PROCESS FOR | NDUSTRI ALLY PRODUCI NG DI ALKYL CARBONATE

AND DIOL WTH H GH YI ELD Techni cal Field The present

invention relates to an industrial process for the

production of a dialkyl carbonate and a diol with a

high yield. More particularly, the present invention
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Background Art

Several processes for the production of a dialkyl carbonate and a
diof 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 autociave,

which is a batch reaction vessel, and reaction is carried out by holding
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reaction tenperature above the boiling point of

nmet hanol (see, for exanple, Patent Docunent 1. U S.
Pat ent No. 3642858, Patent Docunent 2: Japanese
Pat ent Application Laid-Open No. S54-48715
(correspondi ng to U.S. Patent No. 4181676), Patent
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4062884), Patent Docurrent 4: Japanese Pat ent
reagtioniisMage tapdocped bwheating e eredeteuspnaditagperature.
U S. Patent No. 4307032), Patent Docunent 11: U.S.

Witipdhinsysitem3d03pake. up folmmetlsgﬂobmstslled adhthroegis azeotropy
reaction systemin which a mxed solution of ethylene

withcthéd prade candd mathaylot arfo matd, | methahyl isaddedte the reaction
tubul ar reactor maintained at a predeterm ned reaction

ves$8NBBhEINYGUSIRYE ih batches, but in any event with this system the
reaction proceeds only in the reaction vessel, which is batch type, in
which the catalyst, ethylene carbonate and methanol are present. The
reaction is thus batch type, the reaction being carried out using a farge
excess of methanol under reflux taking a iong time in a range of from 3 fo
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
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a reaction m xture containing ethylene carbonate and
met hanol which are wunreacted, and di nethyl carbonate
and et hyl ene glycol which are produced is
continuously withdrawn in a liquid formfroman outl et
on the other side. Either of two processes is used
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catdlybtiiswuseehcimd is passed (Sesugl dhe tecbanpl eeaPtdetdgether with
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exahiple, FEAD dcuhentadf Uaparemsy Feteat Adiicalsonolaid-Open No.
starting material put in with a nolar ratio of

S63028808433, Paritybesanténb9ndapanesd PhtehbARSIVAERSR Laid-Open
carbonate conversion is 25% This neans that a | ar ge
No.35@a 127 (corresponding to U.S. Patent No. 4691041)). The
reaction producing dimethy! 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 Examp!'e 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 methano! / ethylene carbonate = 4 / 1, the ethylene

carbonate conversion is 25%. This means that a large amount of
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3 unreacted ethyl ene carbonate and net hanol remaining
in the reaction mxture nust be separated out,
recovered, and recircul ated back into the reactor,
and in actual fact, with the process of Patent
Docunent 9 (Japanese Patent Application Laid-COpen No.

unr&8dted 63 y (et cayBeRdteand MméthandlateafihiMag in the reaction
4691041) ), rmuch equi pnent is used for such
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(corresponding to European Patent No. 0889025, U. S.
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each continuously fed into a nmulti-stage distillation
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of a catalyst in a plurality of stages in the
No.dHst194aB60Patent Document 17: International Publication No.
WQ097/23445 (corresponding to European Patent No. 0889025, U.S.
Patent No. 5847189), Patent Document 18: International Publication No.
WO089/64382 (corresponding to European Patent No. 1086940, U.S. |
Patent No. 6346638), Patent Document 19: International Publication No.
WO00/51954 (corresponding to European Patent No. 1174406, U.S.
Patent No. 6479689), Patent Document 20: Japanese Patent Application
Laid-Open No. 2002-308804, Patent Document 21: Japanese Patent
Application Laid-Open No. 2004-131394), that is a continuous production
process in which ethylene carbonate and methano! are each continuously

fed into a multi-stage distillation column, and reaction is carried out in

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

column, while the product dimethyl carbonate and ethylene glycol are
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col um, while the product dinethyl carbonate and

et hyl ene glycol are 4 separated off. Patent
applications in which such a reactive distillation
systemis used have subsequently been filed by other
conpani es (see, for exanple, Patent Docunent 22:
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Patent Application Laid-Open No, 2003-119168
Laig-@peasiNond org2 18830ntcarrespondingie| i eepean atent No.
W03/ 006418), Patent Docunent 25: Japanese Patent
05388 5,cldt o dteind Nipebi28d 2 1200 Paead Iocmaentt 23: Japanese
Docunent 26: Japanese Patent Application Laid-Cpen No.
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hitherto for producing the dialkyl carbonate and the
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the tenmperature, and hence the reaction cannot be

car i ¢bisowtay, dheoppieesses paoposkdshithertoctorvpradocingthe

| ow. Moreover, in the case of (2), to make the cyclic
dialkyl carbonate and the dicl from the cyclic carbonate and the aliphatic
monohydric alcohol are the four systems:
(1) a completely batch reaction system;
(2) a batch reaction systerh 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. Moreover, in the case of (2), to make the cyclic

carbonate conversion high, the produced dialkyl carbonate must be

distilled off using a very large amount of the aliphatic monohydric alcohol,
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car bonat e conversion high, the produced di al kyl
carbonate nust be distilled off using a very |arge
anmount of the aliphatic nonohydric al cohol, 5 and a
long reaction tine is required. In the case of (4),
the reaction can be nmade to proceed wth a higher
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in alarge anount (e.g. not less than 2 ton / hr)

perisdabf Vinier aad pavé anglertlpteddo carnyimg o(d. the poeduetion on an
than 1000 hours, preferably not |ess than 3000 hours,
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exanpl e, the nmaxi mum val ues of the height (H cm,
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> 1lggr4ég<oam;1ﬂ5e,lt?1% ?n;)grr?uézza{}gs[zgf the height (H: cm)}, diameter
(D: cm), and number of stages (n) of the reactive distillation column, the
amount produced P (kg / hr) of dimethyl carbonate, and the continuous
production time T (hr) in examples disclosed for the production of
dimethyl carbonate (DMC) and ethylene glycol (EG) from ethylene

carbonate and methanol are as in Table 1.
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S |l:p ' s ‘ d E TIREYe 400
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NOTE 1 : OLDERSHAW DISTILLATION COLUMN.
NOTE 2 : NO DESCRIPTION WHATSOEVER DEFINING DISTILLATION COLUMN.
NOTE 3 : ONLY DESCRIPTION DEFINING DISTILLATION COLUMN IS NUMBER OF
STAGES.
NOTE 4 : NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.
NOTE 5 : NO DESCRIPTION WHATSOEVER REGARDING STABLE PRODUCTION
FOR PROLONGED PERIOD OF TIME.
In Patent Document 25 (Japanese Patent Application Laid-Open
No. 2003-300936) (paragraph 0060), it is stated 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. Note that the
following numerical values in the present example can be adequately
used in the operation of an actual apparatus”, and as that example it is
stated that 3750 kg / hr of dimethyl carbonate was specifically produced.

The scale described in that example corresponds to an annual production

of 30,000 tons or more, and hence this implies that at the time of the
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stated that 3750 kg / hr of dinethyl carbonate was
specifically produced. The scale described in that
exanpl e corresponds to an annual production of 30,000
tons or nore, and hence this inplies that at the tine
of the 7 filing of the patent application for Patent
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causes of fluctuation such as conposition variati
havgubeep aainedn dndarsieylasi th%mwaalapttyﬁydiwl@@tes that this

distillation in the distillation colum, and
protespdras ar tatahdiranibackaad an éﬂéusériahp'ramuoﬁonrpltdaess. (Note

colum, and hence continuing stable operation for a

alsprhboreae nRed b odnntt 2 5 Jap araszoPrdshed pplicwion Laid-Open
difficulties, and in particular these difficulties are

No. fﬂ@bbﬁﬁoogss?w debrhbe fRhavef béandlitRara@ndgn July 26, 2005
amounts. To conti nue
due to examination not having been requested).

With the reactive distillation method, there are very many causes
of fluctuation such as composition variation due to reaction and
composition variation due to distillation in the distillation column, and
temperature variation and pressure variation in the column, and hence
continuing stable operation for a prolohged 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 carbonate and the diol using the reactive
distillation method stably for a prolonged period of time while maintaining

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

the reactive distillation apparatus must be cleverly devised. However,
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mass production of the dial kyl carbonate and the di ol
using the reactive distillation nethod stably for a
prol onged period of tine while nmaintaining high
yi el ds and high selectivities for the dial kyl
carbonate and the diol, the reactive distillation
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Probl ens to be Solved by the Invention It is an object
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produci ng a dial kyl carbonate and a diol industrially

in large amobunts (e.g. not less than 2 ton / hr for

t he di al kyl carbonate, and not less than 1.3 ton / hr

Dlsé@gu}ge@)fdpn@e)nﬂgﬁ ough a reactive distillation system
of taking a cyclic carbonate and an aliphatic

ANRY ials, ,
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| ati on,col um

d
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carbonate and the d| ol can be produced with

hi g
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prol onged period of time (e.g. not [ess than 1000

ton hburfer theedied pbhrounght a reastivaatisditi@adidrosystemoottaking a
preferably not | ess than 5000 hours) with a high

cyclit ebdboMataairfdanSalighatict i iy ed@icohol as starting
materials, continuously feeding the starting materials into a continuous
multi-stage distillation column in which a homogeneous catalyst is
present, and carrying out reaction and distillation simultaneously in the
column, a specific process in which the dialkyl carbonate and the diol
can be produced with high selectivity and high productivity stably for a
prolonged period of time (e.g. not less than 1000 hours, preferably not
less than 3000 hours, more preferably not less than 5000 hours) with a
high yield.

Means for Solving the Problems

Since the present inventors first disclosed a process for
continuously producing the dialkyl carbonate and the diol using the

continuous multi-stage distillation column, there have been many

proposals regarding improving this process. However, these have been
9



Since the present inventors first disclosed a process
for continuously producing the dial kyl carbonate and
the diol using the continuous nulti-stage
distillation colum, there have been many proposals
regarding inproving this process. However, these have
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for FRE 1A it %aapr?cze osesdmalﬁ '*asst:om@z fpgthe diol stably
OUI i al k carb nat e di ol dustrial ly.
wittha IGH Nrejd {Hrep PTolo ARPArbeHeddr Lyt With BUE: se Gagfvity and
. the diol are contlnuouslﬁ produced, through a reactjve
highiinseiducivibh sHst afesult dRenprasentinventess disg arengd at the
an aliphatic nonohydric alcohol as starting
pregentinwéstiooonpri sing the steps of: continuously
feeding the starting materials into a continuous
mul Thattisgacdiostiing adithe fidtuaspéeot ofithe preseETigevenison,
catalyst is present;
there are provided:
1. a process for producing a dialkyl carbonate and a diol industrially
with a high yield in which the dialkyl carbonate and the diol are
continuously produced through a reactive distillation system of taking a
cyclic carbonate and an aliphatic monohydric alcohol as starting
materials, comprising the steps of:
continuously feeding the starting materials into a continuous
multi-stage distillation column in which a homogeneous catalyst is
present;
carrying out reaction and distillation simultaneousiy in the column;
continuously withdrawing a low boiling point reaction mixture
containing the produced dialkyl carbonate from an upper portion of said

column in a gaseous form; and

continuously withdrawing a high boiling point reaction mixture
10



carrying out reaction and distillation sinultaneously
in the colum; continuously wthdrawing a | ow boiling
poi nt reaction m xture containing the produced
di al kyl carbonate from an upper portion of said
colum in a gaseous form and continuously w thdraw ng
0] i ot [Py t Qi
con%n*“‘@é" 8L ISTILGHR  HoWeR oAb, e eaftnR AR FURI G form,
h uid form wherein: (a) said continuous nulti-stage
w e&g illation colum conprises a tray colum type
distillation ¢colum havi n a cyl @ caI trunk porti
havdigad eABHIRUO S Multinstage BiaRtian sram qeRjises a
and having a structure having an internal with a
trayremivenn dy pst digddiation gioddumat bayang aeyHgdsicad d(umgRaigion
a plurality of holes, and further having a gas outl et
havimay anig rgthi bgcoe adren énside fcaneder thécmoarod hehdng a
colum or in the upper portion of the colum near to

strubh@ré BBwvifg ld il & raal Math Ravungb@n of itages ili sakl iitedidal
cn) at the bottomof the colum or in the | ower

belrf)qg"'at r%?sl‘?éwrfd“% SR egﬁfh;]oIF% i PeithemhAlingea as outlet

et ‘provi hé " upper portion-an

havﬂ{lﬂ ?n"?n%%g c??arrﬂépé} §f ﬁ&t@econ | %pe PHd ESJ%% or jn the upper

I éast provi
0 on and / ower .portion,of .t
porté%n Lﬂﬁqtfﬁeose energ 4o dhgutine, 8 HRBCh St 5_‘)th"|"1£ an inside
L (cm satisfies the fornula ( P
diamebes fa)(chyopt e aiseaon FAREGETEN @A e IPEEAartion of
satisfies the formula (2); 180< D< 2000 (2), E&e
the celumroneandol thegbhttonicay least pae fisstdialat arevigedin the

upp(e(r:r?ortion and / or a middle portion of the column below the gas
outlet, and at least one second inlet provided in the middle portion and /
or the fower 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 dianﬁeter D (¢cm)
of the column satisfies the formula (3);

4<L/Dx<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);
11



of the colum satisfies the fornmula (3); 4< L/ D540
(3), (4) the nunber of stages n satisfies the formula
(4); 10 <_n <_ 120 (4), (5) a ratio of the inside

di aneter D (cm of the columm to the inside dianeter
dl (cm of the gas outlet satisfies the formula (5);

11 3 < aﬁ%g (5), and (6) a ragjjj)’tﬁéd.t he

i nsi de di of the colum t i nsi de

di anet er e.liguid.outl et i.5f ]
formi o (@5 b o tng e e & %')“ettﬁe g '%F thd Boiumn to
erial cyclic carbonate i s continuousl Ea/"'t uced
the ﬂwalesan%m@m dadsm) iithe lsqweeoat ef sat f|%?1 %) HHWU'a (6);
fromat |east one said first inlet provided between
the 3°d shagb fdens 80 top of said cof€)nuous
multi-stage distillation colum and the (n/3)th stage

frofp) the stanimg nsatetizlooytlicicasbonlate -istametinuously
di stlllatlon colum; (c) the starting naterial

intréd LBBatinto 'B_%ﬂ@rb’d’ﬁt';ﬁuéh@%@'ltllsﬁag'éomgtnmwﬁ %olumn from at
[ ntroduced into sald continuous nulti-stage

Ieasd(' c?rt\ 'éﬂﬂ'ﬁ%edﬁg%t;‘agb\‘;lﬁ%@ B%Nv%@%t Q’Gétéjqéff%wldthe top of

provi en the ~stage Tromthe
Saiiﬁﬁn‘t’h@aﬂ@m@ﬁ R SEH Bl R S uh 3 At (7! e from
the $gBrt3 8 sonYnoUs, eql?[a§faq¢s?im°@at'ﬂatccﬁ“&mé:d% han a
. Sgurmsranins mdaAnaihaRs mana ASRel B b7
the t?ay install ed not higher than the stage where the
contipciouslgdntrodateed snfions aist soadiramabisorultioatage idbatidation
coiusr:'l?agfiom at least one said second inlet provided between the (n/3) "
stage from the top of said continuous multi-stage distillation column and
the (2n/3)" stage from the top of said continuous multi-stage distillation
column;
(d) an aperture ratio of the tray installed not lower than a stage
where the cyclic carbonate is introduced is in a range of from 2.5 to 10%;
(e} an aperture ratrio of the tray instalied not higher than the stage
where the cyclic carbonate is introduced and not lower than a stage
where the aliphatic monohydric alcohol is introduced is in a range of from
2 to B%; and
(f) an aperture ratio of the tray installed not higher than the stage
where the aliphatic monohydric alcohol is introduced is in a range of from
1.5 10 5%,

2. the process according to item 1, wherein a produced amount of the

dialkyl carbonate is not less than 2 ton / hr,
12



where the aliphatic nonohydric al cohol is introduced
isin arange of from 2 to 8% and (f) an aperture
ratio of the tray installed not higher than the stage
where the aliphatic nonohydric aIcohoI IS introduced
iIsin arange of from 1.5 to 5% 2. the process

0
3. 3REPReycess Aockfding IR o 21 R‘i’%“f?@a*ﬁgﬁf’“ﬁﬁcéﬂ%mwm
ocess ,acc rdln it 1 or 2, wherein the
°ft%?6HEL55”§ﬁd8ﬁ§ qﬁigapdeﬁ}s not I ess than 1.3 ton
' . the process accordlng 0 ané one of jtenps |
ttbesprm%aﬁcaaﬁmioaafwoaa atzmg th &9 3. twBefeimapid d1 and
(7); 1l<dil/d2< 5 (7ZEl . the process according to any
saichde sertisfyeife Toraula (fherein L, D, L/ D, n, D/ di,
and D/ d2 for said continuous nulti-stage

distillation col wd, /st KBy respectively 2300 <_ (7¥%_
6000, 200 s D< 1000, 5 < L/ D<_ 30, 30 n<_ 100,

5. 4heDhebceds Bzcorffhg fo MR ohebof frerh¥el Bs AcagRerein L D, L/D,

according to any one of itens 1 to 5, wherein L, D,

n, Ij / @1, dhd B /gg]forﬁ'md[bénﬁﬁ bas ig- éi?gte' 81HPation column

ti-stage di'stillation col’ satisfy respectively

0 < / 0

s fosaghiesy o $10 oy 2gifC,pL 3o 5% L% 3, 0

t pr oc acc din Y, itens 1 to 6,
Mﬁ?&«é ﬁh’g‘“a?p rgj&a%ﬁ:g/cff 2 €t ray installed not

Iomer than said stage where the_ _cyclic carbonate S

ither BERRASS ASCORAING 4o AN Yoo Ner Gf'nl'@“% 8t S nehgpein Ly &, L/ D,

ratio of the tray installed not hlgher than said stage
n, Davh@re ante Dol deifor saidbomatieupesi muiticiiage disdillation column

| ower than said stage where the aliphatic
satisfy respectively 2500 < L <5000,210<D <800, 7=<L/D=<20,40<
nN<90,5<D/d;<13 and 9 <D /d, < 20,
7. the process according to any one of items 1 to 8, wherein the
aperture ratio of the tray instalied not lower than said stage where the
cyclic carbonate is introduced is in a range of from 3 to 8%, the aperture
ratio of the tray installed not higher than said stage where the cyclic
carbonate is introduced and not lower than said stage where the aliphatic
monohydric alcohol is introduced is in a range of from 2.5 to 7%, and the
aperture ratio of the tray installed not higher than said stage where the
aliphatic monohydric alcohol is introduced is in a range of from 1.8 to
4.5%,
8. the process according to any one of items 1 to 7, wherein the
aperture ratio of the tray instalied not lower than the stage where the

cyclic carbonate is introduced is in a range of from 3.5 to 6%, the

aperture ratio of the tray installed not higher than the stage where the
13



nmonohydric al cohol is introduced is in a range of from
2.5to0 7% and the aperture ratio of the tray
install ed not higher. than said stage where the

al i phati c nonohydric aIcohoI is introduced is in a
range of from1l.8 to 59@ . the process according

ovo pbghaTads i Fydd Aty ﬁf?, RERER P Bfa 8 fupre the

sl ageriaonife desBoE o il [0 ¥Tabdeldt i  to 5%
tray installed not higher than the stage where t

andcihe peecigoratie g sth|entr|a<ydim@éallaﬁdﬂ%hlgmthﬁﬂhéhetﬂége

stage where the aliphatic nonohydric al cohol is

wheret thedatiptiatic moreohydge altohpons 3ntrodsiced is im@ targe of from
aperture ratio of the tray installed not higher than

2 tot 4% stage where the aliphatic nmonohydric al cohol is
introduced is in a range of from 2 to4% 9. the

9. Fth%csﬁéc@%%fc%'oﬁeuﬁgvt@%;@&@.e%f ite?n® 11td 8, 8vhebeinesaid tray is

sai d tray 1s a sieve tray havi ng a Si eve pOI‘tI on and

a sngvgm’%%w 14806 § {}rtum %‘itgta\ﬁmt%o%ﬁ% Rgtiba, i tem

Sl eve rays holes /
in said S|eve orti t hege 1
10. 2485 BTGEESS Aaarbgie, 0 bemmﬁe%%{%" 538 SEQE g has 100
rea ol ¢  of s d sieve tray n a range of
to 1?\0&1{19?%89@5@@@' | exeab o Thetsebi ng 1 o Che
second aspect of the present invention, there are
11. pribei peeresP acgording todtemniiori 1@4&@@@!@@1 FregsGectional
colum for carrying out transesterification between aé
areaydi botmoli satesiend trayalisphad irangeond fiyami @. Sate Shom
and distillation, wherein: (a) the continuous
mul fry aﬁtdaﬂendia%tddrﬂmg ®0 thel sevondmgspeeisof the present
invention, there are provided:
12. a continuous multi-stage distillation column for carrying out
transesterification between a cyclic carbonate and an aliphatic
monohydric alcohol and distiilation, wherein:
(a) the continuous multi-stage distillation column comprises:
a cylindricat trunk portion having a length L (cm) and an inside
diameter D (cm);
a tray having number of stages n provided inside the trunk portion;
a gas outlet having an inside diameter d4 (cm) provided at a top of
the column or in an upper portion of the column near to the top;
a liquid outlet having an inside diameter d; {cm) provided at a
bottom of the column or in a lower portion of the column near to the

bottom;

~at least one first inlet provided in the upper portion and / or a
14



a cylindrical trunk portion having a length L (cm and
an inside dianeter D (cm; a tray having nunber of
stages n provided inside the trunk portion; a gas
outl et having an inside dianeter di (cn) provided at a
top of the colum or in an upper portion of the

; a t |1 oL t g an

middf PRRHIEREGE e ‘RIubtf pelow, Moy AR ERAET o the
col u in_a rtion.qf t.he columm near o t
bot?gpﬁa%ttc'l@a%‘?c%% fﬁf tprividee' i i UGRA Hirela pan / or
portion and / or a m ddl e portlon of the colum

the b%wswwtwrgaé tbaw%lpm%rﬁbca\te said dicsHd awldeld inl et
provided in the mddle portion and / or the | ower
porwhemedt: t he col umm above said liquid outlet;
wherein: (1) the length L (cm satlsflestheforrmla

(1); 2100K_fhe 800§t L)(cm) 2atisfiesi ties dermubnetpr D
(cm) of the colum satisfies the fornmula (2); 180 < D

5 2000 (2), (328002 oc@oddre |ength L (cm(yp the
i nside diameter D (cm) of the colum satisfres the

fornul a (gétth‘é msille/ dIQ Teftdt O3 mf&fé@ecé‘l‘ﬁrmﬁrségsﬂes the

stages n i sfies the o rmul a

5) aratio of the inside diameter D (cm of the
fornilil)au{é),to the inside dianeter di (cm of the gas

outlet satisfi efaérgengr%LJg)g () (2)

(3) a ratio of the length L (cm) to the inside diameter D (cm)
of the column satisfies the formula (3);
4<L/D=<40 (3),
(4) the number of stages n satisfies the formula (4);
10 < n <120 (4),
(5) a ratio of the inside diameter D (cm) of the column to
the inside diameter d; (cm) of the gas outlet satisfies the formula (5);
3<D/dy <20 (5), and
(6) a ratio of the inside diameter D (cm) of the column to
the inside diameter d, (cm) of the liquid outlet satisfies the formula (6),
5<D/d, <30 (8);

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

(c) the starting material atiphatic monohydric alcohol is
15



3 < D/ dt < 20 (5), and (6) a ratio of the inside
dianmeter D (cn) of the colum to the inside dianeter
d2 (cm) of the liquid outlet satisfies the formula
(6), 5< Dd2< 30 (6); (b) the starting nateri al
cyclic carbonate is continuously introduced into said
' ' dSi S [ [ fllation
confiRlbLSHe it BHy e utiREs e o iALRS g T,
S r . . e th
colughfor, B 1S, bR o SEhenFRISTHRETigRY Pertbefiine (n/3)
top of said continyous multi-stage distillation
stagso i thecion fe said aanigrwaiia maRT-stngh g editahmsglymn and
alcohgl is 15 continuously introduced inhﬁ_said T
the (3nid)hustageniram-hentper @fstaid eentRuoYs Mitirstageadistillation
| east one said second inlet provided between the (n/3)
column; stage fromthe top of said continuous nulti-stage
distillation colum and the (2n/3)th stage fromthe
tOp(chaﬁfagileQI‘é iratioust the tiaytingialdidhiok llatiesrthan a stage
columm; (d) an aperture ratio of the tray installed

wheP8lthleOwpE it RAtpBnetads inthRigcddes G @ irangar@pfr@tr@ 2.5 to 10%;
introducted is 1n a range of from2.5to 10% (e) an

ape(éggérged%ﬂtﬁr@frﬁ{iBeof Fl?é( H;f‘iﬁéﬂﬁ%d”ﬂbthﬁ?ﬁ?? thgﬂgtnhde stage

e t
t he ere the cyclic carbonate 1s int uce

whelB o rvrut KHpRaeade oM doad yfl bBETbWRr BRI ¥G e
wheiBher bliRBatHEaNahyst iGaeahphis N BALER IR fbayange of from

al cohol is introduced is in a range of from 1.5 to
2 tos8f6 18ndt he continuous nulti-stage distillation colum
according to item 12,
(f) an aperture ratio of the tray installed not higher than the stage

where the aliphatic monohydric alcohol is introduced is in a range of from
1.5 to 5%,
13. the continuous multi-stage distillation column according to item 12,
wherein said d4 and said d; satisfy the formula (7);

1<di/dy<5 (7),
14. the continuous multi-stage distillation column according to item 12
or 13, whereinL, D, L/ D, n, D/d4, and D/ d; for said continuous
multi-stage distillation column satisfy respectively 2300 < L < 6000, 200 <
D<1000,5<L/D<30,30<n<100,4<D/dy<15,and7<D/d;<
25,
156. the continuous multi-stage distillation column according to any one
of items 12 to 14, wherein L, D, L/ D, n, D / dy, and D / d; for said

continuous multi-stage distillation column satisfy respectively 2500 < L <

5000,210<D<800,7<L/D<20,40<n<90,5<D/dy<13,and 9<%
16




wherein said dl1 and said d2 satisfy the fornula (7); 1
< dl/ d2 55 (7), 14. the continuous nulti-stage
distillation colum according to item 12 or 13,
wherein L, Db L/ D, n, D/ di1, and D/ d2 for said
continuous multi-stage distillation colum satisfy

res tively 2300 < L 5 6000, 200 <_
D/ gg_éj%@@, 5< L/ D! 530, 305n<_100, 450/ d1: 5 15, and 75D/ d25

25, 15. the continuous nmulti-stage distillation,colum

16. aclhér BPRY MU Uin ) WHeStage distidatign colmn mﬂm,fowv one
L/ D, n, D/ dl, and D/ d2 for said continuous

of itamsi 12 tagkd dwherreimtherapaitune retio ef the degednsiadiad not
2500 <_ L <_ 5000, 2105

lowBb8hAn7said StageWhére the @y chic Cardiondte, mnhteéddased is in a
D/ d2<20, 16. the continuous nmulti-stage distillation

ran§é! aifrons @ taligng, tive Apertdre ratiol éeife tay sltalled not higher
wherein the aperture ratio of the tray installed not

thaﬂi%ﬁ(ﬁ}%@% ﬁméjrewal’éﬂsr%ﬁb%sﬁé%i intEH #hd fot lower

intro I'sin a nge from3 to 8% the

a4 U SN B AR e s i

and nqt_ | ower_ .t sai t age -where_t.he I phatic :
a raliR R AP 213 sl ST ihs dReiurs Falioaf gy fnstalled not
o from2.5to 7% and the aperture ratio of the trﬁy )
highegthanshidostags yhare g adighatia mpnoimeddeajgohol is
al i phati c nonohydric alcohol is introduced is in a
introedongedols #r amange of froswd .8 10 4.68 cont i nuous
nmul ti-stage distillation colum according to any one

17.0ofthe eomtihlidus hfultinstage mistidatipardeluenn @donrding te any one
tray installed not |ower than said stage where the

of 5 12 40, R At L8 ReCRe I heanep o
lowBPthBhISld stage where the cyclic carbonate is introduced is in a
range of from 3.5 to 6%, the aperture ratio of the tray installed not higher
than said stage where the cyclic carbonate is introduced and not lower
than said stage where the aliphatic monohydric alcohol is introduced is in
a range of from 3 to 5.5%, and the aperture ratio of the trays installed not
higher than said stage where the aliphatic monohydric alcohol is
introduced is in a range of from 2 to 4%,

18. the continuous multi-stage distillation column according to any one
of items 12 to 17, wherein said tray is a sieve tray having a sieve portion
and a downcomer portion,

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

thereof,

20. the continuous multi-stage distillation column according to item 18
17




than said stage where the cyclic carbonate is

i ntroduced and not |ower than said stage where the

al i phatic nonohydric al cohol is introduced is in a
range of from3 to 5.5% and the aperture ratio of the
trays installed not higher than said stage where the

L I o) Lol e i
or 1?danv853k%% AOCPS By nal Mg e 1R E SERL eV by s in
|st Iatlo coLum,according to any one of itenms 12

ranggq ro\ﬂﬁé]rgt &M tray is a sieve tray having a

sieve portion and a downconer portion, 19. the

continuous multi-stage distillation columm according

to item 18, wherein said sieve tray has 100 to 1000
AdvagitagebusEffectaiaf biveudigorti on thereof, 20. the

continuous nulti-stage distillation column accordi ng

to ittleas Beed digtotdrediRatiby imgleraensieet thmaresead invention,
per hole of said sieve tray is in a range of fromO0.5

thetd?aﬁqg_rﬂ?arb%ﬁ%t é‘ﬁ&c’t‘ﬁ% Eftfieé‘éﬁ? b ptoy@BEHEatk WiRE a high yield

been “di scover ed t hat I mpl ement i ng the present.
and H‘gﬁgb‘eg%é:gMQ ﬁlr%iyles%aﬂ#bquts@ gﬁg#%;agﬁy%otcé%sbﬁ\an 97%,

sel ect. of, not ess n 95 f er.abl t gl '
moi RSP it SRS S D ?‘égﬁdﬁﬁiﬂgga&a‘”&‘gﬁfaﬁ@fs less than
industrla aIe of not Ies tha? ton | h
2 tagt &y ansebe ly Inalslageatnan goken /fr %&eepﬁefeéf@rbdmpt less
not less than 4 ton / hr, for the di al k car bonat e,
thamrtitent/ hedorthendinlryt earbonate, @'ﬁ@f@faésﬁ than |le3gon / hr,
than 1.95 ton / hr, nore preferably not less than 2.6
prefemably hrgt fess then di.QB,tost Abirynfare prefesbbhyedtgessdihan 2.6
of time of not less than 1000 hours, preferably not

tonl/ess fohane39RN0, Beatsls, faroa @rbﬂ@ﬁgédmdnﬁdtof timss of et less than
5000 hours, from a cyclic carbonate and an ali phatic

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

less than 5000 hours, from a cyclic carbonate and an aliphatic

mongchydric alcohol.

DESCRIPTION OF DRAWINGS

FI1G. 1 is an example of schematic drawing of the continuous
multi-stage distillation column for carrying out the present invention, the
distillation column having number of stages n of trays as the internals (in
FIG. 1, a tray is shown schematically) provided inside a trunk portion-
thereof.
Description of Reference Numerals:
1: gas outlet, 2: liquid outlet, 3-a to 3-e: inlet, 4-a to 4-b: inlet, 5:
end plate, 6: internai, 7: trunk portion, 10: continuous multi-stage

distiliation column, L: length (cm) of trunk portion, D: inside diameter
18



nonohydri ¢ al cohol. DESCRIPTION OF DRAWNGS FIG 1 is
an exanple of schematic drawi ng of the continuous

nmul ti-stage distillation colum for carrying out the
present invention, the distillation colum having
nunber of stages n of trays as the internals (in FIG

bR B By, REASUBER (5 . o i
oarPHFEE P00 o OB BT, 25,1 S oLt e Lo 5

7: trunk portion, 10: continuous mnulti-stage

distillation colum, L: length (cm of trunk portion,

D: inside dianeter 18 (cm trunk portion, di: inside
BesgiMadedor(Gajrdngdaut doellavendion | nside dianeter

(cm of liquid outlet. Best Mdde for Carrying Qut the

| nvEotlbaningaisl awletgilies dedetiptioedoti¢serpraseont iofverntmon.

present invention. The reaction of the present

| NVEREI MadtfoR ofahe prédenemvdntdsn Usa reversible equilibrium
transesterification . reaction represented by foll ow ng

tranfs%rs'iréhﬁc'arﬂl r&Rchondt @é'erﬁéﬂbé’ﬁ‘%ﬁomg?%;ﬂnﬂjlg' i?l which a

are pro uce rom cyclic carbonate

e (5P} 4 gr B s i idponsre
(A) BheL 8B STRakRs mBnERy e diSRor (g2 ™ (mis an

Rl
R OR? R!
SN _— N/
0 0 + 2 R°OH +
~C~ — ¢ o/ on
i
0
&) (8) © )

wherein R represents a bivalent group —(CHz)m— (m is an integer from 2
to 6), one or more of the hydrogens thereof being optionally substituted
with an alkyl group or aryl group having 1 to 10 carbon atoms. Moreover,
R? represents a monovalent aliphatic group having 1 to 12 carbon atoms,
one or more of the hydrogens thereof being optionally substituted with an
alky! group or aryl group having 1 to 10 carbon atoms.

The cyclic carbonate used as a starting material in the present
invention is a compound represented by (A) in the above formula. For
example, an alkylene carbonate such as ethylene carbonate or propylene
carbonate, or 1,3-dioxacyclohexa-2-one, 1,3-dioxacyclohepta-2-one, or
the like can be preferably used, ethylene carbonate or propylene

carbonate being more preferably used due to ease of procurement and
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to 6), one or nore of the hydrogens thereof being
optionally substituted wth an al kyl group or aryl
group having 1 to 10 carbon atons. Moreover, R2
represents a nonoval ent aliphatic group having 1 to 12
carbon atons, one or nore of the hydrogens t her eof

S0 (pr‘?' gr ouﬁﬁﬁé'é’a% et lgéﬁ%r g‘atrﬂcﬁi’arl d?hgeﬁgﬂ“}pugéd

avi ng 01 on at ons: cyclic

?ﬁL&ﬁ{}%ta?( s %iwﬁbéﬁh%%ﬁﬁ@&’@ﬁéﬁ%ﬂ%gﬁﬁ%ﬁ?g other

above forrrul a. For exanpl e, car phon
stargigh ma eémy'ﬁe%&%%eﬁgt%em%@s?y b dB) 3 B abe Qve formula.
1, 3-di oxacycl ohexa- 2-one, 1, 3-di oxacycl ohept a-2-on
An aliphatie motohydrioalpebobhabing @ keweetnjlingepoint than that of
carbonate or propyl ene carbonate being nore preferably
the psedudee divlegsesed. prAithio eghrmossid |y Margymmodepardding on the
et hyl ene carbonate being particularly preferably used.

typdofaneetycli®earbbpadé i fsd® R AP lesadtaliphatisem carsoiydric
ot her st artl ng material is a conpound represented by
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aving a [ower ing polnt than that of
but%@%?ﬁgﬁ%&lsﬂ' %Eu”ﬂé@ﬁe di Eﬁﬁ@%e& ol @%@!@‘gﬁéyeﬂaxgl alcohol
cochiEFn el AbBRS! osfieg %fcggher%qﬁ%’@f’tWﬁ%ear%joﬂanw
but anol (i sorrers) - but en- 1- ol
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(i somers), octyl alcohol (isoners), nonyl alcohol
alcqhalbotisos)ersjecyklepentaiol( cystehexanahdeysiphgintanel,

(i somers), dodecyl alcohol (isonmers), cyclopentanol,
cychymitanet anmdthytyywdiopepitanol ,(iscnvempo&tmryd)d:yclopentanol

met hyl cycl opent anol (i soners), ethylcycl opentanol

o T A DA A ADETRlo) opy vhexanl (somers),
dimEt AP 3 he ShRbNYISOMHE PO AR YICYEIORERANOI (isomers),
phenyicyclohexanol (isomers), benzyl alcohol, phenethyl alcohol
(isomers), phenylpropanol (isomers), and so on. Furthermore, these
aliphatic monohydric alcohols may be substituted with substituents such
as halogens, lower alkoxy groups, cyano groups, alkoxycarbonyl groups,
aryloxycarbonyl groups, acyloxy groups, and nitro groups.

Of such aliphatic monohydric alcohols, ones preferably used are
alcohols having 1 to 6 carbon atoms, more preferably alcohols having 1
to 4 carbon atoms, i.e. methanol, ethanol, propanol (isomers), and
butanoli (isomers). In the case of using ethylene carbonate or propylene

carbonate as the cyclic carbonate, preferable aliphatic menohydric

alcohols are methanol and ethanol, methanol being particularly

- preferable.
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phenyl cycl ohexanol (isoners), benzyl al cohol,
phenet hyl al cohol (isoners), phenyl propano

(i soners), and so on. Furthernore, these aliphatic
nmonohydri c al cohols may be substituted with
substituents such as hal ogens, |ower al koxy groups,
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| i phati c non ic al ohols pref erabl y_ used
madg 45 6 BoRSBET IAIN RGBSt CaliRRHOR G M Ry o 16 Tethod of
preferably al cohol s having I to 4 carbon atons
makiggHieohomaegenepus maigiyel bei Rsrand) maynbe any amgthod but it
(isoners). In the case of using ethylene carbonate or
is ppefeppbdado femdbtmatcatabysthiatetbei reactivwdastllation column
preferabl e aliphatic nonohydric al cohols are nethanol

conﬁﬁdo@tsfﬂﬁ%@ aset ke tiheicadapastthe Wraskyt inrefiendl ghase in
20 In the process of the present invention, a

the POHRAGRES ﬁin%ﬁ[cfﬂab%‘ium% made to be present in the

reactive | st tion col um. The nmet hod of nmaki ng

b PR RERE P81 6o PR TR AT B ARUTRGON fed into

but eto
reac ve d| llatl n co contlnuou
the feRgtivper st ol bl hpm%gw‘aapé QRIS pg fed in
reactive distillation colurm In the e that t .
AGiatis iopaBydric
reactive distillation colum, the honpbgeneous catal yst
alcohgl, les may be fedoifeaher differentreosijian o dhereasting materials.
and/ or the aliphatic nonohydric al cohol, or may be fed
Thei readtion didthallgnprqeseds om the disdilkation icodumat 8y vategion
The reaction actually proceeds in the distillation
bel®R! th@pbBition ediwRicl ehewdtasy 108 fdddm aandiheficé litis

catalyst is fed in, and hence it is preferable to
prefetadlé i f‘e%toam/étcdtmy%t%h?@ﬁ PEgRAT weetweheti@Roplof fite
column and the position(s) at which the starting materials are fed in.
The catalyst must be present in at least 5 stages, preferably at ieast 7
stages, more preferably at least 10 stages.

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

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

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

basic compounds of alkali metals and alkaline earth metals such

as carbonates, bicarbonates, and organic acid salts;
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colum and the position(s) at which the starting

materials are fed in. The catal yst nust be present in
at |east 5 stages, preferably at least 7 stages, nore
preferably at |east 10 stages. As the catalyst used in
the present invention, any of various catalysts known

f r ofaidredmtnéas H%eﬁletﬁ&mllﬁé ﬁbhfﬁaﬁﬁh@l }tﬂhexylamlne
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bi carbonates, and organic acid salts; 21 tertiary
N-a!almlnugamlas,wadnaaoﬁgmwn@mer HUW.'PN&WM@S quinoline,
tri hexylam ne, and benzyl di et hyl am ne;
alkyiquiruglémes,o'rﬁcajuihmj;irhaet&lkqﬁsoqmﬁmclineapacnicdﬁneucaltkyibcridines,
- N-al kyl pyrroles, N-alkylindoles, oxazol es,

phelNadlthydling danthhend&thlr&suhesr @wrﬁmln@xaﬂkﬂmﬂﬁﬁudmes
pyridine, alkylpyridines, quinoline, alkylquinolines,

pyréé.%u'anky Inaz%y' {324 'éﬁ‘@saik EF:'a‘%'nﬁ‘@s

al kyl acr phenant roline, yl phenant hrol i nes,

pyrb%ﬁ‘é ré‘?mcﬂlwggl QYEA rg Wo%m%[(&fﬁ@gcene (SDBU)) gnd

yrazines, triazi nes trrazine

. s suc zobi cycl oundecene (DBU) and
d'a%c?rgcffgﬁ %ny%n%ﬂﬁmhﬁ thal lium corrpounds such as
thalllum oxi de, thalllum hal | des thal l i um hydroxid

t haihalliHr £opapauBdst $iafh .aﬁﬁhﬁll!wa@ oxidggthallgm halides,

sul f at e,
thallium hydroxide, thallium carbonate, thallium nitrate, thallium sulfate,

and thallium organic acid salts;

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

zinc compounds such as dimethoxyzinc, diethoxyzinc,
ethylenedioxyzinc, and dibutoxyzinc; aluminum compounds such as
aluminum trimethoxide, aluminum triisopropoxide, and aluminum
tributoxide;

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

phosphorus compounds such as trimethylphosphine,

triethylphosphine, tributylphosphine, triphenylphosphine,
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and thalliumorganic acid salts; tin conpounds such as
tributyl methoxytin, tributylethoxytin,

di but yl di met hoxytin, diethyl diethoxytin,

di butyl di et hoxytin, dibutyl phenoxytin,

di phenyl net hoxytin, dibutyltin acetate, tributyltin

tnb‘ﬁWl‘Pﬁéﬁ?yAFﬁB@ Wo‘?uarrPthH@%XQHQ%‘t)EIbLMI%&QﬁWQHMﬁ halides,

such oxyZ| nc Ieth oxyZ|

| t .nc; alum num
anoehﬂ%hgﬁgﬂhgflﬁlpg\%spﬂ@n ﬂrqp:#ﬁq thoxi de, al um num
triiso OBOXI de, and_ al um num _tributoxi d‘e titani um
compdi %ER"A‘%O&'%E‘FM*héﬁy%uPQHI%ha des, zirconium
tetraet hoxytitani um tetrabutoxytitani um
aCQiVlﬁﬂQiﬁG@ltﬁetZH@ﬂmUﬂhﬁmﬁﬁ' eetEyl ?rd'ﬁl%'\élé?(yﬁlcﬁ&m%nﬁ‘m
titanium acetate, and titani um acetyl acet onat e;
phosemdrand teagetontsisinghcasmpounds hiophaaphpheclead oxides
triethyl phosphi ne, tributyl phosphi ne,
suchr apieh@l, (PisSphiamel, Pb3D 4 e adty ifieielsy s pbhsad &b 8)7Pb,S3, and
hal i des, trioctyl butyl phosphonl um hal i des, and
Pb&J: phenyl met hyl phosphoni um hal i des; - zi rconi um
compounds such as zi rconi um hal i des zi rconi um

Zg:z%%gwéﬁ?%ﬁ and%%@gﬂ al nic ngfq%n%loL%g ?(OH):Z]’
and PR OB Ch s “Pbs, Pb2o3, and | Pbsz: lead e
Ph2pRbERTES Soh a%ﬁiﬁ’éw%}%é&%%mb%mwwz.
Na2PbQ2, K2Pb(Q2, NaHPbO2, and KHPbQOZ2; unbat es su
as Rizm MesmmazmamPBBM%;Pboa, Kz[Pb(OH)s]
K4PbOy4, CazPb0O,, and CaPbOs;
lead carbonates and basic salts thereof such as PbCO; and
2PbCO3-Pb(OH);;
alkoxylead compounds and aryloxylead compounds such as
Pb(OCHa3)2, (CH30)Pb(OPh), and Pb(OPh);z;
lead salts of organic acids, and carbonates and basic saits thereof,
such as Pb(OCOCH;3),, Pb(OCOCH3)4, and Pb(OCOCH;3)2 Pb0O-3H;0;
organolead compounds such as BusPb, Ph4Pb, BU3PbCI, Ph;PbBr,
Ph3Pb (or PhgPby), BusPbOH, and Ph:PbO (wherein Bu represents a
butyl group, and Ph represents a pheny! group);
lead alloys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, and Pb-Sb;
lead minerals such as galena and zinc blende; and

hydrates of such lead compounds.

In the case that the compound used dissolves in a starting

material of the reaction, the reaction mixture, a reaction by-product or
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KaPbO4, Ca2PbO4, and CaPb(O3; | ead carbonates and basic
salts thereof such as PbCO3 and 2PbCC3Pb(OH) 2;

al koxyl ead compounds and aryl oxyl ead conpounds such as
Pb(OCH3) 2, (CH3O Pb(OPh), and Pb(OPh)2; |ead salts of
organi c acids, and carbonates and basic salts thereof,

the B SR T Por bonar catt SSnsngmagenesys catalyst
b, Ph4Rh, . Bu3 PR (195 mB
Aty 1§ SRERTRIAEIS I dap 35 Me it dhriiog catalyet. 2
and r ents _a phen ou
mixtif&,Shtaiped Ry Esselvingitis, o bﬁayesﬁgn'bﬁfg“% §ihe sating
m neral s such as gal ena and zi nc bl ende; and hydrate
mat@ﬂaJlﬁhth%aﬂaébﬁﬁoéhﬁsfeaqlqm@f@é‘é@,tM f@%@'@ﬁrﬁiﬁr@ﬁQdUCt or
used dissolves in a starting material of the
the likactn adyamnice, rarabyireaching to drirgg adedtti dissbjutpoonduct
or 23 the like, the conpound can be used as is as the

honTpenseisutadBthys cata Bistarged iivehg, pidsdrit invemtion varies
preferable to use, as the honbgeneous catal yst, a

depBnding P RhaIHRY bY tHe BbKiNaudde, BhOVE RAEAMII A range of

the starting material of the reaction, the reaction

fron‘i”é?(b%bq td %%b){e?ygg\lg?fqllw “eREHediyofront 'beobs(‘;f]%ugﬁ % by weight,

vance g 't'o bring‘about drss

mothSE?if{é?gﬁmg QM. L E‘{b%se\gtpﬁ@h{ %rﬁ?qfﬂértlon of the total
weighb g ihe e e buf)a@ﬁ&%en%[)a'@ealgﬂméaﬂé?ﬁﬁﬁ@g d5ict gloghol fed in

% by weight, nore preferably fromO0.01 to 10 % by
as the; g'rﬁftlnﬂsnbﬁtﬁlftﬂdértl on of the total weight of the

cyclic carbonate and the aliphatic nonohydric al cohol

f edWhen continuously feeding the cyclic carbonate into the

continuous muiti-stage distillation column constituting the reactive
distilfation column in the present invention, it is important for the cyclic
carbonate to be fed into a specified stage. Specifically, the starting
material cyclic carbonate must be continuously introduced into the
continuous multi-stage distillation column from at Ieasf one inlet provided
between the 3' stage from the top of the continuous multi-stage
distillation column and the (n/3)'" stage from the top of the continuous
multi-stage distiilation column. This is important to ensure that high
boiling point compounds such as the cyclic carbonate and the diol are
not contained in a column top component in the stages above the cyclic
carbonate inlet(s). For this reason, there are preferably not less than 3
stages, more preferably 4 to 10 stages, yet more preferably 5 to 8 stages,
above the cyclic carbonate inlet(s).

A cyclic carbonate preferably used in the present invention is one
24



as the starting materials. Wen continuously feeding
the cyclic carbonate into the continuous nulti-stage
distillation colum constituting the reactive
distillation colum in the present invention, it is
inportant for the cyclic carbonate to be fed into a
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containingssmadoamaintscokasohg amanaterigl comidaundspothe diol, and
conpounds such as the cyclic carbonate and the di ol
$0 an anagdhusobeaised antle cbactimg tmatedaponené presiemd invention.
stages above the cyclic carbonate inlet(s). For this

r eaf®hetfiRisRmr i verefci ale/ sTitir £ hfa it & ﬁéﬁ@eﬁionohydnc
nore preferably 4 to 10 stages, yet nore prefera y 5
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cyclic carbona e prefera sed I )
oth%ﬂéﬁ%&@a@éﬁﬁ%égaﬂm'gcsm%p'ﬂ%ﬂ%@gﬁ% £, Al
morfgh B SRR Bl o S S e told 831 7 weiht of

c &qate contai ni ng smal | anounts of such raw

the chabkyl ars ORFiereRs ed N dhe|totahmassoobshalinmaticyaonohydric
used as the starting material in the present

alcohplcantddhe dialkyheapbesate. i v ennmiane, ptéferable ttongse an
mat eri al aliphatic nonohydric al cohol may be a

aliphagic- morndlyyddic @abhol imanohy dhis didbgh@arbenhateéycontent in a
contain other conmpounds. For exanple, it is

range effefrobt @ . 5¢oUs2 Brbyphw fb;wtl 9et'm6fi&‘b‘i|éf§ra€ﬁf9qiﬂéh1 2010 %

containing in a range of om1l to 15 % by wei ght of
by weight.

When carrying out the present reaction industrially, besides fresh
cyclic carbonate and/or aliphati¢ monohydric alcohol newly introduced
into the reaction system, material having the cyclic carbonate and/or the
aliphatic monohydric alcohol as a main component thereof recovered
from this process and/or another process can also be preferably used for
the starting materials. It is an excellent characteristic feature of the
present invention that this is possible. An example of another process
is a process in which a diaryl carbonate is produced from the dialkyl
carbonate and the aromatic monohydroxy compound, the aliphatic
monohydric alcohol being by-produced in this process and recovered.

The recovered by-produced aliphatic monohydric alcohol generally

contains the dialkyl carbonate, but it has been discovered that in the
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t he di al kyl carbonate based on the total mass of the
al i phati c nonohydric alcohol and the dialkyl
carbonate. It is nore preferable to use an aliphatic
nonohydri c al cohol having this dialkyl carbonate
content in a range of from1.5 to 12 % by wei ght, yet

casgotrh%t%%f 869{%1% of o ﬂ(ﬂcbaﬁ)okt%t 59hta r ??3 as above,
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of aof atkyd anyl esrboniateamd dhetdiaryk basbosajemsanthisa oAn The
exanpl e of another process is a process in which a

by-gitcdyded Aipm#ie menohodriceslconanmhg sk alded as is as a starting

carbonate and the aromati ¢ nonohydr oxy conpound, the

mat%'rleﬂhﬁtt'hfé pFQQQQVﬂNé’nﬁbﬁoBWmQ?'H@ u@éd%QQH%egtdﬁmg material

hi's process and recovered. Theé recovered by-produced

afteg:tz'g%h frl Bpggﬁﬂié*ﬁeﬂ ﬁfm%lrlsaqm:ﬂ LY hlgﬂgtrjic?ﬁ hﬁomt than

ona but been |sco ere

th e that th ont e of, the di al nat e
tht §F 155 1€ FhohpByaRte Slary dig® aedt fdayFeara8LEn
sent invention can be achieved. The recovered
d'Stﬁiﬁ%‘P‘&dUc@TP Hkephat i c rmnohydrl c al cohol nmay further
contain the_ aromatic nonohydroxy conpound, an al kyl
ar yWhengontimouslyntaediog ahiphiatig mqnhsc@rrlmﬁigpéol into
and the diaryl carbonate, and so on. The by-produced
the @lontiraiows mokhgtage dibtibhtionnaglurenusetstiitireg dseaeactive
starting naterial in the present invention, or may be

distustoacdlms iRthensrd g mr indentrfr &t 1§hﬁzpﬁfﬂwﬁt fof the

contai ned material having a higher boiling point than
aliphatic monohydric alcohol to be fed into a specified stage.
Specifically, in the present invention, the starting material aliphatic
monohydric alcohol must be continuously introduced into the continuous
multi-stage distillation column from at ieast one inlet provided between
the (n/3) '" stage from the top of the continuous multi-stage distillation
column and the (2n/3)!" stage from the top of the continuous multi-stage
distillation column. It has been discovered that, because the aliphatic
monohydric alcohol used as a starting material in the present invention
generally contains a specified amount of the dialkyl carbonate, excellent
effects of the present invention can be achieved by making the aliphatic

monohydric alcohol inlet(s) be in a stage within this specified range.

More preferably, the aliphatic monohydric alcohol is continuously

introduced into the continuous multi-stage distillation column from at
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that of the aliphatic nonohydric al cohol has been
reduced through distillation or the |ike. Wen

conti nuously feeding the aliphatic nonohydric al cohol
into the continuous nmulti-stage distillation colum
constituting the reactive distillation colum in the
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columhtiin- atlapeid forst | Id at gasecok donm,|dr Aesa beixture of a liquid and
di scovered that, because the aliphatic nonohydric
a g#¢é Colthaistirarpfe 8dRigEhé RAarih §rhate rillld [ftoPtHRS @nétillation
invention generally contains a specified anount of

coldf t”ﬂigmaﬁ?ﬁb@néfs% B?éfﬁ'h!bgggg %@Eﬁgc{(rﬁa@ {%28 in a gaseous

present 1 nvention can be ac In
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starfirid tfitefial BRGMY Rt ud o eBhtigolssy KraR gy PR FSrtion
| i phati c nonghydrj ¢ al cohol ..is continuoysl
and/of RJIAWRIGPPRIBN: Mo the ks HlBtion Atma addofeover, another
distillation colum fromat 26 |east one inlet ]
preigrabieisactiadde pnaén which) the svalje ¢arbanate tsopoptinuously
the continuous multi-stage distillation colum and
fed ima (ignidfonmsongegasdnliqinie mispddiorthéntooatstageusf the
mul ti-stage distillation colum. The starting
distitkatéon aoduatre afbeciec tné istages!iy which tthe chtatys4i &t present, and
colum in a liquid form iIn a gaseous form or as a

the @lphitec MoRohydHictaRtholas IantifibaEIY Fdd ihesehedithRation
starting materials into the distillati"on colum in
colJthSinV‘Q>s’geaééouh§ fBFPaRBf £haR Gid B AdHdhoselddst 6/E inlet
I'n a gaseous
provided in a stage of the distillation column as described above. The
starting materials are preferably made to contact the catalyst in a region
of at least 5 stages, preferably at least 7 stages, more preferably at least
10 stages, of the distillation column.

In the present invention, a ratio between the amounts of the
cyclic carbonate and the aliphatic monchydric alcohol fed into the
reactive distillation column varies according to the type and amount of
the transesterification catalyst and the reaction conditions, but the molar
ratio of the aliphatic monohydric alcohol to the cyclic carbonate fed in is

generally in a range of from 0.01 to 1000 times. To increase the cyclic

carbonate conversion, it is preferable to feed in the aliphatic monohydric

alcohol in an excess of at least 2 times the number of mols of the cyclic
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starting material intermttently or continuously from
a mddle portion and/or a |lower portion of the
distillation colum. Mbreover, another preferable
nmethod is one in which the cyclic carbonate is
continuously fed in aliquid formor a gas / liquid
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nols of the cyclic 27 carbonate, but if the anount of
notiperalthghat O c the rie)igr carkonateconyedsian capobgrmatie to be not
then it is necessary to nake the apparatus | arger. For
lesstivan 98%s prefetrdlelymbhiesathand®9¥henalré ghratfecably not less
nonohydri c al cohol to the cyclic carbonate is

thanrad @%bl Yrhig is aaodeeotharastetistic F0aturer 6f wnef;ﬂfe@*élm
from3 to 15, yet nore preferably from5 to 12

invéntigpernore, if nuch unreacted cyclic car bonat e
remai ns, then the unreacted cyclic carbonate may react

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
amount P (ton / hr) of the dialkyl carbonate to be produced. In a yet
more preferable case, this amount can be made to be less than 1.9 P ton
{ hr.

FIG. 1 shows an example of schematic drawing of the continuous
multi-stage distillation column for carrying out the production process
according to the present invention. Here, the continuous multi-stage

distillation column 10 used in the present invention comprises a tray

column type distillation column which has a structure having end plates 5
28




with the product diol to by-produce oligoners such as
a dimer or atrimer, and hence in industrial

i mpl enentation, it is preferable to reduce the anount
of unreacted cyclic carbonate remaining as nuch as
possible. In the process of the present i nventi on,

res?ﬁ@ﬂvéfy ‘aB%v%bgHS B®loW o eliRdrital n cﬁhb'?\a’? H&Vin ng a length

e cyc I ¢ carbonate convelsion can e to be no

L (o5 ERaR AR, Alde bR <3§*b'feﬁ¢ﬁf{ﬁﬁ9%§?59ﬁme an internal

wity “Zr s ﬁﬁa,é%?frﬂ#ea"éﬁ isterag]s BRga (A Prsdch Ading a

of the dialkyl carbonate is continuously
P'Uﬁ?ﬂlimﬁ:fehmftﬂwea'ﬁdml fBndher has angas cfw:tﬁtc“ d’!aﬁ\tiﬂla@@ inside

continuously fed in to achieve this is generally 2.2 P
diameter dihcmpetftbedopyof thereatamni dirin aoruppeepertibhyof the
2.0 Pton / hr, based on the amount P (ton / hr) of

colure deal kyltheatdpnatigdid detlet dhaethg am mside dizwneter d,
preferabl e case, this anmount can be nade to be |ess

(cmt)rbﬂnth]e go?tdrﬁrbf fhef“bolt’ﬁ'n@ of if PYSwarR ;ﬁ%@l‘ﬁﬂ 8f ¢he column near

schemati c draw ng of the conti nuous mul ti - stage

to tﬂésﬁé thtt,! Q0 t ffﬂftﬁﬁ[étyfsgnf 4ty H\ﬁd%oﬁggvb‘iﬂ{eh%as

rocess 'accor e pres ention

1§;t | st t| on, gol umm .10 use .
outff} &%gérﬁﬂ%% sipSedna tie Waprot e EaMiHgE Indti-stage
. distillation col asa tructure hayin )

d'Sth[%tt'@Q eplymn @s’ﬁﬁé‘i“?&g}’% asdage fﬁenbéh%woa % %éﬁq"gmuous

trunk portion 7 having a length L (cm and an inside
mulgi-siage distilatipn eelemay ang ahé&@shgneeswpn@t!eleias (b, c) and

with a nunber of stages n, said internals being trays
4 (% Waphoviaachgbavepihe digiuig auft!ébl dsetvesen whectn/B)i't ktage from

has a gas outlet 1 having an inside dianeter di (cm
the abpt deth@ R ooitireus ohulnstagé Mistillabieer cohrthhoandfthiehgn/3)th
stage from the top of the continuous multi-stage distiliation column, and
moreover must be made to satisfy various conditions so as to be able to
carry out not only distiflation but also reaction at the same time so as to
be abie to produce preferabty not less than 2 ton / hr of the dialkyl
carbonate and/or preferably not iess than 1.3 ton / hr of the diol stably
for a prolonged period of time. Note that FIG. 1 is merely one
embodiment of the continuous multi-stage distillation column according to
the present invention, and hence the arrangement of the tray stages is
not limited to that shown in FIG. 1.

The continuous multi-stage distillation column according to the

present invention satisfies not only conditions from the perspective of the

distillation function, but rather these conditions are combined with

conditions required to make the reaction proceed stably with a high
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colum near to the top, a liquid outlet 2 having an
inside dianeter d2 (cm at the bottom of the colum
or in a lower portion of the colum near to the
bottom at |east one first inlet 3 (a,.e) provi ded

bel ow the gas outlet 1 between the 3°'d stage fromthe

corkfi S, 4 SBIGU Y LAty thoiplisinErtar ow

satimf tj-stage distillation colum, and at | east one
SLESd inlet 3 (b c) and 4 (a, b) provided above the

l'iquid, outl et bet ween _msaef
topt’%} in #ae&sm imdeus mult hsiégsg&ssaﬂ@m 5] lamnem um
and the (2n/3)th stage fromthe top of the continuous

mul {1) thedengilsdi (ami iselisdeuthe fapmuladieover nmust be

made to satisfy various conditions so as to be able to

carry out 2n@0 grll x 8080i I | ati on but al d)yeaction at
the same time so as to be able to produce preferably

not ;Qﬁﬁh‘ehhgm@dﬁmdteh@ &b her theaklsYimncgatiefiekethe formula
and/ or preferably not less than 1.3 ton / hr of the

-diol stably for a prolonged period of tinme. Note that
(2),
'FIG 1 is nerely one enbodinment of the continuous

mul ti-stage dis I Q um accor di t he

present inventi iﬁb ij #%ﬁ@é the ar ranég?nent of the

tray,stages i not ted to that .shown,in FlLG

halab b ok thrlendifiy 1ah % e iSSR oldingtS: ot tom) of the

accor di_nﬂ to the pr esent i nvention satisfies not only
colymhgpatisHesrihenfemauli3bective of the distillation

function, but rather these conditions are conbi ned

with conditiond £éguDrect@ o nmake the @action proceed

stably with a high 29 conversion and high selectivity,

spe¢4f tealnumbke dfodtlagsisng satssfike theaforafuladf4),a) in

the continuous nulti-stage distillation colum, (1)

the length L (cqp satksfags the fornmul q4§1);

(5) a ratio of the inside diameter D (cm) of the column to the
inside diameter d¢ (cm) of the gas outlet satisfies the formula (5);

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

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

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

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

(c) the starting material aliphatic monohydric aicohol is

continuously introduced into the continuous muiti-stage distillation
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2100<_L< 8000 (1), (2) the inside dianmeter D (cn of
the columm satisfies the formula (2); 180 < D <_
2000 (2),-(3) aratio of the length L (cn) to the

i nside dianmeter D (cn) of the columm satisfies the
formula (3); 4< L/D< 40 (3), (4) the nunber of stages

colimpetrons ia3ebie d i s%‘l‘)ondDi'r?&rb? Wc??]& ‘Betu(esén zl‘he (n/3) "

rati o of the insi i amet er e colu

staddrafiiie fol Wﬁﬁg%ﬁ% Bl freife 9?%5@8? cglygnn and

¢thatio o si de, di anet D
the (SR Reagndrommradon: Shithd Coginuays ahulhstage gistination
outlet satisfies formula (6); 5<_Dd2 !5 30 (6), (b)
colyma; starti ng material cyclic carbonate is continuously
i ntroduced into the continuous nulti-stage
di s{d) aataperttoe natid obra ttay insdatledneot biwlef ithan a stage
inlet provided between the 3rd stage fromthe top of

wherketheo oy clivatsrbondte &t adeoduséd!ikan amrangleusn fem 2 5to 10%;
(n/3)th stage from the top of the continuous

nul td) shagise Ause i faltad | bP% ﬁ%'y“mbtaﬁé}j REEhRIREE kREn the stage
mat erial aliphatic monohydri'c al cohol 1s “Continuously

whééI sﬁngEHC éH'%&t C%nf P&@Hé?ﬂuéﬁd A% wer than a stage

tiron rom at 'I'east on€e sai

oy SR A el P A g o

a (2n13)th stage fromthe top of the continuous
2 tongg‘t'l ge distillation

(f) an aperture ratio of a tray installed not higher than the stage
where the aliphatic monohydric alcohol is introduced is in a range of from
1.5 t0 5%.

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
0.25 L, 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 defined
above.

it has been discovered that by using the specified continuous
‘multi-stage distillation column that simultaneously satisfies the formulae
(1) to (6), and in which the starting material ¢cyclic carbonate and
aliphatic monohydric alcohol inlets are respectively within the specified
ranges described above, and the aperture ratios of the tray satisfy the

ranges described above, the dialkyl carbonate and the diol can be
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colum; (d) an aperture ratio of a tray installed not
| ower than a stage where the cyclic carbonate is
introduced is in a range of from2.5to 10% (e) an
aperture ratio of a tray installed not higher than the
stage where the cyclic carbonate is introduced and not

proHQWéH éﬁ‘aa’h &L Sghal yEWIetot B?ePéﬂa‘HT?tr*& FEYROfHAH i gon / hr of

al cohol is introduced is In range of from 2 to

[ |
e AR S AR T o o
oy g o GBNEREIBE oo BoBABY" e BigTnrbiciBay stabiy
ortion of the colum near to the top" used in
for ?ng paged: Pergsnef menafnfor rxample. i mpt ters(ﬁﬁhm QP hours,

of the col um downward as far as approximately 0.25
preferabhy natdessrthan BO0ohouns oMmareepvefarablynatHessdiwan 5000
portion of the colum near to the bottont neans the

houpsy frioon theooytlie casbbaetefaridithe calipmatiopnendhaeirfcalcohol.
as approximately 0.25 L. Here, "L" is defined above.

Thel fedesn keey ithasessehe passieuss BGOHDSeStIh%CHféIRW carbonate
conti nuous” nulti-stage distillation colum that

andsﬂHEJHT@lnSH% Ynd@birdl £&al tehﬁlllfh%[]]ir]a@xcéljr%nf 8 i{e@ts

whi ch the star |ngrmer|a CyCl 1 C car ona

o PR PR 52 kil ebvsah%gfesao%a% rré
supa@%&e‘p?‘{ia@i@h%ito"% rotipasih SBaelatausha AP aicrdes the
be produced on an industrial scale of
Conﬂrtéff@ échl f@fﬁmlaee@s) tonEB), Aheoponditions on Hee gitageyl of the
carbonate and/or preferably not less than 1.3 ton / hr
starging material inlets, and the conditions on the aperture ratios of the
trays are combined.

The term “the aperture ratio of the tray” used in the present
invention means, for each of the trays in the multi-stage distillation
column, the ratio between the total area of openings in the tray through
which gas and liquid can pass and the area of the tray having these
openings therein. Note that for a tray having a downcomer portion, the
area of the portion in which bubbling substantially occurs, i.e. excluding
the downcomer portion, is taken as the area of the tray.

The present invention relates to a reactive distillation method in
which not only distillation is carried out but rather reaction is carried out
at the same time, and a high conversion and high selectivity (high yield)
are attained; to achieve this, it has been discovered that in addition to

the above formulae (1) to (6) being satisfied, it is important to make the

stages of the starting material inlets and the aperture ratios of the tray be
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diol with a high conversion, high selectivity, and
hi gh productivity stably for a prolonged period of
time of, for exanple, not |ess than 1000 hours,
preferably not |ess than 3000 hours, nore preferably
not | ess than 5000 hours, fromthe cyclic carbonate

lCr E{wg ydrl c al cohol. The reason why
in tﬁ?d?]g‘g@%%cﬂo%em%gss egto produce the dial kyl
car the on_an i ndus sca
sucﬁ’?g?%%tr@ Terdde foltng TeRpestiv fanfgromearsrﬁﬁagggsﬂ below.
t t cl but thi
supbbdaTtoi BT E 2 et fae amtiarsipb sipareasas and
when the conditions of fornmulae (1) to (6), the
henegnti isi ot possible & atigin dhet hesiredapraduction émaunt.
inlets, and the conditions on the aperture ratios of
Mondwvert rtayleeeam el menittheecdquimenéronsttvkilamedunirg raaconversion
of the tray" used in the present invention neans, for

ena®dify ofe tdusitéAYFodudtith BMdinbta®R ditaihédali ®ust be made
columm, the ratio between the total area of openl ngs

to Hé‘nb‘?%BFé‘thﬁrﬁ’(‘)‘Qh V)tt"n‘fé‘r@ﬁef’é\%mé%'n o gt P Ea(%%)a&dzsoo <

he area of the tray having ese openi ngs

th Y the
L < Btdo Wi gsgmtﬁ DR A %ee[f%%féhf? |
occ he downconer
takbL a@cmﬁéSE 5 1Ban1d s RO gt ol 'bf%%rﬂsfit%w the
elates to a reactive distillation nethod in_ which
desnhr BRPYuation Maurdn iMogapresdtokeepudows the equipment cost
reaction is carried out at the same tine, and a high
whilsaftaining thedesiged giogstatian gmiounh Direus) beamade to be not
attained; to achieve this, it has been di scovered that

mofientlzaili2000 t & nidre phefeeable mahge fok)Dt(enf)B)s REIONg D < 1000,
satisfied, it is inportant to nake the stages of the

VIR0 £ T8 beng Jeeiqorereteraner 0 L2t o o

if L/ D is less than 4 or greater than 40, then stable operation
becomes difficult. In particular, if L/ D is greater than 40, then the
pressure difference between the top and bottom of the column becomes
too great, and hence prolonged stable operation becomes difficult.
Moreover, it becomes necessary to increase the temperature in the lower
portion of the column, and hence side reactions become liable to occur,
bringing about a decrease in the selectivity. A more preferable range for
L/Disb5<L/D<30,with7 <L/D < 20 being yet more preferable.

If n is less than 10, then the conversion decreases and hence it is
not possible to attain the desired production amount. Moreover, to keep
down the equipment cost while securing the conversion enabling the

desired production amount to be attained, n must be made to be not

more than 120. Furthermore, if n is greater than 120, then the pressure
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Preferabl e ranges for the respective factors are
described below. If L (cn) is |less than 2100, then

t he conversion decreases and hence it is not possible
to attain the desired production anount. Mboreover, to
keep down the equi pnment cost while securing a

dlfféPéW@é %ié%ﬁleeﬁ{‘%ﬁé'stt% 4h8 ts’@ﬁbﬁ%frfhedwmn@ﬁ FEEBMest®o great,

be attained, L nu be nade be not nore than 8000.
one S B g bl Aoy Ml Ao
oo bt 8 B ST RS o portion of

keep down the equi pnent cost while attaining the

the geal iy prediepsesidadeactianshecosae takle 9 ecHbt bringing
nore than 2000. A nore preferable range for D (cm is

abozd( decpeaseliothe swilestieity. <A more posferabigy raagentoren is 30
preferable. If L/ Dis less than 4 or greater than

< n40100hevitst4blenop@fabeiny yeeanores pdieféiatlet . | n
particular, if L/ Dis greater than 40, then the

pr eﬁsgrﬁd@lué flesgnhanbst ween theee o raBat b.@tsttq:reéﬁm@sehugh
col utm becomes too great, and hence prol onged stabl e

MoRREFH 'aolbr?%csﬂ?oinw bf 'acgé%eouybé %rneritt iﬁe P released to

necessary U0 I Nncrease th enperat u Int

' f I
the [EUK] ' o3 By S Bngl g Eéoﬁit%biéﬂoivc%réiﬁoeﬂ %%S q*iﬁgg'?fﬂcu"
1t D i i3 grsater thah 20 {er e Gatfads eomepnsstovitidraval
referable If nis |less than 10, then the conversion
am%a? bgsemendelativelyi low.sanddie nes stable ppesatisimberemes
desired production anount. Mreover, to keep down the

diffiegl, predhtm oo vehal deckasge g theeconversionds braghihgbout. A
the desired production anmount to be attained, n rnust

moileeprefdrable bangel fomDr ed} hen £20./ dyt her wmatie.s kfDY ds< 13
greater than 120, then the pressure 33
being yet more preferable.

If D /d; is less than 5, then the equipment cost becomes high.
Moreover, the liquid withdrawal amount becomes relatively high, and
hence stable operation becomes difficult. If D / d; is greater than 30,
then the flow rate through the liquid outlet and piping becomes
excessively fast, and hence erosion becomes liable to occur, bringing
about corrosion of the apparatus. A more preferable range for D / d; is
7 <D /dz <25, with 9 <D /d; <20 being yet more preferable.

Furthermore, it has been found in the present invention that it is
still more preferable if d4 and d; satisfy the formula (7);

1<di/dy<5 (7).

In the present invention, the trays must have aperture ratios in

specified ranges. Specifically, the aperture ratio of the trays installed
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di fference between the top and bottom of the col um

becones too great, and hence prol onged stable

operation becones difficult. Mreover, it becones

necessary to increase the tenperature in the |ower

portion of the colum, and hence side reactions

econe I|a t.0_oc n abaut decrease |
notqn@'egeﬁfm b B ilere ti Evsﬁ?&aﬁﬁﬁa@%ﬁ HEefugfa must

n < 100, with 40 < ng yet

be m afarme of fremd;5 do Ta%h, ¢ éb@ %HSﬁtU%e @i Af ibe trays installed

equi pnment cost becones high. Mreover, a |arge anpunt
notdﬂgémegdfm&e:@m@gaemherg theaely¢hc carbasate s intiesiuced and

out side of the system and hence stable operation
notdeamrethah themibge whier® thedaliphagiceaioarohyric 2lcohbémns

t he gaseous conponent w thdrawal anount becones

introgiualeid fl ust! B8 inaddaRgecer ftorh| 2 to B atdnentiveep@sure ratio of
difficult, and noreoveér a decrease in the conversion

the! t?a?é C?HE@ é’@%t h@géf%%hrpg‘?é %&%Bl;:%h@?@ethgoéh%énﬁ
o B A By s 5 V£SO 5 g0 5%

avval anount be .0Nes eI atively high,. _an en
It ool Lot ARG WA @ dabR8e Salers: At thers r???lf'&@d |WEPifnit, then
greater than 30, then the flow rate through the
the|awfe@@at@@tbeﬁomﬁﬁ Rrgenetadienie tbﬁd%llb%‘l? progrctiohamount,
hence erosion becones liable to occur, bringing about
andcbenssi the efquipmenipaost becomanhighr efMoa@wer,ahﬁ@residence
for D/ d2is 7 <D/ d2. < 25 with 95D/ d25 20
timbdnogeysesmand heatersidiecreadctiohe{e0g ea rigdadieon hetween the
found in the present invention that 1t is still nore

reagflgﬁebﬁéﬂ@cﬂ audla@@dJrﬁ%méuséwcaweaméﬁut@) békorde Jiable to

(7). In the present invention, the trays

oo, MBYER TN dfe 111832 BnoRRrs) SRS [2pedter than te
specrl]ﬁéal Sﬁier limit, then the residence time in each tray decreases, and
hence the number of stages must be increased to attain a high
conversion, and thus the problems described above for when n is targe
arise.

For such reasons, the aperture ratio of the trays installed not
lower than the stage where the cyclic carbonate is introduced is
preferably in a range of from 3 to 8%, more preferably from 3.5 to 6%.
Moreover, the aperture ratio of the trays installed not higher than the
stage where the cyclic carbonate is introduced and not lower than the
stage where the aliphatic monohydric alcchol is introduced is preferably
in a range of from 2.5 to 7%, more preferably from 3 to 5.5%.

Furthermore, the aperture ratio of the trays installed not higher than the

stage where the aliphatic monohydric alcohol is introduced is preferably
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34 not |ower than the stage where the cyclic carbonate
is introduced nust be in a range of from2.5 to 10%
the aperture ratio of the trays installed not higher
than the stage where the cyclic carbonate is

i ntroduced and not |ower than the stage where the

in aﬁ#r@%ﬁé‘ﬁ&”‘?w 2%5%‘:@% hﬁefenr%‘%‘f%e s ot
t he, t t t h th th wh
nem i eseREnt iBHGRBN, Ca i st faFbdticiarn %i@{ee types
be in a range of froml1l.5 to 5% _If one of th

of agestung éaiﬂgt bging dn|thseetZRnes Wévmfw@oom%@é}other by the
limt, then the apparatus becones large relative to

stagdraeorfébeu indetspfardtiee two stasting, matadiatencdnterch zone, the
equi pnent cost becones high. Mreover, the residence

apetiure rdits eaag e g dnecfosiale orfethetiralys oe.rpayadiffer. In the
reacti on between the reaction product diol and

casé%ﬁeﬁfﬂngmé Grattpdhab GPEAVR Id ahl ®pper perfivh. of the

Mor eover one of these aperture ratios iIs great er

zo n%h%&a E&%ra@ﬁ?@'reéf%emﬁhe %égufﬁ erBtlBhSL %elower

n-ea ray creases ence
@ qﬁs nmust be increased to attain a high conver3|on
POriifl FHQ probl ens descri bed above for when nis

| arge  arise. Far such reasons, the apert ratio
theﬂt the Presend|ipygntion. t?‘@v\épefti‘r'éﬁ ﬁéﬁl? 9?55@ ‘\Kﬂ&?é” azone
the cyclic carbonate is introduced is preferably in a
in anauppesartion of thegmlummn dés preferady\ther saine astor gigater
Mor eover, the aperture ratio of the trays installed
thamwhemmﬁure hradiat bé thettages ihea eonieeirc pdiomee cpobliontaf the
is introduced and not [ower than the stage where the

'colLﬁhhphaAIrﬁumwagérmtaulamhobol@mlnntsr peefeedblys used. It is thus
preferably in a range of from2.5 to 7% nore

parbE PRSI 0B Kfen i SRR oprgstnes
aperture ratio in upper portion > aperture ratio in middle portion =
aperture ratio in lower portion.

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

A characteristic feature of the present invention is that the 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
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stage where the aliphatic nonohydric al cohol is
introduced is preferably 35 in a range of from1.8 to
4.5% nore preferably from2 to 4% In the present

i nvention, each tray nust have at |east three types
of aperture ratio, being in three zones divided from

the 3 RPCEAHod1e BT nt IS g for} ﬂ'&ﬁt%’b‘iﬂiabgﬂﬁﬁ%‘viw for
the 375 (i NS ThaR (13! hrne Lo BaIY! cArpgate; aagghe diol

in an upper portion of the zone is preferably greater

aret maiet rhléefapegtmpéow@ed igf ap rapeUing of netwgss Paanipion / hr
of the zone. In the present invention, the aperture

and apitdess thiae 1r¥ydonn br respectivehn yﬁpipmrorpoprtéfenabfy not less
the columm is preferably the sane as or greater than

thahhé teper hpadd abt ve9é thha 2163¥en i/mrareagmecrnme@ | ov@reover,
portion of the colum. A nmulti-stage distillation

ancﬁﬁ'elr”ﬁhér%diéﬁ%?fca@é’tur'é%* ind p¥ P(jséﬁf‘%v@ﬁﬁbh%&'ﬁfét%n the case

preferable for the ftollow ng ationship to be

tha?it '[?f Le/dD nanﬁr/tdfj (F]‘tr_')? NeSIPRRE c%?rrtfrllpcfhgﬁultr -stage

ure ratr %1on aperture ra

d'sh@“ﬁo.nﬁgélf»w‘?” seeltﬂrertv‘ %M%&”ﬁi&n 3000 2@'98% D < 1000,
ca J.Se carri ed out continuously in_a st eadasost_
5 <blaz A0 RO sptisal PRg 4c8di/td orst fi BAGNG § Pobdiarg 25, not less

epi ng, clogging of piping, or erosion for not |ess
thaﬂh%u’é tovd hoprefermtdyarablasmthan|ten fHan oo piefergbly not
nore preferably not | ess than 5000 hours, and
lesprtbdat @ritord emofithe dialkHecatibalrate, @b ondtiesaritharé 6 ton /
di ol can be produced while maintaining a high

hr, pesfeiabipmothie®’ grireat 98itoy / ARANTY r@Npréfe?dBd) nvittigss than

A characteristic feature of the present i nvention is
2 2ttt / hb&fdind K¥dI can be produced. Furthermore, another
characteristic feature of the present invention is that in the case that L, D,
L/ D, n, D/d4, and D/ d; for the continuous multi-stage distillation
column satisfy respectively 2500 < L < 5000, 210<D <800,7<L/D <
20,40<n<90,5<D/dy<13,and 9 <D /d, <20, not less than 3 ton /
hr, preferably not less than 3.5 ton / hr, more preferably not less than 4
ton / hr of the dialkyl carbonate, and not less than 1.95 ton / hr,
preferably not less than 2.2 ton / hr, more preferably not less than 2.6
ton / hr of the diol can be produced.

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

the present invention is based on the cyclic carbonate reacted. In the
present invention, a high selectivity of not less than 95% can generally

be attained, preferably not less than 97%, more preferably not less than

99%. Moreover, the “conversion” in the present invention generally
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carbonate and the diol can be produced stably for a
prol onged period of tinme each with high selectivity
and preferably with high productivity for 36 the
di al kyl carbonate of not less than 2 ton / hr and high
productivity for the diol of not less than 1.3 ton /
indfSated e CFCH o BRPRE CoiEisioR 1 the FisSsM Byeption it
.ton [ _h nd not J.ess than 1.95 ton [ hr .
beindhassPlei) mpke 1 BvlBraaAnAR o nEREiopras net lges than
o, hr_and not |ess than 2.6 ton /| hr respectively. o
95%hppésiriably ik kess than 8dt%r mere pretargddy dotigss than 99%,
present invention is that in the case that L, D, L/
yetmore ppefechblyamot [2ys tiran &9 .58, sbibt inguereferably not less
multi-stage distillation columm satisfy respectively
tha@ 3. 9%6. L Ik is @i pf2he excéllent th@Pacteristic features of the
5< L/ D<_30, 305n<_100, 45D/ d1<_15, and 7<_D/ d2<_25, not
prek@As inV&afioA. thdton Highrcoi st aldan bt mfAipsainwhile

ton / hr, nore preferably not Iless than 3.5 ton / hr

maﬁﬁéiﬂgﬁgsgggt\éb@&ﬁ\h@y%qhhsgﬁspot less than 1.6 ton /

y not less t .95 ton / hr, nore

Do T et e Al o Stbo afstififibp oy n Uidd  thebresent
e of the present .invention that in the ca

inv%ﬁ@%HrLcorﬁpnsLesf gd’rax’ccﬁu;mai ypgn(aiisﬁli/at@'n pg}umﬁemcslﬁding trays

continuous nulti-stage distillation_ colum sati sf¥,_ )
having el yrality oboles as thesirfernalo Jhe termdmternal” ysed in
/ D5 20,40<_n 590,5< D/di <_13,and 9_D/ d2< 20, not
the |ppesemianventiom meanptbeepaiibyinribe Histdlatiam chlBmmowhere
/| hr, nore preferably not less than 4 ton / hr of the
gasdaaldkiduidaaberatteallgrisronaghtl iege ddvatact. Withtare /aruther.
preferably not less than 2.2 ton / hr, nore preferably

Exdmplé£es thBatay. ifcli®@e d babbié-dd1e tehla %?é‘v@&rayﬁ, a ripple tray,
produced. The "selectivity"” for each of the dialkyl

= oEBSEONE FROT A b bl B35 ] il
Superfrac tray, a Maxfrac tray, a dual flow tray, a grid plate tray, a
turbogrid plate tray, a Kittel tray, or the like. In the case that there are
stages in the continuous multi-stage distillation column in which the
catalyst is not present and hence reaction substantially does not take
place {e.g. stages above the stage at which the catalyst is introduced), a
distillation column in which these stages are packed with packing, i.e. a
multi-stage distillation column having both a tray portion and a portion
packed with the packing, is also preferable. Examples of the packing
include a random packing such as a Raschig ring, a Lessing ring, a Pall
ring, a Berl saddle, an Intalox saddle, a Dixon packing, a McMahon

packing or Heli-Pak, or a structured packing such as Meilapak, Gempak,

Techno-pack, Flexipac, a Sulzer packing, a Goodroll packing or
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present invention, a high selectivity of not |ess than
95% can generally be attained, preferably not |ess
than 97% nore preferably not |ess than 99%

Moreover, the "conversion” in the present invention
generally 37 indicates the cyclic carbonate

GligMNRIE] OFurthet8r&! BRERErmMRIhbeR dfl stajRi"A” used in the
possi bl e to make the cyclic carbonate conversion be

l; Han ﬁ%()/ [y, 79 I
pre%r%tgft éﬁg%ﬂ}%ﬂow es%”?%gﬁ’ﬁ@g@r of')j@%:y%‘éﬁétﬁgp Ee'l? g%aﬁ wén)gfay’ and
thel SS trt1|an199. 5% stfi ltl nor e ﬁ[leferabli( EOt | ess th?ﬂe
eticalnlgRer & YiRges i fase af {Reading
fEatures of the resent invention that a hj %_h )
nurpBRy &fs3tagesan 1Ipdhearass Hed MMilistags HsHillatRy sogwmn having
selectivity in this way. The continuous nulti-stage
bothi atray m%ﬁncendrm p@sré@ni packedpridbelie praking ils)?thus the sum
conprises a tray colum type distillation colum
of thechudibwer of anesys badi the thebretadal puntbérobEstages he
internal. The term"internal" used in the present

| NVEYri the pressss kE ther peedént hvshisoh) ltahA9b e dicovered
where gas and liquid are actually brought into

thaf @hRH anW%rQﬂfn,%i%W@électﬁﬁW‘Péﬁ& Iﬂglgtﬁleoddcﬂﬁlﬂty can be

I ncl ude a bubbl e-cap tray, a sieve tr a ripple

attaiih@é' ifar‘f]l sgﬁé%é‘%f %Iﬁg)%ﬂf ti\evgl%@e}{r§¥3t$’§§aggﬂﬁgx4t?t\£{gt sieve

ray, I ax uper

tray, ,a, dual flowtray,,.a gri llate tra a ..
trayd, B h 8V P e acS i Bostign g £ HBynad bR Sartion ars
t he catse that there are, stages in the continuous
partiguiat ¥t9§g%d @ssthe teaysoin éermmot thewrelatiamghipchetvgen
IS not present and hence reaction substantially does
perfetmaake apd equipsegnt costes llabesalshcbeengdisgpvaiiedithat each
the catalyst is introduced), a distillation colum in
siewhitcay pre$eratilydess 400 padioND hicids gankiinghe sieveaportion. A
mul ti-stage distillation colum having both a tray
mMorP pireferatlg mumbidr ®hho ke ked 20 td 90TEhBASKY 782, 6t more

al so preferable. Exanples of the packing
preferably 150 to 800 holes / m?. Moreover, it has been discovered that
the cross-sectional area per hole of each sieve tray is preferably in a
range qf from 0.5 to 5 cm?. A more preferable cross-sectional area per
hole is from 0.7 to 4 cm?, yet more preferably from 0.9 to 3 cm?.
Furthermore, it has been discovered that it is particularly preferable if
Qach sieve tray has 100 to 1000 holes / m? in the sieve portion, and the
cross-sectional area per hole is in a range of from 0.5 to 5 cm?. The
number of holes in the sieve portion may be the same for all 6f the sieve
trays, or may differ.

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

continuous muiti-stage distillation column, the object of the present

invention can be attained more easily.
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i nclude a random packi ng such as a Raschig ring, a

Lessing ring, a Pall ring, a Berl saddle, an Intal ox

saddl e, a Di xon packi ng, a McMahon packi ng or

Hel i - Pak, or a structured packing such as Mel | apak,

Genmpak, Techno-pack, Flexipac, a Sul zer packing, a

CooWwheh paglying out & pressnhbivahtidnS tRediaN&l ddibonate and
term "nunber of stages n" used in the present

theld%%trb%bﬁﬁﬂn%u%'rsﬁ F?HB‘%&dOB c!ecﬁﬁmu@uélgefefg?&ﬁlggfhé BGclic

tray, and e theoretical sta

carBBﬁ%thaﬁ&‘?h?a&ikbﬁ‘%tdgTrﬂSQ{)rﬁ%ﬁ{ 8ﬁé Iic?ia%%ﬂqgvér% Iﬂgoﬂgterrais
R B8 A0 SR BB KSR sty

t heoreti cal nunber of stages. For the process of the
preﬁ?@&eﬁ@rryrwarﬁtﬂfowatptwlnaaﬁdaéléﬁtlwa@@a\ﬁ;ﬁwtamﬂausw in ghe
conversion, high selectivity, and high productivity
colgam, treonhmuauaédmthdfayvmggea loiv bojiing pdiet aeact otr aysture
are used, but that sieve trays each having a sieve

conpa'rrtihgrlhamﬂrad doedcdiaitkylpoa th omat@r fronpair hg@le&fﬂ)drtm@f the
as the trays in ternms -of the relationship between

col@irf i BegaSeald A PARAIcARPtuol§ Iy ARt ratiRges high boiling
di scovered that each si eve tray preferably has to

PO R Famiite o in M Wi Ribl F¥in fioWBF Bortiap,of the
co;,}(ﬁ,}hg};%g@%ﬁ{aefcg@bl y 150 to 800 holes / n2. Moreover,

vered that the cross-sectional area
per hol e of,.each si ve tr |s preferabll_}/rl n a range

A& [eactiop tyme epfiggtion reaction carried out in

cross sectional area er hoIe is fromO0.7 to 4 cn®,
theﬁﬁSWdﬂﬁﬁ@ft@ﬁatﬁ 90ﬂ|seﬂlﬁrr¢cbt@ eq@iatepto theavesage: eesidence

it has been discovered that it is particularly
time offtheatgaction lpdd i tve comdin umss boOIt-stdPO@ibtillasion

n2 in the sieve portion, and the cross-sectional area
colpen. hoTkei redation timgev arfieé rdepdndinigooh tte2forf&f the internals
in the distillation column and the number of stages, the amounts of the
starting materials fed in, the type and amount of the catalyst, the reaction
conditions, and so on. The reaction time is generally in a range of from
0.1 to 20 hours, preferably from 0.5 to 15 hours, more preferably from 1
to 10 hours.

The reaction temperature varies depending on the type of the
starting material compounds used, and the type and amount of the
catalyst. The reaction temperature is generally in a range of from 30 to
300 °C. It is preferable to increase the reaction temperature so as to
increase the reaction rate. However, if the reaction temperature is too

high, then side reactions become liable to occur. The reaction

temperature is thus preferably in a range of from 40 to 250 °C, more
40




nunber of holes in the sieve portion may be the sane
for all of the sieve trays, or may differ. It has
been shown that by addi ng the above conditions to the
continuous multi-stage distillation colum, the object
of the present invention can be attained nore easily.

preﬁ@rdﬂl?{fr@ﬁ{ snifwz@@“(t;h? Prn‘?éﬁf"pr'é?é’%l?oﬁ?on{ prto 150 °C. In

: e .
i al kyl carbonate and he di ol "are conti nuous

I
el QRIS ISk SRR BUFIAE cofBRg S e

naterials . nto the cont,jinuous nulti-sta o

col et Ppftain Jr SR tAH TP el ROt FESE,thADafS0 <. prategably not
carrying oyt reaction and distillation simultaneously

mofe, thig 19%%?*&%@%6&@#@5@%&\/% mereatiag B O ofr. et mage

oint reaction mxture containing the produced

prete Ay | nelartsugathan A6 3G. upherexnelienincbaradleristit feature of
in a gaseous form and continuously w thdrawi ng a high

the pridsiemd inpeintiorr emthaba ight corveosion, Migh $ékeaivaty, and high
froma lower portion of the colum in a liquid form

prodbetivetgcéanbd iatRaihed éPentwRASAIEE fdwaldlomd etdmn
carried out in the present invention is considered to

temPeraterd O MEreidRdRe R %reEEU?learﬁ%‘f deEidifg on the

liquid 1n the continuous nulti-stage distillation

_ h ti , endi o or
typ§ Bl sttt odatdl ¥ uERBRaRY e BabiSoa o
thell nber of 'ﬁtéa es, t't het amounts of th start '10@ .
SHREeYeF Y. Ig TRRCtORLSPRE A S RRA S BHP Mt he! BarraaRtion
the reaction conditions, and so on. The reaction tine
prepgurp mayikg any af AarRflcad Mrefsuoe 1 NOsMA) Messiire, or an
preferably fromO0.5 to 15 hours, nore preferably fraom
applied prassucayrandTeegeratalioin werprgataf Fowarli ts 2x107 Pa,
dependi ng on the type of the
preferably from 10° to 10” Pa, more preferably from 10* to 5x10° Pa.
The material constituting the continuous multi-stage distillation
column used in the present invention is generally a metallic material such
as carbon steel or stainless steel. In terms of the quality of the dialkyl

carbonate and the diol to be produced, stainless steel is preferable.

EXAMPLE

Following is a more detailed description of the present invention
through examples. However, the present invention is not limited to the
following examples.
Example 1:
<Continuous multi-stage distillation column>

A continuous multi-stage distillation column as shown in FIG. 1

having L = 3300 cm, D=300cm,L/D=11,n=60,D/d;=7.5,and D/
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starting material conpounds used, and the type and
anount of the catalyst. The reaction tenperature is
generally in a range of from30 to 300 C. It is
preferable to increase the reaction tenperature so as
to increase the reaction rate. However, if the

dr A REWAOUERECT ThUTEalS 1h3Re WA lal IR (RS LRVE trays,
hus preferably in_a,.range of fro 0.1q.250. C _ nor

cacioh 3y BIEE6 I FReohe 80R5" 26820 Bolep dns: e, BB ffon thereof
from60 to 150 _C In _the present invention, th

of w&&wwteihéﬂi-ﬁwap?onT&ﬁqap@rwﬁ r2440 G ek 1% e trays above
colum bottom tenperature set to not nore than 150 C,

a cyelés eabopatstinlgtowast imaa reggecof fem preterdbly, the aperture
nmore than 110 C, yet nore preferably not nore than

ratidOff €achnokteeltiayd indtallack not Stighef ehanribeottagdevhere the
present invention is that a high conversion, high

cyctie! @tiondte isaNftrod dbed Pimd Ufdti Idvier tedn Restid&@iwieshe the
even with such a | ow columm bottom tenperature.

alipt'rﬁ:{éf-’é’\’r%noﬁ?&ribeé‘lﬁb'h%ﬁ.igriﬁﬁ%éf&é’ %%éﬁ%%ﬁ%ﬁ%gg)mgw 2.6 to

type of the starting nmateria

the SLLI t ehet t] :

3.6 Yo TR abeRe BRI ST RIEA o 118 5895 1b8kkliad pg higher than
a of reduced,.pressure, norml pressycre, or an .
the 33ofonfisree: alibhai manahydite #eaRalis ipitogiicedopas in a
1 to 2x107 Pa, preferably from103 to 107 Pa, nore

rangectfefram yt.6r h219% 0 5x106 Pa. The materi al
constituting the continuous nmulti-stage distillation

<Reachive ubistillabionye present invention is generally a
nmetallic material such as carbon steel or stainless
st e8l27 1 Ton éthrsobéthylenguahrbgnafe ihma dgalkybrm was
carbonate and the diol to be produced, stainless steel

conggsﬁﬁ?{igﬁiﬁu?mgéﬁgii‘sﬂvfggi?)iﬂéﬁomrﬁﬁfﬁodeb@i iraét (3-a)
provided at the 5'" stage from the top. 3.238 Ton / hr of methanol in a
gaseous form (containing 8.96 % by weight of dimethyl carbonate) and
7.489 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 inlets (3-b and 3-c) provided at the 30" stage
from the top. 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 solution), heating to
approximately 130 °C, gradually reducing the pressure, and carrying out
heat treatment for approximately 3 hours at approximately 1300 Pa, so

as to produce a homogeneous solution. This catalyst solution was

continuously introduced into the distillation column from an inlet (3-e)
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t hrough exanpl es. However, the present invention is
not limted to the follow ng exanples. Exanple 1:
<Continuous multi-stage distillation colum> A
continuous multi-stage distillation columm as shown in
FIG 1 having L=3300cm D=300cm L/ D=11, n=

pro@Pde&) tCH'l 51‘“581iaagflffrqm the ﬂ%ttorﬂr%%ﬁnﬁéﬁ?rat 6}‘? 0.1 % by

trays Ion colunn were Sieve t

ross CL i ar hol e

We'§ﬁ3ﬂe§%%¢%ﬁ'f$w‘émeeoﬁar ?na&a?ss%- el C%V%rfizs“ilﬁimn was

aperture ratio of each of t trays above C|IC
cargigdhgHkeontn %U%\lasunaea cioawﬁeoafs 7% Brie) U &¢
- the aperture ratio of each of the trays |nstalled not
temmeyedure frd8 RE,sa apduniretep resseyel afcappraximatelysl. 118x10°

i ntroduced and not | ower than a stage where the
Pa,ahndratrefuxorathy afid.4@. cohol is introduced was in a

range of from2.6 to 3.6% and the aperture ratio of

eacht afast peskitshestd Astadh |s€tdbl@tstéa§26§tatélafpeﬁahﬁ3rﬁbm 24
where the aliphatic nonohydric al co is introduced

houtas w 18w b8l hf ¢ t v
distill a}Nl on>g'§3 %ﬂ %éhén @Iet@ﬁgﬁggggwgoﬁgtné t|hr? top 1 of
f. 0 I
the gt 1 g¥or P#WW%% dog ¢ ?%*@eg "'é‘éﬁeggﬁagﬁer and
the 5th .stage,.fromt 238 hr
th%ﬂﬂé%ﬁd&lﬁ?&“ﬂ&ﬂ% (e Z'.%'ﬁd Pogfipa,pale 5ﬁ@°bf>n fixture,
) hrret hyl carbonate) and 7. ton / _hr of
whig |Wa§|‘6°'FBPHPH§b¥1th?ﬂjNB fsenb/sfw %tl@ﬂtlon&oiumn at'10.678
di met hyl carbonate) were respectively continuously
toni/nhi, rpntednedt 4 128 tonli/ i of dimethgbtanmonaten andeﬁ 549 ton /
(3-b and 3-c) provided at the 30th stage fromthe
hr dfometfibeoinl & ligaid e¢ooftinueustyawithdyawat éromlthe bottom 2 of the
i ntroduced into
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 ca'talyst 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
conditions. After 500 hours, 2000 hours, 4000 hours, 5000 hours, and
6000 hours, the actual produced amounts per hour were 3.340 ton, 3.340
ton, 3.340 ton, 3.340 ton, and 3.340 ton respectively for dimethyl

carbonate, and 2.301 ton, 2.301 ton, 2.301 ton, 2.301 ton, and 2.301 ton
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the distillation colum was nethanol / ethyl ene
carbonate = 8.36. The catal yst used was obtai ned by
adding 4.8 ton of ethylene glycol to 2.5 ton of KCH
(48 % by wei ght aqueous solution), heating to
approximately 130 C, gradually reduci ng the pressure,

res@%&i@éfg Yéf‘@twbné@ﬂ‘cdlr Sﬁé"@tWyléﬁé c?é’rBro‘P?ﬁtEaé@We%lons were

urs appr oxi mat as to produce a

feSQ%ﬁﬁgﬁﬂﬁﬁés%ﬁ%?é%Ei%éd'?‘.%%%hé’é B0 #ho YB, 8, the dimethy

| et 42 ded, at 5
caf'?ﬂa S Bt bvitles Ware casiattivel beh Ses dhin o ack gibt less
S{l ene carbonate fed i 531" Reacti ve d| stillation was
tha%e& 98%s onot dessithasuPyOddiotcless thamdDbP9% candnot less

bottom tenperature of 98 C, a columm top pressure of
tham B .08%npealdythe etBylEte ghscolaselexctivifiesxwesae irespectively not
0.42. It was possible to attain stable steady state

lesDPieantdI DYoL ot I4ssOANS 9900 WY Mot [ds3x0tipen 199.99%, not less
reaction mxture withdrawn fromthe top 1 of the

thaﬁwm%naadgﬁé?%@sftﬁamg@%mol ed using a heat
exchanger and thus turned into a liquid. The liquid

| ow boiling point reaction mxture, which was
continuously withdrawn fromthe distillation columm at
Exailg %7 ton / hr, contained 4.129 ton / hr of dimethyl
P ate, and 6.549 ton / hr of methanol . Aliquid

congi nuqusl hdravvn fromth botto 2 of

col 93&"%&%"2‘ UAN/WaE caIhted Rey cg%reth%rmﬂommsfcond'tfons

_ethylene glycol, 1.014 ton / hr of methanol, and 4 k%

using ﬁge(ﬁamﬁr@@@tleuoyﬁhmtéhest@aebdwettlhatlomlumm@a feExample
di met hyl carbonate contained in the starting material,

1. t2é&1 Jonuahr prfcﬁibg@arumbbndtedhn&tltqdidcfmrbom&sacmﬂ;inuously
3.340 ton / hr, and excluding the ethylene glycol

' mtr@dnbednlmloltheth%tnmt&bwﬁolﬁﬁimfﬂd}ﬁ thiehimle€{Baa) provided at the
produced anmount of ethylene glycol was 2.301 ton / hr.
5" dtiye from the top. 4.233 Ton / hr of methanol in a gaseous form
(containing 2.41 % by weight of dimethyl carbonate) and 4.227 ton / hr of
methanol in a liquid form (containing 1.46 % by weight of dimethyl
carbonate) were respectively continuously introduced into the distillation
column from the inlets (3-b and 3-c) provided at the 30'" stage from the
top. The 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
continuously under conditions of a column bottom temperature of 93 °C,
a column top pressure of approximately 1.046x10° Pa, and a reflux ratio

of 0.48.

It was possible to attain stable steady state operation after 24
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et hyl ene carbonate conversion was 99.88% the di nethyl
carbonate selectivity was not |ess than 99.99% and
the ethyl ene glycol selectivity was not |ess than
99.99% Prol onged continuous operation was carried out
under these conditions. After 500 hours, 2000 hours,

houf800 AeghSkhonflY paHt ﬁea@ﬂgn rﬁ@;gt%ggl&[tgrq,rbg.ﬁ%ﬁ@tﬁfﬁbﬁ top 1 of

produced anounts per hour were

: 0 n .340 ton respectively for

the Foidhe o, grgshrcloufldas siblellis bEB Fe e Sxdnagger and
tqn, 2,301 to and 301 ton 43 respectively for, )

t““%&HW%ﬂé"g‘?;?cgh}i"ﬂ-hezré}%ijﬁém lew BOHING Pasht Epactien mixture,
were respectively 99.90% 99.89% 99.89% 99.88% and

whigh Was,caméndprshhwithdrawofem te distilaticescokmen at 8.17
respectively not less than 99.99% not |ess than

tondu, contaitad 1284 tomah h9Dfodivhettotl darbortdten £ 3998 ton / hr of
and not less than 99.99% and the ethyl ene glycol

methalredt i A ligedd e itin@s ne Rt WEH draw frémsthd ban - 2the
not | ess than 99.99% not |ess than 99.99% not |ess

coldr’ﬂﬂnaBQ;@@%toﬁnFhf*%ritﬁﬁ?e& W@BG%%&??’%r%‘@%;ﬁg%e glycol,

Reactive distillation was carri ed out unde

1.068tbAv b | QY
o2t AB ST MBS 24 8 K REOF RakirE Shyiene,
hr | ene carhonate in a,liquid.formwas .
cartlgflafeofcy N FRS ARERME sarhindte dhnaingH lagharstarting
frorp he iql e%p&S-fﬁ) provided at the 5th stage from
mateh@]; S agtydh pradicelt agroust abdimethybogaaenate waa2.669
gcont aining 2.41 % by wei ght of dinmethyl carbonate)
ton 4dy, angbexeiudingntheethylerteagly colincantaigeiddind thencatalyst
(containing 1.46 % by weight of dinmethyl carbonate)
solutiore thespetwal prgduoceti amousityof athyddueeglyiotiovasel.839 ton /
distillation colum fromthe inlets (3-b and 3-c)
hr. pifbel dtitylehet bardh dtes taaver s W2 99.99%, the dimethyl
carbonate seiectivity was not less than 99.99%, and the ethylene glycol
selectivity was not less than 99.99%.

Prolonged continuous operation was carried out under these
conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
the actual produced amounts per hour were 2.669 ton, 2.669 ton, 2.669
ton, and 2.669 ton respectively for dimethyl carbonate, and 1.839 ton,
1.839 ton, 1.839 ton, and 1.839 ton respectively for ethylene glycol, the
ethylene carbonate conversions were respectively 89.99%, 99.99%,
99.89%, 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 99.99%, not less

than 99.99%, and not less than 99.99%.
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top. The nolar ratio of the starting materials
introduced into the distillation colum was nethanol
/| ethylene carbonate = 8.73. The catalyst was nade to
be the sane as in Exanple 1, and was continuously fed
into the distillation colum. Reactive distillation
was carried out continuously under conditions of a
colum bottom tenperature of 93 C, a colum top
Exdh85SY-e of approximtely 1.046x105 Pa, and a refl ux
MP'% >'of 0.48. It was possible to attain stable
steady state operation after 24 44 hours. A | ow )
boi TR copstiudEMulbhstage distillatiear apumpoas shewmpn FIG. 1
1 of the colum in a gaseous formwas cool ed using a
haviagtL ex388&8gem,dhd= 30Ouemt, Ur hdd 5 Adp na=16@uDd/ dTe7.5, and D /
liquid low boiling point reaction m xture, which was
d; =d wasusled. W Theriaagsfinotihd Histiistiohl aluein epéreBidie trays,
8.17 ton/hr, contained 2.84 ton / hr of dinethyl

each2hBON#G Qhea@t%s%-gécﬁ@ﬁafl dreadper Wﬁl@"ﬁﬂoﬂhef Q‘{%\Lél%ioq{tion thereof

conti nuously withdrawn fromthe bottom2 o

;93 R/ [ 86 -
of & iRindltefy 15 ¢ badis SHYT¥ Satiolbrah8h ot flp frays above
. r.of ynreacted ethyl ene carbonate Ly
a offlié s¥reBnAte B Rtsch s vellion 8T RO L Lg K ndh. Mo aperture
.mat eri al, e actual produced, anmount of djnmethyl
ratifotsnanotifie 3w indlalled Rot MahssBradhnrstage where the
et hyl ene glycol contained in the catal yst solution,
cycligecaihanatepisotiiceduarduand dtotelawe e than|a stageashere the
2 1.839 ton / hr. The ethylene carbonate conversion was
alippatanmondbydrices lephol darihbmatiec et ived iiviat yamge ofofrom 3.1 to
| ess than 99.99% and the ethylene glycol selectivity

4.1%asamdttheeapettiae RRidoeddtnodnbedragstingt®lsd not higher than
operation was carried out under these conditions.

theﬁgﬁrgg wh@Pewie alipRadie MAHchyBIOQIBBHES is ol ded was in a
range of from 2.1 to 3.1%.

3.773 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distiliation column from the inlet (3-a)
provided at the 5" stage from the top. 3.736 Ton / hr of methanol in a
gaseous form (containing 8.97 % by weight of dimethyl carbonate) and
8.641 ton / hr of methanol in a liquid form (containing 6.65 % by weight
of dimethyi carbonate) were respectively continuously introduced into the
distillation column from the inlets (3-b and 3-c) provided at the 30" stage
from the top. The 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

continuously under conditions of a column bottom temperature of 98 °C,
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the actual produced anmounts per hour were 2.669 ton,
2.669 ton, 2.669 ton, and 2.669 ton respectively for
di met hyl 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

a c8RiIBA%o P Bré8ehire 89 é'pza/ fox@hthted 1914 ?§W95¢§9%HP| a reflux ratio

carbonate selectivit were respectively no

an 99.99% not less than 99.99% not | ess than

99 99% and not |ess than 99.99% and the ethyl ene
sel ectivi,ti,es ,were Ies t ha

gl yc r ti
907 oHn 3R RS BatEH 496 steadi stale op i5Tissatter 24
and nﬁg | ess, than 99.99% 45 Exanple 3: The conti nuous
houts; ¢ A dewgkoHing point r%ctlanunﬁxta@eswmrawnﬁrem the top of the
having L = 3300 cm D= 300 cm LID= 11, n. = 60, D/
colymn=im asgasegusy forapwasi gondsd wsitg aMeatreycshangehand thus
distillation colum were sieve trays, each having the
turred st acligoithl Thealigaid holveboihinighp o tenera gt iilkture, which
thereof of approximately 1.3 cnR. The aperture ratio

wastoatichudis Iy heithHRYWnaone tha @ikelliaticihtbAimineat 112282 ton / hr,
was in a range of from4.1 to 5 1 % the aperture

con"té‘ﬁié’d af 7625 nof h[j]'?:ﬁ‘ "rﬁr]é(& Icarb nef.ﬁ n%tnc'“'Tg@Q tb'ﬁaf‘hr of

he stage where t e|S|nfro

oA A 1) wfﬁ@ﬁ%&emmw o
co'qrhﬁr%faygbﬁagpafﬁ%m@@ BRSBTS Sl Sheor, 117

t}‘ ati ¢ nonohydric alcohol is introduced was in
ton4 hr g ggefchaﬁqloﬁqnzi 4.8 6w/ hyofunendted ethiflese carbonate.

et hyl ene carbonate in a liquid formwas continuously
Exciydingdthe dimatbyt kerbpsate Icuntainedliarthef stattingem atestal, the

(3-a) provided at the 5th stage fromthe top. 3.736

actdanproduced ambbabaf dimeathyl carbonate was 3.854 ton / hr, and
excluding the ethylene glycol contained in the catalyst solution, the
actual produced amount of ethylene glycol was 2.655 ton/ hr. The
ethylene carbonate conversion was 98.88%, the dimethyl carbonate
selectivity was not less than 99.99%, and the ethylene glycol selectivity
was not less than 99.99%.

Prolonged continuous operation was carried out under these
conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
the actual produced amounts per hour were 3.854 ton, 3.854 ton, 3.854
ton, and 3.854 ton respectively for dimethyl carbonate, and 2.655 ton,
2.655 ton, 2.655 ton, and 2.655 ton respectively for ethylene glycol, the
ethylene carbonate conversions were respectivel'y 09.99%, 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
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gaseous form (contai ning 8.97 % by wei ght of dinethyl
carbonate) and 8.641 ton / hr of nethanol in a liquid
form (containing 6.65 % by wei ght of dimethyl
carbonate) were respectively continuously introduced
into the distillation colum fromthe inlets (3-b and

99. @9% B'h@lvhgfe%?é H‘lé‘ﬁ g5t A% tHe %'fh?naten gq%cgpge ectivities

mol'ar ratio estartlng rraterlals

we{:%f%gbgﬁhueﬂ} h% Ié%gﬂ]%g"?g @@%han lﬁé&eﬁ%’n %g;epﬁe@ not less
thapi 38 8%, g PoR 1E5 han B Tove i Sti 1 ati on e

carried out continuously under conditions of a colum
bottom tenperature of 98 C, 46 a colum top pressure
of approximately 1.118x105 Pa, and a reflux ratio of
Exampte 4:t was possible to attain stable steady state
operation after 24 hours. A |low boiling point

r eadtheonontixtudues Wdlbids distmatient @Puehn tde sheWnim FIG. 1
in a gaseous formwas cool ed using a heat exchanger

hadAg Lt Bug3obumed =N8e03ch, OLUL‘i) =The higgd b% ¥i89and D /

p0| nt reaction m xt ure was conti nudousl

USO8 474 AT oty e e v
cont | nuou

'ea“&”ﬁﬂa i e KneentefonBhaseecrer Relf dimins: SusOBOfBRN thereof

[ hr contaj ﬁe@z 718 ton / hr of ethylene glycol, 1.17

of grpyoximat 6& [$hol , Thiapestus vatm ofreach @idheytrays above
et hyl ene carbonate. Excluding the dinmethyl carbonate

a cyglif safbanate inketswastinng ramgs phfromhd toak%udhe aperture ratio
produced anmount of dinmethyl carbonate was 3.854 ton /

of each afidhedraysdnataéd retthyighes ilarcthe ctayei wadrerthe cyclic
the catal yst solution, the actual produced anount of

carebhateie igtrpedicethand. 666 16War thAn. aﬂﬁge%hb‘réﬁﬁe aliphatic

carbonat e conversion was 99.88% the dinethyl
mof@hP@natdicohol is introduced was in a range of from 4 to 5%, and the
aperture ratio of each of the trays installed not higher than the stage
where the aliphatic monohydric alcohol is introduced was in a range of
from 2.5 to 3.5%.

7.546 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distillation column from the iniet (3-a)
provided at the 5" stage from the top. 7.742 Ton / hr of methanol in a
gaseous form (containing 8.95 % by weight of dimethyl carbonate) and
17.282 ton / hr of methanol in a liquid form (containing 6.66 % by weight
of dimethyl carbonate) were respectively continuously introduced into the
distillation column from the inlets (3-b and 3-¢) provided at the 30" stage

from the top. The molar ratio of the starting materials introduced into

the distillation column was methanol / efhylene carbonate = 8.36. The
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selectivity was not |ess than 99.99% and the ethyl ene
gl ycol selectivity was not |ess than 99.99%

Prol onged conti nuous operation was carried out under
these conditions. After 1000 hours, 2000 hours, 3000
hours, and 5000 hours, the actual produced anounts

cat@%t hPaE HHBEE B BE4HeSan §§4mt ERantp @4, ah@i”wa%néontmuously

854 ton respectively for dinethyl carbonate, and

fed%nﬁ??h His iil%#@)??g{)ﬂﬂneﬁe F‘.ab‘ﬁ@e ﬁ‘ill%t?ﬁrﬁ v&a?é‘ carried out

respec |ve ycol

ar bon nver.sions ect|vel 99, 9 o
congGBhY Witgt Senatised Hoa %ttémp%% H%ﬁaqf 65 °C, a
select|V|t|es wer e respectlvely not ess than 99.99%
colypn tap preggHreefappradmatety 1t ﬁ&ﬁxﬂﬁ doa 0804 %ﬁ&ﬂﬂét ratio of
| ess than 99.99% and the ethylene glycol
0.42electivities were respectively not |ess than 99.99%
not less than 99.99% not less than 99.99% and not

| esslttwas 98s9dte tBxattpire sfablEhetecanty isbatmusperation after 24
multi-stage distillation colum as showmn in FIG 1

hout8Vi g | b B@ﬂ ot AAstIoN lrh Rtutd with8PawR ffontTh&.top 1 of
and D d2 = was used. The trays in the

the @oilihd & 'aogﬁ%'o‘d:@“fd’}‘?ﬁ ‘%v{éo%\ﬁ%lé& ing. &adht'@YtnangBF and

Cross-secti area per e int eve portion

TR S 80, L 6o I BTN 68 e

Wh'\éﬁc‘ﬂanCQ'{@H Suly pilkiSravad et thegABRRlaLAR dlbiingd 24 641
the cyclic _carbonate is |ntroduced and not

f°n|fdwercqrﬁam%ds& add taief &ridfednepndi¢arbanaishyand d5.114 ton /

al cohol is introduced was in a range of from4 to 5%
hr ofrmethanohpet ligeid apindinafo usdy widhd rave nt frays thashtaﬂtbardz of the

not hi gher than the stage where the aliphatic
columanchy @804 dboohbk domtairieddudBe teas/ hn of etindenefglycol, 2.34
ton / hr of methanol, and 23 kg / hr of unreacted ethylene carbonate.
Excluding the dimethyl carbonate contained in the starting material, the
actual produced amount of dimethyl carbonate was 7.708 ton / hr, and
excluding the ethylene giycol contained in the catalyst solution, the
actual produced amount of ethylene glycol was 5.31 ton / hr. The
ethylene carbonate conversion was 99.7%, the dimethyl carbonate
selectivity was not less than 99.99%, and the ethylene glycol selectivity
was not iess 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 99.98%, and the ethylene glycol selectivity
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from2.5 to 3.5% 7.546 Ton / hr of ethylene carbonate
inaliquid formwas continuously introduced into the
distillation colum fromthe inlet (3-a) provided at
the 5(h stage fromthe top. 7.742 Ton / hr of nethanol
in a gaseous form (containing 8.95 % by wei ght of
Wagllnrggqggg SR evRHe), and 17.282 ton / hr of methanol
inaliquid form?contal ning 6.66 % by wei ght of
di met hyl carbonate) were respectively continuously
introduced into the distillation colum fromthe
i nl et 3-c) provided at the 30th stage from
Indl"ﬁb gﬁgpﬁﬁé@ﬁt Yar ratio of the starti ng materials
introduced into the distillation colum was et hanol
| efYRRASRENG dPrifieapEcseRt Hbvemtianad baseen diseoverrd that a
to be the sane as in Exanple 1, and was continuously
diakkyl carbonete aindtd Wil ¢an hwpuaduckdaeachawith a high selectivity
distillation was carried out continuously under
of rexinidistsi theen &5% , pokfenalipmdelnysy tham @706, 6%cfe peeferably not
columm top pressure of approximately 1.118x105 Pa, and

les® theh! 99%,86h @rPind ¥stifal ddaleesf REEILEL @hbn 2lthd fhr,
st abl e st eady state operation after 24 hours. Al ow

pref@ﬂgfulpgh egafs 15259 B8h TR YR 6 #Ef’é%g rfé’ﬂ‘iés‘éetﬁé’rp 4 ton /

um 1 n a gasebus mvvas C ed usl

v R AR e g BT I ¥ pcifiatgravty not

ntin t hdrawn fr e distillatio ol um _ at
'esszih%aﬁ Yk Tiir, TeiR araeerap g 2ot ks thar o Sckael hyi for the
bonate, and 15.114 ton / hr of nethanol. A liquid
dloicdmnth Ausighyigld stablinfar arrotengedtpeiiodef time of not less
colum at 7.804 ton / hr contained 5.436 ton / hr of
tha@tm(érh'@@symlefemlﬁy noblegs thaof30@0 herurls, nmoce p3ekarably
/ hr of unreacted ethylene carbonate. Excluding the
not dﬁsetthﬁln 5a0bonates clrohaianegcli® datd odiade tany armbfiphaltic
t he

monohydric aicohol.
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actual produced anmount of dinethyl carbonate was 7.708
ton / hr, and excluding the ethylene glycol contained
in the catalyst solution, the actual produced anmpunt
of ethylene glycol was 5.31 ton / hr. The ethyl ene
carbonat e conversion was 99.7% the dinethyl carbonate
selectivity was not |ess hag M8 99% and the ethyl ene
gl ycol selectivity was not Iess t han 99. 99%

| onged conti nuous operation was carried out under
m‘t-;égi'- conditions. After 1000 hours, the actual

roduced anount pe for di methyl ..
5arﬁonat %rmeé%@rtw%mstﬂ#@ﬁ@lgw@a ao{fah%ngy ol
t hyl ene car bonat e conver si on was 8% the di me

'ndltsdf'l?dWaWéth aehighy v&ﬁldynvwbl%tthe&@lmat%ﬁ@@lW% aaﬁdthe diol

the ethylene glycol selectivity 49 was not |ess than
are gandbtgouslydueaduced Apbpdughla reagtive adistilladiarosystem of taking
present invention, it has been discovered that a

a cydildl karbenatwamidcaandlighatiolmoaohye riy attsiesl 2adtaning
a high selectivity of not |less than 95% preferably

matgp@geégn{ﬁﬁgm{qﬁ elg%ﬁsmfeferabl y not |less than 99%
on an industri scale of not less than 2 ton / hr,

br eéﬁréf’s’lgh%shjgw Xé?cgfpg} 'Plfi‘ﬁ §a¥fmg Q"tengﬁ@t‘&r 5 & hhous

not car bonat e,

not S th an 3 ton referably not

muififeiabE gistilatidRotuma I¥ ol alf gl batafbtds

ton / hr for the diol, with a high yield stably for
Presentio) onged period of time of not less than 1000

hours, preferably not |ess than 3000 hours,

pr e @HANG ougiedadion ﬁmdwdmh@urssmultm@uwcm the column;

carbonate and an aliphatic nonohydric al cohol. 50

continuously withdrawing a low boiling point reaction mixture

containing the produced dialky! carbonate from an upper portion of said
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
tray column type distillation column having a cylindrical trunk portion
having a length L (cm) and an inside diameter D (cm) and having a
structure having an interna! with a number of stages n, said internal
being a tray having a plurality of holes, and further having a gas outlet
having an inside diameter d, (cm) at the top of the column or in the upper
portion of the column near to the top, a liquid outlet having an inside
diameter dz (cm) at the bottom of the column or in the lower portion of

the column near to the bottom, at least one first inlet provided in the
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CLAIM5 We claim 1. A process for producing a dialkyl
carbonate and a diol industrially with a high yield
in which the dialkyl carbonate and the diol are

conti nuously produced through a reactive distillation
systemof taking a cyclic carbonate and an aliphatic

uppBNEBYEEh Garid $ U104 ARl Fedpbitidn TR £8lFmnC9ERIW $h8%as

the steps of: continuously feeding the starting

outC@gt{, ?r#n&!a?i Iéﬁ%ﬁﬁ?\g‘:%%kwﬂﬂoﬁet Wbpg{e%frg?gg'@ﬁ%é%ﬁ@bmon and /

_ hoénbgeneous "cat al :
or ¥ 4B ahitherTBE B hellfed st B R BAARL Rl
poi nt reactjon mixture containing the produyced

di al kyl chlbshatdengtohk semlgatisfies thefosmwai d);

colum in a gaseous form and continuously w thdraw ng

a hi gh boidtitHy<pbishB00&acti on m xture (dgntai ning the

diol froma |Iower portion of the colum in a liquid

form whéZethe ichgjdedidmateriyony obithe catiagm satisfies the

distillation colum conprises a tray colum type
forgiygai(Rhati on col utm having a cylindrical trunk portion

having a length L (cm and an inside dianeter D (cm

and havin <SHru having an intermgl with a
nunber of quaﬁz[g _n,%bswaoled internal being‘a tray having

navi ng. an(Fhé e bECferth ERprtd M Fuffds Siinier 0 com

olu or in.the e ortion of the columm near to
of tf‘ﬁec? nNF4 "%ﬂ?ﬁqggt{%’ﬁ%@vtﬁé an inside dianeter d2

(cm) at the bottomof the colum or in the |ower

portion oft Stth&t&4Bn near to the bott{dh at |east

one first inlet provided in the
(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 iﬁside diameter d1 (cm) of the gas outiet satisfies the formula (5);

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

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

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

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

(¢) the starting material aliphatic monohydric alcohol is

continuously introduced into said continuous multi-stage distillation
b2




51 upper portion and / or a mddle portion of the
columm below the gas outlet, and at | east one second
inlet provided in the mddle portion and / or the

| ower portion of the columm above the liquid outlet,
wherein: (1) the length L (cm satisfies the formula

col%niﬁnr% frgf%ﬂt east one 83fif éé‘éonc?ﬁélét%ﬁdmﬁggﬁgggﬁggb%eD(nIS) th

e columm satisties

, . A rati . .to_the
staferaf? ihatebeot Bo(d PPt e MG RRRSl dighfigliolrbltfinn and
. : <
thefs@ggggg‘arg(tg{gg é’pi'ngghp/h@% gf@%?g(q%tjééégé Eﬁu L|J-g?gégoéistilla‘cion
(4), (5) aratio of the inside dianeter D (cn) of the
coldgiNirn to the inside dianeter d, (cn) of the gas
outlet satisfies the formula (5); 3 < D/ d, < 20
i (5) (dpad &periurearatio aff thieetriaysindéatednmotlowe( thinad stage
the colum to the inside dianeter d2 (cm of the

whéiedthe oyelicetaspdnafe &s intreduesaisain 8) tandgs P @8m30.5 to 10%:;
(6); (b) the starting material cyclic carbonate is

conf u i rat i Sy t
o {E USRS (A sy danon A6t Hiher than the stage

wn % hd o B o R € BOLBE R b A S Fhase

cont I'nuous
I t.he (n/3)th stage . fram. the, top, of .said
wheid I Bihatll mOadhidriz SRl gntedtdme T55 s Range of from
5 toStB%;tlaR% materi al aliphatic nonohydric al cohol is
(f) an aperture ratic of the tray installed not higher than the stage

where the aliphatic monohydric alcohol is introduced is in a range of from

1.5 to 5%.

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

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

3. The process according to Claim 1 or 2, wherein the

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

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

1<dy/dg5 (7).

5. The process according to any one of Claims 1 to 4, wherein

L,B,L/D,n, D/d4, and D/ d; for said continuous muiti-stage
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conti nuously introduced into said continuous
multi-stage distillation 52 colum from at |east one
said second inlet provided between the (n/3) to stage
fromthe top of said continuous nulti-stage
distillation colum and the (2n/3)th stage fromthe
distiPatioh &&luinAoSdtiSMOrSs pedtivelt 29600kt kId@000200 < D < 1000,
colum; (d) an aperture ratio of the tray installed
<No thpn @ stage reql kesgyclicvcan te 4
5 <1 D330, 4R § S1900 4 P a1 B S TFD P8 € 28
aperture ratio of the tray installed not higher than
the stage where the cyclic carbonate is introduced and
not | ower _than a stage ere the aliphati ¢ nonohydrjc )
o oBnol 1 e PrOBREed GOTRING thARE T1E DF driaid ¢ 18oF, wherein
and (f) an_aperture ratio of the tray installed not

L, Dy HeP, thdd tde andde / dhmEresait cantpriaus mulibsiage
al cohol is introduced is in a range of from 1.5 to
distidatian ddielrpnosetisiyarespeitine lyo2 808i mlls 5@@0eln0a< D < 800, 7
produced anount of the dial kyl carbonate is not |ess

< Lihare 20,000 i< Ar< 99, SReDpr gcesg3acind ¢ aD g Leapm 1
or 2, wherein the produced anmount of the diol is not
|l ess than 1.3 ton / hr. 4. The process according to
any one of Cains | to 3, wherein said dt and said d2

o7y L AR ol 0 B 48 1 i g5, e

process accordail ng

the ppqttuty 1glos St e trfY dpflal e nahiovdts B s6id 6188 Gnere
therceysc%ccgg}/gtl) agg?g ir?tr%d?lc%%o% irggorgﬁggoﬁ“fr%%o%' to 8%, the
aperture ratio of the tray installed not higher than said stage where the
cyclic carbonate is introduced and not lower than said stage where the
aliphatic monohydric alcohol is introduced is in a range of from 2.5 to 7%,
and the aperture ratio of the tray installed not higher than said stage

where the aliphatic monohydric alcohol is introduced is in a range of from

1.8 to 4.5%.

8. The process according to any one of Claims 1 to 7, wherein
the aperture ratio of the tray instalied not lower than the stage where the
cyclic carbonate is introduced is in a range of from 3.5 to 6%, the
aperture ratio of the tray installed not higher than the stage where the
cyclic carbonate is introduced and not'léwer than the stage where the
aliphatic monohydric alcoho! is introduced is in a range of from 3 to 5.5%,
and the aperture ratio of the tray installed not higher than the stage

where the aliphatic monohydric alcohol is introduced is in a range of from
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5<_L/ D 530, 30<_n5100, 450/ d1_15, and 7<_D/dZ<_25. 6. The
process according to any one of Clains 1 to 5 wherein
L, b L/ D, n, D/ di, and D/ d2 for said continuous
multi-stage distillation columm satisfy respectively
2500 <_ L 5 5000, 210 <_ D 5 800, 7
2 tg<4l D<_20, 405n<__90, 5<_D/ di <_13, and 95D/ d2: 520. 7.
The process according to any one of Clainms 1 to 6,
wherein the aperture ratio of the tray installed not
| ower than said stage where the cyclic carbonate is
i ntroduceq,is in a range Qf from3 to 8% the .
et ur o ThE BrOResHcEoR] Ng e ANLe P! iIgHEs 1 g, wherein
.sai d stage where the _cyclic carbonate is introduced
Sa"iﬁbahé%’ g slte trnhhaxing & stevewpertionhand & detwn¢emer portion.
nmonohydri c al cohol is introduced is in a range of from
2.5to 7% and the aperture ratio of the tray
installed not higher than said stage where the
al i pat i cThenpfyckis< aglcorbimg it6 CRIiPJUGEieinigaid sieve trays
range of from 1.8 to 4.5% 3. The process accordi ng

hast P08tY ‘POQRQﬁoI@sa} ¥ th %?é%sié‘@érp?&ﬁioﬁ ﬁg% t ture

ratio of the tray Instal not lower t é stage

where the cyclic carbonate is introduced is in a
range of from3.5 to 6% the aperture ratio of the

cyeleca DEnREAse PRERGAIRE RS SR fLE o VihaF e

st age ,where the aliphatjc nohydri c al cohol is
cro§s Sasilanal aea pes h&ﬁg@* SAIG SRVe trays isdp a sapgenef from 0.5

aperture ratio of the tray installed not higher than

to 3 6@ °stage where the aliphatic nonohydric alcohol is
introduced is in a range of from54 2 to 4% 9. The
process according to any one of Clains | to 8, wherein
said tray is a sieve tray having a sieve portion and a
dowhZoner Apsritivous multi-stage distillation column for carrying out
transesterification between a cyclic carbonate and an aliphatic
monohydric alcohol and distillation, wherein:
(a) the continuous multi-stage distillation column comprises:
a cylindrical trunk portion having a length L (cm) and an inside
diameter D (cm);
a tray having number of stages n provided inside the trunk portion;
a gas outlet having an inside diameter d4 (cm) provided at a top of
the column or in an upper portion of the column near to the top;
a liquid outlet having an inside diameter d» (cm) provided at a
bottom of the column or in a lower portion of the column near to the
bottom;

at least one first inlet provided in the upper portion and / or a

middie portion of the column below said gas outlet; and
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10. The process according to Caim9, wherein said
sieve trays has 100 to 1000 holes / nR2 in said sieve
portion thereof. 11. The process according to Claim?9
or 10, wherein a cross-sectional area per hol e of
said sieve trays is in arange of from0.5 to 5 cn®.
12. af\|€Q8t bRkOsScHHUtiniSt ?E@Vi@!e‘ﬂ il kRé iR diel YBRidRTand / or
carrying out transesterification between a cyclic
: al.l [ I G I and
the B B O or e ORI Soo PRI A FICOERRE: | °Ct age
dist'llgﬁipn columm conprises: a cylindrical trunk
porinﬁ{ %Ning alength L (cm and an inside dianeter
D(cm; ajr havi nunber of stages _n provided
i nsi de thé{k%&e%ﬁ%i% ,m)éaéﬁil%ﬂv%tﬂ)ﬁ'%%?ﬁg(ﬁh
i nside dianeter dl (cn) provided at a top of the
colum or in an2lippPet Lpsr8QQ®H of the colum dddr to
the top; a liquid outlet having an inside dianmeter d2
(cm prov{dethainsidebdidroetef [ femdafuiire columnasatiséies the
portion of the colum near to the bottom at |east
formaka {2y:st inlet provided in the upper portion and / or
a mddle portion of the columm bel ow said gas outlet;

and 55 at | east e $Pcohfphnl et provi ded in bhe
m ddl e portion jagg 7%&" @tdﬂte) | ower portion of@?’he

col urm ab ﬁ?sr%gﬁ bf et ! &%ﬁfgeﬂﬁgl{b indile llmeter D (cm)

l ength L TOFI (
of 42 ahin 1 s hotls (g oo 0 emeter © (om of

4<L/D<40 (3},
(4) the number of stages n satisfies the formula (4);
10 < n <120 (4),
(5) a ratio of the inside diameter D (cm) of the column to
the inside diameter d, (cm) of the gas outlet satisfies the formula (5);
3<D/dy{ <20 (5), and
(6) a ratio of the inside diameter D (cm) of the column to
the inside diameter d, (cm) of the fiquid outlet satisfies the formula (6),
5<D/dy<30 (6),

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

(c) the starting material aliphatic monohydric alcohol is

continuously introduced into said continuous multi-stage distillation
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formula (2); 180 <_ D _< 2000 (2), (3) aratio of the
length L (cm to the inside dianeter D (cm of the

colum satisfies the formula (3); 4< L/D<40 (3), (4)
t he nunber of stages n satisfies the fornula (4); 10
< n <_120 (4), (5 aratio of the inside dianmeter D

coluraf) frotn H9east WAk bQid SeRdnif et l‘ﬂr@?géﬁ %}&ﬂégé (n/3) ™"

the gas outlet satisfies the fornu

i he i nsj NoJ { -
stag@ i iR IvA® RonlBautatIi Y BEE fjsthafh Sumn and
[ Lqui@h Qutl et. satisfies the formula (6), 5< D/d2< 30 . .
the (@fI3{h Staa8 feSt s, sSRuatrpisl CEpLRAUS S, midlizetaga distiltation

continuously introduced into said continuous
colymni i -stage distillation colum fromat |east one
said first inlet provided between the 3rd stage from
t he(d)opncipedurd ratin phibedraylinstalledeoti lowel thanm stage
colum and the (n/3)th stage from the top of said
wherenihienogokic rod rbiorsdtagie ihteddlicediionincalramge 6€¥rdme2.5 to 10%;
starting material aliphatic nonohydric al cohol is

CONe)NAIA W &rtLIRé ratieL 8l th8ltPay 3hStIREH INB{HiGher than the stage
mul ti-stage distillation 56 columm from at "l east one

whey8!theSgend ddibehateay! Mt dh dhd !ﬁ?:stglggnggr {Hln o 86ge

romt op or sal cont | nuous

whefle thi: o T &% coatRhuigEfnbf I IMiPelicais I re¥ige of from
wcolum. (d) an aperture ratio of the tray installed
2 tong 1 3r than a st age

(f) an aperture ratio of the tray installed not higher than the stage
where the aliphatic monohydric alcohol is introduced is in a range of from

1.5 to 5%.

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

1<d{/d,<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, 200 <D <1000,5<L/D<30,30<n<100,4<D/d; <15, and 7
<D /d;<25.

15. The continuous multi-stage distillation column according to

any one of Claims 12 to 14, wherein L, D, L/ D, n, D/dy, and D/ d, for
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where the cyclic carbonate is introduced is in a range
of from2.5to 10% (e) an aperture ratio of the tray
install ed not higher than the stage where the cyclic
carbonate is introduced and not |ower than a stage
where the aliphatic nonohydric al cohol is introduced

said cdritifuba8afAudti-Jthge d.%tm%tﬁm c%ﬂﬂng{ é?ﬂgrﬂﬁéba&ﬁvely 2500 <

ratio of the tray installed not high e sta

L <966, 548 &lp W?bpc ﬂﬁl'?gﬁ[doﬁg% ?JOQ% 1éhgo' s n%g,s_ 13, and

|S|narangeo romi-
It e distillation columm accordlngto Cam
gs1 ({il\%‘l g@n said d, and said d2 satisfy the formula
(7) 1:_d, / d2 5 (7). 14. The conti nuous
mul ti-stage distillation colum according to aim12
or 13 wherein L, DO L/ D, n, D/ di1, and D/ d2 for
sai d6. conflinueastimuionis Brltjesiaigea Histifatdan czoiunmn according to
satisfy respectively 2300 <_ L 6000, 2005
anyDeneosf, S4aim H<BD 180k whi@einth&aperturd vatiencif the tray
sD/d2 : _ 25. 15. The continuous nulti-stage

ins il keid hbatlomrot@ialﬂ”f@a&!:%@é%é Whéfe tREYcyUIR: @farlgzﬁhf@ |§2
to 14, wherein L, D n, D/ di1,” and D/ d2 f

intred ugaiddisC AN FIRYS d?ml"réi'n §tt"69§%j'§1té L@tV FYid B the tray
satisfy respectively 2500

ol e e G U
PR o AP 4565 i el Bl fonyare
[ nstal | ed | ower than said stage where the c [

clic
aloqiohniiEofuce s Buadange of fremr 2y to di%+ Aee the aperture

8% the aperture ratio of the tray
ratio of the tray installed not higher than said stage where the aliphatic

monohydric alcohol is introduced is in a range of from 1.8 to 4.5%.

17. The continuous multi-stage distillation column according to
any one of Claims 12 to 16, wherein the aperture ratio of the tray
installed not lower than said stage where the cyclic carbonate is
introduced is in a range of from 3.5 to 6%, the aperture ratio of the tray
installed not higher than said stage where the cyclic carbonate is
introduced and not lower than said stage where the aliphatic monchydric
alcohol is introduced is in a range of from 3 to 5.5%, and the aperture
ratio of the trays installed not higher than said stage where the aliphatic

monohydric alcohol is introduced is in a range of from 2 to 4%.

18. The continuous multi-stage distillation column according to

any one of Claims 12 to 17, wherein said tray is a sieve tray having a
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install ed not higher than said stage where the cyclic
carbonate is introduced and not | ower than said stage
where the aliphatic nmonohydric alcohol is introduced
isin arange of from2.5 to 7% and the aperture
ratio of the tray installed not higher than said stage
sievbaicrtidie atld Bhddwh cof®ePpYtibh, al cohol is introduced
isin arange of froml1l.8to 4.5% 17. The continuous
mul ti-stage distillation colum according to any one
of Clains 12 to 16, wherein the aperture ratio of the

t ' t | h ' wh th
cyal®e cartishsentruo S Fulielsd o GhafRa e nn mesaraing to
I 3.5 ho % the aperture ratio of the tray installed )
Clajrg, 14 @‘ﬁ'ééfet'ﬁaﬁﬁ' aF18véet Hay hasr0Q fie Mimlearlbmnanesald

. Is introduced and not | ower than said stage where the

siewe ipHiarctherydric al cohol is introduced is in a
range of from3 to 5.5% and the aperture ratio of
the trays installed not higher than said stage where
the aliphatic nonohydric alcohol is introduced is in

a range offheg aBhBinu@ud”mullfi-stbie aMYillaWEHTolumn according to
mul ti-stage distillation colum according to any one

Cla ' 1 {, ]} {0t [ e E RV,
B T el A ETOSE TR e pRr MY s ieve tray
PAE [ ti.-stage distillation colum
'S'i%€8$@g%dﬂ?ggﬁtﬁg§dplg, ‘erein said sieve tray has

100 to 1000 holes / nR2 in said sieve portion thereof.

20. The continuous nulti-stage distillation colum

according to Claim18 or 19, wherein a

cross-sectional area per hole of said sieve tray is

in arange of from0.5 to 5 cnR. 59
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