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| NDUSTRI AL PROCESS FOR PRCDUCTI ON OF DI OL Techni ca
Field The present invention relates to a process for
producing a diol 5 industrially in a |arge anmount
stably for a prolonged period of tinme by continuously
feedin% a cyclic carbonate and an aliphatic nonohydric
al condNRUEJ Rl Ale R OGE 8iSsFIO R R RAD YA TN @& ByOrhg
out a reactive distillation process, and obtaining a
hi gh boiling point reaction m xture having the diol
as a mai n conmponent thereof which is continuously 10
Techhidwlrmagf rom t he bottom of the reactive distillation
colum, and then continuously feeding the high

boi *I'theré?iéHc}. IR Bl aeY & BB s SR PPH&Hﬁng a diol

mul ti-stage distillation colunm f'or separati'ng 0
. i havi ng | ower ilin oint than tha f..
ind LRI agRY R ety gk BT Rng S perise altime by
i xture, .continuously obtaining the material having 15 .
confintighisiy §ERFITG S6F Al cGRMBONE Ad @ alipgiatis menchydric
colum top conponent and a side cut conponent, and
alcohit inhe AL s gctivedistitigtiane celwnns s Eng autya reactive
containing the material having a | ower boiling point
distillathon papces st lzand dbdairisgaa ¢tughrboibiogt poirdomgartémt .mixture
20 Background Art A reactive distillation process for

havimgpdueidigl asdaahkin comiponahe thansbawdiioh ishddm@huously
reacti on between a cyclic carbonate and an aliphatic

withEraQhy fidf tAleCcBBRlorh&F BREFedElivE dIsARLBRACBLHRE and then
present inventors (see Patent Docunent 1: Japanese

1:
con{e (HEBHERS 18D o R Moo PR e R i
confi 308 P4t RV Sl IEE SR B hecat i
havitig 3AWESBolling Point than that of the diol contained in the high
boiling point reaction mixture, continuously obtaining the material having
a lower boiling point than that of the diol as a column top component and
a side cut component, and continuously obtaining the diol substantialty

not containing the material héving a lower boiling point than that of the

diol as a column bottom component.

Background Art

A reactive distillation process for producing a dialkyl carbonate
and a diol through reaction between a cyclic carbonate and an aliphatic
monohydric alcohol has been first disclosed by the present inventors
(see Patent Document 1: Japanese Patent Application Laid-Open No.
4-198141, Patent Document 2: Japanese Patent Application Laid-Open

No. 4-230243, Patent Document 3: Japanese Patent Application
1
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Application Laid-Open No. 9-183744, Patent Docunent 5:
Japanese Patent Application Laid-Open No. 9-194435,
Pat ent Docunent 6: International Publication No.
W07/ 23445 (corresponding to European 5 Patent No.
0889025, and U.S. Patent No. 5847189), Patent Docunent
Laid=OpentNen&t 1 6686 1pRa terdt Dosunenivodapasese Patent

(corresponding to European Patent No. 1086940, and

Applcatidratand-Dpen6N46638 B3 7Hat, ehhtddcDoenim&nt 5: Japanese
I nternational Publication No. W00/51954

PatéﬁpN R iQ- @gl’eﬂpﬁ@n 9-Ralserds '\Patéﬁﬂ%%méﬁﬂs
atent No. 6479689), Patent Docunent 9:

Inte ﬁQﬁB %I@@ét:%%ég@g@ebgg ggf&ﬂ Elgpgagq)ﬁﬂgt98§9flopean

tent cunent atio

o B 2L D g BBy
mte?é‘éﬁo P ST eRLRaND. 5‘94%2#%&#’@?%28%&8583&1Eéﬁopean
Open No. 5-213830 15 (correspondi ng to European
Pat@até#ﬂ No868480ars Uhdd Retentripe #3468 8)52%&@@) Document 8:

Pat ent Docunment 12: Japanese Patent Application
interaatioggé P ublicatbto 0 3. YEOOHEIOGE (xpresgEondpearto European
Pat ent No. 0569812, and U. S. Patent No. 5359118),

Pat&at b, Dbc4aee) ahdt U §pawientMNbesu 78089 )cRatent Document 9:
Lai d- Open No. 2003-119168 (corresponding to

Japbﬁb@énﬁhtéﬁtﬁthﬂJ@a‘tRﬂ{ Laid249p B NW@@%@M Pﬁhf‘é‘r‘it

Docunent 14: Japanese Patent Application Laid

Docnp fbaZ %5%%%%%@9%2%%@%@ 380131950,
Se T e e  Bolledon pipigm
usef) R Sty 3fE Pﬁ%?%‘?ﬂst Ve é?%éqﬁﬁaﬁmiﬁﬁs Patent

the dialkyl carbonate and the di oI either in small
Dockiient 41o0anaNes & IFeHENbdRRKCaon Laid-Open No. 5-213830

(corresponding to European Patent No. 0530615, and U.S. Patent No.
5231212), Patent Document 12: Japanese Patent Application Laid-Open
No. 6—-9507 (corresponding to European Patent No. 0569812, and U.S.
Patent No. 5359118), Patent Document 13: Japanese Patent Application
Laid-Open No. 2003-119168 (corresponding to International Publication
No. W003/006418), Patent Document 14: Japanese Patent Application
Laid-Open No. 2003-300936, Patent Document 15: Japanese Patent
Application Laid-Open No. 2003-342209). In the case of using a
reactive distillation system for this reaction, the reaction can be made to
proceed with a high conversion. However, reactive distillation
processes proposed hitherto have related to producing the dialkyl

carbonate and the diol either in small amounts or for a short period of
2
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time, and have not related to carrying out the

production on an industrial scale stably for a

prol onged period of tine. That is, these processes

have not attained the object of producing a diol

continuously in a large anount (e.g. not less than 1
tima,cand aye statbisiated ta gamyomgedtpee poddctHoniore an industrial

(e.g. not less than 1000 hours, preferably not |ess

scaldata B0 rhayrelongedep riotiesplime notTrHASS, thagedUtesses
hours). For exanple, the maxi num val ues of the hei ght

havé}‘hopmt’aiﬁéa%’eebbgétﬁ ?gp?odéagldar%n”?ﬁ{l hééfntﬁ‘n@&ﬁ?l% M a large

of the reactive di on c | | anoun
e U HESE 4o VIEA Loy RAYBL 6Pl ofsEhS perios o
timd 54 ORRE R ShBR PP IEHL D et EATEH ) 585 PRI S000 hours

carbonate and methanol are as in Table 1. Table 1 3
moreapfeferabpanotmtesedba®OA0 he®.: cm NO STAGES : n
P: kg/hr T: hr 1 100 2 30 0.073 400 4 160 5 40
0. 2k 9r MeEm Ble 5thies o Fxiaou M. BaRIENODE the Teigdd H PoK| MGameter
COLUWN (Di xon) 0.528 NOTE 5 8 NOTE 1 5 60 0.140 NOTES
(D: enNOENd Nurfib e .dif6dtaEEE(1h) ofl OhalPERive G0stldBanNSTEmn, the

5 11 250 3 PACKI NG COLUW (Raschig) 0.154 NOTE 5 12
amdNWtEpPo N Ed P NIGE RrPoPethNEHe giycol, and the continuous
production time T (hr) in examples disclosed for the production of
dimethyl carbonate (DMC) and ethylene glycol (EG) from ethylene

carbonate and methano] are as in Table 1.

Table 1
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13 NOTE 3 NOTE 3 42 NOTE 4 NOTE 5 14 NOTE 3 NOTE 3 30
2490 NOTES 15 200 15 PACKI NG COLUWN (BX) 19 NOTE 5

NOTE 1 :

OLDERSHAW DI STI LLATI ON COLUWN. NOTE 2: NO

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

NOTE 3: ONLY DESCRI PTI ON DEFI NI NG DI STI LLATI ON COLUWN

'S NUMBER OF STACGES. NOTE 4: NO DESCRI PTI ON WHATSCEVER

OF PRODUCED AMOUNT

. S
REGARDI NG STABLE PRm QERST

TI MVE.

Appl i cation Laid-Qpen
r aph—0060-"The

No. 2003-300936), it
present—exanple uses |

IPveas | fon c‘h‘i‘e

ed above. and

pr ef Q! 85 ABIES :$hown

was carried out wth t

is stated

' he sane

I PTI ON WHATSCEVER
ONGED PERI CD OF
I n Patent Document 14 (Japanese Patent

P : e

1T:hr

of foperaji n@oa |comarerd

ial scale appar at us fo

|
400

propuci ng Qi getiyrcar

+-hough
bdbfeen ethyl 4

omare and _etrhyrene gt

|\/f|r~ fa¥a)

0.073
y C
alVi 'r2t1| on

NOTE 5

ne carbona®® and met ha

hol0,3580t

ENOTE 5

redction
that the f-;_qjgl o\ ‘ngg nun

FACRINGEOEOMN (Do)

]

NOTE 5

exXgnpte ¢ dequatTs
an Etua ﬁgﬁ]‘ tu:y

Iy LU USTU 1T L 11T UlJCI
nd as that Qxannl e it

Pt u1n of
S_

NOTE 5

st ed tNOTEI® kgs/ H

r of ethyl é0e gI ycol w

NS 0.161

NOTE 5

4 The scal 8 deSCI‘I bed

A a1 1

I’]QE3

sp%l f| cahbfmgiiducgd
C/\allpl C Ul LLA%E™J C O

orVhor e | orf®0of

1 \ZLEARAY A%

di bt hwwaﬂﬂ@ﬁeEummaseh@e

OO

t Riipd

(
oo NOTE 5

NOTE 5

i np2i es [ N@TE m)NtarE QN

of the NoTE2s | arges

acxHee

NOTE 5

—out—at—th

COlfgb‘rCl NOG‘J% é\g

This pr OCE?E rad—een
flllnn of nnafnnf

WOTET

NOTE 5

RT3 | NOHa8e

apfi cat

nt Docunen8014 (Japane

5 e 2480en

INOTE 5

Appki cat

orpogal §- ORen NO-PACKING COLUMN (BX)

19

NOTE 5

NOTE 1
NOTE 2 -
NOTE 3 :

NOTE 4 :
NOTES :

: OLDERSHAW DISTILLATION COLUMN.

NO DESCRIPTION WHATSOEVER DEFINING DISTILLATION COLUMN.

ONLY DESCRIPTION DEFINING DISTILLATION COLUMN IS
NUMBER OF STAGES.

NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.

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

In Patent Document 14 (Japanese Patent Application Laid-Open

reaction between ethylene carbonate and methanol.

No. 2003-300936), it is stated at paragraph 0060 “The present example
uses the same process flow as for the preferred mode shown in FIG, 1
described above, and was carried out with the object of operating a
commercial scale apparatus for producing dimethyl carbonate and

ethylene glycol through transesterification by a catalytic conversion

Note that the

following numerical values in the present example can be adequately
used in the operation of an actual apparatus”, and as that example it is

stated that 2480 kg / hr of ethylene glycol was specifically produced.

4
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2003-300936) (April 9, 2002). However, even at the
time of filing the present application, there is not
the above fact at all. Moreover, in the exanple of
Pat ent Docunent 14 (Japanese Patent Application
Lai d-OQpen No. 2003-300936), exactly the same val ue as
The peatedessritad iy that exesmple corresnends tetan @nrrual production
t he amount of di methyl carbonate produced, but the
of 30,8080 dometdybdeaefgiptaihyl apmmadensra hedmetthisaimiplies that
the selectivity is approximtely 88.4% and hence it

opecahpgt of ek lwohe' spigdaicaiche@mnreetidl pAadt Disghg this process
sel ectivity have been attained. In particular, the |ow

hacﬁ?émg {Mé/d ddl%t%ﬁ@%rﬁ?%f frid ?lllﬁ’f 6?§ﬁe"ﬁ9§te’f‘1tf§éﬁ’lllcat|on for

as an industrial 15 prod u I on process.

BSR4t o BRBNRY rHledd e o0 oean o
J 26, 2005 d -
2002&%0@%%‘309#“%? O 2 el hweh i, s Soprima ng the
reactive distillation process, there are very many
preggit aprdication: thaneols §9&ﬁhﬁsalé%%cf§i°f iadralar M‘?"Wef in the
due to reaction and conposition variation due to

exaggla bf KatemtiBocumearitst 4 |(VapiasressoPatant &pplication Laid-Open
terrperat ure variati on and pressure variation in the_

No.cp008r30a886hearactigdhis samy vatlaélas dpertheooatitatlyacalculated
prol onged period of tinme is often acconpani ed by

val@eéfisigtatéd d6r tABamdupArdf @uhathyiheashafd prbdiesdamait the
further 25 increased in the case of handling | arge

yieRMyEthy IE%eCQWdomi@ d@;ﬁ%mﬁf&qgwt&%lo@“/@faﬁd@h@ 5&|ect£|3v;ty is

car bonate and di ol usi ng a reactive distillation

app%S%ﬁrﬁ%‘Teﬁ} @@' AY"/f Qarn@h%r QgﬁgnﬁSE 'r?gll fhéd s'&?d"i’ﬂgt%]h!gh yield

ai ni'n i VIt
ancﬁb@d%ﬁélefeﬂgﬂxm%ﬁ% seie?rr"%ifaaﬂe?% E@P%‘ﬁﬁ%ﬁ@g#ﬁ%ﬁ@ege'ectw'tv
ind&gﬁeg,%‘%&h@ﬂqr%g [rsglrhoa fePt%rI Idorgw fact:li g% .'\:llmntmdustrlal
production process. (Note aiso that Patent Document 14 (Japanese
Patent Application Laid-Open No. 2003-300936) was deemed to have
been withdrawn on July 26, 2005 due to examination not having been
requested).

With such a reactive distillation process, there are very many
causes of fluctuation such as composition variation due to reaction and
composition variation due to distillation in the distillation column, and
temperature variation and pressure variation in the column, and hence
continuing stable operation for a prolonged period of time is often
accompanied by difficulties, and in particular these difficulties are further
increased in the case of handling large amounts. To continue mass

production of a dialkyl carbonate and a diol using a reactive distillation
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5 process proposed hitherto has been the 200 to 400

hours in Patent Docunent 1 (Japanese Patent

Application Laid-Open No. 4-198141) and Patent

Docunent 2 (Japanese Patent Application Laid-COpen No.

4-230243). The present inventors have proposed an
procasisstabbt foracpiolenge@ pesitod batinoa vinide enaintaiting high yield

enabl es a di al kyl carbonate and a diol to be

andnaigfh BeRskteeity Cantli thuUpydasd #uadll hbosrata¥Phfngede
period of time wth high yield and high selectivity,

cie\né’r'iy I \adeyt | Qo vidh ?he%rﬂg‘)@@§§n?ﬁ8ﬁb&f ESnﬂn@oQJ%EPable

be ‘separated out and purif In a arge amount sta
I
pro%@FH?HP@E&?%%@%HEI%%d ARSI o e A Eﬁnagon
| ar ge _anmount owe portlo f t i Sti on
Progdh e mroPo A Bl R NAF PsBR 29‘5%95‘@90@9%@“ afent
| arge ampunt of a_diol vvlthahlg yi el d hawng been
Docedneel ¥ bfapanasprlRakat APﬁV@ﬁi'P@n'—ﬁE{%%‘é’ﬁ Niev#s@8141) and
attain this object. As shown in Table 1, with the
Patert éngomeott ZPédenana@euﬁshentmppzi@a(tl:‘.apéaé@é)panendp.
Application Laid-Open No. 2003-300936), the anpbunt of

4-280248)ol produced per hour using reactive distillation
processes - proposed hitherto has been a small anount.

Mor gbeepre #éhhirJen terodesse vbp B%b@lnén@ﬂ@lw’@?ﬂhl tdactive
(Japanese Patent Application La| d- Open No.

dlstﬂ@e%)’cﬁqpr%%@ss tHatl §n§f3?é§% bk PEEF@éhQ?é &lnd 34:99)! K8 be

hr of ethylene 25 gl ycol cont I NI nNg approxi mately

maé&?’%{é@#ﬁgﬁrf%aﬁﬁ oHR) S sty Sl e ar ome
g LA RS B SRR i Tfocoss
ena”‘fia%i%e&o?héﬁéé%%tw&faﬁ% R °f&>¢shﬂ%ﬁ2{r§e Begegimount stably
for gr;?r%ulgf‘\ig%% Sreriod of time from a high boiling point reaction mixture
continuously withdrawn in a large amount from a iower portion of the
distillation column is also required, a process for producing a large
amount of a diol with a high yield having been calied for. The present
invent.ion has been devised to attain this object.

As shown in Table 1, with the exception of Patent Document 14
(Japanese Patent Application Laid-Open No. 2003-300936), the amount
of the diol produced per hour using reactive distillation processes
proposed hitherto has been a small amount. Moreover, with the process
of Patent Document 14 (Japanese Patent Application Laid-Open No.
2003-300936), it is stated that approximately 2490 kg / hr of ethylene

glycol containing approximately 130 kg / hr of unreacted ethylene

carbonate and approximately 226 kg / hr of dihydroxyethyl carbonate was
6
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a diol. 5 As a process for producing a diol of

relatively high purity using reactive distillation

and a diol purifying colunm, a process is known in

which the diol is obtained froma side cut of the dio

purifying colum. For exanple, in the exanple (FIG
obt&ineichaPaa emtluBoc boktttm 1 rh paparesfeo nPat fentrt ek pcditsitiofation

Lai d- Open No. 6-9507 (corresponding to European 10

colitahent Hblore IO 98i2is alsrdiy & sPateant nNe tﬁ%@éﬂeﬁ)fc)siti%n of the

hi gh boiling point reaction mxture withdrawn from a

r 0 : b [ :
e mPRULE P e PR St A osfro BT pligctuction of
adimi nt material obtained therefromis fed into a thin
I'Tmevaporator (IV), low boiling point evaporated
mat eri al _obtained therefromi ed into a distillation .
Col A PESRORP) o7 b dutaip Bemaigl G arlatvabt hign. @ ibiyesing
si.de cut conponent 22 froma concentrating portion of
reagthee @listi|Iptign aRdcadighpuifying gatl mineré puereBsdsi kmown in
s further carried out using a purifier (1X), whereby
whielh Hieeti®! §5 yalatiained fppodacsidel autonf Ameudiol gfurdfysng dolumn.
hr. That is, in the process of Patent Docunent 12

For (edapapéseinPtie rxatppld ¢AIGO6) ini Raf@ranDdeunPe 9682 Rfhpanese
(correspondi ng to European Patent No. 0569812, and

PatéhBAppicRioMNe.aid 33p8AIRDL) 6-83507 B6r s ding @ European

obtained fromthe high boiling point reaction m xtur

Pat%’ﬁf No f@s65984Di f@Hd‘Ql.SP@él?é‘r‘ésﬁé. {E%@cﬁ@ﬁt léiﬁfbh boiling point

urthernore, the process of Paten
roa SRS £k MRlo L KERL) Ay ERLHEBR e sl rnation
colufiis T flin S apmitvgy exerro el (f6” Hahhalind aaing materia
obt3lGEChTaR g 1 16 JeoaRumi TIE! §YARGTatoGEM ) W Bolling point
evaégggt/e(cg%at%friae} gg:t%]lingtdatalex'e];roormﬁspfre%l ?r?t%eg clloi(:;iil'l?a(ilio?1]c celumn
(VII), and ethylene glycol is obtained as a side cut component 22 from a
concentrating portion of the distillation column (VI1), and then purification
is further carried out using a purifier (1X), whereby ethylene giyco! is
produced in an amount of 255 g/ hr. That is, in the process of Patent
Document 12 (Japanese Patent Application Laid-Open No. 6-9507
(corresponding to European Patent No. 0569812, and U.S. Patent No.
5359118)), ethylene glycol is not obtained from the high boiling point
reaction mixture until four purifying apparatuses have been. used.
Furthermore, the process qf Patent Document 12 (Japanese Patent
Application Laid-Open No. 6-9507 (corresponding to European Patent No.
0569812, and U.S. Patent No. 5359118)) is a process in which a small

amount of ethylene glycol is produced, there being no suggestions
7
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not | ess than 5000 hours). Moreover, in, for exanple,
exanple 1 (FIG 5) in Patent Docunent 5 15 (Japanese
Pat ent Application Laid-Cpen No. 2003-342209), a high
boi ling point reaction m xture withdrawm froma | ower
portion of a reactive distillation colum is fed into

wha%s%wcfe@b Hluhd_;aet eHcE8k YBR podlicahg ab@aﬂqh anPelunt (e.g. not
mat eri al t ai ned herefromlsfedlntoa ydrol ysi s

les%?@ﬁho’( tén 1 hPEof S%‘Fdl%gﬁ}y‘%‘( ﬁ 1 gﬁg%‘&“})le?uofoeg tturhgé (e.g.

ecar boxyl at’i on t ank at or
li 0 e talnedtherefromlsfed |ntoa
not Iﬁ?#cﬁ&h%ﬁﬂaﬁ%ﬂﬁ colum 10, and ethylene glycol is
produced in an _amount of 19 kg / hr,as a_sid
P ooliERvah o ISR BKARG, SeTPin lofF G 1) w\%%tent Document
d| stillation colum 10. However, with the process

15 RlarmmespdtatamtApplicatipanksid ﬁm%imNaxpBDDéiaBﬁaﬁOi?) a high
Lai d- Open No. 2003-342209), 15 the ethylene glycol

boilobg g cied rearwltia:immi@txﬂr@/mb@hdm’vghn‘rmﬁ dileweyl portion of a
glycol. To obtain ethylene glycol as required as a

reastiaet disgi | Rie icallumor iwfedPiitd BbescondadiBBTatemi solumn 4, high
usi ng the process of Patent Docunent 15 (Japanese

bonﬁﬁ§%|%ﬁﬁbtéﬁbl ebtaricl GRSFMOm 2OR3d 34e2Whydpblysis reactor 7,

R Rt
<9a§%?5’%§f§§33%ﬁ§%f Ffeﬁ'?eqhﬂdyﬁ%i@ el G el B r%ic%@h's fed

., is helow.an iplet for feedin othe distillati
intc: 3 e diskinefien oG 8t Ao AUISRE ofygBbis podtided in an

i nsufficient and noreover the process of Patent
amedpl@Enk® kg wa@eﬁqas%dpa@'éhpozw%w &AM oh stepRirgsection of

No. 2003-342209) is a process in which a small anount
thedhimst Hystéihatighyeruns 1. od ke vehewdhbidiengracess of Patent

suggesti ons 8 what soever regarding a process for
Doqumdunti 18 (dapangscafatent Appdicatidn Laid-Open No. 2003-342209),
the ethylene glycol obtained contains 0.2 % by weight of diethyiene
glycol. To obtain ethylene glycol as required as a starting materia!l for a
PET fiber or a PET resin using the process of Patent Document 15
(Japanese Patent Application Laid-Open No. 2003-342209), at least one
further purifying apparatus is thus required. That is, with the process of
Patent Document 15 (Japanese Patent Application Laid-Open No.
2003-342209), ethylene glycol is obtained from a side cut outiet installed
in the stripping section, which is below an inlet for feeding into the
distillation column, but the purity of the ethylene glycol is insufficient,
and moreover the process of Patent Document 15 (Japanese Patent

Application Laid-Open No. 2003-342209) is a process in which a small

amount of ethylene glycol is produced, there being no suggestions
8



10

15

20

925

less than 1 ton I hr) of a diol stably for a prol onged
period of tinme (e.g. not |less than 5000 hours).

Mor eover, in, for exanple, exanple 10 (FIG 6) in
Patent 5 Docunent 8 (International Publication No.
W00/ 51954 (corresponding to European Patent No.

whatddd4eb regaddinda Priceds Ror pf4dB6a% Ja RiTge exrRyIME(dlg. not
(FIG 1) in Patent Docunent 9 (Japanese Patent

lesﬁﬂﬂéh GIaMr‘i"? hrg?dfdaalSP wagzde Cﬁﬂ@ %}ed%?ﬂéggﬁ teigpe (e.g.

glycol 1s obtained froma I et

not i%s@ﬂhﬁﬂ%ﬁﬁﬁ%uﬁsj“! on of an EG pyrl fyl ng colum 41,

IS abo hinlet for feedlng into the

col ym, but in ach case the uced is
el Brangh, e d il 25argpre np, HiRe: Fﬁaenﬁo
rr%%estl ons what soever regardi rﬁg a process

Docyragnt Bng ndenatyenabRslicationy. %WO@QéSiﬂaﬁ (corppsponding
hr) of a diol stably for a prolonged period of tine

to E(léogaeamPategi N#ah159806hand . S15° almirtoNion#41968%)) and
mtlion tons per year (2004) of ethylene glycol is

exaprpleut &1 Gorll)dni BeiebuDddurhent ® ldpafiesbiRated Applhication
through a hydration nethod in which water is added to

Laicidyyée o 02002-30BEMH! ,etnglérli@m};c@mé BBtahRIERIM a side cut
"Production of EG (et hyI ene glycol) is by a hydratl on

outlé?'ﬁ‘ﬁ&faﬂfbd’fm R ePirlnH Baat %c‘i?c)n of E@? éla% column 41,

general ly being carried out ... at 15
wh:-%ll?'@ éljfc?]@ﬁe éaqnwgfnl‘é?lféﬂ 'fésbﬁ? Hﬁg&?@%fé&ngb@gsgywﬁggach case the

dlethlene | ycal and TEG (trieth | ycol ), are
iy 55?%88&%8%'& HRahBF s Soar PDO%S i3 bRsS being
depend .on the water / EOratio, and to obtain MEG wth
no g %%FBEFF‘VWFW%‘?E‘&%F%WF&PQ 9 eme shtonpiefuging targe
ratio must be made to 25 be approxinately 20 as a
amaniate gatn@. o8 Hrafpe latmuithrefofvaitiel siakly tarug pyelonged
distilled off in an EG purification step, and a | arge
perisdoofitinoé (e9g. not less than 5000 hours).

Approximately 16 million tons per year (2004) of ethylene glycol is
produced worldwide, but hitherto all of this has been through a hydration
method in which water is added to ethylene oxide. However, as shown
by the statement “Production of EG (ethyiene glycol) is by a hydration
reaction of EO (et'hylene oxide), the reaction generally being carried out
.. at 150 to 200 °C. At this time, not only is the target substance MEG
(monoethylene glycol) produced, but moreover DEG (diethylene glycol)
and TEG (triethylene glycol) are also by-produced. The proportions of
these products d_epend on the water / EO ratio, and to obtain MEG with a
selectivity of approximately 90%, the water / EQ ratio must be made to
be approximately 20 as a molar ratio. A large amount of water must

thus be distilled off in an EG purification step, and a large amount of
‘ 9
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thermal energy is consuned in this. ... Wth regard to
synthesis of EG fromEQ it is not an overstatenent
to say that this is an inperfect process fromthe
vi ewpoi nt of energy efficiency.” in Non-Patent
Docunent 1 (Japan PetroleumliInstitute (ed.),

therrBek eyieragakeo sn o iry this( " Pat r ophitireghrd to synthesis of EG
Processes”), pages 120 to 125, Kodansha, 2001 ), this

fron "EGSH{ {2h ok USleir 9tk tRDERE S0 2 H£REhIdIIRVIRG D196 bt
fromthe perspective of the ethylene glycol yield and

oroBELETEL b, G cP¥EaRES R Sheg " rpNcER gy I

scl oSur e of en

DodyERh o T deh PR BE ol BT oSSk hIRBYRY Plrosesu
(P paher el s es S pled £¥61bs BB aTSendrdoBl), this

~continuously 15 feeding the starting materials into a
indgstiialneisid hie R iprocegs aastgnedtdrawbaskapth fremvingn
a catalyst is present, carrying out reactive
perdpetiivbapi thre athytdre gdycohyigldcamd iseleativity, and the
withdrawing a | ow boiling point reaction mxture AT
pergF_ét:ﬁiv@!@geﬁepg?Chmﬁdgdi al kyl carbonate and the
al i phatic nonohydric al cohol from an upper portion of
the columm A in a gaseous 20 form continuously
wi t hdrawi ng a high boiling point reaction m xture As

; N} .aduced diol froma |lower portion of the
Dlsgg:[gulﬁrr-r? gf‘??ﬁ‘%ﬂflﬁﬁqui d form then continuously feeding

t heghig i) ' ti ] As int
conPrRERES A B8 8BLIEa B2 PypBHOLLI G C for
ti ff ial havir . boi | ] int...
o0 B oo 2 Posabh i BaliBiefa B VRaESh i
poi nt reaction m xture As, continuousl _obtai ning the
appaiebes ANhRIPRESE Tosvrodusingrg disl Ry ‘é\‘éﬂgt%&b’cb ¢@fbonate

diol as 10 _ _ . .
and an aliphatic monohydric alcohol as starting materials, continuously

feeding the starting materials into a continuous multi-stage distillation
column A in which a catalyst is present, carrying out reactive distillation
in the column A, continuously withdrawing a low boiling point reaction
mixture At containing a produced dialky! carbonate and the aliphatic
monohydric alcohol from an upper portion of the column A in a gaseous
form, continuously withdrawing a high boiling point reaction mixture Ag
containing a produced diol from a lower portion of the column Ain a
liquid form, then continuously feeding the high boiling point reaction
mixture Ag into a continuous multi-stage distillation column C for
separating off material having a lower boiling point than that of the diol
contained in the high boiling point reaction mixture Ag, continuously

obtaining the material having a lower boiling point than that of the diol as
10
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a colum top conponent CT and / or a side cut
conponent Cs, and continuously obtaining the diol
substantially not containing the material having a
| ower boiling point than that of the diol as a col umm
bottom conponent CB. Moreover, it is an object to

a calusn dopvedm peo rearetcCfri @and /i ordassidieatubppar@menisntily, and
i ndustrial production process that are inexpensive

condifio fay cximing t@@@hbesub@tﬁnﬂblwm@tewhc@iwmgl the @aterial
amount of not less than 1 ton hr stably for a

havPr‘i lonoedr Fﬂﬁj"lhﬁgﬁmtt't I'%] of neé dlﬁﬁésté‘%ﬂl%@bottom

rs, prefera than 3000 hours, nore

corr@ocflfsgﬁ?@t%e %%/% t a3 59090 I%%Lfr%)thﬂso % %?lelc

ving hat accord ng
t _of the ent i nve there are :
indyStr: mp%wa?nﬁwf*m&@é? Eutcw@rbps%%wﬁha!fars
diol in which a diol is produced by taking a cyclic
inexRe RSy @ngndoﬁr@x&!mﬁ%tﬁ’@aﬁ{ﬁ]&)’ﬁ?dﬁﬂpbt‘iﬁb%lpé@ﬁélceﬂsm an
starting materials, continuously feeding the starting
amowneof aicd |eisati®an domri hhoustaly for st poel adigsrd plesiiddof time
colum A in which a catalyst is present, carrying out
(e.g.cact leses thani10@0 ihaurisn pyeif eratwlyunot es< onan @B Ihours, more
W thdrawing a | ow boiling point reaction m xture AT

prefa2ibdy Mdtoled spiei OO0 Abalrky! carbonate and said
al i phati c nonohydric al cohol from an upper 20 portion

of Ml@aﬁQlfHFTSﬁvlrf%i‘hqul‘?ﬂM%nler m continuously

wi t hdraw ng a boi l 1 ng point reaction m xture AB

contai.ni:ng r n;

Conv R B0 AN el A0, SO, AR orion.

f eedin hi gh b0|I|ng poi nt reaction mxture AB
thereru%eé%gaﬁa?ﬂuous mul ti - st age distillation coI um C

for separati.ng off materi havi ng .a | ower
18 a0 SRk iR P orePRdon Be BarduRiSn qha iy MivGRch a diol is

boi Il i ng point reaction m xt ure AB, continuously
produeadnbyidaking mexeliaicaihonaie andws abshatigmonohydric

alcohol as starting materials, continuously feeding the starting materiais
into a continuous multi-stage distillation column A in which a catalyst is
present, carrying out reactive distillation in said column A, continuously
withdrawing a low boiling point reaction mixture Ay containin‘g a produced
dialky! carbonate and said aliphatic monchydric alcohol from an upper
portion of the column A in a gaseous form, continuously withdrawing a
high boiling point reaction mixture Ag containing a produced diol from a
lower portion of the column A in a liquid form, then continuously feeding
said high boiling point reaction mixture Ag into a continuous multi-stage
distillation column C for separating off material having a lower boiling
point than that of the diol contained in said high boiling point reaction

mixture Ag, continuously obtaining the material having a lower boiling
11
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11 point than the diol as a colum top conmponent CT

and a side cut conponent Cs, and continuously

obtai ning the diol substantially not containing the

material having a |l ower boiling point than that of the

diol as a colum bottom conponent CB, wherein the
pointihravdhendiod arpei celsimb toa) cemipbroamt Crumnis a side cut

mul ti-stage distillation colum C conprises a

congPehent @S @il tdortimasu sliysd btaiakh@nheodieNms esTaht & RInot
a stripping section havi ng a length L1 (cm, an

con'té‘ﬁhﬁ@ Wcariteridh4 G gr] bBFIﬁ{g\{‘?orH‘f tHan AhBYHehe diol

of stages nl thereinsi enrl chment section
t , ~an . .
as Q%gilgﬁwrfrl?toéﬁ}‘gl @oﬁ%o(n;éﬂltu(ﬁ‘ﬁeﬁﬂj%ﬂ gﬁ t gﬁé%\égl%e%'@ompnses
the e nsi i n
sat %Warﬂ&onﬁmw H@thﬁﬁ%@aed (sliﬁaé'&n( §9Pur§600<0famp£'ses a
3000 (1) 50 5 D1 < 700 (2) 3<L1/D1<_30 (3) 15 3< ni
conziyoHs mybpstage disttighopsgolumnncappeising q §fripping section
10< L2/ D2<_ 50 (7) 20 n2 < 100 (8) and 20 D2 D1 (9);
havimg & len@Ht LcKeeht areinsicie dfameter Eantdmpans an internal with
multi-stage distillation colum C has at |east one
a nehibareyf stayes myt tidredn $iner, eamd & anridmhennalectial thaving a
chimmey tray having installed therein one or nore

length DREYE), At n i ammet@pw fembaridandinternal with a number
cross-sectional area S (cnR) satisfying 25 the

of stapBYI @, {Heinside, wherein Li, D1, ny, Lo, D, and n, satisfy the

following formulae (1) to (9):

300 < Ly <3000 (1)

50<Dy <700 (2)

3<Lyi/Dy<30 (3)

3<ng <30 (4)

1000 < L, £ 5000 (5)

50 < D, < 500 (6)

10< L,/ Dy <50 (7)

20 < n; <100 (8) and
< Dy (9);

(b) the enrichment section of said continuous multi-stage
distillation column C has at least one chimney tray installed therein as an
internal, said chimney tray having installed therein one or more chimneys
each having an opening having a cross-sectional area S (cm?) satisfying
the formula (10):

200 < S < 1000 (10),
12
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200<_S<1000 (10), 12 and each of the chi meys being
such that a height h (cn) fromsaid opening of said
chimmey to a gas outlet of said chimey satisfies the
formula (11): 10 < h <80 (11); and 5 (c) a side cut
outlet is connected to a liquid collecting portion of
andseadhchi thehtinmeyaf beang st thatoaheight ih $¢mgefrom said
distillation colum C, 2. the process according to

o;:na"rﬁ!éi@1 4 swhfbﬁ'irﬂn%@/ ﬁ'ﬂﬁu@és R eeicee safd tdhem il s atisfieel the

l esS than 1 ton . the process according to item
fo”.]‘upéf(;”v\herel n a pI urallty (n3 stages) 10 of trays K
‘her prOV|ded in a lower portion of the

internal s in rmost portion of th r| i ng
section \/\Hlocﬁ gﬁea | ower porti on of ?jsif hd
conti nuous, nul t| - st age distil] a i on Bol um

ui d
i s €Bhei fideusyy oupiat Har%%n?P &9 uPpE e fesq H&é%&ﬂ“on of
said trays K, and after heat is given to require for
saidichimne tray ph s@idemmtinuous Heulestagel digtil@tien column C,
returned 15 into the distillation colum C froma
2. fredipngceestaqrandidgdobidemedn wihereinpperarosund ttagelusfed of the
the trays K and the internal in the | owernost portion

diobfs hbe |s§sitpahng teect hen, while a remai nder of the
liquidis fed into a lower tray in order, 4. the

3. pfrf@wécégg%@&m.ﬁs tiof REH3 1 mr %i e RAAN: qﬂuwmyt (%Y Stages)
Is a 20 baf e tray, 5. the pr ocess accordlng

of tPéﬁ%ﬂl@ P fhrt ?v:d%'ﬁ IS ﬁ%?f g%‘?h@ tl}ié’mﬂgdﬂ"g Is in a

nuous mul age disti n co
Iow%&@% satI gtfon %ﬁf}%%n%tr&?& o h%éggpowgmgljgt%?@?’r? osrsf‘lon of
saié’contmuous multi-stage distillation column C, a liquid is continuously
withdrawn from an uppermost stage of said trays K, and after heat is
given to require for distillation in a reboiler, the heated liquid is returned
into the distillation column C from a feeding port provided between the
uppermost stage of the trays K and the internal in the lowermost portion
of the stripping section, while a remainder of the liquid is fed into a lower
tray in order,
4. the process accdrding to item 3, wherein each of the trays Kis a
baffle tray,
5. the process according to item 3 or 4, wherein an inside diameter D3
of said continuous multi-stage distiltlation column C where the trays K are
present satisfies Dy < D3,
6. the process according to any one of items 3 to 5, wherein Ly, Dq, Lq /
D4, ny, Lz, D2, Lo/ D2, nz, and n3 for said continuous multi-stage

distillation column C satisfy respectively 500 < L4 £ 2000, 70 < D4 < 500,
13
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25 D1, n,, L2, D2, L2/ D2, n2, and n3 for said
continuous nulti-stage distillation colum C satisfy
respectively 500 s L, <_ 2000, 70 < D, s 500, 13
5sL,/D, !5 20, 5<n, <20, 15005L254000, 70<_D25400, 15<L2|
D2 < 40, 30 s n2 <90, and 3 <_ n3 <_ 20, 7. the

5 < pioCBs 2CCH dimg<tX0 angoone Lof <i4®, 10t D5, <D elb < L, /
the internal in the stripping section of said

D, €90t igpQUs, BUbY I aplRgec gl,hsi blg ation 5 colum C and
the'internal extludi ng the chi'mey tray in the

7 R SR B 18, 90t LR e
intefipl Fnegf?%r shBPlo St drh s e ‘fé’ﬂt{?hguﬁﬁi&wagﬁddist“'aﬂon
the int ernal excl ud| ng the chi me trazotl n th

coluRni ¢ Rt NEBE e BHA IR RCIUEGNG TRgsCRIRANEY dF Akt AL, pBE Chment

packings, 9. the process according to item7 or 8,
SeCMﬂer@‘awt@aiSdaﬂda/yOl‘ pagkin@ve tray, 10. the process
according to item9, wherein said sieve tray has 100
8. tthe AliiEdwbesordind iom itersi Bvehgoein dhetinéemdl, inattde atripping
cross-sectional area per 15 hole in a range of from

secfioh $0s&id BBntiblioddtultiosRfge atswNdiing ¢olunenC 9sahe tray,
10, wherein an aperture ratio (a ratio of a total

andCthRSATteeR k| E%M&h%atﬁhf chifn2y! fralynirPiife ldravcishadR dextion are
an area of the tray) of sald sieve tray in the

traygnéhﬁwngmstﬁ.l%% ol k? conti nuous nmulti-stage

I'l'at ron |harange of from2 to 20

% 12. the progess ac or one _o 9 _.
9. UBEIRISeaRT aoh oA e (e’ B SonRrell S5Tg AT g pieve
cross-sectional area of the hole in one tray stage to

irayan area of the tray) of said sieve tray in the

enri chnment ) ) ) o
10. the process according to item 9, wherein said sieve tray has 100 to

1000 holes / m? in a sieve portion thereof, and a cross-sectional area per
hole in a range of from 0.5 to 5 cmz,

11. the process according to item 9 or 10, wherein an aperture ratio (a
ratio of a total cross-sectional area of the hole in one tray stage to an
area of the tray) of said sieve tray in the enrichment section of said
continuous multi-stage distillation celumn C is in a range of from 2 to
15%,

12. the process according to any one of items 9 to 11, wherein an
aperture ratio (a ratio of a total cross-sectional area of the hole in one
tray stage to an area of the tray) of said sieve tray in the enrichment
section of said continuous multi-stage distillation column C is in a range
of from 1.5 to 12%,

13. the process according to any one of items 1 to 12, wherein an
14
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section of said continuous nulti-stage distillation

columm Cis in arange 25 of from1l1l.5 to 12% 13. the

process according to any one of itens 1 to 12, wherein

an 14 aperture ratio (a ratio of a total

cross-sectional area of the opening in the chimey to
apefiurar &fti®f( at |« bif meytdl rapsknsé tidbngl aréatasfl the opening in the

cross-sectional area of the opening) of said chi mey

. chlrgéggrfasahnaiaeé %@Qﬁeoéhlgﬁrﬁ’?}égtrgaf ‘??g@léel’l"\gléltoié_]ecrlQié_%Cgéétlonal

ng to any one o wherein said 5

contjnuous n I_=stage. distillafi : 0
ared A B ersfc ey, By SR % R0 g 4O to 40%.

250 C, 15. the process accordi ng,.to any, one pof itens 1. .
14, { ShesPrafessianarolna d6rh GBIk AT S ot Lgal 3. whereh said

distillation colum C has a colum_top pressure in a
conifingkl oMultiostamdostibabopove umn Ghasa ek mrReiem

according to any one of itens 1 to 15, wherein said
temperatmo i atange sifagomlilSd ta A50ACcol um C has a

reflux ratio in a range of from0.3 to 5, 17. the

15. prgeepsosessratiayding aoyanpars of titsrasll to 14, wiieeeei said
a content of the diol in said colum top conponent CT

contih UMlts i 8i-5hRge HiGtilaBoPPed|uk8n ¢ NeaPrOceREAMN top pressure in
according to any one of itens 1 to 17, wherein a

a ré%n-g@é %ﬁtffshqu% 5&% 00 'eqbdasi de cut conponent Cs is

nor e of t I'ol fed into said
. e di st i b | _ .
16, S04 YRS ALda AR oTh) AR e 78, 15, Liorein saia
corlii v oud tiraree® Sishualid £ofiafnds s sk 4dtg in a range
continuous. nulti-stage distillation colum C for
of fppdlc? A & diol by taking a cyclic

17. the process according to any one of items 1 to 16, wherein a
content of the diol in said column top component Ct is not more than 100
ppm,
18. the process according to any one of items 1 to 17, wherein a
content of the diol in said side cut component Cs is not more than 0.5%
of the dio! fed into said continuous multi-stage distillation column C.

in addition, according to the second aspect of the present
invention, there are provided:
19. a continuous multi-stage distillation column being a continuous
multi-stage distillation column C for producing a diol by taking a cyclic
carbonate and an aliphatic monohydric alcohol as starting materials,
continuously feeding the starting materials into a continuous multi-stage
distillation column A in which a catalyst is present, carrying out reactive

distillation in said column A, continuously withdrawing a low boiling point
15
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carbonate and an aliphati c nonohydric al cohol as

starting materials, continuously feeding the starting

materials into a continuous multi-stage 25

distillation colum A in which a catalyst is present,

carrying out reactive distillation in said colum A,
reaatoom inmicduss Amcohthiamaag aroducked diallgylpoarrona® and the

reaction m xture AT containing a produced dial kyl
alipkatibonatr@dtic ecolabi frivah i an nppehydoitéomlofahe chhom Ain a

an upper portion of the columm Ain a gaseous form

gasé@ﬂ%'fBlﬂﬁPSéanthgéW%@réwmb BohighBoRMd@pdiRBeEheIon
m xture AB containing a produced diol froma | ower
: tho : I i | -quj hen
mix Qe AR SRR RiERU L oo 4 folof Bark®ffot the column
. xtur. into a_continuoys |11 -staage_distillation
A ingg fiahadeF ot e sPAEP Y REcipp S Rt b B ent
boilin ﬁoi nt than that of the diol contained in s?i d
readlyem it Hre Pepitior 2 ORI GAUR U tage dsiHiaiRuspumn C for
obtaining the material having a | ower boiling point .
sepafating maf? reatemal Bpgingg over beliling R@pt dbapohaitofche diol
and a side cut conmponent Cs, and continuously
cont@inednimgatdaighdioisnigspairtti mddotiowtm cdat aifm, mpritheuously
material having a | ower boiling point than that of
obtdihtnglithe @ateriadhavingad toweransipioepbirdBhaveiai of the diol as
i mprovenent conprises: (a) said continuous multi-stage
a cdUpdn tbpld O peHdHINC £ HrARN 5RAS catt _cb'?nﬁbﬁbh't'@é,' &Rd
columm conprising a stripping section having a | ength

con%ny&%a@%ﬂ%lgirjﬂﬁg { a@lii@@QEE%%H&ﬁglr}%gc?o@%dhgfﬁﬂélmaterial

er o ges n er el
nric >ction .hayin |,engj,h m n NS
hav Y, peliFELsof g Bhibt Sha,tatartiy ot ERa Bl bbfom
st ages, n2 therei.nsjde wherein Li, D, nl, L2, D2,
compgitent Lz WigreiNcGIMBAPYE TP e IPTISES 0 (8): 20
300 < L1 < 3000 (1) 50 < D1 <.700 §_2) .

(a) said continuous multi-stage distillation column C comprises a
distillation column comprising a stripping section having a length L4 (cm),
an inside diameter Dy (cm) and an internal with a nhumber of stages n;
thereinside, and an enrichment section having a length L2 (cm), an inside

diameter D; (cm) and an internal with a number of stages n; thereinside,

wherein L4, D4, ny, L2, D2, and n; satisfy the following formulae (1) to (9):

300 < Ly < 3000 (1)
50 < Dy <700 (2)
3<L4/Dy <30 (3)
3<n; <30 | (4)
1000 < L, < 5000 (5)
50 < D, < 500 (6)
10 <L,/ Dy <50 (7)

16
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3<Li/Dl1< 30 (3) 3< . nl < 30 (4) 1000 < L2 < 5000 (5)
25 50 < D2 < 500 (6) 10<L2/D2<50 (7) 16 20n2<_100
(8) and D2 <- D (9); (b) the enrichnment section of
said continuous nmulti-stage distillation colum C has
at | east one chimmey tray installed therein as an 5
internal ,20henghi @&y tray having i nst a8)egintiher ei n
one or nore chi meys each having an openi ng having a
cross-secpip,ong, area S (cnR) satisfyinggjythe formula
(10): 200 < S < 1000 (10), and each of the chi meys

be' nglm&gnﬂwménh%%tomom@dfd ﬁs n%gusmageg

I't”mey to a gas outlet of

distﬁﬁ%t Sri c% LéFnELtC %Sf,n%i Peé]tl%)ﬂ% (H gm%tr gyloflégt]aajlefﬂgerem as an

t tl i d t f
intefight RG-ORiRaPY, (FaY diaviBasT S D UB P Fh ek i Aecdr Mgreghimneys

the continuous nulti-stage distillation columm
eachtdyidigngniePentig navingér eresersaiaiianaliyreams semgesptisfying
of trays K are further provided in a | ower portion of
the foemiubla éd8%1 s in a | owernost portion of the stripping
section which is in a lower portion of said
conti nuoug0OW g <st@Qe distillation cofiwm C a
l[iquid is continuously withdrawn from an upper nost

andféa@ﬁ &fth%Ochnﬁan/@yﬁe:%g anehahiztra h%aght B @HeHrdm said
equire for distillation in a reboile
opening of said chimney to a gas outlet of the chimney satisfies the
formula (11):
10 < h < 80 (11); and

(¢) a side cut outlet is connected to a liquid collecting portion of
said chimney tray of said continuous multi-stage distillation column C,
20. the continuous multi-stage distillation column according to item ﬁ9,
wherein a plurality (n3 stages) of trays K are further provided in a lower
portion of the internals in a lowermost portion of the strippin‘g section
which is in a lower portion of said continuous multi-stage distillation
column C, a liquid is continﬁously withdrawn from an uppermost stage of
the trays K, and after heat is given to require for distillation in a reboiler,
the heated liquid is returned into the distillation column C from a feeding
port provided between the uppermost stage of the trays K and the
internal in the lowermost portion of the stripping section, while a
remainder of the liquid is fed into a lower tray in order.

21. the continuous multi-stage distillation column according to item 20,

wherein each of the trays K is a baffle tray,
17
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the heated liquid is returned into the distillation
colum C froma feeding port provided between the
uppernost stage of the trays K and the internal in
the | owernost portion of the stripping section, while
a remainder of the liquidis fed into a lower tray in

22. otldgrcordnddustihalttathgeudistilatidn colager desbidirng toitem 20
colum according to item 20, wherein each of the

or 2‘1 r Wr?er'élhsaﬁ lﬁé‘fcfé gidmdMer D 88 said e AORIA AU the trays K

ti-stage distillation colum according to item 20

are &/ﬁ%%%h %'g?ltsfllé% E,n rb$| de di ameter D3 of said col um
e

ays aré present satisfies D, 5 D3, 23.

t he cont i nuous [ lation c
- aeeerco%@nvsugn %&aesta@ g?lﬁ‘*t'i&f&om'umﬂ%cv“%éﬁm%taia,ny one
nj L2 / apd n3 ati sf
of lte&fpé@t G</8|2y Vsb@f%*fLL1,<D12(90 o”5= ba- 52560 / @25”2; %nd ng
D520, 5 ni < 20, 15005L254000 70 5 D2 <
satiggoregpestively 508 5 L40s 2106, AD < D198,50@n8 8 Lan3De2020, 5 <
24. the continuous nulti-stage distillation colum
ny <a200NGioty<tlo, &000, 700<iDers400, t1é 23, iMBer gi40,tB@ < n; < 90,
internal in the stripping section of the stripping -

andethor apd the internal excluding the chimmey tray in
the enrichnent section are trays and / or packings,

24. 23net @@nﬁﬁﬂb'u@uﬁltt'ﬁtlf@t'a‘de giaueagbstddiliin %&QHM@ to any of

according to item24, “wherein the internal in th
ol 08 73, SPAELAN b i AR B 85bR o1 e

' d/
SUIRRIAG RBBHS AN e, aﬁ%ﬁ%@%&?ﬁ%@% Brofhnslay inytne

toitem24 or 25, wherein ,said tray is a sieve tray,
enrighme Rk SeEHOMARRSIFNS ﬁ”J;{ R PR ati on col um

accordl n? to item 26
the continuous multi- stage distillation column according to item 24,

wherein the internal in the stripping section is a tray, and the internal
excluding the chimney tray iﬁ the enrichment section is a tray and/or a
structured packing,

26. the continuous muiti-stage distillation column according to item 24
or 25, wherein said tray is a sieve tray,

27. the continuous multi-stage distillation column according to item 26,
wherein said sieve tfray has 100 to 1000 holes / m? in a sieve portion
thereof, and a cross-sectional area per hole in a range of from 0.5 to 5
cm?,

28. the continuous multi-stage distillation column according to item 26
or 27, wherein an aperture ratio {(a ratio of a total cross-sectional area of

the hole in one tray stage to an area of the tray) of said sieve tray in the

stripping section is in a range of from 2 to 15%,
18



10

15

20

25

20 wherein said sieve tray has 100 to 1000 holes / nR
in a sieve portion thereof, and a cross-sectiona
area per hole in a range of fromO0.5 to 5 cnR, 28.
the continuous nulti-stage distillation colum
according to item26 or 27, wherein an aperture ratio
29. (#éaldmtidiioastali-stagesdiseittdtiomlcornmm atcordindeo any one
hole in one tray stage to an area of the tray) of said
Sheveat [ S o oo i ir gt rigyage of
of itghf 96! {8 rhQpingan R AarE TaNiSE(e rhtipfoCarenar |
distiJ.latio 0 r.di t e '
crossSssiofiaLALeR sh Mg dfErE ei a7 ¥taBet Bn ol TRy e ray
cross-sectional area of the hole.in.one tray stage t
of saKl alee Haxhen theysIERMENIEFUOR i8Ry TApds, P rom 1.5 to
-enrichnment sectionis in arange of from1.5to 5
12%12% 30. the continuous nulti-stage distillation
colum according to any one of items 19 to 29,
30. wibeetoninuaper mud - stagieod (dilkati oo asfugmn @cgiording to any one
cross-sectional area of the opening in the chimeys to
of itamaneat®R g heheedinmaayapecture ndticd(agaéa of al total
cross-sectional area of the opening) of said 10

crosdlsBREB Al Brdss of Bha dpdsingfn thensHithi ey #@8tan area of the
Advant ageous Effects of Invention According to the

chinglﬁggietﬁ%ﬁiﬁe iAlUS 1808l PFASESe RIdhA 198t Dwfithe ope?ing) of said

inventidn, there are provided an industria
. appar.at us_and i_nd |.al 4 prnaduecsi on process that
Ch”ﬁﬁgyit%ngHE‘i %ig%’% §ﬁi{§ir§ 1a@é§o+16/°s'ubst antially not
containing material having a | ower boiling point than
that of the diol to be produced, froma cyclic
carbonate and an aliphatjc nonohydric alcohol, with a
AdvgindgaggpeiscEffecys afdrveatiGn not | ess than 97%

preferably not |ess than 98% nore preferably not | ess
t haAceowlingéedhe specific apparatus and process provided by the

present invention, there are provided an industrial apparatus and
industrial productioh process that are inexpensive and enable a diol
substantially not containing material having a lower boiling point than
that of the diol to be produced, from a cyclic carbonate and an aliphatic
monohydric alcohol, with a high yield (e.g. generally not less than 97%,
preferably not less than 98%, more preferably not less than 99%, based
on the cyclic carbonate used) on an industrial scale of not less than 1 ton
/ hr, preferably not less than 2 tons / hr, more preferably not less than 3
tons / hr stably for a prolonged period of time of, for example, not less
than 1000 hours, preferably not less than 3000 hours, more preferably
not less than 5000 hours.

Moreover, the process according to the present invention differs

from an existing ethylene glycol production process in that ethyiene
19
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20 on the cyclic carbonate used) on an industria

scale of not less than 1 ton | hr, preferably not

|l ess than 2 tons | hr, nore preferably not |less than 3

tons | hr stably for a prolonged period of tinme of,

for exanple, not |less than 1000 hours, preferably not
glycbhésart benp d0cdo unsthapre cpssf ad:ca@wngnm thegreskad invention

5000 hours 25 Moreover, the process according to the

withP& qﬁgﬂt yilcly &Hd @hfH fs@'léctnﬂlrt?'wﬁﬂoal“lﬁihgga ¢4 %fﬁﬁount of
gl yc production process in that ethylené 19 gl ycol

C
watgrarbrg%ttﬂl[l%\%ﬁt‘?%v@é ép?ﬁﬂéﬂg%ﬁ‘ﬁe@t‘é ?%‘Qarpng‘n&@%ttrheﬂ production
sele tivit t hout ,usi| a Iar
prociiaf et SibhllensotisitaifiEnt i $6pd™S sngkﬁww?%'?m with the
production, process that sinul aneou sol ves .t wo
emsﬁmfagl@%mmgorm}mtm RioeR Senoy a8/e .l\ﬁ@vq @R Eresgy use)
production process (low selectivity, high energy use).
Brief Description of Drawing FIG 1 is a schematic
vi ew showi ng an exanple of a continuous mnulti-stage .
BriediBéstliptioonot®lrawing preferable for carrying out the
present 10 invention, nl stages of trays being

I NSk RG] edsi & seheimbabpi vigwseboMdng andexdmypse fi @gontinuous
installed in a |ower portion and structured packings

multlnst%'qje HPRETatPSRtdAUMA ¢ ?Jref@mtﬁb S %ﬁ?lﬁg At thie phesent

enri chnment section, as an internal in a frunk pOI‘tI on

e DB, USRI P8 AR Soction. anc
Not e. t in 15 FIG 1
trayb bR oo @) e Relovts pprtigRah@nidfied ﬁ%cmegs in an
UPPER@IAT 58 DH-GRDBY Of FUBBBRA vsaar%&%iéﬁ?w%sscf’on as an
di aneter D, of the enrichnent section, trays K (n3
intespabs B HeiNKgPBFHON RicthenspkIMN, ANDORE pbtmaﬁyovay stage

Ref erence Nuneral s
being installed in the concentrating portion above an inlet 1 (Note that in

FIG. 1, the trays exciuding the chimney tray in the stripping section and
the enrichment section are omitted), and a diameter Da of the lower
portion of the column is greater than a diameter D4 of the enrichment

section, trays K (n; stages) being provided therein.

Description of Reference Numerais |

1: inlet, 2: outlet of column top component Cy, 3: outlet of column
bottom component Cg, 4: outlet of side cut component Cs, 5: internal
(packing), 6: heat exchanger, 7: reboiler, 8: inlet of reflux liquid, 9:
chimney tray, h: height {cm) from an opening of chimney to a gas outlet
of chimney, Lji: length (cm) of stripping section of continuous

multi-stage distillation column C, L;: length (cm) of enrichment section
20
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1: inlet, 2: outlet of colum top conponent CT, 3:
outlet of colum bottom conponent CB, 4: outlet of
side cut conmponent Cs, 5: internal (packing), 6: heat
exchanger, 7: reboiler, 8: inlet of reflux liquid, 9:
chimey tray, h: height (cm from an opening of

of cohtimueu s ondtigasagrudisiliaténotolcimn@y, Dil:inkedhgtdiameter (cm)
(cm) of stripping section of continuous nulti-stage

of stigpird skicoldrcof somtipudids Metgstadediswfiation eblhenh C, Do
section 20 of continuous nulti-stage distillation

insi&@'d&%&'er[{%m)t B i Sh ARt e dtsdd ofHorftinLBRsNBuIti-stage

section of continuous multi-stage distillation colum
: A 1 g [ di (cm of enrichnent section of
distiitatin col e, | gtng% " di'stillation colum C K:
tray. 5 Best Mdde for Carrying Qut the Invention
Following is a detail ed description of the present
~invention. The reaction of the present invention is a
Best dedsifior Laguingdrutithepygeéerification reaction
represented by the following formula in which 10 a
di aFrilpwiagbsrardetanadadesoriptios pf dueduesendnnyention.
cyclic carbonate and an aliphatic nonohydric al cohol:
R TRa6 reRztin o the) PreisentRzbtdntion\iC€a reErsib@eqilibrium
I 11 0 (A (B (C (D wherein Rl represents a
traniesdk BRcaticel Pea titbR)rdpredensedrpy thedgeliowiag rrtgla in which
6), one or nore of the hydrogens thereof being

a diapty| Hd’néﬂébébgtélﬂcc)ﬁfgl ég%‘r’?rb@@écﬁh@fh HcYeAcOta@dhate and

group having 1 car atons. Moreover,
an aliphatic monohydric alcchol:

R! R0 OR l
_ R
/N N N, N
0 . /0 + 2 R*0H P — (l;I 1o 7/ \DH
il
0
(4) (B) (©) m

wherein R represents a bivalent group —(CHz2)m— (m is an integer from 2
to 6), one or more of the hydrogens thereof being optionally substituted
with an alkyl group or aryl group having 1 to 10 carbon atoms. Moreover,
R? represents a monovalent aliphatic group having 1 to 12 carbon atoms,
one or meore of the hydrogens thereof being optionally substituted with an
alkyl group or aryl group having 1 to 10 carbon atoms.

The cyclic carbonate used as a starting material in the present
invention is a compound represented by (A) in the above formula. For
example, an alkylene carbonate such as ethylene carbonate or propylene
carbonate, or 1,3-dioxacyclohexa-2-one, 1,3-dioxacyclohepta-2-one, or
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R2 represents a nonoval ent aliphatic group having 1 to
12 carbon-atons, one or nore of the hydrogens thereof
bei ng optionally substituted with an al kyl group or
aryl group having 1 to 10 carbon atons. The cyclic
carbonate used as a starting naterial in the present
20 invention is a conpound represented by (A) in the
above fornmula. For exanple, an alkylene carbonate

TS S SRS ERBTEe SERENIG S g SRNIEHR s EHARAR G ©
pr@rpyﬂénéftﬁarlblok@te&ielhg mwbepﬁﬂ:fbyab@edsedtdlyé dpeease of

carbonate or = propyl ene carbonate bei ng nore
Proce @Fbﬁﬂtyaﬂugeﬁp @fle ansl ghl¥egre CarkRIAtBRING MArSIGUbRY]Y
Y carbonate being particularly preferably
p%@gdﬂg l]{/%?‘gover the aliphatic nonohydric al cohol
used Msretmmrottherahphamcmgnnhydrncaalaoshcﬂ wsepa@snthe other

t h b I h
SthElag BBl S AL 1% 61 s PRt Feorarerith By 3B) Britk kg Ye”
foPRILNE, BRHR0haNrid aUdWEI088iIHyY pYandtien draeBeditAe @idlt he
type of the cyclic carbonate Used, exanples of the

pradiusiest being usstohaditiaugh p@ls(slubhynwaudegmmandlng on the
Bl TERB30R e ST priafsrb IS pplitir

mbashldaiccadhdliinen@d e meteiol ethedlbd) pkdsoner ﬁhomers)
octyl al cohol (isoners), nonyl al cohol (isomers

albécghcoapéohuntalookbﬁ@nse)rs)u@dbéwn hp&,oﬂmyl(algéh\@ﬂ disomers),
|
N0 (Rhoks SN 2 ELLRREAARY, oty alcono

(|smhleyh):yt¢dmplemcﬂ11:dl (|$o|$wl‘sysalecgl hLdohml (cbs)enteemgil undecyl
(1 sone

aléphyi &m)reﬁrmth Cxlégﬁqgé )0? tﬁ‘?fﬁ?ﬁ% d»;beq!eﬁ@;aam@l
5%, gy&bmlpqxﬁbph@g&ﬁe%téﬁépwﬁémyscycuopentanou

exan
(isomers) ethylcyclopentanol (iscmers), methylcyclohexanol

(isomers), ethylcyclohexanol (isomers), dimethylcyclohexanol
(isomers), diethylcyclohexanol (isomers), phenylcyclohexanol
(isomers), benzyl alcohol, phenethyl alcohol (isomers),
phenylpropanol (isomers), and so on. Furthermore, these aliphatic
monchydric alcohols may be substituted with substituents such as
halogens, lower alkoxy groups, cyano groups, alkoxycarbonyl groups,
aryloxycarbonyl groups, acyloxy groups, and nitro groups.

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

preferable aliphatic monohydric
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(i soners), benzyl al cohol, phenethyl al cohol

(i soners), 20 phenyl propanol (isoners), and so on.

Furthernore, these aliphatic nonohydric alcohols nay

be substituted with substituents such as hal ogens,

| ower al koxy groups, cyano groups, al koxycarbonyl
alcogiodsiEse mathboo) cardetyangl oumes aao%h@mggmﬂwlaakyd

nitro groups. O such aliphatic nmonohydric al cohol s,
prefgﬁgmepreferably used 25 are alcohols having 1 to 6

carbon atoms, nore preferably alcohols having 1 to 4

Carlgotrhé" PEE @f tH@F'ﬁéQ@ht nﬁ?@f@ﬁﬂ@h PeapApet is made to be

ISOI’TETS but ano ISOI’TETS In the caSe of usi ng

pres%;ﬂyllnegere &N) @%t‘?llgﬁger a@%'n‘?ﬁ‘% CarhN A SH3Y gh?r&aléifg the

ona ["e " al'i’'phati'c nonohy
are met anol

catalust eSSt [t Breraseave wﬁﬂ@a%?'a&@ﬁ@”ﬁ'} A %éanygbe any

ﬁresent i nvention, a catalyst aﬁmade to be Pt

methAda btde e caises ifoT @iadhP il GhA NOMARERRI WD FadRIvS! that
making the 5 catalyst be present in the reactive

dissgitee s |l nathicore aolianiquidaynger 4hg masaiv) comditignsphéhe catalyst
case, for exanple,. of a honbgeneous catal yst that

candis sohdeso betpre serdcini @adiduidupdasadertheheeacticeidintiliation
conditions, the catalyst can be nade to be present in

colmhlwwdeah@gqheméﬂwystemblm destiiveatistinatiool ooturoy
feeding the catalyst into the reactive distillation

conﬁHUBmEI:}OoF‘i’HtthBU@é’% bf PhdtBrbéheneass t%ta@Yst that does not

et erogeneous catal yst that doeS not dissolve in

dassroq?tg,t hot{ﬁel 'I'QHE@ Hnﬁj&gwc{ []ﬂd'é‘?atﬁ%' %&?@H rRﬂﬁontShGihe catalyst

present 1n the react

Y, sposi ng .t.he,. cat al
cangig ci 78 g bE! ?rea%ﬁq?}n'ncmﬁ%QCi{'ﬁb €Y7%%rﬁ°%#sghﬁ°§"ﬁ%s*“e
catablysijsaesdalsnohé)mt e reactwe distillation column; these methods may
also be used in combination.

In the case that a homogeneous catalyst is continuously fed into

the reactive distillation column, the homogeneous catalyst may be fed in

“together with the cyclic carbonate and/or the aliphatic monohydric

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

Moreover, in the case of using a heterogeneous solid catalyst, the

catalyst must be present in at least 5 stages, preferably at least 7 stages,
23



15 In the case that a honbgeneous catal yst is

continuously fed into the reactive distillation

col um, the honbgeneous catal yst nmay be fed in

together with the cyclic carbonate and/or the

al i phati c nonohydric alcohol, or may be fed in at a
mordipfefeeablypasilé asn1Oostage st aAt swlid ratahy sl that dlse has an

reaction actually proceeds in the distillation colum

effebNad & PHAINSAPAH O WidtiRaiohi ddlemmAtmehi kot be used.
catalyst is ted in, and hence it is preferable to

feedstihe &é{aﬂggghswm ?nscg %g%egﬁfegﬁwgﬁﬂohp%qwequarﬁ@@s

col'unm and osition e start’ing

terpals acre fed.in The .c | yst p t.J
catdlPb% kBphaP or dth Ereg G5 4 LY . EXENPREBERTE didy s
.. preferably at |east 10 stages. 25 Mreover, in the
incldd@e of using a heterogeneous solid catal yst, the

catal yst nust be present in at |east 5 stages, . .

pr e2 kedbmetals @&Ealkﬁlm%@@gih metalsr eueh @elitjiyn asodium,

| east 10 stages. A solid catalyst that al so has an
potafdiact, ashidiypaldaguim megrdsium,| aaicums otoentioay, and

al so be used. As the catal yst used in the present
bariumyvention, any of various catalysts known from

hitherto can be used. Exanples of the catalyst 5

I nchHERs cahidiind®ior! slkandmaltlspd bRl afdimeareiaatts setdls such
as lithium 'sodium potassium rubidium cesium

as ﬁég,ug\/gfagﬁ%gqalﬁebt&g@%é,gﬁhwgagg?ga@n% aaic

onpound I he earth netals
suc 10 ' ! r QX ' ,
- Baa e RS, A RHL S5t BRI sy metats suer
al s and, al kaline earth, ,netals suc car bonat es,

as GIEGTAIRS: ACAthRN gl AR0 AOEIGAEd 38 ary an nes

such as triethylamne, “trjibutylanmine, tri | am

exyl am ne, L
tertiary aminés such as triethylamine, iributyqan%ne, tn?\exylamlne,

and benzyldiethylamine;

nitrogen-containing hetercaromatic compounds such as
N-alkylpyrroles, N-alkyiindoles, oxazoles, N-alkylimidazoles,
N-alkylpyrazoles, oxadiazoles, pyridine, alkylpyridines, quinoline,
alkylgquinolines, isoquinoline, alkylisoquinolines, acridine, alkylacridines,
phenanthroline, alkylphenanthroline.s, pyrimidine, alkylpyrimidines,
pyrazine, alkylpyrazines, triazinels, and alkyltriazines;

cyclic amidines such as diazobicycloundecene (DBU} and
diazobicyclononene (DBN);

thallium compounds such as thallium oxide, thallium halides,
thallium hydroxidel, thallium carbonate, thallium nitrate, thallium sulfate,
and thallium organic acid salts;

tin compounds such as tributylmethoxytin, tributylethoxytin,
24
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and benzyl di et hyl am ne; 15 ni trogen-contai ni ng

het eroaronmati ¢ conpounds such as N al kyl pyrrol es,

N-al kyl i ndol es, oxazol es, N-al kyli m dazol es,

N- al kyl pyrazol es, oxadi azol es, pyridi ne,

al kyl pyridi nes, quinoline, alkylquinolines,
dibdt?&ﬁﬂiéﬁ@idmm,adiibyhyttﬁath@mlfﬂin,eﬂibLatqﬂdkéithexytin,

al kyl acri di nes, phenanthroline, alkylphenanthrolines,

dibl.ﬁ}//[;iﬁ‘érﬁibi‘ﬁin?HM@Mﬂrﬁéﬂ'ﬁ@%ﬂain?aiWﬂyﬂlh@qetate, tributyltin
al Kyl pyrazi nes, triazines, and al kyl'tri azines; cyclic

Ch}ogli'ﬁéé;i %ﬁa ﬁH@e?ﬁ%gj%ﬁ;%I oundecene (DBU) and

obl Cycl onone ; thal i um conpounds such as
thallium oxide, thalliumhalides, _.fhalliumh Xi de,
 nat N B sl AR Plietidom AET pidiaxpen e
sulfate, 25 and thalliumorganic acid salts; tin
ethyl BRBEIAKKZIEGe RS HPHIRNXAIREL hoxyt i n,
tributyl ethoxytin, 24 dibutyldi nethoxytin, ) )
di eahyhiwnhexypiounds Buch af &!Heupdin trimethoxide, aluminum
di but yl phenoxytin, di phenyl nmethoxytin, dibutyltin
triisapebpbejde r abdt afunhimurohir drutoejdend tin
2- et hyl hexanoat e; zi nc conpounds such as

di metd1ixyg icden pdiuatiBoxyEh s tefvanidtoxyedankymi nc, and
di but oxyzi nc; al um num conpounds such as al um num

tetrh Bt RBENPEHEm , A BUB xyititaintQRY, CReXI 1 di ATt halxyitaHmim,
tributoxide; titanium conpounds such as

b BAAREPHRLAR, {Papidf SEEHAS ST scotyjacetonste
it BAPSRRGEER bRy stichies MbREEN B naBthe cucn

oS A R BRespbib L L BAFSEMBEprine.
tributylmethylphosphonium halides, trioctylbutylphosphonium halides,
and triphenylmethylphosphonium halides;

zirconium compounds such as zirconium halides, zirconium
acetylacetonate, zirconium alkoxides, and zirconium acetate;

lead and lead-containing compounds, for example lead oxides
such as PbO, PbO,, and Pb30y;

lead sulfides such as PbS, Pb;S3, and PbSy;

lead hydroxides such as Pb{OH)z, Pb302(0H)2, Pb2[PbO2(0H)2],
and Pb,O(OH)s; |

plumbites such as Na,PbQ;, K;Pb0O;, NaHPbO;, and KHPbO;;

plumbates such as Na;PbQs, NazH2Pb04, K2PbO3, Ko[Pb(OH)s],
KsPbO4, CazPb0y4, and CaPbOsj;

lead carbonates and basic salts thereof such as PbCO; and

2PbCO3 Pb(OH)2;
' 25
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tri butyl met hyl phospnoni um hal i des,

trioctyl butyl phosphoni um hal i des, and

tri phenyl met hyl phosphoni um hal i des; 15 zirconi um
conmpounds such as zirconium halides, zirconium
acetyl acetonate, zirconium al koxi des, and zirconi um

aceilrbgylé®d¢oangolinag- aﬁﬂtﬂymomglewaommbunﬂsrsuch as
exanpl e | ead oxi des such as PbO Pb02, and Pb304;

pb(?@g.qi%)%ug@ @m@pg BR& pBE@ and PbS2; 20 | ead

es such as

§Ee&o§éﬁ<’§"ﬁﬁf&f9ﬂ2&p§%§%‘ andépaéééézﬁtb@ TSt e thereot
e SRS S LA Bl oo
S| |SBATE SbAPBUN & LTy oY 28, EoHbRUrALBHGH, BhaPbBr,
Pb(OCH3) 2, (CH3O) Pb(OPh), and Pb(OPh)2; |ead salts of
PhsBbgati Rhakbdl, BasBb&dl hanat BE.Bh® kwsiesesaBis repsesonts a
such as Pb(OCOCH3) 2, Pb(0OCOCH3) 4, and

but P rEURCHN @ AOr8 p2@s e At agpnehghdrooppounds such as
Bu4Pb, Ph4Pb, Bu3PbC, Ph3PbBr, Ph3Pb (or Ph6Pb2),

Bu3BkeHallapd SWetP@ thﬁraelFFbBBlaerf-B%efPIS %n, beidyPb-Sb;

group, and Ph represents a phenyl group) | ead al oys

sucyg nPHéF%I's EQC%S ge1Eaa ad %”mc%l@n.*é“%hd Hyeftdites of

m ner s such as gal ena and zi nc bl ende; and hydrates

f compounds. In the case that the
suc@ Iﬁ%ou‘ﬁd}@g} df‘tgsd

'ssolves in a starting
In the case that the compound used dissolves in a starting

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

Furthermore, ion exchangers such as anion exchange resins
having tertiary amino groups, ion exchange resins having amide groups,
ion exchange resins having at least one type of exchange groups
selected from sulfonate groups, carboxylate groups and phosphate
groups, and solid strongly basic anion exchangers having quaternary
ammonium groups as exchange groups; solid inorganic compounds such

as silica, silica-alumina, silica-magnesia, aluminosilicates, gallium
26
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material of the reaction, the reaction mxture, a
reacti on by-product or the |like, the conpound can be
used as a honobgeneous catal yst, whereas in the case
that the conpound does not dissolve, the conpound can
be 15 used as a solid catalyst. Furthernore, it is
silicalesovprietieradd ety wedouamatalhervigangedszealitds sand a
m xture obtai ned by dissolving a conpound as above in

amnfo LA Jd:th g €4 i Aot st Bhd §acéh @an kihso kRAQEEEMNas a
m xture, a reaction by-product or the like in

hete%ﬁé’;%ﬂ%%’usoﬁapé'iyg?ami ng to bring about dissolution.
urther more; "1'on exchangers such as ani on exchange

S0 RIS SRS B B L Bsec one s
o sol Ah dame nat e LR Engbas) HRang, ey S AR Sthum

phosphate groups, and solid strongly basic anion .
gromaar@m&amgeim@%t%xm@weeshamﬁinﬁu@mgpﬁs shongly basic
exchange groups; solid inorganic conpounds such as
aniosi ékchangel iesinahavingagustéirryrammesniym groups as exchange
alum nosilicates, gallium 26 silicate, various

grouiin| a ceslul ¥aei stusnob) dlastx emogakatephgéepavamg quaternary
anmoni um exchanged zeolites, and so on can al so be

ammSSiRSgrRudeher Sgenenye ¥/Sdnd A hd-jATieosiensts
catalyst, a particularly preferably used one is 5 a

sup%%gii ﬁ}g&g?ﬂ%@@%&sﬁnﬁﬂfbﬁé%ﬁ% eraYYi gua&@,r y

as exchange "groups, exanples thereo

el udi _ . . . _
amm ity s Ha o epBaR frostRipeAReE SARHTalEB5Sic apion
a cel lul gse strongly, basic ani on exchanger havin
eXCIRRRTRITRHY NG AR GiTYsa B U P URS A5 xchangg aroups,
inorganic carrier 10 supported type,st rong‘#g/ basi c.
for exampled BhGsre heRe firenalyebagiganion exchange resin or the

like can be preferably used. A styrene type strongly basic anion
exchange resin is a strongly basic anion exchange resin having a
copolymer of styrene and divinylbenzene as a parent material, and
having quaternary ammonium groups (type | or type Il) as exchange
groups, and can be schematically represented, for example, by the

following formula:
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amoni um groups as exchange groups. As a strongly
basi ¢ anion exchange resin having quaternary amni um
groups as exchange groups, for exanple a styrene type
strongly basic ani on exchange resin or the |ike can be
preferably used. A styrene type strongly basic anion

mzw ng c;ﬁhgjpe ? d?gne an | DAmge

aI and having

r oups an be i cal Iy (type I)
, for g} e, by Y ol l owi ng fornmul a:
ZCH CH2 - CH- CH2 (typ@!) OO

2 CHe QL@ H—CH e~ O - Hég 3)3

3 oHAOH)  CHRN( CHB) 2( C2HAOH) X_ wher ei n
b"esents an anion; as X, generally at |east one

type of anion seIectedfromF, a-, Br-, I", HCA -,

C032., CH3CR-, HCOz , 103', Bros , and CI03- is

used, preferably at | east one type of anion sel ected

g}gl}l_ CHFELE H-2g P32~ CHAReeTEL~ as the
turejo the

resip parent

(type I)
©)

«n—CH—CH2—~— CH2N(CH3)2(02H4OH)
CHzN&CHs)z(CzH:&OH) X

wherein X represents an anion; as X, generally at least one type of anion
selected from F~, CI', Br, I', HCO3", C03%, CH3CO2", HCOZ, 1037, BrO3',
and ClOj3™ is used, preferably at least one type of anion selected from CI',
Br, HCOs", and C05%. | Moreover, as the structure of the resin parent
material, either a gel type one or a macroreticular (MR) type one can be
used, the MR type being particularly preferable due to the organic
solvent resistance being high.

An example of a cellulose strongly basic anion exchanger having
quéternary ammenium groups as exchange groups is cellulose having
—QOCH2CH:NR3X exchange groups obtained by converting some or ali of
the ~OH groupe in the cellulose into trialkylaminoethy! groups. Here, R

represents an alkyl group;' methyl, ethyl, propyl, butyl or the like is

. generally used, preferably methyl or ethyl. Moreover, X represents an

anion as above.
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material, either a gel type one or a macroreticul ar
(MR) type one can be wused, the MR type being
particularly preferable due to the organic solvent
resi stance being high. An exanple of a cellul ose
strongly basic ani on exchanger having 10 quaternary

anTmniinBrgaaip s apde L supPte drigpRssirongty lbdsiseardian ng
OCH2CH2N%3X exchange groups ogt ai ned by converting

excﬁ?ﬁgeﬁhag‘)rhhﬂ@ﬁfd?ﬁm%tﬁwmmrqquE?sCSUé&tﬂﬁ?@ngétg?oups that

groups. Here epresents an

can ?Jek)ﬁ'se%r f?'PFhe %gélnt |ﬁ@$¥hb&°ﬁ%%¢h a:?'t“%r?’drgﬁ']n)}ﬁ?arjrlé‘rethat has

genera prerera

had %F@Eﬁ SRS eifﬂ”ﬁ%&?@”@ﬁ?pﬁ@f’ﬂ"@f%i@ﬁaﬁ@s*@%gﬁhweto by
EHS%&@?SM%&E@ QR YutazahyArnd Gaudin of the

~invention nmeans an inorganic carrier that has had

inorgenGHERT NRBX d‘ﬂﬁﬁ&arﬂaﬁ'}g Anesni dafigeduns abavedubeis generally
thereto by 5 nodifying some or all of the -COH surface

an integexfromrotp s, girefeeabiynorgdhi c Asathe éimorganie, carrien silica,
X are defined as above. n is generally an integer

alunfinen silica-alurhired etitdnin, & Zedlitéds or e likks @an be used, it being
carrier, silica, alummna, silica-alumna, titania, a

preféfabld o LF§e %hﬁ:d | $RirRfR, ber %ﬁ% dlbnﬁﬁbnsi)arﬁlb@ﬂﬁﬂ?%r%ferabIy
to use sil I Ca, al unlna or silica-al um na,

sHmEarff\ﬁg @%gﬂoar% rb%$h¥eg. é:thg‘:ﬂéﬁ‘gﬁlré‘gce ﬁ%@ilbog‘;? surface
PRl P ORTBEBHRACERG B oy “amonire™
Zﬁé’iaas Sl deonet BABE: ahigh TruTaRgsh haviha Rjsternary
al so be used as 15 the transesterification

am "&%‘f"&l AT QRS ASHRXPIIEBAB] @RS 8 GURMShallyavailable one

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

‘the transesterification catalyst after being subjected to ion exchange with

a desired anionic species in advance as pretreatment.

Moreover, a solid catalyst containing 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 exchangér may also act as a packing in the present invention.

The amount of the catalyst used in the present invention varies
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a desired anionic species in advance as pretreatnent.
Moreover, a solid catalyst containing a macroreticul ar
or gel-type organic polyner having bonded thereto

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

dep&PdRAohNBieetph & Ifathec katd|gsgiL@ers oacin ceoicase o at
| east” one nitrogen atomcan also be preferably used

cont@é%@l&ﬁ%@?ﬁ ﬁb&h?@td@é&%@%?'%ﬁ%lﬁt ; éetggirs@bwes In the
e RO DSBS 0 g
gen&iaainyer ange aidom: 0 9G04 LEh: BV "sidin, A etdfably from

i nvention. The anount of the catalyst used in {h .

0.008y szt % hyenei@nt vaprePressrakpciiam® Bl tma pbyoveight, as
‘the catal yst used, but in the case of continuously .

a propediion ¢inthe hotalgeaighisot thaloyetic aarbenateanssthe, aliphatic
the reaction |iquid under the reaction conditions,

monbhgdairmaitohsieted $n getive dthsting materigks.of Moreover, in the
0.0001 to 50 % by weight, preferably fromb5 0.005 to

case2f g & istiid cEP4IysRiARIIFY Ynfthemtitfation Wditmy, the

wei ght, "as a proportion of the total weight of the

cataf?’esgl IsCoFEYRaBR) s id B At irfa Wrfrenpocetab 75

in as the starting materials. Mreover, in the

VOIO@?&%J%{ %@dgﬁg@f Eﬁ’l’nr'nd?‘rijég ?é(’:)aé[%alv.)k/’s t’ wsétglﬁgifrgr%ﬁ?rﬁglevdfmm 0.1
to 643, Brsrat) Pechrpysebred ke Hing fistilson cotumn.

preferably from0.1 to 60 vol% based on .the emty,..
collhere arame particalar ymlnt%\t)n%rpf&éhenmetﬁ?ﬁe?ﬂga@“uws!y

no particular limtations on the nethod of )
feedingttheuoyeliy casbeinaiet ard dhel alipbatisomanohidrieicohol into

al i phati c nonohydric al cohol into the continuous
the crmlhtihystmgmt.dtisssidgadiimllaﬁbnmnlumnrktdmatitugintgw&e reactive
disti;IZ?i(;tr{ \éce;lumn 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 ca‘talyst in a region of at least 5
stages, preferably at least 7 stages, more preferably at least 10 stages,
of the distiliation column A. That is, the cyélic carbonate and the
aliphatic monohydric alcohot can be continuously fed in from a required
number of inlets in stages of the continuous multi-stage distillation
column A satisfying the conditions described earlier. Moreover, the
cyclic carbonate and the aliphatic monohydric alcohol may be introdgced
into the same stage of the distillation column, or may be introduced into

different stages to one another.

The starting materials may be fed cbntinuously into the distillation
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15 distillation, colum in the present invention; any

feedi ng nethod may be used so long as the cyclic

carbonate and the aliphatic nonohydric alcohol can be

made to contact the catalyst in a region of at least 5

stages, preferably at |east 7 stages, nore preferably
colufin heigsh 1iQuidt BSIeR, in @f%ébeod'ssfbirfﬂ,aéi @8 gohixtaré.of a liquid

That is, the cyclic carbonate and the 20 aliphatic

and ?ggalﬂydgbﬂwéﬂ Wg@é}‘?'f?s;an@?hsoé&hirnklg%'ahﬁ%fﬂsiiﬁtcf KR@ chistillation

urre nunper of inlets in stages of the continuous
o Coti Ll At . . _
colufifl A S WRYEHt 15, i ProfitatR 16 3ahitRoNally (68 in o
car bopat.e and fhe_aliphatj.c nohydri.c al coho
gasqals Seing MateltehuBERUERIRLSDEe g SV traff Yn8Tower
colum, or. rmly be introduced into 25 different Eeta%?s
portion ghihafiskiatiorhsolymn Ang Marepyarsapginecpratpravle
continuously into the distillation 30 colum Ain a L
methadjis @raimwhichatheicyelic catgnate is cantintauslydediin a liquid
liquid and a gas. Other than feeding the starting
formnat ergabd liguia niizedi &trim lintd anstags ofitha distilldétiomeplumn A
it is also preferable to additionally feed in a

abo @2 Hee Wtaged i Whiohithe eatdIpseigipreeanity and the aliphatic
continuously fromthe lower 5 portion of the

monSh?HHg; gldsHorcRy Haﬂtiﬁuomw%ﬁrin anpadesuBrierAl ahlde/ or a
nmet ho

I's one in Ich the cyclic carbonate is

liquignﬁgghﬂﬂgt%s{ﬁe {lg%aeirg?grgtleérgﬁfﬁngf 81t} Fdtidhn Eiubnn iagui ﬁ. this

rmin 'ation col um

ahpve the stages i,n which.the t al vst. i .. and
case; 1BESeYPfica Bohatg A B EPEek) Chrtdin el ABRERY

in a gaseous formand / or a 10 liquid forminto the
monPB\KHF’%pBN‘?%Lof the distillation colum A In this

case, the cyclic carbonate may of course contain the ,

al inibei presenbiyentionl thadstariingtmatpriadefed in may contain

invention, the starting materials fed in may contain
the product dialkyl carbonate and / or diol. The content thereof is, for
the dialkyl carbonate, generally in a range of from 0 to 40 % by weight,
preferably from 0 to 30 % by weight, more preferably from 0 to 20 % by
weight, in terms of the percentage by mass 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 O to 7 %
by weight, more preferably 0 to 5 % by weight, in terms of the percentage
by weight of the diol in the cyclic carbonate / diol mixture.

‘When carrying out the present reaction industfially, besides fresh

cyclic carbonate and / or aliphatic monohydric alcohol newly introduced
into the reaction system, material having the cyclic carbonate and / or

the aliphatic monohydric alcohol as a main componenf thereof recovered

from this process and / or ancther process can aiso be preferably used
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t he product dial kyl carbonate and / or diol. The
content thereof is, for 15 the dialkyl carbonate,
generally in a range of fromO to 40 % by wei ght,
preferably fromO to 30 % by wei ght, nore preferably
fromO to 20 % by weight, interrrs of the percentage

for th¥ §l%?§ p m Sru%'l?' Ky{ |§?Lﬂ$€ﬁ hf‘ cH&?ac?ét‘;Qhétfb‘éture of the

di a car onat e mxture,

, [ | r
pres?:@to}nwn&gngﬁét b‘pg gr@é’% bget A /%1 (%ﬁ%ﬁ&fg of! é?ﬁt%etngprocess
rably 5. % by wejght, i.n ter 0
is a BEpeans ABewRiSs aray! SArbABaY IF l?’r?“[%‘i%‘?m the dialkyl
carbonate / diol mxture. Wien carryi ng out
carbpnaderand @ataur@matmmmpavﬂyoxnégraeg%nﬁestha aljiphatic
carbonate and / or aliphatic nonohydric al cohol newy
monnhydomjahrbhmlnbelngw@yr-pmﬁuoadsp\sﬂ‘umprma andrggauered.
the cyclic carbonate and | or 25 the aliphatic

The mesohwpdsd bylprobacezsabphatic monomedtictdieohol generally often
recovered fromthis process and / or another process

contafis @héQ:h@PkW SaRiGhate, ltﬁ%dar&fhaftm ndwolydréxyngompound, an
mat eri al s. is an excel l ent characteristic feature

alkygégghp thd¥ Sﬁ@”%%'cm’eé‘ﬁd YRal s BbAtain 8REl Bh@otﬂ]ﬁ{k of an

of "ano process 1S a pProcess In

s AL PRI o
e e R e T

al i phati c nonohydric al cohol eneral%% of ten Ft?{ns
the prasentainyantieRberdray hessahRs: 2 St %ayaﬁswa after the
conmpound, an alkyl aryl ether and so on, and may al so
amouohtcfi containe damalerial dtaving alhighesrhoiliog peink than phe
di aryl carbonate and so on. The by-produced 10
alipt#ii@mab hohyanixh gt dlvolbhas Hnd e cheead ddraisgh distillation or the
starting material in the present invention, or may be
like.used as a starting material after the anount of
contai ned material having a higher boiling point than

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

carbonate and the aliphatic monohydric alcohol fed into the reactive

~distillation column A 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
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al i phati c nonohydric al cohol has been reduced through

distillation or the like. 15 A cyclic carbonate

preferably used in the present invention is one

produced through reaction between, for exanple, an

al kyl ene oxi de such as ethylene oxide, propyl ene _
carboxiade conwsénsiengitoisi prefandbtartbdeedi oxthie;aliphatycimenohydric

carbonate contai ning small amounts of such starting

alcoRB! o izt exEeBBWMAE |dst Daimlsethiyubsbesed molsiof the cyclic
starting material in the present 20 invention. In the

carbgbgilﬁgt H SWERErOfF aﬁdértﬁhb%tlbﬁtt‘ﬁ%eﬁlibh%tﬁffmﬂlﬁéh?&ribf@llcohol

carbonat e an e al 1 phati c nonohydric al coho

ed.into the i istillatij _ [
usod B 108 g tc bR [ Boshry bk PhY BbduiiAlidtarger. For
transesterification c | yst. and. t he reacti.on
such iRsens e moyar 5ag o e ligTstic, Mo gREHH B aiqanol to the
nmonohydric al cohol to the cyclic f?r bon teécig inis ferabl
cycligeparitengte is Rretargblyiinig sangeoat {OMobeO 14 tediorpopreierably
i ncrease the cyclic 32 carbonate conversion, it is
fromp3 dbet ablyet mofepdeferaty fipnphata & 2ronousthergore, if much

al cohol in an excess of at least 2 tines the nunber of

unreagtedofydlitecayisbhate canbainat ¢herothey enreatted cyodimcarbonate
of the aliphatic nonohydric alcohol wused is too

may Felt withahe proGubeapsisey byt pradkee diRyampas Auch as a dimer
| arger. For 5 such reasons, a nolar ratio of the

or a Hindtdid i ith e £80 Ut ihAustAal @mgléﬁwm@bmrﬁtw is
f f 2to 2

is preferably in a range o rom , nhore

pref 1S ALy fouhy o ey BBE o G/ Afph/oAIB Fomaining
os iR RRCER=HR o ERebESAHORF S e BHBhEuBRtH Bon i

ol i goners such as a dinmer 10 or, a trimer, and _hence in
the apavedJgela ratﬁau§m¢tamqr@ptmﬂt0ath3'&q9vpl'°i%afbonate

preferable to reduce the anount of unreacted cyclic
convelshoman benmiadengo be not less than 98%, preferably not less

than 99%, more preferably not less than 99.9%. This is another
characteristic feature of the present invention.
In the preseht invention, preferably not less than approximately 1

ton / hr of a high boiling point reaction mixture Ag containing the diol is

| continuously produced in the reactive distillation column A, this being fed

into a continuous multi-stage distillation column C, so as to produce not
less than approximately 1 ton / hr of the dicl substantially not contaihing

material having a lower boiling point than that of the diol as a column

" bottom component Cg; the minimum amount of the cyclic carbonate

continuously fed in to achieve this is generally 1.55 P ton / hr, preferably -

1.5 P ton / hr, more preferably 1.45 P ton / hr, based on the amount P

~ (ton ! hr) of the diol to be produced. In a yet more preferable case, this
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as nmuch as possible. In the process of the present
invention, even if the above nolar ratio is not nore
than 10, the cyclic carbonate conversion can be made
to be not less than 98% preferably not |ess 15 than
99% nore preferably not less than 99.9% This is
amdift 887 b HE@E BB & 1S sTtABNUY U DP tdwe /Mresent
Invention. In the present invention, preferably not
l e ' T i i ol 193
por TrePE BeBHe B Fa MiitaiPob o ¢Rp Corifflopg! mutd-stage
. ti nuousl roduced in th eact] v i sLi:l\Latio :
dist e SR BB Ty it 0% hESSAclvg bl aBorBrocess in
mul ti-stage distillation colum C, sg as to produce
the REeseNE davemiAna Bt dheaR BT IpUDUSOiYlting tagre ahasfigBn column A
. substantiallg not containing material having a | ower
is prefierably poienthathenables net emly dissillation bad| akse reaction to be
bott om conponent CB; the m ni nrum anmount of the cyclic
carried ortaa ethe same timsl yo fasito e able ho produde preferably not
generally 1.55 Pton / hr, preferably 25 1.5 P ton /

lesdthandr.§ tehef AF AT thel didiky! canbbonbte dradied prefehably not less
amount P (ton / hr) of the diol to be produced. In a

than%(gt tbngF RS eiHe %?éaﬁst“é’él . fdrha profengaaYseriéanobeinigde

ess than 1.43 P ton / hr. Thére are no

ar i b Limtali he: ti . .

G <1 i, Eresby HaRitbrEine dich iR prtilitnd ey’ talingdhe oyclic

distillation process. i re ' ' .
cartgiate, APt T, SATE . aneRinBe dRha HE aftihg Mbterials,

r ef er abl ne that enabl t, only distillati but
confrhieDhstodi ais SHPerBatBlieM M LR AR Ru8:

as to be able to produce preferably not Jess than 1.5 ,
multicsiagendisdillatien aluryn At Marghethngatalyst ds pragent, carrying

not less than 1 ton / hr of the diol stably for a
out peattivgedispitliatioh of theneolumn thecpntisasusinwethdoawing a low

the diol is produced by taking the cyclic 10
boilirey boiat peacdohhaixiurehat icontaitihygda iproalussidiatkkyl carbonate

starting materials,
and the aliphatic monohydric alcohol from an upper portion of the column
A in a gaseous form, continuously withdrawing a high boiii'ng point
reaction mixture Ag contaihing a produced diol from a lower portion of the
column A in a liquid for'm, continuously feeding the high boiling point

reaction mixture Ap into a continuous multi-stage distiflation column C,

continuously obtaining material having a lower boiling point than that of

the diol contained in the high boiling point reaction mixture Apg as a

column top component Cy and / or a side cut compbnent Cs, and
continuously obtaining the diol substantially not containing the material
héving a lower boiling point than that of the diol. The continuous
multi-stage distillation column C must thus have a function of enabling

the material having a lower boiling peint than that of the diol contained in
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continuously feeding the starting materials into the
continuous nulti-stage distillation colum A in which
the catalyst is present, carrying out reactive
distillation in the colum A continuously w thdraw ng
a low boiling point reaction m xture AT containing a

the Wﬁﬁgﬁg FQMW e |Bﬁ”ﬁﬁ>€tu]r5 Aot b6 ram V@distficiently as the

al co rom an upper portion of the colum
cotufy fof AERRHRS: tenzaﬁfﬁrﬁk«%rsl%swyz%éhw Sisthe

oro B SUER b AL Ry bR cBATA g =

point reaction mxture AB into a contin
speditipe stepglerainaving 4bis Aurelianm and ﬁd‘%?ﬁqmaﬁmvefed that
obtai ning material having a |ower boiling point than
by usig thfs apparatus, ihenobjeedof themyeasest ipyentin sgnmbe
reaction m xture AB as a columm top conponent CT and
attaihear, a side cut conponent Cs, and continuously
obt ai ning the diol substantially not containing the

natfid dligh Rviling polMmvesadiddh imixtneé Kg triean combirot trace to a
the diol. The continuous 25 nulti-stage distillation

smaﬁ%ﬂ%r‘@ cff‘éﬁréé‘é‘l%d1mg8lfé darboridts, of [refnBl tage, ithie

materia aving a boil'ing point than that of the

pref%él%lecfg‘h%ﬁ%hﬂch%att?%@ Uhradlcks8% Ld”l:a ﬁﬁ%%é’rﬂs

X1 ur e € renove icirently a

t,op,.C on nt CT or t X
substRBt3FE88Brertafih shephe raﬂtiﬁﬂé&@?ﬁ?ﬁ?ﬁ%ﬁmm the

distillatjon appar.at shaV|n pecfl Sstrugt.ure
contiip g ot StaEB G iSHTIBIRD COTHRD Been TaiaGRONSCHiENL: IS

6 by using this a? paratus, the object of the present
preferakiet ioadsha spailaamaiundiof wateniigto E)laemcn@tlaupﬁﬁ multi-stage

reaction mxture As may contain a trace to a snall
distilationt cofuranr @asx ¢hat yoki unadedacyclic carbonatasis, converted

is preferable to make it such that such unreacted

into elveldiel eBrdoghtieydr®lysis, and/or devise the continuous multi-stage

distillation column C such that the unreacted cyclic carbonate is reacted

with the dioi and thus converted into a dialkylene glycol or the like (e.qg.

for a temperature and residence time required for this reaction to.
proceed to completion to be secured, for back mixing of the column
boitom component to bé reduced, etc.). As a result, it can be made to
be such that there is substantially no unreacted cyclic carbonate in the
column bottom component Cg from the continuous muiti-stage distillation
column C, this being preferable when carrying out the present invention.
Note that the term “substantially not containing” used in the |
present ‘invention means that the content is not more than 50 ppm,
preferably not more than 10 ppm, more preferably not more than 5 ppm.

To attain the above object, the continuous multi-stage distillation
35 '
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10 substantially not present in the columm bottom

conponent CB fromthe continuous nulti-stage

distillation colum C. To achieve this, it is

preferable to add a small anmount of water into the

continuous multi-stage distillation colum C so that
colunie Clussat iredheywidsentdanvemiion musibbeemadsd to sBimultaneously

di ol through hydrolysis, and/or devise the continuous
satishy VarisuaddeoAditibiss.i | I ation col um C such that the

unreacted cyclic carbonate is reacted with the dio

an ; el 4 (oF Y, ;

ISP iy AnkConlihBols WS e ARG cdlfimn C must

egui .for this reaction to, proceed to conpletion
be a{so&ﬂ!ac;@gtured, for back m xing of the colum bottom

co nt to,be reduced, etc.),. ./ result, it can be
a9 S,80BtRGeUs M- siase tistTafoncaliimn £ comprises a
. unreacted cyclic carbonate in the colum bottom
distitigtisheriump coBRrsiagcafiripring sectiondiayjeg a length Ly (cm),
distillation colum C, this being preferable when
an igsidey dimmeder the(gmeand annirdarnahwitinat runthear ofistages ny
term "substantially not containing"” used in the
therpireside! and ani ennichibaest skationmhaving entengthnbs (onT)e an inside
than 50 ppm 25 preferably not nore than 10 ppm nore
dianpétfreD alfeyh )nahdré entardal wiRRna nutaber ofi stalges abanereinside,
obj ect, the continuous nulti-stage distillation 35
I usedi.ng.h ed ¢ [ .
whefe T Buo T v Dpy ) Fhcrausty’ 816 (Blloif RAn4s ) to (9):
Specific . | he i nuous nulti-sta distillation
col um CaéngégtS Lbes §§6Pol | ows: 6 (a) thgﬁaonti nuous
mul ti - st distillation colum C conprj.ses a
distill ataﬁﬁ bél%r?ﬁﬁtonpri sing a stri ppd%jg section
having a length L, (¢cm, an inside diameter D, (cm
and an i nt & kot B 8@ nunber of stages(H,
t herei nsi de, and an enrichnment section having a | ength
L2 (cm), s nnsi 3@

1000 < L2 < 5000 (5)
50 < D> < 500 (6)
10 <L,/ D2 <50 (7)
20 < np <100 (8) and
Da<Dy | (9%

(b) the enrichment section of the continuous muiti-stage
distillation column C has at least one chimney tray installed therein as
the internal, the chimney tray having installed therein one or more
chimneys each having an opening having a cross-sectional area S (cm?)
satisfying the formula (10):

200 < S < 1000 (10),

and each of the chimneys being such that a height h (cm) from the
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di aneter D2 (cn) and an internal with a nunber of
stages n2 thereinside, 10 wherein Li, D, n,, L2, D2,
and n2 satisfy the following formulae (1) to (9):
3005L, 53000 (1) 50 5 b, 5 700 (2) 35L,/D,530 (3) 35
n, 530 (4) 15 1000 5 L2:5 5000 (5) 50 5 D2 5 500 (6)

openifglef (RS Thitmhey & aSgasd dutléd of heachimmey Sadisfies the
20 (b) the enrichnment section of the continuous
W4 trqq§tage distillation colum C has at | east one
formcwh%“‘gne?} tray installed therein as the internal, the

chi mey e 3% Ilg%vhag installed therein (eq1¢);0éngore

chi meys €ach HWaving an openi ng havi ng'a

cross-sectional S i styin :

(1657 888,808 outlct g e (1B ted 1o Ll S foc fi it tion of

ei ng such t a hej,ght h (cn). fromthe. 36 openin

the chimifey draw e, iheccan AYOud: MilllisHadm dislitgign Caluh C.

satisfies the fornula gll): 10 :5 h s80 (11); and (c)

a 4t bascheendisgpvpsed dRAd e Hsing $UGhyai @PRUNUBES| ng

portion of 6 the chimey tray of the continuous
multivstage distifl aficst columno, etalumae. bottomsarepanent Ce

di scovered that by using such a continuous
substhtialiyt g€ cdintainihgtmateral lvavifg a loweurboitiogt point than

conponent CB ‘
that of the diol can be produced on an industrial scale of not less than 1
ton / hr, preferably not tess than 2 tons ! hr, more preferabiy not less
than 3 tons / hr, stably for a prolonged period of time of, for example, not
less than 1000 hours, preferably not less than 3000 hours, more
preferably not less than 5000 hours, from a large amount of the high
boiling point reaction mixture Ag which has been produced through a
reactive distillation process between the cyclic carbonate and the
aliphatic monohydric alcohol. The reason why it has become possible to
separate out and purify the diol on an industrial scale with such excellent
effects by implementing the process according to 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 (11) are combined.

Preferable ranges for the respective factors are described below.
if Ly (cm) is less than 300, then the separation efficiency for the

stripping section decreases, and hence the desired separation efficiency
cannot be attained. Moreover, to keep down the equipment cost while

securing the desired separation efficiency, Ly must be made to be not

more than 3000. Furthermore, if L4y is greater than 3000, then the
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substantially not containing material having a | ower
boiling point than that of the diol can be produced
on an industrial scale of not Iess than 1 10 ton / hr,
preferably not less than 2 tons / hr, nore preferably
not less than 3 tons / hr, stably for a prol onged

presieibodifrehic® ?fweéﬁrth@(f’dﬁ?'ﬁd g%‘ltorhﬁfstﬁd‘%ltlﬁﬁ'pbecomes

hours, preterably not Tess than 3000 hours, nore

ef.er t .S bl .

too it helle, pERRridIT sRgBle, pErAtiohl 8kBl¢¥ Htticylt, and
whi ch,has been produced through a 15 reactive .

morgpusl it BBPaMaR Deces sty adeiAase, the FotnarAture in the lower
the _aliphatic nonohydric al cohol. The reason wh i}

portiggs obdbgreolyerri Bnd hencecysieateactiena P GRINe Uaglﬁa 0 occur.
diol on an industrial scale with such excell ent

A merfd preferablemangaefot hg (che) ¥ 506ss lacsRAPAgwith BRO < L1 <
present invention is not clear, but this i.s supposed

1500 bdingdyet more prafievable. ef fect brought 20 about when
the conditions of the fornmulae (1) to (11) are

conpipnegem) Ps 9bes ahlad SeNgRENTiels e pessidteitecattain the
factors are described below. If Li (cnm) is less than

desiﬁ@@*di&ﬂﬁ%tﬂ?ﬁea?ﬁé’@ﬁﬁ“ vt 28 RedPdovwie tht'éqiiptEent cost

ection decreases, and hence the desired separation
aef fic AR : i oyer
whit§ 81 B3 LR LI BR M m st 86 30a8' be ot
separatjqn efficienc Li, .must_ be .nmm 0 _be re
morg {BANS 608 FUREs RpEeranS fangs SPELelcRdn HhenDi s 500
_then the 37 pressure difference between the top and
with| 9@ (ﬁrpdfﬁl‘mﬁ OISy HAFESPTeT85aBI®at , and hence
prol onged stabl e operation becones difficult, and
morB by e DirtisHessrtam et gaegtevthar i dbhamprolonged stable
tenperature in the lower portion of the colum, and
opeativre b cbmesadifficok. bek oneré ipgbferaeoange for Anbba is 4 <
preferable range for L, (cm is 500 5 L, s 2000, with
L 7/ BQ0< 20 with 5590, beDp%k WS bapig ytahereépreferable.

If ny is less than 3, then the separation efficiency for the stripping
section decreases and hence the desired separation efficiency cannot be
attained. Moreover, to keep down the equipment cost while securing the
desired separation efficiency, ny must be made to be not more than 30.
Furthermore, if ny is greater than 30, then the pressure difference
between the top and bottom of the column becomes too great, and hence
prolonged stable operation becomes difficult, and moreover it becomes
necessary to increase the temperature in the lower portion of the column,
and hence side reactions become liable to occur. A more preferabie
range for ny is 5 < ny < 20, with 6 < nqy < 15 being yet more preferable.

If L2 (cm) is less than 1000, then the separation efficiency for the

enrichment section decreases, and hence the desired separation
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If DO (cm is less than 50, then it is not possible to
attain the desired distillation anount. Moreover, to
keep down the equi pment cost while attaining the
desired distillation amount, D, nust be nade to be not
10 nore than 700. A nore preferable range for D, (cm

effididnéf ca B@OQtta rY\é&h mgrfové} to. k48P dWWRAhEbquipment

nmore’pre era l'ess than 3 or greater

I 0

cost, (e SpetiPify B %38 ?ébﬂ@f%sw?ﬁs fibtefiey; T RSt po made to
L,. D < 2 | th.5 L1/D|515be| et

be mteraier ppdt." nEirherbdars i s pRERtE fEn BYTD, then the
separation efficiency for the stripping ect |

presRR-aUta e RatWBam st adlom PBihequ'ymaﬁcomes
cannot be attained. Mreover, to keep down th

too gieabnend henee wrolenged stalde waperation .b@a:ogesar@tffl@wt
efficiency, nl nust be nade to be not nore than 30.

MorEoveheitripeeomds necessargdpeincroaseldhe témparature in the lower
pressure difference 20 between the top and bottom of

portidve ofaheroohenpiemd eerweeside radctionseheponieiliaghde to occur.
st abl e operation becones difficult, and noreover it

t t
A mB?&ﬁeréﬁ@F&ﬁé& fof 1aARs8 18170 LD FHBS Wh!4T00 < L, <

ortion of "'the co hénce “si de reactions

3508%%&%9%&& ?,nggrlgblﬁA nor e preferabl e range for

ni <_ 15 being yet nore

223&?&? PhinBness ﬁw‘?ﬁ thée i35 nef RoksHde fq BRdiRtne
des'@ep. |Gl AAEEUBE alarsRter g Eoeeovh s gauiament cost
equi pnent cost while securing the desired
whllge@%tamm@ntltq desiesd distilahioe: apwuntddz Musbaonags to be not
t han 5000. Furthernore, if L2 is greater than 5000,

moreHéan BOO. pr Asvore m1effeeabiecealbgevﬁeer[)§ lhemt)ois a@d< D, < 400,
bottom of the colum becones 5 too great, and hence

withp80loged I aingrestiiore pesfaradle fficult.
If Lo / D2 is less than 10 or greater than 50, then prolonged stable
operation becomes difficult. A more preferable range for L2/ D2 is 15 <

Lo/ D2 £ 40, with 20 < L, / D2 £ 35 being yet more preferable.

If n2 is less than 20, then the separation efficiency for the

~enrichment section decreases and hence the desired separation

efficiency cannot be attained. Moreover, to keep down the equipment

cost while securing the desired separation efficiency, n, must be made to

_be not more than 100. Furthermore, if ny is greater than 100, 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.
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Moreover, it beconmes necessary to increase the
tenperature in the lower portion of the colum, and
hence side reactions becone liable to occur. A nore
preferable range for L2 (cnm is 1500 s 1-2:5 4000,
with 2000 5 L2 5 3500 being yet nore preferable. 10

A mbfe Preferbliesramge fohan 3030tdhen < 90, switht4Passpld 80t being
attain the desired distillation anount. Mreover, to

yet kffe graverhbfe A NSIEHalCRPthe Wrekenttihdbntion, tateleast one
desired distillation anount, must be nmade to be not

. " I | f r . L
chinfBeg {37 Inggh o ISRRsE B R s ianingpoRicfchntthe
r ef - S Al es 0 I
nurfef S8R G el otemisor e B e Bofdgor the
ifficult. A nore preferable. ran for, L2 / D2 is 15 s
conflpuplg;multizafads dfF iRtSR SolBRTE 58 tha ategknt fantfon,
referable. If n2 is |less than 20, then the separation
preferablf Bzcy Bor the enrichnment section decreases and
hence the desired separation 20 efficiency cannot be
at turbermmnee dnethe casedhatdbenhigie bedingrgeint regstion
whil e securing the desired separation efficiency, n2

mixturetApdeduadtotthe bentinuous multiastal® distillationneoleymin fC
n2 is greater than 100, then the pressure difference

confRhBeLRMA® £rabual bfoghfsueteld b?@ti@@&rﬁmr@ep%& pteferable
great, and hence prol onged stabl e operation becones

for i&’itéfﬂél&éviﬁgété\@éﬁ%ﬂ vthb?uﬁr%ﬁé&flag mgfeﬁéi%rboh%te is made to

I ncrease t emperature in the portion of the
una§Ekl TBachh I o BFLP Ui BRI, 4518y nsjapialy
no a7 BBeRoPReg A Ko iAo BTEY REELAR Brrtihe
companaieCsnurbeot Ngl kst a Piaferab g e taBatiat e present
inve%tt)ioovne,' a'\;/:blLsgl\;g (n; %Eaégg) of trays K are further provided in a lower
portion of the internals in a lowermost portion of the stripping section
which is in the lower portion of the continuous multi-stage distillation
column C, some liquid are continﬁously withdrawn from an uppermost
stage of the trays K, and given heat required for distillation and reaction
in a reboiler, and then the heated liquid is returned into the distillation
column C from a feeding port provided between the uppermost stage of
the trays K and the internals in a lowermost portion of the enrichment
section, while a remainder of the liquid is fed into lower trays in order.

By devising the continuous multi-stage distillation column C in this
way, the residence time of liquid in the lower portion of the column can

be increased. Moreover, by making a diameter D3 of the column at and

below the stages where the trays K are present be greater than the
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6 continuous multi-stage distillation colum C of the

present invention, preferably D2 s Di. Furthernore,

in the case that the high boiling point reaction

m xture A3 fed into the continuous nulti-stage

distillation colum C contains a small anount of
diameteraby axf theckncictanbnhaeetian (Ds 9D pthélambont @f liquid

to be devised such that the unreacted cyclic carbonate

held GanHsie ihereadsle z0m heddd the resikldmyetimaréamwbedindreased,
colum, so that substantially no unreacted cyclic

g : Lo :
andAAUS R AR RRGH tllol BN 0 WrtAred” FUTRRsAfiore. by
t ol ' ral, i f
maiBiG R, coMEHa R, Aot 1 Fyat beyibiva) ARG B higHiokt one of
jnterpals in a |l owernpst,.portion of the strlppi
the LZyE Knbagk mixing B BRI GOl faf i pofteR dthe column
onti nuous nul ti-stage di ?ti [1ation .co%umﬂ C, sone )
can egareventedonAnadesut of tharakaver iintee Rigranisvention,
st_a%e of the trays K, and given heat required for .
evenjiigithel easethat@ sewdll iagmounh of yryiesaated, cyelic cashonade is
heated liquid is returned into the distillation 20
contadh adn tite funmaactedecy clic garbopate i chet biecroreted with the diol,
uppernost stage of the trays Kand the internals in a
whidrpvsegmiﬁran?r;b&mmf it elargbi ke®es, apdcthud convsrtad
remai nder of the liquidis fed into [ower trays in
comB!é’@YllﬁYo %eutaﬁrggnaﬁéé@ge?wg\mygfhﬁh BB point or the like.

distiTlation co e resi dence tinme
£ auid I : '
e THEME e K iy bRUSRYAPS OF iy, 55, SR SR e Says furl
I ..and_hel t the t
the (g dReElin2r aBuB" mline il 7S ot dRetia aficphip vofden
i ch t t Di < D3),,th t of liquid .

por NGB abE SAISREBS vl Fobs s HEY BLBREEo A dan

be increased, and thus a sufficient reaction tinme can
prefgeabl@, ths; hatfle tray eingreartiguiarly preferable. In the case of

the sieve tray or the baffle tray, a weir is preferably provided, it
preferably being made to be such that liquid overflowing the weir
continuously falls down from a downcomer portion into lower stage trays.
In this case, the weir height is preferably in a range of from 4 to 30 cm,
more preferably from 6 to 20 cm, yet more preferably from 8 to 15 cm.

In the case of the baffle tray, a simple tray in which the weir is the baffle
is particularly preferable.

A preferablie range for D3 is 1.2D41 < D3 < 5D+, more preferably

- 1.5Dy < D3 < 4D,, yet more preferably 1.7D4¢ < D3 < 3Ds.

Moreover, nz is not less than 2, a preferable range for n3 being 3 <
na < 20, more preferably 4 < n3 < 15, yet more preferably 5<ns < 10.

The chimney tray installed in the enrichment section of the
41
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maki ng the colum bottomliquid | evel be | ower than

the | owernost one of 5 the trays K, back m xing of the

liquid in the lower portion of the colum can be

prevented. As a result of the above, in the present

invention, even in the case that a small anount of
contimueastmaltissthge distitatiire ciodumeroGt hasgerovited therein at least

unreacted cyclic carbonate can be reacted with the

one @rﬁh}ne%ﬁb@'&h' SaditRE Al biyeRIMS HYvihg # cros9sséienal area S
and thus converted 10 conpletely into a dlalkylene

(cm?'rlﬁ;g*%'b?}é’éhg%fatﬂa BayPO01 Mdte RN @ﬁm‘n‘?@ dﬂﬁer is' BPeferably

y be an pe o trays o) Iong
instdjjé o %‘fgbbsateﬂo%a* Boref BaEh 8F g M n% e tfi§ fimney
cover f | ve tray or a baffle tr ){ t eferablﬁ or
G atdys ai oiprin A Rashpds coreapaen ek fis P W

case of 15 the sieve tray or the haffle t i
stages HewiegAidpways alidae u@pebpm'am (ﬂ%pﬁiiq{gdﬁn@ chimney,
be such that liquid overflowing the weir conti nuousI?/
and maereovempldys e eolaomnpoaeentiogt a diquidteompwstent: that falls
trays. In this case, the weir height is preferablyln

down franpepplerfstages fronsFatiing dowe direcHy dbty thedowsit stages.
20 cm yet nore preferably from8 to 15 cm 20 In the

casghelerbBe-swétio ®al ER¥peiof oddreof the dHimWeyd mag be any of
weir is the baffle is particularly preferable. A

trian&uﬂ%ﬁr §§P§ré aBBgiﬁ@ﬁ%eP:’clféuPa 2@%1[?“93! <sia5f§'haﬁ665br the like,

erera nor e prefera

but %}sz r%?ﬁaﬁenggif%%ﬁ%’r\égﬁﬁggs égé‘f%%ab?églswn ?dlor%over, for
eaC'%?ftﬁ%ﬁlgﬁ ininkey ths yosscaRBRaT shans Bl Srdaipay vary from
o G s A e HERRES L b B

each having an opening having a cross-sectional area S
constant since then manufacture is simple and inexpensive. Moreover,

the at least two chimneys may have different shapes to one another, but
preferably have the same shape as one another.

In the present invention, the cross-sectional area S (cm?) of the
opening (the part of the chimney having the smallest cross section) of
each of the chimneys connected to the chimney tray must satisfy the
formula (10):

200 < S <1000 (10).
If S is less than 200, theh a large number of chimneys are

required to attain a predetermined production amount, and hence the |

'equipment cost becomes high. If S is greater than 1000, then the flow

of gas in the chimney tray stage is prone to becoming ununiform, and

hence prolonged stable operation becomes difficult. A more preferable
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(cnZ) in the plane of the tray. Mreover, a chimey
cover is preferably installed on an upper opening of
each of the chimeys. This chimey 6 cover plays a
role in a gaseous conponent that rises up from/|l ower
stages flow ng sideways at the upper opening (gas

rangeufdres )(ci?)tize300i ey, 80BN Wit UV erS pt 20O beimy gyatrmore
preventing a liquid conponent that falls down from

preféidifib, stages fromfalling down directly into the | ower
stages. The cross-sectional shape of each of the

ChiMWFQ’%é,P?XhB%?i%tqgl(Fﬂ@tIi‘r@grf?ﬁg'to;e_gh 8f @ach of the

pol'ygon clircu ed or the

. like, ut a squ hape or kreul [
chimpiasfecfofiiy dre deal & iRFe et S16H Goodh BRBRggt the
. the cross-sectional shape . and area nay, v from an
chimagierobihat ShimBeY mEstsasiryithie e Chikmey. but
is preferably constant since then manufacture is
si npl e afl® sriexp8Asi ve. Moreover, 15 tkd&Tht |east two
chi meys may have different shapes to one another, but

pr 8her ahimnieyvirayhesedria thieapessanbinvantiongeneralihhas
present invention, the cross-sectional area S (cnZ) of

instdlfd tle@ssinng dowecomdr portiba fohigtteyinmihadiguied component
smal | est cross section) of each of the chi meys

to fafioHaeF Aflot IBwWeEs fdY ¥ eXntr & YwaltFor Irdidsiy theeligQid
ormula (10): 200 < S <_ 1000 (10). If Si1s less than

)
comé@ﬁepi.heﬁ'l'?e 'h%rigﬁt BY %rw%grugtak%%l\ésoﬁrﬁ, bﬁFﬂé‘irgéWeﬁa‘?ly set to

aln a predetermned pro on ‘anount, and Hence
h . : . .
approgipatetl. B 2o S e P adkedipit) Fhds fe¥than 10,
men i PSR S A e BacBFRSS s ane
preferable 42 range for S (cnR) is 300 s S.s 800, e L
hencg proliymed stabimopasatipry becepres difficult. Moreover, if his

greater than 80, then the amount of liquid held increases, and hence the
strength of the equipment must be increased, and thus the equipment
cost becomes high, and moreover the residence time of the purified diol
in the column increases, which is undesirable. A more preferable range
for h (cm) is 15 < h £ 60, with 20 < h < 50 being yet more preferable. ,
An aperture ratio (the ratio of the total cross-sectional area of the
openings in the chimneys to the area of the chimney tray including the
total cross-sectional area of the openings) of the chimney tray is
preferably in a range of from 10 to 40%. If the aperture ratio is less
than 10%, then prolonged stable operation becomes difficuit. Moreover,
if the aperture ratio is greater than 40%, then the number of chimneys
must be increased, or each of the chimneys must be made higher, and in

either case the equipment cost becomes high. A more preferable range
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preferable. Mreover, the height h (cm fromthe
openi ng of each of the chimeys to the gas outlet (a
| oner end of the upper opening of the 5 chinmmey) of
that chimey nust satisfy the formula (11): 105h580
(11). The chimmey tray used in the present invention
for tber@paltuye hatio i9Badd 86% haith n5atal 30K deingppet nuore
for allowing the liquid conponent to fall down into
preféfaSle stages, and a weir for holding the liquid lo
conmponent. The height of the weir depends on h, but is
ge II X I 3tt ;
h_r'@otﬂ %ré c{nntt &v{rﬂﬁéﬁ {HE R |tlé o‘l}bé%h‘imde‘iﬁﬁréﬂ“%“mstaued

nseguen is |ess

i th%"%”ﬂﬁ@ﬂ&%ﬂk?épﬁﬁ AF EPEHtPBeaﬁsrst%a%@%@ﬁe%%ﬁg o the
colufirt bifhaiovothe tga of Hie Folierdaettie muliatese distiiation

strength of the_ equi pnment nust be increased, and thus
colupte Cocan@ i fraction hayiogras shmgin eompeanent, terens
residence tine of the purified diol in the colum
interinedidedsoiling point matéek!irkavieg A lower boding ggist than that
range for h (cm is 15 < h s 60, with 20 < h <_ 50
of theeditd tyet armigharisbidirgbpeint’thamehatiof thet ahphéhm monohydric
ratio of the total cross-sectional area of the 20

alcoRBPMY &%tiﬁudﬁlﬂg%tﬁwwﬁ frdrighe’ SRiebut feutedt Whedh is
© tray including total cross-sectional area of the

conr%lﬁ@'d”@il?é?fbétf cﬁlﬂyﬁbﬁecﬂh f 56RO dftrd chimney

ran rom e aper ure ratio Is

oy PR iﬂi’fiﬂ5?@5&?“8%%%’5@{%&9%&% a2ty §%C§’V§f°era?‘°fe f

requ'rﬁéf eti@fl aenesalli 9S: natemisiABR e T ChdhgsaBImney tray is

and in either case the equi pnent cost becormes
mstq{]qﬂ] ma\ym at @y epsHienanifie epgichment section, but is

preferably a stage that is at least 3 stages from the bottom of the stages

in the enrichment section and at least 10 stages from the top of the

~ stages in the enrichment section, more preferably a stage that is at least

4 stages from the bottom of the stages in the enrichment section and at
least 15 stages from the top of the stages in the enrichment section, yet
more preferably a stage that is at least 5 stages from the bottom of the
stages in the enrichment section and at least 4 stages from the top of the
stages in the enrichment section..

The continuous multi-stage distillation column C of the present :
invention preferably comprises a distillation column having trays and/or
packings as internals in each of the stripping section and the enrichment
section. The term “internal” used in the present invention means a part

in the distillation column where gas and liquid are actually brought into
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the retecainmi otharnef stagestindhe casetel pR

for the aperture ratio is 13 to 35% wth 15 to 30%

being yet nore preferable. In the present invention,

the at |least one chimey tray is installed in the

enri chnment section (a portion above an inlet for

feeding into the 5 colum but below the top of the
cont@t Uiith dhe tdibtielrt | FiAfp|6é Tfi theatragninctatena bubtdedcap

a fraction having as a mal n conponent thereof

i gt dirale 2PAbb i rg ayaive falyoweEounterflow
tray, 5.?‘?5% fr%&hta @EE'né]tg'ié? é‘gaf $§ trég,l B ﬁi ;

boi 1'i'ng poi the di but a er
way B0cHBRrBY Bhy: A SubBRYelrhlaeRirdd e Ut fow tray. o

.,ouytlet which is 1Q connected to,t at t om of
orid Hlgts 4rab) 8 AL BRgnec e ey, arsitis (R, SR fiRE,, Examples
nunber of chimey trays can be nmade to be two or nore
of the packing iealudrirandoge packings seh as.aRagehig rifg. &
the chimmey tray is installed may be at any position
Lessing tiagerar Peliheimg, sz Berbsadslle, ian Intadex sasidiea asbiyen
that is at least 3 stages fromthe bottom of the
packingges M&Miahdrhpaeking loredelisRak| on stndctureldepackirggs such as
stages fromthe top of the stages in the enrichnent

Mel i@k, @enipdie, PéEhROAPL K aF fddEpact SUlzenpdokings, 4 Goodroll
stages fromthe bottom of the stages in the enrichnent

fict ! i 11 0 f
paclgtﬁg bP@I?t%ﬁ@%gcﬁr ie?ﬁﬁ\u]rﬁ s‘f‘t‘aﬁoﬁt’il‘i’é‘llbh%élﬁ@nﬁ hé\hﬁgl 3oth a

ges in ment se yet nore prefera

' I
tray b BF el h pdriitn SRR W PERIIAGE df P HLSEa,
tages fromthe to f th stages in th ie » ;
Furediare. "Shetalin: fhnthe’ AL tho8YTe oita o1 FOFGEPHEY used in
colum C of the present invention preferabl
the peggent byventipsimMeeas he PYNRAT PJ\Firﬁﬁst‘ng?ySﬁPo?f trays, and
ackings as internals in each of the stripping section
cﬁmgﬁ.nam or nz in the
used in the present invention neans a part in the
casaliofta icloaitiraro ws Innhi-shege djstillatibr cqlumnahaving bathya tray
brought into
portion and a portion packed with packings is thus the sum of the number

of trays and the theoretical number of stages.

In the present invention, the internais in the stripping section of
the continuous multi-stage distillation column C and the internals
excluding the chimney tray in the enrichment section are preferably trays
éndlor packings. Furthermbre, it has been discovered that it is

partibularly preferable if the internals in the stripping section are trays,

~and the internals excluding the chimney tray in the enrichment section
are trays and/or structured packings. Moreover, it has been discovered

-that sieve trays each having a sieve portion and a downcomer portion are

particularly good as the trays in terms of the relationship between

performance and equipment cost. It has also been discovered that each
' 45



10

15

20

26

44 contact with one another. Exanples of the tray

i nclude a bubble-cap tray, a sieve tray, a ripple

tray, a ballast tray, a valve tray, a counterflow

tray, an Unifrax tray, a Superfrac tray, a Maxfrac

tray, a dual flowtray, a grid plate tray, a
sievaittmngpirdferatly Hasy 00atd<1O0E hbtey / mf inithel sieve portion

Exanpl es 5 of the packing include random packi ngs such

the@ofa RASAbBrE prefdratfle hEAWEd0f hdles 3s fedm 1500to 00 holes /
Ber| saddl e, an Intal ox saddle, a D xon packing, a

e YRRy 1t o, o NI 521 IMEFRB0S, it nas
oo, {1 e EPOES Vst SR B Pl gfove tay
AN R A R Ry R

n2 of the internal” used in the resen% i nvention
crowmtt%aln%mﬁpe@fh@,lﬁagssfriomnthé' &aéec'@ .wﬁsyas'r%rmeferably
the theoretical nunber of stages in the case of o
from4&GRi 3 em“or Martharmiese, ihbasdreancbisconesead that it is
mul ti-stage distillation colum having both a tray 15
paripoulsron paete mtderif isachpaiseal tray hasat 50rigs 1RO0t hakes hen? in
sum of the nunber of trays and the theoretical nunber

. the glevé quation théfwofpraaatthe idroest-s808tiohlat darekeperhdléns in a

the stripping section of the continuous nulti-stage

rangé I frbdd i008 teob W2 C and the internals excluding the
chimmey tray in the enrichnent section are preferably

tra / ' . F I Emipl ;
o <5, PR R Yt EHHld Patio O 1 P Cordds-SBRARFEN qrea o the
internals in the stripping section are frays, nd the
holgg et Ira slaide 1 HRESESR Aicine e/ of BRERot I sisive trays
. ..sectio are trays and/or structured packings., ., .
in the fgihment spetioRat esesnbinueus ﬁwitgm@ewwﬁahon
each_having a sieve portion and a _downcomer portion
colump QIsppratiecably iy agemgaLfifiom 2ale 15%: erene prefaiably from
rel ati onshi p between
2.5 to 12%, yet more preferably from 3 to 10%. Moreover, an aperture

ratio (the ratio of the total cross-sectional area of the holes in one tray
stage to the area of the tray) of each of the sieve trays in the enrichment
section of the continuous multi-stage distillation column C is preferably in

a range of from 1.5 to 12%, more preferably from 2 to 11%, yet more

'preferably from 2.5 to 10%. Note that in the present invention, the

chimney tray installed in the enrichment section is counted in the number
of stages, but as described above, the aperture ratio for the chimney tray
is different to the aperture ratio for the sieve trays.

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

continuous multi-stage distillation column C, the bbject of the present

invention can be attained more easily.
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performance and equi pnment cost. It has al so been

di scovered that each 45 sieve tray preferably has 100
to 1000 holes / n2 in the sieve portion thereof. A
nore preferable nunber of holes is from 150 to 900
holes | nR2, yet nore preferably from 200 to 800 hol es

| na. thk.bpﬁ@s/@mt inverition, teendidllod warbehdtbapradeced through
cross-sectional area per hole of each sieve tray 5 is

the Méﬁtﬁf@*&l‘l é’tlIIQtanIr iAge eonltirib s %&ﬁl-@ié@g diétietion column A
preferable cross- sectlonal area per hole is fromo.7

Is ¢ lnwg{r]gmyr éﬁ{hc{ﬁhas een r?b?g :@(gl‘tﬁ]f? Otfan%I eaﬁ]mn in a
oos 5 A AT i AR R EHAR g wi

cross-secti onal r p ole is in
aliphg oo 56hy B Al oTel At Tas cemained uAteRalet @fﬁ me
total cross-sectional area of the holes in ope tr
genenaltebeing nsed i axcesse tMajpoyeretiis mghtmllmgspemt
trays in the enrichnent section of the conti nuous

reactigdrt mixturpeAdi sentadiningthe pnaduced dipk isf epabinuaus!y
range of from2 to 15% nore preferably from 15 2.5

withtipawd%royethedowear poetiahlof theosoBute irD%0ligbidctomm, The
an aperture ratio (the ratio of the total

h.gh%@ﬁﬁrgs%imor@écﬁbﬁ&ngitufrbmwaﬁﬁn nhegidlray a ridige
to the area of the tray) of each of the sieve trays in

comEBﬁe?\‘f fth%?%ﬁpq XOEOHIalF\?e‘i GQBt 45URUSy Wi m%ﬁ%lduai

stillation IS preferably In a ran

oo gt B, SR o SR g ver

small; 37 efint @Rl nnpt Faoli tBan o 2 fE by Bisnfiget lint88cted

stages, but as descrl bed above, the a?ert ure rattjgl for
cyclmeam@mt@y arsdpalljamegutdaanenalin Ret pere thanQd & by
for the sieve trays. It has been shown that by adding

weight odboy-produditsiradngoatlawer boiling point thanthe diol (a
2-alkoxyethanol etc.), and a small amount (generaily not more than 0.4 %
by weight) of by-products having a higher boiling point than the diol (e.g.
a dialkylene glycol) including catalyst.

Material having a lower boiling point than that of the diol (the
aliphatic monchydric alcohol, a trace of the dialkyl carbonate and
by-produced CQ2, low boiling point by-products) and a small amount of

the diol in the high boiling point reaction mixture Ag continuously fed into

the continuous muiti-stage distillation column C are thus continuously

~withdrawn as the column top component Ct and / or the side cut

component Cs, while the diol containing the catalyst and a small amount
of high boiling point by-pfoducts is continuously withdrawn as the column

bottom component Cg. In the present invention, the concentration of the
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25 continuous nulti-stage distillation colum C, the
object of the present invention can be attained nore
easily. 46 In the present invention, the dialkyl
carbonat e produced through the reactive distillation
in the continuous nulti-stage distillation colum A

dioli i GNEbNMARShEt YN RUMPONENR T Ie gamAalBOnbt t8sotthan 95 %
the columm in a gaseous formas the | ow boiling point

by SRRl BBt S M YA BRI grerergbly not
Ies%ﬂ{% @)g }%lg w%@ﬁ?d in excess. Mreover, the high
|

ng poi action mxture As cont ai ni ng the
pr\?\@uced diol is conti nuom's1 |¥ rawn from

CTEBVEIoll e tHOCERSRH % Pgersﬁaﬁuawsmn ﬁﬁé’e"y small
hi gh boi ling point reaction mxture As having the

am oty %nefaig/ BefIRAERtheRe oo gynweight) %Hﬂzﬁﬁﬁ§tq€|!)%y<=|l°

to 45 % by wei ght of residual aliphatic nonohydric
carkgnratfofed anta the agntingods ankiti-stageotistidl|atiov @ojumn C can
smal | amount (generally not nore than 0.2 % by wei ght)
be refactederithetthe djel, ivehicdr isopagsentirs @ldrgemamdunt in the
(generally not nore than 0.4 % by weight) of

confifupusdwcd H-stagendistiliamen dsluMm e P Pﬁrouh@e 4 hilaftkydbne
(a 15 2-al koxyethanol etc.), and a 'sma anount

glyc@@eaﬁﬂaﬁéﬁc@% iSRS a)‘ Qké t%la S FMOBE lm%act%d cyclic

by- product s havi ng [ 1 ng polnt than

carififatel Erés %@%9@%&9% . ?bfﬁb’*y Rr¥PRER 168 MHER. the
cowh@ bt mo EpDanaf SmAantsaly- foas st taly Mo unreacted
cyoliy SArPANBRS THRBHITe ORIy BANBH m Xt ur o As

continuously fed into. the continuous nulti-stage

di ipte shabngeorratly.cwitteaphekjestive afiaiiajning endulinm high

as the colum top conponent CT and / or the side cut

purity diol having a further reduced content of an aldehyde which may be
contained in the diol in trace amount, or an ultra high purity diol having a
high UV transmissivity, it is also preferable to feed a small amount of
water into the iower portion of the continuous multi-stage distillation
column C in accordance with the process descrit;ed in Patent Document
9 (Japanese Patent Application Laid-Open No. 2002-308804) or Patent
Document 10 (Japanese Patent Application Laid-Open No. 2004-131394).
The distillation conditions for the continuous multi-stage
distillation column C used in the present invention vary depending on the
form of the internals in the distillation column and the number of stages,
the type, composition and amount of the high boiling point reaction
mixture Ag fed in, the purity of the diol required, and so on. The column

bottom temperature is generally preferably a specified temperature in a
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conmponent Cs, while the diol containing the catalyst
and a small anpunt 25 of high boiling point

by- products is continuously withdrawn as the col um
bott om conponent Cs. In the present invention, the
concentration of the 47 diol in the colum bottom

rangPoperent 188 tos280mg al lAymure pesfarabée ctiubin bpttom
wei ght, preferably not |ess than 97 % by wei ght, nore

temﬁ%ﬁét@?amahgﬂs RSt 1A 280 XD Yydehie phofera ,frdsm 190 to

e process of the present invention, a very snal

210""@0“”? EQSBFJ h'HoHBHbgﬁéfsu@gaQI% ?‘.f’e?ﬁeé h691 tAk

unr eac ed Cy into con I NUOuUsS

comHlpgia dgsﬁqr'gh%@gn% AT 8o oA dae, b
o oSSOLALS b 885, Aod | SSUhAB P ey from

make the anmount of unreacted cyclic 10 carbonate
8000R d9e280Q0QsR anmaere pretarably rfr@lmka19099@nt0 22000 Fa.

the colum bottom conponent CB generally having
sutidoesover,| thenoeflux ¢aticetor the contiruraunmelti-stage wistillation
is continuously obtained. Note that, generally, wth

colupin @jis plreverabilyopt airange of framre. Eht@ls morétprefecdbly from
having a further reduced content of an aldehyde whi ch

0.5 {58, %t rhBré Pretbrasty frolh®. 8ite 2i n trace anount, or
an ul'tra high purity diol having a high W

tra}ﬂstﬁeséfé(ééﬁft Nehﬁof} tRe R U etHd di SFﬂH thé ®ilimn top

amount "o vvalte!r I nto hge ?ovver portion of

comBBREIR et &rai ts RoRgufd @l as HstER Gy Botumn ¢ is

gene?r%ﬁ "B6banase SRBBal . BIEtREARI; 00 ?ra%r%ﬁaé’ﬁ%q SR, more
plication Laid-QOpen No. 2004-131394)

pref«arasrelm nat nwa:&hanﬂ%mmowet H'@OE%rﬁrPﬁﬁEﬂEWn%N mafietfaan 5

distillation colum C used in the present invention
ppmvarly tependsegtdinvenéion, it is even possible to make the content of

the diol in the column top component Ct be zero.

The side cut component Cs from the continuous multi-stage
distillation column C generally contains the aliphatic n'ionohydric alcohol,
by-products having a lower boiling point than that of the diol (a
2-alkoxyethanol etc.), the diol, and a small amount of impurities having a
higher boiling point than that of the diol (e.g. a dialkylene glycol). The

amoun't of the side cut component Cs is generally not more than 4%,

~ preferably not more than 3%, more preferably not more than 2%, of the

high boiling point reaction mixture Ag fed into the continuous multi-stage
distillation column C.
Moreover, in the present invention, the content of the dio!l in the

sidé cut component Cs can generally easily be made to be not more than
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Cp i¥ Yer@r P hot 688 thafcboee r{sﬂaeréblypﬁat 1é8s tha

formof the internals in the distillation colum and

t he nunber of stages, the type, conposition and
anmount of the high boiling point reaction 25 m xture
As fed in, the purity of the diol required, and so on.
The colum bottomtenperature is generally preferably

0.5% gﬁéféﬁdl:ﬁ? neRRrattah 04 %, mMdregedepadbly aot kvdré than
250 C. A nore preferable col um bottom tenperature

of a .'S f : t : . k
D.SI:GiggQ?gb |1décfgd]1_7ﬁ?o the2COnfimutis UG- tmtiNalisAolumn C.

e colum Dbottom pressure varies

e . L . h I
corehmnBR e BoEfT et Seh ' ce froh? tHELAphLES
a range_of.from 50000 t 00Q0_,Pa referably fro .
mulsiggerdfssutasin el & iher diolifan HeBaERRse1g Botainec
200000 Pa. WMoreover, the reflux ratiqg for the o
contagininggeneraliyinosmeye than 2%epreferahly fpiomare than 1.5%,
preferably in a range of from0.3 to 5, nore i .
morprmﬁéea@b%/ nobmom® than P, \aft bympreducis drawing &hygher boiling
0.8 to 2. 10 In the present invention, the content of

point tbadi tHati of the diol (eng.tadiaboripoeeglycol) andnatsreatl amount of
continuous multi-stage distillation columm Cis

catabpstetéiripomént. "OTRet did) distained atkéatalbinyn sttomy eomponent
than 50 ppm nore preferably not nore than 10 ppm

n 99.6%,
present 1'nvention, it Is even possible to nake the

mor%jﬂ‘fzez%gﬂfyhﬁét 18&s ‘i’h?h é@.?t%ergﬁql&%irél%qimo toflinuous

e Side cul conpone om the cont1 nuous

ul,ti-sta distillati col u d L i.n
mulfihiage; BRliatfod iy & ar BoloR chaiptipRisslt P FRIS the

a lower boilin oi nt, than that, of the di ol .
presgry Wé’%t%ﬁ'@gt 53%.%'9‘ £RE BPoq"?tadﬂﬁgawghaﬁ‘l‘éarﬁJ@hgh Jpecovery.

impurities having a 20 higher boiling point than that

of Mpeeaver, incagrefesablecpmipedyngsiof thenareggntinvention,

the side cut conponent Cs is generally not nore than
the #@action is carried out using starting materials and a catalyst not
containing a halogen, and hence the produced diol can be made to not
contain a halogen at all. In the present invention, a diol having a
halogen content of not more than 0.1 ppm, preferably not more than 1
ppb, can thus be easily produced.

In the present invention, the reaction yield and the purification

yield are thus high, and hence the diol can be produced with a high yield

of generally not less than 97%, preferably not less than 98%, more

preferably not less than 99%, based on the cyclic carbonate used.

The material constituting each of the continuous multi-stage
distillation columns A and C which are used in the present invention is
generally a metallic material such as carbon steel or stainless steel. [n

terms of the quality of the dialkyl carbonate and diol to be produced,
' 50
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preferably not nore than 3% nore preferably not nore
than 2% of the high boiling point reaction m xture
AB fed into the continuous nmulti-stage distillation
colum C. 25 Moreover, in the present invention, the
content of the diol in the side cut conponent Cs can
staiglesar atdel isasidfgrbblerade to be not nore than 49 0.5%
preferably not nore than 0.4% nore preferably not
nore than 0.3% of the diol fed into the continuous
mul ti-stage distillation colum C. As the colum
EXA@gpﬁ_@ﬁconponent Cs fromthe continuous nulti-stage
stillTation colum C, the diol can be continuously

8?2 'Inggzlir}saog%hﬁér’g E%&%ﬁ%ﬁé@émﬁg:@gﬁagﬁ’gs%ﬁ invention
v e o A a1 o

and a small amount of catalyst conponent. The dio
folloying axampesne Net%ﬁhabéhed?ﬁl@&mﬁemenwa%measured using
generally not |less than 99.5% preferably not |ess
ion cheomadogrgphny nore preferably not |ess than 99. 7% of
the diol fed into the continuous multi-stage
distillation columm C It is a characteristic feature
of the present invention that the diol can be
Exampiaifed with such a high recovery. Mreover, in a
preferabl e enbodi mrent of the present invention, the

r ea}&tdo?ﬂlri&o&é‘{!guﬁﬂsi’é‘@e%bﬁ@laﬁﬂf EbemAREeas %rﬁo@ﬁ%aFlG 1

cat al yst not cont al' ni ng hal ogen, and hence the

havif) EC—e%ﬁbog%seht 148480 2,19, PG 2 18! 9% aoo e,

In't ol ’haV|n

D ni‘sf’ge”ei" 1= 378, 2l eyt S as,uBRY. pf‘tﬁac'r@%%%rﬁlamefef

present i nventl on, the reactign | el
wﬂp‘ﬁ?ﬁf'i"&é@%ﬁ"é@ 2P0 emapuer RRPTOXRE gwdgﬁ@rﬁ@ Frlqén the bottom

di ol can be produced with a high yield
of the cotumn, and in this portion there were instalied 8 stages of baffle

trays K having a downcomer portion and for which a weir {(height 10 cm)
was the baffle. It was devised such that some liguid was continuously
withdrawn from a lower portion of the uppermost stage of the baffle trays
K, the withdrawn liquid being heated by a reboiler, arnd then fed back into

an upper portion of this stage. Moreover, in the enrichment section, an

 upper portion was packed with Mellapak with a theoretical number of

stages of 52, one chimney tray stage was installed below the Mellapak,
and 8 stages of trays were provided below the chimney tray. In this
example, sieve trays were used as the internals in the stripping section,
and sieve trays were used as the trays in the enrichment section. These
sieve trays had a cross-sectional area per hole of approximately 1.3 cm?.

In the stripping section, the number of holes in each of the sieve trays
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of generally not |less than 97% preferably not |ess
than 98% nore preferably not |ess than 99% based on
the cyclic carbonate used. The material constituting
each of the continuous, multi-stage distillation
colums A and C which are used in the present
wasi appraxioratedy 250 gerﬁﬂ@l!lm Aandttid aperntirer ratio svas insa range
carbon steel or stainless steel. In terns. of the

of frawal3 to 49%. t Morbal kY| ircaidamichmant Bedtide, e number of
produced, 50 stainl ess steel is preferable. EXAI\/PLES

holdPld @4chdof thé 1B(8 t‘i's e'\bsﬁ m.@dts%qfw i 300 / m?, and

present 1 nvention rou wever,

the BpEFfFe 4G é?ﬁaté{ﬁ%ﬁmﬁoﬁ%ﬁﬁ‘eﬂ? S8 hlelPhimney tray
in ion chromat.o A .conti huous
had ﬁwgcmmbeesf%.teﬂ?n L eaﬁﬁﬁn”g@naeegﬁgmm éle !
havi n = 1100, cm D = 110 cm
appwm% mcmn angph= ?ﬁocermam thempertyres'atw@mg ina
= 60 was used. The inside dianmeter (D3) was increased
range of dJoomnd §vier 2&fpr odihechipnsgotray hadm dewneem@n portion,

of the colum, and in this portion there were

the wedr hieliglt Besngok® coi. baffl e 15 trays K having a
downconer portion and for which a weir (height 10 cm

VasA isharthed frhaterial vontsiihgesthstehet ddtb crrae {EQYighd
was continuously wthdrawn froma |ower portion of

fif
metﬁQﬁoP?W@Fﬁglﬁ%Pfgéégo Mg%!b%/@ai Pgﬁz &ldﬁ al Eﬁtalyst IgKOH in

ety gfle 1ol BiRinBled BOThRAAI 88nplcdtiod h88ReNY. K

e enric

contﬁ%ﬁ%i@?%&mﬁs RAGKEY W' %2 P Ié\pakm&ﬁ%a@g ret 'ijg fed into a
conglgagaglﬁﬂlt?esltggetQistNFatloﬁ column A, and reactive distillation was
carried out, whereby 3.205 ton / hr of a column bottom component Ag
was continuously withdrawn. The ethylene carbonate conversion was
100%, and the ethylene glycol selectivity was 99.8%. The column
bottom corhponent Ag, which contained 0.99 ton / hr of methanol, 0.001
ton / hr of dimethy| carbonate, 0.009 ton / hr of 2,,—,rneih,9xy9_t_tﬁn9_t_!_ 2.186
ton / hr of ethylene glycol, and 0.019 ton / hr of'diethylene glycol and
catalyst component, was continuously fed into a continuous multi-stage
distillation column C from an inlet. This inlet was installed between the
trays in the 10" and 11" stages from the bottom of the continuous
multi-stage distillation column C.

| The continuous multi-stage diétillation column C was operated

continuously with a column bottom temperature of approximately 200 °C,

a column top pressure of approximately 11000 Pa, and a reflux ratio of
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and 8 stages of trays were provided bel ow t he chi mey
tray. In this exanple, sieve trays were used as the
internals in the stripping section, and sieve trays
were used as the trays in the enrichnment section.
These 25 sieve trays had a cross-sectional area per
0.9. haVlerebvapptroxicohuminybottdom tizjuid ievel evas Henti helow the
section, the nunber of holes in each of the sieve

lowelrmeyst ddevelstiapibrays Kately 250 to 300 | n2, and the
aperture ratio was in a range of from3 to 4%

MOneQ polsBibidetcBtistARab|s /tbhay. sfdie speRioniafter 24
hol es in each of the sieve trays was approxi nately 150

hours® 300 / n2, and the aperture ratio was in a range of
from2.8 to 3.6% The chimey tray 5 had four chi meys

o BlnfeRlp SohdnbEh EptandBHRE Gopa for 4 el motveno
an DEROT 26 L Bone P 12 2 bbb

10 cm A starting material containing ethyl ene
contaitipgn@t@22 ten fa?lﬂ Qf@ﬁﬂ?%%ﬂblo-@mn(’rﬂﬂ af 2-methoxyethanol,
MeOH / EC = 8.4) and a catalyst (KOH in ethylene
and §l9@4dItosubhe afeatiydenkeglysiol dangda axaiumn bedtomncomponent Cp
_ concentration 0.1 % by wei ght based on EC) was
contagmhign2ol&2 toheldhr of ®thylematgivoolsand|0.01€ tgre / hr of
distillation colum A, and reactive distillation was
dietméléh'eeglyﬂdlbcméry%bmo?m?%etrﬂﬂaﬁd hﬁ?ﬁfb@ilﬁfd ?ﬁﬂi‘nbbytpmducts
e

conponent AB 15 was conti nuously w thdrawn.

wereﬁ:ﬁmﬁnfoﬁ%gpﬁh‘??wwnﬁitﬂ% &@@Bf‘é(%,%mﬁnﬁaﬁ‘%%ﬁe distillation

yl ene selectivity was
Cmu&ﬁj E'om conmponent AB, which contained 0.99 ton / hr of
anol, 0.001 ton / hr of dinethyl carbonate, 0.009

ton.,/ hr of 2-npethoxyethgnol, .2.186 taon /, hr of
o Tt fendpoEal otBylate diucobit 1R calfin dof semponent Cr
gl ycol and 20 _catal yst conponent, was contjnuously fed
was ngtgmgre dhdamaRRMmii 9 sgpgb%nt:ally zero. Moreover, the content

of ethyiene glycol in the side cut component Cs was 0.18% of the
ethylene glycol fed into the continuous muiti-stage distitlation column C.
The concentration of ethyiene glycol in the column bottom

component Cg was 99.1 % by weight. Moreover, 99.82% of the ethylene

~ giycol fed into the continuous multi-stage distillation column C was

recovered as the column bottom component Cs. The ethylene glycol
yield based on the ethylene carbonate was 99.6%.

Prolonged continuous operation was carried out under these
conditions. After 500 hours, 2000 hours, 4000 hours, 5000 hours, and
6000 hours, the produced amounts of ethylene giycol per hour were
2.182 ton, 2.182 ton, 2.182 ton, 2.182 ton, and 2.182 ton, and hence

operation was very stable.
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distillation colum C froman inlet. This inlet was
install ed between the trays in the 10th and 11th
stages fromthe bottom of the continuous multi-stage
distillation colum C. The continuous nulti-stage
distillation colum C was operated 25 conti nuously
wWith a columm bottom tenperature of approxi mately 200
C, a colum top pressure of approximtely 11000 Pa,
Exaﬁﬂﬂeazfeflux ratio of 52 0.9. Mreover, the colum
bottomliquid | evel was kept below the | owernost one

of A&g‘;ahﬁﬁ ~°m§ten‘nél E’Bﬁtéﬁ?ﬁﬁ?béz@flﬁnatéé’ﬂ ridteP ?565 ton ! hr)

st ea e operation a ours A co

9 0 a

and JRERGEEEL (rRIEF PRSI L RG S8 saide 55'@?%%@9@’1 in

onponent  Cs I, Ni 0.Q2 0 hr .of I,
othyiSEBE 5! SubiSEIed e PReial dahifratidh dPeafBantoR

hr of ethyl ene glycol and a col unn bottom conponent
conwtr@émrhiﬁni v BY waighb based oy E&hwa@nﬁogtlwausmrfed into a

0.019 ton | hr of |O di et hyl ene gl ycol, catalyst
continupusemul tirstagiegdisii|ationy osdumn By- anddeeactivendiatillation was

conti nuously wi thdrawn fromthe continuous nulti-stage

carrigdoiut| atherebycdimethyl carzonate ard ethylemd gheall weod
in the colum top conmponent CT was not nore than 5

produdiad iwieh sirtiRirardddtion résufts (@IS Esedimpld e @bflin bottom
15 of ethylene glycol in the side cut conponent Cs was

comﬁg*&ﬁtoﬂgt dﬁ? q &ne! gt H];faﬁé’jé ﬁ‘l%‘m BWe’rﬂ%ﬁ%’?eof being

ti-stage tlon e Cco centratlon

con(fiuBL %, SRR, Thi S5oS I ShL ks CORRRAY off
dIStlgﬁglﬂr} pﬁ&ghﬂtg%%ﬁ% égmygﬁ%%uss mrrllfltl isi:as’éea%ﬁsti!Iamcm cotumn C as
in Example 1 and a similar process.

It was possible to attain stable steady state operation after 24
hours.
| The column botiom component Cg, which was continuously
withdrawn from the continuous multi-stage distillation column C at 2.472
ton / hr, contained 2.439 ton / hr of ethylene glycol, and 0.033 ton / hr of
diefhylene glycol, catalyst component and high boiling point by-products.
The concentration of ethylene glycol in the column bottom component Cg
was 99.1 % by weight. Moreover, 99.8% of the ethylene glycol fed into
the continuous multi—stage distiliation column C was recovered as the
column bottom component Cg. The ethylene glycol yield based on the
ethylene carbonate was 99.5%.

Prolonged continuous operation was carried out under these

conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
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20 recovered as the colum bottom conponent CB. The

et hyl ene glycol vyield based on the ethyl ene carbonate
was 99.6% Prol onged conti nuous operation was carried
out under these conditions. After 500 hours, 2000
hours, 4000 hours, 5000 hours, and 6000 hours, the

the prodiuced amounts odfetéiybgherglygbl pelr eur mare 2e439 26n, 2.439
2.182 ton, 2.182 ton, 2.182 ton, 2.182 ton, and 2.182

ton, 204399th heRE R . 488et@i, | andVIwenyeoperiatidre was vierprgthble.
2: A starting material containing ethylene carbonate

(3.565 ton / hr) and nethanol (nolar ratio MeOH / EC
= 8) and a catalyst (KOH in 5 ethylene glycol
jected to thermal dehydration treatnent; K
Exa%ﬁ’ﬁ%?ﬁtrati on 0.1 % by wei ght based on EC) was

continuously fed intp a ont.L.puous L {iaS I
5 it & FPNLinustie. Blulbsted iShalipR Solfitab; ¢ NG similar to that

carried out, whereby dinethyl carplonate and Ebh){l ene

useqyify Foramele HWaRHERG ¢ oWeNeTatNRRKMBRT PLEQIRS ip pach of
in Exanple 1, a colum bottom 10 conponent AB having

the sieing tnaysginythe stdppingised o anshthe lenrichmentgpction was
conti nuously wi thdrawn. The ethyl ene gl ycol was

appreeprratetd 560 tdB 500/ 3,1 anditbe aperiyrehratiaveas in a range of
continuous nulti-stage distillation columm Cas in

fromEBaBRbB . 59gnd a simlar process. It was possible to
attain stable steady state operation after 24 15

: h b j
10 oyl §taﬁ@ @9&%: dggi&m g@%@ﬂgmn%a%r@te@zo ton / hr)

conti nuo cont | nuous

an AT ERBOEHIGSEMIFEET 6 Shotn SHmsanykoh
ethyﬁﬁ@#@%{:pf%abﬂ%&%@/ E@?ﬁpgz&%@?@hf@}aﬂwﬁ tr&Q{MERAE"K and
concentration 0.1 % by weight based on EC) was continuously fed into a
continuous multi-stage distillation column A, and reactive distillation was
15 carried out, whereby dimethyl carbonate and ethylene glycol were
produced with similar reaction results to in Example 1, a column bottom
component Ag having ethylene glyco! as a main component thereof being
continuously withdrawn. The ethylene glycol was separated out by
distillation using the continuous multi-stage distillation column C and a
20 similar process to Example 1.
| It was possible to attain stable steady state operation after 24
hours.
The column bottom component Cg, which was continuously
withdrawn from the continuous multi-stage distillation column C at 5.852
25 ton / hr, contained 5.754 ton / hr of ethylene glycol, and 0.098 ton / hr of

diethylene glycol, catalyst component and high boiling point by-products.
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20 The concentration of ethylene glycol in the colum
bott om conponent CB was 99.1 % by wei ght. Mbreover,
99. 8% of the ethylene glycol fed into the continuous
mul ti-stage distillation colum C was recovered as the
col um bottom conponent CB. The ethylene glycol yield
The RAsTRsE rtPatibe of bty MR GAFdUINAt he'ed ! Irbbotm component Ca
Prol onged conti nuous operation was carried out under

was g 38y 22&9?8%!8(‘? Mﬁr‘é‘ifvé?@@.@%b? ’thaogﬁwﬁgﬁtbigw(?ed into

hour's, ours, 4" the produced a

tho SSEMLERG ST o AISEEE ol S af rEByat BB g e
congh B amtSaMRAR B TR 9480 B el et epa on he

Exanpl e 1 was used., However, the nunber of holes in
ethytene carbonateswvase998%s in the stripping section and
the enrichnment section was approximtely 550 to 650 /
n2,Pratdnged apstinwosts apeeatias wascadigd ot undemtbese
to 8.5% 10 A starting material containing ethylene
conditiomsnat Afted. 200thours, Q00 dvalinse taracth dISQ0rbicaur sy dheproduced
MeOH / EC = 9) and a catalyst (KOH in ethylene glycol

amotipis Qﬁt@%wénbhg?'@iﬂl pEhNdupwere B PS4 Tom, :5.854 ton, and 5.754
concentration O % by wei ght based on EC) was

[ t s ' us nulti-stage
ton, ﬂl{ h%‘r'f&éslgﬁefrﬁlﬂon Gv%sav%@%ié@l‘#?

L1l ati colum A, a reactive distillation was
15 carried out, whereby dinethyl carbonate and
et hyl ene glycol were produced with simlar reaction
to itgHgarrpl e 1, a colum bottom conponent As

Ind rgsuLg\s |
NAUsitRhePRIIRA gl ycol as a mmin component ther eof
bei ng cgntinuously w thdrawn, The ethyl ene gl ﬁﬁ% was ...
sef¥eRIEingo Hye rresent|inyeptionsithererare prev & specific
nmul ti-stage distillation colum C and a
industrial apparatus and industrial production process that are
inexpensive and enable a diol to be produced in an amount of not less
than 1 ton / hr, preferably not less than 2 tons / hr, more preferabty 3
tons / hr, stably for a prolonged period of time (e.g. not less than 1000
hours, preferably not less than 3000 hours, more preferably not less than
5000 hours) by taking a cyclic carbonate and an aliphatic monohydric
alcohol as starting materials, continuously feeding the starting materials

into a continuous muiti-stage distillation column A in which a catalyst is

'present, carrying out reactive distillation in the column A, continuously

withdrawing a low boiling point reaction mixture Ay containing a produced

dialky! carbonate and the aliphatic monohydric alcohol from an upper

portion of the column A in a gaseous form, continuously withdrawing a

high boiling point reaction mixture Ag containing a produced diol from a

lower portion of the column A in a liquid form, then continuously feeding
56
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20 simlar process to Exanple 1. It was possible to
attain stable steady state operation after 24 hours.
The col um bott om conmponent CB, which was continuously
wi t hdrawn fromthe continuous nulti-stage distillation
colum C at 5.852 25 ton / hr, contained 5.754 ton /

the Riglpbofliny|riiat sbredion misdtureOAg ihed d cbhti®uous multi-stage
di et hyl ene gl ycol, catal yst conponent and high boiling

distiﬂﬁiti@:ﬁ] E&Sn%ﬁdecfo?r-se raltilfg O Aeatdrid ﬁavﬁfv%atlwéﬁsoiling
l'yco

g I'n the colum bottom conponent CB s 98.3 %

poinf {0 ¥R it oG S8l conltpPEeCin 16 FOR pFIMLRYI roftyon

i ARSI eR Y BT RAERA TR (Shor Biing

. carbonate was 99.6% Prol onged conti nuous operati on
PO""&AéaBa tRf the dipbies & ﬁ-@I‘é'%fbmiCt%H?Deﬂﬁt T 95683 side cut
hours, 1000 hours, and 1500 hours, the produced
compapent C of andhgortisugushoobiaininguhandiel substantially not
5.754 ton, and 5.754 ton, and hence operation was
conta@ningsthebineatelfal hdwing isalowepbodiahg [paeint Abaor thatgot the diol
the present invention, there are provided a specific

as ai coluBh iRl tteRPabAipenentl Gnduthel pleguvdimidmioni9TRES very
that are inexpensive and enable a diol to be produced

useful ifdudtrpainy. of not less 15 than 1 ton / hr,
preferably not less than 2 tons / hr, nore preferably
3 tons / hr, stably for a prolonged period of tine
(e.g. not less than 1000 hours, preferably not |ess
t han 3000 hours, nore preferably not |ess than 5000
hours) by taking a cyclic carbonate and an aliphatic
nmonohydri c
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al cohol as starting materials, continuously feeding
the starting materials 20 into a conti nuous
mul ti-stage distillation colum A in which a catal yst
is present, carrying out reactive distillation in the
colum A, continuously wthdraw ng a | ow boiling
poi nt reaction m xture AToNIMSNI ng a produced
di al kyl carbonate and the aliphatic nonohydric al cohol
we kigm-an upper portion of the colum A in a gaseous
T torm continuously withdraw ng a 25 high boiling point
reaction g xtus : L.l r.0 Wl OLRAA 3 ;
i por B i fcSPalrBcRsRch WePLEACHER of Bt in which

| ower portion of 1 _ QL orm
a oipLIR PR bFdskit & SvaiE swPhndle A 4 alpnatic
morktidi sl St o kBl o e

contained in the high boiling point reaction mxture
starfing s@terialsubly soboatinuey st Mulbest@gendistdllatignLCcolsvpn A in
boiling 5 point than that of the diol as a colum top
whiclhv@poatalysCis présand; darmling auhpeactive Clistitlation in said
conti nuously obtaining the diol substantially not
colueantAy 8o AtinLR sTRtEthaFawiyg 20Icw bdhgbpbintn@eaution mixture
than that of the diol as a column bottom conponent

A iSRRG depoR ana sagcitpnatic mononyar

alcolf¥i| Pl 8l B5BEEHRriG, bF tng Bl ikl Bablls! form,

( I's "produced by a cycrrc carbonat'e
confiiHgBRLy v B8A it Banip Beiifng alBt reR R ixilre As
con@ﬁ%%ﬁr%&geg cfig?tﬂi'grlﬁogslomuelrtéé?t%gg%fdtihset Ic:lo t?t%ino ina
liquid form, then continuously feeding said high boiling point reaction
mixture Ag into a continuous multi-stage distillation column C for
separating off material having a lower boiling point. than that of the diol

contained in said high boiling point reaction mixture Ag, continuously

obtaining the material having a lower boiling point than the diol as a

‘column top component Cy and a side cut component Cs, and

cbntinuously obtaining the diol substéntiall-y‘not containing the material
having a lower boiling point than that of the.diol as a column bottom
component Cg, wherein thé improvement comprises:

(a) said continuous muiti-stage distillation column C comprises a
continuous multi-stage distillation column comprising a stripping section

having alength Ly (cm)}, an inside diameter D¢ (cm) and an internal with

" a number of stages n; thereinside, and an enrichment section having a

length Lz (cm), an inside diameter D2 (cm) and an internal with a nhumber
o8



10

15

.20

- 25

which a catalyst is present, carrying out reactive
distillation in said colum A continuously

wi thdrawing a | ow boiling point reaction m xture AT
contai ning a produced dial kyl carbonate and said

al i phati c nonohydric 10 al cohol from an upper portion

of stdgdde,aplersnsiden wheasinols Doy Ay, LeoDLI Rrrbiah)satisfy the
wi t hdrawi ng a hi gh boi | i ng poi nt reaction mxture AB

foIldWi??achn‘i‘Gla% Sgg diol froma lower portion of the

Aln a form then continuously feeding

sai d hi grb&?mﬁl‘ %?gg@t reaction m xt I AB into a

conti nuou distillation col‘u C for 15

separatl al having a | ower iling point
than that®® bnesﬁd contained in sai(gghi gh boi | i ng
poi nt reactl on m xture AB, continuously_.obtaining the
mat eri al 31&\/‘-116 B <0381 boi | | ng poi nt t(8dn the diol as
a colum top conponent CT and a side cut conponent
Cs, and cbstnn$od8ly obtaining the diol{4dubstantially
not containing the material 20 having a | ower boiling
poi nt t hatD0Gas Lefs 6BO0Qi ol as a col un{&hot t om
component CB, wherein the inprovenent conprises: (a)
sai d contgnuops <@g - st age distillatiqgycolum C
conprises a continuous nulti-stage distillation

col um cofpid E& ?g)e? skpi ppi ng section 0(I72V| ng a |l ength

L, (cm, an insi iameter D, (cm an n internal
with 25 stages n, thereinsigde, d an

enri chmea% gnﬁ%u o?]bﬂavi ng a length L2 (?jrﬁ an inside
di arreterég)z (gm and an internal vvlth a( nunber 58 of
stages n2’% fePéi nsi de, wherein L, ﬁ L2, D2, and

E,Z (g?téiaéggroﬁi "!a{ﬁflsL%%m .3%7@829”% %%@(lygigy?%%ébi @%ge

distillation column C has at least one chimney tray installed therein as an

internal, said chimney tray having installed therein one or more chimneys

each having an opening having a cross-sectional area S (cm?) satisfying
the formula (10):

200 < S < 1000 (10),
and each of the chimneys being such that a height h (cm) from said
opening of said chimney to a gas outlet of said chimney satisfies the
formula (11):

10 < h <80 | (11); and

(c) a side cut outlet is connected to a liquid collecting portion of

said chimney tray of said continuous multi-stage distillation column C.

2. The process according to Claim 1, wherein an amount

produced of the diol is not less than 1 ton / hr.
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35n,530 (4) 1000 5 L2 5 5000 (5) 50 5 D2 s 500 (6)
10 5 L2/ D2 550 (7) 10 20 5 n2 5 100 (8) and D2 5
D (9); (b) the enrichnent section of said continuous
multi-stage distillation colum C has at |east one
chimey tray installed therein as an internal, said
chimey tray having installed therein one or nore

chi meys 15 each havi ng an openi ng having a

) . ; : h | .
L3 oA Pocfteprifarlg S, 14 Gdrl A prat

o> BB A oL S BRI e

. . the 20 fornula 1):..10 < 5 8Q (11); and (c), ,.a,side
intefsigis iy pIPWarEeRhEbruan of the' silphing sedtior ¥ isoln 2
of said c#wi mey tray of said continuous nulti-stage o
lowey pertieR 9fosakbrartinuous multi-stage dislidatiancepimg €oa liquid
. Caim1, wherein an anmount produced of the diol is not
is cordguonsty withrgwndronmsanduppeempst stageant said trpyo K, and
Caiml or 2, wherein a plurality (n3 stages) of
aftet heyt iK giverr to réquiner fon disdillation limwerebollerothehddted liquid
internals in a | owernost portion of the stripping

is retachedrintdithb distillatiord coPURIn EOfronea fdediid port provided
continuous nulti-stage distillation colum C, "a liquid

betv e IRk ' [ iR
st ée gquaggaa}(ﬁngggﬂsttaaba&mﬁé 278 KBRS inrAds iRTthe
lowermost portion of the stripping section, while a remainder of the liquid

is fed into a lowser tray in order.

4. The process according to Claim 3, wherein each of the

~ trays K is a baffle tray.

5. The process according to Claim 3 or 4, wherein an inside
diameter Dj of said continuous multi-stage distillation column C where

the trays K are present satisfies Dy < Da.

6. The process according to any one of Claims 3 to 5, wherein

L1, D1, L1/ Dy, Ny, Lz, D2, Lo/ D3, na, and na for said continuous

multi-stage distillation column C satisfy respectively 500 < L, < 2000, 70

< Dy < 500, 5<L1/Dy <20, 6 <ny <20, 1500 < Ly < 4000, 70 < D2 < 400,

15 <12/ D2<40,30<n2<90, and 3 < n;3 < 20.

7_’. The process according to any one of Claims 1 to 6, wherein
60



10

15

20

25

after heat is given to require for distillation in a

reboiler, the heated liquid is returned into the

distillation colum C froma feeding port provided

bet ween the uppernost stage of the trays K and the

internal in the 10 | owernost portion of the stripping
the setmahin the|strippingesestion of sdid tonatindouissmivdtl-staige

a lower tray in order. 4. The process according to

distiffedion doiyyRer e' an8an RHtekha) ek&ﬂ)ﬂin'ﬁ {He éhhﬂfrufdyetray in the
tray. 15 5. The process according to G aim3

d t
Ny SO e B T LRk it °°t”h'e”??2§s )

are present satisfies DL <_ D3. 20 6. The process
according to any one of Clainms 3 to 5, wherein L1,

D.,.L /D, nl, L2, r said .
corfti nuoddh® RIPEeSs: %ﬁ@a‘&& ﬁqgﬁ‘tiﬁun oowg'ﬁrﬁetf‘ Z%?i'@#?ma' In
respectively 500 < L1 < 2000, 70 <_ D, <_ 500, <

the strippipg sectionsoksaid zozt@lnumm nwlmzstage,@ﬁgtlilatjo@ epiumn C
< 400, 155L2/D2<40, 30<_n2<90, and 3<n3<20. 25 7. The

is ther veys ana:the dntajntad exciuding dheGthimmey tcay én thsceorichment
60 the internal in the stripping section of said

sectiomiareupcagsrand i/-ait sgectdred ipdokings. col um C and the
i nternal excluding the chimmey tray in the enrichnment

section are trays and / or packings. 6 8 The process
according to Claim?7, wherein the internal in the

stig ppi ”Q‘I‘?@‘Hrb%sgf%é@t%)@iﬁﬂ“ltd e4aHA rtqfe\ﬂﬁ%?&n said tray is

di stillation colum e tray, an er nal
SE ng the chimey tray in the enrichnment section
asi arelu%qj ays and / or structured packings.

10. The process according to Claim 9, wherein said sieve tray
has 100 to 1000 holes / m? in a sieve portion thareof, and a

cross-sectional area per hole in a range of from 0.5 to 5 cm®.

11. The process according to Claim 9 or 10, wherein an
aperture ratio {(a ratio of a total cross-sectional area of the hole in one
tray stage to an area of the tray) of said sieve tray in the enrichment
section of said continuous multi-stage distillation column C is in a range

of from 2 to 15%.

12. The process according to any one of Claims 9 to 11,
wherein an aperture ratio (a ratio of a total cross-sectional area of the
hole in one tray stage to an area of the tray) of said sieve tray in the

enrichment section of said continuous multi-stage distillation column C is
| 61
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10 9. The process according to Claim7 or 8, wherein
said tray is a sieve tray. 10. The process according
to daim9, wherein said sieve tray has 100 to 1000
holes / nm2 in a sieve portion thereof, and a 15

cross-sectional area per hole in a range of fromO0.5

in a fAngeCoBfrok-1.5N® AROgess according to Caim9 or 10,
wherein an aperture ratio (a ratio of a total

cross-sectional area of the hole in one tray stage to
an area of the tray) of said sieve tray in the

enrl hme 1,0 i.d c
G A1 1 a5k ReBR R o R fifloctar By ShE %%ﬁ Pc%éao
12. The cess acc rdln ny one of O ajns
whergin aqaReiti & alged GRH0 o pdatal PEess-sacliona afsa of the
Cross-sectional area of the 25 hole in one tray stag
openipgain Hieshomneakte rady)area afathe shimaey thayi imaluding 3 total
enrichment section of said continuous nulti-stage
crosdisaclional aneacdfuthe Gpening) dfrsaidr chipenef trapris linsa range of
12% 13. The process according to any one of Cains |
fromt 012, 40%herein an aperture ratio (a ratio of a total
cross-sectional area of the 5 opening in the chi mey

to an area of the chimey tray including a total
cross-sectional area of the opening) of said chi mey

acany di ng 1% PL8CESs Aecoidiip 0 phy B driGIdinfs B 6943
whe RGN Eo BB 7@ Bigftlaligh B0uiRe B has 8 Fgiumn
vote iR atgt A 5o 970 185 BB 50 O

distillation colum C has a colum .

15, The process according to any one of Claims 1 to 14,
wherein said continuous multi-stage distillation column C has a column

top pressure in a range of from 50000 to 300000 Pa.

16. The process according to any one of Claims 1 to 15,
wherein said continuous multi-stage distillation column C has a reflux

ratio in a range of from 0.3 to 5.

17. The process according to any one of Claims 1 to 16,

wherein a content of the diol in said column top component Cr is not

more than 100 ppm.

18. The process according to any one of Claims 1 to 17,

wherein a content of the dio! in said side cut component Cs is not more
62 |
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15 top pressure in a range of from 50000 to 300000 Pa.
16. The process according to any one of Clains 1 to
15, wherein said continuous nulti-stage distillation
colum C has a reflux ratio in a range of fromO0.3 to
5. 20 17. The process according to any one of Clains 1
thart 0.9% of therdioh faddatd satid dortivudus multistagecdistination
top conponent CT is not nore than 100 ppm 25 18. The
coluPs@aess according to any one of Clainms 1 to 17,
wherein a content of the diol in said side cut
conponent Cs is not nore 62 than 0.5%of the diol fed
into said continuous nmulti-stage distillation colum

C. . A gonti.nu [ £i - e distil]lation co
ei 19 X SR MBS Piufe-stagd uslifiatiar kb RamrchB i ac
for producing a diol. by taking a_.cyclic carbonate and .
contiliaf TRufticstadecipaRlion coldmms 1etpfedgea ' diol by taking
materials, continuously feeding the starti ngI materi al s
a cychecarkaiatenandsan mlinhatie sgenahydria ataahrlcas starting
in which a catalyst is present, carrying out reactive
materists,| canliouousiy fvading the startiogtmatetialy into a continuous
wi thdrawing a | ow 10 boiling point reaction m xture AT
multe-ata gendisgil Ratom dodec ndAdinkwhiclars cataley st 48 prielsent, carrying
al i phatic nmonohydric al cohol from an upper portion of
out tSHECtPRS WTBtilIAtioR i SARPeBIUMM A, COHtiINUOQYS Withdrawing a low
wi t hdrawi ng a high boiling point reaction’™m xture AB
ieANE Al A1 : e F- [
bomg@l b8t Fdh &idh ‘?ﬁ’H&gF’? Ry Eo{-.?}é’i'ﬁlﬁgn{w&dﬂepy Qi‘eéel ?lnSE?bcnate

urmAlnallqw orm en C I nUous

and 38 5 SHE hpRERyEZ S o i b Epbigh ol Brird cotumn

Ain SRELELLAG L maLer Al havi g 2.l over, Roiling Rl oty

reaction mixture Az containing a produced diol from a lower portion of the
column A in a liquid form, then continuously feeding said high boiling
point reaction mixture Ag into a continuous multi-stage distillation column
C for separating off material having a lower boiling point than that of the
diol contained in said high boiling point reaction mixture Ag, continuously
obtaining the material having a lower boiling point than that of the diol as
a column top component Ct and a side cut component Cs, and
continuously obtaining the diol substantially not containing the material
having a lower boiling point than that of the diol as a column bottom
component Cg, wherein the improvement comprises:

{(a) said continuous multi-stage distillation column C comprises a
distillation column comprising a stripping section having a length Ls (cm),
an inside diameter D4 (cm) and an internal with a number of stages n,

thereinside, and an enrichment section having a length L, (cm), an inside
63
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diol contained in said high boiling point reaction

m xture AB, continuously obtaining the materi al

having a | ower boiling point than that of the diol as

a colum top conponent CT and a side cut conponent Cs,

and 20 continuously obtaining the diol substantially
diaméfercDRi(an) aadtave inBdreval abith e viurabeér lofvéteged hi Mhereinside,

poi nt than that of the diol as a columm bottom

whef&mPRNEDY | BF; L\Q"?ﬁzl?ia"hd g émgyﬁ%usmﬁ f%?rrﬁ]'iucl:éﬁ)(i) to (9):

[
said continuous mul'ti-stage di ation colu
conpri se [ StJ i on colum conprisikng a
strippi ngsés)%c%j!'bré ?gélbng a length L1 (c(rﬁr)) 25 an
i nsi de di tﬁr DM and an internal,th a nunber
of stage i Hégi i de, and an enrict{l‘?'ﬁnnt section
having a length L2 (¢cm), an inside 63 dianeter D2
(cm and 35 Enddns3Qith a nunber of sfﬁflges n2
t herei nside, whereinL,, D, n,, L2, D2, and n2
satisfy the fold 3@ ng fornulae (1) to ((4): 3005 1L, 5
3000 (1) 50 5 b, 5 700 (2) 5 35L,/D,530 (3) 3sn,530
(4) 1000100% h,560006) 50 5 D2 5 508)(6) 10 :5 L2
/ D2 550 (7) 10 20 n2 5 100 (8) and D2 5 D, (9); (b)

the enri goenb,seg0n of said continuqey multi-stage
distillation colum C has at |l east one chimey tray

i nstall edIG@{_?ﬂDﬁ% 89 internal, the @ i Mmey tray
ed t

havi ng i nst al erein one or nore chirmeys 15 each

I(wg\r/TiQ?gsgﬁds)%iﬁiﬁgggmavi ng a cross-secti ct%a}la@aea S
D2 < Dy ()

(b) the enrichment section of said continuous multi-stage
distillation col.umn C has at least one chimney tray instailed therein as an
internal, the chimney tray having installed therein one or more chimneys
each having an opening having a cross-sectional area S (cm?) satisfying
the formula (10):

200 < S < 1000 (10),
and each of the chimneys being such that a height h (cm) from said
opening of said chimney .to a gas outlet of the chimney satisfies the
formula (11):
10<h <80 (11); and
(c) a side cut outlet is connected to a liguid collecting portion of

said chimney tray of said continuous multi-stage distillation column C.

20. The continuous multi-stage distillation column according to

Claim 19, wherein a plurality (n; stages) of trays K are further provided in
64
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the formula (10): 200 5 S 5 1000 (10), and each of the
chi meys being such that a height h (cm fromsaid
openi ng of said chimey to a gas outlet of the chi mey
satisfies the 20 fornmula (11): 10 < h 5 80 (11); and
(c) a side cut outlet is connected to a liquid

a lowelr|mattioty ofahkl ipReMalsStl @ 16 dirgyst paYtieh 6\3"% strlppmg
conti nuous mul ti -stage distillation colum C.

secti®s wiIRitH U C{H’U« éﬁ‘ﬁwﬁ & shid E%‘tﬁmd‘@i H?“!él-stage

according to erein a plura

y f I
distiisFTE Lofimiy, &1 fofid s .#“ﬁ*lﬂ%%vn@fiﬁﬂdﬁw?ia%gﬁﬁe
Stri on mhl portion of sa
Upp%fdn??ﬁ soagersh the bk K. aria il heatis Rikando Eﬁqu'redfor
id is cont|nuousIK MAthdramn froman upper
dlst%'fﬂa'e@ Bt & Rbeilar the aﬁaefafltwdwéaitet.ugngrivlénoﬂae distillation
require for 5 distillation in a reboiler, the heated
columm@ fram adeedirg part erovided hetween dhe uppanmost stage of
froma feeding port provided between the uppernost
the waggeKaind tthe intaypsalkinathie | bwerntostnpodrtion tdfethe stripping
| ower nost portion of the stripping section, while a
secti@avhies adferhBihdéduf ¢hedidGid ishfed @ni@&elfovféﬁvran order.
order. 10 21. The conti nuous mul ti-stage distillation
colum according to Caim20, wherein each of the
trays Kis a baffle tray. 22. The continuous

s RGBS Dy TR o
crai5 b abe T AR R SIS o 5

according to any one of Clainms 19 to 22, wherein Li,
D, L I D, ni, L2, D2, L2 / D2, n2,

22. The continuous multi-stage distillation column according to
Claim 20 or 21, wherein an inside diameter D3 of said column where the

trays K are present satisfies Dy < Ds.

23. The continuous multi-stage distillation column according to

- any one of Claims 19 to 22, wherein L4, Dq, L1/ Dy, my, L2, D2, L2/ D2, na,

and ns satisfy respectively 500 < L4 £2000, 70 <Dy <500,5<L4/D; <
20, 5<ny1 <20, 1500 <L, £4000,70< D, <400, 15 L2/ D> <40, 30 <

Nz <90, and 3 < n3 € 20.

24. The continuous multi-stage distillation column according to
any of Claims 19 to 23, wherein the internal in the stripping section of
the stripping section and the internal excludilng the chimney tray in the

enrichment section are trays and / or packings.
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and n3 satisfy respectively 500 < Li < 2000, 70 <_ D
< 500, 5<L, / D s 2020, 5<nl<20, 1500 < L2 <
4000, 70 s D2 < 400, 15 < L2 / D2 < 40, 30 < n2< 90,
and 3 < n3 !5 20. 24. The continuous multi-stage
distillation colum according to any of Clains 19 to
23, wherein the internal in the stripping section of
25 the stripping section and the internal excluding

?53 hi MRYe tdoe}%fﬁuo%g‘?'agm _F?Qﬁsrﬂtsﬁ?l“attlﬁ c@?@m‘hr Q%éordmg to

/" or packings he”conti nuous nmul ti -

crifl 24 Wb 6 BB PSR G L bmigrs facin, *?‘”@ 4,

t er nal excludln the .c r

intesl ARG BE, GRS tfasyngh Shgichitten seclionyis a tray
acking. 26. The continuous nulti-stage distillation

and (%I%ﬁr\r%%?@l%c‘ﬁlé‘g Claim 24 or 25, wherein said tray
is a sieve tray. 10 27. The continuous mnulti-stage
distillation colum according to' Caim26, wherein
said sieve tray has 100 to 1000 holes / n2 in a sieve
poraé.on tTies exintiruous multbstagetdistiilatioreaopemnrhakeording to
in arange of from 0.5 to 5 cnR. 15 28. The

ClaiffORYi BrI28S Wb Fdinss AP trdysis bl sibventragl um according
to Claim26 or 27, wheréin an aperture ratio (a ratio

of a total cross-sectional area of the hole in one
tray stage to an area of the tray) of said sieve tray

13275 ZAOURATEH 4L 18eB 4830 T, Bcoran o
i G RA00 o iy Bl PR OB i a siove

cross-sectional area of the hole in one tray stage
portign theredl; ank a eegys-sectional aiea pearhgle imaitange ‘of from

enrlchgent sectionis in arange of froml.5to
0.5 to 5 cm”.

28. The continuous multi-stage distillation column according to
Claim 26 or 27, wherein an aperture ratio (a ratio of a total
cross-sectional area of the hole in one tray stage to an area of the tray)

of said sieve tray in the stripping section is in a range of from 2 to 15%.

29. The continuous multi-stage distillation column according to
any one of Claims 26 to 28, wherein an aperture ratio (a ratio of a tota!
cross-sectional area of the hole in one tray Stage to an area of the tray)
of said sieve trays in the enrichment section is in a range of from 1.5 to

12%.

30.  The continuous muiti-stage distillation column according to
66



12% 25 30. The continuous nulti-stage distillation
columm according to 66 any one of Clains 19 to 29,
wherein an aperture ratio (a ratio of a total
cross-sectional area of the opening in the chimeys to
an area of the chimey tray including a total

any ©hesef ©aimentd tarze, wherben ecapegiure rated (a dtioned)a total
tray is in a range of from10 to 40% 67

cross-sectional area of the opening in the chimneys to an area of the

chimney tray including a total cross-sectional area of the opening) of said

chimney tray is in a range of from 10 to 40%.

67



