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PROCESS FOR | NDUSTRI ALLY PRODUCI NG DI ALKYL CARBONATE

AND DI OL Technical Field 5 The present invention

relates to an industrial process for the production

of dial kyl carbonates and diols. Mre particularly,

the present invention relates to a process for
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time through a reactlve t ion system of taking
a cyclic carbonate 10 ah‘ﬂ‘lé bi\‘bﬁphatl ¢ nonohydric

al cohol as starting materials, continuously feeding

the starting materials into a continuous nulti-stage

distillation colum in which a catalyst is present,
Techpialdzielging out reaction and distillation

simul taneously in the colum. 15 Background Art

SeVbegprazerddnyvention retadeprtodantindustfiablpabkgss for the

carbonates and diols froma reaction between a cyclic

prodeetibarst dizkyl earlsdhates aad dwishy More particalahavthe
been proposed, but nost of these proposals relate to

preséhtcﬁiv%r}’t%n réfafeRafd LOPraved £1&r idAustriaif) PF@dhéNﬂ.{ targe
been 20 proposed hitherto. These four reaction sys

amoits b'Fgfaelkgl gaPl{zﬁﬁﬁﬁés d :ﬂ% Q%‘B‘i’;‘r'?{;h%”gf’élo‘ﬂﬁ ﬁ)é'r:od of

carbon ene glycol from ne c

ame B Bkl B8 By B Ao AESH gt
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reaction vessel, and reaction is carried out

feedln@ H]%@tarilﬁgnm%tedi%lée'ﬂé@rﬁ Geatinuus gy tlrﬁ@g,mai&t”éatmn

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

distillation simultaneously in the column.

Background Art

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

A first system is a compietely batch reaction system in which
ethylene carbonate, methano! and a catalyst are put into an autoclave,

which is a batch reaction vessel, and reaction is carried out by hoiding
1
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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-COpen No. S54-48715 5
(corresponding to U S. Patent No. 4181676), Patent

for a%&%@%ﬁﬁﬁd@%ﬁﬁ&@mn‘!&p Bn' 465188 fefflafdife at a
reacfiR feffbe Bitur b SRS It bl éﬁﬁ@&ﬁ@@%@%@%m

distillation colum is rowded on top. of ar tion
examples dr atesttrlypeHa et tatbsnatondina e 2aEB oPale bl yst

are put |nto the reaction vessel, and_ reaction_is
Documest i lapanrese RatesitA pplicatiangaigeOnan Nay S54-48715
tenperature. Wth this system to nake up for

(corresplomtihgdiostUi &1 Edatent N 4481 6360 pFatpyt Ddclimend 5:
produced di net hyl carbonate, nethanol is added to the

Japahead Patent Apiiicativl LaidiOpgnoNoi 58268023, HatentDocument
any event with this systemthe 15 reaction proceeds

6: Jafiriedd! PtBnt MR IAL-OPert No. S 53l £heT 6. | 1

whi ch the catalyst, ethylene carbonate and net hanol

ar g %’é@oc‘ﬁ tsys-{gﬁw i %a&trét%'?n'tﬁaE 'Ué%ﬁbﬁhcgpbéipfbust fi"?}ovhich a

reacti on I'ng carri ed” out usl arge ' excess o

h I d fl ki .
distilfaREq g Jt proidd, i 148 o 4 Séggiegﬁﬁvégs%ai fyferte
carbma*‘%‘é%efégag@%&ﬁ%&é’%&ﬁ%% ate wuitoneS b tactgn VStel, and

4062884), Patent Document 4: Japanese Patent
reactipp| iscaigidenta sracegenby m@atsmia@zpﬁeé@mremaeﬁmr@wre

U S. Patent No. 4307032), Patent Docunent 11: U.S.
With Rbi® sy skem, 380820ke) upAfotrh'netiha;xst distilted afb throughi@zeotropy

reaction systemin which a mxed 25 solution of
with ¢hé\p reniceal dimatleyledrbet it aneitsanohis mdalesd Yo thd reaction

into a tubular reactor nmaintained at a predetermn ned

vesskfaohtud Wpasin'batcRag, 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 large
excess of methanol under reflux taking a long time in a range of from 3 to
over 20 hours (see, for example, Patent Document 3: Japanese Patent
Application Laid-Open No. $51-122025 (corresponding to U.S. Patent No.
4062884), Patent Document 4: Japanese Patent Application Laid-Open
No. $54-48716 (corresponding to U.S. Patent No. 4307032), Patent
Document 11: U.S. Patent No. 3803201).

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

solution of ethylene carbonate and methanol is continuously fed into a

tubular reactor maintained at a predetermined reaction temperature, and
2
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a reaction m xture containing unreacted ethyl ene
carbonate and nethanol and di nethyl carbonate and

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

a reddifon MRuQke o tﬁﬂ{cﬂbyﬁﬁreaaé’t%%detlﬂlghe' éarﬂcn%t% gh@ 2

process i1n mh nmogeneous ca used, and

met*{%@ass@ai P ok Bpaﬁb“' L L8 gﬁ%&ﬂb{%qa\ﬁﬁlchware produced

met hanol and t hen after the reaction the catal '
is cog&w%u wihdrawym thma hiquid form framuar quidet op @ otfter side.

exa Pat ent Document 7: Japanese Patent
Eithexppf watwrzﬂce_saiecs Gpusemodepeneing meihe fermeebthriicagalyst
to U S. Patent No. 4661609), Patent Docunent 10: U. S.
usedPat Ehat Mo, thier@4818 ) pemce ss ;ixncymaiszsh arhawmogeneous catalyst is
het er ogeneous catalyst fixed inside the tubul ar

used, eand 0 piassesethioigth thetubxbamteactorttogiethBpwitiethedmixed
Japanese Patent Application Laid-Open No. S63-238043,

solut'?@ﬁ %ﬁet@@ﬂéﬂ&%ar%on]ﬁﬁaﬂﬁé%g@ﬁﬁﬁbl FPRd ithahi #Mer the reaction
d- Open No.” 15 S64-31737 (corresponding to U. S.

the ?ﬁggﬁaggsﬁg AB90 (IR heaRd Afon BRBAUEY fegeé' 75+ B¥ample,

car ene ycol rough reaction

Pate?lﬁw it eiiﬁﬁ‘égg éfeﬂéﬂeﬁﬁléﬁﬂﬁwgd-%m%us
eactl on m n t a r t S

83-4 ﬂ%@’s Breseanaing Wil 3 Bafent R, e $8bEopetsnt Bocument

her than the 20 equilibrium conversion determn ned

10: Lb tiﬁétwnblgaﬂwmiu angA pracess innehigheachetgafogeneous
tenperature. For exa according to Exanple 1 in

catalyst dixed msideetite Wb%arrmﬁopaseme@p@eecéan example, Patent
Lai d- Open No. S63-41432 (corresponding to U S. Patent

Docuwent @615 nesé rate ritl App lieatio ndraiat- O p3D Bl ausE68-238043,
starting material put in with a nolar ratio of

PalomEClmaabonts, sibghass Pargoabpicatn Laid ope M
S64-3779T (& rreBpBRticy t8t DYS CPaiteAt AY1a4694041)). The reaction
producing dimethyl carbonate and ethylene glycecl through reaction
between ethylene carbonate and methanol is an equilibrium reaction, and
hence with this continuous flow reaction system using a tubular reactor, it
is impossible to make the ethylene carbonate conversion higher than the
equilibrium conversion determined by the composition ratio put in and the
reaction temperature. For example, according to Example 1 in Patent
Document 7 {(Japanese Patent Application Laid-Open No. $63-41432
(corresponding to U.S. Patent No. 4661609)), for a flow reaction at

130°C using a starting material put in with a molar ratio of methanol /

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

This means that a large amount of unreacted ethylene carbonate and
3
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3 nmethanol remaining in the reaction m xture nust be
separated out, recovered, and recircul ated back into
the reactor, and in actual fact, with the process of
Pat ent Docunent 9 (Japanese Patent Application

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

et AN PR AT i B o,
recircu ion. A r SyS IS Y .
recoupted| pad i irlpben mack IntoctisEedctsy: ant Thactual fact, with

inventors (see, for exanple, Patent Docunent 12: .
the rasesssel PrieahDoppnesid GlapanaseRatar. Applicatiom

Pat ent Docunent 13: 10 Japanese Patent plication
Laidt@penChien S@4- 3 IBYeddesparsting tooblufeftatent Napdh8d@41)),

Pat ent Application Laid-Cpen No. H9-176061, Patent
muclajuipmerdbis dspdnfetesie aeipatatibing gurificatiod; Gpeaveby, and

HO- 183744, Patent Docunent 16: Japanese Patent
recirfBPitigat i on Lai d-Open No. H9-194435, Patent Docunent

17: International Publication No. 15 W97/23445

(cor fcﬁ?r@l\gr&végggﬁgsg)guf%gc?% B&ﬁl@éti&'ﬁ- stepy st H-is'i'slosled by

Pat ent ent cunent 18: Internationa

the el ThyEh1gt (od® T odxdmutiEn FASMR AL Slmight YA Beanese
19: |1 i I, Pupl i [ / ]
Pate RO P EcOBRb BearTHhal i 4o Pt 33 REETadt b
Pat ent. No. 6479689), Pat Do 0;
JapanasaPaigt ARRIGHION LIOQIRRM 0. Fob 2 AE0a P ARk n
Docunent 21: Japanese Patent Application Laid-Qpen
Docwmentob¥- dap3nese Ratant Apalicationnuaigs Qe iNe.i B-176061,
process in which ethylene carbonate and net hanol are

Patema ddocomentubbisUgpahedei Ratert Applicasivagkati-dpéenadidon
colum, and reaction is carried out in 25 the presence

H9-1§33??f,?§ta:t%ﬁt DotuiBhtin®: i Japariesé FBstentApplkécation Laid-Open
No. H9-194435, Patent Document 17: International Publication No.
W097/23445 (corresponding to European Patent No. 0889025, U.S.
Patent No. 5847189), Patent Document 18: International Publication No.
W099/64382 (corresponding to European Patent No. 1086940, U.S.
Patent No. 6346638), Patent Document 19: International Publication No.
WQ000/51954 (corresponding to European Patent No. 1174406, U.S.
Patent No. 6479689), Patent Document 20: Japanese Patent Application
Laid-Open No. 2002-308804, Patent Document 21: Japanese Patent
Application Laid-Open No. 2004-131394), that is a continuous production
process in which ethylene carbonate and methanol are each continuously
fed into a multi-stage distillation column, and reaction is carried out in

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

column, while dimethyl carbonate and ethylene glycol which are
4
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col um, whil e dinethyl carbonate and et hyl ene gl ycol
which are 4 produced are separated off. Patent
applications in which such a reactive distillation
systemis used have subsequently been filed by other
conpani es (see, for exanple, Patent Docunment 22:

i :
prod 888783 s ERbrBlac, O LPSKERCaRBILAMRAR MulfBn e
eaclgh by R Ui BBEHEHRo oy tner
comigies (. okdmpie pERgan Eibsnent 28 T5eaanedPatent

Pat ent Application Laid Ogen No. 2003-119168
Applicadiane bgiddPpgnt ol M erdh3B3hcarespending tad uropean

W03/ 006418), Patent 10 Docunent 25: Japanese Patent
PateApMd.c&!SBOﬁ‘lEaiLﬂ.SDpIéatem N2OER B3R, Pafentelocument 23:

Docunent 26: Japanese Patent Application Laid-Cpen No.

Japane@e Bat2ePApplicativrs Lady-Opba Noo¢E-<@50 pr(epersssponding to
hitherto for producing the dialkyl carbonates and the

Euroéle@lnSPtat@m Nrce o56H8¢2¢ Y BRARamNot HB 5K 1%)! m@wm

nonohydri c al cohol are the four systens:

DocuifiBRt 48! Ja r{% Ffél‘éwtqz\k}ae;g zﬁﬁﬁgt_(%h Sﬂqff@%l?fgws

system usi reaction ving a [ation

(corrb3pdRIAE Y 58 RBL PRt d Moy W?A@gﬁ%g Luf agent

Docu{w%‘ﬁﬁ 25 JaRaneseratzotppitatiop V%heé@ﬁiﬁé‘aﬁé@?%ﬁ@o%&
?q%‘rhe upper Limt of the cyclic¢ carbonat
Pateeb WngAtiZs: d&%@ﬂ?ﬁ@c?%&ﬁfttrépﬁﬂﬁﬁtigﬁ L%W pRen Nend

the tenperature, and hence the reaction cannot be
2003:3A2288)out to conpletion, and thus the

In this way, the processes proposed hitherto for producing the
dialkyl carbonates and the diols from the cyclic carbonate and the
aliphatic monchydric alcohol are the four systems:

(1) a completely batch reaction system;

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

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

(4) a reactive distillation system.

However, there have been problems with these as follows.

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

carbonate conversion high, the produced dialkyl carbonate must be
b
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25 conversion is low Moreover, in the case of (2), to
make the cyclic carbonate conversion high, the
produced di al kyl carbonate nust be 5 distilled off
using a very |arge anount of the aliphatic nmonohydric
aIcohoI and a long reaction tinme is required. In the

dlstll‘F@ti?1 er céna{/‘g?z rls [aeﬁﬂ\?\dﬁ f%‘f‘ld"?g?h%?ioow&%rh!cohol,
and 5@“@9 wadion f’!ﬁgﬁﬁgffe@ itefa IRA5R CabBHi " 2HE repstion can

elther in smal unts or for shot er|
be macdk 6 BCRATLWI o PR Fany SISy it enomtth h@ (2‘30*' 3).
production on an industrial scale stably
Howgyer.onpae s5as ef (49 propesedhhithpsto hﬁégerelﬁt%éggyé)ducmg
have not attained the object of producing a dialkyl
the dialiydrearbonedet amddbel giol eithe mimgematbamoyatsyordor a short
|l ess than 2 ton / hr) stably for a 10 prol onged period

periof ofitime( angl haob neteelated td0OArrying utthef pradlgtionton an
| ess than 3000 hours, nore preferably not |ess than

1ndu§l@ﬂeﬂ éwésatab?wfo%aﬁ%mngé@ p@i@dr@mtwﬂbuesmét id1ethese
height (H cm, dianeter . cm unber of

procé§es§fhém ok ditggeel Y:%ysbgbv';irah'u%ﬁhgoé HEcy Barbonate

oduced anount di'nmet hyl “Car bon

contfjd 32&!}"#‘2#%%%%?%&[1&%%"*% '%%i?%ﬁ@é *Séq@%ﬁ’y for a

l | EG f h
pro'oam%%mrgoiﬁgyﬂ@{gh e )mﬁ'rn?ibﬁb %ourr%b%effreb'v not
TABLE 1 PATENT H : CﬁlD CﬁlNO STAGES : n P : /hr

less than 00 hayvsnmare posferally matoessothan 5000 hours

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

Table 1
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15 160 5 40 0.427 NOTE 5 16 160 5 40 0.473 NOTES 18
200 4 PACKI NG COLUWN (Di xon) 0.932 NOTES 19 NOTE 1 5
60 0.275 NOTES 20 NOTE 1 5 60 0.258 NOTE 5 21 NOTE 1
5 60 0.258 NOTE 5 22 250 3 PACKI NG COLUWN Raschi )
0.392 NOTE 5 23 NOTE 2 NOTE 2 NOTE 2 0.532 NOTE 5 24

NOTE 3 NOTE 3 42 NOT

3750 NOTES 26
NOTE 1 :

OLDERSHAW Di

200 15

ABLEY,

25 NOTE 3 NOTE 3 30
(BX) 0.313 NOTE 5
M\I. NOTE 2: NO

DESCRI PTI ON WHATSOEVER DEFI NI NG DI STI LLATI ON COLUMN.

| N Vi v vl e 1 Vo' W EA WA

(el eyt | P m o=

P T ONEY—DESERHPHH-OR—DEFHNFNGBHSTHEATHON—COpivid

Doéﬁﬁlﬁﬁm osm JrABESM NOTENO. SYAGESCR PTI G\ kg/hr | T:hr
TSV EA B abry Mo STABLE PROMICTL O Hon BIY Cabep 400
PERI OD|OF 1BOMVE. | Not ®_t hat Pat en?#®0Docunent] 2043hpaheNOTE 5
Pt ent |Appilsiocat) on 5Lai ¢- Open N&o 2003- 3J09AK473 NOTE 5
(fgr agn apfho@%gP deger kPﬁcﬁlﬁeboilJmQﬁﬁ)f seng.ggxampl ﬁoms
SRR | N ;rf" :Zoiri h r~| ahrb\\lIQ%ball'\ln: \AELtLE: —E?\bnl”UE_rN TES
w#9h 1 PPNQTEPT‘t of 50p9r ating a8 Bommer ci 41 <258 NOTE 5
abar atl uNOTE 1 pf oduBi ng |di met hyBOcar bonatle G288 NOTE 5
eadyl efje gispcol| t hrgugh Pmnmwu(naﬁmg[ jlon k39 NOTE 5
3 A VN ROTEY o NOTE 2 120 OR "V¢E% | NOTE s
iﬂ L owi ng |$r\#;‘ ;h g;l es.in t AZ—FH'—&S-&DI I4:: i NOTE5
b6 NOTE3 | NOTE3 30 3790 | NOTES
26 200 15 PACKING COLUMN (BX) 0.313 NOTE 5

NOTE 1 : OLDERSHAW DISTILLATION COLUMN.

NOTE 2:
NOTE 3 :

STAGES.
NOTE 4:
NOTES:

FOR PROLONGED PERIOD OF TIME.

NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.
NO DESCRIPTION WHATSOEVER REGARDING STABLE PRODUCTION

NO DESCRIPTION WHATSOEVER DEFINING DISTILLATION COLUMN.
ONLY DESCRIPTION DEFINING DISTILLATION COLUMN IS NUMBER OF

Note that Patent Document 25 (Japanese Patent Application

specifically produced.

reaction between ethylene carbonate and methanol.

adequately used in the operation of an actual apparatus”,

Laid-Open No. 2003-3009386) (paragraph 0060) describes that “The

present example uses the same process flow as for the preferred mode
shown in FIG. 1 described above, and was carried out with the object of
operating a commercial scale apparatus for producing dimethyl carbonate

and ethylene glycol through transesterification by a catalytic conversion

It should be noted

example it is stated that 3750 kg / hr of dimethyl carbonate was

that the following numerical values in the present example can be

and as that

The scale described in that example corresponds

7

to an annual production of 30,000 tons or more, and hence this implies
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10 adequately used in the operation of an actua
apparatus”, and as that exanple it is stated that
3750 kg / hr of dinethyl carbonate was specifically
produced. The scal e described in that exanple
corresponds to an annual production of 30,000 tons or

o BFifn 6 OERE I LT AT SR, pumens
25 ( %‘%%st%seqt%e”\‘icé\"B'n'z%%% b&f‘ﬁ&%??mw (April 9,
world's first large sca cormermal pl ant u3|

200% SRy atigyohdba "&%F'F*lseél'%hlarg}%%@l@r COgYBRTEH tgprlént using
time of filing 5 the present application, there is not

this precegohad heenacadied awlr eddewevier, evra akthgitinerof filing
Pat ent Docunent 25 (Japanese Patent Application

the freisénDegppihati@AP8h GOS8 6pt theaabdye tfaet adredl.vaMoremver, in
the theoretically calculated value is stated for the

the eXaifipte dfPatant Dbcdmeithb (Capansie Patont Apdicdtednl
for ethylene glycol is approximtely 85.6% and the 10

LaidSOpent N8l tzooﬁsww | Rt Wy ﬁ%%%mé%lh@%thb theoretlcally

cannot really be sai that a high yreld and high
I h I
calo{iEAEG JalbRs Reto R 11 Bl e RuRBLEL O Aot Sarbonate,

but "E‘%o?‘&'&@ﬁbetqﬁﬁle}%@mé'd%uﬁhéh@"i'gétoeﬁi’?p‘iéﬁgfgggﬂ‘ﬁ@f i
se'efﬁﬁv'ﬁsﬁﬁg%ﬁwﬁhﬁg&aﬂ'\gf an ffegﬂocgegfsg;‘sa%@? f%gﬁv b said
am nati on not avl n een request e

that achigh yieldiand |hlah|sﬁieﬁéwﬁudham&%eraraéwee§l nalmypartlcular
causes of fluctuation such as conposition variation

the laweseleativdty indicates tbatpbis provesahast adataudrawback as an
distillation in the distillation colum, and 20
indusigiepdductivapraciess. aniNgtecaBo thatPaté hbDdourhbat 25
colum, and hence continuing stable operation for a
{(Jap@hekenpgtemeApptication MBid-Dpen No. 2003-300936) was deemed
to have been withdrawn on July 26, 2005 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 prolonged period of time is
accompanied by many difficulties, and in particular these difficulties are
further increased in the case of handling large amounts. To continue
mass production of the dialkyl carbonates and the diols using the

reactive distillation method stably for a prolonged period of time while

maintaining high yields and high selectivities for the dialkyl carbonates
8
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acconpani ed by many difficulties, and in particular
these difficulties are further increased in the case
of handling | arge amounts. To continue nass
production of the dialkyl carbonates and the diols
using the 25 reactive distillation nethod stably for a

ana S ABRERET4REUE b TaHEE pgAPALefgeop Blveny covisec

carbonates, 8 and. the diols...the reactive distillation

H°W3ﬁ6&r§l%8“#b§tesﬁém&f%&f ISP Ay Sta ‘?A@\V8P,”°k'ﬁé‘ 1§
description aof  continuqus stabl eeé)_r o_iuc_ti on f%r da

prolongsd Rpsird afitimeowith the weagtivadistitiation method proposed

. distillation method proposed hitherto has been the

hitherto has heenhihe 200ntr408nhopee indtatert Rospmenie18 (Japanese
Pat ent Application Laid-Cpen No. H4-198141) and Patent

Patebbd Appitatidn L@idp@peseNeatidd:13@pail panidoR atent DYmarment 13
No. H4-230243). Disclosure of Invention Problens to be

(JapaaksedPhenthApplicativrobaidOpen NanH#R3024d). t he
present invention to provide, for the case of

produci ng di al kyl carbonates and diols industrially in
| arge anounts (e.g. not less than 2 ton / hr for the

Disc@;@#éybf m(?,g?gbes, and not less than 1.3 ton / hr

t'he hrough a reactive distillation system

of [ cLlg..C ohat . al i phatic

mohsRpiPRs g BErapfue bYHY RyPieud, o Bl

contj nuously feeding the starti terials inpto,a

colk tsnaB Rk the BERS e b (e Ao duioiAe] FotHTe rase of

catal yst is present, and carryin out reaction and
prodycing Idllﬁk'qy'éﬁaé'bﬁ'ﬂlattﬁﬁmIdyoisn“'td%@té'@l'b’nm laragpamaynts (e.g.

process in which the dial kyl carbonates and the diols
not leaa tharpRdonckbr for the dighkyWetarhianates, @andl hogHhess than 1.3

productivity stably for a prol onged period of 20 tine
ton /(ler for the dielsy thhanghGd e hotive, digtikfaticablsystertn bessking a

than 3000 hours, nore preferably not |ess than 5000
cycliBdtirdonate and an atiphatic monohydric alcohol as starting
materials, continuously feeding the starting materials into a continuous
mutti-stage distillation column in which a catalyst is present, and carrying
out reaction and distiliation simultaneously in the column, a specific
process in which the dialkyl carbonates and the diols can be produced
with high selectivity and high productivity stably for a prolonged period of
time (e.g. not less than 1000 hours, preferably not less than 3000 hours,
more preferably not less than 5000 hours).

Means for Solving the Problems
Since the present inventors first disclosed a process for

continuously producing the dialkyl carbonates and the diols using the

continuous multi-stage distillation column, there have been many

proposals regarding improving this process. However, these have been
9
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Means for Sol ving the Probl ens Since the present
inventors first disclosed a process for continuously
produci ng the dial kyl carbonates and the diols using
the 25 continuous nulti-stage distillation colum,

t here have been many proposal s regardi ng i nproving

thi s, pr.oces r . [
on a st NHI8ng ST BraralTR Y TaBFtetery BRe; 2R there
there have been no di sclosures whatsogver on a
haveshgenine %ﬁswearwgai%q%\f%onemmq CRogess or apparatus
production on an industrial scale stab%g for a
enabling BRI Predurtancen @mindusisialsicalenstaily fobanpralpnged
through actual inplenmentation. 5 The present inventors
periathoé tirhadased iordfindings wlitained tbdo agh dicivel émpigmentation.
specific process enabling the dialkyl carbonates and

The phesanbirsrdritore havedonedamieahoubhdtadiesabimeal at discovering
for exanple, not less than 2 ton / hr for the dialkyl

a spE&IfROpréCSs_habling eré dibiyl loarbionateshind dhet didls to be
diols stably for a prolonged period of tinme with high

prod88b8%Sh U Yndiétr[HI%t 18 H,%V?Q%Pﬁe, A6t Pes£INAh.2 ¥6R / hr
p ed to the

resent 1 nventors have reach pr esent

. : Cls. i . : : -
for thE ¥l LarbBRaths a}d Dl BSShalr e SO R Syt e aidis
cay bonat e, and di ol i which the dialkyl. carbonat

stabffofermoraiandad seind il St Bla sdidtiviif s Risn
reactive distillation system of taking a cycli ?\§§’

produgh¥tdat ASddreskitaing RiEsENFOREARIRTSChaYe JRaChed to the
starting materials, conprising the steps of:

preseghinyeliany feeding the starting materials into a
continuous nulti-stage distillation colum in which a
caThlay 98, tive present ineentipinngraxitest eacti on and
distillation sinmultaneously in said colum,;

1. &@rbceesUdryinddsutiahgrpndditing Wiyl icagbpeiane and a diol in
reacti on m xture containing the produced
which the dialkyl carbonate and the diol are continuously produced
through a reactive distillation system of taking a cyclic carbonate and an
aliphatic monohydric alcochol as starting materials, comprising the steps
of: continuously feeding the starting materials into a continucus
multi-stage distillation column in which a catalyst is present; carrying out
reaction and distillation simultaneously in said column; continuously
withdrawing a low boiling point reaction mixture containing the produced
dialkyl carbonate from an upper portion of the column in a gaseous form;
and continuously withdrawing a high boiling point reaction mixture
containing the diol from a lower portion of the column in a liquid form,
wherein

(a) said continuous multi-stage distillation column comprises tray

column type distillation column having a cylindrical trunk portion having a
10
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di al kyl carbonate from an upper portion of the colum
in a gaseous form and continuously w thdraw ng a

hi gh boiling point reaction m xture containing the
diol froma |Iower portion of the colum in a liquid
form wherein 25 (a) said continuous nulti-stage

lengff £ (ornEnihafdntiie ﬁ*i%ﬁ#&gﬁﬁ SFftcn 1Tl Strvetuss

havi%@%iﬁ%%i& ' e”rifesm@u&"?é@ nHé@*? LoF ﬁigegﬁ?ﬁéa%mtemal

internal with a nunber of ges n, said inter
beingd Hgyahaviyg fap|uiglity ;ﬂfd?%JIQSt; allis) fughes, h%magf@rga?epuﬂet
having a gas outlet having an inside dianeter di (cm

haviag an ingidef didreetar dmicor) ahattop oppee ®lporn iosrincihe upper
the columm near to the top, a liquid outlet having an

portionsofithe dodumirened? tocte tip,aaliguidnooflet having tmimside
in the |ower portion of the columm near to the

diamia@bF @) (o) keI bottden fdfthle tol@hnPéOW €eé lderiwoumerof the
portion and / or a mddle portion of the columm bel ow

coluh'i‘lenagﬁé@{h'ee%ottﬁ Fieéﬁaéﬁeof” fn Hriﬂb% in the upper

rovi e portion an | ower

ot B 441 0] B ARSHILEcL G g AP, nc
at ledsf gt Sepafiblet ﬂ&v'ﬁgﬂlﬁ ¢ d’ﬂaﬁ?ﬁéﬁ% 37 5g6ihs tower
ICMOR e WGt
(3); 4< L/Db540 (3), (4) the nunber of stages n
satisfiebl) Hee fonath & (on;l) satisfies the formula (1);
2100 < L < 8000 (1),
(2) the inside diameter D (cm) of the column satisfies the
formula (2);
180 < D < 2000 (2},
(3) a ratio of the length L {cm) to the inside diameter D
{cm) of the column satisfies the formula (3);
4<L/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/ds<20 . (5), and
(6) a ratio of the inside diameter D (cm) of the column to

the inside diameter d, (cm) of the liquid outlet satisfies the formula (6);

5<D/d; <30 (6); and
11
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20 10 5 n <_ 120 (4), (5) a ratio of the inside
dianmeter D (cn) of the colum to the inside dianeter
di (cnm) of the gas outlet satisfies the formula (5);
3< Dd,< 20 (5),and (6) aratio of the inside
di ameter D (cm) of the colum to 25 the inside

di e C [ quj RN
f oL Pl of Lhelybpd e Sl gy e fRaikyFoarbonate
ti f a produc mount P ('t h of the dialk

to a [k helecirdh Baliet af B otwalitkisteneles Brssarty i Bae tray stage

~aof holes present in one tray stage satisfies the
satisfigspthe fermulad®).p/ s5 100 (7), 5 2. the process

according to item1, wherein the produced anmount of

the dialRyk R&r%Hen408 is not less thaf¥)2 ton / hr, 3.

the process according to item11 or 2, wherein a

2. tiheogroedssanourdiig tohitemi o) wieretn thessraduoed atnoont of the
/| hr, 4. the process according to any one of itens 1

dialkyP carbohateiis rict [esdlitadidl 2 fdh saird d2 satisfy the
ormula (8); 1 _d, /d255 (8), 5. the process according

3. t?%défd%%’g§8§cdggﬁﬁrté itdm* ger Wl{érbinlla produékd dimolint of

sald contihuous nultl-stage

Letd Ll at| lu tisfy the foll ow ng fornmnul ae;
the ‘ﬁégﬁé eff"ﬂ‘e%? t@%&)%é@&’ﬁ'{n 5 1000, 5!5 L/ D15 :5
0, 305 nb5 00, . 4'5 D/ dl.5 15, and 7 D. d2
4. e pldedss hetarpliy 15 any Boe,phiBeds 1 B e uefinfdid o1 and
one of }té_lrrs 1to 5, whereinlL, Db L/ D, n, D/ di,
sald gasigtygthe bermebiia (8dnt i nuous nul ti - st age
distillation colum satisfy the follow ng formul ae;
2500 .5 0 @00, d2x055 D 5 800, 7 5 L /(8),

5. the process according to any one of items 1 to 4, whereinL, D, L/ D,
n, D/ d4, and D/ d; for said continuous multi-stage distillation column
satisfy the following formulae; 2300 <L <6000, 200 <D <1000,5=<L/D
£30,30<n<100,4<D/d1 <15, and 7 <D/ dy <25, respectively,

6. the process according to any one of items 1 to 5, wherein L, D, L/ D,
n, D/d4, and D/ d; for said continuous multi-stage distillation column
satisfy the following formulae; 2500 <L <5000, 210<D <800,7<L/D
<20,40<n<90,5<D/fdy <13, and 9 <D/ d; < 20, respectively,

7. the process according to any one of items 1 to 6, whereinthe P/ S
satisfies the following formula;15 < P/ S < 80,

8. the process according to item 7, wherein the P / S satisfies the
following formula;20 <P/ S < 70,

9. the process according to any one of items 1 to 8, wherein said tray is
a sieve tray having a sieve portion and a downcomer portion,

10. the process according to item 9, wherein the sieve trays has 100 to
12
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520, 40 :5n5_90, 5:5D/ d1 :5 13, and 9 D/ d2
I'5 20, respectively, 20 7. the process according to
any one of itens 1 to 6, wherein the P/ S satisfies
the followng fornula;15 5 P/ S :5 80, 8. the process
according to item7, wherein the P/ S satisfies the

i, ng2 fornul &; ! 0, 9. the process
1000;@%&%)&?3'8 t”gtﬁﬁyagég p?rtﬁ# %@eﬁe?fg 8, wherein said
tra ye sieve.portion and.a
&5\%95%?8%&%6.05 1 80 R ¥ ot ds MRt Bt b -2 fonal
rein the sieve trays has 100 to 12 1000 _hol %s /
arean@er hOi%@fsth@v%'%QrV%'rfst iRed d@nge o TEgE Qrot@ SsCm
according to item9 or 10, wherein a cross-sectional
area per hole of the sieve tray is in a range of from
0.5 to 5 cn2. 5 Advantageous Effects of the Invention
Advdritaga® uscEffedits ofvilvecthudrdiomy i npl ementing t he
present invention, the dialkyl carbonates and the

di ol has Bedre disCshverst ﬂ@@hb?ﬂl iriplanhé atingSttlecpiesént irdfention,

not | ess than 95% preferab not |ess than 97% nore

the d??ﬁ{)ﬂr@zf}'bbrfb%s@lz& thB%o?@%arPBe%‘rdd%@d Barh ﬁﬁlfH 8 high

not | ess than ton 10 / hr, preferably not |ess

sele#@ﬁl‘?y%ftr?’&t(]estyth @%%fﬁb(@fe%'b\( "Mt le%%sttfem"@ﬁ/ ffYe

L I onat es and not |ess
proferably bt ledit fg#“’m%‘f‘ﬁ/r 280"aR ShabSEtat 88 R 5’10?3?5? *53" 2 ton
bly f I d
/ hr, Péeﬁeratbifaﬁwlté@@%rhf&%r&o Xoror Bra Biarengretesebl Aot 1885ghan 4
nore preferably 15 not |ess than 5000 hours,

ton !fhr@rfpf e dialky %%Trhﬁ?ﬂiﬁé A0 neé lassghani £.3 ton / hr,

nmonohydri c al cohol. Brief Description of Drawing FI G
prefdradiypwotde sextihart 4.95 tsuHelrmtnnorelrmfegabh‘y notless than 2.6
ton Icr?ri]tflo?l:i?gsdlols, stably for a prolonged period of time of not less
than 1000 hours, preferably not less than 3000 hours, more preferably
not less than 5000 hours, from the cyclic carbonate and the aliphatic

monohydric alcohol.

Brief Description of Drawing

FIG. 1 shows an example of schematic drawing of the continuous
multi-stage distillation column for carrying out the present invention, the
distillation column having internals (in FIG. 1, tray stages are 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: internal; 7: trunk portion; 10: continuous multi-stage

distillation column; L: length of trunk portion {cm); D:. inside diameter
13
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20 nulti-stage distillation colum for carrying out
the present invention, the distillation colum having
internals (in FIG 1, tray stages are shown
schematically) provided inside a trunk portion

t hereof. Description of Reference Nunerals: 1: gas

of tr@H%l rﬁlloﬁ (é#g?u' out; h‘g&q%t%égné&e?rﬂ%e?%%c’%lfﬁ Enside
diamgep ot iquid: oifeh (G n” Jrunk portion (cm. D inside

di anmeter 13 of trunk portion (cm; dl: inside dianeter

of gas outlet; d2: inside dianmeter of liquid outlet

(cm. Best Mdde for Carrying Qut the Invention 5 In
BesttMedfeofd roGiamty ingh@upribsemyventiamt i on is described in

detail. The reaction of the present invention is a

r ewreth e ot oagjnigl, ithei piresdritaimyvesttion 1s desicoibed artdedail.

represented by follow ng general formula (1) in which

a dind kydclioh e présentihvesliioh i6Q revergiboseeadlibrium

froma cyclic carbonate (A) and an aliphatic
tranﬁ%&%&l&&ﬁ é@ﬁ?ﬂgn( %%rg.\é(e Arﬂé?B@ zcﬁ Fﬁ%%?ee@muﬂa (1)
i whEH S398) BHAR G 98 5 (REIR) O AT IR ovcc
carbgﬂaggmt A aUPRge | “%@faé%ﬁp‘éhﬁ %L?Sﬁvgi

HQZ represents a nmonoval enk,gli

1QO + 2R’OH 4'-_—-——’ :'g;:;:_:g_:_f::f_
oREs

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 an 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 alkyl group or an ary! 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 formulfa (I). Examples of
the cyclic carbonate include alkylene carbonates such as ethylene
carbonate or propylene carbonate; or 1,3-dioxacyclohexa-2-one,
1,3-dioxacyclohepta-2-one, or the like, ethylene carbonate or propylene

carbonate being preferably used due to ease of procurement and so on,
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15 carbon atons, one or nore of the hydrogens thereof
being optionally substituted with an al kyl group or
an aryl group having 1 to 10 carbon atons. The cyclic
carbonate used as a starting material in the present
invention is a conmpound represented by (A in formula

o SRR o e A AL 1 .

pr | ene carbonat.e 3; dloxac cl ahex
L BReGYEs, i riprans menchye o Laerfﬁlaén@'e other
carbonate aor propyl ene carbonate belgg referaﬁ
starting malesia! dS&%%POHﬂgcﬁﬁF&ﬁ@ﬁtﬂ ad Py BIAn formuladl). An
et hyl ene carbonate being nore preferably used
alipheicemadrohydréc @ilcphat havimgéhlawet bailieamoing dhassthendiol
other starting material is a conpound represented by
prodg&idiis dsedul Al{HQughposdibphaargingdepedidingamrdheltype of
having a | ower boiling point than the diol 5 produced

the dyeli¢sedrboNdteousbdpexaniples ef Yhaalisendimanohydiie alcohol
type of the cyclic carbonate used, exanples of the

mcluﬂb' ﬁu@%hbﬁof‘r‘)@ﬂ){ﬁ/r%l' %réb%%%@'(:sdrﬂ%'r&ﬁeag’ﬁt@&m{ol butanol

hanol’, propanol (i somers) al ¢ . but anol
(Isong‘?r%ghol Pf%ﬁnﬁr%g)eg"ﬂ%%&? ﬁw@??ﬂ’son@@{%&@?faﬁwrs)’
neptfh &G0l (GEGHErS). 06%3334&&3@?2 Bioshe ?é’ﬁ‘?ﬁéﬂ@ egfidjgomers)
soost g Py, ndSAHESh T i fcono
(i saomers et hyl cycl opent anol (i soners
(isomgshy ICy i@%@t@nﬂh cofp&n@x%r)m neﬁwpbﬁ@ﬂ%ﬂ@kaﬁﬁ{ﬂlf’“ta"o'
(|soners) di met hyl cycl ohexanol (i soners),

methyiextippentannkiisonters)s @tbykyclapeptangl Ggonsrs)anol
(i somers), benzyl al cohol, phenethyl al cohol

methficyrtehexa n@he(mdme@s)qrwﬂhy(ld:sz@lmﬂesbamﬂr(dssmars),

Furt hernore, these
dimethylcyclohexanol (isomers), diethylcyclochexanol (isomers),
phenylcyclohexanol (isomers), benzyl alcohol, phenethy! 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
butanol (isomers). In the case of using ethylene carbonate or propylene
carbonate as the cyclic carbonate, preferable examples of the aliphatic

monohydric alcohols include methanol and ethanol, methanol being more

preferable.
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al i phati c nonohydric al cohols may be substituted with
substituents such as hal ogens, |ower al koxy groups,
cyano groups, al koxycarbonyl groups, aryloxycarbonyl
groups, acyl oxy groups, and nitro groups. 20 O such
aliphatic nmonohydri c al cohols, ones preferably used

o b gﬁéﬁ@%gsgoﬁg @&msga?iﬁegnagn L EBtalfR] fs madg to be
preswﬁmﬁ@ RiendiseBL2RER Subier e A tbach ﬁgzék'ap the

yl ene car bonate as the cyclic carbonate
catal;yﬁéﬂo@r pEeScRk AMY b QPthﬁétBPiijé'ttl‘B the %ﬁ%h%ﬁ%ample of
al cohol s include nethanol and ethanol, nethanol being

a homsrigengoes @adblyst thatidisshlves bréte rerction Havskmnder the
invention, a catalyst is nmade to be present in the

reactiea%dw@ithﬁrm,itIhIeacthIysbbamnbeTmedmetmbé pfe seaiti imgthendiquid
catal yst be present may be any nmethod, but in the

phaseafethé Qéaéﬁ%@pb%tllm‘tloﬁcbWﬁ*ﬂﬁB?Cf@%dﬁﬁg&hbSéatdl%t into the
di ssolves in the reaction liquid under the 5 reaction

reacﬁ?@‘qlﬁhﬂﬁﬂoﬁ B8IAhtdRiinGBlshE JRRPtAE daRaPbeEENt i N

urd phase in the reacti’'ve distillation colum

hetegy%c%r‘?{??h?%étg atthaitycfé § 04 &t@gol\fﬁ?l‘?tth%éereaction liquid under

10N urm COI’] i nuousl

the BB ToRORO AP A LT t%%ﬂd"e eofad I B fee Sehlf the

cat al yst can he nmade t g?resent i n t&e,l? reaction
reacw@t% By BYs BRI NENH ecaa lyst agsasalld inythe regetive
reactive distillation colum; these nmethods may al so
distilkation e lumrothgsmmetodsmaw alse de Hﬁﬁdalm@ﬂﬁﬁéﬁéb'%'
catalyst is continuously fed into the reactive
di n theé atasen tieat anmomoige reows eadalyst datcantiruonyglybted into
fed in together with the cyclic carbonate and/or the
the rebicpivat distilatidy dolemi thlechbalogeneony datahest mayabeded in

different position to the starting materials.

together with the cyclic carbonate and/or the aliphatic monohydric
alcohol, or may be fed in at a different position to the starting materials.
The reaction actually proceeds in the distillation column in a region
below the position at which the catalyst is fed in, and hence it is
preferable to feed the catalyst into a region between the top of thé
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 least 7
stages, more preferably at least 10 stages.

Moreover, in the case of using the heterogeneous solid catalyst,
the catalyst must be present in at least 5 stages, preferably at least 7
stages, more preferably at least 10 stages. A solid catalyst that also

has an effect as a packing in the distillation column may be used.

As the catalyst used in the present invention, any of various
16
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The reaction actually proceeds in the distillation
columm in a region below the position at which the
catalyst is fed in, and hence it is preferable to
feed the catalyst into a region between the top of the
colum and the position(s) at which the starting

catalJHN i Flpetto B4olls s Exaflos SE PG SERaIst

e preferably at |east 10 stages. Mreover, in the

mclu&e of using the heterogeneous solid catal yst t he

catal yst nust be present in at Ieast 5 stag

pr élkalingtals aryia@dkalmgt%ajéb megtrls sHeh aSabtfyuai sodium,

| east 10 stages. A solid catalyst that al so 25 has an
potasesiurot rabidiupmcke siginm hnmagnekisin,| caldiom, strontiunmayabd

used. As the catalyst used in the present invention,
bariigny of various 16 catal ysts known from hitherto can

be used. Exanples of the catalyst include: alkali

Mehalsc %%%ﬁbhﬁhb%cﬁ@%tsthﬁabé hyeftofdds  HikoRides,

sodi um  potassium rubidium cesSium magnesi um
arylcé@ﬁ%bgr@r%eﬂsersoﬁ?y#@,@; f%l?éfi'rﬂ easlgaéh&yﬁ‘iggﬁﬁﬁngértﬁuﬁ'étaIs;

am r ke |_k | s e . .
ne“’b%%& %°§§§$H"98erLg‘{D1%§ End AR AJER B 0 AR acid
bi car bgnat es, ani ac:ld .S _or | i ke of
salts;pf 306 Tk &7 21830 hefail avad AlReliRactatth megArary
am nes such as tri eth l am ne, tri butxl amn
t r tpRti@nyapiiees strh aéntmtav&arnw%ni 'éUMaFH@eL tribexylamine,
ni trogen-contai ni ng heteroaronmati c conpounds such as
and Neakkidigyhyl@neine nrdheylikeidol es, oxazol es,
N-al kyl i m dazol es, N al kyl pyrazol es, oxadi azol es,
py nittogen-edbkidiping thetesoamumatici eceempounds such as
N-alkylpyrroles, N-alkylindoles, oxazoles, N-alkylimidazoles,
N-alkylpyrazoles, oxadiazoles, pyridine, alkylpyridines, quinoline,
alkylquinolines, isoguinoline, alkylisoquinolines, acridine, alkylacridines,
phenanthroline, alkylphenanthrolines, pyrimidine, alkylpyrimidines,
pyrazine, alkylpyrazines, triazines, alkyltriazines or the like;
cyclic amidines such as diazabicycloundecene (DBU),
diazabicyclononene (DBN) or the like;
thallium compounds such as thallium oxide, thallium halides,
thallium hydroxide, thallium carbonate, thaltium nitrate, thallium sulfate,
thallium organic acid salts or the like;
tin compounds such as tributylmethoxytin, tributylethoxytin,
dibutyldimethoxytin, diethyldiethoxytin, dibutyldiethoxytin,
dibutylphenoxytin, diphenylmethoxytin, dibutyltin acetate, tributyltin

chloride, tin 2-ethylhexanoate or the like;
17
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15 al kyl qui nol i nes, isoquinoline, alkylisoquinolines,
acridine, alkylacridines, phenanthroline,

al kyl phenant hr ol i nes, pyri m di ne, aIkyIpyr|n1d|nes
pyrazi ne, al kyl pyrazines, triazines, alkyltriazines or
the like; cyclic am dines such as diazabicycloundecene

( ' LGV e t i ke .
tnas aeﬁt%i@ﬁﬁ%a?c@ﬂ%ﬁ Aoty Theo FLORIFF: um
t hal drOXI t.hal | i um car bonat e,

ethylhadiSgieine rbutS G aht8abEe. Thar | o or gani

acid salts or the like; tin conpounds such

t r BB Wi eesRaunNds susht 3% @IHauyy,nhtrlmethomde aluminum

di but yl di met hoxytin, diethyl di ethoxytin,
triisogiropopxidie eahoxymim, trﬂmhﬁ:@dewrpﬂmdjkw in,

di phenyl net hoxytin, dibutyltin acetate, tributyltin

chtitamiden dompaduatlisys ek asotdteanrethivarytitariurh/ zi nc
conpounds such as di net hoxyzi nc, diethoxyzi nc,

tetraemukﬁem@wl|gw2ﬂetﬁabdtdwtnémumc diEhidiedimethoRiytitamium,
conpounds such as al um numtrinmethoxi de, al um num

tetrafédﬁr%%ﬂﬁﬂéhﬂ?m Qltﬁﬁiﬂh‘lna&éfat%ﬁt Qith ﬁ:rﬂra&@ﬁ/llgﬁlgf’onﬁe or the

titanium conpounds such as tetranethoxytita
tetraet hoxytitanium tetrabutoxytitani um
like;
d| chI or odi met hoxyt | tan| um tetral sopropoxyt i tani um

gn acetate ni u ace s ﬁﬂgte fols t he
| i REos 8§Hﬁ&9]§p86' Ads  ar YIRS IR M ¥os phi ne,
phosphi ne, i, but hos i.ne,
"'eﬂilﬂpbﬁ§ﬁ§7ﬂ'% B’;b‘PlBMP °§PLHE|?5/¥%£M9B JRRum
hal i des, trioctyl butyl phosphoni um hal i des,
tributylmetlyip hesphophusphaiidem traectdbutylphesphondum halides,
zi rconi um conmpounds such as zirconi um hal i des,

triphenybuethihphosphonium halides or the like;

zirconium compounds such as zirconium halides, zirconium
acetylacetonate, zirconium alkoxides, zirconium acetate or the like;

lead and lead-containing compounds, for example lead oxides
such as PbO, PbO,, Pb30; or the like;

lead sulfides such as PbS, Pb»>S3, PbS: or the like;

lead hydroxides such as Pb(OH)z, Pb302(0OH)z, Pb2[PbO2(OH):],
Pb2zO(OH); or the like;

plumbites such as Na;PbO2, K:PbO:, NaHPbO,, KHPbO; or the
like;

plumbates such as Na;PbOs, Naz:H;PbO4, K:PbO3, K:[Pb(OH)s],
KsPbO4, CasPbOy4, CaPhO3 or the like;

lead carbonates and basic salts thereof such as PbCO3,

2PbCO3-Pb(OH); or the like;

alkoxylead compounds and aryloxylead compounds such as
18
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acetyl acetonate, zirconium al koxi des, zirconium
acetate or the like; 15 |ead and | ead-contai ni ng
compounds, for exanple | ead oxides such as PbO, Pb02,
Pb302 or the like; |lead sulfides such as PbS, Pb2S3,
PbS2 or the |ike; |ead hydroxides such as Pb(OH) 2,

Pb(‘ﬁﬁ%q(»f?éﬁgﬂ???%@%( %”R&bﬁ%@"%gr@t PO oF
Eﬁ%' e BhCoAREIC ackipodRd CamaBteaPdcaaBIo aks thereof,

| ead carbonates and bas ic salts thereof such as
such%@(ﬁ'sb( 69 © Ho2eath (@9 Chts )4.nB b Oy Chi o R @43H20 or the
conmpounds and aryl oxyl ead conpounds such as 18
like;, Pb( OCH3) 2, (CH3O) Pb(OPh), Pb(OPh)2 or the like; |ead
salts of organic acids, and carbonates and basic salts
t hergaholesd ¢ mpo th(©XAEB a3, BELhPOCEI P H, BusPbCl, PhsPbBr,
Pb( OCOCH3) 2PbQO. 3H20O or the |I|ike; 5 organol ead

P
Pthgﬁggg%Plgch Pb@'l“l tpé?'lﬁ@;bor ﬁﬁ@m@ RB?@#BBu represents

6Pb Bu3Pb h2PbO or t e lik
d Ph
a bufy) éﬁ%f““%r%‘ﬁEﬁéf%éfabﬁfbﬁwﬁﬁgéf#ﬁ%"‘QUCh as Pb-Na,

oy Tl PR RBLoR B -Hickoith’ BHisk ot the

of such |ead conpounds; in the case that the corrpound
'used dissolves in a starting

like;

lead minerals such as galena and zinc blende; and hydrates of
such lead compounds;

in the case that the compound used dissolves in a starting
material of the reaction, the reaction mixture, a reaction by-product or
the like, the compound can be used as a homogeneous catalyst, whereas
in the case that the compound does not dissolve, the compound can be
used as a solid catalyst. Furthermore, it is also preferable to use, as a
homogeneous catalyst, a mixture obtained by dissolving a compound as
above in a starting material of the reaction, the reaction mixture, a
reaction by-product or the like, or by reacting to bring about dissolution.

Furthermore, examples of the catalyst used in the present
invention include ion exchangers such as anion exchange resins having
tertiary amino groups, ion exchange resins having amide groups, ion
exchange resins having at least one type of exchange groups selected
from sulfonate groups, carboxylate groups and phosphate groups, and

solid strongly basic anion exchangers having quaternary ammonium

groups as exchange groups;
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material of the reaction, the reaction m xture, a
reacti on by-product or the |like, the conpound can be
used as a honpbgeneous catal yst, whereas 15 in the case
that the conpound does not dissolve, the conpound can
used as a solid catalyst. Furthernore, it is also

be
pr I : e cakal ys
m el aRsFebRic 58mPtntes KK B3 ket Fific 4B unfing, 1
... a starting naterial .of the reactio he reaction .
silicrmaghesis ATRAGHERYED GRUM SHIEALE | YREOUS 2aites.
_reacting to bring about dissolution. 20 Furthernore, .
variogigafatal-exchanoedzgojides yapd ammapiyn8xshanged zeolites,
i nvention include ion exchangers such as ani on
and ex@tange resins having tertiary amno groups, ion
exchange resins having am de groups, ion exchange
r eAisna sdid ogtalyst,eagiantivail aplyepdfeeabhangedgsmeps a solid
selected from sul fonate groups, carboxylate groups

strorigly Bd¥isdsion 8xeHARgerNfhVARgS@LAteFargEmmeaking groups as

ani on exchangers having quatéernary anmoni um groups as

o )
exch3HEPRRR, B LR s lard ol NEARIAG & MRSHIR-L 4o or
ol Ul . . . , .
oxchg8 PR NGPHEE oy BTbIAH, Bb1DERI G YRS B78RLABRGe oroups.
mmoni ym exchange eql.ites and so on. 5. i
a ce R BAS 8L TRP R BEAIS ion lih g alE nayias Qud¥hdry
solid strongly baﬁiﬁc ani on exchagger _havi%g?_ )
ammenid By GERYP R AT AXGRAGESUREOURS, BRERMIBOEIRIIGCarrier
exanpl es thereof including a strongly basic anion
suppextathiyglee idsonglyabasis goigr exehangehrMinG co@ternary
exchange groups, a cellulose-based strongly basic
ammamiiom gralps s ekaliangeqgesup sar £ xeomplaspif dhegstoapgly basic
as exchange groups, and an inorganic carrier
anios €xudvdege rgdim bavinglgudtesharaainomosiahaggeupsas egchange
quat er nary
groups include a styrene type strongly basic anion exchange resin or the

like. A styrene type strongly basic anion exchange resin is a strongly
basic anion exchange resin having a copolymer of styrene and
divinylbenzene as a parent material, and having quaternary ammonium
groups {type | or type Il) as exchange groups, and can be schematically

represented, for example, by the following formula:

20




amoni um groups as exchange groups. Exanples of the
strongly basic anion exchange resin having quaternary
anmoni um groups as exchange groups include a styrene
type strongly basic ani on exchange resin or the 15
like. A styrene type strongly basic anion exchange

es A0GIOH—LISH _e{at' ghge LEgiAT havi ng
%Fymer I? %ne ang dijvi nyl benzene as a parent

amoni um groups (type
and can be
xarrpl e, byt he(type D

= ® CH (
CHzmgcﬂa?WQHTQﬂEW 2( C2HAR
2(C2H4OH) Xe _ X' In the above fornula, X
represents an ani on; exanples of X include generally
at | east one type of anion selected fromF, d-, Br-,
HCO3, ' C032', CH3CO2-, HCO02-, 103-, Br03 and C103'

preferabé at_| east ih)‘&f%—"‘ pe anl sel ected from
i|F|CO§ 2731 “Nor

/ij] (type IT)
c~n—CH—CH2—~ CH2N(CH3)2(02H4OH)

CH2N&CH3)2(02H4OH)

In the above formula, X represents an anion; examples of X
include generally at least one type of anion selected from F°, CI", Br’, I,
HCOs", CO3%", CH3CO,, HCO,, 1057, BrOs’, and ClO3", preferably at least
5 one type of anion selected from CI, Br, HCO3", and CO3%". Moreover,
examples of the structure of the resin parent material inctude a gel type
structure or a macroreticular (MR) type structure, the MR type being
particularly preferable due to the organic solvent resistance being high.
Examples of the cellulose-based strongly basic anion exchanger
10  having quaternary ammonium groups as exchange groups include
cellulose having -OCH,CH;NR3X exchange groups obtained by
converting some or all of the —OH groups in the cellulose into
trialkylaminoethyl groups. Herein, R represents an alkyl group such as
methyl, ethyl, propyl, butyl or the like, preferably methyl or ethyl.

15 Moreover, X is defined as above.
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exanpl es of the structure of the resin parent materi al
include a gel type structure or a macroreticular (MR
type structure, the MR type being particularly
preferable due to the organi c solvent resistance being
hi gh. Exanpl es of the cellul ose-based strongly basic

A b AT o

NR3X ex roups. obt ai ned b nvertin
XGRS EWNG G SERE AT AGVO DT SR B S aE g Foups that
| am noet hyl groups, Fbreln R represents an
can B?Hﬂjﬁe‘éﬂ%ﬁ espi@sed m,y@lrmm néqahms a%rwﬁanlgﬁwrlq;rthat has
the like, preferably nethyl or ethyl. 15 Moreover, X
had +©(§d1)a aaéqutateenamamonmwnggmwpsamtroéuced thereto by
supported type strongly basic anion exchanger having
modifyatgesoary caraboif thegrOtb s uaka o bigdngreylgg rupss ifdhe
can be used in the present invention neans an

inord AWicosdrfec ar Heesirt, IRtafhX abeédefiNédids  AB3Xe, and n is
guat ernary ammoni um groups i ntroduced thereto by 5

gendPadyf ¥h r?ﬂtéqzé‘iefr%rm Al to @ greserddiysyrd ace @x&lmmg of the

groups inorgani ¢ carrier. Herein, R and are

|nor@aelil'cngé’jrrge?re?\%?égpyﬁﬂggnfISEXH ? i?&é-}é ?ﬁuhﬁ} gg?ﬁl fi’é%me or

arrier silica ca-al um.n

the 1Y pfergily ﬁ@aora'umgar.%S*ﬁﬁae?@r'amaf E?F'@a'ar'v
a or S|I|ca ular 10 p r abl

Pfef%FqLﬁTEas'“%y Y e Sé"u%gdi arget ?
modi fyi ng the surface hydroxyl groups, of t he

the sutbagahydroxyl gepupsiaf i inPYRRSITIRISi ¢ ani on
exchanger having quaternary anmoni um groups as
exdhaengelidradopegliysbasimmaniamldxchargerabaging quatersary
case, the ani on exchanger may al so be used as the 15

ammioraoaegtenps izmexohangeagisipsis eormriatgialippeatiabieo In
i on exchange with a

this case, the anion exchanger may also be used as the

d%‘ylng

transesterification catalyst after being subjected to ion exchange with a
desired anionic species in advance as pretreatment.

Moreover, a solid catalyst comprising a macroreticular or gei-type
organic polymer having bonded thereto heterocyclic groups each
containing at least one nitrogen atom, or an inorganic carrier having
bonded thereto heterocyclic groups each containing at least ocne nitrogen
atom can also be preferably used as the transesterification catalyst.
Furthermore, a solid catalyst in which some or all of these
nitrogen-containing heterocyclic groups have been converted into a
quaternary salt can be similarly usea.

Note that a solid catalyst such as an ion exchanger may also act

as a packing in the present invention.
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desired anionic species in advance as pretreatnent.
Moreover, a solid catalyst conprising a macroreticul ar
or gel-type organic polyner having bonded thereto

het erocyclic groups each containing at |east one
nitrogen atom or an inorganic carrier having 20

bo ed ther et er e ou each t ai ni,n
o108 s MUt St b, Saflis t&mﬁiﬂgﬁﬁsepr&sa'ﬂ”@y@y"twﬂbaa"es
as t he transesterl fication catal t her nor
depegyling eadheytype af the qatabid ysed P%ﬂnttﬁss%ase 0
nltroqen cont ai ni ng heterocyclic groups have been
ydeeiding in a glsvdﬂ@gﬁaapumwtaim ratsdigsadves in the
used. 25 Note that a solid catal yst such as an ion
reactienhagqgier under dhsoreaxitiomsoadiioksnghé mmbenpressshis
i nvention. 22 The anobunt of the catal yst used in the

5 genephfiyantairangat 6P fromrd. 090 10ep Sl & yowelidiet, tyedepdbltyn®.005
catal yst used, but in the case of continuously

to 2d %‘E‘Jy”ﬂfe' {;‘hfﬁ‘ rh%‘i"@%@k’ébl‘"ya@fﬂ‘b’% 10'84 by WeIGNESas &

reaction |iquid under the reaction condi ti ons,

propéﬁg%ﬁw%m@&él ﬁ{eat‘.wh#:g;b Bﬁgﬁ?ftﬁg%w)hatlc
m°"‘€5¥§f3?i?'§ﬁ5‘§ﬂ '?r?ﬁfei%{% T‘%%H%Hf’ao?‘%éﬁ'a%c| MSlagd, Jo dhe

the ali tic . monoh n a e
casegy Pfsmg;anﬁgﬂ GatalyRionskeled e steﬁagé%fc(ﬂgmrg the
solid catalyst installed in the distillation colu
10 catalyst is prefeeabiyrused pparamoyntiie@ rangd offsam O 911 40 75
range of fromO0.01 to 75 vol% nore preferably 0.05
vol%t, ana e woeferaldy Gbbetq 66 vo bl yed more psoferadtiy,0.Hate 60
on the enpty colum volunme of the distillation colum.
vol%] rsedion the panpiycobhrmhi volum é @fsthendidtdlatés hadliomn.
conti nuously feeding the cyclic carbonate and the

al TReab re"RBOYEId AaflliRRatioh’tén @he method of continuously

conti

feeding the cyclic carbonate and the aliphatic monohydric alcohol into a
15 continuous multi-stage distillation column constituting the reactive
distillation column in the present invention; any feeding method may be
used so long as the cyclic carbonate and the aliphatic monohydric
alcohol can be made to contact the catalyst in a region of at least 5
stages, preferably at least 7 stages, more preferably at least 10 stages,
20 of the distillation column. That is, the cyclic carbonate and the aliphatic
monohydric alcohol can be continuously fed in from a required number of
inlets in stages of the continuous multi-stage distillation column
satisfying the conditions described earlier. Moreover, the cyclic
carbonate and the aliphatic monohydric alcohol may be introduced into
25 the same stage of the distillation column, or may be introduced into

different stages to one another.
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15 continuous nulti-stage distillation colum
constituting the reactive distillation colum in the
present invention; any feeding nethod may be used so
|l ong as the cyclic carbonate and the aliphatic
nmonohydric al cohol can be nmade to contact the

°aﬁ'@§ Sferiihef o8l Hreffed Eﬁikﬁf@oatfst'?ﬂﬁi? t%e@%@%'g"’fm

of the djistillation colu is, the c
coluiy B Adiau BhiP Thelh ol GREEPUS TRAMbIYIRS 2 HBHIS Oéefhl'se'd and
continuously fed in froma required nunber of inl
a gagn Pwssthan feedinahihe sdacting rmatetalfeintpsthe Fia‘ttﬂlba]tmn
colum satisfying the conditions described earlier.
columipr Brotheis, walye itciscaiso prefdrade doaadid ittenally peediio a gaseous
nmonohydri c al cohol may be introduced into 25 the sane

startiqoeaidridniatdrmittéhtlyi oncontinmousty froan dedowsr poitiad of the
into different stages to one another. 23 The starting

dtstlﬁl@iiéh'@dlﬁnﬁkﬁ e MereVe 1, HHBtPley prafferabR fiethiold Rf bAB in
colum in a liquid form in a gaseous form or as a

whlcg‘tt’gwltreufzgcﬁé carbbftd @%nﬁh@@ﬁsltﬂ{tgﬁntd“ﬁﬁuﬁcf?ghﬂgoF Begas /

materials into the dis tion ‘colum in
. .thi f
“qu"ﬁH*ﬁeéﬁ"%%hgntéa%fﬁqﬁa?&ﬁ lsin'fa‘thafﬁﬁ%‘w&ﬁ%béﬁgﬁ% stages
ont j,nuousl roma |l o ortio f the distillatio
wiigh e Satalst i Préssiierndi e allpRatimmastRid Aﬁ@'FﬂP‘O* is
whi ch the cyclic carbonate is continuously fed in
contmqusdyf @ldnﬂrbﬁ W FRRUP Ofmqﬁﬂa ok adiaviddenm dntp §hgdgwer
of the distillation colum above the stages in which
portioneottheldjstillatiopreglumn. add thie casiepbei eyehim srylpnate may
al cohol is 10 continuously fed in a gaseous formand /

of coursa ¢omidid ther aliphatictmenodhwelric pdbeohoh of the
distillation colum. In this case, the cyclic

carbohstgrosant inkeadiors aheostating heaterigdddedcin may contain

nmonohydric al cohol. In the present invention, the
dialk§l 2arbbBaf@idHd 2lot died beingRthecpRIGUBts. The content thereof
is, for the dialkyl carbonate, generally in a range of from 0 to 40 % by
weight, preferably 0 to 30 % by weight, more preferably 0 to 20 % by
weight, in terms of the percentage by weight of the dialkyl carbonate in
the aliphatic monohydric alcohol / dialkyl carbonate mixture, and is, for
the diol, generally in a range of from 0 to 10 % by weight, preferably 0 to
7 % by weight, more preferably 0 to 5 % by weight, in terms of the
percentage by weight of the diol in the cyclic carbonate / diol mixture.

When carrying out the present reaction industrially, besides fresh

cyclic carbonate and / or aliphatic monohydric alcohol newly introduced
into the reaction system, materials 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
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di al kyl carbonate and / or diol being the products.
The content thereof 15 is, for the dialkyl carbonate,
generally in a range of fromO to 40 % by wei ght,
preferably 0 to 30 % by weight, nore preferably 0 to
20 % by meight in ternms of the percentage by wei ght

o ff e Wt 08 Bl AR o e

genera n aran of fromO to 10 %
prosf gmen%%fthaishﬁ 5 bOS3i1%. o, AD GerpRie Qfadther process
preferably O to 5 % by weight, in terns of the
is a PEICREH ugwmyhvﬁudgaryloﬁarth@aﬂeous predyeedfeomea dialkyl
carbonate / diol mxture. \When carrying out the
carbenabteand aacaicmaticdusinohaid re xybesingesi rid, dbie aliphatic
carbonate and / or aliphatic nonohydric al cohol newy

monadydiadugiedhol biedng Hey-praduiced sy tHienprovaisy aadsrdronmiargd.
the cyclic carbonate and / or 25 the aliphatic

The FEEENB&d BP( ghr\RedalpHERIS n?@t‘i@ﬁ?@ﬂb aleehePigenerally often
recovered fromthis process and / or another process

co-nt&@?eﬁiﬁgaﬁyf'b ar66ABkY, Hff%ro tfi@rm(SHSth?éi# %@:mpound an

I's an excellent characteristic Teatur

0 r % t [\$.d.S
alkvléaﬁ%%e@ﬁaoﬁ%bhéﬁ %ﬂ&%?aﬁf’s §9b?%'@e§®%ﬁﬁb&}§%@2°f an
aryl arb e duced fron1 di al kyl bonate
alkyl g3 GarERaRse: ialaRycr ShP RalenBlACsO D, of B PR Ogticed
nohydrlc aIcohoI bei ng by-produced in this rocess
aliphati¢ manphydric algpBol aray becHsed-3% b8 @sea StRriingimaterial in
monohydri c al cohol generally often contains the
the pdeaekylincantionatos, malyebarused as thenstading ynaterisd afder
an alkyl aryl ether and so on, and may al so contain

amosmiadf cambained niammialdhd(vilngaawgherrtbniﬁng, poind ftizar that of
carbonate and so on. The by-produced 10 ali phatic

the atipreiticlmenshganelalgahothaisbeensrédudsd ahrd@ghidigtillation or
material in the present invention, or may be used as

the |,tklg,e starting material after anobunt of contai ned
mat eri al having a higher boiling point than that of

A cyclic carbonate preferably used in the present invention is one
produced through reaction between, for example, an alkylene oxide such
as ethylene oxide, propylene oxide or styrene oxide and carbon dioxide;
a cyclic carbonate containing small amounts of these raw material
compounds or the like may be used as a starting material in the present
invention.

In the present invention, a ratio between amounts of the cyclic
carbonate and the aliphatic monohydric alcohol fed into the reactive
distillation column varies according to the type and amount of the
transesterification catalyst and the reaction conditions, but a molar ratio
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
25
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t he al i phatic nonohydric al cohol has been reduced
through distillation or the like. 15 A cyclic
carbonate preferably used in the present invention is
one produced through reaction between, for exanple,
an al kyl ene oxi de such as ethyl ene oxide, propylene

carbGhpté sy Hﬁﬁﬁ%&%ﬁb%ﬁ%ﬁﬁ?ggEﬁxﬂfﬁeégpﬁs&%c“c'%hvd”c

eri al conpounds, or like y be used. as
a'cogaﬁm ARgeXEE RS o) at Fasis Hmes Ahe nembRTcRk S qfthegyelic
resent invention, a ratio between anounts of the
carb@p@wcbummﬁ]mountm Kbealiphatic maprbNdaic alcahalhésed is
fed into the reactive distillation colum varies
too greadr then it &s necasgpey dodnakeuthe apparatus larger. For such
transesterification catalyst and the reaction

reasonsditheane)abratia afthar aliphatic2bovfo Hytria ki gildl to the cyclic
nonohydri c al cohol to the cyclic carbonate fed in is

carb8RAes aélmeweréblyahgs rahgle’ 6NFRO AR k6 Zﬂ(p%otrbfiﬁfefe}r@bly 3 to
i ncrease the cyc IC 25 "car bonat e conversi on,

15, gtcoh ?bérpeﬂa?aﬁ tom3he tﬂﬂtﬁgﬁh ?e”ﬁ”&@é‘i‘fbﬁrsﬁ%cted gyclic

In an e cess 0 east times the nu

carbpﬁéf%ﬁ%gﬁ;iﬁ CXﬁ%thﬁﬁpé’S?{:egq PHLS Oarto%%aﬁggﬁl%& FE{act with

the RrBENIcR BiRIoRE By IO PIGRI S PUERGASA PIRET o a thmer

nohydrjc alcohol to the cyclic. carbonate is
and Bgafssrlabmduwlalﬂmfderrtﬁntﬁﬁ'@rn dt ig prgferahtle toreadvcethe
3 to 15, yet nore preferably 5 to 12. Furthernore, if
amount pf unreasted aypdic earhenatshremaiving as, musénas mossible.
unreacted cyclic carbonate may react with the
In thprpobosss df dhetprelsentrindection, iemrittlmiabove malameatio is
or atrinmer, 10 and hence in industri al
not mopé ehant 80 the ciytlicscarmrimritabéenvergioducen e made®dotbe not

of unreacted cyclic carbonate remaining as nuch as
less PR&AI P7 %, preferably not less than 98%, more preferably not less
than 99%. This is another characteristic feature of the present
invention.

In the present invention, preferably not less than 2 ton / hr of the
dialkyl carbonate is continuously produced; the minimum amount of the
cyclic carbonate continuously fed in to achieve this is generally 2.2 P ton
{ hr, preferably 2.1 P ton / hr, more preferably 2.0 P ton / hr, based on the
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 continuocus

multi-stage distillation column for carrying out the production process

according to the present invention. Here, the continuous multi-stage
26
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In the process of the present invention, even if the
above nolar ratio is not nore than 10, the cyclic
carbonat e conversion can be made to be not |ess than
97% preferably not |ess than 98% nore preferably not
| ess 15 than 99% This is another characteristic

distifigflicafimd 1 BSERTTY e BYSRERE Taye BubHToRTRRs atrey

onate i.s _conti.nuously
columwﬁnda%& IRHOBroqIfg WAIEC h%a&%h%i%%mvmgm?” of end
into achieve this is generally 2.2 P ton

Diat%‘?r ﬁf%b%‘bﬂﬁ)ﬂ@ betowaa cylindricalrtsupket aying az'%ﬂ@”t br{c,m) and
hr, based on the anmount P (ton / hr) of the dialkyl

an insidbahametes Be conpandebaving thereinside @npirdeenabwith a
case, this anmount can be nade to be less than 1.9 P

numben of/stAgesht Gsaill #iternabbetxgptmohaviriemaplurality of holes,
drawi ng of the continuous 25 nulti-stage distillation

and #PisHTufttlerca4s \d paswutiéha Iwaomg:hhomsmmﬂameter ds (cm) at
according to the present invention. Here, the

the tB%”éLﬂVé’%IUFHﬁ brIhags (;.ﬁﬁ)cég* n%bh'léﬁtdfolrhéebmmnlﬁeﬁﬁ‘?g the top,

e present Inventi rises a tray colum type

o vl LA VAT A5 LY & APt e
colufghy ghi &Mge.pﬁghpnevﬂm%, (C&E?lmv nﬁ@ﬁﬁéﬁ%ﬁi‘?w‘jﬂaﬁg’%‘e& or
more ERuInet & (o heradidecin T WrpetpoRp ART S ojag middie

outlet I having an inside dianeter d, (cn) at the top
portign ehthe solwmnobelaw dheugpsoyitet 1 0ANGF ONROL BIAEnsecond

near to the top, a liquid outlet 2 having an inside
inletd(bne)aand 2 (anb) prroxided imthefmididle portion and i/ rorathe lower

| oner portion of the colum near to the col umm, one or
portidd aobthe tolisinn abeve3healigajd putletd2dand mibeeuppemust be

portion and / or a mddle
made to satisfy various conditions so as to be able to carry out not only
distillation but also reaction at the same time so as to be able to produce
preferably not less than 2 ton / hr of the dialkyl carbonate and / or
preferably not less than 1.3 ton / hr of the diol stably for a prolonged
period of time. Note that FIG. 1 is merely one embodiment of the
continuous 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 so as make the reaction proceed stably with a high

conversion and high selectivity, specifically:
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portion of the columm below the gas outlet 1, and one
or nore second inlet 3(b, c) and 4 (a, b) provided in
the mddle portion and / or the Iower portion of the
col um above the liquid outlet 2, and noreover nust be
made to satisfy various conditions so as to be able to

Catgmr?%zﬁastn ol Tl Aabi 8 BTy =t
2 [

ggsbgggt @)49 </ %?goéagperatblog notrl gs‘sf ﬁan i Syton /

hr of the diol stably for a prolonged period of tjinge

Nof2) thednside d1am§t%.fb(wamsf heealuma mestisatisfy "he

continuous nulti-stage distillation colum according
formuta {BE present 20 invention, and hence the arrangenment
of the tray stages is not limted to that shown in
FIG 1. T8@ c€dhtd 200@s nul ti-stage di s¢g2),l ati on col um
according to the present invention satisfies not only

copglj ki itfo bf ARetiepgiRILS pem)itvethy irfdide didgthbtémDi (dm) of the

function, but rather these conditions are conbi ned

columint H-n_&z §a&n€fyt{ ?%,rrﬁgtﬁ gﬁﬂ so as make the reaction

proceed sta conversi on and high

select t cal | 27 (1)t he length L (c
szt si'a;/: %}'{Sﬁ)egf%q)nul ay(l) (2 0 : L:g 8008 ?)1)

(214105 mihBEE BB LRs R ETh 58hiskp i Yot Bt o)

a ratio of t he Iﬁg{&th L (cm) to the insjde dianeter D
(cm of fiRes ne8| must satisfy the fnul a (3);

45L/D: _40 (3), (4) the number of stages n nust sa

tis
t hEBY¥ grrmncaod’zt;\e inside diameter D (cm) of the column to t

h
inside diameter d, {cm) of the gas outlet must satisfy the formula (5);
3<sD/dy <20 (5), and
(8) a ratio of the inside diameter D (cm) of the column to the
inside diameter d; (cm) of the liquid outlet must satisfy the formula (6);
5<D/d; <30 - (8),
and moreover the ratio of the produced amount P (ton / hr) of the
dialkyl carbonate to the total hole area S (m?) of the holes present in one
tray stage must satisfy the formula (7);
10<P /8 <100 (7).
Note that the term “the top of the column or the upper portion of
the column near to the top” used in the present invention means the
portion from the top of the column downward as far as approximately

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

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

column upward as far as approximately 0.25 L. Here, “L” is as defined
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10 10<_n:_120 (4), (5) aratio of the inside dianeter

D (cm of the colum to the inside diameter dl1 (cm of

the gas outlet nust satisfy the formula (5);

3 :D/d1520 (5),and (6) a ratio of the inside dianeter

D (cm of the colum to the 15 inside dianmeter d2 (cm
abOVOf the liquid outlet nust satisfy the formula (6); 5

e5 D/ d2 :_ 30 (6), and noreover the ratio of the

d d LKyl b
PR eS SR Biravateh thal By Sbirid Fre rontin E i afeoe

ne tray stage nmust satisfy the formu f(
dlstt!i@tlop/csalumtga) Slml*&é‘taé"QQW\é‘th$1%“$fé?-$nth?hé"ﬂﬂ-ﬂaﬁf(1t)héz) (3),
colum or the upper portion of the columm near to the
(4), tpandd6d, mnd firtheesatisfias/the formudadg) .t thee dpalikyil on

fromthe top of the colum downward as far as

carbeppt@xntied \dioPcablbe prddiuved ennahtindubttiabstale bhe
colum or the | ower portion of the 25 colum near to

preféﬂa%m{dtq@ssnﬁﬁa"rs 2ttt PoIrtd fothd beankiheaPbbhate tind her
columm upward as far as approximately 0.25 L. Here,

prefeﬂabiy%cﬂsle%%ffﬂfr? 38oAPPHE ofltheh&f%mﬁﬁﬁ éjmﬁ\t%’ rsion,

by usin continuous nultr-st age lat1on

high %l&@[lggtba%@) H}H(rgﬁ?cgﬁgﬁt t?aélj glfl¥ n;s@t 'Esgfoage(‘ﬁ]d of

time 53, T 2xoEbp 15 5ot 1o kézqna%?icﬁﬁﬁi‘frsf %?%teé'%@#ﬂa% 'ﬁ&? than
|ess than 2 ton / hr of the dialk carbonate and / or

300G, heper aB1g enBEetesably pat less than ¥OHP Reurshdranpihaionelic

a high conver3|on hi gh selectivity, and_high

carbpnatmmd the aliphiatic sronchydrisnalsohsdsi od h reason why it

has become possible to produce the dialkyl carbonate and the diol on an
industrial scale with such excellent effects by implementing the process
of the present invention is not clear, but this is supposed to be due to a
composite effect brought about when the conditions of the formulae (1) to
(7) are combined. Preferable ranges for the respective factors are
described below;

If L {cm) is less than 2100, then the conversion decreases and
hence it is not possible to attain the desired production amount.
Moreover, to keep down the equipment cost while securing the
conversion enabling the desired production amount to be attained, L must
be made to be not more than 8000. A more preferable range for L (cm)
is 2300 < L < 6000, with 2500 < L < 5000 being yet more preferable.

If D (cm) is less ;:han 180, then it is not possible to attain the

desired production amount. Moreover, to keep down the equipment cost

while attaining the desired production amount, D must be made to be not
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time of, for exanple, not |ess than 1000 hours,
preferably not |ess than 10 3000 hours, nore
preferably not | ess than 5000 hours, fromthe cyclic
carbonates and the aliphatic nonohydric al cohols. The
reason why it has becone possible to produce the

dial k b d nd j I
morg tiar ARS8 e Aot Piaedapl® BynBR RER BRI 4o £ T 1000,

pr oces of tB HPresent |nventf|oagg|s not _cI ear, but
W|tht2ﬁ,05< $9%8eig yeddnarR AreTeramieconposite effect

brou ht about when the conditions of the fornul (1)

tolf Ef)Dasée§§ritb\|arﬁle& orgeg aledihar 4Rgébenditapie operatlon
respective factors are described below, If L (cm is

becomes difficul2100n pardiculan it dnk 8 is gne ater wgedOaribien the
hence it is not possible to attain the desired

prespups Wiffepsn esativeeld thortepvand Botteeepf doarcalomn becomes
equi pnent cost while securing the conversion enabling

too r'é%tdﬁﬁ'dfﬁén@é%bh@@damlmé O%br*&lm’ﬁ baicosdles ldiffisit.

e made to be not nore than 80 A nore preferable

Moréde\f%ce) d{)%cbn(é@nede%sggﬂgﬁgréggése%%obe%bﬁ‘aﬁﬁ%oln<thér lower

being yet nore I's |ess

portigB20t 18 sotfih. i4nd helfia SEBREUbRLEEMRS [180F tg ocur

whi |. e ttalnl t he desired odugti on
bringifg, AoUbarastrats bs F’oSQJQCﬂ'%ftV > RPEE PraleThp rakge for
nore preferable range for n&als 200 5 D 5 10Q0,
L/ Dyist f 210 R <34 W9®O7k§ei-r{gDy%t eing Y&t dnase oreferable.
Dis less than 4 or greater than 40, then stable
opHfr atlsdassﬂ@mg thenithel conversiantdecteases and hence it is
is greater than 40, then the 5 pressure difference
not puedsibban to Mtainptmmdelsdxtad)pr@ductiencminommtbed\dnesovendo keep
great, and hence prol onged stabl e operation becones

downlithéi eqiipmeMPEBSY Ohilé lseReEITE Sh@RARAABION @ndklimpsiee
the tenperature in the | ower

desired production amount to be attained, n must be made to be not
more than 120. Furthermore, if n is greater than 120, then the pressure
difference between the top and bottom of the column becomes too great,
and hence prolonged stable operation becomes difficult. Moreover, it
becomes necessary to increase the temper.ature in the lower portion of
the column, and hence side reactions become liable to occur, bringing
about a decrease in the selectivity. A more preferable range for n is 30
< n <100, with 40 < n < 90 being yet more preferable.

If D/d;is less than 3, then the equipment cost becomes high.
Moreover, a large amount of a gaseous component is readily released to
the outside of the system, and hence stable operation becomes difficult.

If D/ d¢ is greater than 20, then the gaseous component withdrawal

amount becomes relatively low, and hence stable operation becomes
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portion of the columm, and hence side reactions becone
liable to occur, bringing about a decrease in the
selectivity. A nore preferable range for 10 L/ Dis 5
<L/ D:530, with 7 ~ LID ~ 20 being yet nore
preferable. If nis |less than 10, then the conversion

ol T AT e
mor P 3RS G T8 02 B2 s 1

be made to be not 15 rmre than 120. Furthernore, if n
being yejrmgreprefardi®o, then the pressure difference

bet ween the top and bottom of the col um becones too

gr aD,/ daisl leendbaprd) theedhetemiipnopet sosbbeseraashigh.

difficult. Mreover, it becones necessary to increase
Mordder ehedicmidrwithnirahmiImunpdu&dmnesfreiaﬁeelmhwﬂm, and

and hence side reactions becone |iable to occur,

hend¥ 518 pErAthon betotResafisficiii. t he D eldgdki gﬂéa'ter/than 30,
nore preferable range for nis 30 n <_ 100, with 40

then?ﬁgﬂflgwg%t@eﬂmﬁubﬁttH@'h%uﬁ’El thﬁiélgéﬁd dibi rPg’béboHnés' ess

en the“equi pment cost becones high

excegga\g;%]\lfefra’st ahﬁrﬁg?ég%ésugﬁ t%c%déﬁ%%%aﬁ%%%’&hrgﬁrmgmg

rel eased e syst em

ence st abl eration bhecopes diffl | t

aboqff Aifodlder iR sabe Mt i Halk gt %rapdsnraﬂge Fof B dy is

anmpunt becorres relatively | ow, ? ence

7s Qt/:ﬂﬂ é %e\"&ﬂ 9 Bt faes 203beig ﬂ/ieélﬂ‘?"e I Sver a
decrease in the conversion is brought about.
pr Hf Br/aBlis lpasddarod Opthenithiesequipmpnt cpst nelasvevm the
5< D/ di 513 being yet nore preferable. If D/ d2

produstibasamohmt ecoimes high.eqMareaverctbe residercerime. in the
5 Moreover, the liquid withdrawal anmount becones

tray stdgds vetneduad), amd hernmstiee Yelbbtivitypetenidsoto decvease. If P
difficult. If D/ d2 is greater than 30,

/ S is greater than 100, then the cyclic carbonate conversion decreases.

-

A more preferable rangeforP/Sis 15 <P /S <80, with20<P/S <70
being yet more preferable.

Furthermore, it has been found that in the present invention it is
further preferable for dy and d; to satisfy the formula (8):

1<dy/dy<5 (8).

The term “prolonged stable operation” used in the present
invention means that the continuous multi-stage distillation column can
be operated continuously in a steady state based on the operating
conditions with no flooding, 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 the high
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then the flowrate through the liquid outlet and

pi pi ng becones excessively fast, and hence erosion
becones liable to occur, bringing about corrosion of
the apparatus. A nore preferable range for D/ d2 is
10 75D/ d2 <_ 25, with 9 : D/ d2 <_ 20 bei ng yet

con\’éﬁéwﬂeﬁ@i%&e?@ bei e BBl o éﬂﬁﬂni e

becones hi oer resi depce t . .
e & CEarapd! risrﬁtcr A %ft%@ﬁé'@eﬂ horeention: i3 ipttbeagiatky
to decr ease. is greater than 100, then the

carbgpate @mcbtmrdapbcaanb@rpy"p@wcr@étstai@asforlas pAginrged period of
preferable range for P/Sis 15< P/S< 80,wth

time ZachPigth hogh ksslagtiyity anmdeprpvfereehlablvﬁh imgh peoductivity for
it has been found that in the present invention it is

the diaikylesanbofateadf Aot desslithand dant/ochsanidshigh beoductivity for
formula (8): 1 < d1/d2< 5 (8). 20 The term "prol onged

the cﬁbﬂb&@md&n%rs@tﬂm 1usqanl Pht. heThbeéﬁlkYI carsoha R afRiffe diol
that the continuous nulti-stage distillation colum

t t
are @QP? OPSEIJ SbARE ”H%ﬁ'a\)‘nb%?ﬁg‘r@glgg? ¥ah BaRef/ hr

e operating conditions w

and figf f%éé‘grﬁﬁefa?ﬁ %ét s?%ﬁﬁé@éa@i’m?i?’rﬁéé‘@'m loss
500
thanp‘{ﬁ S dnacndhlnss Ban LB2R Aneyespestiaiy. o Mareover,
he di ol can be pro uced mhlle mai nt ai ni ng t he high
anotggr @&wgpgqnaﬁtlcﬁp@ﬁug%pédhpque&sergd@vmr@wn is that in the case
roductivity. A characteristic feature of the present

that En\ﬂanlt- i/dd. ns O hatq, thhé dbi, d@nd P / Safootha soatinudis smuiti-stage
can be produced stably for a prolonged period of tine

distikatibnvedionim glatisfyerdspettivaly 2800 erbld 8000 1200 ghD < 1000,
productivity for 5 the dial kyl carbonate of not |ess
5 < Ut h@n<230080/< i <angp hiugh oy @uettis)it x Dord, < 25, and 15 < P /
S < 80, not less than 2.5 ton / hr, preferably not less than 3 ton / hr, more
preferably not less than 3.5 ton / hr of the dialkyl carbonate, and not iess
than 1.6 ton / hr, preferably not less than 1.95 ton / hr, more preferably
not less than 2.2 ton / hr of the diol can be produced. Furthermore,
another characteristic feature of the present invention is that in the case
thatL, D,L/D,n, D/dy, D/d2 and P/ S for the continuous multi-stage
distillation column satisfy, respectively, 2500 < L < 5000, 210 < D < 800,
7<L/D<20,40<n<90,5<D/d1<13,9<D/d;<20,and20<P/
S £ 70, 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 term “selectivity” for each of the dialkyl carbonate and the diol
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the diol of not less than 1.3 ton / hr. The dial kyl
carbonate and the diol are nore preferably produced
in an anount of not less than 3 ton / hr and not |ess
than 1.95 ton / hr respectively, yet nore preferably
not less than 4 ton / hr and not less than 2.6 ton /

in B pddalitghvERitan LbEREE oo neCRIIE catBBN R b Raekted. In the

that L, D, L/ D, n, D/ di, D/, d2, and P S for the

presgghinveationma ban Balectivieiafinat (Sss BAn,as %k tiapnerally
respectively, 2300 s L : 6000, 200 : _ D <_ 1000,

be aainedespoetsrabhy noddess e 97, mong prefezablngot less than
15: P/ S :_ 80, not less than 2.5 ton / hr,

99%pr dVlerabver,ribe tares “chanedsiomi in the presenti;ivention generally
preferably not less than 3.5 ton / hr of the dial kyl

indicatebdheat eycliadarbbnbés corvesidn Girt tine /priesenprintentibinyit
not less than 1.95 ton / hr, nore preferably not |ess

bein%*}%‘sﬁb?e t@makBrthef cybic Gatbomdte OV ORISR D e not less than

urthernore, another characteristic feature of the
j t j by | B e ,
95%BEFERZH7 RN IG8 i Bl rdaPpretapy Horliesltrirl 99%
vet L rBHaR)s s s bk $0,89, 180y 36k Berecapyy not less
7 ; ,40  <n:. .. 90,5 .pdl:513, 9 D.d2: 20, and
than 5e-5/%, ~181s' om0 1156 PketfabpRaracteroHfi reatupE ot e
not less than 3.5 ton / hr, nore preferably not L]ess
presepkinventign that ahighcanvarsion canbganaintdinedovhiless
~than 1.95 ton / hr, preferably not less than 2.2 ton /
maintainingrkighr eelactivity irrthisowayess than 2.6 ton / hr of
the di ol can be produced. The term "selectivity" for

eadlneotontiaudiual kyilticstalpendistilbatdon oo ldivot us@d imthépresent
present invention is based on the cyclic carbonate

inven@antieda tiay thétumpr 8RN istivend hatolummiigblleihgdiraysthaving
of not less than 95% can generally be attained,

@ PIPRBLPaLteRols LB FaET AT AR er8T ShEEHRU il e
pres8hEFEN{iGNGREENS GRNBEMd Wh the distillation column where gas
and liquid are actually brought into contact with one another. Examples
of the trays include a bubble-cap tray, a sieve tray, a valve tray, a
counterflow tray, a Superfrac tray, a Maxfrac tray, or the like. Moreover,
in the present invention, the multi-stage distillation column having both a
tray portion and a portion packed with packings in part of the tray stage
portion can also be used. Examples of the packings include irregular
packings 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 regular packings such as Mellapak, Gempak, TECHNO-PACK,
FLEXI-PAK, a Sulzer packing, a Goodroll packing or Glitschgrid.

Furthermore, the term “number of stages n of the internais” used in the
33
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5 indicates the cyclic carbonate conversion, in the
present invention it being possible to nmake the
cycli ¢ carbonate conversion be not |less than 95%
preferably not |ess than 97% nore preferably not |ess
than 99% yet nore preferably not |ess than 99. 5%
bl .e pref n 99 [ e
presght jhySRiBo B EHY fihobERT rpiiin e ™Egeg of 3997 and the
resent invention that hi gh conversion can be
theofeficalnnmbsihef staqes indhs %ﬁsﬁicghp@‘élf'@@ts’rvi ty in this
maé. The continuqus nmulti-stage distillation colu .
usE@rither f%aw@gé}ﬂtweméhﬁqafplicscartwra?tecanalnﬁw %ehatlc
distillation colum including trays having a .
monphydsici algodtolHol the present inkentnsit ae hegmdiscovered that
"internal" used in the 15 present invention neans the
the hight sonwvetdionditdghl $eleictivityolandh higte peodastivitydcan dug d
are actually brought into contact with one anot her.

attairsandven if &f pidite fypaysohfinueds multibétagecdistillatyon @olumn in
sieve tray, a valve tray, a counterflowtray, a

whicRUiMY fﬁt%?nhfsa%o_nf’pN@éfth%ctrhzgyha\ﬂh_gt RerrddeterMmsd iimber of
In the present invention, the nulti-stage distillation

I [ t [ Ol
stagfd T PACRIOR b 8 okt Pt terRalS' Y udeBTHhithe plate
rt.i,on. can al so be used. es. of t ackj

type tj5hYBRo a8, A wHiEH 1p8 BIBHs A B bragre.
Lessing ring, .a Pall ring, Berl. saddle, an Intalo .

Furthagmees. i ik heamdiseryeied tirhsieviliavsyegeh naving'a sieve
Heli-Pak, or regular packings such as Mel | apak .

porticanpad, a dewHne® PeTQoH D FaEs pakiculariggoed amihe AYS N
Goodrol | packing or Gitschgrid. Furthernore, the

termsenfirthenetationshipt hgbyeanaperfpemance aadsequiggaent cosé. It

33 present invention neans the nunber of trays in the
has absebekn dtoveaed tHat ehbkmievedady ipretberatly sasdéo to 1000

in the case of packings. For the reaction between the
hole§YohP Gnoiiebsistes partlohhe Rlmeb&ipreferable number of holes is
120 to 900 holes / m?, yet more preferably 150 to 800 holes/m?2.
Moreover, it has been discovered that the cross-sectional area per hole
of each sieve tray is preferably in a range of from 0.5 to 5 cm?. A more
preferable cross-sectional area per hole is 0.7 to 4 cm?, yet more
preferably 0.9 to 3 c¢m?®. Furthermore, it has been discovered that it is
particularly preferable if each sieve tray has 100 to 1000 holes / m? in
the sieve portion, and the cross-sectionail area per hole is in a range of
from 0.5 to 5 cm?. The number of holes in the sieve portion may be the
same for all of the sieve trays, or may differ. In the case that the

number of holes or the cross-sectional area per hole differs between the

sieve trays, the total hole area of the holes present in one tray stage may

differ between the stages; in this case, S (m?) in the present invention
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nmonohydri c al cohol in the present invention, it has
been di scovered that 5 the high conversion, high
selectivity, and high productivity can be attai ned
even if a plate type continuous nulti-stage
distillation colum in which the internals conprise

mea%%&h%&%%?é&iev ggﬁgﬁirtﬁ%eﬁoﬁ%ﬂb%?%t%%%fir fhe RgeSs, I has
t] I i fch th
been Afehmaiiatby addipd the Fbeve: sondions mm%%e?%ﬁ@uovﬁ
has been di scovered that sieve trays each havi ng
multisptage distilatanaerlumpotire efdechef theprasent invéntion can be
particularly good as the trays in terns of the
attainetlanosestagiiyet ween perfornmance and equi pment cost.
It has al so been discovered that each sieve tray

pr W eenlarryiag 600the pre@entliaveationthiendidikykcarsonate and
portion. A nore preferable nunber of holes is 15 120

the dlél 89@ dtHtAsuouSR: phduddd %W&@ﬁﬁh@l@%li%@ﬂ%@@ﬁe cychc

hol es/ nP. Moreover, it has ‘been di scovered that the

carbgﬁgfiraﬁgﬂﬁé?%@ HHtFE olsfaﬁc é’ltgofng?%szﬁgé’rﬂﬂfd ﬁ'}’at'e?lals into

y In range omO

the GHrBIRIAVS TfiliP3Pade Hisfillatio' ¢§ i B Whidr 1ite r?oértg'fg‘ is
pfesspéf%wﬁrrgg tugartignand, disiarton SHLiENRhisly indthe

in the sieve portiogn, and the cross-sectional area
GO'”ﬁ!S‘é’rs antinyeushy ‘Hiﬁh&’r’iaﬁ”'&ﬂ a 19WrR@ling pointcrgaction mixture
nunber of holes in the sieve portion nmay be the sane
contaiging|theopradieced gialky arbopatadyom theupper pogieass the
that the nunber of holes or the cross-sectional area
columer inhal ga sk d 6 & ferine tamek conhia L sy evidhdrawing tehhighobaliling
hol e area of the holes present in one tray stage may

pointdréd etiohehivaane tdomtalfingsthd didihiront 8ise . lowelrnPortion biiehe
present invention 34 neans the average val ue of the

coluﬁnﬁtﬁh' ahd@dafrm for the stages. It has been shown

hat by addi ng the above conditions to the continuous

Moreover, in the present invention, as the continuous feeding of
the starting material cyclic carbonate and aliphatic monohydric alcohol
into the continuous multi-stage distillation column, the cyclic carbonate
and the aliphatic monchydric alcohol may be fed in as a starting material
mixture or separately, in a liquid form and / or a gaseous form, from
inlet(s) provided in one place or a plurality of places in the upper portion
or the middle portion of the column below the gas outlet in the upper
portion of the distillation column. A method in which the cyclic
carbonate or the starting material containing a large amount of the cyciic
carbonate is fed into the distillation column in a liguid form from inlet(s)

in the upper portion or the middle portion of the distillation column, and

the aliphatic monohydric alcohol or the starting material containing a
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mul ti-stage distillation colum, the object of the
present invention can be attained nore easily. 5 Wen
carrying out the present invention, the dialkyl
carbonate and the diol are continuously produced by
conti nuously feeding the cyclic carbonate and the

% . o . . .
larof ArBoEht Gr IBR D Ao TP BRYARE. AR R e,
. _hn.which the. catal i S sent
d'st"ﬂ%faemﬂ')um'a.assﬁ Raus Tl TPl P ?ﬂf%é'adhe middle
ol um, contlnuously W t hdr aw ng a low b0|I|n
Dortlpéa‘é'f the lawer perticabef 4hei %Juma ahorithe lmtagk@lﬁﬂet in the
carbonate fromthe upper rtion of the colum in a
lowegporbtion 6bthe diatillation aabushyiswalksiedpeakengble.hi gh
boiling point reaction m xture containing the diol

f r Pimet heea dtooeitimerfordheofranisestedficamicmreadtionichrried out in
form 15 Moreover, in the present invention, as the

the m%blnmuﬁu&nhemdisnaoﬁéidérfe@ £ @udte tepties Iaarleragel tegsidence
carbonate and ali phati c nonohydric alcohol into the

tImeQﬁ d‘k@#&nwdtqﬂat i79h & cdntin LA d £ hsIgl- Q'{Hbeﬁhﬁll‘wﬁbhc

arbonate e al 1 phati c nonohydric alcohol
d i S, d [ u r '
colu%nﬁ.a fpgurie%qﬁgcﬁ{mttlan?n% \Eﬁﬁé d%é)aese ﬁ‘@ é@rt%% @?Pﬁ‘o%ﬁleymtemals
) inl.et.(s). rovdedln ora | ural,it
in ths@éb@ah | RoliiBRe P dRe: Bt tr Stdhety tid Brioupts,f the
he col um belowthe as out in th
startigg rratadl Al faci. i BRWRkIOT thBIatAISTe ¢ th8'reaction
tycl ic carbonate or the starti ng material containing
condifipasgansneermn.of Theeregetion timgrisoaanerally iRd rapge f from
the distillation colum in a liquid formfrominlet(s)
0.1 t8520 haurs, porpéeratdyt 0 dntowrt 5t heuns doilcrepprafesably 1tioe10
distillation colum, and the aliphatic nonohydric

houral cohol or the starting material containing a 35 |arge
amount of the aliphatic nonohydric alcohol is fed into

th¥he 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
preferably 50 to 200 °C, yet more preferably 60 to 150 °C. In the
present invention, the reactive distillation can be carried out with the
column bottom temperature set to not more than 150 °C, preferably not
more than 130 °C, more preferably not more than 110 °C, yet more
preferably not more than 100 °C. An excellent characteristic feature of

the present invention is that the high conversion, high selectivity, and
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distillation colum in a gaseous formfrominlet(s)
provided in the mddle portion or the |ower portion
of the colum above the liquid outlet in the |ower
portion of the distillation colum is also preferable.
5 The reaction tinme for the transesterification

. reaction.carried oyt .in _ the present .invention is

high AGUR MG eanche Atteingd rESaLfRGRNch & [k Blupin botom
the reaction liquid in the continuous nmujti -sta%e,

tempgraturg.at MpreQRruthe reRctiameressute yaries degending on the
dependi ng on the formof the internals in the .

type @ifsthie stanting owterial gemprandsnysedoand ithgeeo mpesition
anmounts of the 10 starting materials fed in, the type

therebetves@onthefreabtiotatarhperaturee arehsbi on. cidnalireactish
and so on. The reaction tine is generally in a range

preseliré meay db anyooR8 Mdluced pressupd) wobnal pressSubeuos.an
nore preferably 1 to 10 hours. The reaction

applicRi"Bré Sd ¥ & aﬁaiissgm.%n%ggaggdﬁdg rgéwt?ﬁnpﬁ tfoh2x1g5 Pa,

starting ndterial conpou e type an

preféér'egnﬂfe?gq"; td 497 P4t ﬂ*é(r%g pFJ#a%agg@gym@ogﬁg_ae[ew eis

In a rahge’ o rom IS
pr r 1Q incr the r ' . AS 4
o Th BB ols® GoSBRIRd e SPRM Il BRRLB4GE diCutdtion
reactiqgn t erature . is too .high, then sid eacti,ons
colutzicinedin e prasentinventen is.dhieralboa bejells fasfl such
thus preferably in a range of from40 to 250 C, nore
as carhansipelorgtainiess sctﬁeﬁet Indeemsr ef thequaldy efothisdialkyl
C. In the present invention, the reactive
carbansate land dinl taheeractirceddstainless stedlkis puiferable.
bottom tenperature set to not nore than 150 C,
preferably not nore than 130 C, nore preferably not
nore than 110 C, yet nore 25 preferably not nore than

ExamfesC. An excellent characteristic feature of the
present invention is that the high conversion, high

seFgfibwihYis MHoR® 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 =3300cm,D=300cm,L/D=11,n=60,D/dy=7.5 and D/
dz; = 12 was used. In this example, as the internals, sieve trays each
having a cross-sectional area per hole in the sieve portion thereof of
approximately 1.3 cm? and a number of holes of approximately 180 to
320 / m? were used. In the present example, the produced amount (P)
of dimethyl carbonate was made to be approximately 3.3 ton / hr, and the

total hole area per tray stage was made to be in a range of from 0.06 to
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hi gh productivity can be attained even with such a | ow
columm bottom tenperature. Moreover, the reaction
pressure varies depending on the type of the starting
mat eri al conpounds used and the conposition

t her ebet ween, the reaction tenperature, and so on. The

0.12; §fih e 30! FESHiGo Toug s thetooR ok fF 47 85, 0 FT8 Was thus

ener IIBP/ én?a range of from1l to 2x107 Pa,
apprpxupatelyi 3103 to 107 Pa, nore preferably 104 to 5x106
Pa. The material constituting the continuous
<Reagtive distiljationsti |l ation colunm used in the present
invention is generally a netallic material such 10 as
caBdh Torethr@f athailehessariageite imatlequid tofrm weas
gquality of the dial kyl carbonate and diol to be

contipuadiglpdntisidaicd e sstostieeld sl atiehecslbinen frémaanlintet (3-a)
Followmng is a nore detail ed description of the

provife’F @b theyshidtage fran 'Th@btﬂ@tt&?ﬁnpbe%& H@\e«ﬁwm oft Methanol
present invention is not limted to the follow ng

ina gést | Pﬁsforﬁ'?(m faihin @QB'%“Bg%HHBtdfémmeyl carbonate)

ation'co unn> cont1 nuous nulti -

ancs 1689 AR A ORI s b Ay
d. h
welgﬁﬂpérmm%t%vé.WEO?’%%E@&%%@#M "EBubbudliely fgpduced
per hole in the sieve {)Oftl on thereof of st
into Hﬁ)ﬂé&ﬁ"ﬁ%ﬁ'@nwcﬂum%rﬁo@n@ ats{Pifeangr 3+l REofed at the 31
approximately 180 to 320 / n2 were used. In the

staggfesmnthehatiam, tThe motarceatiawbthe ¢tayrting wiaterials
di met hyl carbonate was nade to be approximtely 3.3
introdaped imto theddistBiation @iolboirewarsemgtbraniol dyethydeee veerbonate
made to be in a range of fromO0.06 to 37
= §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)
provided at the 54" stage from the bottom (K concentration: 0.1 % by
weight based on ethylene carbonate fed in). Reactive distillation was
carried out continuously under conditions of a column bottom
temperature of 98 °C, a column top pressure of approximately 1.118x10°5
Pa, and a reflux ratio of 0.42.

It was possible to attain stable steady state operation after 24

hours. A low boiling point reaction mixture withdrawn from the top 1 of
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0.12, such that the average value (S) thereof was

0.09. P/ S was thus approximtely 36.7. <Reactive

distillation> 3.27 Ton / hr of ethylene carbonate in a

liquid formwas 5 continuously introduced into the

distillation colum froman inlet (3- a) provi ded at
the (grpge 55th sta e froa{ the bottom . 3.238

HAEM AN @ Eﬁ‘ SOYSS KU W ﬁPP&%ﬂt%'HQr@%%@%%@"%&?"d
of di methyl carbonate) and 7.489 ton / hr of methanol
thusjtyraed; Iq@@@ Harid (ca'rln‘teallﬁllﬂb leweBoingy POl ERACtRn mixture,
di net hyl carbonate) were respectively continuously
whichnwvasdeeridnaoushy withdraws fro mathieodisidlathen focdummiagtid.678
(3-b and 3-c) provided at the 31St stage fromthe

ton /oot tcomtalhed thH29 tat ¥ dhradf dimethyrdanm metiegrarad €.549 ton /
i ntroduced into the distillation colum was net hanol /

hr ofeme\thaﬂ©|.cambngatcﬁ contfhudfus|ywitRaraknstrors ele Wsttom 2 of the
obt ai ned by adding 4.8 ton of ethylene 15 glycol to

co!uﬁm’f‘al 41385 5 ﬁ?%oﬁtgeqéﬁ@gsg%WFPH?ﬁ?oéfﬁwgﬁé %Ié/coi

Ing to approxi nat radu rreduci

a
1. 013:}&;{8& %ﬁaﬁ §2ﬁ83,réh§ti‘g<§g%{ @hrééﬁ@gg@gﬁyl efle carbonate.
t roduce a honogeneous sol ytion s cat
Exclygiry 168 qﬁagethaé Fhasate 9 @Hb%é@ﬂh @ pg aterial, the
distillation colum froman inlet a((33 e) 20 provid ohat
actuaher@d,pﬁegt@@@wcﬂﬁ@me%titfcﬁﬁbm BrivaR(3.2A0Hen ¢ hr, and
by i ght based on ethyl ene carbonate fed in).
exclmémg the edhytane glyesl certainedrincthegatalystisaigtiony the
under conditions of a colum bottom tenperature of 98

actufl paodotedmamopnirafsstmdené glypobxwamed1 1ohlB8ki.05The
Pa, and a reflux ratio of 0.42. 25 It was possible to

ethyRiri@icarbbalte corpadsion ajas 0008a% , otheatiimet?d cabosate

A low boiling point reaction mxture withdrawn from
seleéti®ity Wad it 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
respectively for ethylene glycol, the ethylene carbonate conversions were
respectively 99.90%, 99.89%, 99.89%, 99.88%, and 99.88%, the dimethyl
carbonate selectivities were respectively not tess than 99.89%, 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%, not less

than 99.99%, and not less than 99.99%.
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38 the colum in a gaseous formwas cool ed using a
heat exchanger and thus turned into a |iquid. The
liquid |ow boiling point reaction mxture, which was
continuously withdrawn fromthe distillation columm at
10.678 ton / hr, contained 4.129 ton / hr of dinethyl
carbonate, and 6.549 ton / 5 hr of nethanol. A liquid
continuously withdrawn fromthe bottom 2 of the
colupmn at 3.382 ton / hr contained 2.356 ton / hr of
Exarmgp lﬁ/lggne glycol, 1.014 ton / hr of nethanol, and 4 kg
/' hr of unreact ed et hyl ene carbonate, Exclu
di Rﬁ&ﬁﬂ%éﬂwmgnd@aﬁanaféwd RUi Mnderathe ﬁ@"%%@l%’lnd'tlons
the actual produced anmount of dinethyl carbonate was
using.tBeCsame cohtinuans multxetiage distiltatien loplemn gisyicoExample
contained in the catal yst solution, the actual
1. predToad hrotfirgthgiersd ydrboeageinod lwadd Fodmlwasncontinuously
The ethyl ene carbonate conversion was 99.88% the

introgu@edhinto aReParali Raticielctimd fioriapeniollet £3<a) pRivided at the
99.99% and the ethylene glycol selectivity was not

55" LeS§e rhGR the B%%oré b@nﬁﬁﬁl Iﬂ‘g”t F et A?Eﬂeihaéoagékeous

was carried out un er t ese

form%&[nz?lrﬁﬁgozhﬂu" balr giuce rd‘?’megfﬁgpcgpy ﬁatéﬁngnd6@%%10ton/hr

actu ahoun per our wer e
t an 340 ..t on, 4 n, and 3. 0
of mpfandt i, 3 UA¥R, fartdeapfainido Jods, % by THes3:f dimathy!
2.301 ton, 2.301 ton, 2.301 ton, and 2.301 ton ﬁ L .
carbppafrLwers| @&Rﬁcta{q{ylmlwwgly intraduerd ipte the distillation
carbonate conversions were respectively 99,

columa. §owm the.igbsts GHbsand 3ned PRVided aﬂw@ﬁjﬁﬁe?ﬁyﬂge from the

carbonate selectivities were respectively not |ess
bottarhan Tige 98&tarmmitid ef thet starting. Seteriads ihreoduckeahinto the
99.99% not |ess than 99.99% and not less than

distilf&ti®R%olanth s etdtHans Oeynobnset#didrvatid es8 \k3.e The
respectively not 25 less than 99.99% not |ess than

cata8t Was nade!tesbethans&hed8%inekahfifi® 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
hours. A low beiling point reaction mixture withdrawn from the top 1 of
the column in a gaseous form was cooled using a heat exchanger and
thus turned into a liquid. The liquid low boiling point reaction mixture,
which was continuously withdrawn from the distiltation column at 8.17 ton
{ hr, contained 2.84 ton / hr of dimethyl carbonate, and 5.33 ton / hr of

methanol. A liquid continuously withdrawn from the bottom 2 of the

column at 2.937 ton / hr contained 1.865 ton / hr of ethylene glycol,
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than 99.99% and not |ess than 99.99% 39 Exanple 2:
Reactive distillation was carried out under the
followi ng conditions using the same conti nuous

mul ti-stage distillation colum as in Exanple 5 1.
2.61 Ton / hr of ethylene carbonate in a liquid form

1 -OBWﬁﬂ?i°ﬁﬁﬁ%§ﬁ%¥Phrt%R§ ¥ ?f' <47 o SLGrEpaHlad Hhffbne
carbghateus EXURHING She ey Cﬂggmﬁtgffaﬁitaﬁtﬁaﬁ%wtaftmg

car bonate) and 4.227 ton/hr of methanol in a |liquid
materigimtbeortisialinfgduces!t amaumnket d@me@hw’esﬂwon@te Was 2.669
carbonate) were respectively continuously introduced
ton /imt, @ndexdilsding thé @thytnenglyéolboontained et the Satakbysd
3-c) provided at the 315 stage fromthe bottom The

solutiohathe aldtaadprodacedaatiountnet ethenea glyceduead 1.889 ton /
the distillation colum was nethanol / ethyl ene

hr. P @PRYR e %a?ﬁon'artl@ coTRledkion Wi 99299% otHee diiethyl

sane as in Exanple 1, and was contlnuously 15 fed into

carbBH‘ét@' %‘Iébh@ﬁ%%aﬁq{ sRﬂ?ég‘ 'Qﬁeggd@t éhhath'eoatl’{ﬁéln rT%lycol

carried out ontl nuously under con Ions of a co

sele &g@ﬁrﬂﬁwg%% mggzgg% J?gwg}leus)%rtgf-;fémﬂlﬁ ¥/ s was

g\gs possible to attain stable steady state
apprBﬁH’F‘é{‘?% fter 24 20 hours. A |ow boiling point
reaction mxture wi thdrawmn fromthe top,1 of th
coPuRiPnged coimaus anﬁr@&@rbwaseaa[réqubl& Heafer these
exchanger and thus turned into a liquid. The liquid
conditdanBoi IAfigr JOI0R hpsast 26R0Nhaurs.e3000Meursysgnd 5000 hours,
conti nuously withdrawn fromthe distillation columm at
the ®&:t03al pooduteldr ammanitsi ped hdu8dveon 2.668 toin, &.86&Shton, 2.669
carbonate, and 5.33 ton / hr of 25 methanol. A liquid
ton, anat 2188BIsb Y reisprdtply ffopilmusthPchoboRaté, Ahd 1.839 ton,
1.839 ton, 1.839 ton, and 1.839 ton respectively for ethylene glycol, the
ethylene carbonate conversions were respectively 99.99%, 99.99%,
99.99%, and 99.99%, the dimethyl carbonate selectivities were
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%.

Example 3:

The continuous multi-stage distillation column as shown in FiG. 1
havingL =3300cm, D=300cm,L/D=11,n=60,D/dy=7.5,and D/
dz = 12 was used. In this example, as the internals, sieve trays each

having a cross-sectional area per hole in the sieve portion thereof of
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colum at 2.937 ton / hr contained 1.865 ton / hr of
et hyl ene glycol, 40 1.062 ton / hr of nethanol, and
0.2 kg / hr of unreacted ethylene carbonate.

Excl udi ng the di nmethyl carbonate contained in the
starting material, the actual produced anount of

apprBxRafily {?%%Pﬁ%ﬁﬁ“%ﬁaﬁﬁiqoﬁfﬁ&ﬁ%egts@?@gﬁﬁ%*é*@i 22010

olution, r oduced am) f et en
340 5 wiethusada3dnie BIETEne oxamininy tBRIORRRI Amount (P)
conversion was 99.99% the dinet hyI car bonat e
of diigtoyl ic@arbgnaie was mads tonha apPIDgMatsdy né t@ﬁh&/hén@nd the
gl ycol selectivity was not less than 99.99% In the
totalm@eeatemmlray stageSvassm asieptedierit al rargge ofdrom 0.12 to
Prol onged conti nuous operation was carried out under
0.181 sagh theindiet aoasagéfvatue {EOtHeecs, waS@D 1150ur B,/ 3088s thus
hours, and 5000 hours, the actual produced anounts
apprﬁ&imh@éllly »gre 2.669 ton, 2.669 ton, 2.669 ton, and
2.669 ton respectively for di met hyI carbonate, and

1. §3?73°I“bq I%{Sﬂ?ﬁgﬁrﬁﬂfné EathdiPate ﬁ'ﬂg Iﬂ@ 6!%‘ was

respective ene glyco y ene
t. i ONS t 9
cont 4R FuBRULEE T R LIE B MRRER B o sl (o-0
S itlesm res iV no t han 99. 999
proviad Bl 4be 580 Ya58etP a6l piothans %383@% PRk Prgethanol
| ess than 99.99% and the_ethyl ene |
in a gaseeUSAATM 4O iging il /w%wna@g gfe@ﬁ“?ﬂb)ﬂ earbpgte)
not |ess than 99.99% not |ess 20 than 99.99% and not
and B4 tand boodnethanehin 8 Iguithtoraedepntaining 6.65 % by
mul ti-stage distillation colum as shown in FIG 1
massafidignathyb@arbonabeBoderenTespectivel yldontinuobs)y introduced
= 7.5 and D) 25 d2 = 12 was used. In this exanple,
into tise dhstillationneditimsifey® tHeaywietaB-b and 3-c) provided at the
31°%! stage from the bottom. The molar ratio of the starting materials
introduced into the distillation column was methanol / ethylene carbonate
= 8.73. The catalyst was made to be the same as that 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, a column top pressure of approximately
1.118x10° Pa, and a reflux ratic of 0.42.

It was possible to attain stable steady state operation after 24
hours. A low boiling point reaction mixture withdrawn from the top of the
column in a gaseous form was cooled using a heat exchanger and thus
turned into a liquid. The liquid low boiling point reaction mixture, which

was continuously withdrawn from the distillation column at 12.32 ton / hr,

contained 4.764 ton / hr of dimethyl carbonate, and 7.556 ton / hr of
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havi ng a cross-sectional area per hole in the sieve
portion thereof of 41 approximately 1.3 cnR and a
nunber of holes of approximately 220 to 340 / n2 were
used. In the present exanple, the produced anount (P)
of di nethyl carbonate was nmade to be approxinmately 3.8

methafhl. A istH coFtinuBUly Rt AW ritih s e oBi e
columfet Bga2upmbheiprisited 2,795 S/ Arar ehviene Gybor, 1.17

carbonate in a liquid formwas conti nuousl
ton /it pbauedanal; @rtché Blikst { hir afi @nrwt@ﬁnetmdﬁﬂeh@arhﬂ nate.
(3-a) provided at the 55th stage fromthe bottom
Exclgdizgp therdimethybfcarbohatelcortaimed indbheostartiognmaterial, the
(containing 8.97 % by mass of dinethyl carbonate) and

actu8l pédduoad/amiousit cfedimetiylicarddriatei waka3. 854 ton / hr, and
(containing 6.65 % by mass of dinethyl carbonate)

exctwrr@ ﬂeé réeﬁwéfreé Yigesl b@Ht%HﬁbH .Innir{ep%@&l@st 's'Hthlbhe the
distillation columm fromthe inlets (3-b c)

actqu Qmafv?t ?L%& Q?ed?&lsétlﬁéggrs élwq%@éﬁg% Tpﬁr”‘)"ﬁfe

arting troduced into the

ethY%  LarBhh a0 SRNTSIR B 887850, (i I BRTICE A e
seleGhaily Whs Mgl leseuhian RO-G9 Ve, Aok, ¢ iyeha qiigo! setectivity

carried out contlnuously under conditions of a colum
was B@Et'@ﬁﬁttéﬁﬁé}gt%é of 98 C, a columm top pressure of
apﬁ)lom mately 20 1.118x105 Pa, and a reflux ratio of
plangegdcopdisioue aperation wast abréedtaidyndenthese
operation after 24 hours. A |low boiling point
conditansi orAflex 1D houlnsly 260 0f hours ,h2000thairg, hend &llG0rhours,
in a gaseous formwas cool ed using a heat exchanger

the adtdal pusducednamounite et hauirdveid 3. 854Uow, | n@5A0tdN,NB.854
poi nt reaction m xture, which
ton, and 3.854 ton respectively for dimethyl carbonate, and 2.655 ton,
2.655 ton, 2.655 ton, and 2.655 ton respectively for ethylene glycol, the
ethylene carbonate conversions were respectively 99.99%, 99.99%,
99.99%, and 99.99%, the dimethyl carbonate selectivities were
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%.

Example 4:
The continuous multi-stage distillation column as shown in FIG. 1
havingL =3300cm,D=300cm,L/D=11,n=60,D/dy=7.5, and D/

d2 = 12 was used. In this example, as the internals, sieve trays each
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25 was continuously withdrawn fromthe distillation
colum at 12.32 ton / hr, contained 4.764 ton / hr of
di met hyl carbonate, and 7.556 ton / hr of 42 nethanol.
A liquid continuously withdrawn fromthe bottom of the
colum at 3.902 ton / hr contained 2.718 ton / hr of

v FBSs el s, e B WAoo o

Y, bo ate co [ e startin
apprﬁéfr@@ﬁgﬁf? dene’ 2RRANGRBeR T olkg.f aBPram@ﬂ%Jw 240 to
arponate was 3.854 ton / hr, and excl udlc)ég|
360 étnhyM@f@ 4$9d0l |BdheaPFRIEMheKAMRIG: Ahor q&d gmount (P)
the actual anount produced of ethylene glycol was
of dimathyl carbpniate Was madaytioche mmmﬁmaeteg dvérteinohhwagnd the
99.88% the dinethyl carbonate selectivity was not

totalllesle &hea pRa. 198Y0stage whas mizgdd emdegiry aotaraps edtfrom §.12 to
10 was not |ess than 99.99% Prol onged continuous

0.180Beicht {Ht t\r@swaré%ed:awb (8YHeridtdRas At i PSS was thus
After 1000 hours 000 hours, 3000 hours, and 5000

a Q! telf 8§ actual produced ampunts per hour were
pprg g@% taén 3.854 ton, 3.854 ton, and 3.854 ton

resp [ o) ' I
2 2ERAB R Y e ?*Wﬁﬁﬁd@%@%‘ﬁﬁ' paGu foitn s,
et h e,.car bonat e .conver si.

contm@ﬁwaﬁdmﬂ 45 yip HagysR SSUMEHOR BB s3-2)

t gncar bonat e selectlwtle
provrcg%@étr'ﬁ  eadectom fas Ritamy, ActA? Jon {mrpf methanol

99. 99% not I ess than 99.99% and not | ess
in a gaseous tarm (pentainin@ 2§ Ycby massf dnmeﬁwlmmrhate)

respectively not |less than 99.99% not |ess than
and 99.282%tonot hr efsmetihamo b adiquizhtormt(cbataining8.66 % by

99.99% Exanple 4: The continuous nulti-stage
mas§lioftd i ethyd T arbbonaite Raverikorasp eictivély dontinuously introduced
into the distillation column from the inlets (3-b and 3-c) provided at the
31°%! stage from the bottom. The molar ratio of the starting materials
introduced into the distillation column was methanol / ethylene carbonate
= 8.36. The catalyst was made to be the same as that in Example 1,
and was continuously fed into the distillation column. Reactive
distillation was carried out continuously under conditions of a column top
temperature of 65 °C, a column top pressure of approximately 1.118x10°
Pa, and a reflux ratio of 0.42.

It was possible to attain stable steady state operation after 24

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

the column in a gaseous form was cocled using a heat exchanger and

thus turned into a liquid. The liquid low boiling point reaction mixture,

which was continuously withdrawn from the distillation column at 24.641
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25 having L = 3300 cm D=300cm L/ D= 11, n = 60,
D/ di =7.5 and D/ d2 = 12 was used. In this
exanple, as the internals, sieve trays each 43 having
a cross-sectional area per hole in the sieve portion
thereof of approximately 1.3 cn2 and a nunber of

ton 1Y), SrRIARE'ERIFIGA Y 540 B Lol e i hs.494 ton
e oA A S SR o v

of fro such tha

colufieah fed 8ol e CRyaltan Suf 3R 55 of2ThviSia0RgL 2.34

approxi mately 35. 7.546 Ton / hr of et hyl ene carbonat e
ton /i rmr af mefiiangloand\@s kgdrn ativnseqacted eshuans carbonate.

distillation colum fromthe inlet (3-a) 10 provided
Excladingthéstimathy earbomatbedidained in.thé2steoting hatefial, the
nmet hanol in a gaseous form (containing 8.95 % by mass

actuaf peodetsdl amaum it ¢imethd darbdatbonas 7v70# ton / hr, and
methanol in a liquid form (containing 6.66 % by nass

excl@ding {Fd RthyfeHd9 !bﬁé@l) cURtAnkaSPCHd Y:Q'tﬁly‘"s@%tdlﬁﬂghs lthe

i nt roduced |nto e distillation colum ™ fromthe

actuplpfodytds Hgtnt o MyMhEyEbl Wy 2t ieh FhEISThe
othy (BHeERBpSpals Koreison Bk o877 % %?ehﬁﬁ‘hﬁ‘%'a?%%%s
Sele%@wﬁa en vy TPss tharo 9+ 85%. ot ther o efa <ol Sel€etivity

ive d| stillation was carried out continuously
was Dﬁ&lé?sédhém9%|%96f a colum top 20 tenperature of 65
C, a colum top pressure of approximately 1.118x105
PaPralanged sointinucws o psratiorowast camdep oyt wnder shese
attain stable steady state operation after 24 hours.
conditidpa bAftend 00d hoursattie actuakameumi phodaged fpeamhour was
the top 1 of
7.708 ton for dimethyl carbonate, and 5.31 ton for ethylene glycol, the
ethylene carbonate conversion was 99.8%, the dimethyl carbonate
selectivity was not less than 99.99%, and the ethylene glycol selectivity

was not less than 99.99%.

Industrial Applicability

According to the present invention, it has been discovered that the
dialkyl carbonate and the diol can be produced each with a high
selectivity of not less than 95%, preferably not less than 97%, more
preferably not less than 99%, on an industrial scale of not less than 2 ton
/ hr, preferably not less than 3 ton / hr, more preferably not less than 4

ton / hr, for the dialkyl carbonate, and not less than 1.3 ton / hr,

preferably not less than 1.95 ton / hr, more preferably not less than 2.6
45




the columm in a gaseous formwas cool ed using a heat
exchanger and 25 thus turned into a liquid. The liquid
| ow boiling point reaction m xture, which was
continuously withdrawn fromthe distillation columm at
24.641 44 ton / hr, contained 9.527 ton / hr of

ton Iﬂj\ ﬂﬁgﬂﬁhecﬁi@f"gf’étﬁgl @ﬂs\? ﬁgﬁn\f‘%&? &éri?ﬁgf%m@w gl%glfless than

contf nuou m bottom

e colu at 7.8 ton./ h nt ai ned 5.436 t.on hr
1000, R8urfy pERTRrgIE 5ot 1958 Rriary 0P8 h8UFE, s Rrer3ERans ot
k% / hr of unreacted ethylene carbonate. 5 Exchuﬂin%
less {RanHORY Haursadrmathe cyaligisrrbanatenandither aligha
material, the actual produced anmount of dinethyl
monehydoeaalsoled. 7. 708 ton / hr, and excluding the
et hyl ene gl ycol contained in the catal yst sol ution,
the actual produced anmount of ethylene glycol was
5.31 ton / hr. The ethyl ene carbonate conversion was
99.7% the dinmethyl carbonate 10 selectivity was not
| ess than 99.99% and the ethylene glycol selectivity
was not | ess than 99.99% Prol onged continuous
operation was carried out under these conditions.
After 1000 hours, the actual anpunt produced per hour
was 7.708 ton for dinethyl carbonate, and 5.31 ton
for ethylene glycol, the 15 ethyl ene carbonate
conversion was 99.8% the dinethyl carbonate
selectivity was not |ess than 99.99% and the ethyl ene
gl ycol selectivity was not |ess than 99.99%
I ndustrial Applicability 20 According to the present
invention, it has been discovered that the dialkyl
carbonate and the diol can be produced each with a
high selectivity of not |ess than 95% preferably not
| ess than 97% nore preferably not |ess than 99% on
an industrial scale of not |less than 2 ton
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/| hr, preferably not less than 3 ton / hr, nore
preferably not less than 4 25 ton / hr, for the

di al kyl carbonate, and not less than 1.3 ton / hr,
preferably not less than 1.95 ton / hr, nore
preferably not less than 2.6 45 ton / hr, for the

diol, stably for a prolo iod of tinme of not
| ess than 1000 hours, :@?ﬂluggy not | ess than 3000

t]ours nor e preferably not |ess than 5000 hours, from

We Glgleyclic carbonate and the aI i phatl c rmnohydrl c
al cohol . 5 46 CLA M5 W cla rocess fo
i ndust ri & PrOGR%H RS Hgd-asfdlaallwroéaﬁmatféwéhﬂl C@fbﬂ%ﬂite and
in which the dialkyl carbonate and the diol are

a dioddntwhigfuthg dapod eardo ndtecand ther dimdtdneecontinuously
distillation systemof taking a cyclic carbonate and

prodagedl thrbagihca meactivd distil atvdolsyatent of takingrateydlid s,
conprising the steps of: continuously feeding the

carb&haté gl BRL gNipRhficl Monoh)ITE afeens| aBsthrtiAgaaaterials,
distillation colum in which a catalyst is present; 10

comﬁﬂéfry gge%l{feﬁgqﬂctl on and distillation simultaneously

mm; continuously withdrawing a | ow

B?ééhﬁgﬁ?é&m%?ﬁi R A
ot et S¥alBpedRERR IR RIEH A Celvef bHRRELY
C CarIIBa it Grastion and distifation"simultaneoushyin Sald
in
column;
continuously withdrawing a low boiling point reaction mixture
containing the produced dialkyl carbonate from an upper portion of the
column in a gaseous form; and
continuously withdrawing a high boiling point reaction mixture
containing the diol from a lower portion of the column in a liquid form,
wherein
(a) said continuous multi-stage distillation column comprises a
tray column type distillation column having a cylindrical trunk portion
having a length L (cm) and an inside diameter D {cm) and having a
structure having thereinside an internal with a number of stages n, said
internal being a tray having a plurality of holes, and further having a gas
outlet having an inside diameter d4 (cm) at a top of the column or in the
upper portion of the column near to the top, a liquid outlet having an

inside diameter d; (cm) at a bottom of the column or in the lower portion

of the column near to the bottom, at least one first inlet provided in the
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wherein (a) said continuous nmulti-stage distillation
columm conprises a tray colum type distillation
colum having a cylindrical trunk portion 20 having a
length L (cm) and an inside dianmeter D (cm and having
a structure having thereinside an internal with a

uppalBRIoffarts 1855 Rtk bortBrERRShalkCliltn g {1y e

outiqlo AiRafes T bHE SoFHEd ThistpisieBncri iy dhrtion and /

or ke paftnchh ol Thacabor Bl H BHU Sl o
portion of the colum near to the bottom at |east

one firs{1) thedepabvildeam) satisdieuthe fpenupd(ddon and
/ or a mddle portion of the columm bel ow the gas
outlet, aM@0ax UL «a8H00Bne second inlet {ovided in the
m ddl e portion and / or the |ower portion of the

col um at@ythé msidendiametét Bt (crhafaihe ¢dlurhhesatesiied the
L (cn) satisfies the fornula (1); 5 2100< L58000 (1),

formbR (Qpe i nside diameter D (cn) of the colum satisfies
t he ormula (2); 1805D52000 (2), (3) a ratio of the

length L i nside di aneter 10 (cm of the
col umm s;téﬁg%iﬁeg ?Egoforrml a (3); 45L/1X'40 (3), (4)

5 <160 f4ptq 8F B BAGKA Y Rina 1B ¥ el diemetst 0
(om) T et cghunanratithenner umigelHbr mui o (8)1
4<L/D<40 (3),
(4) the number of stages n satisfies the formula (4);
10 £ n <120 (4),
(5) a ratio of the inside diameter D (cm) of the column to
the inside diameter d4 (cm) of the gas outlet satisfies the formula (5);
3<D/d1 <20 (5), and
(6) a ratio of the inside diameter D (cm) of the column to
the inside diameter dz (cm) of the liquid outlet satisfies the formula (6);
5<D/d; <30 (6); and
(b) a ratio of a produced amount P (ton/hr) of the dialkyl carbonate
to a total hole area S (m?) of a plurality of holes present in one tray stage
satisfies the formula (7),

10 <P /S <100 (7).

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

amount of the dialkyl carbonate is not less than 2 ton / hr.
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35D/ di 520 (5), and (6) a ratio of the inside
dianmeter D (cn) of the colum to the inside diaieter
d2 (cm) of the liquid outlet satisfies the formula
(6); 55D/d2<_30 (6);and 20 (b) a ratio of a produced
amount P (ton/hr) of the dialkyl carbonate to a total
hole area S (m) of a plurality of holes present in one
tray stage satisfies the formula (7), 105P/ S5100 (7).

ocess accordi,ng to erein
pr §ducede”'%1ﬁﬁ%?e%$ aqgord ﬁ?laéé!’fb&r%'i ?u‘@ﬂ&‘"l%?@duced
ton / hr. 48 3. The process according to Claim
amoqnbpfzhevwglesmca lessdiesy 1.3460nt hBf the diol is not
|l ess than 1.3 ton / hr. 5 4. The process according to
any one of Clainms 1 to 3, wherein said d, and said d2
satisfy the forrmula (8); 15d1/d255 (8). 5. The

prdcess Jeeopthogss @craydong tofary anesofl Glairds Werdiwherein
loL, Db L/ D n, D/ di, and D/ d2 for said

sa:dmnémawa dd6htisty 3686 f@'rﬁidlb'(@é* on colum satisfy the
| owi ng formul ae; 2300 5 000, 200 5

D< 1000, 3<. 3 05n5100, 4<_D/ d1515;¢and 7<_D/ d25
25, respgct H)Qfd %1 6. The process ac{: rding to any
one of Clainms 1 to 5 wherein L, Db L/ D, n, D/ di,
and D/ d2 for said continuous mJIti - stage

étl | a | on col u@g%%tolrafr}/g ttgearfg?loln%wop%lfalof{lgu{ ?8;4. wherein

D< 800 7: 5L/D< 20, 40< n< 90,5< D/d1:5 13, and
L, Dok 7P dd D@ d1, rangh bk { ideelty saidcontinuous’ multi-stage

distillation column satisfy the following formulae; 2300 < L. £ 6000, 200 <
D<1000,5<L/D<30,30<sn<100,4<D/dy<15,and7s<D/dz<

25, respectively.

6. The process according to any one of Claims 1 to 5, wherein
L,D,L/D,n, D/d4, and D/ d; for said continuous multi-stage
distillation column satisfy the following formulae; 2500 < L < 5000, 210 <
D<800,7<L/D=<20,40<n<90,5<D/dy<13,and 9<D/d; <20,

respectively.

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

the P/ S satisfies the following formula;15 <P/ S < 80.

8. The process according to Claim 7, whereinthe P/ S

satisfies the following formula;20 < P/ S < 70.
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20 7. The process according to any one of Clainms 1 to
6, wherein the P/ S satisfies the follow ng fornul a;
15 5 P/ S < 80. 8 The process according to Claim?7,
wherein the P/ S 25 satisfies the follow ng fornmul a;
20 < P/ S < _70. 49 9. The process according to any
one of Clains 1 to 8 wherein said tray is a sieve
tray having a sieve portion and a downcomer portion. 5

i Bve e 18 BRSCESTHLE Mt aflone 8P RIGIMs Tfa p, wherein

,,portion there f. 11. The process according.to Ca
said §FAy 6 B hibi ey Naving aSlaveoRarian st & dhBIneainsy mortion.

sieve tray is in a range of from0.5to 10 5 cnR2. 50

10. The process according to Claim 9, wherein the sieve trays

has 100 to 1000 holes / m? in the sieve portion thereof.

11. The process according to Claim 9 or 10, wherein a
cross-sectional area per hole of the sieve tray is in a range of from 0.5 to

5 cm?2.
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