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S;I},k KAN PROCESS FOR | NDUSTRI ALLY PRODUCI NG
AOS@? L Y%Y%BO\IATE AND DI OL Technical Field 5 The

present invention relates to an industrial process for
the production of dialkyl carbonates and diols. Mre
particularly, the present invention relates to a

I f ' ' ' nt f
TS B LA L BRI HCoD AR CARBONATE
period of tinme through agtiye distillation system
of taking a cyclic car boM@ @&b!rnd an aliphatic

nmonohydri c al cohol as starting materials, continuously

feeding the starting nmaterials into a continuous

multi-stage distillation colum in which a catalyst
Techgigaldsield, and carrying out reaction and

distillation sinmultaneously in the colum. 15

Backbemqresentt insendican retatessikeeanfiodustrap psdoessdiordhe

di al kyl carbonates and diols froma reaction between

productiohicf dialkpheacbandtes and divisi ¢ Movegurdidudarly, the
al cohol have been proposed, but nobst of these -

preséRPRAAftioh Tefhed o @ g?éé’éé@ffor mﬂ%félif’ﬁr%ﬁbﬂ‘i@'!arge |

four systens have been 20 propose I thert'o. These 7
amd s, SF RRNGT o3fBLARTeS dhd BRdle ST A8 Broldliged period of
i S0B G4 % LEAUGE SRR Sy B 0P baghG, £ i Broonate
conpl.etely batch, reaction systemin.which 25 ethyl ene
and R jl|phatic moRghyArmalconslas piarting mateniale, cantinuously
autoclave, which is a batch reaction vessel, and
feeqdiagcthe stagingmaterials indp asantinuous msli-stage/distillation
column in which a catalyst is present, and carrying out reaction and

distiliation 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 procéss
for the production of dimethyl carbonate and ethylene glycol from
ethylene carbonate and methanol, which is the most typical reaction
exa_mple.

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

which is a batch reaction vessel, and reaction is carried out by holding
1



on termned reaction time under an appl i ed
A05 3 .

enper at a reaction tenperature above the

. - boi I i ng poi nt of methanol (see, for exanple, Patent

Docunent 1: U.S. Patent No. 3642858, Patent Docunent
2: Japanese Patent Application Laid-Open No. S54-48715

' i B . 7
or B reergnmi tascioh imExindir i aggRaGmpERIGI ot o

Do
reaqiaffterrerature ¥ e e ¥Elling RpisERr MShAM an. fon,
exafrin, HElETPoRhmt 4718 WafiNeost4ZesE Raten,

vessel ; _e‘H | ene 10 carbonat e, .methanol and a catal yst
Dociirgept2: i Jaranase Ralant ApRlisation Law-Oran NonSpa-48715

made to proceed by heating to a predeterm ned
5 (cotregpensiingdo Uvit iPatent Ngs4481676)midatems Document 5:
met hanol distilled off through azeotropy wth the

JappnedecPdtentmApplicatiom taad <O pent Nong64-6304d¢PatentiRocument
reaction vessel continuously or in batches, but in

6: Japarsy Pateht Agpifcatish Aaitbopkh NeRcs59 8P285dS
only in the reaction vessel, ich is batch type, in

whi Ahsd digng dyvaltdad is & Q?’éfé’?ﬁ thak Q@%atﬁgﬂﬁggggéﬁﬁqg{ which a

are present. “The reaction Is thus

: o1 | ' ' [ . S, of

distERSh LIRS FpIER i 195 S ReaRliD vRESER By ene
from3 to, over 20, hour see, for. exanpl e, Patent

10 cardffile binaneh Ans 8 safukel She i intadPe eag o Bxassel, and

No. S$51-122025 (corresponding to U.S. Patent  No.

reagiigpdgsnads,te propeedneyitheating e psepetermined temperature.
) Apgl_i’cati on Laid-Open No. S54-48716 (corresponding to

Withy this pystem, No. mad@70pAor metkanol Bistilbed toff thraugh azeotropy

Pat ent No. 3803201). A third systemis a continuous

with Hae thirodusest dimethyhcaibensieafetBansdisitaddedto the reaction
et hyl ene carbonate and net hanol is continuously fed

veskal eontinuduligror RABRYENER! BuRiiRnethyeveMWARI I §isiadem the
reaction tenpéerature, and 2

16 reaction proceeds only in the reaction vessel, which is batch type, in
which the cafaiyst, 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

20 Application Laid-Open No. §51-122025 (corresponding to U.S. Patent No.
4062884), Patent Document 4: Japanese Patent Application Laid-Open
No. 554-48716 (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

25  solution of ethylene carbonate and methanol is continuously fed into a

tubular reactor maintained at a predetermined reaction temp'efature, and
2




| KAN a reaction m xture containing unreacted
A05§‘?h"8lie%\fgﬁi&ar bonate and nethanol and di net hyl
carbonate and et hyl ene gl ycol- which are produced is

continuously withdrawn in a liquid formfroman outl et
on the other side. Either of two processes is used

a re ﬁﬂﬁ“n’i‘&t@fb tc'&?xtéﬂ’fiﬁ?ﬁﬁ%‘fcﬂ@iﬂﬂbn@ gafsonds tan'r:lS

ere are a process onogeneous cat al yst

met?%%&l g dlﬁhﬁﬁﬁg%‘;xﬁgbg'@%rﬁ%twgﬂég% &C\M’uch are produced

her~w m Xe Ion ene
. bonat thano and. ter t he
is obpiRiiaty ¥ theTawininadiduid Fette Hrofbancdy 'Fﬁ e other side.
m xture (see, for exanple, Patent Docunent
Eithpipa ﬁege PEQcaRsef i Used dapeadingnhthe. fom eéilaqwalyst
(correspondl ng to U S. Patent No. 4661609), Patent
usedocuhbat is,1there gre Faapeme-m.inMBMa)homugenqwmemalyst is
in which a heterogeneous catalyst fixed inside the

usetylandiis passed thougrethé tabulapreastomicgeth@rewith the mixed
Docunent 8: Japanese Patent Application Laid-OQpen No.

solitfsn BN ylenBa¢ g o MEUARA MBthdABRNERE thRlreBfter the reaction
Application Laid-Open No. 15 S64-31737 (corresponding

the tH!)ﬁt gL & éré\{%d 6991‘%)%e 18 ﬁSﬁ%'i)ﬂ‘illreR;?%@J%?gexample,

car onate and ene g yco rou

Patéﬁf‘?qﬂﬁvms?ﬁ ?ﬁ@a@bg‘é’ﬁeﬁ%ﬁf AERBESRI LA I
63- gigg’.@oro&r?pgbggdﬁﬁég I:] St em E@ng%gbﬁw %’r@tent Document
bonat e conversion hi gher than the 20 equilibrium
10: d-b{ﬁlePéi%ht MNo.4 73484 8dyandea qsee6sst inowhieh i heterogeneous
and the reaction tenperature. For exanple, according
catalysbfivnad énaidentlmuuhuiamtismsedp{aeesdopmmple, Patent
Application Laid-Open No. S63-41432 (corresponding to

DoduirienPd:ehapanesd Batdrt) Applicationf Laid GpehiNG. $63L238043,
using a starting material put in with a nolar ratio of

Pateht PeSlment?d: 8hpuhese PatéRhApplicatidn Laid!@pen No.

et hyl ene carbonate conversion is 25% This rreans t hat

S64 317 HE (BOREEp FHdiHG PEL 89 FA{AHINGE. GRPURS. 2 Fhe reaction

producing dimethyl carbonate and ethylene glycol through reaction
between ethylene carbonate and methanol is an equilibrium reaction, and
hence with this continuous flow reaction system using a tubular reactor, it
is impossible to make the ethylene carbonate conversion higher than the
equilibrium conversion determined by the composition ratio put in and the
reaction temperature. For example, according to Example 1 in Patent
Document 7 (Japanese Patent Application Laid-Open No. S63-41432
(corresponding to U.S. Patent No. 4661609)), for a flow reaction at

130°C using a starting material put in with a molar ratio of methanol /
ethylene carbonate = 4 / 1, the ethylene carbonate conversion is 25%.

This means that a large amount of unreacted ethylene carbonate and
' 3



Qﬁgx?% Ry2/ KAN 2 nethanol remaining in the reaction
A05§i1x u Kéuit be separated out, recovered, and
recircul ated back into the reactor, and in actual

fact, with the process of Patent Docunent 9 (Japanese
Pat ent Application Laid-Open No. S64-31737

meth@dI9ERRAHIAG MCtHé %a@ﬂﬁﬁ”ﬁi%re.“ﬁ%@@d separdtéd out,

equi pment I's Used for such separation, purification,

recOvE d”é‘ngﬁlsés:lig{.tg%ié&%?&' o, thd ?Hé&%?ﬁfﬁ;&tﬁﬁé fact, with

reacti've Ion systemTfirs rscfosed b

present ipnwyento see, f xampl e al ent , Docunent
the BrB2ERs oL EEteRL Dl Rpnt 4 (T4 BRRe Sk Bl ABPTICATION
.HA-198141, Patent_ Docunent 13: 10 Japanese Pat ent
Laidy3peBNpoSGand L I ACAeSRanting A9 g drateniiandfo1041)),
14: Japanese Patent Application Laid-Qoen No.
mugp emapeient satead fioscsushiseparaliom musiificationt, recovery, and
Application Laid-Open No. H9-183744, Patent Docunent
recitbulatipmanese Patent Application Laid-Qpen No.
HO9- 194435, Patent Docunent 17: |nternational

PUbA RAIR s yYWeml fs WO cAPAd W iSBNatiBRPOPstiens firdt disclosed b
i e e el disnatighhopend firdt disclosed by

the FRAERLINERRET (FREoE.snaMaley FEteht PRELment 12, Japanese
Pataf} AHnliEation b7 orarong. bt a‘&%ﬁ%eﬁﬁg%&
' : ] 44 . S,
JapgiEas PRISHSARRIERATO BLauf OBsa o4 T 0285 Easent
Pat ent AAo:pI i cation _Laid-Open No. 2002-308804, Patent

Dogtypemt 4 :2dapanpsaadiateni Applicagipn baid-SpeaiNoohiéy 176061,
No. 2004-131394), that is a continuous production

Patgnd 2ecumenthl ZhJapanesecPate bbAppdicatibnrbaidi@peardo.

each continuously fed into a nulti-stage distillation
H9-d@3r¥, RateneBudumens 1@ rJapanesé Patent Application Laid-Open
No. H9-194435, Patent Document 17: international Publication No.
WQ097/23445 (corresponding to European Patent No. 0889025, U.S.
Patent No. 5847189), Patent Document 18: International Publication No.
WQ09/64382 (corresponding to European Patent No. 1086940, U.S.
Patent No. 6346638), Patent Document 19: lntemational Publication No.
WQO00/51954 (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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sence of a catalyst in a plurality of stages
Aos&ﬁ\%@é@ti [lation colum, while dinethyl carbonate
and et hyl ene glycol which are 4 A0501 VP72/ KAN

produced are separated off. Patent applications in
whi ch such a reactive distillation systemis used

proqlgf?v@% )S(ag%psﬁélﬂﬁgﬂeﬂ BfieN phici Qgpﬂhaﬁbnscwmnbﬁ%dae%

tent Docunent 2 Japanese Pat en

reac‘éﬁf% pegﬂlgﬂg aée)ﬂstt%rfs M@%ﬁﬁéﬁséé@’éﬁﬁﬁg%' h'fidf by other

5231212), ent megt .23 a ane '
COmRGNIEE A e&%%eﬂe Abatght DaSiEdt 22 idRnngse Patent
European Pat ent . 0569812, U. S. Patent No. 5?311%
AppHgation M@ﬂﬂ No: Hamaha830Hgosresp@pd N te Jruropean

Lai d- OQpen No. 2003-119168 (corresponding to
Patent Nona253081 5PLbIS. Ratent No. ammﬁ) 12h 4R atentPRosumept 23:
Docunent 25: Japanese Patent Application Laid-Cpen No.

Japafese3Patsnt ApplicatiorDbaidedpedtNo) dtir@5e7 Haoeresponding to
Application Laid-Qpen No. 2003-342209). In this way,

Eurbbéahf P@?éﬁ?NoOmeS‘li?_hU SR TP gt NBY %BBTTIIBY IRatent
di al ky carbonates and the diols fromthe cyclic

Doc E‘%Mes@dg!a ﬁeix;’é'dtgi}%h ﬁq_h% & ME0b0832119168

our a conplete reactl on

)
<coﬁé§b§ﬁ‘%é§ tﬁa'r&%@?b‘ﬁ%ﬁ?@ﬂﬁtﬁmg %@.@é@ﬁﬁﬁﬁpﬁppatent |
there a flown action ste
Do ctqmﬁng.z%%wes%al%mﬁ figafiaick 7 Vnen N oePlaso0ess,
tem However, there have been problens with these
Pataat Dogwment |36 tmpeagéeo?atelr)t %nnlleajrort haidn{peen No.
limt of the cyclic carbonate conversion is
2003e842208%d by the conposition put in and the
t enper at ur e,

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

(1) a completely batch reaction system;

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

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

(4) a reactive distillation system.

However, there have been problems with these as follows.

In the case of (1) and (3), the upper limit of the cyclic carbonate
conversion is determined by the composition put in and the temperature,

and hence the reaction cannot be carried out to completion, and thus the

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

carbonate conversion high, the produced dialky! carbonate must be
b
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t he reaction cannot be carried out to
Aos@ﬁ?ﬁ?’ﬁ’?ﬁgh‘ and thus the 25 conversion is |ow.
Moreover, in the case of (2), to nake the cyclic

carbonat e conversi on hi gh, the produced di al kyl
carbonate nust be 5 A0501 VP72/KAN distilled off

s NE T 5 iy O g scono
andaa $B§g’|e(aé,)3m? ﬁgc Twccfh Q?h@% %%fp@?‘:?ﬁg ddtion can

wever, processe 4) pro osed hitherto h

be maria & ptre%rasdwﬂf*ng hyhie Qﬂ’g{%ﬁl‘m&&f"ﬂ&n‘ﬂﬁ@ Gh @yer (3).
diol either in small amounts or for a short period of

However, precasses ab(4) prapesedohithertn hgveutelatrd to producing
production on an industrial scale stably for a

the pialkylgetbeeEtedand thendiol Bither in sniadtampuoteosdor a short
have not attained the object of producing a dialkyl

period Betphe, mhaoam&si yelated toacgearyimywut the prodottion on an
l'ess than'2 ton / hr) stably for a 10 prol onged peri od

ind trfdl'%cél@ %tgygtfdreasﬁrémé@%r Wrcﬁ tllﬁéef eT ﬁﬁi ¥s NfHese

ess ours, nore preferably not |ess than

P’°Egggﬁgwé gr%toét&%’ﬁ@q) e J(%Scfrgf ﬂpéﬁ‘éx grb%S dﬁ’ép&h%arbonate
tages .(n) of thereact edlst | at i h
contiriitatl s Jate® amgant k)8 fobiedk KfAnElT-bh Staply for a
the continuous roduction tinme T in ex
prolgnged pariod of tw@epf%um o'ﬁsé"f"‘tﬁmé'(qw] ?"eamonagﬁera%lv not
(DMC) and et hyl ene glycol (EG from ethyl ene
less 4ha030Q0 hounsetmaneipreferallyi notriassthan RHIQ hows).
A0501 VP721KAN TABLE 1 PATENT H: cm D : cm NO. STAGES
nFier:exanple Tthe tmaximum 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 glyco! (EG) from ethylene

carbonate and methanol are as in Table 1.

Table 1




100 2 30 0.106 400 15 160 5 40 0.427 NOTE
Osm&% 40 0.473 NOTE 5 18 200 4 PACKI NG COLUWN
(Dixon) 0.932 NOTE 5 19 NOTE 1 5 60 0.275 NOTE 5 20
NOTE 1 5 60 0.258 NOTES 21 NOTE 1 5 60 0.258 NOTES
22 250 3 PACKI NG COLUWMN Raschl 0.392 NOTE 5 23 NOTE 2
NOTE 2 NOTE 2 0.532 3 NOTE 3 42 NOTE 4
NOTE 5 25 NOTE 3 NOTE ETES 26 200 15
PACKI NG COLUWN (BX) 0.313 NOTE 5 NOTE 1 : OLDERSHAW
DI STI LLATI ON COLUWN. NOTE 2: NO DESCRI PTI ON WHATSCOEVER

NG DFSTICOATION "OVN NOTE- 3T Oy )
Dﬁﬁ%ﬁ e emr| N Reem ST LNRrISHAGES o 1jSs Rukghr ¢ T:hr
. ’I_\‘:\J ) N L'.: [Ny CCE%I D'I'I m\l \AEETC{t\ IED DE: 5:5 I\If" - 400

A =y ==

st E PROIBOTI AN PR PRO ONGEDABERI (D Ot T104427 Nt (NOTE 5
t H& PafentiéDocujnrent5 25 {Japanesd0Pat ent Appl 0.483i o} NOTE 5
Lajgd- Opgn Péno 2_&33 390930 pACKING COLUNN(DEGRY]) 08883 | P4SNOTE 5
- ] u’\(?#c::\lmﬂpl e'_uses %Bensglmi fOﬁéiszl WNOTE5
afe "E! BT . Lfi”i'ri”:m"mf}"h”w e ohjeci} f0-268 | NOTE 5
oo‘@ratl gN@TEhmerci®l sd¢al e app®Patus forl pr@&@é@i nq NOTES
dizeet hyll casgonaf e @nd ¢PACKINGCOLUMN (Raschig)|r 0UgIB92 NOTE 5
LrasesteNgTECR | Mo 22| Cal al Wofg 80NVeT I ONg 532 | NOTES
Icca.’lll.:’{u Nﬁ ill “éﬂrégll» oAl UUII% cariu Tt Lllﬂb\rEall NOTES
25 "NOTE3 | NOTE 3 30 - 3750 NOTE 5

26 200 15 PACKING COLUMN (BX) 0.313 NOTE 5

NOTE 1 : OLDERSHAW DISTILLATION COLUMN.

NOTE 2 : NO DESCRIPTION WHATSOEVER DEFINING DISTILLATION COLUMN.

NOTE 3 : ONLY DESCRIPTION DEFINING DISTILLATION COLUMN IS NUMBER OF
STAGES.

NOTE 4 : NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.

NOTE 5 : NO DESCRIPTION WHATSOEVER REGARDING STABLE PRODUCTION
FOR PROLONGED PERIOD OF TIME.

Note that Patent Document 25 (Japanese Patent Application

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

5 shown in FIG. 1 described above, and was carried out with the object of
operating a commercial scale apparatus for producing dimethyl carbonate
and ethylene glycol through transesterification by a catalytic conversion
reaction between ethylene carbonate and rﬁe_thano!. It should be noted
that the following numerical values in the present example can be

10 adequately used in the operation of an actual apparatus”, and as that

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

specifically produced. The scale described in that example corresponds

to an annual production of 30,000 tons or more, and hence this i'mplies
7
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h foll owi ng nunerical values in the present
A“@ﬁi%ﬁlﬁéﬁ be 10 adequately used in the operation of
an actual apparatus", and as that exanple it is

stated that 3750 kg / hr of dinmethyl carbonate was
specifically produced. The scal e descri bed in that

thaC§FTREE 6P ERDing bF (B SRR a6 RAGR B EadE B cumen

25 [{iHaflss Fatayl &%P'é%f?*e DAl P°5°zt3 %Sé‘éﬁﬁs%%g?%(‘\ﬂf" 9,
plication Laid-Qpen 20 3- 30093& g’ﬁg@ )

200%09}39@ onaef éhecwoﬂﬂes fiset lage FF@? c egeaﬁ'eplant using

commercial plant using this process had been carried
thisoproc beenceatried inutt i nidowfeviarn ievgrcat e tirgecat filing
application, there is not the above fact at all.
the dresentrapplicatior, tharelise noit that abovBdactmttalts Moreover, |n
(Japanese Patent Application Laid-Qpen No.

the %a@@%’i@ataﬂagbbunﬁ@ﬁt 28R Ml nPs @ Pdtent Appllcatlon

theoretically calculated value is stated for the

Lalc?r(ﬁﬂléﬁeﬂ a@%tfyco Qﬁéﬁet&éc ‘th@e"?&ﬁg % Eggﬁé‘ ?ﬂé’oretlcally

et hyle appr o the

caldTigh Yol B8 1B HE pradfived ss 'Wandﬁmléhhv' carbonate,
| ecti vi ve bee ai ned. In r t

butf Kiat dof #hy Tena alueel & AaproxiaBi.E8 S%xand the
fatal drawback as an _industrial production process

selesidydy dpappratimatedn S8&dtunand hance jheapssd readbnbe said
Appl i cation Laid-Open No. 2003-300936) was deened 15

that @ higte yieddnandthighaselemtivity haye beeosattainad, In particular,
exam nation not having been requested). Wth the

therlear seVectivity iihdigates thaiththis proeessahas @efatalmirawback as an
causes of fluctuation such as conposition variation

ndJ$EIAPPLERGLEN gy LS Sy tnaeaterd Bgtament 25
(Ja@%ﬁ%%reaf:"értgnﬁﬁ#gﬁfda‘ifbﬁrﬂ%:Bréﬁéwﬁ o’ ¥0F4-300936) Was deemed
to have been withdrawn on July 26, 2005 due to examination not having
been requested).

With the reactive distillation method, the_are are very many causes
of fluctuation such és 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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Iy stabl e operation for a prol onged period of
Aos@?%ﬂfi}gkﬂ&:comani ed by many difficulties, and in

particular these difficulties are further increased
in the case of handling | arge anbunts. To conti nue
mass production of the dialkyl carbonates and the

anddﬂh‘?-i didre! r’lﬁetrkl% yd %Qﬁ'lﬁﬁoﬂi E%Eké‘fdsoﬁ'nf@tt BS%I%%W devised.

for a prolonge mal nt al ni ng hi

Howeaf, thBodntL 84 sBEIp) by iettindPus StaPl brépgtion ore
oro SRR ForS e U 780e0eF b B 5t rgooses
st abl e production for prol onged period of tine

hithesto hagcheen es200 ta 149.@ heursdn ﬁaig@ééaocnmmwa (Japanese

has been the 200 to 400 hours in Patent Docunment 12
Pateontpppdicatioriaid:Open Noathlé 38141 Dand Ratent Document 13
H4-198141) and Pat ent Docunent 13 (Japanese Patent

{Jaﬁ’@méke?éﬁnt@?ﬂii@ﬁﬁnnl\baidﬂeﬁéﬁh\ﬂ@) H4bR2302a3). e of

I nvention Problens to be Solved by the Invention 10 It
is an object of the present invention to provide, for
the case of producing dialkyl carbonates and diols

ouigHIA g oI GS, I Lo L

e di al kyl carbonates, and not |ess than
/ hr hrough_a reactive
d| sﬁr%’Bg% é?t%ﬂrvo?éjpgkﬁ#g‘%ve% Br‘i c carbonate and
I|phat|c n ric al cohol as startin
ot Br 16588 ORIERE 8 MsspyeF Bt Imee iR doaRIGVIgEn 0B the case of
into a continuous nulti-stage distillation colum in
Produeing dizlkyhioprbonatgs anhdioknindustrialiyyin targe amounts (e.g.
reaction and distillation sinultaneously in the

notdessithana2 dpacl hir for pheodiatkyincatitiaratelse atidinotlless than 1.3
carbonates and the diols can be produced wth high

ton Jehefor the Wieng thlrdbghf@duﬁbwbt distlRftion systém of taking a
prol onged period of 20 tine g. not less than 1000

cycll@Warb oiiteeaAl! an HMipHARS n’i&‘ﬁ@h?@ﬁ@ 41k0hdI as startmg
materials, continuously feeding the starting materials into a continuous
multi-stage distillation column in which a catalyst is present, and carrying
out reaction and distil!ation simultaneo@sly in the column, a specific
process i'n.V\;hich the dia‘l‘lkyi carbonates and thé diols can be produced
with high selectivity and high productivity stably for a proionged period of
time (e.g. not less than 1000 hours, preferably not less tha.n 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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r ferably not |ess than 5000 hours). Means for
AO%I@F%@M Probl ems Since the present inventors first

di scl osed a process for continuously producing the
di al kyl carbonates and the diols using the 25
continuous multi-stage distillation columm, there have

r S r k | prving,.thi r,0ces
on BfRaleda R 80" ENar BRRFA R S QSO BrPel” SR there
scal.e and short operati tinme |laboratory |evel, and
havgBegn g disslesites whalBoePEonA-#R8EYIS PEACESS OF apparatus
specific process or apparatus enabling nmass
enghling sash RIedatetioniost andndystnial scale ptably for a prolonged
prolonged period of time based on findings obtained

period eddimacbasaedi oplfindingst obtainéd e ougds aptualnileplementation.
have thus carried out studies ainmed at discovering a

Thespeesént inventss Raeblthig taeisld Jlysturiebaimed stndiscovering
the diols to be produced on an industrial scale of,

a spBEifeXprobess WhabRs th@aﬂia%gpga('baﬁgis?%fngﬂ%%ig%l‘@’{o be

carbonates and not | &ss than ton
' t.abl: : nege ' f 1] i i
proBiuted o iKdl 38| BLRIC B Bisp Il el frar 2pton / hr
sent, inventors, have .reached {0 th resent . -
for RAERIoy SN Ste ¥ Rg oL ER tiab ol B E b vosdbe diots
ocess for industrially producing a dialkyl .
Staéafﬁ%fnat%r%ﬁagsddpsrloﬂqof M% withhighsselgctvdhhang: Bigh
and the diol are continuously produced 15 through a
produstivitye ofsta Ireaultothepresendfinveintars hasecreached to the
carbonate and an aliphatic nonohydric al cohol as
preseattinmgnhieineri al s, conprising the steps of:
continuously feeding the starting materials into a

confliratogs theup idseritoigs eitidn pratides:col um in which a
catalyst is present; carrying out reaction and

1. S%i'%ﬂ.‘*#&?fsf"y‘ HAtrRNIRPHRS dutihg &' diatey'EBrbonate and a diol in
which the dialkyl carbonate and the diol are continuously produced
through a reactive distillation system of taking a cyclic carbonate and an
aliphatic monohydric alcohol as starting materials, comprising the steps
of. continuously feeding the starting materials into a continuous
multi-stage distillation column in which a catalyst is present; 6arrying out
reaction and distillation simuitaneously 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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O withdrawing a | ow boiling point reaction mxture
AO5Q@)MPa?2{W the produced dial kyl carbonate from an
upper portion of the colum in a gaseous form and
continuously w thdraw ng a high boiling point reaction
m xture containing the diol froma |ower portion of

B e L R

] d || -
having fhefengide; Enﬁésﬁt@liarﬂ A nyasT 56 8g88 Sesajddaternal

length L (cm) and an inside dianmeter D (cm) and having
being & tray bayvinga phyalite ofi helese and fuitheshavinghapas dutlet
nunber of stages n, said internal being a tray.

havhaglarglwsqdlwdfdmeyerodq l{ohBsat antb of thercolumm@raingtiye upper
outlet having an inside dianeter d, (cm at a top of

portiba 6Pthetolamimnkle topihey tép parligeid olitlebdandhgnam inside
near to the top, a liquid outlet having an inside

d.a:weagﬁkﬁf@ﬁ) Gt beitoﬁ\ntt%fmeiumoﬁ% YHB Iowémpbhon of the

| ower portion o the columm near to the bottom at

coldfiihegf g' tie3hpltdnt pPigHsf She, sy MILPBTPYicREY In the upper

Fon o he co
| et d I d :
porfiphfad Pt ARidufE Bosfion & fithae Qi BRI 5 opf ot e, and
at |§3%§%e§§3¥§pt¢2§ﬂé{19%m0“d ;ﬁt(thpmr@\?tréa%pglt) th'frglégd%t “'te lower
§2é the inside diameter D (cn) of the colum
porym of tke aolumn @baveathe)iquid asdet, whereipooo (2),

(3) aratio of the length L (cn) to the inside
di ameter 1) the)leaiyth H.e(cwi)wntlsraesiheefwrmwafblr)nul a

(3); 4: L/ D540 (3),

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 d4 (cm) of the gas outlet satisfies the formula (5),

'3<D/dy <20 (5), and
(6) a ratio of the inside diameter D (cm) of the column to

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

5§<D/d;<30 (6); and
11
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é4)\ﬂ%}1e_nun‘oer of stages n satisfies the fornula (4);

AOSHHYMRYZKAN 5 120 (4), (5) a ratio of the inside v
di aneter D (cm of the columm to the inside dianeter
dl (cn) of the gas outlet satisfies the formula (5);
3: _Dd1:_20 (5),and (6) a ratio of the inside

) 8 s Bl e e b coronst
to a3} hie dea.S, arbote Rty pafiRnleselt ih/ang tray stage

of the dial kyl carbonate to a total hole area S (m
satigfies the,fermula ¢7).hol es present in one tray stage
satisfies the formula (7), 10 < P11 S5 100 (7), 5 2.
the proced® a®Ro6Blkng000 item 1, wherei (¥},he produced
anount of the dialkyl carbonate is not |ess than 2

2. tthe process adcwrdingtositemctomhergin dhetproducsd 2amount of the
wherein a produced amobunt of the diol is not |ess

dialkgRatbdnb®d i§ vt lebs tHen P @seghraccording to any one
of itens 1 to 3, wherein said d, and 10 said d2

3. Slii"nté-:l;:éwcé§§ d‘cgfdrqu'ilf’%(téﬁi;erjn 12 '/wrpe%'ein ?aobi%)d\tg%grdte?ﬁount of

SsS accor di one of Itens
L,. L LD o Dal s dl D/ d2 for said

the&dﬂ?ﬁ%@&ﬁéeﬁﬁltﬁa-%ga%goaiéﬁﬁl [ ation colum satisfy

the followi ng fornulae; 2300 < _L. :! 0 200 5.D <,
4. GRPacess HbasTding 38 aby PNs Bf RmIshid. biWhesRin sard d; and

_7< DI d2525, respecti vel g 6. the process according to
saidyly dalisty the dagmulad8y, wherein L, DL L'/ D, n, D/

dl, and D/ d2 for said continuous multi-stage

di still atilog dyol dgmx 5 (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/dy<15,and 7 <D /d; £ 25, respectively,
6. the process according to any one of items 1 to 5, whereinL, D, L/ D,
n, D/ dy4, and D / d, for said continuous multi-stage distillation column
satisfy the following formulae; 2500 < L. <5000, 210D <800,7<<L/D
£20,40<n=<90,5<D/ di <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 s 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



- ] followi ng formulae; 2500 5 L <_ 5000, 210
AostiﬁVgS;M 7< L/ D <20, 40:5n :590, 5< D/ d, 5
13, and 9:5D/d2 <_ 20, respectively, 20 7. the process

according to any one of itens 1 to 6, wherein the P/
S satisfies the followwng formula;15 < P I S <_ 80,

1008-héiks Ph‘u”:ﬁgﬁhg%ﬁﬁbg' ;S‘éirt;dh ‘tﬁ?F%c; wherein the P/ S

satisfies t oW 'ng Tornmnu P/ S <_ 70, 9.

11 GBI S 0 %%ﬁw;eﬁg@n b Mol apstona

ortion an r portion, p
ared fissr 4p1e) géﬁﬁt%'ﬁﬂ’? e TRnas Bt dramh) S FaS eo
to 12 A0501 VP72/ KAN 1000 holes / n2 in the sieve
portion thereof, 11. the process according to item?9
or 10, wherein a cross-sectional area per hole of the
5 AdvaindagevusyEffects of thenbevenitibonom 0.5 to 5 cnR. 5
Advant ageous Effects of the Invention It has been

di sitavas dedndistove red mahbznmdphmenﬂagnthe p\reatenomnventlon
the di al kyl carbonates and the ol s can be produced

the %ﬁél”kg\Mdaﬁb%H“dtGE aﬁ&'tﬁ@tﬂ'\dlé e ba%rdméea Redc P With a high

preférably not |ess than 97% nore preferably not

0 t
seleftfity %8"1@&3"@?%?“9 B 9p) Preietaiy i B Sfﬂ*aﬁm e
r ef rabl
preffiablf ncted bdxﬁdono?" todustfdhsedle afffof s than 2 ton
pr ef |y not Ies ton / hr
10 /hr pPE® @SW NR}t lasss Elfh Z?Wt geie Rfequaﬁi/r@fdﬁerﬂsstha“ 4
stably for a prol onged perlod of time of not |ess
ton /i feodberdialkyl pasienatss; and naddesshthasdod tesuf br,
nore preferably 15 not |ess than 5000 hours, fromthe
preferably notrlessattmmrid96htenal hphatcre prm‘ewhbby inot less than 2.6
al-cohol . Brief Description of Draw ng
ton / hr, for the diols, stably for a prolonged period of time of not less
than 1000 hours, preferably not less than 3000 hours, more preferably
15 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

20 multi-stage dist.illati'on 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:
25 end plate; 6: internal; 7: trunk portion; 10: continuous multi-stage

distillation column; L: length of trunk portion (cm); D: inside diameter
13




an exanple of schematic draw ng of thé
A°5@)§ﬁ@€8§¥520 multi-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

of t out i Etehllsﬁeﬁ | thoglugﬂt ﬁé?@agﬁ'?%q%wﬁﬁ Eu;ﬂb}_; ga‘?zé inside
» - . M y .. 5. ; 6: . ; 7:
s G PR, 5 T

colum; L: length of trunk portion (cn); D: inside

di aneter 13 A0501 VP72/KAN of trunk portion (cm; di:

i nside di apeter of _gas outlet; d2: inside dianeter of
Best iModa feitCarrying)Oubsie Invgatiadt carrying cQut the

Invention 5 In the follow ng, the present invention is

deskr thedollowiapaithe préisentdaveindiomnis diescpibeskin detail.

invention is a reversible equilibrium

t r ahestedtion asf the presenomventiendstadebgrdibie @yuitibrium

general formula (1) in which a dialkyl carbonate (O

tran?.%étérigac@tidr}?}eabﬂpﬁr@Br&%@nftéa% féM&Wz?g)gékﬁRngzafg@mula (N

and an al i phatic nonohydric al cohol

o ) A et i
carlfoodfe (ATERd an BlibRafid dntiaic ATkBnol f871 |

substi t ut ed

R’ RO OR? '
AN R
oiﬁ;/o + 2ROH +T— “Icl:" * wy’ Son D
> : o)
A (B) (©) (D)

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 aryl group having 1 to 10 carbon
atoms.

The cyclic carbonate used as a starting material in the present
invention is a compound represented by (A) in formula (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

14
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' | L kyl group or an aryl group haVing | to 10
A05@ibgﬁﬁﬂ§?$hs_ Mor eover, R2 represents a nonoval ent

al i phatic group having 1 to 12 15 carbon atons, one
or nore of the hydrogens thereof being optionally
substituted with an al kyl group or an aryl group

carﬁ@r‘(%f@ beih ﬂr%f&?élﬂ%alg%?& gﬁe ﬁaeg% rcdgisﬁroﬁfrgmé’ﬁ d so on,

used as a Starting I nven

and;SufEEe %#*Bdoziﬁ%h@éaéﬁ?%*)% srisratty R G ol i oy ene

car ponates such as .ethyl ene arbona or, pro er
car@&f&("é’ fof‘" ai aéwene ¥dsicratgahol | fsed’as the other
1, 3-di oxacycl ohept a- 2-one, or the I|ke et hyl ene

starging pratesialrispa @eympasndire preseEnted7by KBY lOaﬂﬂiUﬂdae(l) An

_ being preferably used due to ease of procurenment and
aliphatienmoreohlydtic\dlechot hidvingtz |bwiendoiting poivftethan the diol
used. Moreover, the aliphatic nonohydric al cohol used

prodgcélcsoised. S’-’tlﬂﬁéu b $ibilylvargi G?@leﬁ on the type of
represented by (B) |g fp(;?énul a?( i al i ﬁatl c yp

the '@%‘Pi'@:yé' fﬁeﬁé&ohgbdh%‘ﬁéﬁgpﬂaﬁ %Whebé’l'léhﬁﬂc%b%ﬂylﬁib alcohol

the di ol produced I's use t hough possibly v

RN, Lo SR CAURERR A g
(|sog1%r —byﬁggﬁ 'I%h eﬁg@n%%holfo%i 6@x¥Lﬁ%ohol (isomers),

hepzvlc%rﬁﬂhél: éggg{ér%s SE?%JIalﬁo&&“&l&sé@ﬁié&nyﬁ%@ho?’ (isomers),

al cohol (|soners) decyl al cohol (isoners), undecyl
decyl adephol (isomers), unsesyl alsohed disomesshedegecyl alcohol

cycl opent anol , cycl ohexanol, cycl oheptanol,

(isouyersn)ocnymtopentamih)dwoheﬁanm,noycl(drmptans).,‘ cyclooctanol,
et hyl cycl opent anol (isoners), methyl cycl ohexanol

methyloyEliopentahby [ o eps) astblyl ¢y slopintanol Sisomers),

di met hyl cycl ohexanol (i sorrers) di et hyl cycl ohexandl
methy$&f&ohexanol (isomers), ethylcyciohexanol (isomers),
dimethylcyclohexanol (isomers), diethylcyclohexanol (isomers),
phenylcyclohexanol (isomers), benzyl achhol, phenethyl aicohol
(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 aicohols 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
' 15
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I ohexanol (isomers), benzyl al cohol ,
A05‘§ﬂ§/§§% al cohol (isoners), phenyl propanol
(isomers), and so on. Furthernore, these aliphatic

nmonohydri c al cohols may be substituted with
substituents such as hal ogens, |ower al koxy groups,

groups, al koxycarbonyl groups, 20
pref%gpgexycar bonyl groups, acyloxy groups, and nitro

or b AroRe8s df e BresaBR Efvefing. B ?%P%ﬁga%aﬁgde to be

atons, nore preferably al coh l's havg_ﬁ% b ar bon
presgnhin the seagtive-disti! ation unpt.opd A& metbesk: )'"a'amﬂ the
but anol (isoners). In the case of usi n% et hy Iene
catalysb beapeesenipmay benangsnethodnbut iad eh@a%qcf%example of
carbonate, preferable exanples of the aliphatic

a homogeandous ahtalyst thatdisselves imtiveé readtierhligalid under the
met hanol being nore 15 A0O501 VP72/KAN preferable. In

reaéth@n Ridrdisione, theccfA§shtanyehnde tebeap et irfthe liquid
made to be present in the reactive distillation

pha%%' ﬁ‘lgThe TQSC{WE%t@ tlm'{"c%@uh'?\eb f;%'lbl tth'&efﬁfﬁgg"into the

I n the cas

reafti &%Lﬁgﬁﬂéﬁﬁ ﬁg fﬁpéséqéﬁﬁbe@ﬁﬁf A ﬁFt“'?héa'f;%aPZ?a;él o
heté%a!‘gﬁr?%”&a?cé@wsitq‘?ai%imhapté@speéﬂ? i thoreAetPy dffuid under
nto the reactive distillation columm continuously

the gpapfioeopdiions. thesata bygd rean becmads &9 he\preasss in the
not dissolve in the reaction liquid under 10 the

reactiantsystecviyi disposinghthe antalyst asaa ssdidrinidheoraactive
present in the reaction system by disposing the

disttidaBon dolamm, thdsel methidds heaytdise belused imtoombination.
colum; these nethods may al so be used in combi nation.

In 1feneasesd Wat a We gs GHtalyattisi Sontinuously fed into
continuously fed into e reactive distillation

the T8adfRe Hﬂﬁlliﬂf@ﬁ’%ﬁ%,%éhﬁ?ﬁo&@%egﬁsf@&dlﬁst may be fed in

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 tﬁe top of the
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.

Morecver, in the case of using the heterdgeneous 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.
16



r wwth the cyclic carbonate and/or the
Aoscg‘sygﬁgﬁ{éﬁrmnohydn c alcohol, or may be fed in at a
di fferent position to the starti ng materials. The

reaction actually proceeds in the distillation columm
in a region belowthe position at which the catal yst

I s Ff? %rbat%‘i‘)?’sthﬁgéﬂ |'nt @ééﬁﬁfﬁﬁ&ﬁt:bﬁ fa?@of Rarious

cat Into a reglon ent e top of the

e e Ty

. Ia least 5 stages, preferably at |least 7 stages, nore
MCIYIRs erably at least 10 stages. Nbreover in the case
of using the heterogeneous SO|Id

catlkaliimeials gadpalkaline parth 85@1 agelsth'um sodium,
preferably at least 7 25 st ages nore preferably at
5 potassism, rubidiuyes ceaivwm,iagaesiysy, aagiuml séroplduan and
effect as a packing in the distillation colum may be
bariuggd. 16 A0501 VP72/KAN As the catal yst used in the
present invention, any of various catalysts known

fr %thmmm BRIchS8S -hyarid®s ERydfokide < adikoxides,
include: alkali metals and al kal i ne earth metal s such

aryléﬁldéé M Wile § W tHB like Gp%ﬂ&sa?li Hf%tg’lé'l%lrpd ‘ém(agﬁé'é’é'ﬁth metals;

nesi Um calcium strontium an bar 1 um asi c

ﬁ’ & gl SR A8 qa”&é‘*&‘*éér Bl gfdide prpanic acid

10 saué‘é‘rﬁ% k& o AL ateds A Q?é’@?f’%t‘q”aﬁr?f“ﬂ?@s or the

like of alkali metals and al kal ine earth neta
t erteirtingy amines sush as trietbylaming, nféiblatrviemlpﬁaMlh@xvlamme
tri hexyl am ne, and benzyl di et hyl am ne or the I|ike;
andrtieanzygjdmeﬂqdaminiengr ble¢ dikegr omat i ¢ conpounds such as
nitrogen-containing heteroaromatic compounds such as
N-alkylpyrroles, N-alkylindoles, oxazoles, N-alkylimidazoles,

15 N-alkylpyrazoles, oxadiazoles, pyridine, alkylpyridines, quinoline,
alkylquinolines, isoquinoline, alkylisoquinolines, acridine, alkylacridines,
phenanthroline, alkylphenanthrolines, pyrimidine, alkylpyrimidines,
pyrazine, alkylpyrazines, triazines, alkyltriazines or the like;

cyclic amidines such as diazabicycloundecene (DBU),
20 diazabicyclononene (DBN) or the like;
thallium compounds such as thallium oxide, thallium halides,
thallium hydroxide, thallium carbonate, thallium nitrate, thallium sulfate,
tha!lium organic acid salts or the like;
tin compounds such as tributylmethoxytin, tributylethoxytin,

25 dibutyldimethoxytin, diethyldiethoxytin, dibutyldiethoxytin,

dibutylphenoxytin, diphenylmethoxytin, dibutyltin acetate, tributyltin
' 17
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A ¢i§+ﬁ§%Q%hLO|es’ N- al kyl i ndol es, oxazol es,
05 | azol es, 15 N al kyl pyrazol es, oxadi azol es,
pyridi ne, al kyl pyridines, quinoline, alkylquinolines,
i soqui nol i ne, al kylisoqui nolines, acridine,
al kyl acri di nes, phenanthroline, alkylphenanthrolines,
dige TikdYrazi ne,
Chlog?q;éyﬁp')gri]a%tﬂgisﬂ@*ér}lyé\éz@ngg,qﬁgl Il'<|§/ triazines or the |ike;
cycl.ic am di hes,such,as_dj.azabi Loun ,
25 4G SOP IS A TRkl R RSy et
%ongounds,such,gs thal,lium xii_,_thalliun1halides,
ethylenedioxyzing Aibutoxyzipei e the nate, thallium
nitrate, thalliumsulfate, thallium organic acid .
salalgminumeompeundsnsuehpar addminym 4dmethoxide, aluminum
tributyl methoxytin, tributylethoxytin, 25
triisdpbopgkitderahminum, tribiutobkyd elicat thexliken,
di butyl di et hoxytin, dibutyl phenoxytin,

di pthwmhmebwﬁvbhﬁds_cﬁm wist igtrapRithbkytitahiymy! tin 17
A0501 VP72/ KAN chl oride, tin 2-ethyl hexanoate or the

tetraétfoxitaniGHPY f?l:?JﬁH%‘?itﬁﬁi hTRfiB Ed’r@dﬁ'ﬁrethox titanium,
d?gﬁoﬁtylgmg e? yl ene ioxyzliﬂhc, dﬁ ut oxyzi nc gr t he

ke al o < .
tedisbhroRo BRI 4008, JUUR M Roapyiactonate or the
lik tributoxide or the like; titanium conpounds such as '
X84 et r anet hoxytitanium tetraethoxytitani um

tetrabutoxytitani um dichl orodi net hoxytitani um

t et PRPSBPPERS GAMPENNGS SUTh A% trMtByRROSPINS um
i acetzl acetonate or the |Iike; 10 phosphorus conpounds

triekhydphasphinertrijutyipbpaphine, triphenyinphesphings,

tri butyl phosphi ne, triphenyl phosphi ne,
tribatyilmethlyiph dgp honiyrhdna lide s atridetyibutylphosphonium halides,

trioctyl butyi phosphoni um hal i des,
triphenylmethylphosphonium 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 rlead oxides
such as PbO, PbO;, Pb3;0O; or the like;

lead sulfides such as PbS,: Pb2S3, PbS; or the like;

lead hydroxides such as Pb(OH);, Pb3O3(OH)2, Pbz[PbO2(0OH)2],
Pb2O(OH); or the like; | |

plumbites such as NazPbO2, K:PbO,, NaHPbO;, KHPbO: or the
like; |

plumbates such as Na;PbO3;, Na;H,PbO4, K2PbO3, K:[Pb(OH)s],
K4sPb0O4, CazPb0O,4, CaPbOj; or the like;

lead carbonates and basic salts thereof such as PbCOj3,

2PbCO3-Pb(OH); or the like;
18
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t hyl phosphoni um hal i des or the |ike;
A05§| r\@%ﬁ%ﬁﬁomounds such as zirconium hal i des,
zirconium 15 acetyl acetonate, zirconium al koxi des,

zirconium acetate or the |like; |lead and
| ead- cont ai ni ng conpounds, for exanple |ead oxides

S o A
Pb@ﬁ%‘(‘"’&'l)%%ﬁg(ﬁ%ﬂ%@ﬁh&@&ﬁ% U Na2Pb02

{—|Pb ,  KHPbQ2 .qr the Ilke | unbat uch
R%@@t?g ALGRHEN acidppagd R[S AN ﬁ H‘cﬁa*"s thereof,
2PbO4 CaPb3 or_the |ike: 25 | ead carbonates and
SUCBaas&%@DB@@H@DE&%@&D%%CB@( GPsdtRRtR B 8H0 or the
the like; 18 A0501 VP721KAN al koxyl ead conpounds and
likear yl oxyl ead conmpounds such as Pb(OCH3) 2,
(CH3O Pb(OPh), Pb(OPh)2 or the like; lead salts of

or ganganatead compoandeosatikas Bl Pasi RhiRb| BuUusFbCRhfPhsPbBTr,
such as Pb( OCOCH3) 2, Pb(CI:CI:I—B)4 Pb( OCOCH3) 2PbO. 3H20

BRI LA SR P T o o By poresen

a bﬁfﬁﬁl@%dégﬁ ﬂ’h‘i’% F!?é% ﬁHeh rou ;S a butyl

repr sen enyl | ead all oys

f?’ﬁ@?gﬁiiﬁosﬁéﬂﬁap&%m%saaﬁa??srﬁas?nﬁéwﬂﬁer or the

Iike?nd hydr at es of

lead minerals such as galena and zinc blende; and hydfates 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 cbmpound can be used as a homogeneous catalyst, whereas
in the case that the compound does not dissclve, the compound can be
used as a solid catalyst. Furthermore, it is also preferable to use, as a
homogeneous catalyst, a mixture obtained by diséolving a con;npouhd 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 émide 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
19



10

15

20

Aoség%monpounds; In the case that the conpound
e ves in a starting material of the
reaction, the reaction mxture, a reaction by-product

or 15 the like, the conmpound can be used as a
honbgeneous catal yst, whereas in the case that the

roGperes! cql&q.g kasol ve, the conpound can be used
g ag a so%q(ldc @a%gg.b%turtherm)re, it is also

pr ef.er.ab ho neous. catal.yst, . a .
oo sbRnS SRR Bodt FReR 2 Bliset atE- allpina, .
.I.a starti ngarm}erlal 'ﬁf E)he regcti on,, the reaction .
silicamagnesiasalumingsifisatgs paallinm glicate, variouszeplites,
reacting to bring about dissolution. Furthernore, .
varipusmetal@xehanged 2enlitess and ammenivasexchanged zeolites,
i nvention include ion exchangers such as anion
andesohmmge resins having tertiary amno groups, ion
exchange resins having am de groups, ion exchange

r esinssahslid@adalystast parich vy preRerabi iR el owWesis a solid
sel ected 25 from sul fonate groups, carboxyl ate groups

strcﬁ@g%‘é@&héhﬁ)ﬂ%nﬁﬂhaﬁmgﬁgﬁﬁéw aﬁﬂ'ﬁm\iﬁ‘m §Foups as

exchangers havi ng quaternary nium 19 A0S

excﬁ?ﬁﬁ)ﬁ@éﬂégg%&ggﬁgféﬁ:Qggl%eofgim:waq‘n%gln%t?oha?} Y€ anion.

Silica-a
i.lica- nesia. _alunnosilicates, galliumsilicate
exchands 15y fiAvThe AualerBaty mmoniyghgrauRs, 2% Exehdnge groups,
a@d anng;%r exchanged zeolites, 5 and so on. As a
a cellp|opes eﬁﬁ,troal ¥rhasic apigp gxehapgerjhania@ gHateary
a solid strongly basic anion exchanger havin -
am Qi SroupsNS exehpnam graspseanithapdngrgapsc carrier

exanpl es thereof including a strongly basic anion
supparbed dypeesironply basic watiennexghangenihavigg quateanary

exchange groups, 10 a cellul ose-based strongly basic
amadmoneyebapscds Bxchahgd'greups’ Y Examples of the strongly basic
anion exchange resin having quaternary ammonium groups as exchange
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 |l) as exchange groups, and can be schematically

represented, for example, by the following formula:
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3n|un1§roups as exchange groups, and an inorganic
upported type strongly basic anion exchanger
havi ng quaternary ammoni um groups as exchange groups.
Exanpl es of the strongly basic ani on exchange resin
havi ng quat ernary anmmoni um groups as exchange 15

, Wﬂicﬂﬂl@ﬂﬁﬁ -Gﬂpl-&éf-pﬁ- eﬂmﬁﬁzwi \?P” on
e resin or I'Ke. Afstyrene type strongly
basi c .-|on exchange resin is g strongly basic anion

of styrene and
il , and havi ng (type )

‘ M | or type Il) as
¥ groups, ard can be sCREMmati ca®y 20
sented, for exanple, by the f& mul a:
)F>72+~mr<|-(.‘.]-l-|_-/-(:I-lzﬁﬂen'e'-c|+tjm‘:%g-IE - vLr .
(D -v-CH CH2-~- CH2NX CH2N H3)3 (CH3)3 XT
CH2CH-CH2CH—t|/I/ (type Il) O -
r-CH CH2- - --n~- CH2N( CH3) 2( C2H4OH) CH2N( CH3) 2( C2H4OH)
Xe Xoo In the above formula, X represents an ani on;
exanpl es of X |ncI ude generally at ne type of

ar o seildr=LC —c:CHZ-Br- C032-

CH3C2 HQ02 103 Br 03 , and CIO eferably at Ieast 5
one typeAdE_ani on ted fro , HCO03 and
C032". gver, (type II)

® “~—CH—CH2—~— CH2N(CH3)2(CzH4OH)
CH2N&CH3)2(C2H4OH)

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',
HCO3", CO3%, CH3CO,, HCOZ', 1057, BrOs7, and ClO3", preferably at least
one type of anion selected from CI°, Br", HCO5 ", and C0:%. Moreover,
examples of the structure of the resin parent material include a gel type
structure or a macroreticular (MR) type structure, the MR type being
particularly preferable due to the organic solvent resistance being high.

Examples of the cellulose-based strongly basic anion exchanger
having quaternary ammonium groups as exchange groups include
cellulose having -OCH;CH2NR3X exchange groups obtained by
converting some or all of the —OH groups in the cellulose into
trialkylaminoethy! groups. Herein, R represents an alkyl group such as
methyl, ethyl, propyl, butyl or the like, preferably methyl or ethyl.

Moreover, X is defined as above.
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the structure of the resin parent materi al
A°55?134|E§<?§§é type structure or a macroreticular (M)
type structure, the MR type being particularly

preferable due to the organi c solvent resistance being
hi gh. Exanples of the cellul ose-based strongly basic

20" PRertiaanTe catfieh 3lltoAdal G SlroHHTY HaALTou Ao

as exchang& groups 1 nc

exchitae Ay no, U By %%ﬁée?wbrtﬂaéﬁ'bid%ske’%ﬁu%%s'ﬁvh?o&foups that

trial ky] am noet hyl gr.oups.. Herein, R represents an
canapg()Hs Pngmysgﬂn |ngﬁ|§|on g‘f@@ps i} yg@qgarygt%rr@r that has
t he I|ke preferably met hyl or ethyl. 15 Moreover,
had; sO¢6HzedRaX quaternary Ampnvmgmwsmetmwmmereto by
carrier supported type strongly basic anion exchanger
modifyinggsqmee erradt pf dheorOlinsgrizges hysrexghgnoepg rafutie
that can be used in the present invention nmeans an

inorigai o adk I¢ierar rHerei) R &1 X B délikeB)ad\BB%ve, and n is

guat ernary ammoni um groups i ntroduced thereto by 5

gen@?gllgyéﬁ‘?n F’r‘bn"i"1| 19, t(éﬂ}r%fe% RHATa08 hgg Pd(;ﬁ’I'es of the

groups I norgani c rrer I‘el n,

.3yl 0
'n°'%%[ﬂ'9?a€f%¢ﬂ*%!ﬁﬁeaﬂﬂegz aﬁwﬁﬁ% hdy-QgiiRbedfarias Teotte o
rier .include, si a um na,.. silica-alu
the ke, iefelgblK Fuiia. TRmia. o SHistsplif)ra; Predeutarly
| um na,_ or silica-alumna, gartlcularly 10 Prefera
prefgrably siligg. nAmyethrd sansbe usedas He weathad of modifying
nmodi fying the surface hydroxyl groups of the
the iswufaeeihydraxyl @roupseokthe dnergamigi gatrigt.c ani on
exchanger having quaternary anmoni um groups as
exclihegsolidstponghy basicaniahlexchangabhavihg qudtesnary
case, the ani on exchanger may al so be used as the 15

am?gﬁnggﬁﬁggubs% eXehadgd yréupblisichmmercially apifitable. In
ge wth a

this case, the anion exchanger may also be used as the
trénsesterification catalyst after being subjected to ion exchange with a
desired anionic species in advance as pretreatment.

Moreover, a solid catalyst comprising a macroreticular or gel-type
organic polymer having bonded thereto heterocyclic groups each
containing at least one nitrogen atom, or an inorganic carrier having
bonded thereto heterocyclic groups each containing at least one nitrogen
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 used.

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

as a packing in the present invention.
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' jonic species in advance as pretreatnent.
AO5§ES@%@§53RL solid catal yst conprising a nmacroreticular
or gel-type organic polyner having bonded thereto

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

Ieggﬁgone%r‘ﬁ‘[tr o‘gg{@ &sié Wﬁ §as§,{be era@{ rg aries
depgiding s e dvbe ot Hiirad g 21%%51 by 18 1bs heég? 2

ni trogen cont ai ni ng heterocycllc gr Qups have
conbippgaisiy fepding An g horepaappous eatalyshihat ﬁi%%ﬁ'l"?s in the
used. 25 Note that a solid catalyst such as an ion
reactiendiqueid undenithe reaction cansitiehsg the ameuntassed is
i nvention. 22 A0501 VP72/ KAN The anount of the

geneaalyyiata vaage of floam0.€001 to 1504 ibonwedghtspreferably 0.005
depending on the type of the catal yst used, but in the

to Z@V@b(?fwe‘i%m MBPE P refereBliyn0.0 1 t8 m%wwght as a
cat al yst at dissolves in'the reactionliquid ‘under

probaﬁléﬁﬁ?(flﬁ‘t%rl‘%éw of {HE¥ cgﬁggm B f /aﬁd the a lPhatic

nerally 1 n a rang from y weig
b
moBSBY8E A ehd Jeaioas g, ?ﬁér%&%ts?%ﬂ? [ NREEGEpYy in the
ht. of th I b th hat
cashpbhsing & Spu8 et instaded eapfﬂ%aﬁaﬁef'f&mn the
Noregver, .in the case of using a solid cataly
catalyst i iRreferablycusedtin an@reauasinm range qbfr@m £.94tto 75
is preferably used in an anobunt in a range of from
vol%, more preferably, 0.8F to Hlvei%blyetonose tpredorablysd. 0 60

nore preferably 0.1 to 60 vol% based on the enpty

vol%olbased drutiee &@mphe colmnin Valume ebthendistihatienageiumn.
particular limtations on the nmethod of continuously

f eetineGet i AYVCHARIGHAPANAIALRINE bheth@ héthlodCof continuously

nmonohydri c al cohol into a
feeding the cyclic carbonate and the aliphatic monohydric alcohol into a
continuous multi-stage distillation column constituting the reactive
distillation column in the present invention; any feeding method may be
used so long as the 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,
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
the same stage of the distillation column, or may be introduced into

different stages to one another.
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[ us nulti-stage distillation colum

Aoségﬁ@%ﬁykgﬁﬁg 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

cat [ ' oAt ; f ~ Y

at ThEyterting EteRRIC ard ed Bahtinuctstyiito PhE Fitifation

20 _af e di,stillatign col : at_ | t [ N
cofiipgs A d@ddarm i R hasr el 1afih an s 4 PHafife ot fguid and

continhuously fed in froma required nunber of inlets,
a 0d%r sOWed than freding IR stering Matargs diteiine sisdiation

colum satisfying the conditions described earlier.
columpdovidris way, Byisialso prefiesabie taradditionalipfeeddn a gaseous

nmonohydri ¢ al cohol may be introduced into 25 the sane
startinapmaterididante ghittéatly ot cohtimaously feoymba lowergportésn of the

into different stages to one another. 23 A0501
distMRAZd K8 1k hth .St Mbidtvariaidthle? priefefsislecaidthodolsbye in

into the distillation colum in aliquid form in a

whi%ﬁ%ﬁ%“é%éi% ré‘argbnﬁie‘?}srﬂdﬂt‘i‘ﬁ@o%%fé& Giiglligned fBr8Pér a gas /

her than feeding the starting rmaterials into t

liquid zlﬁfiel fdr‘?ﬁ inf@?fﬂ’a{#}é‘alo}fl}hﬁe%@f'pIréﬂorjl %o?ll.(l)la\g\ above the stages

preférable to ad a gase

. t.aptin terial intermttentl r.continuously .fram .

in whih, 46 soRaIVah 5 prerenturbe; e afiphedly mhog Afonol is
anot her preferable nmethaod is one in which the cyclic

contipuaysy dedsincargaseeusIfprmeandy ar @ bauig fegm, igto the lower
gas / liquid mxed forminto a stage of the

pordoptof the idistidationcelbigne. t He thiagase,ithewpyelicaarbonate may
catal yst is present, and the aliphatic nonohydric

of calurskotontaihCheoatiphaticsimorfadtydnic algakebus form and /
or aliquid forminto the lower. portion of the

di sth kthatpredeit! ih%-nﬁdh,ttiﬁesst‘q?\ﬁﬁ\ghiﬁ‘ﬁe?mhiféd in may contain
carbonate may of course contain the aliphatic

dial&?g&?ﬁﬁgh%?'{ﬂﬂo&Jé@)litﬁrllﬁ#g;ﬁﬁmg?HEF@ | Thve EBRtent 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 preferabiy 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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' ] bonate and / or diol being the products.
A“%S}'%{ thereof 15 is, for the dialkyl carbonate,

generally in a range of fromO to 40 % by wei ght,
preferably O to 30 % by weight, nore preferably 0 to
20 % by weight, in terns of the percentage by wei ght

for e%E%rltﬂ'}ge"nlfé(ﬁ(r;f}?fst?on tig dA exddfietl! 14 é#g?&?%‘?@%%@e of the

alco dia [""Carbonate mXture, :
profhft nASHTGR S i id B3 B Qb8 o Bhotner process

. _preferabl L0 5 %by weight, ip ter of, 1 he .

is aRsERGL WaYiched gard CRIRDRAG 1§ Rroducsgdrpm a dialkyl
carbonate / diol m xture. Wien carrying out the ]

carhppateandea bt ammpatigumonadiydroxyeee mpoundsthe ajiphatic
carbonate and / or aliphatic nonohydric al cohol newy

monohydkocddohiohtbeingeby-gaodiucedsirs tieis pracess and hegovgred.
the cyclic carbonate and / or 25 the aliphatic

Themestyeied b?l-pﬁimhc_:@é #ipfrtic eeonongdric ARicHdl generally often
recover ed romthis process and / or another process

con€din s e dPS! _‘i:fﬁ?bBWaXePﬂ?é’ ar%i’nfﬁ?%oﬁ%?d%&‘gféﬁmp%nd, an
starting matérials. It 1s an excellent characteristic
r s v _ [
alkyISYYTnST 4 s bfig &l IR RS S Soitain shal Spoynts of an
,n.which,a diar carbonate is produced fro di al kyl
alkyl i et nase, dhe BREV! o hoRafRiA0E S8 stbouTde bieproduced
. aliphatic 5 mgnohydri ¢ al cohol bei ng by-produced in Lo
alippatic mmwgﬁcﬁlpebeimm?be vsed agdsaead startingimaterial in
al i phati c nonohydric al cohol general ly often contains
the piesendlinyention; aramay bacusedras the stadingmorierial after
compound, an al kyl aryl ether and so on, and may al so
amaont of cosrtaliiedimatersalohawing al kighear hoilirey poiat éhan hhat of
di aryl carbonate and so on. The by-produced 10

the allipthtic enoRORYHdC &l eds IFBe D eeda8edathrotighsdistillation or
starting materiral in the present invention, or may be

theYj@d as the starting material after anount of
contai ned material having a higher boiling point than

thap &Fclic carbonate preferably used in the present invention is one
produced through reaction between, for exampfe, 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 amouhts 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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' i ¢ monohydric al cohol has been reduced
AOﬁb‘ﬂﬁ’é’%ﬁE&n [lation 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

carfh 3 SprVehia, 18 18R BN 1B g1 PERHR! Womohyaric
tierial conpounds ,or. the, Like be uysed .

alcalolin A SXEEss AT Atieast 2tirags thepimkarof Mot of the cyclic
present invention, a ratio between anounts of the .

carkgrate, buhihthmeaevat ofdhg #lmmﬁﬂle rneneﬁvmfc algohplused is
fed into the reactive distillation colum varies

too greatdthen iibis hecepgsaruto makenthefapparatus larger. For such
transesterification catalyst and the reaction

reasons] themoldutatio ofl the akiphatigobmanahalri¢ iglbabhot to the cyclic
nonohydri c al cohol to the cyclic carbonate fed in is »

carﬂ@ﬁﬁf@'iébrb*e?aﬁl?ﬁ&ea Crfanfg’éﬁf @réth 2 201000nidr@prefErably 3 to
i ncrease the cyclic 25 A0501 VP72/ KAN car bonat e

. G P N o . _
15, n‘érﬁ)ﬁ;ﬁé%efgf%%ﬁloﬁrtﬁ fha lfuhﬁefﬁ%‘}e'f ’l‘ﬁ Mifci ﬁl'dt??%;éd cyclic

ric I'n an excess of a east
f .yl f ' r ' .

carpifafiRRiade. tRem.fie hifp8tfad SysiRl calltiats Mk repgt with

too great,,.then it is, necessary to make the ar at us, . '
the iRfRgiced-HiOL{R hYsPaich Oligambers Sieh 8515 GaTa! 4 trimer,

al i phatj c,_ nonohydric al cohol to the cyclic . carbonate
and Bepeer sy sl ystrial impismevtatiomnitdsiprefgrabis to reduce the
. preferably 3 to 15, yet nore preferably 5 to 12. )
ameunt oérumnesctetl eyalic carkaoaéel regaining &g buich @s possible.

remai ns, then the unreacted cyclic carbonate may react

in theet proddss pfdlecerestrt inventiomwy edendf thegabveve rmokdr ratio is
as a diner or atriner, 10 and hence in industri al

ot OISR 05 el i, BRGNS Sohmeraric ol e Mg be not
les®RShPYP%, preferably not less than 98%, more preferably not less
than 89%. This is another characteristic feature of the present
invention.

In the present invention, preferably not less than 2 ton / hr of the
dialkyl carbon.ate 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 / hf, based on the
amount P (ton / hr) of the dialkyl carbonate to be produced. in a yet
more preferable case, this amount can be made to be less than 1.9 P ton
{ hr.

FIG. 1 shows an example of schematic drawing of the continuous

multi-stage distillation column for carrying out the production process

according to the present invention. Here, the continuous multi-stage
' 26 '
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cess of the present invention, even if the
AOSéﬂ}fE@Sﬁ%@r 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

dlstﬁl%i‘fdi'[ So?ﬁm‘rﬁ??@?%%ﬁ?% thb”q!ess r?lﬂm\)éhﬁ&? o‘HrﬁP?i%Tes a tray

I nvention, pre not an 2 ton /

colufh it ERSARRYT °if>ﬁ‘éﬁ‘9‘2‘§'))£\”¢3ﬁuf§4a¥ gorHLRHE halting g pair of end
platgs & abawe, 354 5pfa 7 ?vhﬁdgﬁ%?ré?#%ﬁzhéyﬁé% (Fathoh (em) and

hr, based on the anount P (ton hr), of the dial kyl

an ipside dlameter R (Eﬂﬁoﬂjﬁéd‘aviﬁgatWP'nﬁkﬂeeaBr iaterna) \e"th a
case, this anount can be nade to be less than 1.9 P

number of stage§InG sdidsindesnainbeitgral trayf havingratplurality of holes,
drawi ng of the continuous 25 nulti-stage distillation

andoghiomfidheedray anga o Wutlde 1 hiavingt anringide eiameter d4 (cm) at
according to the present invention.- Here, the

the f@ﬁtdfnllﬂfél%om&hw oFliRGh 4 pRIIRrt\6H HfiMd 8bRirmhl AéaPRo the top,

colum 10 used in the present invention conprises a

a IucL .ayo figt %”ﬂab%@e af fidiibdiaple et &'“’gcﬁ‘g ﬂgarl?éttag] of the

ruc ure havi a palr of end ove an

coluann.wsf‘m%y'isﬁ'@%ébé? @E@#%ﬁﬂﬁ?ﬂ%ﬂ{ﬁggti\%P&%'“bn% or

r of ta es n, I nt rnal

morseﬁt el QyP%H\ﬂ%r@f%{”gﬁgr'& siope 'On o middle
further has a gas outlet 1 haV| ng an i nsi de di arreter

portian (@frjheacoluma belpwithengas stutlet dr and apeparore second
portion of the columm near to the top, a liquid

inlebdt (etbp phavidad am thesniddléi poetien aipd (an) the lewestpantion of
of the colum or in a |lower portion of the colum

the eedimiroabb¥eCtia iquid ruttat 20 amor mdrieoverimust b (wade to

provided in the upper portion and / or a mddle
satisfy various conditions so as to be able to carry out not only
distiliation 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 embodimént df 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:
: 27
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| the columm bel ow the gas outlet 1, and one
oS VERIKEN o e “Thi'et 4 (a, b) provided in the middle

portion and | or the lower portion of the colum
above the liquid outlet 2, and noreover nust be made
to satisfy various conditions so as to be able to

Cafm e Iék?%tholl' (6P nili St Atiaty e Fkmallaqineaction
e Sane

at Ime so as to be able to produce

pr ef er abl ¥3§9t§l|_§$ss%¢1@n 2 ton / hr of the dialkyl

car bonat e eferably not less t'han 1.3 ton /

hr he.di.o tably f a _pralenged rj 0 '

ot XK inside Sidigefer B (Sl R ERIAR it RatefFtne

continuous nulti-stage distillation colum according
formgla fé)ipresent 20 invention, and hence the arrangenent

of the tray stages is not limted to that shown in

FIG 1. Th80csMisn200€ mul ti-stage dist{ation col um

according to the present invention satisfies not only

con{} aongid oétheHengthdpécm)vte tife insideddiamelter Dofem) of the

function, but rather these conditions are conbi ned
colnhhmAfstortk fid B féBflid €d);50 as nake the reaction

proceed stably with a high "conversion and high

sel ecti Vi {y, 1S ifagal ly: 27 AO5p4y VP72/ KAN (1) the

l ength L ?cgﬁ)L ﬁuﬁgt!s %‘gt isfy the fo?jn)dl a(1);

210 the insi i r .
neCEbR mbbr ofifegr nanst 3| SV i (A1,
2000 (2), bg) ar,?'o of the length L ( to the

i nsi de di 49l S éérr) of the colum » satisfy the
fornula (3); 4: L/D540 (3), (4) the nun‘?e

nustSkat alig of ther insige digmeter D (cm) o

inside diameter d4 (cm) of the gas outlet must satisfy the formula (5),

r of stages n
the columg to the

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 must satisfy the formula (6);
5<D/d;<30 (6),

and moreover the ratio of the produced amount P (ton / hr) of the
dialkyl carbonate to the total hole area S (mz) of the holes present in one
tray stage must satisfy the formula (7);

10<P/S 5100 (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
28
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5 120 (4), (5) a ratio of the inside
AOS@P};{#&%B (cm of the colum to the inside dianeter
dl (cnm) of the gas outlet nust satisfy the formula
(5); 3_.:Ddl: _20 (5),and (6) a ratio of the inside

di ameter D (cm) of the colum to the 15 inside
abo?éameter d2 (cm of the liquid outlet nust satisfy the
ormula (6); 5 : D/ d2 5 30 (6), and noreover the

t f th duced
ar dke pasBo e e et m%p"h& G muitizgtage
st B3 v S RRs R ErbwidEn, 2. 0,
"the top of the colum or the upper portlon of th
(4), d8) and @hrand funtheropatigfies the ompkasﬁéhtthendeaikvbn

nmeans the portion fromthe top of the colum downward
carbendi® and thepdoodi oan dde/ prodabed andan iredustrial’ stale of
bottom of the colum or the [ower portion of the 25

preferhBn ndtdess Ghiafe2 ket ORY oTahesdidiRybeatbenatd and hor
bott om of the colum upward as far as appr oxi matel y

pref@rgﬁe)}-.n §s t hlan *13’.’. 86n gy g?‘ﬂlﬂe%ﬁoﬁ%m avﬁ@fl errsmn

een I scovere at by using t

t { I
mgrg.%@anz»zﬁwh High 651478V Ak HaF BLaFElohBa poriod of
. 5 6) nd furth atisfies t
timg 8}. 1y éxam'%ylncgqsaﬁ Sbgﬁdﬁwes-dpmﬁeaﬁ?sbgoﬁess than
Br oduced on an industrial scale of gr ef er abléy
300Dhauisamore Rieferablyonot hessithary 008 s aﬂuthe gyclic
preferably.not less than 1.3 ton / hr of the diol with
carkomatgs sodvihves atiphatic gronehydric\alcphodsid Aighreason why it
productivity stably for a prol onged period of
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 than 180, then it is not possible to attain the

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

while attaining the desired production amount, D must be made to be not
29
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' for exanple, not |ess than 1000 hours,
Aosbbﬁ%@ﬁﬁfmnot | ess than 10 3000 hours, nore
preferably not | ess than 5000 hours, fromthe cyclic

carbonates and the aliphatic nonohydric al cohols. The
reason mhy it has becone possible to produce the

motld Y 2050 0B B 5B Fa e Yor RS i 200°£% 1000,

exce ementl ng
wﬂ*i’?-‘*i’eé?%babhﬁa 1§ VBl mate ?P?rteié"“ﬁﬂ'%o%sf't gTpes
o iy B8 Teanafman ewf&?%@a?@%ﬁﬁgégﬁpfa%ﬁwe “opetation

respective factors are described below, If L L})
becpmes difficult.oo |ntpastiowar,dblvEDsingreatarthan "d}; hen the

hence it is not possible to attain the desired
pregsorh difference betwen thedopeandtiottespofidhe ¢hkemn becomes
equi pnent cost while securing the conversion enabling

too igreateandelenteiaionpedSalet Spdatid i Detimel diibult.
be nmade to be not nore than 8000. A nore preferable

f
Moﬁe’i‘ﬁ&go 6‘85829% gtéc;ebsr%e%qgrtgrgdg%fﬁ@oﬂ}e %?@#ﬁ@grfm the lower

porgﬂﬁnoflﬁp "oh@ H.lang m?é’%ﬁé %Sc‘i%n@t ngarﬂg?v(aﬁoq? to occur,

esire produ I'on anou

o GERBREBl) 528borA o b b BRI Ponce o

50 thn2000 A nore preferablerangefor D(cm is
L/ Bog & < b LD scid, withi 7= 216D<< 29 bedng ynt m@r?epr&fﬁrab!e

preferable If L/ Dis less than 4 or greater than
40, It nda lesadharop@: dbeorthebeconersionf decteasesand hence it is
particular, if L/ Dis greater than 40, then the 5

not mhteatdiafttaaimﬂnae dest ek prodactiop anburt t oMort:ovies, to keep
col utm beconmes too great, and hence prol onged stable

dommheteqmpb@éﬁﬂeastilvimlé@etounri\@rtﬁ@v@inveﬁsnbﬁmsnng the
necessary to increase the temperature 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 temperature in the lower portion of
the column, and hence side reactions become liable to occur, bringing
about a decrease in the selectivity. A more preferable range for n is 30
£ 100, with 40 < n < 90 being yet more preferable.
If D /dy 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
30



' ' the col umm, and hence side reactions becone
Aos&f&ﬁi?h@“%ccur, bri ngi ng about a decrease in the
selectivity. A nore preferable range for 10 L/Di s

5< L/D<_30,with 7<_L/D<_20being yet nore preferable.

If nis less than 10, then the conversion decreases

diffigpgd%?{bcﬁ\htedvser Q%Meblr?glggﬁﬁ\?élﬁlﬁﬁﬁ?ﬂg%idg?ﬂ about.

I on anount reover

equi cost _wh s Ut | t onvek si n i,n
morg 8teHFERbIE HEhoBaterP drdnindr Bd Gelalt a8 et < 13
. be de to be_not 15 nore than 120. Furtherrmre if n
be'n%yg?éﬁ?é? Rreferable. then the pressure difference
between the top and bottom of the col um becones too
gr tD /7 dmis tese shand othanithe aauipspentepsh becesmes high.
difficult. Mreover, it becones necessary to increase
Moreowere tipe liuidewithdrawal @moupd hécomes relatively bigh, and
and hence side reactions becone |iable to occur,

henbei s@iblg cide cdtton beotanesatifficult! hdf eV gt |lsvgteate% than 30,
nore preferable range for nis 30 n <_ 100, with 40 5

the the f?@w%t&gtrﬁ%gﬁoﬂ?e Ngeid'aét ahll ;S?dmg be Somess

than 3, then t qul prent cost becones hi gh

excé/ggﬁﬁwgrfasi’ Eﬁﬁgﬁ?ﬁ@%s%n%%fe’é@% Shﬁﬁl@&?%@cdr bringing

released out si e Sys
hence stabl e eration beconmps diffic
ab°UE SR B IRELAPb RS, PR mBte retetansRirdrad ror D/ o2 is
anount econes relatlvel | ow, and hence

7< Q émze-@&rwﬁihoﬂ HEbfes< 26hb ﬂmye&wym erabley ¢,

and noreover a decrease in the conversion is brought

abolftP /a8 lﬁdﬁ@swweﬂQb|taenatrh@eeﬂwpme/ntdcostsredagvs to the

d, < 15, wth 5s D/ di < 13 being yet nore
pro@ueflenaa)hmuntfb@cbnﬂis high.esMoteover, theeregidence time in the

equi pnent cost becones high. 5 Mreover, the |iquid

o St iatranmes! aha tnbkelsoly hdew démeno. 1P
/S SE @%Sfer‘ fi7n 3Do, then the cyclic carbonate conversion decreases.
A more preferable rénge forP/Sis16<P /S <80, with20<P/S5<70
being yet more preferable.

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

| tsdilda<6 (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
31
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fI ow rate through the liquid outlet and
Awoﬂ@ﬁﬂé}j ones excessively fast, and hence erosion

becones liable to occur, br|ng|ng about corrosion of
the apparatus. A nore preferablerangefor D/ d2 is
10 7 < D/ d2 :525, with 9<D/d2 <_ 20 being yet nore

con\fgrg @ﬁaHh Ie@’tlfntf1 hiid I‘?@}]EFS‘BU& vity: hen the

COSt ve t ion anount

2&"5@538 r%“’é’éé% fe o SRR 1554 thg dialky!

decr ease. Sis greater 100, the
carbw@teca%rtbsn%noé %hb@rerqﬂ%%er%agﬁgs?oae wcmaneefr period of
preferable range for P/ Sis 155 P/ S < th
time2gagh withhigh geledidiityy apet pmf.eéaphemtlaﬂmgh productwuty for
Furthernore, it has been found that in the present
the dialleyl carbonate of nottless thvaaf 2r tonl é Wraand highdpsdaetivity for
satisfy the formula (8): 1 <d, / d2 < 5 (8). 20 The

the dﬁlrﬁf ROP I eRant R ﬁ;rppemat I Die dJéﬂql ligarbloh dteeandithe diol
[ nventl on nmeans that the continuous nulti-stage

are eﬁ’ftér%l\gg' celNin BR AP HIESE ABD1&SY/HAhY3 'tﬁnal hr
steady state

on the operating conditions wt
fil n f _RLRI r n
and bt 168343 1G4S HGenP f?%b%?ﬁ%— Pt Rh8 picferdBly not tess
r ef er abl t han 5000, ho

tharlfiob LB Lo 88 et oh Ry ¥ Rpect xshbon&f sover,

and the di ol . can_be produced whil e nmaintai ni ng
anotheyrchanagtesistiofesiuanet s Hres6RL IRVEALISA) '@cthaﬁ. in/the case

and high productivity. A characteristic feature of the
thatdr,eBert / Dhvenbi bd1i B £ Hat ankdePdi 8 fioyithecaentingosisamulti-stage

the di ol can be produced stably for a prol onged period
distitlfatidn celemehsatisiy, hegipetivady] 26000 srid<psede| adioy< D < 1000,

with high productivity for 5 the dialkyl carbonate of
5 < 09D/ €3D,19@x R £A00, $< BAdRiGASPrO4UDL &) W2b0and 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 less
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/dz and P/ 8 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
32
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] f not less than 1.3 ton / hr. The dial kyl
Aoséﬁs%ﬁhgk%&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 tril-’! grr8§8ﬁf?h\\/ﬁht/ion'\ﬁr 52¥80: ort thd &y IRe c‘é?@éﬁﬁiﬁrrbﬁbitéd. In the

ture o e present I nvention s In the case

preééo}ﬁtt invertion: %t %eBc{tlc}Hg\[ olPr{ tdI%’ss 1 959% ééﬂ g‘é??erally

I NUOUS Irlra |on c um sat

ectivel 0 OOO :
be qifsfes B fﬁrgé&) i'gsat E%Oﬁﬁawe%%ana? Iéss than
15:5 P/ S : notlessthanz ton / hr
99%r eﬁ’e‘?'@(ﬂ‘&ﬁfnb’helgm {e@Rversign’ inthe pggsentinvention generally
preferably not less than 3.5 ton / hr of the dial kyl
indicatem the Syclicicathonats convarsion inothe presept énveation it
not less than 1.95 ton / hr, nore preferably not |ess
beiridposzikld to make the dzwidioalrboaatbe:mt@ni.be not less than
Furthernore, another characteristic feature of the

swrsﬁ@r@rabwﬁ%&uesslma*thV% Nmidie gesferabhahokt.leBs than 99%,

, and P/ S for the continuous

yet ﬂé’?e& > feh bw{giéslb' 'ﬁ\tag?’ggg %‘“%ﬁ%béé breg%rably not less
ina 9652 Wi B TR o o

|l ess.than.3.5 ton |, nore . efer bl ess th
presSRbinyentiopthata high prvaTsiohaan bepaistaingaswhile

than 1.95 ton / hr, preferably not less than 2.2 ton /
maiptainiag higheselegiiujty i tbts Wads than 2.6 ton / hr of

the diol can be produced. The term"selectivity" for

eachhef cohtindosiskylultisstageadistiliatiohcauoin us2dAdbthe present

VP72/ KAN in the present invention is based on the
inventtdn ds catiepn sbtumeahtpa distillation ¢olasemtinchuding traysahaving

hi gh selectivity of not |ess than 95% can generally

a pleafity dfNfslesPi€tRedRteriwls. | CPRelterm YhAteriBINused in the
preferably not | ess than 99% Moreover, the term

preséﬁf‘Yﬂéh_ﬁBn hah'eeHY $3¢H id @HS‘H.bﬂﬂaﬁﬁf?ﬁﬁaidmn 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 packi-ng_, a Goodroll packing or Glitschgrid.

Furthermore, the term “number of stages n of the internals” used in the
' 33
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5 i.ndicates the cyclic carbonate conversion, in the
Aosoﬂr\éégmlﬁventi on it being possible to nake the
cyclic 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%

presghit BRI BL PRIy Mplnael st upY e e of Y, and the

pr i nvention that. a high _conyversi an be
theoRgfiREl bk of Sadd o ek Bl Bebdies ' % n thi s
vvaﬁ: The conti nuous nulti-stage,di stbl | ati on aﬂk
P the reagtieachetwerpdhe eyclic carpeapteAnthibg aliphatic
distillation colum including trays havin .
monp|hmdam aycqhohm the areseatiinventighs it ias geem discovered that
"internal" used in the 15 present invention neans the
the higtt sonversiorli bigh betectivityl and highr pradhsctivity dan bied
are actually brought into contact with one anot her.
attafnedBven ifd p‘lé@ type contbwsles an Qithetage adistitiatiorcolumn in

sieve tray, a valve tray, a counterflowtray a

whqﬂﬂﬁflﬁf’érﬁdléycmﬁpwg ¢ t@fé’ha@'iné 'rébgteﬁﬂ Yumber of

resent 1 nvention, nul tI-St I st tion

stag%%l:é@?“%%&%% A5 PAr ﬁé?“hg% St g ﬁ;’?%gé"“‘““e plate

e A T %réﬁieﬁgéﬁh?”r%éerable

essing. ring, a Pall ring, aBerI saddl e, an I nta
Furt&ngdmcere 4t basohepactisegveredihatciieyackang each havmg a sieve
Hel i - Pak, or regular packings such as Ml | apak, '
port@maaid amemome:KpmﬂonL@e pRtticutartyigaod sscthegrays in
Good roll packing or ditschgrid. Furthernore, the

terrﬁ&bmthaurmationfslﬁpdm&refemfpetrrmrmaheerahd"eqm@dn'ent tbet. It
33 A0501 VP72/ KAN present invention neans the numnber

has &lsb'#eén idistBoeféd ehat édavguewﬁrdwﬁrefé\%cmythwhoo to 1000
nunber of stages in the case of pacKings. For the
holéﬁef“ﬁﬁf ﬁ{‘tﬁété’i@% pORISHC! 1A nfiePpréfetabté dlfber of holes is
al | phat'i ¢ . |
120 to 900 holes / m?, yet more preferably 150 to 800 holes/m?.
Moreover, it has been discovered that the cross-sectional area per hole
of each sieve tray is preferably. in a range 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 cm?. Furthermore, it has been discovered that it is
particularly preferable if each sieve tray has 100 to 1000 holes / m?
the sieve portion, and the cross-sectional area per hole is in a range of
from 0.5 to 5 cm2. 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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jc alcohol in the present invention, it has
Aosd}ggﬁ%ﬂé’%@vered 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§1%ethtﬁ=.r Q)(rﬁrg 'G‘&’Iu% Bf fﬁ@tts %‘eﬂﬁfﬁ 8Y88%0r%he gféa?@%u?it has

as a ernals is u

beef 7 V'ﬁiftﬁaatrblf?ﬂiié!tbéﬁééﬁgﬁ?}?é@rﬂmspfﬁ" 168 dfinupys

has been, dj scovered that sieve trays each hayi %
multiisiage distiiastom solumdbiheonbieqisrt thy RIpgent invention can be
particularly good as the trays in ternms of the
attainsichmones pasilyet ween perf or mance and equi pment cost.
It has al so been discovered that each sieve tray

pr Adveabbarhdngldit the po@fenboneention? the diadkyl earbonate and
portion. A nore preferable nunber of holes is 15 120

the HR:I%% Behemuoudly preid uBdd by €drtinbbushpfetditd@he cyclic

hol es/ nP. l\/breover it has been di scovered that the

cartﬂ rigte aﬁpti‘ﬁﬁgpﬁ%\?ﬁ H\%’nc%}w 8‘%@06&6“ adl féq'tiwgi'hdtﬁnais into

range of
e I
the §th %W%ef@? SEREE HiRRgh XoRRn IR Enich thd deftafyst is
been di scoyered,that it 0 parti uIaH

presgiy Sarylng putenctiodant distiatio s myftaseiydo the

n2 in the sieve portion, and the cross-sectional area
colusap, ﬁenéln@uawamaﬁg@wmg g lom beitingopgintgeactien mixture

nunber of holes in the sieve portion nmay be the sane
confainirg thefpraducsd diatkyhgarbonateyfrant the uppen periteaof the

that the nunber of holes or the cross-sectional area

column ihoh gaiidd s Sohml werhcohtinZouslpweithdegwing e high doiling
hol e area of the holes present in one tray stage may

poirft idatitidetiBRlré %nﬁhaﬁmg  tHedidl frofpRiRe I8WeRpottioh leF the
present invention 34 A0501 VP72/ KAN neans the average

IRh4ue 2 | hole area for the stages. It has
co Lﬁ@e sﬂl{f\#‘t hat y addi ng the above conditions to the

Conﬁll'o%%%r, in the present invention,.as the continuous feeding of
the starting material cyclic carbonate and aliphatic monohydric aicohol
into the continuous multi-stage distillétio_n column, the cyclic carbonate
and the aliphatic monohydric 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 cutiet 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 cyclic
carbonate is fed into the distillation column in a liquid 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
35
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[ ti-stage distillation colum, the object of the
‘A°5°M@%A?ﬁvemi on 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

IargeaEbP@ﬁ‘ﬁLSf FREYWY, éﬁc%PﬂB‘ﬂ' i §L€‘gl‘tidﬂ”§ e ﬁ‘ii@r

€ contl uous nu tage tion co

e 58 A Bl TSP BT PR n o it
port S35 TS ISR S5 B BEARY e

carbonate fromthe upper portion of the colum in a
lowegautign phithe distiliedian sosumnyisaiseipaefargbieni gh
boiling point reaction m xture containing the diol
f r Gihe heatctionrtimer forothentransestesifioatiom reactigm darried out in
form 15 Moreover, in the present invention, as the
the m@gdrﬁuﬂwlﬁﬁﬂﬁw@ohfs:démd tbaduae tmtl&elal'emgﬂ residence
carbonate and ali phatic nonohydric al cohol into the

timecd’f”% é‘H@HénHH dﬁdl;% gﬁﬁ\ 'cfddtliﬁ@éuaﬁnﬁﬂmﬁgetmgmmidw

car bonat e I phati ¢ nmonohydric al Cohol may be

coqurﬁ'P ?h%sr@aagtg@ﬁtt'irﬂ 18&'@%6% ?:ﬁ! ﬂ{e?SHﬁrgfoﬂjié(’mternals

I qul rm an gaseou orm

rovided in e pl ac urality

in the dfstlifS ﬁ@'umabﬁnﬁ'o{h% Bt BeP ot &Rk éh%o?f?\%w*af“ the
the columm b w the gas outl et |nth pe t

Starng rnatenials FRaunofe IYamANGA amENEY 9 i ihghsetaligh the reaction
cyclic carbonate or the starting material containing

conditicasgantsononof The repstion tiow v ganenadly bya; rrﬁtrtge of from
the distillation colum in a liquid formfrominlet(s)

0.1 2620nhobes,uppsfierabht 005 tor15 hoursjdherpereferably e 10
distillation colum, and the aliphatic nonohydric

hourd cohol or the starting material containing a 35
A0501 VP72/ KAN | arge anount of the aliphatic

moRgly dehetidnCRiAberatdr@dvhies 48fending 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 témperature 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
36
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I Shhhation colum in a gaseous formfrominlet(s)
A“‘&?W?’e@&\“n 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
high' 644 &livig dark BePtitaied dVih RSP UcH EZ’BW c8fumh bottom
considered’to equate to the average residence tine of
oti ol doi cani i N _
tempEfatififc, [ 9Rrebfbtnitle rRaCHERT IR (ke doB8Rding on the
dependi on the farmof the internals . 0 the .
type Bt fhe <tarine Rtk sampatntifsedand b compgsition
amounts of the 10 starting materials fed in_ the type
therghgtwesinither reactientgmprerature, apscse AN- cdMf 188 89“
and so on. The reaction tine is generally in a range
pressiurer may belany ofta iedusedopesasuig, ynarrsat pressutry e an
nore preferably 1 to 10 hours. The reaction
appliedneressure, \@vd ¢s gérpradiynign arvarige by fromf 1ttbe2x 167 Pa,
starting material conpounds used, and the type and
prefiBBR 10P tohe0” Pl ATk preétferaBREY 8ot SRPEP Falre is
generally in a range of Tfrom30to 300 C. It is

Iggefﬁé%h?eﬁa: %Bﬁ%@ﬁﬁﬁpgh&é Eaﬁiii@btkefmﬂii%ﬁ%e Hisfiflation

I'ncrease the reac n rate. wever, |If
ct i . e j st hj [ Cli .

coliif3iadd ih iR DR, Iiverfifon daunsrally 3 ISt ART MR al such

thus preferably .in a ran of from 40, ;.0 250 e ..
as qibpal 3RS S0stainbens Gteqb: *hnterecatite Ajalty. & iy diatkyl

C. In the present invention, the reactive
carhpralg pad dipldanbeprogducad; shainlaasmstend iscereferable.

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
Exahiple€ An excellent characteristic feature of the

present invention is that the high conversion, high

sel eelloWihY. is2@MoRS d¥laflédVféseiption 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 muiti-stage distillation column as shown in FIG. 1

'having L=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
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
37




[ ctivity can be attained even with such a | ow
A°563'o}9§ﬁ§;'§g$itom tenperature. Mreover, 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] SRR MaPufl SAREBTIE (3748lo8t WHLIBGOP 3278 Was thus

pressure pressure, and is

ner in,a range of from1 to 2x107 Pa, :
aPP%@Pﬁ&W?%s to 107 Pa, nore preferably 104 to 5x106
The, naterial constituting the continuous
<ReﬁﬁF'FP @'tséljta BRI lation colum used in the present
invention is generally a netallic material such 10 as
carbéid Toead hoof ethylans casbopatein a diquiddoromwas
guality of the dial kyl carbonate and diol to be

5 contpmudushdintsbduckdsintotthel distillatedrercaiumn fiomnph énlet (3-a)
Followng is a nore detail ed description of the

provid &g et tHe 65 sedge Fpo i Botiamir! 2238 TeRVERr dfhfiethanol
present inventionis not limted to the follow ng

2 GRS foRNA(RI Raling8198140 6y MAdd ot Affethyl carbonate)
ant 55 L5 SEHAR AR GYTe bl AT 5 % by
weiqa‘ﬂ?eg imethy| Eoeohals) Wach TG vcf';%?;r?ieb?ﬁbﬂaﬁroduced

per hole in the sieve portion thereof

10 mtoébsr%t%atwy colgminfrom dnletsuidsbr and M)d%rqwded at the 31
g_rom mately 180 to 3201 n2 were used. In the
stager roenithexbotios. t Ademolacgatinofithe (Fariagonaterials
di met hyl carbonate was nmade to be approximtely 3.3

intraduced linto dhd diktillatieratohahe wasamethahody ethytene@aarbonate
made to be in a range of from0.06 to 37 A0501
= 8 ¥B72/ KAN

The catalyst used was obtained by adding 4.8 ton of ethylene

15 glycol to 2.5 ton of KOH (48 % by weight agqueous 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 w-as.
contin.uously introduced into the distillation column from an inlet (3-e)

20 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°
Pa, and a reflux ratio of 0.42.

25 It was possible to attain stable steady state operation after 24

hours. A low boiling point reaction mixture withdrawn from the top 1 of
38




A05(81 %’TZMH that the average value (S) thereof was

S was thus approximately 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) provided at

T S e —
oA b b ol ol P,

P

3- b and 3-c) provided at the 31st stage fromt
ton pbr: santainechdl 129 tani bheofidimettu garh onate; |aald56 549 ton /
introduced into the distillation colum was nethanol /
hr oétrhgthmamok ar Adiguid contin@éusihavittad cdwa tfropethevdottom 2 of the
obt ai ned by adding 4.8 ton of ethylene 15 glycol to
colutnf 4108.382 K6hl /(HBconyinedl 2h358quaoclar ©flethiydene glycol,
heating to approximately 130 C, gradual Iy reducing

1. OM‘QoHrleﬁﬁW‘f%e nGRrdid 0 kgut hrhﬁ%nié@a@aeeihﬂ@he carbonate.

approxi mately ours at approxi mately 1300 Pa,
Exc LRZ, 'tigofgtécaé@etmgpggﬂggﬁé é%b%%%% Z’E tRe &ta?ﬁ}‘nﬁtmatenal the

actfaiepuaFead Agih AR dil %J%r?an&iﬁaﬁﬂﬁ%&&# 1 anc

ght based on eth ene carbonate fed in)

exclm@eg ihe atyieneaglysielientainedi s catavst m!ugpy the

under conditions of a colum bottom tenperature of 98
actual prashicenh ampupt efathylene glgcokwas 21301 tongkhos The

Pa, and a reflux ratio of 0.42. 25 It was possible to
ethylenai cadiamadte sbazdysiomivasopor 88 %grthel damefthly! barbonate

A low boiling point reaction mxture withdrawn from
seledivityWwds Abt 188s 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 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%, 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 89.99%, and not less than 99.99%.
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AOSQ?E?/%%@’ KAN the columm in a gaseous formwas cool ed

at exchanger and thus turned into a |iquid.
The liquid | ow boiling point reaction m xture, which
was continuously withdrawn fromthe distillation
colum at 10.678 ton / hr, contained 4.129 ton / hr
of dinmethyl carbonate, and 6.549 ton / 5 hr of
nmet hanol. A liquid continuously withdraw fromthe
t n2 of the colum at 3.382 ton / hr contained
Exa%ﬁgégﬁlon / hr of ethylene glycol, 1.014 ton / hr of
met hano|.,, and . 4 kg / hr of unreacted ethyle . .
cargenative distliaithmyvan Gaaipe: oyt opgasdha Bilowing coaditions
.in the starting material, the actual produced amount
usingf the seme Icatimeeus danulls-stagagdistilatian colmnias in Example
excluding the ethylene glycol contained in the
1. 2a6al1Ton /dul of edhylenecadoonate im @lligaid d0ommvasf continuously
et hyl ene glycol was 2.301 ton / hr. The ethylene

introduded dhto ¢oe WHssillatiomnsoAimasfon ke dniet gwia provided at the
carbonate selectivity was not |ess than 99.99% and

55"t dyagrl g tReM Jt8im Selesssvidy / nesf ARitha®l ihhé‘[gaes(fous

99.99% 15 Prol onged continuous operation was carrl
fornp tEoHPARing %8, %°BYhasRAT bRV EREER SR d 4 227 tonvnr
act ual produced nount s r._hour r 340 ton, .3.340 .-
of i aRoiSha i FoRD CoRfEininty 3. 45 By Traspath eapihv!
for dimethyl carbonate, and 2.301 ton, 2.3Q1 topn, .. . .
carbongie) e ,ré, sespectively santin WSWthE!ﬂ*ﬁ‘é%ééBW \IEPyd'St'”at'O"
for ethylene glycol, the ethylene carbonate
coluson feprn the inkets (3-bsard (3-ciiprovidedat the 393, stgedmm the

99.88% and 99.88% the dinmethyl carbonate

botteat ecilihg maarwatio ofthectavithy matetiats intfreadu2@doifio the
not less than 99.99% not |ess than 99.99% not | ess

distilkzao® Sodfin Wb AMdthladt / éiMNeA8 EffBoriitd £M8.73. The

et hyl ene glycol selectivities were respectively not 25

catdfsE¥ iy 8850 1k L1849 CRaRtle 1okn ks diinuously
fed Mito th8 distillation cotumn. Reactive distillation was carried out
continuously under conditions of a column bottom temperature of 9l3 °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 boiling 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 distillation column at 8.1l7 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,
10 .
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VP72/ KAN Exanple 2: Reactive distillation
AOSQ%?;/&%%?I%A% out under the follow ng conditions using
the sane continuous nmulti-stage distillation colum as

in Exanple 5 1. 2.61 Ton / hr of ethyl ene carbonate
inaliquid formwas continuously introduced into the

1,068 AR bEEH4TE) RTOLE R P dodneta it
cardARES! i PR e, 5050 fb e AR Saring

inaliquid form(containing. 1.4 % masg of
materigbt Hyg apéuehpsaéape? %@Pé’q}te%fpgﬂ'f‘?a@lyc%@?ﬂ'ﬁ%wﬁ/z'seg
introduced into the distillation colum fromthe
ton { fircand expludingthe ephyieingeglyaoli¢entainedsinathe cadalyst
the bottom The nolar ratio of the starting materials
solutign, othe edtiial prodecedi amolindtofoathydeneng lyzo! weasan8B9 ton /
/| ethylene carbonate = 8.73. The catalyst was nade to

hr. bﬂ?hbhétl’i?ﬂ@heaéafﬂb@mbﬁvérsmﬂm990@9%}bt@lesﬂimé%yl
fed into the distillation colum. Reactive

carbbisaid balddyi %v&?rrfdt%sg%ar%@%g%uéhd tH@défhcylene glycol
co f 93 C, a

conditions o um bottom tenperature o

f [ .
sel AT 4 5 5878 QORFS L B e e ible ™ S was
stabl e slte y state operation after 24 20 hours. A |low
apPERXIMAEIY 39t reaction nixture withdrawn fromthe top

1 of the colum in a gaseous formwas cqoled u in% a
hea?f@m%é’lo"dmmﬁ@@qraﬂ%“\ﬁﬂ pagH!'e cRH'dP" RE these
liquid low boiling point reaction mxture, which was

conditiensuoufter 1i00dhauns f 2600t heuts,s3000hours,candB0G® hours,
8.17 ton /[ hr, contained 2.84 ton / hr of dinethyl

the amtbahpreduged amiiritsrpér hourfwefe 2e668rtan, 266 tonl, 2.669
continuously withdrawn fromthe bottom 2 of the

ton C&hHND 689 PofTésheittively fepdimatayl tafbbnhde, hnldr 1 €39 ton,
et hyl ene gl ycol,

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
having L = 3300 cm, D =300 ¢cm, L/ D=11,n=60,D/d,;=7.5, and D/
d; = 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
41 |
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P72/ KAN 1.062 ton / hr of nethanol, and 0.2
A°5§8 \?Q%\“unreact ed ethyl ene carbonate. Excl uding

t he di net hyl carbonate contained in the starting
material, the actual produced amount of dinethyl
carbonate was 2.669 ton / hr, and excluding the

ope R BT S B Ty g b SgheRttenazo o

pr oduced "ano ene

aon r. . The ethyl eng carbonat.e conversign was

3405 TowietB hsaf . IRt P RERE XBRIE hel BEPFCed ariStnt (P)
.ess.than 99.99% and the ethylene glycol selectivity

of ‘JABB‘?tWJ)tCﬁ' 95'%"%&443995!193% tq Eet AP ETately.dfplan /) and the
S was approximately 35. 10 Prol onged_conti nuous

totalrolgt atea ney trayrstageowasumasie ﬂhgzﬁa in @orange ofsfrom 0.12 to
After 1000 hours, 2000 hours, 3000 hours, and 5000

0.18psuch thatether averageodaiaed(S)rtheteofowash®urs. wePe/ S was thus
2.669 ton, 2.669 ton, 2.669 ton, and 2.669 ton

approxpeateMeps. dor di methyl carbonate, and 1.839 ton,
1.839 ton, 1.839 ton, and 1.839 ton respectively for

wor 2 TER B 100 of By BAGSa RO 100
cortifudisty, ¥todateR B 158, AELNSLInIT RoltinB from, the intet (3-2)
proyipedt i sbiesiagh am e, BorRs: o 79B: 1ot | Hept methanol
. respectiv Iry not | ess than 99.99% not |ess than
in aagage%lﬁng m dsentaining8.99. Yooy massnet dimethyhgarbonate)

99.99% Exanple 3: The continuous multi-stage

~ andiBs64 1 Iteni bhr ofi methasok frownliguid-f@mi(comdainiggLE. 68806 by

cm D=300cm L/ D= 11, n=60, O/ d, = 7.5, and D
mag$ ofdmdthylecarbeerhte) weéte sespeastively esntimiously introduced

internals, sieve trays each having a cross-sectional
intcatied distillaetion £61UMA FOAY th@hidi8N(I-BeaRAT3-2) provided at the
31° stage from the bottom. The molar ratio of the starting materials
introduced into the distillation column was methanol / ethyiene 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 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 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
42
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41 A0501 VP72/ KAN approximately 1.3 cn2 and a nunber
AO591 YR &/KAN approxi mately 220 to 340/ n2 were used.
In the present exanple, the produced amount (P) of
di met hyl carbonate was nade to be approximately 3.8
ton / hr, and the total hole area per tray stage was

moffifol 2 Ao BAGahs) M dhaln o Fhd Bogfitor e
colb ot LBORIGR Retabped i/ AgChyFy A Bicon, 1.17

introduced into the disti IIation colum, fromthe inLet
ton(zhepf methanel and dné lasd hrehypreastad pthyisng garbonate.
3.736 Ton / hr of nethanol 10 in a gaseous form .
Exqludingithendinsegiylwarpanate oontdinedhyl thensharting matgfial, the
8.641 ton / hr of nethanol .in a liquid form

actGappredoiced &mufurb of dirmethybtarbomatey wasaBbdbdtten / hr, and
wer e respectively continuously introduced into the

excuding ‘tﬁéiéthwe;hégqllgsz%hhﬁidéd f 3héTdtatyst Sohltion, the

provided at th stage fromthe bottom The nol ar
[ i j VAL RS toh Mgyt h
actB) Lt o By B TR R by ot W o T o
=8 73._Th t
ethy)éod Earbahail' GioratBR RN R BA'. 10§ FREE] catBonate
distillation colum. R [ distillation wa : -
selestivituvasm neb [Ren thas 95 aater anshine edhkihe Byeel sptectivity
bottom tenperature of 98 C, a columm top pressure of
wagimblessathar 9299%.18x105 Pa, and a reflux ratio of
0.42. It was possible to attain stable steady state
operPitdlongeid eontinucusuoperatibnwasicanippouitunder these

reaction mxture withdrawn fromthe top of the colum

conditidrgas eptter§ ©000vweu s & @00 Usuvg, B0GRhhoawshargk 5000 hours,
and thus turned into a liquid. The liquid |ow boiling

theP8tilall BASd 16Ed Hribuhts pdt KOuP weres3 B84 itoHOB3BS4 ton, 3.854
w thdrawn fromthe distillation colum at 12.32 ton /
torﬂrand 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 dimethy!l 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

having L=3300cm,D=300cm,L/D=11,n=60,D/dy=7.5,and D/

d> =12 was used.l in this example, as the internals, sieve trays each
43
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' 4.764 ton / hr of dinmethyl carbonate, and
A°5°§3@g€é@$'/ hr of 42 A0501 VP72/ KAN net hanol . A Iiquid
conti nuously withdrawn fromthe bottom of the colum

at 3.902 ton / hr contained 2.718 ton / hr of ethylene
gl ycol, 1 17 ton / hr of nethanol, and 4.6 kg / hr of

havngriE% éﬁQP tb?ﬂ“”‘ﬁ@le |rﬁ¥ﬁél§ié08 ;Sts‘fh&'\ 'Iﬁéhé’bf of

ona e con alne e startlng mat er’ a

apprBgitefy A 5T %ﬁ?ﬂﬁtm@?%é ﬁéi%%@* %%%*@%3?@ pf o

n 4 he catal yst so ut i on, act anou n uced
360 b praypensclt y di thearasaat sxample. the Rl Ug?ﬁﬁ@ﬁé‘“t (P)
car bonat e conversi on was 99. 88% the dlneth
of dimathyhsasbosatecvasimadgatp ket ap@&@xmatremg'y dotgn Ady, and the
the ethylene glycol selectivity 10 was not |ess than
totaldeoleoare #e trgydstage wasomadgpdodie in avnangerof tono .12 to
- under these conditions. After 1000 hours, 2000 hours,

0.183@UWhhthatsthenaderage values (S) therest wals orzwwcem/ S was thus
anounts per hour were 3.854 ton, 3.854 ton, 3.854

appro%imal8fy 35854 ton respectively for dinet hyI
car bonat’e, and 2.655 ton, 15 2.655 ton, 2.655 ton, and

4B°To ‘?SIHEBE e‘fﬁkbérfé’&a%wh?é‘?n% Ylg id fb?lI% was

ethy?ene carbonat e coOnversions were res

99% Q9.9 9% I

contiayaialy, itcefuter Jhre dbe, ARTNEIA Eoi i ﬂ“Oﬁt*“?ée@éet (3-2)

than 99 99 rpo t han 999% Iest n
ProVIREO ), e 8 5L hBtags 3aMANE BOYRIR. arth 7Ae T80 Hy ﬁ%ﬁé methanol

gl ycol select|V|t|es 20 were respectlvel not | ess
in ageseas bomm (eentainiag: 8485 § byomassof dmethyhgarbonate)

99.99% and not |ess than 99.99% Exanple 4: The
and dongB&utuus / turl of rethgaodiista liqauid doreo(contaisingh6vWh6i% by

FIG 1 25 having L= 3300cm D=300cm L/D= 11, n=60,
masb ¢f dimiethyloddrddnate) were respectively continuously introduced
into the distillation column from the inlets (3-b and 3-c) provided at the
31°% stage from the bottom. The molar ratio of the starting materials
introduced into the distiliation 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 operatioh after 24

hours. A low boiling point reaction mixture withdrawn from the top 1 of
the column in a gaseous form was cooled using a heat exchanger and

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

which was continuousiy withdrawn from the distillation column at 24.641
' 44
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= used. In this exanple, as the internals,
Awg%é(?ﬁ?‘ﬁ@@ each 43 A0501 VP72/ KAN having a
cross-sectional area per hole in the sieve portion

t hereof of approximately 1.3 cn2 and a nunber of
hol es of approxinately 240 to 360 / n2 were used In

tonyr}ﬁéﬁ?ﬁﬁgcar ona Ze%rish?rgtg P{j”ﬁg%g'g%#@(‘?'%‘% ely 9175 114 ton /
hr o&ﬁﬁs"@%ﬁeﬁ"%\% w(ﬁa) &rﬁtﬁiﬁdﬁ&%{% *rfgx téaiﬂgttﬁ’ﬁzsz of the
ave;&ae val ye (S) thereof was was th

colupprakinibd tpnsshr zonigined 5.456 tan étny?feﬁH'\!ﬂSPﬁoabt@' 2.34

inaliquid formwas continuously introduced into the

ton dihyt of methanaelolanth 28r kgn/thieof ningeacted ethytene esrbemnate.
at the 55th stage fromthe bottom 7.742 Ton / hr of

Excheed imagn th e idinve thys earbohaten domtatimediingth® Sfartbriy matesial, the
of di nmethyl carbonate) and 17.282 ton / hr of

actu®l pro@liced @mouditicf divnatHylocudiondte wass7 720w toﬁeﬁﬁr and
of di nethyl carbonate) were respectively continuously

exclldtfle;bgﬂf@‘éghgﬂiﬁ%ﬁ“fcéﬁr géthjc te'dofi} ﬁgé %gyﬁ@cﬁﬁ‘ff:@n, the

actag{fo ﬁcgﬂt%fﬁ%aﬁ“@dgﬂﬁ%n%ﬁéf@o&%?%?hafocrt l‘% Jhe

ethyfent-Eacbppole Ao ars i 2t g 7o thed etﬁ? SakRonate
continuously fed into the distillation coI

selegivity weas diat: lesisatham 9\9a§9&’aranddf@mtwﬁnﬁng{mlwelectmtv

under conditions of a colum top 20 tenperature of 65
wasCno4 leseivan 8p.PWUssure of approximately 1.118x105
Pa, and a reflux ratio of 0.42. It was possible to

at t &rolongbd corntirgyus teperalfon Mawcarfied od# undarthese
A low boiling point reaction mxture withdrawn from

condiBoh8P IAREr 10T KYUED thé Fottdd AHEuhe ProdazedpbPhour was
usi ng a heat exchanger and

7.708 ton for dimethyl carbonate, and 5.31 ton for ethylene giycol, 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
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5 thus turned into a Iqu|d The liquid | ow boiling
AOS%bVﬁVzﬂgﬁﬂtlon m xture, which was continuously
wi thdrawn fromthe distillation colum at 24.641 44
A0501 VP72/KAN ton / hr, contained 9.527 ton / hr of
di met hyl carbonate, and 15.114 ton / hr of methano

i gui At I .t

ton £ i fhg 0L YRy Yot s PP%'%W&JCI Q.@nffed&eg?iﬁé% EnBl Joss than
f, ethyl en 0

100§ ngtny, Ryetaralibonat feehsnaRca0aP s e re %F%%ﬁfgmt
the di neth carbonate contained in the s

lessnifran 500 ﬁnyrSaértqmﬂ &r@)ﬂ%@&a&h‘e@@ﬂecﬁn@?ﬁﬁt%haﬂc
carbonate was 7.708 ton / hr, and excluding the

moramhydriealgbhobl contained in the catal yst sol ution,
the actual produced anount 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 conti nuous
operation was carried out under these conditions.
After 1000 hours, the actual anount produced per hour
was 7.708 ton for dinmethyl carbonate, and 5.31 ton
for ethylene glycol, the 15 ethyl ene carbonate
conversion was 99.8% the dinmethyl 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 [/ hr,
preferably not less than 3 ton / hr, nore preferably
not |ess than 4
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L.hr, for the dial kyl carbonate, and not | ess
AD5&ﬁ¥k$%ﬂ@Agon /| hr, preferably not less than 1.95 ton
/| hr, nore preferably not less than 2.6 45 A0501
VP72/ KAN ton | hr, for the diol, stably for a
prol onged period of tinme of not |less than 1000 hours,
preferably not |ess than %ﬂ??nﬁ urs, nore preferably
not |ess than 5000 hours, Tromthe cyclic carbonate
apd the aliphatic nonohydric alcohol. 5 46 A0501
We gli5)'kan CLAIMS W claim 1. A process for
industrially producing a dialkyl carbonate,and . a diol '
in Whi ch Arrogessidar tslustpally RRAYEIGR dialky Safbonate and
continuously 5 produced through a reactive )
a diol & iwhighi the dyalikyincarboaiateand theldiol acereentinboisty
an al i phatic nonohydric al cohol as starting materi al s,
prodweed ithroggh e reaetiveodistiltatiomsyssem oféaking aheyclic
starting materials into a continuous nulti-stage

carbbsatd had an éli%h’é‘ﬁcirﬁo%ih‘gﬂrﬂ; apicHolsas istaptinganatedifls,
carrying out reaction and distillation sinultaneously

i Sidl pfCoNnti nuously withdrawi ng a | ow
conwgiléﬁﬁgthégiéf-‘ﬂ? of

pol n eaction mi xture containing the

P o8R8 Yo BHATAE RaFfFEL A4 EREL I B Sl fhuous
mulflos e Aiatfauon piomn iR v R BIR GERIYEERPréhEhEo) um
" galrriy?#gi; O:lal}ctorlrergction and distillation simultaneou‘sly 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 distiilation 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 ﬁumber of stages n, said
internal being a tray having a plurélity of holes, and further having a gas
outlet having an inside diameter d{ (cm) at a top of the column or in the
upper portion of the column near to the top, a liquid outlet having an

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

of the column near to the bottom, at least one first inlet provided in the
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j ) said continuous nmulti-stage distillation
Aosaﬂ(ﬁ%ﬁznﬁ'ﬁprises 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

uppé\ugpﬁﬁo fasd qg@isar}md"é‘l'ed #ﬁéﬁrdﬁr}]@%bﬁ&nﬁ befowthd gtﬂs

urality of hol es, and urther having a gas outl

outld?\d iy a?rlea@ﬁ 'cﬁ‘?e ggﬁgﬁtdefnlg g%mq@é ift tﬁgpm‘?éldwgorpgn and /

colum “or ~1rn er por he "col urm ™ ne

o ol bl TR G e i B

portion of th colunn near to the bottom at |east
one first(1) mh@t lenathi bdgmnsatisfies thgofrmuyta; 61 kAN

upper portion and / or a mddle portion of the columm

bel ow t h 428 < bu£ IB&00 and at | east ond13econd inl et

provided in the mddle portion and / or the | ower

portion dR)ithe odiderdianmiertDgcm)of ¢theutdleimn watisfies the

(1) the length L (cnm) satisfies the formula (1); 5
fomﬁﬂngj L5 8000 (1), (2) the inside dianmeter D (cn) of

the col um satisfies the formula (2); 180 <_ D5 2000

2 3 I th L t th d
et o @68&b0$?106¢et h:ngol urm(ggzl  host e

di anmet er | les t he

n”sati of (G4 2 ARHPCITHTE lodyth Lim} 88 8" R%ia8' qizRefes o
(om}y Bt tfie Colurtn USRS P8 TOLEWadE! he gas outl ot
sati sfi es4 tshE Ifgrsmzloa (5); 3),
(4) the number of stages n satisfies the formula (4);
10 <n <120 (4),
(5) a ratio of the inside diameter D (cm) of the column to
the inside diameter d{ (cm) of the gas outlet satisfies the formula (5);
3<D/dy<20 (5), and
(6) a ratio of the inside diameter D (crh) of the column to
the inside diameter d; (cm) of the liquid outiet satisfies the formula (6);
5% _D /dy, <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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1520 (5), and (6) a ratio of the inside
Ao50§i‘2ﬁ%€’é{"\ (cm of the colum to the inside dianeter

d2 (cm) of the liquid outlet satisfies the formula
(6); 5< D/ d2 5 30 (6); and 20 (b) a ratio of a
produced amount P (ton/hr) of the dial kyl carbonate
to a total hole area S (n2) of a plurality of holes
present in one tray stage satisfies the fornula (7),

105pP/ S51 7). T rQC ‘ rdy [
1. Fiher o ¢ ArogeSa AueprenB R 1L 85idy WyePeld &' Broduced
carbqnat e i s, not ss than.2 _ton / hr. 48 A0501
amoyBi e gioticnat Bea IR BAM M8 o a m 1 o 2,
wherein a produced anount of the diol is not |ess
than 1.3 ton / hr. 5 4. The process according to any
one of Clains 1 to 3, wherein said d, and said d2
satd.sfy tTeefprocess 4@)ording i ahydené of CBIim$ 1 tth8, wherein

process according to any one of Clains 1 to 4, wherein

saidldy andDsald d,RatisfyQhe formats (8);/ d2 for said -
continuous nulti-stage distillation colum satisfy
the fol |l opng, Qnulspe; 2300 5 L :!g 6Q@y, 200 ,
D51000, 5< L/ D 530, 30° 5n<_100, 450D/ d,<_c1tg?and 7<_Dl d2
25, respectively. 15 6. The process according to any
one of Clains 1 to 5, wherein L, Db L/ D n, D/ di,

E D o T HrsRBed LSOOI T Y bBBIACIIme 1uto 4. wherein
250 < L 5 5000, 210 < D:58Q0,7 |l/D:920,4 90,
L. D53ef 718 e, 906 oidafor said giamtinupys multi-stage

distillation column satisfy the following formulae; 2300 < L < 6000, 200 <
D<1000,5<L/D<30,30sn<100,4<D/di1<15,and7<D/d; <

25, respectively.

6. The process according to any one of Claims 1 to 5, wherein
L,D,L/D,n, D/dy, and D/ d; for said continuous multi-stage
distillation column satisfy the following forﬁ‘r_u!ae; 2500 <L £5000, 210 <
D<800,7<L/D<20,40<n<90,5<D/dy<13,and9<D/d>x<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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0 process according to any one of Clainms | to
AOS%I’Vk? 'gﬁﬂ the P/ S satisfies the follow ng fornul a;

15 < P/ S5 80. 8 The process according to Claim?7,
~wherein the P/ S 25 satisfies the follow ng fornul a;
20 < P/ S5 70. 49 A0501 VP72/ KAN 9. The process
according to any one of Clainms | to 8 wherein said
. tray is a sieve tray having a sieve portion and a
downconer_portion. 5 10..The, process accQrdi ng t .
O am o, THERIPFessAcFeiding tg anvrage RicClgmsdoto 8. wherein
..holes / n2 in the sieve portion thereof. 11. The )
saidpirayecissa sieve dray hayiogaa mieverpadionaadeadewncomer portion.
cross-sectional area per hole of the sieve tray is in
a range of from0.5 to 10 5 cn2. 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, wher_ein a

cross-sectional area per hole of the sieve tray is in a range of from 0.5 to

5 cm?.
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