaction
between ethylene carbonate and methanol is an equilibrium reaction, and
hence with this continuous flow reaction system using a tubular reactor, it
is impossible to make the ethylene carbonate conversion higher than the
equilibrium conversion determined by the composition ratio put in and the
reaction temperature. For example, according to Example 1 in Patent
Document 7 (Japanese Patent Application Laid-Open No. $S63-41432
(corresponding to U.S. Patent No. 4661609)), for a flow reaction at
130°C using a starting material put in with a molar ratio of methanol /

ethylene carbonate = 4 / 1, the ethylene carbonate conversion is 25%.

This means that a large amount of unreacted ethylene carbonate and
3
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the process of Patent Docunent 9 (Japanese Patent
Application Laid-Open No. S64-31737 (corresponding to
U. S. Patent No. 4691041)), 5 nmuch equi pnent is used
for such separation, purification, recovery, and
recirculation. A fourth systemis a reactive

metfHrid\ difb iR T L BEbACTEAB LR pd B8 P@{gw&,ut
reco&g?anegﬁgcﬁa{%&fﬁ]&lf@g 'C@%ngqetrbé Ogﬁ%n %ﬁkﬂﬁﬁl ﬁ[act with

H4- 230243, Patent Docunent 14: Ja anese
the m&p&% %ﬂﬁﬂateat Racumeat évananess. HatapAppbga Fh"
Docunent 15. Japanese Patent Application Lai d-COpen
LaidOpgnille7 8643 7eht (covespandiog Paphafeftateatdie. 4691041))
Application Laid-QOpen No. H9-194435, Patent Docunent
much aquiptreemtais usal ﬂBmksuci'alsieanarBItionlEpMﬁd&ﬂGM!‘secovery, and
(correspondi ng to European Patent No. 0889025, U. S.
recirfatatidnNo. 5847189), Patent Docunent 18: I|nternational
Publ i cati on No. W99/64382 (correspondi ng to European

Pajperdurti® s J%@éﬁ?@a |1e¥a%twé3 A satin HAAePSSirst B@écﬂﬁfsed by

Docunent 1 International Publication No. W0O0/51
I u S.
T T e
0

Patepf A5 i eer™h 216" B 1o FoRAIERT L ?%u%%iﬁ”fs

No. 1 9 t ha contin
JapaiaseBateqt tmlicast i@«i GBBobiar iﬂﬁﬁ?ﬁi‘?ﬁaﬁ@ffe At e

each contlnuously into a nulti-stage distillation
Docypeain 4 a!ﬁpﬁ"éﬁ%@l%ﬁhtqu Applicatiopuk-aid1Chen N0 pHOs /6661,

of a catalyst in a plurality of stages in the
Pateot Documeindr 5.cdapanesen? atenti Apphghatioar baidiipandNo.

et hyl ene gl ycol which are 4 produced are separated
H9-1837.4 faP atd niaPplcucae nbr §: iJapednede Ratent AppElicaiiovr Laid-Open

distillation systemis used have subsequently been
No. HblLed4hg50Ftent Document 17: International Publication No.
WO0O87/23445 (corresponding to European Patent No. 0889025, U.S.
Patent No. 5847189), Patent Document 18: Internaticnal Publication No.
W099/64382 (corresponding to European Patent No. 1086940, U.S.
Patent No. 6346638), Patent Document 19: International Publication No.
WOQ00/51854 (corresponding to European Patent No. 1174406, U.S.
Patent No. 6479689}, Patent Document 20: Japanese Patent Application
Laid-Open No. 2002-308804, Patent Document 21: Japanese Patent
Application Laid-Open No. 2004-131394), that is a continuous production
process in which ethylene carbonate and methanol are each continuousiy
fed into a muiti-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 ethylene glycol which are
4
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conpani es (see, for exanple, Patent Docunment 22:
Japanese Patent Application Laid-Open No. H5-213830
(corresponding to European 5 Patent No. 0530615, U. S.
Pat ent No. 5231212), Patent Docunment 23: Japanese
Pat ent Application Laid-Open No. H6-9507

prodpEBLY FREASBEtEad ot - ERTHR SpTHntlths Y WHRER, skt

ication Laid 003- 11 6 .
reaciyg st BRI VEE el Aab e SHRRAALATIDR DRgn filed by other
W00 3/ 006418% Pat ent 10 Docunent 25: Ja anese Pat ent
companiqEeentaeyanilg. Katepddiosensty 22 pdapanese Patent
Docunent 26: Japanese Patent A(Dpl i cation Laid-Qpen No.
Applicase 3421099 peimNohi H5wa§ 3888:(quTseepending spdsetdpean

hitherto for producing the dialkyl carbonates and the

Patedit Ns. 06306t W)y Pateat Dlana 23 82d2) hPaténbDothaheant 23:
nmonohydri c al cohol are the four systens: (1) a

Japatgd Plrbiit P@pllcdtiss Liaa-0peheNb. (H8-9507t (@b riesisdénding to

systemusing a reaction vessel having a distillation

Europ@aH P arERY NS d0589898, tl.'i‘S{)ePEteﬁt?’Noa 4594 1), lpawrﬂ

eaction systemusing a tubular reactor; and ~'20 (4)

I L L 04”-6’%@932?39168
(corrzahoa ﬁa“f"of’@vrf&ép'éhtm\%ia*@?) o MoLrBPHOane 8y Batent

t he te ature, nd he ce the reactjgon canpot
Docusment ab ol P1 Bsse B @B HARIORLS KrORS 20835300936,

is |ow I\/breover in the case of 12), to make the
Patepy Hoeumenti2fiad apanaser RatenhAgp! icatie ok aistréren No.
di al kyl carbonate nust be 5 distilled off using a

2003+8d2208)ge anount of the al i phati ¢ nmonohydric al cohol,
and a long reaction tinme is required. In the case of
(4)n thiewagatheqiroxssses proposed hitherto for producing the
dialkyl carbonates and the diols from the cyclic carbonate and the
aliphatic monohydric alcohol are the four systems:
(1) a completely batch reaction system;
(2) a batch reaction system using a reaction vessel having a distillation
column provided on top thereof;
(3) a flowing liquid reaction system using a tubular reactor; and
(4) a reactive distillation system.
However, there have been problems with these as follows.
In the case of (1) and (3), the upper limit of the cyclic carbonate
conversion is determined by the composition put in and the temperature,
and hence the reaction cannot be carried out to completion, and thus the

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

carbonate conversion high, the produced dialkyl carbonate must be
b
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be made to proceed with a higher conversion than with
(1), (2) or (3). However, processes of (4) proposed
hitherto have related to producing 5 the dial kyl
carbonate and the diol either in small amounts or for
a short period of time, and have not related to

o v out . . . Lo

istGB B4 NGy TAPSHAABCE T he BIBNSHIE Aol g alconol
rocesses .have. not. attai.ned the object of oquci n .

and BIB0G; Pt tung isdantiftus iy 8 Sipadfhnatfreadtion can
(e;g. not less than 2 ton / hr) stably for a lg

be madst dagracsed withop higher Gonyensien tbag withh(thd@) or (3).
hours, preferably not |ess than 3000 hours, nore ]

Howgref.cpeasassas of 43 prapessdobithentos haveorelaieghipgraducing
maxi mum val ues of the height (H cm, dianmeter (D

the diajkylasarbourdterand theadied ithemnin shealt @amounts or for a short
distillation colum, the produced amount P (kg / hr)

pericd ofitimehand hakengdereianddttoecamyingwutsthelproduction on an
production tinme T (hr) in exanples disclosed for the

indu@fr%#%é:%ns@blvifs?:fﬁ}-ow&w iddP¥EriABd ethiyt flGthese

glycol (EG ftrom ethylene™ carbonate and net hanol are

ool TSk ol ot i oBIEEER] IR Gt
condfigiliad W sl Ernd s oA 200a3 et or

prolaiigel Pasied pldiBs (@ 9sBoldees than T000°hdurs, preterably not

less than 3000 hours, more preferably not less than 5000 hours).

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

Table 1
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22 250 3 PACKI NG COLUMN (Raschig) 0.392 NOTE 5 23

NOTE 2 NOTE 2 NOTE 2 0.532 NOTE 5 24 NOTE 3 NOTE 3 42
NOTE 4 NOTE 5 25 NOTE 3 NOTE 3 30 3750 NOTE 5 26 200
15 PACKI NG COLUMN (BX) 0.313 NOTES NOTE 1 : OLDERSHAW
DI STI LLATI ON COLUWN. NOTE 2: NO DESCRI PTI ON WHATSOEVER

DEFI NI NG DI STI LLATI ON CC]_UI\/N E 3: ONLY
DESCRI PTI ON DEFI NI NG UI\/N 'S NUMBER OF
STAGES. NOTE 4: NO DE (EVER OF PRODUCED

AMOUNT. NOTE 5: NO DESCRI PTI (]\I WHATSCEVER REGARDI NG

CTADL T DO 1T AN infasllnIn/a eV
L™= LR\ 4 A I | N LI Y LA\, = - | LC

Dgglﬁsg}:ﬁftdm cmocunBrtem5 (Jmmﬂeﬁmtant Aﬂbl:kglahﬂ c T:hr

ounN\lo 2NNO2. .20001 [ oor oo -l nnr
5N SN Pl e (A g K 3 A P
at5for |thel6drefbrrel mode 5 shoW® in FIG| 1 @42%ri keleTE5
appve, |andiggas farrged qut wit hd4phe objedt o00.473 NOTE 5
OpgT al1|Ng ZpoCONEr Chal 4BALRANGRBRl oﬁltcr P8.852C' JUNOTE 5
N T oo ol v BO0 Lo 275 | NOTES
r20cti qnNQIEkeh et Byl ede carbo®t e and et H&388  |ft NOTES
sébul d [balOTE £d{ that the fol | owdng nuner|i cad.25@ ugs NOTE 5
I $p Lhe Jpreggnt pxangl e Cmmd&umﬁas&mgﬁly 6368 '] NOTES
o8 ord RotE2 | NOTEZ AT SPARET . CI° Gepdl | NOTES
r%"bgnrt NQES:; “.rMQTEi:-"mIIv pr m%mad Th(: QNQTE“V NOTE 5
d2&cri JeMQTE 3 hhiN@XESplle correSPonds td an3#hual|l NOTES
peeduct]i orpoaf 3P, 00|%torPAcKIcheLumanXoenceotsmS NOTE 5

| TIHTTN or the at ent
N Ll T L R S
NOTEIZ1 NG HESHRIPTION WHATROE Vibh §e§'% ol ¢SLum.
NOTE 3 : ONLY DESCRIPTION DEFINING DlSTILLATl LUMN 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
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
adequately used in the operation of an actual apparatus”, and as that
example it is stated that 3750 kg / hr of dimethyl carbonate was
specifically produced. The scale described in that example corresponds

to an annual production of 30,000 tons or more, and hence this implies
7
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2002), operation of the world's first |arge scale
comercial plant using this process had been carried
out. However, even at the tinme of filing 5 the present
application, there is not the above fact at all
Moreover, in the exanple of Patent Docunent 25

that %gggg%&gf&ﬁgkg@fﬂ?ﬁﬁg @%Mﬁﬁa@%ﬂom‘gr Patent Document
25 (L3 AE b s A e AL AL Lt 25831 8005) g o

for ethyl ene gl ycol is apprOX| rmtel?/ 85.6% and the 10

2002¢ oparaviony of Ehappe ddi shirst large soaleicenmasseialplant using
cannot really be said that a high yield and high

this ped@eess iady bhanechoréand axutai fddwelverpanveincat dhe timeeof filing
| ow selectivity indicates that this process has a

the grels@ntdippiieations there i aotttheadbpvedact iadnalpr oddseover, in
(Note al so that Patent Docunent 25 (Japanese Patent

the HthpféofPatetiDoRamen 28 Patant dgsimchtlén
to have been withdrawn on July 26, 2005 due to

Laid§ Sﬁggh.”l%' ?Dd@%d@)ﬁﬁo@g )&ﬁ&!}/ Eﬁ%%@@alu@'é@ thBetheoretically

eactive stilla ere are very nman

calcgRSHvallls bs #F A {oTanR 6 FReRE FRRLI %‘&éé?“a“%m"ate'

i still t|o t he dlstJIIatlon cO
but theryisid For etokfens aveShis pPbeSkinidtelyibs k. iaﬂdtﬂbe
col um, and hence continuing stable operatlon for
selegﬂwﬁb@@pm@mlmtgw BBrd %, sand rangaih eanpot raally be said
difficulties, and in particular these difficulties are
that auhigheyisldarddughi selestivityshave beenattajniesrgeln particular,
amounts. To continue mass production of the dial kyl
the loar belettbdtynindicadedithas this pgotdss 2ms adfatal drawback as an
distillation method stably for a prol onged period of

indu$tris pludectioRiprbeessng (Ndte il dsabPdtdhgDocument 25
selectivities for the dial kyl carbonates 8 and the

(Japgh@bé Péflﬂﬁ'\t*ﬁﬁﬁgbéﬁo‘ﬁ' Bhid- 'O’;S%HFN@ PB0ALYH0IUSY \K?Ss deemed

cleverly devise However e only description of

to heA bbRIOUFt AN E o PIHFLEC200Y dBe to examination not having
been requested).

With the reactive distillation method, there are very many causes
of fluctuation such as éomposition variation due to reaction and
composition variation due to distillation in the distillation celumn, 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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prol onged period of time with the reactive
distillation nethod proposed hitherto has been the
200 to 400 hours in Patent Docunent 12 (Japanese 5
Pat ent Application Laid-Cpen No. H4-198141) and Pat ent
Docunent 13 (Japanese Patent Application Laid-Open

- 2 4 | SC [ f e} opLe :
and s oli1s) e Eeac s figRHagoR b@giﬁf%%h@’%t o Ry devised.
resent inyention, to or e case qf ..
Howgmautaenanﬁf Qmﬂnpémrﬁ&ﬁ %ﬁimua SEPQF? Haaﬁvﬂlm s
arge anmounts (e.g | ess on for

prolcmgﬁqkyqerm @cfrtan@swn@nweh@eap@y@ dlﬁyhiaiw@ mfvbth'O/d Hroposed

for the diols) through a reactive distillation system
hithesto thes hgea thy 200cta 408ohaues and aterdl Pppument 12 (Japanese

nmonohydri c al cohol as starting 15 materi al s,

PateatWpplicatidy HaiddOpen No. 14519894 trhaed RasentDmcument 13
continuous nulti-stage distillation colum in which a

(Japﬁﬁbébypbtéﬁt RppfieatiorADEiF-Tpeh No. P4-2862a43)on and
distillation sinmultaneously in the colum, a specific

process in which the dial kyl carbonates and the diols
can be produced wth high selectivity and high

Disc rq‘g_gcé{} Yﬂ'ﬁg%'},@aﬁbl y for a prolonged period of 20 tine

han 1000 hours, preferably not |ess

00 hours ferably.not |ess than 5000
E{}Qf)? W@atr?s[’fa0$ Efoﬁqs. ‘?1 '(y%Pgms Si nce t he
resent i nventors first dlsclosed a proces ?
co isnaBURRipChiAf e RECSSRE HVaNden darifovides fanthe gase of
diols using the 25 continuous nulti-stage
producing idiakk gmarbpnmesmm élmkswmd:tes@tnrawnm targgoamaunts (e.g.
regarding inproving this process. However, these have
not lessrtha® Brioa shulfbr sbhaldaliod cardranatgs ean'dwgottilﬁes than 1.3
| aboratory | evel, and there have been no discl osures

ton Ivmaf@omdu@lrs)ahwaghfa ¢epctivesdistillatipasgstesm of taking a
enabl i ng mass production on an industrial scale stably

cyclit¥arboite0A88%n aliphatic monohydric alcohol as starting
materials, continuocusly feeding the starting materials into a continuous
multi-stage distillation column in which a catalyst is present, and carrying
out reaction and distillation simultaneously in the column, a specific
process in which the dialkyl 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 less than 3000 hours,
more preferably not less than 5000 hours).

Means for Solving the Problems

Since the present inventors first disclosed a process for
continuously producing the diaikyl 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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period of tinme based on findings obtained through
actual inplenentation. 5 The present inventors have
thus carried out studies ainmed at discovering a
speci fic process enabling the dial kyl carbonates and
the diols to be produced on an industrial scale of,

on a,sthaf&Be and Yndrtobd aﬁ&ﬁ“&“’% 28FatrfIpkBF, dnd!thére
haveChSeRnd fischsuths anRate o b ob 4 D Mg irdpels) ¢ Anbthratus

present inventors have reached to the ?s nt
enahlmgema%ﬁwprcrﬁa@hp@ on@bindwetrial sqaler st vg@ﬁ@cpf%\onged
the present invention, there are provided: 1.
periqst oéémefhasedmmfm.damg? oitained threugh agyal ¢mni@mretatlon
and a diol in 15 which the dial kyl carbonate and the
The gresent inventoirsUrassd Yhps adircied! cuhsbtudlesaaimadt at/ discovering
distillation systemof taking a cyclic carbonate and

a sp@bificpredeés @nabiny dhe dialigahedrbanatesrandghe diols to be
materials, conprising the steps of: continuously

prodhese' 8 At sl st ap@cémt@r 'fe'r%xdihm@ ﬁsmééwwén 2%n / hr

mul ti-stage distillation ¢olum in which a catalyst is
for tRS &Kyl coiBo Hﬁltﬁgsagﬁ% Ho?ﬁfé%h%a@fgﬁ Stsh J'Sﬁﬁfépfhe diols

Stab*efofﬂra? rnrﬁgg?ﬂshﬁqw%fﬁ’é’% 'eoan @m%"k)” { bEGE Sieafetl itk high

upper, portion h in a gaseous f an
ProduB RIS B 165 b T RECSORE SRV BRIATSHaR BRiTBACTIERLIS e
m xture 10 containing the diol froma | ower portion
presgnt imeertdP0m In a liquid form wherein (a) said
continuous nmulti-stage distillation colum conprises a
That is, according to the first aspect of the present invention,

there are provided:
1. a process for industrially producing a dialkyl carbonate and a diol in
which the dialkyl carbonate and the diol are continuocusly produced
through a reactive distillation system of taking a cyclic carbonate and an
aliphatic monohydric alcohol as starting materials, comprising the steps
of:

continuously feeding the starting materials into a continuous
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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structure having a cylindrical trunk portion having a
length L (cm and an 5 inside dianeter D (cm and
having thereinside an internal with a nunber of stages
n, and conprises a gas outlet having an inside
dianeter d1 (cm at a top of the colum or in the

cont PG RJHcRrln 26T WPRIATE 3 pallinhiR.a Bdif foPm,

of the colum or in the |ower portion of the colum
whergin, to the bottom at 10 |east one flrst |nIet
provi ded in the upper Portlon and / or
po(“ﬂ)i said epntinsloss MiHtibelage ﬂlﬁi@%oamlymn &ﬁ’cﬂ"ﬂ['ses a
| east one second inlet provided in the mddle portion
strucuce hasing e ciytindrigadtrunk pafrtiomehavingna lextgthel {ben) and an
l[iquid outlet, wherein (1) the length L (cm satisfies

insidehgigfnoeter B ((ch)l) antbha¥Hy theteinsid®Gh (terné&Pwittha number
i nside dianmeter D (cn) of the colum satisfies the

of stéQéﬁlﬂ aalﬁa)oorﬁ?gs{es #das 3Qt@l%t(r?éwn@3&n%§ﬁ%é %i@fnétb? dq

engt he inside dianeter

(cm)%)é“i'ﬁﬂ ﬂ-?ef bﬁﬁ%elﬂeo% % THbaup per 6rtl?n'-of tlﬁé cfoor Ain near to

€ nu r o stagesnst|5|est

the th) g idicorBiengViigeh intile RSRA8Y R (o) gEY Bttom of
the c%'aﬁ%"ﬁ §Fc€)’th9"?wew ate?ﬁ fh i g iﬁ%‘yéé? ?att%g hptipm at
e dianmete of the colum to ein
|eaSto<P%\ﬁé‘tf§|t laLet(mwafsdtlnether HRP@TRRMERN §z§'lq Pres "!'%é”e portion
of thfeocronlﬂdlman i)elow the ga[s) c/>ut0||§t ar::’g étGPeast one second inlet
provided in the middle portion and / or the lower portion of the column
above the liquid outlet, wherein
(1) the length L (cm) satisfies the formula (1);
2100 < L < 8000 (1),
(2) the inside diameter D (cm) of the column satisfies the
formula (2);
180 < D < 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/Dcx<40 (3),
(4) the number of stages n satisfies the formula (4},
10 <n<120 (4),
(5) a ratio of the inside diameter D {cm) of the column to

the inside diameter d4 (cm) of the gas outlet satisfies the formula (5);

3<D/d1 =20 (5), and
11
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2. the process according to item 1, wherein the
produced anount of the 5 dialkyl carbonate is not

|l ess than 2 ton | hr, 3. the process according to item
| or 2, wherein a produced amount of the diol is not

| ess than 1.3 ton 4. the process according to

kibely t’éaebtr%ﬁg‘tﬁ?) "sﬁgﬁéﬁ@%ﬂ%ql&g@r‘%tﬁﬁ Diffn to
the iﬁg%e?iiaﬁ%gr %:,gn(% ogﬁeg % ?uﬂggfssg} stsf%ﬁqjthéﬂﬁ?gnr'r%'ula (6);

conti nuous mJItl -stage distillation colum satisfy
the fol | vk My/frmde; 2300 5 L 5 6008):200 5 D <_
1000, 5:_ L/ D :_ 30, 30:_ _n:_ 100, 4: D/ d1
2. the pBocass according tddtem Pswhereprdbeveioducest @meuat of the
process according to any one of itens 1 to 5, wherein

dialklyl cBrbbnatd®.is not Bss than 2nbrD/ hrd2 for said
continuous multi-stage distillation colunmm satisfy

3, M@epf@ééwa&d‘ramgﬂtameawgw 2, tvhereﬁ@@gr%d?cg% dmsunt of
n .

the didl €At Jess thah 92 tonJthy,respectively, 7. the .
rocess according to any one of itenms | to 6, wherein

4. dﬂ %ﬁg?%% c’c'EHg %qglé]r’é)(/%tn%gSf ?t'[e%él A d'#%ﬁ@#@i?ﬂséﬁ dq and

I'ng a
he process accordl ng to item?7,

|
said \Rﬁsﬂeﬁiﬁ' t%w%ﬁw‘%&ghs nul ti-stage distillation

col um |s a plate tépe distillation coé_/rm havi ng a
tray as dafd ide s 25 9. the proc accordlngto
item7 or 8 wherein said tray is a sieve tray havi Dg
5. thespreeepsradcording ta anyednsnef itesnsiote 4 whereimme, D, L/ D
process according to item9, wherein the sieve trays
n, D lat, 200d D/ dp0l0 $midesontinous miudtisstage dimtillation column
thereof, 11. the process according to item9 or 10,
satistpenei foldwihgsforseelded 2300 < L < 6000, 200 <D <1000,5<L/D
<30,30<sn<100,4<D/dy<15,and 7 < D/ d; < 25, respectively,
6. the process according to any one of items 1 to 5, whereinL, D, L/ D,
n, D/ d,, and D/ d, for said continuous multi-stage distiliation column
satisfy the following formulae; 2500 < L < 5000, 210<D <800,7<L/D
<20,40<n<90,5<D/dy<13,and 9 <D/ d; <20, respectively,
7. the process according to any one of items 1 to 6, wherein said
continuous multi-stage distillation column is a distiltation column having a
tray and / or packing as said internal,
8. the process according to item 7, wherein said continuous multi-stage
distillation column is a plate type distillation column having a tray as said
internal,

8. the process 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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area per hole of the sieve tray is in a range of from
0.5to 5 cn2. 5 1In addition, according to the second
aspect of the present invention, there are provided:
12. a continuous multi-stage distillation colum for
carrying out transesterification between a cyclic

c d ' ' 146 .8 0 d

10. 4 %’%F?é?ﬁ%%cqaﬂs%ﬁ?ﬂkéﬁug"&ﬂf%?éttﬁaé%ﬁ& tiePathas 100 to
ol nn gonprisin dric trunk portion

100%&\9? ANt dndhe i'e("%'n? ‘é"é erﬁgflde di ameter D (cn;

an |nternal havi ng a nurrber of stages n _provided

. i e gEOGasSS aqqmram@cwtlit%m 91 K0guhasgin et CRagsRgdipnal

inside diameter di (cm) provided at a top of said
areacpe uholeofitheasieysptnaypis tri anrasige aif dreml Qv tadacm®

the top; a liquid outlet having an inside dianeter d2

(cim additiothedacdordingdbt itve séceaiddaspéotiof theipresent
| ower portion of said colum near to the bottom 20

|nveﬁi:ohe@ﬁér@%@eopfoﬂ:déak et provided in the upper portion
and/ or a | e portion of said colum bel ow said gas

12. OHfjdé:ﬁ{tm@SQs%uit?%?oger’tﬁgﬁﬁ%‘?% bBiL%npfd?ﬁé’ﬁgmoj‘ odue

e portlon an ['ower portion

e
mongh} e %950?1% fiph 380518 dtin Sons W stafe ¢ fiation

aratio of the length L (cm to the inside dianeter
coluwomprﬂsﬂ@g

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 celumn near to the top;

a liquid outlet having an inside diameter d2 (cm) provided at a
bottom of said column or in a lower porticn 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 middie 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),

(2) an inside diameter D (cm) of the column satisfies the formula
13
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colum satisfies the formula (3); 5 4<_ L/ D540 (3),
(4) the nunber of stages n satisfies the fornula (4);
10 < n 5 120 (4), (5 a ratio of the inside dianeter
D (cm of the colum to the inside dianmeter dl1 (cm
of the gas outlet satisfies the formula (5); 10 3 <_
(2); D/ dl < 20 (5), and (6) a ratio of the inside
*dianeter D (cm of the columm to the inside dianeter
d2 (cm aof the liquid outlet satisfies,the fornula
(6): 5 :@%S/Doﬁz%él%ho (6), 13. the cb#inuous
mul ti-stage distillation colum accordi ng_to item 12,
15 (3hér @atio @f thedlenotbak i(sm) tonthe dnsigiead@metar B am) of the
d2 < 5 (7), 14. the continuous nulti-stage
colunirssatisfieisofhe ddotmulaa¢dprding to item 12 or 13,
wherein L, Db L/ D, n, D/ di1, and D/ d2 for said
conti nuoys< |mplD is-40age distillation c@ym satisfy,
respectively, 2300 <_ L 5 6000, 200 20 !5 D:5 1000,

g;ﬂéléﬁﬁ?lﬂjm%@!rmh%s Asdigties thaforpnda?4); D d25

the continuous nulti-stage distillation columm

accordi nga @ e of itens 12 to 1fyy Wherein L, D,
L / D n,qotD"/ﬁg;)l/?and D/ d2 for said (]40)6nti nuous

MULE) 25198 o1 thE lsHab UlafRA e D YBM PO thé THIGRIM Y6'the
insidgy umster & (80 oF.the gas A SlTahesthgdormuid(s);

distillation_colum according to any one of itens 12

to 15, weFd?d SurRQ@ontinuous nul ti - stigeand

distillation columm is a distillation colum havi ng{ha
e

t r &) antatio of theckiside sbameterdd dcmy) of the column to
inside diameter d, (cm) of the liquid outlet satisfies the formuia (6):
5<D/d; <30 (6),
13. the continuous multi-stage distillation column according to item 12,
wherein d4 and d; satisfy the formula (7);
1<dy/d2<5 (7),
14. the continuous multi-stage distillation column according to item 12
or 13, wherein L, D, L/ D, n, D/ d4, and D/ d; for said continuous
multi-stage distillation column satisfy, respectively, 2300 < L < 6000, 200
<D<1000,5<L/D<30,30<n<100,4<D/dy<15,and7<D/dz <
25,
15. the continuous multi-stage distillation column according to any one
of items 12 to 14, wherein L, D, L/ D, n, D/ d4, and D / dz for said
continuous multi-stage distillation column satisfy, respectively, 2500 < L <
5000, 210<D<800,7<L/D=<20,40<n<590,5<D/d1<13,and 9 <

D/d, <20,
14
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17. the continuous nmulti-stage distillation colum
according to item 16, 5 wherein said continuous

mul ti-stage distillation colum is a plate type
distillation colum having trays as the internal, 18.
the continuous nulti-stage distillation colum

16. 360580yt N M LlyPah SeBid 8 any ome

., portjon 19. the continyous nulti-stage .. ... ..
of itdin, | £ R TormBor el saitGom My s i $880e gistiiation column
i said sieve tray has 100 to 1000 holes/nR in the sieve
is a gdistillatipn cede iy haying enrayoand (Uil 8asking as: thp internal,
distillation colum according to item18 or 19, _
17. v epntiauouss pudtiesiageadistilbatiparcdonn @cootiding égdtem 16,
tray is ina 15 range of fromO0.5 to 5 cn®.

whe rddn asdidgeanitin &b heahaltifstabe distidiatticon cbiumasisbagriate type
di scovered that by inplenenting the present invention,

distit&8odi cdligyin w\bﬁgq?sﬁswm@enfémlas, can be produced
each with a high 20 selectivity of not |ess than 95%

18. P EbARNUY dtﬂﬁssfdbae"d%‘%ﬂaq?@ﬁecolahﬁ ARl inlto item 16

| ess than 99% on an i"ndustrial scal e not | ess than

; bl .. 00§, .l 2 n ;
or 17, WiBreln o MALE & pibyeraiay e sieh@portbn 44 S
car bonat e and not less than 1.3 ton / hr,
downgner BTGt | ess than 1.95 ton / hr, nore
preferably not less than 2.6 25 ton / hr, for the .
19. ciha SongnkeIUp rufitiastacs alsiietien cugm @oseraingde item 18,
| ess than 1000 hours, dpreferably not Jess than 3000
whenednrsaidgieyepirayhras W0 16 1900 hetesimain sbeEipyarrortion
fromthe cyclic carbonate and the aliphatic
therewihohydric al cohol. Brief Description of Drawing 5
FIG 1 shows an exanple of schematic drawi ng of the
20. cird contimbious multi-stage distillation 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 of not less than 95%, preferably not less than 97%, more
preferably not less than 99%, on an industrial scale of not less than 2 ton
/ hr, preferably not less than 3 ton / hr, more preferably not less than 4
ton / hr, for the dialkyl carbonates, and not less than 1.3 ton / hr,
preferably not less than 1.95 ton / hr, more preferably not less than 2.6
ton / hr, for the 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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mul ti-stage distillation colum for carrying out the
present invention, the distillation colum having
internals (in FIG 1, tray stages are shown
schematically) provided inside a trunk portion

t hereof. Description of Reference Nunerals: 10 1: gas
outlet; 2: liquid outlet; 3-ato 3-e: inlet; 4-ato

nt *??sé ”t'h%ii 5800 RBArE! floth the &yEIRE Balrbohiaterand the aliphatic
portron; 10

©contrnuous nulti-stage distillation
col gkl e h of trunk portion (cn); D: inside
W%ﬁﬁ?gpp %’Pq nk portion (cm; dl: inside dianeter
of gas outlet; d2: inside dianmeter of liquid outlet

(cm. 15 Best Mdde for Carrying Qut the invention In

the follow ng, the present invention is described in
BriefaDescription QfcPrawing t he present invention is a

reversi ble equilibrium transesterification reaction .

r epr eFd6t e shpvislamekampjenef schesatic drawingpof the continuous
whi ch a dialkyl carbonate (C) and a diol (D) are i
muRilstege dietillatior idotumrafdooarying)oahthenpreseptdnvention, the
nmonohydri c alcohol (B); I O\O+ 2 RZOHf R20 ORY +

distiffatioh £61umnChaviny in@@rnals &@Fl@@ Wheagi stages are shown

represents a bival ent” group -( ),,,- (mis an

' . : ); iohNghevedfogens
étdﬁeeﬁggilc%il&ﬂ]ﬁ c?p}{llagﬁams)?agueggrt%? gg{ lovhvit an al kyl

[ QU r._an roupyhaving.l to 10 carbon atons.
%f‘%'ﬁ?gp,“ %ﬁ%ﬁﬁ’gggﬁt §"'?{ﬁ8\‘/al ent aliphatic group
having 1 to 12 5 garbon atogs, ,ong or. e qf the, .. : . &
tiyans purletheZedauid: olleh: | araiteys-< et ufea §°4;p: inlet; 5:
an al k%/l group or an aryl group having 1 to 10 carbon ..
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); d¢: inside diameter of gas outlet; da: 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 reversible equilibrium
transesterification reaction represented by following 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’ R’0. OR® R'
/N
O\C/O .+ Z2ROH &&= “ﬁ;’ * we’ “om (1)
. :’) 0
@& ® © ©)
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atons. The cyclic carbonate used as a starting
material in the present invention is a conpound
represented by (A) in formula (I). Exanples of 10 the
cyclic carbonate include al kyl ene carbonates such as
et hyl ene carbonate or propyl ene carbonate; or

: 3-rell e -7 = \ - cyc -
whergifl R PSBFELSe R bicaRif gruy SUEHARE R 1SR A 1tEGEr from 2
car bonat e bei r ef er abl ed d t o ease of .
to 6), EAELPLIEAFS HdhBoMyirogens 1BERsPLReIna dhlfenaly supstituted

. nore preferably used. 15 Moreover, the aliphatic
with gshald greun ebih angleareup havipgnkbto 19 garbag atoms.
nateriq is a conpound represented by (B) in formula
Morgaver, B reprgsieatsca menayadlant aligbhatic gravmbaxingieto 12
boi ling point than the diol produced is used.

carbéhtatomys, pnesobmoneaofithg ajregding theradfebeinge optionally
the cyclic carbonate used, exanples of the alipharic

substROtIY Witls adl afhA grdip beldifaryegPempelhavihganad,10 carbon

propanol (isoners), allyl alcohol, butanol (isoners),
atomy.buten-1-ol, anyl al cohol (isoners), hexyl alcohol
(1somers), heptyl alcohol (isoners), octyl alcohol

[ " IS : I
(i THREEEHo SRtKonAte UiHg (isbd Hatng MgTdtiall Ong present
. i.sonmers), cycl ogent anol 0 anaql I ohe
inven(3RI8c knotbouBB B eRen sy RACANIN toruiiE Af P EXhples of
cyc] opent anol (isoners), . nmethyl cycl ohexanol
the lelisnBrEion gt PIQyaROAIKYARBE GHTDORHES SugH as ethylene
di met hyl cycl ohexanol (isoners), diethylcyclohexano
carbpnatewirspropylragy¢askanaiex ol . J-dioxae ¥slohexargrone,
al cohol , phenet hyl al cohol (isoners), phenyl propanol
1,3-dipxacycihepltad 2sonenortbet like nothylenteccarbanaisharipgopylene
nonohydri ¢ al cohols nay be substituted with
carbenhse ibaingtprefechably aseladwgdoseasewdrpridureym@nbansd, so on,

cyano groups, al koxycarbonyl groups, aryloxycarbonyl
and 8fiPHBRe 5t OAtedbaRG mafsl phefd @y Ussd.

Moreover, the aliphatic monohydric alcohol used as the other
starting material is a compound represented by (B) in formula (I). 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 the alipharic monohydric alcohol
include methanol, ethanol, propanol (isomers), allyl alcohol, butanol
(isomers), 3-buten-1-o0l, amyl alcohol (isomers), hexyl alcohol (isocmers),
heptyl alcohol (isomers), octyl alcohol (isomers), nonyl alcohol (isomers),
decyl alcohol (isomers), undecyl alcohol (isomers), dedecyl alcohol
(isomers), cyclopentanol, cyclohexanol, cycloheptanol, cyclooctanol,

methylcyclopentanol (isomers), ethylcyclopentanol (isomers),

methylcyclohexanol (isomers), ethylcyclohexanol (isomers),
17
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O such aliphatic nonohydric al cohols, ones preferably
used are alcohols having | to 6 carbon atons, nore
preferably alcohols having | to 4 carbon atons, i.e.
nmet hanol , et hanol, propanol (isoners), and 10 but anol
(isoners). In the case of using ethylene carbonate or

dimelh Ry A0fiexaRLE I iRerS), ISRy cloliekdngR Samers),

€ exa 'he al nono
al.cohol. s include neth t han met.hanol i.ng
pherfyfgeknaliol §°"\‘?{53h§eﬁ ﬁ@i% i t%erb?t&vérﬂ'cgw
i nvention, a catal is H;ﬂ be re ent in E
(isomegs) iRhe Ry lorPPRRC; &de‘ﬂﬁ a é%{‘ho ﬁﬁ'&‘i%’s  thgse
catal yst be present may be any nethod, but in the

aliphadie manp hygeismnleohels rmaydm §ubsbitutashwdtly substijuents such

di ssolves in the reaction liquid under the reaction

as halwgbns olosyer hikaat grgapscayahe gemeps,oalkeoxycasbonyi groups,
the liquid phase in the reactive distillation colum

aryldydaebdinyg grbe psatadWexy igroapsheand Aitreapiows.

distillation colum continuously, or in the case of a

he CRT Q96 @ftiph 7 ﬁ'\dﬁbh?ﬂﬁb SIROMONS! ofeSSPef8rably 8ed are
reaction |1 quid under he reaction conditions, the

alco@é@h%%i)y&j”t&’% ?&;:g?c{rﬁ]%tg md f@t He‘PeH‘tﬁydél%%?{drl]grhaving 1

stem i Spos al'ys

to 4 &b forfsohb % Sip *Fﬁh?ihﬁ?oa%ﬁ'hﬁggg‘%%%

eneou cta |scnthuo e t he

butapghy %em £ i M6 67 seopLising minklaRs, GAsBt asaé%uoan piapyiene

may be fed in 18toethervv|ththeccllc carbona
carbanaﬁ%ra& t’ree aayurabﬁa@ard)mﬁi@mmef@ralaahec@mmplgﬁ crfat;heoellphatlc

fed in at a different position to the starting
monehydricaalsohatadéncbete inetheralaang ethaneddmeathanied being more

distillation colum in a region below the position at
prefevabdb. t he catalyst is fed in, and hence it is 5

preferable to feed the catalyst into a regi on between

t hen tRE Ploddts of ehePredvmttingepaidint iaasalyst istmale to be

the starting materials are fed in.
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 that a homogeneous catalyst is continuously fed into

the reactive distillation column, the homogeneous catalyst may be fed in
18
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The catal yst nust be present in at |east 5 stages,
preferably at |least 7 stages, nore preferably at

| east 10 stages. Moreover, in the case of using the
het er ogeneous solid catalyst, 10 the catal yst nust be
present in at |least 5 stages, preferably at |east 7

togefGERTY %, SyRIE ANt ah R (e atiohalt, moridhydiic

atoofh e B8, Wi oo G U6 458 Qb S Heriat.
known from-hitherto can_be used.. Exanpl es of the .

The faagligaractyaliyprogpedginihe distiadiotheo ki ima region

metals such as lithium sodium_ potassium rubidium
beloweldiau pp sitiemn i which the ioatal yatrisfeiduin, amd hange inis

basi ¢ conmpounds such as hydri des, hydroxides,
prefaidbdeitdefeed tharcdtakistdato anteligiorobetweehi the b6 p aifidhle;

nmetal s and al kaline earth netals; basic conmpounds

columucAndstheapbeitidps) 4t whidlpnheestariinganiatedalsl are etdsin.
or the like of alkali netals and al kaline earth

The eatagily%i n@§€ barYreBitan éﬂréhﬁssts"thgbg}"p?g'fé‘r%bly at least 7

tributylamne, trihexylamne, and benzyl di et hyl am ne

stagé8s, e ék@ﬁerﬁgy;iailr{@ggﬂggo iJd ng heteroaromatic

conpoundS suc o I"'pyrroles, N alkylindoles,
OB AP IS4 B B cataiyer
the GBI Bt S5 37 BBt AR HHABPA P St et 7
al kyl phenant hrol i nes, pyrimdine, alkylpyrim dines,
stagey, Banecprefierably phleast 10; stagashesA %m@qa*aa/zﬁtrt@@tcﬁlso
the like; 5 cyclic am dines such as
has anaffecitcasipadkingén theyistilidtiombotyminomeneche YSBA)
> Atshtehel- Ic:ir:l(te.e,llyst used in the present invention, 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 compounds such as hydrides, hydroxides, 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 triethylamine, tributylamine, trihexylamine,

and benzyldiethylamine or the like;

nitrogen-containing heteroaromatic compounds such as

N-alkylpyrroles, N-alkylindoles, oxazoles, N-alkylimidazoles,
19




thal I i um compounds such as thallium oxide, thallium
hal i des, thallium hydroxide, thallium carbonate,
thalliumnitrate, thalliumsulfate, thallium organic
acid salts or the like; 10 tin conmpounds such as
tributyl methoxytin, tributylethoxytin,

NGy S tied; Butbhdschikyiaines, auinoiine

di phe met hoxytin, di tin,. acetate, butyltin .
alkylgasies. tsendinating. alkitisanias foge: Pﬂ&l&lng,é&kwac"dme&
conpounds such as di net hoxyzi nc, diethoxyzinc,
pheran@r@h@a. alyviphenantbre bnosi ryrisniding, A 'k!é'PWilrmﬁ'HQﬁw
conmpounds such as al um num tri nmet hoxi de, al um num
pyrazirn‘e‘.s@l;iwumﬁzdeesatnﬁazmﬁﬂ,talikwﬂriaainesmr thee likiek e;
titani um conpounds such as tetranethoxytitani um
5 t etyakt mmidinesnsuweh dsetiadabioyglioumdecene (DBU),
di chl or odi et hoxytitanium 20 tetrai sopropoxytitani um

diazébio@r@:llwﬂbﬁéﬁba(tﬁNt)ldrafhélﬁkécety| acetonate or the
e; phosphorus conpounds such as trinethyl phosphi ne,

P RTR t
tr TR TRIAORIRgS! Slctidk BTN Mide, hallium halides,

than{‘lﬁ\}m Xid Omgu'nhz.%vgaf}ag,%%hsnwmm rﬂﬁ%t[az?hamum sulfate,

enylmethyl phosphoni al irde
Zirconi um co zirconi um hal i des,
thalliim qrganic aé‘ggeﬁéf%/loéjgpoﬁg? 2| rcom um al koxi des,
zirconium acetate or the lik | ead
10 | eHB- %WP&WW%%SH@%EH?UW'@FGM% 'ITMY&FW“”
.. such as PbQ, Pb02, Pb3(2 or the like; |ead sulfides
dibutyildimathengin pdiesby disthosytinhdibukdeieghoxxtin,
hydr oxi des such as Pb(OH) 2, Pb302(CH) 2,
dibutsthehehorytin) 2dipheRyiaethd yiin, dileutyilie;acetate, tributyltin
chloride, tin 2-ethylhexanoate or the like;
zinc compounds such as dimethoxyzinc, diethoxyzinc,
15 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,
20 tetraisopropoxytitanium, titanium acetate, titanium acetylacetonate or the
like;
phosphorus compounds such as trimethylphosphine,
triethylphosphine, tributylphosphine, triphenylphosphine,
tributylmethylphosphonium halides, trioctylbutylphosphonium halides,

25 triphenylmethylphosphonium halides or the like;

zirconium compounds such as zirconium halides, zirconium
20
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pl unbi tes such as Na2PbQ2, K2Pb(2, NaHPbO2, KHPbQ2 or
the [I|ike; plunbates such as Na2Pb(C3, Na2H2PbO4,
K2Pb(C3, K2[Pb(OH) 6], 10 K4PbO4, Ca2Pb™4, CaPbO3 or
the |ike; | ead carbonates and basic salts thereof such
as PbCO3, 2PbCCBPb(OH)2 or the Iike al koxyl ead

acetfﬁg%%é@?ge ?%E;WWdﬁg( ?Ee?ftq(or ”1@ like;
<l 3»@3‘@%@%@% .

(QCOCH3) 2PbO_3H200r the |ike; organol ead conpounds
SUChs%%rF"%Q P, Poa@ripr HisHke;, Ph3PoBr, Ph3Pb (or
Ph6Pb2), Bu3PbOH, Ph2PbO or the l'ike (vvherel n Bu
r elpad suitidesuchasyPb§r R SarkdbBh akihiedikers a
phenyl group); |ead alloys such as Pb-Na, Pb-Ca,
Pblctad W{Snidéﬁ)sﬁbhoastFHm(OHDigeth@a(JOH)BechzinmmOH)z],
as gal ena and zinc bl ende; and hydrates of such |ead

Pb,O(@HpLbEthedPka;n the case that the conpound used
dissolves in a starting nmaterial of the reaction, the

r?EFﬂhBﬁ‘te@ éﬁé‘ﬁeas Nd PO OR, PBOY, CNIQFFPH»U)Z, RHP!S‘@;: or the

the conmpound can be uséd as a honpgeheous
like: catal yst, whereas in the case that the conpound does
not di ssol ve, the conpound can be used as a solid

bﬂl%ﬁaﬁﬁgﬁ%ﬁﬁ ”“él?a?béa%%ﬁ%ﬁ SR GauRal B0

b tart
kPt oCraPbh GaPBLior Bhe Eiflf“pe"YSa'c?. o mxiure, a

reactlon by- pr oduct or the |ike by reactln%
br ledf sesbenatesangd pasic salts thereof such as PbCOs;,

2PbCOj3-Pb{OH), or the like;
alkoxylead compounds and aryloxylead compounds such as

Pb(OCH3)z, (CH30)Pb(OPh), Pb(OPh); or the like;

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

such as Pb(OCOCH3)2, Pb(OCOCH3)4, Pb(OCOCH;)2-Pb0O-3H20 or the
like;

organolead compounds such as BusPb, PhsPb, BusPbCl, Ph;PbBr,

PhsPb {or PhgPb2), 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
21
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Furt hernore, exanples of the catalyst used in the
present invention include ion exchangers such as anion
exchange resins having tertiary am no groups, ion
exchange resins having am de groups, ion 10 exchange
resins having at Ieast one type of exchange groups

the 1%, o Eomuclng Sa b8 Tl A Rip ERlUBs UL Mgty whoreas
n théiciq*%ZﬁééF%%E@rﬁegﬂﬁtaeéﬂé‘%éﬁ?wiwuﬂaé’%%ﬁmﬁoagd can be

silica, silica-alumna, 15 silica-nmagnes

usedapgra 5OYHI ¢atalpst. gEurthﬁﬁn@,@re,cIétlé alsarnr&jgr%lﬁ tq use, as a
vari ous netal -exchanged zeolites, and

homaegenebus: eatalipsiy el nziedl e ebtam—:&tﬂ byodissolvingaaszomgound as
catal yst, a particularly preferably used one is a

abowoln d stalrtingomateeAsil ©fahieore settbantes rbactiog mixture, a
guat er nary ammoni um groups as 20 exchange groups,

reacﬁéﬁ@}-%?oﬁ"ﬂ;%’t%ﬂ'fm@ﬁkéd'oﬁ%@ réhEfRg! 1o BARigcaBBUPRissolution.
exchange resin having quaternary anmmoni um groups as

exeafg Féjpéx%rr@:llésléﬂr%s‘éa f RdPNtNe Feisent

ani on exchanqer Ng quaternary —anmoni um groups as

o SSRIFES S8R er gL FERERE i 4fanon gosinp having

uaternary 25 ammnlu roups as exchange grou
tertighyaRIBg Qo 1oft BrGNFnagLTasPE wngx%ﬁﬁﬂaé’fpém% ion
havi ng quat ernary anmoni um gr oups _as exchange
exchgn@goEesing having st yeankongply R phiron anas raHpgrﬁelected
exchange resin or the |ike. A styrene type strongly
fromimgfenate gnoepshaageoxykita groupsancnphgspbate @ranipén and
exchange resin having a copol yner of styrene and
soliddstrongly basdo & rde nae peh @ng e nethanviiag ,quatérhavy mgnmonium
quat ernary anmmoni um 5 groups (type | or type Il) as
groupsd¥egenanPgroapyd; can be schematical |y

represented, for exan‘pl e, by the follow ng fornul a:

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
exchange 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




10

15

./t-CH CH2- CH CH2- CH-CH2/I/ (typel) (DS
CH2NH3)3 CH2N(CH3) 3 , - ' - - -CH2-"'~-- XT Xe ,,,t
CH CH2-CH-CH2-CHI/ (type I[) OO-- --CHCH2 -
CH2N( CH3) 2( C2HAOH) CH2N(CH3) 2(C2HAOH) XO Xe In the
above fornmula, X represents an anion; exanples of X

gro uLo'%Cilr%Léiﬁd %eé] %rt%lel ne ﬁpé es?fé l?_@&gl_),% %Sggrq{i@'égg a?ﬁigggégﬁjl or the

like. ! (ﬁaﬂy@sﬁngéb{gg{]gggfl\%%ba%rigfﬁiggl %{Eﬁt@l easé@%g?s taygFrongly
Mor eover, exanples of the structure of the resin

basipAHAN %@laange esdn favinggeicopalgmed o sty reaeang
macroreticular (MR) type structure, the MR type being

divinydbenzaneray appafentmatediad, and havmg;amademweammomum
resi stance being high. 15 Exanpl es of the

groups! {typesleebigpd 16X asratohdrege greapsn and bandee schiematically
havi ng quaternary amoni um groups as exchange groups

repréSEhtsty, farebkampia, byvinrofolldwiigifofRlaxchange groups

obt ai ned by convertl ng sonme or all of the -OH groups

CH--QHze—0He—CHR < OHA-CHRHH~ g UrS.

R represents an al kyl [group such as 5 nethyl,
ropyl, b or th_e preferably nmethyl or

reov s defi N above. (type I)
@
® CH2N(CH3)3
CH2N(CH3)s —— CH—CHz—~~— x%

X©

" _~—CH—CH2—CH—CH2—CH— """

(type 1)
®

® «—CH—CH2—~— CH2N(CH3)2(02H4OH)
CH2N(CH3)2(02H4OH) Xe

X®

in the above formula, X represents an anion; examples of X
include generally at least one type of anion selected from F°, CI°, Br', I,
HCOj3, COs?, CH3CO;, HCOZ', 1057, BrO3", and ClO;", preferably at least
one type of anion selected from CI", Br, HCO3", and CO3%. 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.

Examples of the cellulose-based strongly basic anion exchanger
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The inorganic carrier supported type strongly basic
ani on exchanger havi ng quat ernary anmmoni um gr oups as
exchange groups that can be used in the present

i nvention nmeans an inorganic carrier that has 10 had
- Q(CH2) "NR3X quat er nary anmoni um groups i ntroduced

ha‘”ﬁgﬁ‘i@é\%fgé%%H&Y’{'Pﬁ@?{gﬁa%%ﬁ!%w@%‘}tﬁs?%s35&?‘&%
celiufie fivingarp e e BN exshandd afou 3%:"@%" Y the

inorganic carrier _include silica, alumn
CO"VﬁrtlﬂgaS‘a'rthé*” of thei=DHzamvpe "'cbﬁh%CQ'Hélolslek@tO
preferably silica, alumna, or silica-alumna,
triallgdaminoealnylygrqmes.er dzter;eim R capretagntmn@jkybgrmp such as
used as the nethod of nodifying the surface hydroxyl

methylpepisylofpropgl,i botydaow the éikei, grefdiablyaniethgt ooreghyl.
basi ¢ ani on exchanger having quaternary anmmoni um

MorédvBiX # defredas abeves is conmercial ly avail abl e.
In 20 this case, the anion exchanger nmay al so be used

e L it o

subj esi red anionic

exer ¥ RV AL IVAERAY QG AR od B804 e a8 Yiotins that

nmacrore I"aror
rgani ¢. ner_ havi.n nded thereto, heterocycl
can Bp 3RS IRIHE R ashRt g et MESRE HhindradrG i as ihat has
[ nor ic carrier havin bonded t hereto
had ng(g%ﬂyklﬁqee? GUAIPEN R AMHBRNAIT GEP RS BHedugGed thereto by
nitrogen 24 atomcan also be preferably used as the
modifyings seme ofialhof dheca@Pil purfacerbydrexybgeoups fithe
catal yst in which some or all of these
inorganicozgmieont dengimg Rered ocace idefined @s bhosehand n is
converted into a quaternary salt can be simlarly
gengratlig. aw iNdgert fraim A 896, predémdlytnsueh aExamples of the

exchanger may also act as a packing in the present
inorddhYienda@ler include silica, alumina, silica-alumina, titania, zeolite or
the like, preferably silica, alumina, or silica-alumina, particularly
preferably silica. Any method can be used as the method of modifying
the surface hydroxyl groups of the inorganic carrier.

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 exchange with a
desired anionic species in advance as pretreatment.

Moreover, a solid catalyst 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
24




The amount of the catalyst used In the present

I nvention varies depending on the type of the

catal yst used, but in the case of continuously
feeding in a honbgeneous catal yst that dissolves in
the 10 reaction liquid under the reaction conditions,

at°"ﬂ5_§83€’§%[’83§®qﬁ% ablyIaR6HSs Yo ?fégﬁﬁ&@éa{‘{’ﬁ%‘%%ﬂ-
Fuﬂ'}@?hﬁsm Are i st \x@f%hfs%s%gﬂf"eb'iﬁ% Y bonat e

the ali ti.c nonohydric al coh fed in aséJ
“'trogﬁé‘rﬁpﬁéa'ﬁﬁg elegocyplic Grapps; haye Q@&%%Fe dnipya

a solid catalyst installed in the distillation colum,
quatefeary el gan he spnédpelyaysgdused in an anount in a
range of fromO0.01 to 75 vol% nore preferably 0.05
5 t oNstevidiztty a petidnoatalystsachbay ah lon @exehangdrmayaatad act
on the enpty colum volunme of the distillation colum.

as apwskdngria the presentiimventiont ati ons on the net hod of
continuously 20 feeding the cyclic carbonate and the

al Wéahhfotimnéhfﬁlé'c%talfém%ed MhQha FéHérithﬁ#&ntlon varies
mul ti-stage distillation colum constltutl ng t

depérﬁﬂﬁhté’ﬁ th@ ﬁ}dd bRth8 L A3! %Wuéé‘dt E%t hing Eas

I nventi on, fee I Ng ms USG ?ong as

con I 5 1 LB i, I 5'“’%?‘%‘15'288 in the
1o reacgﬁﬁgiﬁﬁ{rﬁa@e'ﬁ?%teréaoqm ?pqﬁgf;ﬁ ftﬁlrab' %untaisee?iés d

genarRDYA 3irance ob8rarmbRRR £ SQ oY waloht preferably 0.005

continuously fed in froma required nunber of inlets
to 20 o Syaw@igbt, miesequrefenablysOfi to -1} Sgdbiweaight.cas én
colum satisfying the conditions described earlier.
propbotienvadrthe hetad weeight afatimiogttcaratbiomatel apthahiecaliphatic
nmonohydri c al cohol may be introduced into 5 the sane
monshpgdecadicoh®| dedtin &8tthensteetingnmaterigty. bMorgowsiydache

into different stages to one another.

15 case of using a solid catalyst installed in the distiliation 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 vol%, 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

20 feeding the cyclic carbonate and the aliphatic monohydric alcochol 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 cyclic carbonate and the aliphatic monohydric
alcohol can be made to contact the catalyst in a region of at least 5

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

of the distillation column. That is, the cyclic carbonate and the aliphatic
25
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The starting materials are fed continuously into the
distillation colum in aliquid form in a gaseous
form or as a mxture of aliquid and a gas. O her
than feeding the starting materials into the
distillation10colurminthisvvay,itisalso

ef.erabl e addi ti on d seou
monBhFAFFacBeR AN PergtBhobsiY fafdioreT AdmaiEla Hber of
on of d| stillation colum egver, another
mletgﬂefsgasslseo %&@ntmw multizaage tqﬁt'[!%PPcco'Um"
carbonate is continuously fed in a liquid formor a
satisfring the cqnditiangctesenibedrarilierst Mdereevenehe cyclic
distillation colum above the stages 15 in which the

carbonate ystd e @lipdeatic naowiobidrial alglodid] anayriadyatroduced into

al cohol is continuously fed in a gaseous form and /
the same dtiagel of ties Mistiflatiohecdwan, opahhivdse dhtrolliced into
distillation colum. In this case, the cyclic

diffe%@@(bgjé f@hn@%n@@l’}é?e contain the aliphatic
r

nonoh ic alcohol. In the present invention, the
t ; .
ia;}‘ ona ﬁﬂﬁgﬁiaﬁbﬁa&&o r'eWé@l‘.o@ﬁ%ﬁJhAx%ﬁtéj'tl?h'ﬁ'i%tlllatmn

colu@@”@fgtlf@lﬂ%ﬁfw ah‘g? %é’éﬁ{]%f@r&%@y@) 31051@@ gf a liquid and
a a0 “WfiET thanyideding 1ag m%aa&f@éé%&éﬂ[ﬁw

of the d| al kyI carbonate in the aliphatic ponohydric
columncishthis/wayaitkig alssr peefarable ipmcédltwl%fe%rmzas gaseous
the diol, generally in a range of fromO to 10 % by
starting gmtermleﬂéea‘nityemtlymr gondibyowsiyiitgmnadewer portion of the
preferably 0 to 5 % by weight, in terns of the 26
distilpatiorrdagenrny WMo ddveri darfotheér grefaralhle meathiod is one in
carbonate / diol mxture. Wen carrying out the

whichregesyclie2eirbonat@dydantaliyusReradies 4 riqahd ¢yahi ¢r a gas /
carbonate and / or aliphatic nonohydric alcohol newy

liquid @ﬁfx@ww [tL% shfyd %?%leoél‘ls%m%ttﬁieﬁ cBﬂSr?lrn' absvBaneNstages

he cyc onate and / or al i phatic

in wmen%,sédag@ggw%ﬂgreeane SRUHECARBASH: HASIdRdric alcohol is

recovere rocess and or anot proce

contl%%%u%,llysr(%egempéegffsrea&ljg f8m and / or a liquid form into the lower

pertion 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 contain
dialkyl carbonate and / or diol being the products. The content thereof
is, for the dialkyl 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 dialkyl carbonate in
the aliphatic monochydric 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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for the starting materials. It is an excellent
characteristic feature of the present invention that
this is possible. An exanple of another process is a
process in which a diary) carbonate is produced froma
di al kyl 10 carbonate and an aromatic nmonohydroxy

poreS B BN ORI AR i
R 88 S AR o RS AL (ﬁ:@fg@ew

aronatlc nnnohydrox conpound, an al kyl aryl ethe
cycligngarhpnate and hay aiphatio menehyedec|alsabohine vy I@ﬁrqctuced
_ al kyl aryl carbonate, the diaryl carbonate and so on.
into the rbﬁcplmayetﬁmalm@teﬂa!@ navisigy the cyslicotaibanateband / or
used as is as a starting material in the present

the alipleaticanonohyaric bicalssldags hiwnst@mipiong ntethareaf recovered
after amount of contained material having a higher

fromb@iisipra ce@isnandhadr bhathef probessldatalies bra)aaéwhbw used

al cohol has been reduced through distillation or

for tﬁB%tLa'rﬁﬁ? Mat¥AhliS CHr Qoﬁﬁté?xcgi @ré%)’aét%‘?ﬁtlé‘féé‘ﬁjre of the

sent Tnvention is one produ through reacti on

presgﬁ%‘fﬁsgntlgw % Ik Ably! eRg, 8%%%I§U&Pang§h%%8rocess

ene OXI pylene oxi'de’ or “styrerne” oXI

carbon di oxij car onate ont n A

= @ Beiirs 'BfW%wiga <? s b BrartS IS bERdBaRALTORT Akl
ed as a s_tartlrgg_é terial in th esg % .

carbpﬁ@éﬂtq amargmaticems FAXWeamrRAHNG agiphatic

bet ween anounts of the cyclic carbonate and the
monghygrig: alcohsi drging byarestuged il this pro¢rss aask reeovered.

distillation colum varies according to the type and

The secovered hhyhkproduaedaslighafic sachohydaicadlcsthargenémally often
reaction conditions, but a nolar ratio 5 of the

contalrigptiaé iddalgnaprtionatal thbdromatibenenehiydrory wmapeund, an
fed inis generally in a range of fromO0.01 to 1000
alkylt AFASethE} 4ME'RABA, IdRI AYAY lafso contain small amounts of an
alkyl aryl carbonate, the diaryl 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 aicohol 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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carbonate conversion, it is preferable to feed in the
al i phati c nonohydric alcohol in an excess of at | east
2 times the nunber of nols of the cyclic carbonate,
but if the amount of the aliphatic nonohydric al coho
used Is 10 too great, then it is necessary to nake the

of 1 Aﬁgﬁ’eﬁﬁgﬁe‘@vﬁﬁﬁ@ﬁ@ﬁ PatibBeRiSen ifighitS q/thle Eycic
carbﬁﬁ% S s & aflpnati S ndaoRydricraitendl dperinis s fepctive

Furthernmore, if_rnuch unreacted cyclic carbonate
distillatianreolumye yarigs aﬁp@aetrtwtwee.tap@aaaer?dm%wfﬂ@&t
with 15 the produced diol to by-produce oligonmers such
transasteridloation catalystend tharmeaséisrecpnditienst butia molar ratio
i npl ementation, it is preferable to reduce the anount
of thefallilphata'ctradnomldirn: abodiurlatcet e wyicticnea s matehfext in is
possible. In the process of the present invention,

gene?afly inf atraagaPer erdl RO 1" B8 MOOStinTes. MTbeincheaséthe cyclic
the cyclic carbonate conversion can be nmade to be not

carb89a¥§ \)@ﬁ’@lowo/i?t iB'pretE bbb flﬂ‘ﬁé&s’lﬁ th'%aﬁhﬁﬁ%/‘hc”ﬁxro%ohydric

preferably not ess than 99% I'S I's anot

alcoRBRIMERCLkELLE S a3t tH;r s PESF Ao drBPHdIas i oyclic

e presen nve on pre Yy not €ss

[ _hr o b di_al k conti

carofplle byt MEins e SEREI AR SFBhBRYRIR Hicohol used is
car bonat e continuously fed in to achie this is

too gyead, they ibivnecessary e, ma#@rmeaewazafuso'e'mv nror such
nore preferably 2.0 Pton / hr, based on the 28

reasgrgute metaratinof the ahiehatisl mpnokwdsimaleohe! tethe cyclic
produced. In a yet nore preferable case, this anmount

carbonatéés paaéetablydnl @sangeaof Irom 2 t@r20,/mlmrre ederably 3 to
shows an exanple of schematic draw ng of the

15, yetvhone qQuefebalbiyl § itost209e Flirshéfmete oif malchnonfeacted cyclic

carrying out the production process according to the

carb8hasEREMATMENtheR thidelRred MR L BYPEIIBUHHD OMALE mala@act 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
28
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distillation colum 10 used in the present invention
conprises a structure having a pair of end plates 5
above and below a cylindrical trunk 7 having a |l ength
L (cm and an inside dianeter D (cm and having 10
thereinside an internal with a number of stages n, and

amol§ e et (TR chjihe, Al ‘8%*396"?# P@Xﬁﬁﬁ@@%{;gﬁkdin a yet

uppe rtion of ,the columm ne
more BiEtarablol(Rshothin aHOMAL G adste b less tha' €19 P ton
bottom of the colum or in a |lower portion of the
fhr.col utm near to the colum, one or nore first inlet 3
(a,_e) 15 provided in the upper portion and / or a
m fdGe Ppshowenaofexamplelafnschdmiatic dnawing ofdhieecontinuous
and one or nore second inlet 3 (b, ¢c) and 4 (a, b)
multpstageetistiation cohdha foerdaropirandut the ploddctien process
portion of the colum above the liquid outlet 2, and

accoTgiIf®8 theusiesent R dtios.at iHdne, Akl S0Atin0ODE mlumsstage
Sso as to be able to carry out not only distillation

distiftstiod é@lu@ﬁnrﬁ?%'eq‘lrﬁihé rﬂﬁe%@'ﬁ? sﬁ gét K Tﬁﬁ?l&% ébﬁﬁ'ucture

to produce preferably not | ess

hawﬁb? tﬁ\éltr ﬁ?hr oﬁfftﬁe%ngl rﬁf B{sﬂ%ya '&Sf'im'd‘?isc,sa t'l’ﬁﬂk 5

or "a” prolonged peri
FILG

ravifh A Kot B g aetfaaid%fﬂggfﬁr et g eed 'aﬁ'h”aev% o

according,to the present invention, and hence the .
the”%ﬁ“ﬁé%é%fﬁt%f‘afﬁ@m B B BRI stages N, |¢ﬁ“i’ JHT Tt‘F\%'E"p“SQS
shown in FIG 1. The continuous nulti-

a gagiauilel dthavingornnnside siameter it (rm) @9 tbeet@empf the column
i nvention satisfies not only conditions fromthe

or inpan sypgeaii pertidntdfethalicetumnanéeéan té thet iogn, a biguid auidet 2
these conditions are conbined with conditions

havinggn iesideod Eanmetke dt {enieat b bottphoofatiestaltiiyn vartim a lower
hi gh conversion and high selectivity, specifically: 5

portn(zﬁlq)o%f h@itc?]g%hoh?w% RS Eofidhinsfohd Be rheraflrat iRlst 3 (a, e)
provided in the upper portion and / or a middie portion of the column
below the gas outlet 1, and one or more second inlet 3 (b, c) and 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
conditions so as to be able to carry out not only distillation but also
reaction at the same time so as to be able to produce preferably not less
than 2 ton / hr of the dialkyl carbonate and / or preferably not less than
1.3 ton / hr of the diol stably for a prolonged period of time. Note that
FIG. 1 is merely one embodiment of the continuous muiti-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
29
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(2) the inside dianeter D (cnm) of the col um nust
satisfy the formula (2); 180< D52000 (2), 10 (3) a
ratio of the length L (cnm) to the inside dianeter D
(cm of the colum nust satisfy the fornula (3);

451/ D540 (3), (4) the nunber of stages n nust satisfy

prespaf ihf&fteh salisties? *ﬂzﬁsfsﬂfﬁ?#ié‘%%ﬁﬁim‘?% e Peisbbeti%h of the

dlStlhﬂﬂOde d' g&rt( ggpu{j @gsedcog%atzgﬁgtsgr%t gaﬁﬁt;l % wstswy

ratio of the inside dianmeter D (cm) of the colurm
conditjens; e ujeedisshasdnake mﬁeaetlpﬁdonqrzﬁmj smlyew%athlgh

satisfy the formula (6); 20 550/ d2530 (6). Note that
convergiareamd high IS@ﬂ)eQﬁv'tth,espet:if'malbr: t he upper portion

of the colum near to the top"” used in the present

i nyeptherengdnd (dm) moast satisfy ehetfoentuia (df); t he

col um downward as far as approximately 0.25L, and

the ter myfigre<hot ggpaf the colum or tfie | ower
portlon of the 25 colum near to the botton! neans the

TELWG fin8IBd 2 RRILPD P51t tHPLUTBIPHAI E8tid the

proxi mat el'y 'S as I ned
fonnﬁh? 8 It has been discovered that by using the
cont %uous multi-stage distillation colum that

Gy (5 BRI 2000 Gral ky! car bonat Bhnd the di b
e LBl 08 hecltins YR 1S istheter em) of he
carbonate and / or preferably not less than 1.3 ton /
column piustheatisty the fermuia (3);
4<L/Dx<40 (3),
(4) the number of stages n must satisfy the formula (4);
10<n<120 (4),

(5) a ratio of the inside diameter D (cm) of the column to the
inside diameter d4 (cm) of the gas outlet must satisfy the formula (5);

3<D/dy<20 (5), and

(6) a ratio of the inside diameter D (¢cm) of the column to the
inside diameter d> (cm)} of the liquid outlet must satisfy the formula (6);

5<D/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 present invention means the
portion from the top of the column downward as far as approximately
0.25L, and the term “the bottom of the column or the lower portion of the

column near to the bottom” means the portion from the bottom of the

column upward as far as approximately 0.25 L. Here, “L” is as defined
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hi gh conversion, high selectivity, and high
productivity stably for a prolonged period of tine
of, for exanple, not |less than 1000 hours, preferably
not | ess than 3000 hours, nore preferably not |ess
t han 5000 10 hours, fromthe cyclic carbonates and the
aboV I'i phati c nonohydric al cohols. The reason why it has
éCOﬂE possible to produce the di al kyl carbonate and

di ol n i ndust ri.al e Wth such exce .
of idiaS hgph Alssaveid ha,ak ﬁa Lb?'BQeQEe spn?'w@%%gaﬂi'-stage
inyentiaon is not clear, his is supposed
d‘St”bQFéO'E'&OAUHH?nBB@Y ﬁé“é'itﬁé‘ﬁo%hilﬁﬁﬂﬁ%%@he\ﬁﬁéﬁ‘%’ﬂﬁ (119 (2), (3),
conditions of the fornulae (1) to (6) are conbi ned.
(4), (B)eand 46) etheadjatkyl faarbomate sapd dhpvdiol sarobe prosiuced on an
described below, If L (cm is less than 2100, then the
indusivialescalenofdprefeaably and lebsriban 2 tos hbt gidbe disdkyb
attain the desired producti on anount. Moreover, to

carb&Rate da/ bhprederatiyndot Rsss thah et .S | hg dfhne28iol with a
conversion enabling the desired producti on anobunt to

high %n@ér@ld??dhldmggﬁéch\h?y NBAE Hl?hﬁ?{&lﬂictm'&% s‘té‘Bﬂ/ ﬁﬂOQ

nmore prefera range for

prolo%%l%i ‘@'rfcﬂj %?que(%fﬁjﬁ e‘ri{é%gpfhﬂgt %Ibs W?é]lzn‘lq 0 Ihsc:unrgiE
profeiabiy A 1685 i) gebﬁqh?ﬂﬁg-éﬁ’e&qsﬁéfﬁ%gééﬁf n§ETRs than 5000
hourﬁaha' n'an i tg YOI RaFROnALeS d@c‘?%f)'tﬁ&%%% m%%ﬁv@npﬁgeho's

for D (cn) is 200 < D <_ 1000, with 210 5 D5
The rasep why ilbhashes@ngopessilile|to pmqhsw dbe dlﬁélwmc@)rrbonate
greater than 40, then stable operation becones
and thef Hiaudm .an mcﬂ)ustriaim@al,e withLsuch exceallardt effectmby40,
then the pressure difference between the top and
impldraehtingthé heoceksnof thee preseht ivvetientis mrodcleangdut this is
prol onged stabl e operation becones difficult.

suppbBedorsbe d&eh@cﬁfﬁ%ﬁnb%ﬁésé‘fféci ®rblgheavduthRhen the
tenperature in the |ower

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 the desired production amount.
Moreover, to keep down the equipment cost while securing the
conversion enabling the desired production amount to be attained, L must
be made to be not more than 8000. A more preferable range for L (cm)
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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portion of the columm, and hence side reactions becone
liable to occur, bringing about a decrease in the
selectivity. A nore preferable range for L/Dis

55L/D: 530, with 75 L/ D ~ 20 being yet nore
preferable. 10 If n is less than 10, then the

W'th%’i’iﬁ?g?%ﬁﬁg of8 Sptatco et éﬁﬂﬁt Vor cover, 1o
cott/br/sBa Iéﬁ%ﬁ% {PB0reR tn@%?&ﬁ@%&&%m%*on

be attained, n be made to be nore than 120,
becamestiiffiguld. iIp martwgaéanféf/ this gxgetert than 4k then the
pressure 15 difference between the top and bottom of
presshee differanbedusivee endhgriom andabattaonoé theotalugen becomes
stabl e operation becones difficult. Mreover, it
too prextpahdheaseapiolbagedcstside dperdttomdetamesidiffitweit.
| ower portion of the columm, and hence side reactions

Mord®eérat bietirfe § hesesgaryto nﬂiréﬁseaﬂ@tem Qll@ﬁﬁﬁh ithe lower

t he select|V|ty A nore preferabl e range nis 30
portl%Ql ?ng% Iﬂaﬁ‘& Q’néﬁce r‘é‘i‘%*ﬁﬁ?ﬁ"?‘@ Bﬁc%ﬁ{ Wabfe to occur,
brm@?ﬂé’ QHSUE ugéggé’&ggﬁﬁ%n@ leecéf\\//t?{f?\éﬁ;nggg% pﬁ’%?ggcﬁdmufgnge for

out syste n stabl e eratio
L/ Dob?: iﬁh #%1 Wit 7 B ol 48 vgidd it hais siterable
? aseous tgwrr_'ponent wi t hdrawal 25 anount becone L
‘ol iIpdeps| aRd theRdheseaprerypar dertrasRe aakhence it is
difficult, and noreover a decrease in the conversion
not pessibledatatidisuthe destedroredgetiparamasintangdorepver, to keep
d is45D/ d, 515 with 55 D/ dl1 5 13 being yet
dowmdhe eqeipenebt eost fwlidlé sézuring ¢ébs adraversion enmabliveg the
equi pnent cost becones high. Mreover, the liquid

desiréd hdodwationranduiteobesattalrmid velniubt dle, madk t& be not
hence stabl e operation becones difficult. If D/ d2 is

moregltﬁéhefm haF 3therrhBed Fff}?lé lpeatét thamrgughtHditthe pressure
liquid outlet and pi ping becones
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 iower portion of
the column, and hence side reactions become liable to occur, bringing
about a decrease in the selectivity. A more preferable range for nis 30
< 100, with 40 < n < 90 being yet more preferable.

If D/ dqis less than 3, then the equipment 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 /d4is greater than 20, then the gaseous 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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excessi vely fast, and hence erosion becones liable to
occur, bringing about corrosion of the apparatus. A
nore preferable range for D/ d2is 7 5 D/ d2 5 25,
with 9 < D/ d2 < 20 being yet nore preferable. 10
Furthernore, it has been found that in the present

mord B e (ELDSE ' ELEPUE 495, ek 4, < 13

. "prol onged stabl e operation” used in the present
be'ngrﬂﬁ’etnmogﬁ Rre{REaPI&t the continuous multi-stage
distillation colum can 15 be operated conti nuously .

i nlfaDst €ady lesattbapaiethem three@pipmenh§oss raamas high.
with no flooding, clogging of piping, or erosion for
Morewtel, dbe liqhianwiibelyamalram oprdflee cdingsneelatizedy thgh, and
3000 hours, nore preferably not |ess than 5000 hours,

hencendtgsledep eratioe beramessdifficulte df D Ky, iscqrdmteatiban 30,
and the diol can be produced while maintaining the

thenth@hflgW FtaVEHrBIUYh tHe Uiui8! Astled hhyd pipidgBédomes

productivity. A characteristic feature of the present

exce‘égx\‘?%!gi st %ntdhﬁénbgeel‘ﬁs%ﬁyﬂec&lﬁ%oﬁgbﬁ ?@%é:‘tgﬁ, Qitrﬂgéng

produced stably for a prolonged perio
aboflhrtlbldh B WerdoBtatls. BMobt Bisietule tafod 9D / a2 is
2 [, .h d, hi gh ductivity for 25 the diol
7 5 Bt 10ewitmd B 4 deon 20 REauBtahars relaiatina o
aggt e diol are nore pé)eferaﬁlﬁ_groduced in an .
anbURtNRAMAER. itdas bean toyng thahin the preseinveadion it is
than 1.95 ton / hr respectivelé, yet nore preferably

a
furthestpreéerablentor di aod d2 ke satisfyothe termuleaf’2. 6 ton /
hr respectively. Moreover, another characteristic

feature dfstdhe ggesBnt invention is th@t).in the case
that L, DO L/ D, n, D/ di, and D/ d2 for the

coMhientsrns “prdlongedigtabiedoperalieh!’ useadinitine gaieiseint,
respectively, 2300 <_ L < 6000, 200 <_ D 5 1000,

inve®B6n TadAn30ft P deRtinliols Adti/Sa (& arstineio Rolumn 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 predetermined amounts of the dialky!
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 dialky!
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 dialkyl carbonate and the diol

are more preferably produced in an amount of not less than 3 ton / hr
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than 2.5 ton / hr, preferably not less than 3 ton /
hr, nore preferably not Iless than 3.5 ton / hr of the
di al kyl carbonate, and not less than 1.6 ton / hr,
preferably not less than 1.95 ton / hr, nore
preferably not less than 10 2.2 ton / hr of the diol

and figR 1HFa AR TS o LY T RRse B0; 8RB0 TreRarlycnot tess

that L, DL / n,D/.di, and D/ d2 for th

than  TonLBGansunet lesa3aani 28 fard %nresmq}m#'yat ﬁ@?&eover
respectively, 2500 5 L 5 5000, 210 < D5 80

another c'waat:@erlﬁtlsgf@asurquerwbm\ﬁrumos thaf mé@g case
than 3 ton 15 hr, preferably not less than 3.5 ton /

that iy, D nbr/eDpngfRriabi, yamd D V aksfaridve gontionoushmuti-stage
di al kyl carbonate, and not less than 1.95 ton / hr,

distipatibar eblumndatisfys rébpectivély, @300 i L mmmrm@rsa ¥ 1000,
not less than 2.6 ton / hr of the diol can be

5 < lpv@lscsd 300 A & Mbsal ST ind{ ¥"14 0an8ack D/ Hh& 25, not less
di al kyl carbonate and the di o 20 in the pr esent

thanl ﬂ.\seﬂiﬁ 9t ?rE?éPacbI?rh&thl%s%V ary CRIPP Mt ﬁ\éneeaﬁ?éfbraltﬂ'y not

present I nvent a high selectivity of not less

Iessttngﬂ ?ho/‘ic‘} HEBEEZ 'da I§ff %qtrb%' 'lﬁg Woebﬁg‘;l:gjs%é@?h 1.6 ton /

% nor e pre y Nno

thete 99 rS| n the present
hr, p-rﬁfﬁgﬁﬁwg} ﬁéﬁa{w R W@rsﬁfﬁ%féﬁfvbeﬂaé%ss than
conyersion, in the present invention it 25
2.2 tsaslﬁbm the dileeanm ecpEpduced pdiuitbeEmRrer msﬁhs&
not | ess than 95% preferably not |ess than 97% nore
chargetedstip|fpatete pédpet pegsadvinvestioris thatiptbesgage yhat L, D,
not less than 99.5% still nore preferably not |ess
L / D, ranD90d 9oandt Di/sd piier the tdoantonemh$ entltcbtagetdistibation
features of the present invention that a high

colugeneatisfprespedipvdly) 26aINed. whseo, Paionkdd i BOOHIWR L / D <
selectivity in this way. 5 The conti nuous mul ti - st age

20, 40 &t hl< 80, & <cpl uap U$8d Jin Hhe Doy @gedt2o, 'r'ib’ﬂés!@fhéﬁ 3 ton/
preferably a distillation colum having a tray and

hr, pPEfdIABI) Mot less than 3.5 ton / hr, more preferably not Iess than 4

ton / br of the dialkyl carbonate, and not less than 1.95 ton / hr,

preferably not less than 2.2 ton / hr, more preferably not less than 2.6

ton / hr of the diol can be produced.

The 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
99%. Moreover, the term “conversion” in the present invention generally

indicates the cyclic carbonate conversion, in the present invention it

being possible to make the cyclic carbonate conversion be not less than

95%, preferably not less than 97%, more preferably not less than 99%,
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as an internal. The term"Internal” used in the
present invention neans the parts in the distillation
colum where gas and liquid are actually brought into
contact with one another. Exanples of the trays
include a 10 bubble-cap tray, a sieve tray, a valve

ray, .a.counter tra wper §. r
vet pof prrHly et B4s | r@%@@% SR Bl et it rp PR o foss
l'ti-stage distil Iat on colum having both a
than@i@ Bor tIf &% CA%04 tRBr&X G e%ﬁhéﬁa%eﬂﬁtﬁég%%?si of the
part of the tray stage portion can al so be use
presgpbipyestion thad phigh egnversieasan b@grruaantqm@m while
such as a Raschig 15 ring, a Lessing ring, a Pall
maintaitgngahigdr sebaxtility imihismwayox saddl e, a Di xon
packi ng, a McMahon packing or Heli-Pak, or regular

paTkiengs nHincio uasm UV $tarek distamedn cOEChivOuBAGKin the present
FLEXI - PAK, a Sul zer packing, a Goodroll packing or

lnveﬂlbh%"iﬂﬂdféraﬁw h@‘sﬁﬂh‘?toﬁ BeldmnThaGinEartral ad aasspacking
n of the internals" used in the pr esent i nvention

as aﬁqﬁf@ﬁane zﬂwé“fﬂprﬁ“lﬂfe Y sl Frh%éftﬁgs% nt'i |ﬁg§ﬁtloﬁ”ﬁmeans

heor eti cal nunber stages

tne 255 fidhe GRiHAR, ?E%ﬁ”%%%’ﬁ%%%dﬁéﬁé%fw Atally

sent in entlo it has,been discovered. that the
oroufhg e rOBLEr o thPD 28PUTAI vi £y mRIgSR e ttravs include a
productivity can be 25 attained using a plate
bubb&@rﬁam&ws mteveéf@gea yiavetray, erpq,wwﬂothyaw %Sl@erfrac
packed col unm type continuous multi-stage distillation
tray, s Mmixfran trag, ahtha like | Meremiar, totbhei presant invgydion, the
and / or the packings having a predeterm ned nunber
multibstagegidstillationt deluphatha vipgebdths ti iragt paortiarolamdnhai portion
which the internals are trays is preferable.

packed wittr pRERINdd iMdairbesnthediragoaeigedpbhdnday aldd dsused.
each having a sieve portion and a downconer 5 portion

Exarﬁbﬁa§6'ftthé%é’élh}ﬁtggoﬁl%lﬁéetlﬂ%dﬁl%‘%édklhQE;"%éH alsh§ Rasch:g

rel ationship ween perfornmance and equi pnent cost

ring,'d LRESIAL $h G e8P AIISHPYa%erl saddie, an Intalox saddle, a Dixon
packing, a McMahon packing or Heli-Pak, or regular packings such as
Mellapak, Gempak, TECHNO-PACK, FLEXI-PAK, a Sulzer packing, a
Goodroll packing or Gilitschgrid. 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 setectivity, and high productivity can be
attained using a plate type continuous multi-stage distiilation column and

/ or a packed column type continuous multi-stage distillation column in
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that each sieve tray preferably has 100 to 1000 hol es

/ m2 in the sieve portion. A nore preferable nunber

of holes is 120 to 900 holes / nR, yet nore

preferably 150 to 800 hol es/n2. Mreover, it has been

di scovered 10 that the cross-sectional area per hole

: f ' I ' Ie€ b I f
whicl) 4ff FtethB) cRrfiribs sREFLRLE N hdtnd BaRRiTe Hho @
7 t0 efera

pred§irmied nutnpab i tpas%, fultinaplateclypes Bl Haion Cqtumn in

particularly preferable if each sieve tray has 100 to
whicholhe Hyespals ﬁﬁeutﬁa!’ﬁéssn'”@&%fqﬁﬁtu onurtaggmaie, it has been

cross-sectional 15 area per hole is in a range of from
discgverad that sievaheaynisach baving essieve pogien angd a downcomer

portion may be the sane for all of the sieve trays, or

porticayack fplaeticulanly peo d asntish tray st itate vy s adfdibegrelia¢ionship
above conditions to the continuous nmnulti-stage

betwdeti perfsrmeance!anth equipnanitesdsiof ithmaPadsetieen discovered
i nvention can be attained nore easily. 20 Wen

that @%rcwsm&waai Bﬁﬁrg ha'snvsattbomobfwo@sai ko in the sieve

carbonate an are continuously produced b

portl‘E)?’lnt | RUUPS rfe?sgértlﬂg 't'aP 6!;@0]5 %’Q% fo 808 Bpﬁes / m?, yet

phat'i C ing materi a

mord ﬁ‘r&;ﬁ %ﬁyh&ggmpwgs@ﬂg rdéog\}ae;' b9 8h Yibcovered
that §5F (RS S:omEHANBLATSA @ UNBP RPAG 26 SIPYRoH TSNP pEsiarably In a

reaction mxture gontaining the produced dialkyl
rangephtea &.brienPtem” upfemye prefierable mosssseafammml afea per
a gaseous form and continuously w thdraw ng a high
holetisi0.i7ntp 4puinf; yetmoreprefetably COrtcaBrimd. t Raurthermore, it
fromthe lower portion of the colum in a liquid

has beem discosevred, thiat it e partisatrly preférable ideddiesieve tray
continuous feeding of 5 the starting material cyclic

s E o0 i | B e shep 2*%‘?’2'ﬂ$ﬁ“”$“ﬂﬂ‘é‘*§§???2°”a'
areaéPABM s 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 produced by continuously feeding the cyclic
carbonate and the aliphatic monchydric alcohol as starting materiais into
the continuous multi-stage distillation column in which the catalyst is

present, carrying out reaction and distillation simultaneously in the

column, continuously withdrawing a low boiling point reaction mixture

containing the produced dialkyl carbonate from the upper portion of the
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and the aliphatic nonohydric alcohol may be fed in as
a starting material mxture or separately, in a
liquid formand / or a gaseous form from inlet(s)
provided in one place or a plurality of places in the
upper portion 10 or the mddle portion of the colum

coluffit ' dEp 8Bt 20 AatRRFRE PR RR1RY 4 Mo boiling

. _carbonpate or, the startj mat |n|n a ar
point FBARNOBIMUHYBeSBiniE B st fror dhe; [awe T Rertish b the
distillation colum in a liquid formfromlnl et(s) in
columieingplauighf@iBn or the middle portion of the
distillation colum, and 15 the aliphatic nonohydric
al dddrstovar, unethet;anrasem imvesticn, asthei comignuoubdegeling of
anount of the aliphatic nonohydric alcohol is fed into

the dtaetingi muaitétial cyolicatanmonatesagdsaiplsatiomohobydric alcohol
inlet(s) provided in the mddle portion or the |ower

into B9& Idomtiiot$naR]-staganya|Ibfien éAMirnOWhé Sydlit E8fbonate
| ower portion of the distillation colum is also

and B‘i@fa?iéjgfﬁe“ cat| dFlEaé’IEb?l%ltd\g?rtfé”feHhﬁ as a starting material

trans n reaction c led out In

ristGFS S Yok SRRL) O A BGRBTH e PoPAiabEabls ifm tram

ge'resl € reac rquid

tlnu.usrrut St a i 0 col um.

inletFELBtqWRSE Fhobs PltkiabenblrgTion dhristaimroing § fipper portion
nternals in the distillatjon colum and the n

or th@f “Hgﬁb%é’omﬁﬁ ehithmeslemn heloy tg'teaQ@Fer-’th%‘t it gypper
fed in, the type and anount of the catalyst, the

portiosaef the distHatipnopelurand o methothin mdehi the cyetici s
generally in a range of from 37 0.1 to 20 hours,

carbpnateraabihe 8tdriing fiateoial ssombaieiny aflargel gmburnd dfotthe cyclic
hours. The reaction tenperature varies dependi ng on

carbbhaté Vededfl intdahesd Rtiliatpimebéumd irc anipguindfo s ddomairdet(s)
the type and anmobunt of the 5 catalyst. The reaction

in thbeunﬁﬁéﬁb%rrﬁohsoﬂﬂ*i@rnﬁ‘ﬂdcb{e'ﬁbﬂldrﬂ%QhéfdifsWI@tﬁﬂ'u e8ludd? and
IS preferable to increase the reaction

the él%W@ﬁ@WBﬁoﬁ?dﬁ% LRohol or the starting material containing a

large amount of the aliphatic monohydric alcohol is fed into the

distillation column in a gaseous form from inlet(s) provided in the middle

portion or the lower portion of the column above the liguid outlet in the

lower portion of the distillation column is aiso preferable.

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

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

conditions, and so on. The reaction time is generally in a range of from
37



i ncrease the reaction rate. However, if the reaction
tenperature is too high, then side reactions becone
liable to occur. The reaction tenperature is thus
preferably in a range of from40 to 250 C, nore 10
preferably 50 to 200 C, yet nore preferably 60 to 150

0.1t 2bThouly. FfTaFERY 051 o ok, hidHE B¥étegmpiy, 1 to 10

bottom tenperature set to not nore than 150 C,
hourSe eferably not more than 130 C, nore preferably not
nore than 110 C, yet nore preferably not nore than
100 he reactepdeneperatiaeaardes stapeneing.ep the type ué the
present invention is that the high conversion, high
starting evatasialy co mmbumd g v sedy dand ithet ty peaant eamouait efdthe
even with such a | ow columm bottom tenperature.

5 catalmteoVEhe rehetioeatdmperatiaesiy genarallg idepeadgegodfrom 30 to
the type of the starting material conmpounds used and

300 Pbe CRBOSYIEPAbIE R RO ARE he rBactid?CidAPerature so as to

tenperature, and so on. The reaction 20 pressure may

incré?saf‘&‘ﬁeqfea%tfo‘%ﬂ\‘é@ PHoweN &r, if‘?ﬁﬁea‘&ﬁﬁﬁ’érﬁpeﬁéﬁﬁ is too
app 0 rom

ied pressure, and is genérally in a range
] 7. P, fer . 0 7. Pa; .
nighy 6o SI3R redriq ¥ Befioda it forarlir o T Efaction g
t he continuous lti-stage distillation,, col ed
temRaItHiEe 15 dBuRPrtoEaR oMY Py andR PLTTgMaAAdBaA PP SC. more
mat eri al such ,20 as car bon steel or stainl ess st eel .
10 preferakly o) tei2QGCyueati mprerpraferably RItac2pAoifat e ladhe
the diol to be produced, stainless steel is _
presgnéfiayapntien, tBe mamipradistHtationigan be earied ait withethe
description of the present invention through Exanples.
coluionbotiom ttkenpertane setviennobmore tlean 150 CE€J greferably not
5 foll owi ng Exanpl es. Exanple 1: <Continuous
moranthah-S3@9€, dndré|grefepabigohotiore than 110 °C, yet more
preferably not more than 100 °C. An excelient characteristic feature of
15 the present invention is that the high conversion, high selectivity, and
high productivity can be attained even with such a low column bottom
temperature. Moreover, the reaction pressure varies depending on the
type of the starting material compounds used and the compositicn
therebetween, the reaction temperature, and so on. The reaction
20 pressure may be any of a reduced pressure, normal pressure, or an
applied pressure, and is generally in a range of from 1 to 2x107 Pa,
preferably 10° to 107 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

256 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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A continuous nulti-stage distillation colum as shown
in FIG 1 having L =3300cm D=300cm L/ D= 11,
n==60 D/ dt =7.5 and D 10 d2 = 12 was used. In
this exanple, as the internals, sieve trays each
havi ng a cross-sectional area per hole in the sieve
portion thereof of approximately 1.3 cnR and a nunber
of hol es of approximately 180 to 320/ n2 were used.

Exa ?actlve distillation> 15 3.27 Ton / hr of ethylene
X r@g%%nate inaliquid formwas continuously
uced {nto the tion, colu rom an
(3EFré3qF°‘%W&/ﬁjédm9tretfﬂ% ’E%Jn 9{5&5@@% tt[:i@ W&%%'"Ve"t'on

3.238 Ton / hr of methanol in a gaseous form
throygh fsamiphgs 8. JboweNerw ¢ presentilneentipncigrmehlimifed to the
and 7.489 ton/hr of nethanol in a liquid form
followingtExaimpdes. 66 % by 20 wei ght of di nmethyl carbonate)
were respectively continuously introduced into the
Examps$d i1:l ati on colum frominlets (3-b and 3-c) provided
at the 31St stage fromthe bottom The nolar ratio of

<Coﬁhﬁu&h§rﬁ1ldllﬁ P%r dAtAlation lceduRR> i nto the

d| stillation collum was nethanol / ethylene carbonate
e ' b i

4. ??gntﬁ?og%h e{r{zét yggﬁqm 3” tlgﬁ S SH&:@@ 1

el ght Ql o). h tel
navil§yTE a3BCEY 3 5 4800 LED 5 Buslie BBy 3?\453 dnd D/

e heat treat nt for r ox )

de =S Haedry TSBUseang! aestlﬁaepméae@ S SigBdeays Rach

solution. This catal yst solution was_  continuously
havingia 6AeesEaGHaNahares Per hals Bhthe sinwe Ramom thareaf of

(3-e) 5 provided at the 54th stage fromthe bottomsK
approgimatelyal i bemDandoa mumber gHtholesedl eppeonimately 180 to

carbonate fed in). Reactive distillation was carried
320/mft weratisedus| y under conditions of a columm bottom
<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 methanocl
in a gaseous form (containing 8.96 % by weight of dimethyl carbonate)
and 7.489 ton/hr of methanol in a liquid form (containing 6.66 % by
weight of dimethyl carbonate) were respectively continuously introduced
into the distillation column from intets (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

= 8.36.

The catalyst used was obtained by adding 4.8 ton of ethylene

glycol to 2.5 ton of KOH (48 % by weight aqueous scolution), heating to
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tenperature of 98 C, a columm top pressure of
approximately 1.118x105 Pa, and a reflux ratio of
0.42. 10 It was possible to attain stable steady state
operation after 24 hours. A |low boiling point
reaction mxture withdrawn fromthe top 1 of the

app iR el 13001 Rt PRI RAusiRE. R HE#%%%“&"?& artying out

| ow poi nt reaction g Xxtur

heat&sﬁ?h&sﬁﬁﬁ AR e hY B HES a?ﬁanrpéemaﬁ'aﬁwﬂﬂ B S0
10. 678 15 ton / hr, contalned 4.129 ton /[ hr

as t‘Hlﬂ’?@E’H?P %Mﬁﬂ@@e%3@ Whon orT*'r'S Qﬁta&fStn%Q‘Hém wag
liquid continuously withdrawmm fromthe bottom 2 of the

contibviauslyaintadgced dntg the distitlatioedcalwdse from anhinlef (3-¢)
et hyl ene glycol, 1.014 ton / hr of nethanol, and 4 kg

providdu ajfthlenﬁd‘ci'csmgesfﬁwhethe battbumeﬂt(econ&ntradinorlg Q.He% by
di met hyl carbonate contained in the starting material,

weighteoasdd i gathylehedosesoamiféd oh).di Ridutive didwinatien was
was 3.340 ton / hr, and excluding the ethylene glycol

cam%%at %%‘illtirfhdli’sﬂg é’%b’%bnﬁi% héQﬂ' a ([dfurif be#lom

produced anount yl ene g ycol was 2.301 ton / hr.

lehe n 5
temptatyfy DY SFR G4 S8NE. B eSS Ee P rbdrately 1. 118x10
9 nd t t ene egcoI selectivity 25 was
Pa, %3? é%gﬁ Hgﬁnbg?égéb Pr ol onged conti nuous operation

carried gyt under  these ndlt ons. After

Etr was)passiiarte, aligin s %BF%S? oepPeia 0“6% 9" 24

urs, the actual produced annunts per hour wer
hourﬁon Adowboiling poiniaeastian rstmoetvmhdamna‘rgnotlmﬁop 1 of
respectively for dinmethyl carbonate, and 2.301 ton,
the cnigon inrg gaseoust form 2vas tooded uasiﬂgZa mnemchanger and
respectively for ethylene glycol, the ethyl ene

thusdarbedanto epliveidi oThevwigaid lewpeotling by iPOré&détion mixture,
99.89% 99.89% 99.88% and 99.88% the dinethyl

whlc?ﬁggéggégté&ﬁbﬁgly ?ﬁgtsrhscﬁ%wrfﬁomeﬁi@lwtw%ﬁoﬁ@olhﬁﬁ at 10.678
ton / hr, contained 4.129 ton / hr of dimethyi carbonate, and 6.549 ton /
hr of methanol. A liquid continuously withdrawn from the bottom 2 of the
column at 3.382 ton / hr contained 2.356 ton / hr of ethylene glycol,

1.014 ton / hr of methanol, and 4 kg / hr 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
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than 99.99% not |ess than 99.99% not |ess than
99.99% and not less than 99.99% and the ethyl ene
gl ycol selectivities were respectively not 10 | ess
than 99.99% not |ess than 99.99% not |ess than
99.99% not less than 99.99% and not |ess than

condffp %ﬁﬁ?ﬂ‘g@oﬁr’af?ﬁ%@?ﬁaﬁk Pt 0805 (0 M, and

ntlnu us istillagtion colum
GOO@BMFE § atfusl pioRtReR S0 viithyTen BOUE B340 tan, 3.340
[ iguid formwas continuousl i ntroduced into the
ton, g 94Pitoi DR 40ctalmARd dhadatam espeSlig o fiBethy!
the 55th stage fromthe bottom 4.233 Ton / hr of
carbgsetanand 3.30 yieeods301 dom A1 iom, rigy 30.14ton, apd 2.301 ton
wei ght of dinethyl carbonate) and 4.227 ton / 20 hr of
respeetivehyfor ethylengugtydalr thé¢ athlyéeme @ rbosé téodonwemisibhs were
of dinethyl carbonate) were respectively continuously

respegtiveiy 99dg0rs 009 50 %i, ©9.8034 | 90.88%, wiAd fomasthethe dimethyl
inlets (3-b and 3- C) provi ded at the 31St st age from

carbbh@te bo‘élb@ﬂ\ntﬁ’@ Weafeé;?éc?t@vé’!fy ﬁ@?l?&@iﬁéﬁ%%@%' bt less

introduced into the distillation colum was nethanol

than/ 9@@@6} e'ﬁ%t%ég%%eggxégg% no-m%s%gtﬁlﬂi Qby§§a°/""a§n8ﬁ9& less

he sane was con II’fUOU |

f t

tha“ﬁﬁ%a@ﬁ*&‘i%ébd He Gl sfecsiiRiovers gRRgFvoly no
ndi f | of a col erat u of 9
less §8A0r0 e prneéée.sﬂg%nagér%@( 698%. nftless
areflux ratio . It was p033|bleto attaln

thans?%tage/osaé@dpogd%fe%tbger%a B®%after 24 5 hours. A low

boi ling point reaction m xture withdrawn fromthe top

1 of the colum in a gaseous formwas cool ed using a

heat exchanger and thus turned into a liquid. The
Exarmptgi2d | ow boiling point reaction mxture, which was

continuously withdrawn fromthe distillation columm at

8. Reddlive distillation was carried out under the following conditions
using the same continuous multi-stage distiliation column as in Example
1. 2.61 Ton / hr of ethylene carbonate in a liquid form was continuously
introduced into the distillation column from the iniet (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 distitlation
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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/ hr, contained 2.84 ton / hr of dinethyl carbonate,
and 5.33 ton / hr of 10 nethanol. A liquid

conti nuously withdrawn fromthe bottom 2 of the
colum at 2.937 ton / hr contained 1.865 ton / hr of
et hyl ene glycol, 1.062 ton / hr of nethanol, and 0.2

°°"*Fﬂééla$‘5re\?ﬁ9#'“g§?@iﬁ§9§t Pa Hgﬁ"f‘ﬁﬁ‘?ﬁﬂ*ge&eﬁiﬁ%@fa%f 93 °C,
a cofliRo BressurE BhaPAIOXRATely 1- U L0 it SRS i geflux ratio

et hyl ene gl ycol contained in the catalyst solution,
of 0.48" act ual produced armount of ethyl ene glycol was
1.839 ton / hr. The ethyl ene carbonate conversi on was
99lowas poesililadongitain stableasteady states opgratio matter 24
| ess than 99.99% and the ethylene glycol selectivity
hoursas Addw bsHirtd poiROré&détiodmpBtarengbdrawni frooushe top 1 of
operation was carried out under these conditions.

the ékflhﬁin 1AQD gaskous RIIAN W' cdol88Asihgua he#tnex&W@Ager and

hours, the actual produced anounts per hour were

thus4uPREdtiffe azllﬁﬁﬁ’d t Oﬁ'heiﬁllﬁﬁcar%&”boﬂﬁfb # Wréé’é‘tlon mixture,

respecti vel di nmet onat e 1 839 t

which: ﬁ%g EORY &Oﬁ%ﬂj ﬁaﬁfhdj%“et ' c?r?\gtﬁeoau gh'cvo%m % 8.17 ton

ene g yCO ene car conversi ons

es i, v.el 9 9% . 99. 990/ 9%
/ b, $Rg ﬁy%%ta R SRR BT APhy o
es ect not | ess than,99, 99% _not | ess than

methdeos A i deantinaaus Bowstwlraxm h@sEOfm 2 of the

99.99% and the ethyl ennﬂ% 1yco| sel ectivities
CO'“FEBQE@tQ%It}DmbhFIC@'dat 986§0tgn Ay ofegtmtlnaﬁ glycol

99.99% not less than 99.99% and not |ess than
1.062%090shr DfExatbapbol: antd).2okg i/ ruoaf umneacted adbylene

distillation colum as shown in FIG 1
carbbaatagl EX0dng ERQfieme thyl Rarbbhatehidadded.ih, thed®arting
material, the actual produced amount of dimethyl carbonate was 2.669
ton / hr, and excluding the ethylene glycol contained in the catalyst
solution, the actual produced amount of ethylene glycol was 1.839 ton /
hr. The ethylene carbonate conversion was 99.99%, the dimethyl
carbonate selectivity was not less than 99.99%, and the ethylene glycol
selectivity was not less than 99.99%.

Prolonged continuous operation was carried out under these
conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
the actual produced amounts per hour were 2.669 ton, 2.669 ton, 2.669
ton, and 2.669 ton respectively for dimethyl carbonate, and 1.839 ton,
1.839 ton, 1.839 ton, and 1.839 ton respectively for ethylene glycol, the

ethylene carbonate conversions were respectively 99.99%, 99.99%,

99.99%, and 99.99%, the dimethyl carbonate selectivities were
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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 thereof of approximtely
1.3 cn2 and a nunber of holes of approxinmately 220 to
340/ m2 were used. 3.773 Ton | hr of ethylene carbonate

. e . Lvei .
rosphfufet} Bt 8 alrep, SO RN 580088 161 fodtnar
0998 £ AU\ Bah SRTDBYE, BRHINE aihnd2B el For8Livites
wei ght of di meth | carbonat 3% a.nd. 8. 64}] ton /tg/gg of
werenEatReelively Bot fegs dNaB 1N O0ht AvhilRgsSghen 991RP%. not less

wei ght of di nethyl carbonate) were respectively

thandhi@9%oasd/nphiessitban 99.8%5%t he distillation col um
fromthe inlets (3-b and 3-c) provided at the 20 3151
stage fromthe bottom The nolar ratio of the starting
materials introduced into the distillation colum was

Examplé@dnol / ethylene carbonate = 8.73. The catal yst
was made to be the sane as in Exanple 1, and was

CothgNBOHEhY olRImuNiCs et distinadtich icuf W8shown in FIG. 1

Reactive distillation was carried out continuously

hewrilggci.ecE §886' drhO®F 0808 &fl tﬁnprgt{ﬂng,Z__Sebeg?gr(% Hr'F.SOB%nd D/

a columh top pressure of approxi mat 118x1

o2 = Ty B KU a0, 28 8, "5 e

_Alowboilir}ﬂ_ oi nt reactior‘rrjx ure,vvithdrz.vvn Eﬁom f
havigg @ cEpsEsaqiional iR PR NPlgehR sigyenRpIEiofLHigigof 0
usi ng a heat exchanger and thus turned into a |iquid.
approgimatelyi 4.3 smbandi aguisber afdirlesonl aperaxinaifyc42@ to
was continuously withdrawn fromthe distillation

340/005| wemeatse®. 32 ton / hr, contained 4.764 ton / hr of
di met hyl carbonate, and 7.556 ton / hr of nethanol. A
| i Gur A3 Clont ¥ iwraafséthylehbdeanso atenint bdidoitdt fonrofwase

colum at 3.902 ton / hr contained 2.718 ton | hr of
conti@lubligipantiodfided intb’the distillation column 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, and
was continuously fed into the distillation column. Reactive distillation
was carried out continuousiy under conditions of a column bottom

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

Pa, and a reflux ratio of 0.42.
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ton / hr of methanol, and 4.6 kg / hr of unreacted

et hyl ene carbonate. 10 Excl udi ng the di nethyl
carbonate contained in the starting naterial, the
actual produced anmount of dinethyl carbonate was 3. 854
ton / hr, and excluding the ethylene glycol contained

or VL WRyT BRESHTS BB Btabl o188y Hhald BUTEACHIHE 24

car bpnat e._cqnversi.on was,.99. 88% the. di.neth

hoursa; o 1aeL S8 ME PR 1 85 tiaRmRELr AL LRHFRN Yoy he ag of the
the ethylene glycol selectivity. K was not |ess than

colugy yy& OPFEPYRJEIM MRS FOOIRd difdng:a Heataxchangeyang: thus
under these conditions. After 1000 hours, 2000 hours,

turngddotmauliguicand Theoiquishiiew beitiegapeint rqaatinm ¢aixture, which
anounts per hour were 3.854 ton, 3.854 ton, 3.854 20

was tcomtirmrcl Sy3kithdoawrefipea ttheed istill@atiah celimpin at 12.32 ton / hr,
carbonate, and 2.655 ton, 2.655 ton, 2.655 ton, and

contdirfd 4. PB4y Leriofedimétiyladdnticrnteglarrpl7.5568@on / hr of
et hyl ene carbonate conversions were respectively

metl%qnﬁl?%AQRqLﬂg%onﬁﬁu. 8%y ANthA2WI o bRidhilof the

carbonate Selectivities were respectively not |ess

% | &5 499 ‘
coiu@ﬁf‘%b o'gggdforﬂ;?hr.ess taﬁllz?\% 9%?@33%%9"@23’(&‘#ﬁé@%@n@“" 117
ton B4 S8 SRAHL At A3 KE Geidt REFSH LB o gk Balbiate.
99, 99% d | han 99.99% = Exanple 4: Th .
ExclBging 4he 4l MY CArBeBAPGa1tRLe e NI SR e Herial. the
FIG 1 5 having L= 3300 cm D=300cm L/D=
actual preducedcampuntaidgimethyl-carbapate was. 31864 tem / hr, and

exanpl e, as the internals, sieve trays each having a
excledivgs ibeathylate glgaobeontained in the catalystEolttionm, the

thereof of approximately 1.3 cnR and a nunber of
actubpesdatedppmeunted febthyddfet glycddWa® 20666 tasetlhr. The
ethylene carbonate conversion was 99.88%, the dimethy! carbonate
selectivity was not less than 99.99%, and the ethylene glycol selectivity
was not less than 99.99%.

Prolonged continuocus operation was carried out under these
conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
the actual produced amounts per hour were 3.854 ton, 3.854 ton, 3.854
ton, and 3.854 ton respectively for dimethyl carbonate, and 2.655 ton,
2.655 ton, 2.655 ton, and 2.655 ton respectively for ethylene glycol, the
ethylene carbonate conversions were respectively 89.99%, 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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10 7.546 Ton / hr of ethylene carbonate in a liquid
formwas continuously introduced into the
distillation colum fromthe inlet (3-a) provided at
the 55th stage fromthe bottom 7.742 Ton / hr of

met hanol in a gaseous form (containing 8.95 % by

' o, OF. i oRat and 17.282 ton / hr of
tha"ﬁ?%agn{?r ‘1’@ E‘a’lE Fé%ﬁﬁ%@r@%%{ aining 6.66 % by 15
wei ght of dinmethyl carbonate) were respectively
continuously introduced into the distillation colum
fromthe inlets (3-b and 3-c) provided at the 31st
Examgplgyé:from the bottom The nolar ratio of the starting
materials introduced into the distillation colum was
meflhenspntinetovsd andticstagendistillatign 3mlumme asashowst in FIG. 1
was made to be the sane as in Exanple 1, and 20 was
havingrit =Fn8808! gmf, & = 800 ¢ine LAl & FI 1Bt nen 600IDid = 7.5, and D/
Reactive distillation was carried out continuously

d, =uWlas Q8edt | amstiis ex&#PpleNatpe irﬂé’ﬂ*?él@t,lﬂ‘lévéftrﬁgs @ach
a colum top pressure of approximtely 1.118x105 a,

havigggab%r6§§ls}é%ﬂ&§éloaﬁga étholle! in\Bive R9&vé ?cﬁ'tib‘h ﬂiéAﬂidf of

| e steady state operation after 24 25 hours. | ow
ki [ p [ i r i t.hd t
appry et T S krim 2R 4 hthbbh o Hbled 67 4BprpRhatAY 240 to
exchanger and 45 thus turned into a liquid. The
e48 1% %oi 1i ng point reaction mixture, which was
contin sly withdra fromthe distil]latjiop colum at
24169486 Yom! nipt ethilenencartonate foa liawid et hy |
carbonate, and 15.114 ton / hr of methanol. A liquid
contiyusivdairgd uged dntanthe diatitiatiopotelowmn feem: Hee dnist (3-a)
colum at 7.804 ton / hr contained 5.436 ton / hr of
providen ladrthegb§¥ostage. fromtthe botiomof Fel42dwin / ancdf2ddthanol
/ hr of unreacted ethylene carbonate. Excluding the
in a daseblus! forat fooatxintoyttad bl by waigttel dimgthpt edtbainate)
the actual produced anount of dinethyl carbonate was

and 17798216 / hhiof MBthaRsCiHdl Nguidforeh MEbAREINGhY B66 % by
contained in the catal yst solution, the

weight of dimethyl carbonate) were respectively continuously introduced

eat
360/ qlti

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
= 8.36. 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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10 actual produced anount of ethylene glycol was 5.31
ton / hr. The ethylene carbonate conversion was
99.7% the dimethyl carbonate selectivity was not

| ess than 99.99% and the ethylene glycol selectivity
was not |ess than 99.99% Prol onged continuous

thus 3PFASH B FRgFE. ﬁ‘i' Sﬂhaﬁl#"‘?%?vo%ﬁﬁ@"% RRU R SRappture,

whlcwawaétqg,r?tgﬂéggp o) r¥éf 9 th t e}lﬁg@g‘o &ln'}r?%t 24.641
conver si on was Oo the di met hyl carbonate

ton /slat,ézﬁntﬁulm9dv9a§2r?oton édy %dﬁngwyg%rwttehearm Api-éhé ton /

ycol selectivit was not | ess than 99.99% 20

hr oﬂ mﬂjbanp;hl AphquihisontinuoAtyrwithdrawnt fronptkedrattom 2 of the
invention, it has been discovered that the dialkyl

columar bbr‘z’a864atm5 { he atirdhivedh 504 3prtadut &t aefaethylehk glycol, 2.34
high selectivity of not |ess than 95% preferably not

ton / ke 6f Mhethdhoh, dd 232%kg N'ief 6f abiréabBtdd leRR§IdiRea?Bnate.
on an industrial scale of not less than 2 ton [/ h

r,
ExclB8fi %ﬁ@'d’mﬁh I‘?:}gbbh%@?ﬁ&rﬁﬁ r’sec‘i‘ﬁﬂeﬁg@ﬁj{lﬁfgeﬁﬁ{bhal the

not ess t or t

actupPRRRLER ARG of, SR LRI fal7 70 E5R13H Yand

ess nore V&Pa Iy n I'ess
for t{}f diol , stabl

exclwmgoﬁ@%&tfaxfm Byod PhahBiinhgrin e Bl sVasdytingutte

gLe erably not |ess than 3000 hours, nore pr ejﬁ ﬁ'@
actughpradyged amayndfetivieae glvsal mas dydlitonchhbon

and the aliphatic nonohydric alcohol. 47 CLAI M5
ethylang garbonate conversion was 99.7%, the dlmethyl carbonate
selectivity was not less than 99.99%, and the ethylene glycol selectivity
was not less than 99.99%.

Prolonged continuous operation was carried out under these

conditions. After 1000 hours, the actual produced amount per hour was

7.708 ton for dimethyl carbonate, and 5.31 ton for ethylene glycol, the

ethylene carbonate conversion was 99.8%, the dimethyl carbonate

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

was not less than 99.99%.

Industrial Applicability

According to the present invention, it has been discovered that the
dialkyl carbonate and the diol can be produced each with a high
selectivity of not less than 95%, preferably not less than 97%, more
preferably not less than 99%, on an industrial scale of not less than 2 ton

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




1. A process for industrially producing a dialkyl
carbonate and a diol in which the dialkyl carbonate
and the diol are continuously 5 produced through a
reactive distillation systemof taking a cyclic
carbonate and an aliphatic nonohydric al cohol as

ton ’5'% f?ﬁﬁﬂ&%ﬁ@éﬁ%ﬂﬁ‘? Qn ?ﬁﬁdgﬁ&’i}% Sitapd
prefSaly it Tess than1s S5 35rch Py mefectre Péaﬁlm BH?Aﬁﬁsw‘a“’-’G

distillation sinmultaneously in said _co
ton /d@rmfpﬁdbesqi@lmﬁtawamr@ psolongedingried ;&tﬂ trh"lner ghootdgss than
m xture containing the produced dial kyl carbonate
100G howran popfera bby natde ssfthame 3000 batirs nmergaprefesably not
form and 15 continuously w thdrawi ng a high boiling
less phant50@adiowns, framuthe cyotitacarbumndtecand dhef aliphatic
| ower portion of the colum in a liquid form wherein
monéRYydfFiai glcotdlli nuous mul ti-stage distillation colum
conprises a structure having a cylindrical trunk
portion having a length L (cm and an 20 inside
di aneter D (cm and having thereinside an interna
with a nunber of stages n, and conprises a gas outl et
having an inside dianmeter d1 (cm at a top of the
colum or in the upper portion of the colum near to
the top, a liquid outlet having an inside dianmeter d2
(cm at a bottomof the colum or in the | ower
portion of the colum near to the bottom at 25 | east
one first inlet provided in the upper portion and / or
a mddle portion of the columm bel ow the gas outlet,
and at | east one second inlet 48 provided in the
m ddl e portion and / or the |lower portion of the
colum above the liquid outlet, wherein
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(1) the length L (cm satisfies the formula (1);
2100< L< 8000 (1), 5 (2) the inside dianeter D (cm
of the colum satisfies the fornmula (2); 180 :5 D S
2000 (2), (3) aratio of the length L (cm to the
inside dianmeter D (cm of the columm satisfies the
formula (3); 10 45L/ %400(?% 824) t he nunber of
st ages n satisfies the f “4 10 < n <_ 120
; (5) aratio of the inside dianeter D (cm of the
We (Hérﬂrm to the inside dianeter d| (cn) of the gas
outlet satisfies the fornula (5); <
201¢5), A\nurqcags&fwatn@sﬂnalheprﬂdugmmuaa@talkvl ga(mate and
of the colum to the inside dianeter d2 (cm of the
a didliiguvbiciuthetdiatktylsdarbontdte 4odrthieadicd)are senthadusdy
(6). 20 2. The process according to Claim1l, wherein

produbedpitrdugbda remetivie dfstithetich ayetbnt of hakaie ai syclod
| ess than 2 ton / hr. 3. The process according to

carb%é!@dn@bnzahﬁﬁﬁfi%' mMohoNyRIHE %‘I’coﬁtﬂpégtstﬁ?tlhbe{n@&@hais
is not less than 1.3 ton /° hr. . The process

.one of Cains 1 to 3, wherein 49
comﬁﬁﬁg{gg'tﬁ‘ nsggg d2 satisfy the formula (7); 1 < di /

a gpngl?lf(q%s'lﬁ% Erfgﬁhgc%%itiﬁécl%ra%ﬁ%lé :i]’nﬁ%ya &gﬁtiﬂgﬂgs

multi[-)sAagdez2 dfig{ina Io(rJll gglrﬂtrﬁmﬁuv%hmu taI cataefgst is present;

carrying out reaction and distiilation 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 cylindrical 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 diameter d
(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 d, (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 middle portion

of the column below the gas outlet, and at least one second inlet
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distillation colum satisfy the follow ng fornul ae;
2300 5 L 5 6000, 200 5
D51000, 55L/ D530, 305n5100, 450/ d1_15, and 750/ d25 25,
respectively. 10 6. The process according to any one
of Clainms 1 to 5, wherein L, Db L/ D, n, D/ di, and
r : -
provigd iff the midyfs RPHLH ST (B e IOREF pettip of fhe Ltumn
5000, ,21Q.,5 - 5800, 7:5L1 D: 520, 40<n<__90, 5:5D/d,
abo":eSal%,"oéHﬂ %E)?ﬁd‘ﬁgfﬁ'@',n respectively. 15 7. The
process according to any one of Claing 1 to 6, wherein
Said conil hibadengte L Smisatiefios ba formle ik i s
distillation colum having a tray and / or packing as
sai d i nt @184 < 12& 8000he process accorfiilag to Claim?7,
wherein said continuous nulti-stage distillation
5 col um i $2ptipé dhsidey deanmtieter ID cmyrofctilaisniurani satisfies the
tray as said internal. 9. The process according to
formGlai(Ey;7 or 8, wherein said tray is 25 a sieve tray
having a sieve portion and a downconer portion. 50 10.

The procqgy 295 9 to daim9, whergiy the sieve
trays has 100 to ?g%)o holes / nm2 int e)r’]si eve portion

e % (3o AR BIRBRARA 1o YR 1S larifl 0

wher ei n Cross-section € Sl eve

(om)§fthe Sl PERSeS e Rl By col um for
carrying out transesterification bet n a cyclic
10 car bonat & ard/ Fhsa#Pphatic 10 rmnohydma »al cohol and

distillation, the continuous nulti-stage distillatiaqgn
col um céhptheimynber of stages n satisfies the formula (4);

10 < n <120 (4),
(5) a ratio of the inside diameter D {cm) of the column to
the inside diameter d, {cm) of the gas outlet satisfies the formula (5);
15 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).

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

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

3. The process according to Claim 1 or 2, wherein a produced
amount of the diol is not less than 1.3 ton / hr.

25

4. The process according to any one of Claims 1 to 3, wherein
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a cylindrical trunk portion having a length L (cm and
an inside dianeter D (cm; an internal having a
nunber of stages n provided inside said trunk 15
portion; a gas outlet having an inside dianeter di
(cm provided at a top of said colum or in an upper
: ri ai ) he top; a liquid
Saldg&%épn%%& g}ﬁsgrt}&?kgﬁgeﬁgﬁgur%?‘eﬁ)'dz (cm provided at a
bott om of, sajd gol u or in a |lower pO{_}i on of said
col urm néaf 41ol R 920 bottom at |eas bne first
inlet provided in the upper portion and/or a mddle
portion of said colunmm bel ow said gas outlet; and at
| east one second inlet provided in the mddle portion
an@.or tHde pooeesp@adosding teany oseuah Glabne &b, wherein
liquid outlet; wherein, 25 (1) a length L (cm
L, Dsht/ Bf ineDt/hady,famdnD & dz1far s&id0GontinLous BANT-gthge 51
(2) an inside diameter D (cm of the colum satisfies

distillatiohotomiinmn sRisfyith@ folRwing 0dnlGRe; 28005 2L I60MH, 200 <
the length L (cnm) to the inside dianeter D (cn) of the

I satry sf 48S qiph Qr axs(3p /4. L/ .
D < ?(A)f)ggf hwggnhﬁbtpérgf %?' gpagei_n{ggi i4$T i)Deézhﬂhé 1%)’?%&?? 54?;/ dz <

25 r%":éc’i'v'%.l 20 (4), (5) aratio of the inside dianmeter D
" (¢ o!’ the colum to the 10 inside dianeter dl (cn

of the gas outlet satisfies the formula (5); 3 :_ D/
di 5 20 (5), and
6. The process according to any one of Claims 1 to 5, wherein

L,D,L/D,n, D/ds, and D/ d; for said continuous multi-stage
distillation column satisfy the following formulae; 2500 < L £ 5000, 210 <
D<800,7<L/D=<20,40sn<90,5<D/dy<13,and 9<D/d; <20,

respectively.

7. The process according to any cne of Claims 1 to 6, wherein
said continuous multi-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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(6) aratio of the inside dianmeter D (cm of the
colum to the inside dianeter d2 (cm of the liquid
outl et satisfies the formula (6): 5: D/d2530 (6). 15
13. The continuous nmulti-stage distillation colum
accordi ng to Caim112, wherein dl and d2 satisfy the

fo T |
Dy o1 4 af%??# Kooty aﬂﬁé"aaiém?ﬂg&fé;iﬁ BEHRvptrays
3, re and / d2 for
has iépilo 106! Rl M i the jeVaiiticThin o) |
satisfy, respectively, 2300 <_ L 6000, 200 < D D
1000, 5: L/ D:_ 30, 30 < n5100, 4 < D/ di
15, and 7 5D/d2 :_ 25. 25 15. The conti nuous
muidi - st e precess accondong terClainnfddng ot swhaziarg
one of Clains 12 to 14, wherein L, D, L/ D, n, D/
crossdsectivhd) 4re plerrholeaofiticertievaduay iulihia shnge of from 0.5 to
distillation colum satisfy, respectively, 2500
5 emBlL<_ 5000, 210: D :_ 800, 75L/D:_20,405n:590,5:5 D/ d13,
and 9: D/ d2520. 5 16. The continuous nulti-stage
distillation colum according to any one of dains 12
to 15, wherein said continuous nulti-stage

d' %b' ;Lgklé’gnﬁﬂbﬁ r'nillﬁ &faﬁé %ﬁ‘ l gl?r?%lfugﬂqvhw.r]ggrﬁ/ing out
o SIS i B b B St B, B56 A"
mongI )Sfctjlnlcl éaltclo(l)'n%lCaor{durcgrl]stilllatlon the continuous muiti-stage distillation
column comprising:

a cylindrical trunk portion having a length L {(cm) and an inside
d'iameter 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 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 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),
51



10

16

20

25

plate type distillation colum having trays as the
internal. 15 18. The continuous nulti-stage _
distillation colum according to claim116 or 17, .
wherein said tray is a sieve tray having a sieve
portion and a downconer portion. 19. The conti nuous

a2, 28] B¥fa€ damo @y STt R Ga it efa JoRhuls

_in the sieve portion thereof. 20. The continuous
(2); mul ti-stage distillation colum according to C aim 18
or 19, wherein a cross-sectional area per hole of the
sieve trdP0 #Pis2080a range of from0(H:to 5 cn2. 53

(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/d1 <20 (5), and
(6) a ratio of the inside diameter D (cm) of the column to the
inside diameter dz (cm) of the liquid outlet satisfies the formula (6):

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

13. The continuous muiti-stage distillation column according to
Claim 12, wherein d4 and d» satisfy the formula (7);

1<d4/d2<5 (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 multi-stage distillation column satisfy, respectively, 2300 £ L <
6000, 200D <1000,5<L/D<30,30<n<100,4<D/dy<15,and 7

<D /d; < 25.

15. The continuous muiti-stage distillation column according to
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any one of Claims 12 to 14, wherein L, D, L/ D, n, D/ dy, and D/ d; for
said continuous multi-stage distillation column satisfy, respectively, 2500
<L<5000,210<D<800,7<L/D=<20,40<n<90,5<D/d4<13,

and 9 <D/ d; < 20.

16. The continuous multi-stage distillation coiumn 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
Claim 16, wherein said continuous muliti-stage distillation column is a

plate type distillation column having trays as the internal.

18. The continuous multi-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 muiti-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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