10

15

20

25

| NDUSTRI AL PROCESS FOR PRODUCI NG HI GH PURI TY DI OL
Techni cal Field The present invention relates to an

i ndustrial process for 5 producing a high-purity di ol
in which a cyclic carbonate and an aliphatic
nmonohydri c al cohol are continuously fed into a

INRUS TRIAL RFROGESS FOR| RRO AUCGINGHEGERPURITY DIOL
structure, reactive distillation is carried out, and

a high boiling point reaction m xture having the diol

as a main conponent thereof is continuously w thdrawn
Techr{'[:gmﬂlgl% bottom of the 10 reactive distillation colum

AC9E{ RN al  havi ng a | ower boiling poi nt than that of

i ok AR 8 e P ™
diistillation ¢oluym .C haying a specified  structure
produging 2 SdghrRHMBOL dith IBopisR & CY?@%WQ"@@A?@R@@ aliphatic

multi-stage distillation colum Cis fed into a
monobydrichaehghare consigeionssiyifedi intata saactivendistiliadiamg

a specified structure, and the high-purity diol 1is
columroAt havings Bys péecificnstruatuce  sietectove distipatientisofatrieed out,

colum E. Background Art A reactive distillation

and aphieedsilivg puiadwehbtion mixiurel hgainyptiee dioPasamn ain
di ol through reaction between a cyclic carbonate and

comp@eftitABRLE is EBRAMMIAI Ay WRABPAWYRfrofh kb B i6hPEPdhe

by the present inventors”(see Patent Docunent

reactr&%pé‘ ﬁ%}cumn?uﬁﬂpggg@%gﬁatﬁ?g r@)%p CM’ Pélljrﬁéipddlmt than
that o3 #1815, sl oBa 3 m e Jlhn D@D'Vﬁlegﬁt?eﬁéf]ea%%?iﬁ%'xwre

usinas o SRDHILO U RR - bR EIS BatiSBrenkdBn & AIDRS sPecttied

plication Laid-QOpen No. 9-194435, Patent Docunent 6:
strucnumeeuarm&k agumhigtiam eampenamioropeibs continuous

(correspondi ng to European
multi-stage distillation column C is fed into a continuous multi-stage

distillation column E having a specified structure, and the high-purity diol

is continuously obtained as a side cut component of the column E.

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 was 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
Laid-Open No. 9-176061, Patent Document 4: Japanese Patent

Application Laid-Open No. 9-183744, Patent Document 5: Japanese
1
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Pat ent No. 0889025, and U.S. Patent No. 5847189),

Pat ent Docunent 7: International Publication No.
W99/ 64382 (corresponding to European 5 Patent No.
1086940, and U.S. Patent No. 6346638), Patent Docunent
8: International Publication No. WO0O0/51954

PaterltCRppASAGABA DNEid-OFanh NE2D-183488! Ptent IDdéiGmernmtng:
U.S. Patent No. 6479689), Patent Docunent 9: Japanese

Interrga‘gl'i'(?ﬂéi ?Ql%i;c‘é?drpﬂd:a\iﬁb@?%MS (%QQ%W&H’!& gpl?‘tel':ﬁﬂto ean

cumen apanese Pafent Application Lal

Patert i baB32s, afd Q%) PRERL NG Loaa7HEST, EallefR fickument 7:
interrialfaRel Pugitbadian Mo WARRRAEaEAF g nang b Exropean

Lai d- Qpen. No. 5-213830 (tcorrespondi ng to Eurogean
PatentNgn 048 94538p45). anFatent Not @446Rs8), Faiepi Jocument 8:
Pat ent Docunment 12: Japanese Patent Application
Internatieng@pBubigation Ncg%gooel:ﬁ1%ﬁdnairr@spmtﬁmgotﬁsﬁuropean
Pat ent No. 0569812, and U. S. Patent No. 5359118),

PaterRalentl 10dci0nand 1J. Sl.aPatest Neat 4798880, Patént Document 9:
Lai d- Open No. 2003-119168 (corresponding to

JapadééePatenmngppliftdlioaataidnOpeh NE.O020006338304PE AN
Docunent 14: Japanese Patent Application Laid-Qpen

2903 - i t
Coculfent205°353AE5e P30 APRRERD Ly opgnens. PUoT1a1o0s)

i ' di st i ' t H 1k Lhi :
and eioHf b RIS A VEhL At LEReSYS AN IRl Spptorn i
i_gh copversion wever, Leactive, distillati.on
used Jay8 SOR¥EHTsRRv.ArHT BRen BRAAY Sufer bamiiiiBldags patent
the djal kyl carbgnate and the diol either in I
Documiint G JapaBEss Bakent Aepiisation EQ"?‘I%‘?"&MG- Bavwd 3830
related to carrying out the production on an
(correspanrdingato Edugipeant Ratgnt i¥0.a0pB80BISgangdt-SoPatent No.
time. That is, these processes 2 have not attained the
5231202 pdPatgntpPodumnent 4 2dids pares ¢ Ratesit\Applicatiandsaid-Open
anount (e.g. not less than 1 ton/hr) stably for a
No. 6p0800ngsstreeponding tbi Baropean 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. W0O03/006418), 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

time, and have not related to carrying out the production on an industrial

scale stably for a prolonged period of time. That is, these processes
2
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(e.g. not less than 1000 hours, preferably not |ess
t han 3000 hours, nore preferably not |ess than 5000
hours). 5 For exanple, the nmaxi num val ues of the
height (H cm, diameter (D: cm, and nunber of
stages (n) of the reactive distillation colum, the
have ¥0tttaed ¢6 bBjeck fofﬁrbdifclﬁ hd 'dEFBPcGhYmQJou sﬂ?cint.‘ma rge

cont i nuous pr oduction tinme in exarrp es

figket
oo 62 A P B g of e
o AT BB, iy o b, o
P karhe T 0 0.073 400 4 160 5 40
prefegablys RH%S%"‘@ 1%‘%(’@%?6-"@ 358 NOTES 7 200 4 PACKI NG
COLUWN (Di xon) 0.528 NOTE 5 8 NOTE 1 5 60 O.
5 Fay epamples the mamweimmﬁhﬁmﬁ%tﬁo CI‘GE d'ameter
I\IOTES 11 250 3 PACKING OOLUMN (Raschig) 0.154 NOTE 5
(D: cm2, motEnamyEE=ob skages £n). cﬂma\mmwesimm#at@n\mmmn the

42 NOTE 4 NOTES 14 NOTE 3 NOTE 3 30 2490 NOTE 5 15
amoud® (@ rbd ueACKPNk @Z0lr Uil diBXlerd® gigBéel, SandN@RE dontinuous

OLDERSHAW DI STI LLATI ON COLUMN. NOTE 2: NO DESCRI PTI ON
prod UtRISHRYER DD N Blal s1ELL4RTIEBE &P YNe production of
dimethyl carbonate (DMC) and ethylene glycol (EG) from ethylene
carbonate and methanol are as in Table 1.

Table 1
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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. NOTE 5: NO DESCRI PTI ON WHATSOEVER
REGARDI NG STABLE PRODUCTI ON FOR PROLONGED PERI OD OF

TI ME.
Appl i cation Lai d- Open

at paragraph 0060
process flow as for
5 descri bed above,

I n Patent Document 14 (Japanese Patent

No. 20

"TABLE T

and was carried out with the object

03-300936), it

is stated
uses the sane
hown in FIG 1

of operating a commercial scale apparatus for
produci ng di m=t hyl carbonate and. . ethyvlene glvcol
PATENTgH &r. bati o lvtic v, kltn .
DOGUMEN cnﬁbe vveen 'e%'ﬁ ene @Q@@@gbﬁ 1%0‘?&% L:hr
tgat the 1f@! ljow pg npneri cal vagojes |n the Pregrst | 400
A el e SRy o O b e ] B3T3 [NOTE S
sbat ed |t ht60 2490 Bg /| hr of et hylene gI ycol \/\1&3358 NOTE 5
opect | 1Cab0 qusgd,ﬂggef.;ét}“!@@ﬁ@@'lﬂm?ﬁi*&ﬂ 0526 °| NOTE 5
o® or INOFE I abrethyl carbon®%. and hente G140 |NOTE 5
i gpl i e3 NOPE 1 lopegatipn of the world s larg SID'EBDEH ENOTE 5
T )
ﬁllll:1r I bTEI Nt Sl [!'H.S Pro S na?agfe OC.?é.fl ﬁOTES
édpl icati2®0fdr 8 PathﬁGMQMM@FQSDb@ edel 8t ENOTE 5
App! | cdNOTE 2qiNofee| No. 200GPEE36) (Apr{T 0256 | NOTE 5
L N B NGTE B [ Lo ot < n@2t e bhooe| NOTE 4 | NOTE 5
a4 . NQ'DEB N@TErﬁa exanpl e @0 Patent Do¢urgsi®0 1UNOTE 5
ﬁg pan i ki 1@09!, CPACKINGACOLUMN éeﬁﬁ 19 |NOTES5
NOTEneo@bDEmm&v\cmsnmmomcwumm s stated for the

NOTEZOUNO DESCRIPTION WHATSOEVER DEFRENG DISTILDATIGNSCOLUMN.

NOTE g GNW ISEQCWWI&N FEPRINEDIBHELATIONCOLBMN g€
NUMBER OF STAGES.

NOTE 4 : NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.

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

In Patent Document 14 (Japanese Patent Application Laid-Open

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 dimethy! carbonate and

ethylene glycol through transesterification by a catalytic conversion

reaction between ethylene carbonate and methanol.

Note that the

following numerical vaiues in the present example can be adequately

used in the operation of an actual apparatus”, and as that example it is

stated that 2490 kg / hr of ethylene glycol was specifically produced.

4




10

15

20

25

approxi mately 88.4% and hence it cannot really be
said that a high yield and high selectivity have been
attained. In particular, the low selectivity

indicates that this process has a fatal drawback as an
i ndustrial 15 production process. (Note al so that

The failendeSO6bEENN ﬂfht(dﬁ@ﬁ@ﬁé&:oﬁ’ééﬁﬁhdéﬂ@ hApaam®ial production
Lai d- Open No. 2003-30093 was deenmed to have been

of 30%@@‘1’1’@%:’8&0}1@ ¥t @l@mg@ﬁ?ﬁcghl?%ﬁ &€X@HY HEN &8 tRR implies that

havi ng een request ed) a reactive

operdfich ldr e WBfI'89855e st BELR BbSBidIHIknt AR1AHHS process

ua on” Such¥as’ conposTtion variation
reactlon nd . c 05|t|on ar| tion e
had HE carednnut A2 ERe et Pr Vi Bingaf dhe Pdiant application for
erature varijation and pressure variation_in the
Pate'&‘ogpﬁh'm%ﬂh 14e ang e | rﬁ}ﬁrﬁﬁ %ﬁ%‘b‘l’%t'%gf%lﬂr@?%”%
oIonged period of time is often acconpani ed by

20031:130@93, ) {Apsil Bne003).paHawever, evesatdher time pfédlrsg ¢he

further 25 increased in the case of handling | arge
presartoappEcafionc dhereie ntsthe pbodecib@ciratadlla datdgver, in the
carbonate and a diol using a reactive distillation 5

exampll @ efsBatd Dy cleneat N4of P& P atenefAppieadbhlleaid-Open
mai ntai ning high yield and high selectivity, and thus

No. 200%138009386), HxaRHly ie Sathe \Id]@e%é"fﬁésthe'@iéhc%y calculated
cleverly devised. 'However, the only description of

value‘:%”%{dlﬁﬁ%r He?Bhto ng‘g‘il‘n%'iwﬂ:aﬁ:@ﬁﬁiéj 964uBst! ¥t the

Wth a reac |ve on pr cess

vietd Ba BRATR 45'%3?351529‘3%5@5%3@% PpprndaiepaIectivty is

appr%mﬁo&gﬁggt/@nen Sence i BAnno FaaHgase m@'déﬁﬁ@zmﬁsh yield

present inventors have proposed an industr
and WQBO?EF'@&“VI‘O’ daveibeen iadtaipedceskh Pﬁé’t’c%lﬁdbft‘ég |QW selectivity
di al kyl carbonate and a diol to be mass-produced
indicatest thalolhds \pracesst hds \a fatal dnavdtackyas aerindusdriat i ne

production process. (Note also 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 distiliation process, there are very many
causes of fluctuation such as composition \fariation 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
5
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with high yield and high selectivity, but in addition
to this, a process enabling a high-purity diol to be
separated out and purified in a |arge anount stably
for a prolonged period of tine froma high boiling
poi nt 15 reaction m xture continuously withdrawn in a

procds¥ gtalslyoiorta fp”r@lbr?gé@\gﬁrio@@ftﬂim whilehmaintairihgthigh yield
colum Is also required, a process for producing a

and Highgseenwwy, gchamgg{rwdcfeva%igh-p’umy %iai.gﬂwbgbéess

havi ng been’c The preSent invention ha

. . tai hi , : .
must SEEICERAT oiBed: | SAOwRYeR B Wy fEsrTRYBn Y CBRtRuous
J nese Pat ent Lication L d-.Cpen NO. .
stabls GBALEO TP B ifpaRR pERorhLr 1S Wil aceactup
. ...hour using reactive djstil|ation process r sed .
d'St'”ﬁi?'tOrﬁbe%C%%% memsgdshﬁﬁ\ﬁr @t bgmr@@viﬁp {))9! ?‘ﬁ%t heurs in
process of Patent Docunent 14 (Japanese Patent
PatempBpeumenh 1 Giapansse Ratent gz heaties)Laid: OpensNa.ed
that approximately 2490 kg / hr of ethylene 25 gl ycol
4-19&lctht pandrigatemt Doicuen ehy 21Q0a kan ésé P affenikpplication
et hyl ene carbonate and approximately 226 kg / hr of

Laid-OiperNexy$280243).bonate was 6 obtained as a col um
bott om conponent froma fourth step distillation

Cof hepresRWE VRV entdYsShhde Woos&d S istriafrelattive
conposition of the reaction mxture, there being no

cisISFEFT bES68% MiaL SAp S FECHBBnthe Ay SBIGIS b

r ' i it si t] istjllati .
massi i baniUS Y dnff a1 FEF Bcat@oflgtd Befiad8r time

... which the diol js qgbtained frama,kside cut of the diol

with B3 Yisld arid Righ selgg RVl puitan dudithn §ahii <2 diogeSs

5% in Patent Docunent 12 (Japanese Patent Application
enabling & bighrowitysdiplde pedsieraraindi odt epdoprbpesnime large

Patent No. 0569812, and U.S. Patent No. 5359118)), a
amounit giably fomg prslangedepertiodnofitimefeom atighwhotlingrpaint

| oner portion of a reactive distillation
reaction mixture continuously withdrawn in a large amount from a lower
portion of the distillation column is also required, a process for producing
a large amount of a high-purity diol with a high yield having been called
for. The present invention 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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colum is fed into a thin filmevaporator (l111), high
boiling point material obtained therefromis fed into
athin filmevaporator (1V), |ow boiling point
evaporated material obtained therefromis fed into a
distillation colum 15 (VI1), and ethylene glycol is

obtainbtad sadcakuransheitomcorwppnentfrodd 4 fourthnstep distillation
enri chment section of the distillation colum (VII),

colundid Hkﬁﬂe%i" le@%' rﬂ%réﬁy afétrattéﬁferﬂaéf tissl c@ﬁﬁp%itl?ﬂ'l af the
purifier (1'X), whereby high-purity ethylene glycol is

reactiyrP ?Wi‘iﬁ‘?r% ntr@}tegﬂ?% n@f d g?éngh{) jmvha-{gé‘éﬁéf of ;ﬂ'ottﬂfactlo n of

process cunen apanese
n Lai d- Open No. 6-9507 20 (correspondl ng to
a h'g%ﬂd&hhcﬁatent . 0569812, and U.S. Patent No.

5359118 purlty et h i s not obtained
£ A RS 4o 100 BpRIGInG e Ul cafrdighively igh RuIY USing
four purlfylng appar at uses have been used.
reactivig distiliphien and adiddpdritfingteimmoaupigaessis known in
(Japanese Patent Application Laid-Open No. 6-9507
which the ddebi dibtgined Boropeside uwanfettte Niol padd@ng, cahdmn.
U S. Patent No. 5359118)) is a process in which a

For examiplearinuhle ekaatpipl (6.3 yiroPatenp Dstipednt tie(gapanese
bei ng no 7 suggesti ons what soever regardi ng a process

PateﬁtMppr;@du@nngaﬂj Aou &8 NeBLIG0Fe(dbrregpohassg ttbaE'uﬂopean
ton hr) of a diol stably for a prol onged period of

o, T3 TPAAER sk Y g o
react%&éﬁ%ﬁ@%@ﬁtﬁﬂ@nﬁ ﬁﬁ‘? lo%a ﬁlgwge(?'&)ﬁ éjqeggeaf %gctw%qjlfsgllatlon

colunff} 17 Fpfdfte @ E'"alln rdvdiantatRE i SnigbRoting Pl eaferil
4 h| boj li ng point material obtain

obtaing 1BArafrom 1rdad 1o a thipufibmyeyapeeater divy, fow oiling point

reaction mxture therefromis fed intoa
evaparadadomaie el ebtained tberefiom igfied istpa dissilid®djon golumn

i quid conponent obtained therefromis fed into a
(Vil), tarid eéthiyktné igéy ¢oiniscobtaimetiOas andide oyt mumpbyenit 22 from an

produced in an
enrichment section of the distillation column (Vil), and then purification is
further carried out using a purifier (1X), whereby high-purity ethylene
glycol 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)), high-purity ethylene glycol is not obtained from the high
boiling point reaction mixture until four purifying apparatuses have been
used. Furthermore, 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)) is a process in

which a small amount of ethylene glycol is produced, there being no
7
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amount of 19 kg / hr as a side cut conponent from a

stripping section of the third distillation colum

10. However, with the process of Patent Docunent 15

(Japanese Patent Application Laid-COpen No.

2003- 342209), 15 the ethyl ene glycol obtained contains
sugg@sfiofsbyhatspive otegarling & arocessciur. prodwéing a large

et hyl ene glycol of a high purity as required as a

amon.lfntta('ret gheotakssithlan’ Prtoh PRF) bf ReHiA st bREToF @ pFolétiged

the process of Patent Docunent 15 (Japanhese Patent

penoﬁpcﬂther E) Lﬁb?le@ffhém 500"*’(9%%!.&% 209) at |east one

fy| ng apparatus 1s t required. 20 That
-l o oo SR LB 3 (N DBcumen
15 (JphahasecRatent ABRIGALSH! haidudppBrNonAtER-08 22 B ahigh

inlet for feeding into the distillation colum, but
boilinghpopntr feactinn mixterewishdrawnyfsom adowsyuperiipermf a

and noreover the process of Patent Docunent 15 25
react(\kadistébatiPateaitimipps fedtinbm d_aedoOdedistblation column 4, high

2003-342209) is a process in which a small anmount of

boilingt pgirtnmadkyiadlobtaimeddheesfronhés delantg anhyddolysis reactor 7,
suggesti ons what soever regardi ng a process for

the red IS iMktare ahgeefraﬁwmemn% dlebclaeséxwaﬁtrbritéﬁn /
hr) of a diol stably for a pro onged period of tine

(gas- sg% sg%tarb?énspzh?g c'f@goc YI%H tHé}*ech?rngis fed

exanp ent Docunen

into 2 {FFRHIARR EVEIRGTt %eﬁnpr%&@ﬁ?%ﬁ?%ﬂa@éO%ﬁ&d in an

t No. 6479689 d
amoufsatoefnf J e”tms 3 'tz el Bant K .%%-H'Bnm& section of

q) . 2002- 308804 hi gh-purity ethy
the tfgrd/é’cw Hgtfeﬁt%@l#é@nﬂr%m \@eu@r,c\utthotuftq Bf0¢ﬂ§$élfl Ratent

in an enrichnment section of an EG purifying 10 col um
Documentwhb dHapangssy Basent Apglidedion deddrigpent Mot 12003-342209),

colum, but in each case the ampbunt produced is a
the eﬁ‘mﬂéheagvhymﬂ oditaliresd comdairk0.8 % by weight of diethylene
glycol. To obtain ethylene glycol of a high purity as required as a
starting material 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. 2003-342208), ethylene glycol is obtained
from a side cut outlet 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
8
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t here being no suggestions what soever regarding a
process for producing a |arge anmount (e.g. not |ess
than 1 ton / hr) of a diol stably for a prol onged
period of tinme (e.g. not |less than 5000 hours). 15
Approximately 16 mllion tons per year (2004) of
suggestiphsnehgltsoseler segardithgcad rovdsivfareprdducinig Adarge
all of this has been through a hydration nethod in

amouMti @g"adtTless theed ton £hiy bfe dii siabi \éebroﬁ)%ged

shown by the statement "Production of (et hyl ene

penoa'df:ﬂga (8. gunat W&é?ﬁéﬁ%o&???ﬁ{)ﬂ&ﬂg"f EO (ethylene

reacti on genera carried out 20

 MgErorshora B8 S blanAkiriBEre B GeayinPaldfea
Documqn@ﬁﬁ@ba&%@? uéréaﬁ ﬁ@ﬁ&%&s;ﬁgorresponding

proportions of these products depend on the wate
to Eufeppan; BatantNe, LoiadG0Ne0ab: . Batost dta; 6A19680)) and
approximately 90% the water / EO ratio nust be nade
exampde 25 (bEGappin R aterd] ogomenta9 idapanese Patant &ppdication
amount of water nust thus be distilled off in an EG
Laid-pyreri Nt 2002s3@88 04 hdhigh -pngét yasthylenefglyeol herotsthined from
energy is consuned in this. ... Wth regard to

a sidewuthestlst Mstaled rrpahEQnribhniénmgécﬁanoafﬁéﬁtEGeEanﬁying
to say that this is an inperfect process fromt

colunyh W%ﬁicrpfs BNV afif ikl &1 F‘é‘tci’eedl'ng; ﬁlﬂ? t’ﬁ% g8lumn, but in

Docunent 1 (Japan Petrol eum | nstit

each 388 W sty §%8§‘§%ﬁ PSRRI Biogs hag 200 0/

er B SR e 1B IR
o W oo LI PRSI SRS Byl

Invention It is an object of the present invention to
for a prelanged pgiad ofdime (e.g. 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 (ethylene glycol) is by a hydration
reaction of EO (ethylene oxide), the reaction generally being carried out
.. at 1560 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 depend on the water / EO ratio, and to obtain MEG with a
selectivity of approximately 90%, the water / EO 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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appar atus and process for producing a high-purity diol
by taking a cyclic carbonate and an aliphatic
nonohydri ¢ al cohol as starting naterials, 15
continuously feeding the starting materials into a
continuous multi-stage distillation colum A in which
thermvalcahelyytis icormumedtin thisryi.ng Withrespdrdvid synthesis of EG
distillation in the colum A, continuously wthdraw ng
from € OW Rohb{ BA Opbfitatémafit @sa that sl i€ G APt
produced di al kyl carbonate and the aliphatic
s " o f ; b t | um
procé}%{‘f’ﬂn Sfﬂa 2tB|% Gi utgmft Jfoghéggi#%‘?ﬁ&le?ﬂr b 98 NhniPgtdift

_ 20 "gaseo orm ¢ inuou withdraw ng a
Docufi &, {2 PREHELTR GhaPlu 16l coRET RN Btosesu

u a liquid rm contj.nuously feedi f i gh, boi] i ,

(Petfpshemical PrakeSaps hinages 1abto 1omKedalisha. 2000, this

. mul ti-stage distillation colum C, distillin of f

industgiab pradugtignprece swhasogreahgrawbacksnbeth 2mmdhet he
diol contained in 25 the high boiling point reaction

perspactive of ABeagthylenbughycodyielshpodese!eCtivibhdind thesi de
cut conponent Cs so as to obtain a colum bottom 10

perspamtpanefiterédgycsavingiousl y feeding the col um bottom
conponent CB into a continuous nulti-stage
distillation colum E, and obtaining the diol as a
side cut conponent Es froma side cut outlet of the

Discl§90Fd ¥YANS fdi-stage distillation colum E
Mor eover, ietn'ﬁﬂs an object to thus 5 provide a specific

[ Lale.a ' j: producti on process

tﬁgpﬁy‘é@gi tﬁeggﬁéf‘@d §&$H$W%§gﬁbl e, enable the

hi,gh- pur i iol,to be praduced in an anpunt of not

83 B pbleddt e srgseRtioveatioroi ettt e, seacic

tinme ée. 9[3 not | ess than 1000 hours, preferably not )
appargdys ndProsess Iupdying arftgsraBrivy diel pydtakinga cyclic

5000 hours). 10 Means for Solving the Problens That
carbanateaaedran adiphatimsanehyddspicohef asatgiting:materials,

i nvention, there are provided:
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 Ar containing a produced dialkyl carbonate and the
aliphatic monohydric alcohol from an upper portion of the column Ain 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, continuously feeding the high boiling point reaction
mixture Ag into a continuous multi-stage distillation column C, distilling
off material having a lower boiling point than that of the diol contained in
the high boiling point reaction mixture Ag as a column top component Cy

and/or a side cut component Cgs so as to obtain a column bottom
10
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1. in an industrial process for the production of a

hi gh-purity diol in which a high-purity diol is

produced by taking a cyclic carbonate and an 15

al i phati c nonohydric al cohol as starting materi al s,

the process conprising the steps of: (1) continuously
comporeehtnGst Bensirardusly femidingahe columa bonbimdowsponent Cg

mul ti-stage distillation colum A in which a catalyst

into d SoPtRAMS n?@'tf—¥ta’@e desfillafiant eamm*ﬂn% bhﬁtbﬁ?ﬂalhn’)g the diol
said distillation colum A, continuously

asa%’l&é‘@m‘\@d?ﬁgan S’uceglldrg%ﬁid%‘tmﬂm Bf‘fh é%rftéﬂous

B @?&@&%amﬁ# rgoggﬂg:auuép%?megz3é»%u%f

.gont i nuousl y aW|n I|n

provifigea shaitiendlistdal Bbnetefungnt Maluss oprac{yctf%margcess
| ower portion of the dlstlllatlon cqunnAlna qui d

that ane ingxpensive aed: fausyamplesanakiesthal higlrpurdty cim;l to be
point reaction mxture 11 AB into a continuous

prodiyged in amgmaeuint of Inatiiessddlamt ton/bostabbofet @ prolonged
wi t hdrawi ng material having a | ower boiling point than

periodhatt tinfe {ba.diot [exotihan MDD hoasd prefdrdidy| noglgss than
reaction mxture AB as a colum top conponent CT and

3000/hc\irs2 ribee prafe EAHIRONENfe L& thaR G EIOHoUHeYs! y 5
Wi t hdr awi ng a col unm bottom conponent CB havi ng the

digbaas ﬁ,rr@?m{?gq@ﬁopﬁablé greof froma lower portion

of the disti on columm C, and (Il1) continuously

S, t
cont%ﬂgsdu%&&ﬁhﬁgt%aggé gl?gi %Sg%;&l 0 tgo%BBlr'r%%'t anvaentlon,
ont ol wi t hdrawi ng a high-purity diol as a side
there #ﬁgsﬁé%t Es froma side cut 10 outlet of said

contln ous, Itl-stae istillation columnm E;
iR by U\Fﬁh%‘ Bl R eFESSeOr 8’% P§%¢H088ﬁt‘Pﬁaoﬁh@hrrﬂpﬂtysqlﬁbé"
dl stillation colum A conprisi nE
which a high-purity diol is produced by taking a cyclic carbonate and an

aliphatic monohydric alcohol as starting materials, the process
comprising the steps of;

(1) continuously feeding the starting materials into a continuous
multi-stage distillation column A in which a catalyst is present, carrying
out reactive distiliation in said distillation column A, continuously
withdrawing a low boiling point reaction mixture At containing a produced
dialky!l carbonate and said aliphatic monohydric alcoho! from an upper
portion of the distillation column A in a gaseous form, and continuously
withdrawing a high boiling point reaction mixture Ag containing a
produced diol from a lower portion of the distillation column A in a liquid
form;

(It) continuously feeding said high boiling point reaction mixture
11



10

15

20

256

distillation colum having a length Lo (cm, an inside
dianmeter Do (cm) and an internal having a nunber of
stages no thereinside, and further 15 having a gas
outl et having an inside dianeter dog (cm at a top of
the colum or in an upper portion of the colum near

Ap infoatéentinpous miultiistageudistilidtion rolamn Cicenidhaobshy
d02 (cm at a bottomof the colum or in a | ower

wntth&’Mhé’ﬁnQieﬁQPhﬁQirﬁé@ RR2er boiliRg guiht ARanathdtessthd dol
first inlet provided in the uppéer portion and / or a

conta”hé’gl ﬁ :Pé’i b@g\nﬁﬁllﬁﬁgﬁhﬁ@?aﬂoﬂemﬂéﬁ%’ ﬂ?%?ss a°é‘6|' AN top

e sec rov

rt nd / ortio f th ve

°°m9§§- R p At ut?@ﬂf?evaiﬁ’e%?ﬁpe&e'ﬁo&nen%dﬁévﬂﬁﬂaﬁ%&

satisfy th ng formnul ae 1005L0!5 |
withdZ8yig B cofimis o?ﬁ"on%&%neeaené 53 haiing thisSisd 45 main

12 205n05120 (4) 35Do /do,:_20 (5) and 5: Do/ d02S30
comppgentthereaf dramne ilaweispentian ofithgedistdtatiamcodamn C; and

columm C conprising a 5 continuous nulti-stage

di(bid) | lcantomueosiynteadimgr saichgolumnr bottiony cosepopent Cp into

having a length Lci (cm, an inside dianmeter Dci (cm

a condimbcaus mui¢i-stdge Wistillationndelunoh Bl agdscastinuously
t herei nside, and an enrichnent section having a

withdF@WeR aLﬁ?gK-ffmntya@ldI“eﬁS desidieatBt ebnis3nbAME AffdmMA side cut

internal wth a number of stages nc2 thereinside,

outieft"ﬁg%? dofitind s n‘? It: s?{ﬁ di ﬂlg)%%naggbd}% fg}mféﬁém

| owm ng ormJ

improveMlent Lo Prises™! :— 700 (8)

(a) said continuous muliti-stage distillation column A comprising a
distillation column having a length Ly {cm), an inside diameter Dy {(¢cm)
and an internal having a number of stages np thereinside, and further
having a gas outlet having an inside diameter dg¢ (cm) at a top of the
column or in an upper portion of the column near to the top, a liquid
outiet having an inside diameter dy2 (cm) at a bottom of the column or in
a lower portion of the column near to the bottom, at least one first inlet
provided in the upper portion and / or a middle portion of the column
below said gas outlet, and at least one second inlet provided in the
middle portion and / or the lower portion of the column above said liquid

outlet, wherein Ly, Dg, ng, doq, and dgz satisfy the following formulae (1)

to (6):
2100 < L < 8000 (1)
180 < Dy < 2000 (2)
4 <L/ Dg< 40 (3)

12



10

15

20

25

3: Lci/Dc,530 (9) 3 :_nci 530 (10) 15 1000: _ LO2:5
5000 (11) 50 5 Dc2500 (12) 10 Lc2 / Dc2 :_ 50 (13)
20 nC2 : _ 100 (14) and Dc2 5 Dci (15); 20 (c) the
enrichment section of said continuous nulti-stage
distillation colum C has at |east one chimey tray
instal |l 2D tdhpped w2@s the internal, sgq4g chimey tray
having installed therein one or nore chi meys each

havi ng | h Nng a cross-secti rea Sc
(cnR) gﬁjg glﬂ% t?éaforrrula (16): éggaé @ Sc 5

1000 (1 ac the chimeys b g such that a
hei ght géc_(% q §°r o?nésﬁal d 13 opening 3P?Sai d chi mey

t hi_nn [ he ~ f.ormul

(3548 é’éjﬁhﬁugagd%?li%s‘ia@&) LN C%Ev"fahﬁ 8{3"1 fising a
connected.tqg a |iquj t|n ortion of

contna“pHﬁéyu&l asgagp @%lflul%ém ,c,quté[]gt ﬁgmqngltnggg strlpplng section
distillation colum HS sai d continuous .

havingatipngthde1dicn). aatlné e giameter Lemfem) @ndian internal
continuous nulti-stage distillation columm conprising

with aansimbeppiofstegesi nor thexeingide) engdt anlemri¢iomentasection
inside diameter DE1 (cm) and an internal wth a

havinguatiengthh Lsd.a@am),n&h inbideidiambter g femérand ameniternal
section 10 having a length LE2 (cm, an inside

with &liruieber JdPEstage® napthareingi®s NMherdin h_cq vlngoerfcé flcz, Dea,

stages nE2 thereinside, wherein LEI,

and n?géqtlﬂnydtﬂﬂzgoﬁ@w:ﬁéWo?ﬁﬁllé@' 7‘3"’(‘0”@15)‘?”“' ae (18) to

300 < L¢1 £ 3000 (7)

50 < D¢q < 700 (8)

3 < Lcy/ Dey <30 (9)
3<nct <30 (10)
1000 < L¢2 < 5000 (11)

50 < D¢z £ 500 (12)

10 < Lgz / Dg2 £ 50 (13)

20 < necz2 £100 {14) and
Dc2 < Det (18);

(c) the enrichment section of said continuous multi-stage
distillation column C has at least one chimney tray installed therein as
the internal, said chimney tray having installed therein one or more
chimneys each having an opening having a cross-sectional area S¢ (cmz)
satisfying the formula (16):

200 < S¢ £1000 (186),

and each of the chimneys being such that a height he (cm) from said
13
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400 : _ LElI :_ 3000 (18) 50 5 DElI :5 700 (19) 15
25LEl /DE1l: 50 (20) 3 5 nEt :_ 30 (21) 600 :_LE2 :_
4000 (22) 100 5 DE2 :_ 1000 (23) 2 5 LE2/ DE2 :5 30
(24) 20 5nE2:5 50 (25) and DEl1 5 DE2 (26); (f) the
enrichment section of said continuous nulti-stage
openihig bf Isaid icHinedynd d&ghasoatlet oFgai@nchieimepatistrys the
installed therein as the internal, said chinney tray
formlavi1yy:i nstalled therein at |east two 25 chi meys each
havi ng an openi ng having a cross-sectional area SE

(cnR) I SEYI the formula (27): 1 .5 SE :_ 2000
(27), aﬁﬁj e‘arc}ﬁ %?Ot he chi meys bei ng 3&? "that a

hei hE (c fr sai d _openi of .said chi mey ta
o309 dher Siecple L3RR g BEad fo & ERLE PRl bBrflon of
. 28): 520 : . hE 5 100 (28); and (g) the sjde cut

said éﬂj't“f"é?yi%a%cSﬁrr%%'F'e’EP"t‘B“HOPiSq'LE‘iUc!“t%%IQ@cQMﬂIé}:ib?'i‘i%’HUEﬁ" C;
said chimey tray of said continuous nulti-stage o
di{etisaidisomtiagpuammeltistageed istidladinon sedwma Egcemprising a
item 1, wherein an anount produced of the high-purity

continliousimuitbistagesdishidiation cotumin com(prasingha sirippésg section
according to item1l or 2, wherein dog and d02 satisfy

havinghe lehgtinllz (c29),. ad ibsitie diasheteb [5:,(&9M) and an internal

with a number of stages ng4 thereinside, and an enrichment section
having a length Lg> (cm), an inside diameter Degz (cm) and an internal
with a number of stages ne2 thereinside, wherein Lg4, Dg1, ng1, Lga, Dea,

and ngz satisfy the following formulae (18) to (26):

400 < Lgqy < 3000 (18)
50 < Dgq < 700 (19)
2 < Lgy/ Dgq 250 (20)
3 < ngq <30 (21)
600 < Les < 4000 (22)
100 < D < 1000 (23)
2<Lgz/ Dgz <30 (24)
5 < ngz; £50 (25) and
Des < Des (26);

(f) the enrichment section of said continuous muiti-stage
distillation column E has at least one chimney tray installed therein as
the internal, said chimney tray having installed therein at least two
chimneys each having an opening having a cross-sectional area Sg (cm?)

satisfying the formula (27):
14
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4. the process according to any one of itens 1 to 3,
wherein Lo, Do, Lo/ Do, no, Do/ dog, and Do / dO2
for said continuous nmulti-stage distillation 15 col um
A satisfy respectively 2300 5 Lo : _ 6000, 200 : Do :_
1000, 5: Lo/ Do :_ 30,305 no 5100, 45 Do/ do,

515, and §§R0s002%p 5. the process ngqrdi ng to any
one of itens fto 4, wherein the internal of said
[ ScRith b bhost b Sk | [ i :
s R0 oM RS by epG A Il e O (Brirbyn sl
ik S8l ' t [ ' t T
opentifbf ARG fo o BEs' QuPBher SRy sasisgies the
forl,mgol / n2 in a sieve portion thereof, 7. the process
c ng to item5 or 6, wherein a cross-sectional
area per_hole of said sieve tray in said continuous
nul ti - stéy& Best 1POati on 25 col um A i(28)haBdr ange of
from0.5 to 5 cn2, 8. the process according to any one
of(d)ttbessigle gut oukledrisi conmectes] tp e tiguid cefiesting portion of
ratio of a total cross-sectional area of the holes in
said ohimneydyaytofgeaidocamtinueasomuitiestagaydisifilation colamn E,
tray in said continuous multi-stage distillation
2. tlhelproeeds actordingaoiedd 1f, nohetein 48 dh¥und pridtRiced of the
process according to any one of itens 1 to 8, wherein

high-BuPit{dabi 19/ no® 16883nah2948h Phrirays K are further
provided in a lower portion of the internal in a

5. hSYRERSS RO8HH Moo 35 .61 P0LDAeRAY T BL Loty e

.Stidy ation colum C, a liquid is continuously
form"ﬂnht(?gr)am from an uppernost stage of said trays K, and

after heat is given fo require for distillationin a
reboi | er! St Eéaz édél iquid 10 is retéfBed into the
distillation colum C froma feeding port provided

4. thewressssrRCERFENGIS any ope of itams 1 tay8, wherein he, Do, Lo /
internal in the |owernost portion of the stripping

Do, Nngeldbi/ahy1, witid Do denfidmdaid contimudusimulti-stage distillation

column A satisfy respectively 2300 < Ly < 6000, 200 < Dy < 1000, 5 < Lo/

D0 <30,30<n9<100,4 <Dg/dg1 <15, and 7 < Dg / do2 < 25,

5. the process according to any one of items 1 to 4, wherein the

internal of said continuous muiti-stage distillation column A is a sieve

tray,

6. the process according to item 5, wherein said sieve tray in said

continuous multi-stage distillation column A has 100 to 1000 holes / m? in

a sieve portion thereof,

7. the process according to item 5 or 6, wherein a cross-sectional area

per hole of said sieve tray in said continuous multi-stage distillation

column A is in a range of from 0.5 to 5 cm?,

8. the process according to any one of items 5 to 7, wherein an
15
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is fed into a lower tray in order, 10. the process
according to item9, wherein each of the trays Kis a
15 baffle tray, 11. the process according to item9 or
10, wherein an inside dianeter Dc3 of said continuous
mul ti-stage distillation colum C where the trays K

apertir@ MRS eatratitt bbb RRaPeroSs¥abtidal 4héa RFagRSRoles in one
according to any one of itens 9 to 11, wherein Lci,

tray %‘ e td@ntStea di%he fiGy) dfcgaidDQi%vé-g-i%x llrﬁé{dl g,%%'tirﬁ.l%s

for the continuous” multi-stage _
multi g d fRARAGH G RTR (o' 4 3Hbs o riam™t. 585 Yarko,

9. tBg ogass aogardingiicsany Ang of fleprs 1360 Briprsin plurality

accordi ntg to any one of itens 1 to 12, wherein the 25
(nca stagas)ipf trayenk ave funtheg Previdesh inra lower eationuefighe
mul ti-stage distillation colum C and an internal
interngdciruaileyearmeoshpendgntafathe strippinghsectioenwhich is in a lower
section are trays and / or packings, 14. the process
porticat odrehidgcad mtin iems Iidultikstagiend istdl atidre coddmim C, Fee liguid is
stripping section of said continuous nulti-stage
contiﬁUGUsg} litHdraoh FremCahSupp &mbER%tage bt $&id fragsR! and
excluding the chimey tray in the enrichment 5

after he@tii8givent i ré gMeaﬂﬁ cﬁi_st‘?ﬂlaf%ioﬂ ) Pét%’il@ﬁct!ﬁienﬂeagéd liquid

the process according to item 13 or 14, wherein sal
. i Leye,. h S rdi | :
s retbffa Btd kTS g B cbfy C R E BhPE ph ATt Vided

[ in a sieye portiion, theregpf a. .

betweifa d8e Fab Prhodt 3EB G0 Al HSER, and ietinserral inothe

0.5 to 5.cn2, 17. the process, according to item15 or . .
lowerjRost,pgrtion %{ntjfgﬁpéirﬂap ¢ sechiom whilei remaindsr gt the liquid
) cross-sectional area of the holes in one tray stage to
is fedyipto a lower tray in order,

10. the process according to item 9, wherein each of the trays K is a
baffie tray,

11. the process according to item 9 or 10, wherein an inside diameter
Dcs of said continuous multi-stage distillation column C where the trays K
are present satisfies D¢y < D3,

12. the process according to any one of items 9 to 11, wherein L¢4, Dey,
Lect / Deq, neq, Lez, Dea, Lea / Dez, ne2, and nga for the continuous
multi-stage distillation column C satisfy respectively 500 < L¢q £ 2000, 70
< D¢t £500,5 <Lct/ Dgq =20, 5 <ngq <20, 1500 < Lgz < 4000, 70 < De»
<400, 15 < L¢z / Dc2 < 40, 30 < ngz <90, and 3 < ngs < 20,

13. the process according to any one of items 1 to 12, wherein the
internal in the stripping section of said continuous multi-stage distillation

column C and an internal excluding the chimney tray in the enrichment
16
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area of the tray) of said sieve tray in the stripping
section of said continuous nmulti-stage distillation
colum Cis in a range of from2 to 15 15% 18. the
process according to any one of itens 15 to 17,
wherein an aperture ratio (a ratio of a total

sectiohap® egls andl/ er packingdle holes in one tray stage
to an area of the tray) of said sieve tray in the

14. QRE MHE%HS aé%fdi‘h‘b f} ifeh o @qnh'err‘énv%halihfe%rrﬁdlaaethet .

distillation co Cis in a range roml.5

strlp;?laﬁ’ %4%%@?& Qéfacﬁﬁgtlﬂﬁ%‘i{sdhﬂﬂ t&a@ ﬂlé)tfl ht o{r;rlu Cis

erture ra

Cl 0SS ti.ona rea of.the _openin 98 i,n chinnes

the iy 3 PG Béinad S frule ?Psyc ety 1 Bet%reapﬁment
Qss- sectional, area of the eni of said chi mey

secti?pd§ the Uayand /Qha; SHuGHr P?cgﬂlﬁge distillation

colum Cis in a range of from10 to 40% 17 20. the
15. éh@d@r@%&ﬁ:aclw@m@o ailemrs or i4.ewberetpsaid tigeisiansieve

said continuous nulti-stage distillation colum C has
tray, a col um bottom tenperature in a range of from 150 to

250 C, 21. the process according to any one of itenms 1

16. theZfrocesy atoosding fo ¢lem i18jonherdir safd 8deve tray has 100
distillation colum C has a colum top pressure in a

to 10087661/ ni MMLSNE0R pOrtiNPQREBr &SRS, 27d d BPoPS-2&RI®Nal area
according to any one of itens 1 to 21, wherein said

per h6@§t|h'51%‘ﬁ B rof) ¥06 1B §idrh2 ation colum C has a

uxrat 0|narange of frrom0.3 to 5, 10 23. the

17. BhEGERRRS" BRCORE s Went 3% & e Whelels’ aBrartiBire dhtio (2
ratio of angcgtarlr%rrgstshggct%onal gpen; of the holes in one tray stage to an

area of the tray) of said sieve tray in the stripping section of said
continuous multi-stage distillation column C is in a range of from 2 to
15%,

18. the process according to any one of items 15 to 17, wherein an
aperture ratio (a ratio of a total cross-sectional area of the holes in one
tray stage to an area of the tray) of said sieve tray in the enrichment
section of said continuous muiti-stage distillation column C is in a range
of from 1.5 to 12%,

19. the process according to any one of items 1 to 18, wherein an
aperture ratio (a ratio of a total cross-sectional area of the openings in
the chimneys to an area of the chimney tray including said total
cross-sectional area of the openings) of said chimney tray of said
continuous multi-stage distillation column C is in a range of from 10 to

40%,
17
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24. the process according to any one of itens 1 to 23,

wherein a content of the diol in said side cut

conmponent Cs is not nore than 0.5% 15 of the diol fed

into said continuous nmulti-stage distillation colum

C, 25. the process according to any one of itens 1 to
20. 2He pvowesisnatEbrdibg to ab ohel¥flitenisl 1 10529, bidRerdinZsaid

DE2, and nE2 for said continuous nulti-stage

contlﬂuéb's%@lt'l-@ia@@' d’i@?llﬁ\tﬁﬂi 'o%flunﬁp@ hB5 & cofQRh bbb m_
DE1 < 500, 5 LEA / O, 5 nEl 5 20, 700 5 LE2

temp%@@@@ 13238382?2%2%)%36 ?%%Log’rzoéegsaacggr glong7t;
21. Z@%rf?@? %ﬁeééggpdp%'gtg égytﬁﬁ‘ﬁﬁr ngeH:Se e@r?@hm?'lem sald

.section nuous , nmul t tage distil ion .
contigipiiimutisatade; Etliaam cantn £ g3 colimn igp pHéssure in
and/ or the packin 25 27. the process according to
a rangecpf Brom QR0 Aot HOOBOHLdal in each of the
stripping section and the enrichnent section of said
22. thetpregess ascotding & agy onetdf temsod teoRdimwierein said
excluding the chimey tray is the tray, 28. the
contipunousynultt-ebtadendistitlatiormcafumah€r kas d hefluxamaticima range
sieve tray, 29. the process according to item 28,
of fromher 8ite 5aid sieve tray has 150 to 1200 holes / nR in
a sieve portion thereof, and a cross-sectional area 5

23. PRE ;ﬁ%‘c@:s‘sr‘aé‘céﬁﬂﬁg & afn 06'?18 of ggm% ¢ 230wHe¥Rin a

process according to |te 28 or wherein’ an

comeBPF HEPGIAN REpE chAHR o, B hhe L ETSARLIAGH yen 100

m tray) of said sieve tray in the stripping section of
PP 'said continuous nulti-stage distillation colum Eis
a range of from3 to 10 25%_ 31. the process
24. Yo srace St BCGRKAIBAOANYIXME Aatemsb, toRar wilerein a
aperture ratio (a ratio of a total cross-sectional
contegl,tég the died iRosaigl sidleygat component Cs is not more than 0.5%

of the diol fed into said continuous multi-stage distillation column C,

25. the process according to any one of items 1 to 24, wherein Lg4, Dgy,
Let / Dg1, neq, Le2, De2, Le2 / De2, and ng; for said continuous multi-stage
distillation column E satisfy 500 < Lgy < 2000, 100 < Dgy £ 500, 3 <Lgq/
De1 <20, 5 < ngy £20, 700 < Lgz < 3000, 120 < Dgy < 800, 3 < Lgz / Dgp <
20, 7 £ negz £ 30, and Dgq < Dga,

26. the process according to any one of items 1 to 25, wherein the
internal in each of the stripping section and the enrichment section of
said continuous multi-stage distillation column E excluding the chimney
tray is the tray and/or the packing,

27. the process according to item 26, wherein the internal in each of

the stripping section and the enrichment section of said continuocus
18
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tray stage to an area of the tray) of said sieve tray
in the enrichment section of said continuous

multi-stage distillation colum Eis in a range 15 of
from2 to 20% 32. the process according to any one of
items 1 to 31, wherein an aperture ratio (a ratio of

multisthgeadistiikgios coiummE axchudihgtthe ohtnheystray istthe tray,
chimmey to an area of the chimey tray including said

28. tREProcTsISAacESFAIN B iRMRR P whife RPERE RESY i8Ta SRAVE tray,
chimey tray of said 20 continuous multi-stage

ot , _ e . ; o
20, $h3'icReacEoham fotorh 28 RARELP sld Bl ve tPey Hi 150
i [d.  continu Julti - g istillation.
to 124Gt MZin, B R PHEU OB therEhfoall A crpheiidignat area
of from110 to 210 ¢ _25 34. the process according to

per hglﬁ/'%@er%?gﬁt%fréom 805§§, g\/WBr-ei n said continuous
nmul ti-stage distillation colum E has a reflux ratio )
30. theProssess agoording nitem 28 00 2B5whekeinpascapserture ratio (a
~according to any one of items 1 to 34, wherein a
ratio pfia total croshesattid nahased dfsthéeholes inmrenéray Etage to an
not | ess than 99% 36. the process according to any

area ohtheftraypos shidsidve trhgriai theastripping sectibnt b€ sdid!
in said side cut conponent Es is not |ess than 99. 9%

contifméé b ahultretapei digtilatidie coaeMMIEEPRChH findd1of Brémestto
invention, there are provided: 37. a high-purity diol

259, produced by the process according to any one of
'Clains 1 to 36, which conprises a content of high

1. 3 PR SLchN 1 8w e e 2Ly Wrein r
apert§P8Y 8,04 caRb P et e BTl oL BYfbegy m ome
tray stage to an area of the tray) of said sieve tray in the enrichment
section of said continuous multi-stage distiliation column E is in a range
of from 2 to 20%,

32. the process according to any one of items 1 to 31, wherein an
aperture ratio (a ratio of a total cross-sectional area of the openings in
the chimney to an area of the chimney tray including said total
cross-sectional area of the openings) of said chimney tray of said
continuous multi-stage distillation column E is in a range of from 5 to
40%,

33. the process according to any one of items 1 to 32, wherein said
continuous multi-stage distillation column E has a column bottom
temperature in a range of from 110 to 210 °C,

34. the process according to any one of items 1 to 33, wherein said

continuous multi-stage distillation column E has a reflux ratio in a range
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Clains 1 to 36, which conprises a content of high
boiling point inpurities such as a dialkylene glycol
of not nore than 100 ppm and a hal ogen 15 content of
not nore than 1 ppb. Furthernore, according to the
third aspect of the present invention, there are

of fropn & telad0,39. an apparatus conprising a continuous
mul ti-stage distillation colum A, a continuous

35. ‘i‘Hbt;ﬁro%té*éleaEbéthn'@fd %ﬁf@b&”@f ﬁenfsgq fb 34, Wél‘(—ﬂHoé‘?Jurlty

rrutl-stage distillFation“colum E r carrying out

of thé"i:l‘?c?leﬁf'sa 5106 LU ARpBAUHER S ot (s thitin 639, 10 2

car onat e an mono al‘cbhol

rt| mat er. al t he [,Oce r
36. HeR 9ceaiw.9nfﬂaa§nvy oRecf AEmsd "G 3B, V%@erem a purity
rr% rJas <gacontlnuous CéSmJtl-sta 0
of thgydiel in gajdbside GuhFAMPINANtRSs ds Natdepsithap 90.3unt |
carrying out reactive distillation in said
di Buithes: agaocdingnto thesarond @aspectf the paeaanhinvention,
| ow boiling point reaction m xture AT containing a
theremaredpcevidedi:al kyl carbonate and the aliphatic
nonohydri ¢ al cohol from an upper portion of the
37. ai bigh-patritgndiecdiprodusedbg thesprocesd®atcordihg to any one of
continuously wthdrawi ng a high boiling point

Claini$£a0o 98, WHEH oMPrisyy al fdRGL M &f HigW%%@Fi'nQ ;%lglftrlﬁfﬁunties

alovver portion of the distillation colum in
[e! I
such geRidlaikAbib glyck Bhel T haF2d dC%P?ﬂeQ'eEn 2logen

|t 4 at colum C, continuously
conterﬁ'ftch‘dr?étﬁﬂ%engfée:’? |daiil ng a lower boiling point than
of t on d in said hi h b0|I|n
38. aoﬁmh-Pélg i T rducedaBy 1Bepiadam adser one of
and/ or a side cut_ conmponent Cs, and conti nuousl

Cfa*m;ﬁ ﬂHﬂ@r Aki Mehighcesr R sast ﬁo@ﬁ'&tﬁfﬁo?khtgfcb%[éwr@iﬂhémpurltles

diol as a main
such as a dialkylene glycol of not more than 100 ppm, and a halogen

content of not more than 1 ppb.

Furthermore, according to the third aspect of the present invention,
there are provided:
39. an apparatus comprising a continuous multi-stage distillation
column A, a continuous multi-stage distiilation column C, and a
continuous multi-stage distillation column E, for carrying out a process
for producing a high-purity diol by taking a cyclic carbonate and an
aliphatic monohydric alcohol as starting materials, the process
comprising the steps of:

(1) 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 distillation column A, continuously
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conponent thereof froma |ower portion of the

distillation colum C, and (111) continuously feeding

said colum bottom conponent CB into 15 the

continuous nmulti-stage distillation colum E, and

conti nuously wthdrawing a high-purity diol as a side
withdrawingreiownboiting poihréacidon uhixtove |/t cohtaimidg a produced

continuous multi-stage distillation colum E; wherein

dialk{NMBaAYENEIE ahdMHé %‘ﬁ?ha(t&) nfehSh AL A1e0rd| THd fnl aRlESISer
distillation colum conprising a 20 distillation

ponlt‘{ﬁl%f%gﬂg}ﬁgﬂﬂqt??@%flﬁhﬂﬁ ey %%g%gﬁ%éddmb%rﬁbusty

avi ng tages
W'thdi%ﬁ"ﬁén%ﬁ@m?ﬁ o éémetr%cqa' P RE Ak e Ttaiia o,
prodyded toPBam Iomsr wpraion at e dskiiation sehimen int Yauid

bot t om of the colum or in 25 a lower portion of the
formicol um near to the bottom at least one first inlet

provided in the upper portion and / or a mddle

pdit)i oscotinueuslylferding saidl ight beilifag point e¢actiod mixture

| east one second inlet provided in the mddle portion

Ag intnthé contimgo Lswnruitbathgendistiliahio e ebtumnaQow ritheuously
liquid outlet, wherein Lo, Do, no, dog, and d02

w;thd$§W|ﬁ§}mbt@rléPh|aQM@% fd%ﬁ/&k”b%ﬁllﬁélpdlﬂt(tﬁ)an ﬂﬂaﬁooﬁtﬂ@ dYol
8000 5 180 5 Do 5 2000 (2) Lo/ Do<_40 (3) 20

COﬂt&$neBQ?<§aIHZHI4 o?’hﬁ Y i@ re22iok |i‘ﬂ5’re ﬁa%?‘é Eollffin top

Sal conti nuous nu

comgt G W E Tsaﬁng&ﬁﬂﬁwusmg
wﬂhd%ﬁvwgrﬂ cg% bpﬂbﬁ‘%a%bgheggreg havmg ged%laargetaelrnam
component thereof from a lower portion of the distillation column C; and

(11} continuously feeding said column bottom component Cp into
the continuous muiti-stage distillation column E, and continuously
withdrawing a high-purity diol as a side cut component Es from a side cut
outlet of said continuous multi-stage distillation column E; wherein
improvement comprises:

(a) said continuous multi-stage distillation column A comprising a
distillation column having a length Lo (cm), én inside diameter Dy (cm)
and an internal having a number of stages ng thereinside, and further
having a gas outlet having an inside diameter dg4 (cm) at a top of the
column or in an upper portion of the column near to the top, a liquid
outlet having an inside diameter dg2 (cm) at a bottom of the column or in
a lower portion of the column near to the bottom, at least one first inlet

provided in the upper portion and / or a middle portion of the column
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wi th a nunber of stages nc, thereinside, and an

enri chnment section having a length Lc2 (cm, an

i nside diameter Dc2 (cn) and an internal 15 with a

nunber of stages nc2 thereinside, wherein Lci, Dci,

nci, Lc2, Dc2, and nc2 satisfy the follow ng fornul ae
below thet @a$ thitlet3Gthd a&%aito?@@eb&hd ﬁ?efgr@@idefd_lﬂ@ﬁe middle

(8 3 < _ Lci [/ Deci < 20 3<_nci 30 (10) 1000

portt6n df?d’—/%ﬁ@}%oldv%} o'?golﬂ@fﬁg %?nn e 1??@ I?]LSL_?Q qutlet,

20 5 nc2 100 4) and

chpen s@ e
whefﬁ. %.IF%.% i) AR bor 32l tha e %S%“Léh {dplgR¥ (e (o)
installe he internal, s chi mey tray

havi ng |£§{)§ g@?%@ n one or nore %SI meys each
havi ng an openln havi ng a cross-sectional area Sc
(cn2)  sh® g&q{@forrmla (16): 5(200 5 Sc: _ 1000
(16), and each of the chi meys being such that a

hei ght h& {toy Pssn#8aid opening of d&}d chimey to a
gas outlet of said chimey satisfies the formula
(17): 1020 <hmp < 8@0(17); 10 (d) the si{dg cut outlet is
connected to a liquid collecting portion of said

chi mey 3 rap,of dsakd@ont i nuous nul ti -(gt)aped

distillation colum C, (e) said continuous
mul ti - stagepdisgl) kagpon col um E conpighsing a
(b) said continuous multi-stage distillation column C comprising a
continuous multi-stage distillation column comprising a stripping section
having a length L¢t (cm), an inside diameter D¢y {cm) and an internal
with a number of stages n¢s thereinside, and an enrichment section
having a length L¢2 {(cm), an inside diameter D¢z (cm) and an internal

with a number of stages n¢z thereinside, wherein Lc1, Dc1, ne1, Loz, Des,

and nc2 satisfy the following formulae (7) to (15):

300 < L¢y <3000 (7)

50 < D¢y < 700 (8)
3<Lcti/ De1 <30 (9)

3 < neq < 30 (10)
1000 < L¢z < 5000 (11)

50 < D¢ < 500 (12)

10 < Lz / Dez < 50 (13)

20 < nc2 <100 {(14) and
Dc2 < Dey (15);

(c) the enrichment section of said continuous multi-stage
22



10

15

20

25

continuous nulti-stage distillation colum conpri sing
a stripping section having a length LEI (cn), an

i nside diameter DEI (cn) and an internal 15 with a
nunber of stages nEl thereinside, and an enri chnent
section having a length LE2 (cm, an inside dianeter

distillbn columind Cahak N telgwit omtdhumrfwwzy nfstanaaemenszn as
t her ei nsi de, wherein LEI nEl, LEZ,

the nﬁ%trhéf 3’séu‘éﬁ‘cﬁﬁhh@¥"t"r‘ayfrs),si\mvi'gaﬁ\s(téﬁl}(a ghe(rgm onAeOQ %bFé

i ey e i Y

and DE1 < DE2 (26); (f) the enrichnent
Sat's*gféﬁglti? m%'é‘%lg ®htinuous multi-stage distillation

col umm E has at |east one chimmey tray installed
therein %Qﬂﬁ@Otﬁe GQRernal's, said chl(ﬂﬁéy tray having
installed therein at least 5 two chi mmeys each havi ng
and egchpéthagchimneys abemgs%u@l@dhabmhemmahs@m)cﬁgyn said
satisfying the formula (27): 50 < SE 5 2000 (27), and
openizar bf slaid fehintneydy s Igalsnguﬂetlmftsrmtl chinengitsdiisflesihe
fromsaid opening of said chimey to a gas outl et of
formidai @ ©hi mey satisfies the 10 fornmula (28): 20 <_ hE
< 100 (28); and (g) the side cut outlet is connected
to a liopd fEILgpting portion of (17);
(d) the side cut outlet is connected to a liquid collecting portion of
said chimney tray of said continuous multi-stage distillation column C;
(e) said continuous multi-stage distillation column E comprising a
continuous multi-stage distillation column comprising a stripping section
having a length Les (cm), an inside diameter Dgs (¢cm) and an internal
with a number of stages ng¢ thereinside, and an enrichment section
having a iength Legs (cm), an inside diameter Dg2 (ecm) and an internal
with a number of stages ng; thereinside, wherein Lg4, Dgt, Ne1, Lez2, Dea,

and ngz satisfy the following formulae (18) to (26):

400 < Lgq £ 3000 (18)
50 < Dgq < 700 (19)
2 <Llgy/ Dgy <50 (20)
3 < ngq <30 (21)
600 < Lg; < 4000 (22)
100 < Dgz £ 1000 (23)
2<Lgz/ Dg2 <30 (24)
5 < ngz; <50 (25) and
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said chimey tray of said continuous nulti-stage
distillation colum E, 40. the apparatus according to
item 39, wherein dot and d02 satisfy the 15 fornula
(29), 1 5 dot / doe <_ 5 (29), 41. the apparatus
according to item 39 or 40, wherein Lo, Do, Lo / Do,
no, Do pPefetDegand Do / d02 for said qeahi rnuous

mul ti - stage dlstlllatlon colum A satis

re(sry@ﬁé'éfrﬁwh%%@ﬁ sadtfore JTEMd &QHnﬁ 9@, ﬁu]rﬁoé(}ag% <_
Lo Do < 20 305n0 < 100, 45Do ot515 an

distil@{iB’A %gg@.%% E“ﬁastahe\e%%?ﬁﬁé Ehifne aﬁiaygun‘s?agﬂkﬂ {Hirefth

wherei n nter
|II tlon col.u

amorg B "WaReTE. 3uid KBy ey Rare isigTes it at reast

cgﬂereln salﬁ sieve tray in, sah% 25 contlnuous
two climneys; ggehdhaying ap; eperndRa ving & ctieRsseciinngl area Se
p,holes / n2 in a sieve portion thereof, 24 44. the
(cm®kpatishiing thecforanulg {27)item 42 or 43, wherein a
cross-sectional area per hole of said sieve tray in

sai d cori® muBus< 2OAAQ - stage distillation cqR@dmM Ais
in arange of fromO0.5 to 5 cn2, 45. the apparatus

and engdoodithe ¢einamgyoneing sucieh4R at Reittht Mh¢eRi)Nfram said
aperture ratio (a ratio of a total cross-sectional

openiigaf @aid khikM &5 td ™ §88 olitlaY oflsi8 dMindte Pis@listied Mfe
tray) of said si'eve tray in said continuous

form Jgyst age dlstlllatlon colum Ais in a range of
l%Trléoq'n .5 to 15% t he apparatus according to item

39, V\/ner%(} Gvﬁ%iJ Lllpﬂﬂty (nc3 stages) f&%ﬁ”a s K are

further a lower portion o ternal in
1 ower nost ., portiqgn of the s |onvvh
457 4h8"Sigo gl Bk 1S fonneried. b & iGic Soledting ogtion of
d| stillation colum C, a liquid is continuously
said ghimgextray offaid %rpféﬂnﬁgﬁ @ué@estaﬂes@nsdﬂkatm crluBfyE,

after heat is
40. the apparatus according to item 39, wherein dg4 and dg, satisfy the

formula (29),

1<dg1/dg2<5 (29),
41. the apparatus according to item 39 or 40, wherein Lo, Do, Lo / Do, ng,
Do / do1, and Dy / dg2 for said continuous muiti-stage distillation column A
satisfy respectively 2300 < L, < 6000, 200 < Dy <1000, 5 < Ly / Dg < 30,
30<ne<100,4<Dp/dg1 <15, and 7 < Dy / dps < 25,
42. the apparatus according to any one of items 39 to 41, wherein the
internal of said continuous multi-stage distillation column A is a sieve
tray,
43. the apparatus according to item 42, wherein said sieve tray in said
continuous multi-stage distillation column A has 100 to 1000 holes / m?

a sieve portion thereof,
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given to require for distillation in a reboiler, the
heated liquid is returned into the distillation
colum C from a feeding port provided between the 15
upper nost stage of said trays K and the internal in
the | owernost portion of the stripping section, while

44. aheamparcsiusohdctdbrdihigiio itens 42dri4d8,omheroea crlossysistional
order, 47. the apparatus according to item 46, wherein

area pea¢ihalke dheaid d¥6v&tigy in SAlfdentfinayusAuftd-sthhe distillation
apparatus according to item 46 or 47, wherein an

colunhm A ﬁe%ﬁ il Srofmang.éaEde 2inuous nulti-stage

di st ol um where the 'trays K are present
[ [ . e r. rdi,n 0. ..
45. 16" FATHS adeding(tt, ahVpRRRH RS 2208 44 drein an
Dci, nci, Lc 2,, Lc2 [ Dc2, ne2, and nc or, sai d,
apertOEprafif(a 868 ofiAitotsl stpstsadtianalidied of the rSfes'in one
satisfy respectively 500 Lci < 2000, 70 5 Dci <

tray sfgge 9 an arqa of e trayp ofsaid sievestray infsaist eonfigwous
4000, 70 5 Dc2 25 5 400, 15 :5 Lc2 1 Dc2 5 40, 30 5

multivgdage distilkatiprs colued A isdn s0angeeof fremat Fsto 15%,
according to any one of itens 39 to 49, wherein the

46. e erparatost decotdingpiondesedd, onhefeisaa plasalityn (s stages)
multi-stage distillation colum C and an internal

of tragsdK uthenfurther b umtRdd ih ay Idwel PR rebn shikatinke seftinoa
are trays and/or packings, 51. the apparatus according

owarit T oF e g Soeer wiioh 18 1R rin o

said GO By IR s AR BT Polo MG 6 ot ruousty
witnaBe 5B, RSt PBSHGH A28 8PS PAis Koo FEHE 3 i
given\?ﬁq}:i:/%q&{rgséﬁoaséﬁgj}gﬁq%gi}g raﬁt Soi eclp otli'n%i Rga%é)d iIitqeurlndsié’retumed
into the distillation column C from a feeding port provided between the
uppermost stage of said 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,

47. the apparatus according to item 46, wherein each of the trays Kis a
baffle tray,

48. the apparatus according to item 46 or 47, wherein an inside
diameter Dcs of said continuous multi-stage distillation column C where
the trays K are present satisfies Dg1 < Dgs,

49. the apparatus according to any one of items 46 to 48, wherein L¢y,
Dc1, Let1 / Dea, neq, Lez, Dea, Loz f Dez, ez, and ne; for said continuous

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

< Dg1 <500, 5<Lc1/De1<20,5<n¢t <20, 1500 < Lcz < 4000, 70 < De2
25
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100 to 1000 holes / n2 in a sieve portion thereof, and
a cross-sectional area per hole in a range of from
0.5 to 5 cnk, 15 54. the apparatus according to item
52 or 53, wherein an aperture ratio (a ratio of a
total cross-sectional area of the holes in one tray

< 400t 9 L@, dMDc2<ea00B O Bendr 3Y90,04n8a8 &« pLpwezbray in
the stri ppi ng section of said conti nuous mul ti- st age

50. dhétabbafat% §6LYARing i a'ng' SnéBPReAls 39% 49t %he’l:%% the

t he apparatus according to any one Items 5

mterr‘ié’l ﬁ“th%ﬁlgpﬁhé‘%ec@fbﬁ}[w tﬁarfdrﬁlﬂl?o{lgtrhﬂ d th{a"&:@tlllation

Cross-secti ar ea es 1 n one

°°'“"iﬁ FoeAr Ptgko R G uBa i AninBRT-tra%in the Afeionment

Ljatlon 1ig)lurm Cis |n a range of froml.5to
sectha%rez ayg apgorpaskid® according to any one of
items 39 to 55, wherein an aperture ratio (a ratio of
51. iheAppatatyssaceerdingalo tean 56 whereipctheiptarnal i the
the chimeys to an area of the chimey tray incl uding
strippingdsection ofcsaisiscantinuons matisstage distdpEiomgolunin C is
said chimey tray of said continuous nulti-stage
the trdiystand tiie dnterplalrexdluting the dcrirgrewirdy MntA6 éwrichment
40% 5 57. the apparatus according to any one of itens

sectl&Q|§Qhéﬁtrav@rﬁ@'I%#E'struéﬁﬂredLEbckm@E , NEl, LE2, DE2,
2 | DE2, and nE2 for said continuous nulti-stage

t4 d
s2. shaighbatod felaeh erksn{ 0P 3, i Py o
sieve 1$9yLE2 <_ 3000, 120 5 DE2 5 800, 3 5 LE2 / DE2 5 20,
7t <X’ nE2 5 30, and DEl < DE2 10 58. the apparat us
di t f 39 to 57, wh
g cnarath S Ao efifore UeR B2 ySialfi SHch@ ventrays has
100 G460 Ralesrl ) iGnd S ¥ AT thpsaihianiby cross-sectional

area per hole in a range of from 0.5 to 5 cm?,

754. the apparatus according to item 52 or 53, wherein an aperture ratio

(a ratio of a total cross-sectional area of the holes in one tray stage to an
area of the tray) of said sieve tray in the stripping section of said
continuous multi-stage distillation column C is in a range of from 2 to
15%,

95. the apparatus according to any one of items 52 to 54, wherein an
aperture ratio (a ratio of a total cross-sectional area of the holes in one
tray stage to an area of the tray) of said sieve tray in the enrichment
section of said continuous multi-stage distiliation column C is in a range
of from 1.5 to 12%,

56. the apparatus according to any one of items 39 to 55, wherein an

aperture ratio (a ratio of a total cross-sectional area of the openings in
26
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tray is the tray and / or the packing, 59. the
apparatus according to item 58, wherein the internal
in each of 15 the stripping section and the
enrichment section of said continuous nmulti-stage
distillation colum E excluding the chimey tray is
the chimnigyayto aﬁOaré&@f&hl@aéﬁhﬂﬁeﬁqeéydhﬁmdiﬁﬁi §819 Ral
wherein the tray is a sieve tray,, 61. the apparatus

crosL.6eetidintl 4:dd bFThEbpdhitigd) bahY ShitRel & y6esaRf
ﬁe eo?,

to 1200 holes / n2 in a si"eve portion t and a
; - Y. I ' § f
contifugEs REAL Sede BigAI R HolIfT G I T EofaSiar b 10 to
40% ©F 61, wherein an aperture ratio (a ratio of a total
®cross-sectional area of the holes in one tray stage to
area of the tray) of said sieve tray in the .
57. e IpPARLISAFEATNGSR anYconei Hlemse o 5Bageherein Les,
distillation colum Eis in a range of from3 to 25
De+. beod 3., Nene Lappdteas bs2dcPerdang nee forysaitk continuaus
60 to 62, wherein an 27 aperture ratio (a ratio of a
multitstagle distlkatéentdoduain & satisfy 506 kdles<i200Me100raDe, <
stage to an area of the tray) of said sieve tray in

500, Bhe Lenri DRIENRO, Seetn@n<@0,S200 <0RLINBOED, MB0 ic s%gc@soo,
distillation colum Eis in arange of from2 to %

3 < L, 8D R2@Ppat Y 80CQH 1,19 By one of items 39
to 63, wherein an aperture ratio (a ratio of a total

. : : a
58. Sh@sa?pﬁﬁﬁth%”%%@fﬁﬂponﬂ;?eéH?r@ﬁérﬁfqgérﬂsnwtstgfg?t WHERIn the

o an area of the c ay i ncludi'ng
nter8105°5RER 4 AL sROBAEE sEROP SRR aRlicH ot Beteh or
saic EQh e e tabRl e eSS Beduimr Sxéhidingetne chimney
tray isThe‘tray and o7 the packing. ~PoC 1! ¢ apparatus and
29. the apparatus according to item 58, wherein the internal in each of
the stripping section and the enrichment section of said continuous
multi-stage distillation column E excluding the chimney tray is the tray,
60. the apparatus according to item 59, wherein the tray is a sieve tray,
61. the apparatus according to item 60, wherein said sieve tray has 150
to 1200 holes / m? in a sieve portion thereof, and a cross-sectional area
per hole in a range of from 0.5 to 5 cm?,
62. the apparatus according to item 60 or 61, wherein an aperture ratio
(a ratio of a total cross-sectional area of the holes in one tray stage to an
area of the tray) of said sieve tray in the stripping section of said
continuous multi-stage distillation column E is in a range of from 3 to

25%,

63. the apparatus according to any one of items 60 to 62, wherein an
27
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process provided by the present invention, a

hi gh-purity diol can be 15 produced froma cyclic

carbonate and an al i phati c nonohydric al cohol stably

for a prolonged period of tinme on an industrial scale

with a high vyield (e.g. generally not |ess than 97%
aperturefmtiab(§ ratlo bésstdtahicro88esectis®abardf'ofthe hotes in one

| ess than 99% based on the cyclic carbonate used).

tray dtadfe t6 anf6r9s Ufthd fraly)HPESRESle v HalY irP'E‘heté}ﬁ*i@hﬁ\l%ht

be provided an 20 industrial apparatus and industria

. . i ; V. .
sectigh r FalPBoRIRTLS MInti-Hefys WIRIRSISR Corbiin £ ¥ jn g range
of f’%@%‘?%&%’ as required as a starting material for a

er’"or a PET resin to be produced in an anount
not less than | .ton / hr, preferabl not _L ess than
64. Shecaararatus Agferding i 28,0 R8N KT RGHes68owngrom an
hr, stably 25 for a prol onged period of tine (e.g. not
apertugg Jatipafa rebde abartotahcepssaactionak ares ofithgnopeoings in
hours, nore preferably not |ess than 5000 hours). 28
the chimeeyerto ahamaofdbeachiomnendray intiidingssaid total
invention differs froma conventional ethylene glyco
crosspsedtioniabmrpacct tise iopdriagshicfhs sidr chimneytyhgrsf said
gl ycol can be produced by the process according to the

contipu@aenhultirutagel arsthidtho® coll @ EeisdirhBdrahde o from 5 to
selectivity wthout using a |arge 5 anount of water,

40%.and thus achi eves excellent effects as an industrial
production process that sinultaneously solves two
| ong-standing problems with the conventi onal
i ndustrial production process (low selectivity, high

engy, se). 1 rigef cription of Drawmings FIG 1

i ﬁggég%’eq%??%%ﬁ%ﬁfssﬂgiﬁﬁdn &4l e of a continuous

m{ﬂ i-s age fdi stillation colum A preferable for

c ﬁ";ﬂsn et faund phatagcordingie itbr specificagaparatus and

trays (shown schematically in FIG 1) being installed
processepeevided by the present invention, a high-purity diol can be
produced from a cyclic carbonate and an aliphatic monohydric alcohol
stably for a prolonged period of time on an industrial scaie 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).
That is, according to the present invention, there can be provided an
industrial apparatus and industrial production process that are
inexpensive and, for example, enable a high-purity diol of purity not less
than 99.9% as required as a starting material for a PET fiber or a PET
resin to be produced in an amount 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 (e.g. not less than 1000 hours, preferably

not tess than 3000 hours, more preferably not less than 5000 hours).
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15 FIG 2 is a schematic view showi ng an exanple of a
continuous nulti-stage distillation colum C

preferable for carrying out the present invention,

nc, stages of trays being installed in a stripping
section, and trays being installed in a | ower portion
arkloseovet JUttesl ppackss gscearding tapthd ppesénbinvéntieh differs
nunber of stages nc2) in an enrichnment section, as 20

from @incbﬁtréhﬂaha'l retﬂyiéh@lgweét pia@deénbhepmiéwm s ﬁi‘t?‘n—purity
chimmey tray stage being |nsta led in the enrichne

ethyléﬁé%@%o?'?:%‘f?b@” JHt?ées& b(r}) 9?1 ﬁ:céss 9!?@6&:%3? gl'ﬁag present

tra tra sec

v 8 SRR AR Fi By PR 450 o oo
oo 4l R ey oS b b B

FIG 3 is a schematic view show ng an exanple of a
prodygign M@G@SSZKMMINU|§@'&g@“§h€§pl\r% twe lefarstanding
preferable for carrying out the present invention,
problams avith tee conyantionat ingustrElrprddisetion edocess (low
stripping section and an enrichnent section
selectiastyedtighedyegpy ase)nternal in a trunk portion, and
one chimmey tray stage being installed in the
enrichment 5 section above an inlet 1 (in FIG 2,
apart fromthe chimey tray, the trays are omtted);

Brlef@@séﬂ&m éﬁmamn gatic view showing a conbination

exanple o appa atus conprising the continuous

i 16 £i§8Es ‘3 H%ﬂ'éﬁ'%w §iotilio @n gdfi® bt A flpuovs
multi; Sasehilﬁt‘? 3 Glyinn B PRJeFRE e Eaaﬁr‘&eﬁ&pi‘urtﬁv'é@‘ﬁ%sent

i.nventio Des t| on of Reference Nunerals In
inventiofy n Sé@ew& ys sshpmqusghgmatiealigin kiG. 31)ebem9
mstallgd?:}'lergma and 4-b:inlet,

FIG. 2 is a schematic view showing an example of a continuous
multi-stage distillation column C preferable for carrying out the present
invention, ncy stages of trays being installed in a stripping section, and
trays being installed in a lower portion and structured packings in an
upper portion (total number of stages nc¢z2) in an enrichment section, as
an internal in a trunk portion of the column, and one chimney tray stage
being installed in the enrichment section above an intet 1 (in FIG. 1,
apart from the chimney tray, the trays in the stripping section and the
enrichment section are omitted), and further having a diameter D¢; of a
lower portion of the column greater than a diameter D¢¢ of the stripping

section, trays K (nc3 stages) being provided therein:

FIG. 3 is a schematic view showing an example of a continuous
29
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5: end plate, 6: internal, 7: trunk portion, 10:

continuous nulti-stage distillation colum, Lo:

length (cnm) of the trunk portion, Do: inside dianeter

(cm of trunk portion, do,: inside dianeter (cn) of

gas outlet, d02: inside diameter (cm of liquid
multiestalget dlﬂﬂldtmoﬁl@iu&wri E préferable fortdartyinlg oat the prazent

component CT, 3: outlet of colum bottom conponent

invertn 4nEPHh|deh %fstégéﬁ d?ultraﬁjgfﬂ'&ﬁ%nins@ﬁlleﬁ in Qtsﬁtﬁl'ﬁ’?m%

(pac i ng), eat  exchanger, reboiler, 8: I

7.
sectibRdnd dr BHF i?:hrﬁent %'%'C%Wrééﬁgcégbém Pet o?nl(eﬁmal |ﬁ°é“trunk

an openi ng to a

portigy) ?"deﬁﬂé%'ﬁﬁﬁ?ﬂf o 348 28, 3, g

i,chnment s cont i uous mul f|-stag

sectiGh A5FYE A ieb L %PGDE apagt; H@naﬂmﬁweycwyofhe trays
stripping section of continuous nulti-stage

are Om'ittqff)l-émd)n colum C, Dc2: inside dianeter (cn) of
enri chment section of continuous nulti-stage
di BkG.| 4 dsiascbematic @ieBcshowing de coindistadion expnople of an
colum | ower portion 5 of continuous nulti-stage

apparhtstsi €oatprigingothemoniinuowy multinstage distlliafiohedoiuin A,
outlet of colum top conponent ET, 3. outlet of columm

the cbntuh@m@mneatag@d.éml@ttiéhedolgfmﬁIcﬂeaﬁatth%oa@ﬁﬂﬁubus
Es, 5. inlet, 6: heat exchanger, 7: reboil :

multll(égc%éb afstipdon c'leHirFF,Qzﬁhﬁ:'H %&Xiﬁﬂﬁto%&tt{kﬁt léﬁir%?érable

from an opening of chimey fo a gas

' 1 t f stripping section of

for cﬁkﬁbﬁﬁg&éhﬁuméé_é‘sliia@éfemqrfl lation colum E, LE2:
l ength (cm) of enrichnent section of continuous
mJIti -stage distillation colum E, DEl: inside

nete of strippin section of continuous

DescHg F‘Q eﬁ?@??lmﬂﬂﬁgﬁ‘golunn E, DE2: inside 15
di ameter (cm) of enrichnment section of continuous
Fignil ti-stage distillation

1: gas outlet, 2: liquid outlet, 3-ato 3-e:inlet, 4-a and 4-b: inlet,
5: end plate, 6: internal, 7: trunk portion, 10: continuous
multi-stage distillation column, Lg: length (cm) of the trunk portion, Dy:
inside diameter (¢cm) of trunk portion, dpq: inside diameter (cm) of gas
outlet, doz: inside diameter {cm) of liquid outlet:

In Fig. 2

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

multi-stage distillation column C, Lc2: length (cm) of enrichment section
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colum E. Best Mdde for Carrying Qut the Invention
Following is a detailed description of the present
i nvention. 20 The reaction carried out in a step (1)
of the present invention is a reversible equilibrium
transesterification reaction represented by the

of cohtinumushmulticstdge distithationacalumk\C, cDhoriasladiameter
di ol are produced froma cyclic carbonate and an

(cm) a&imhgbiﬁ%mrwmrdf%@\iW@hs RuItrE8Ge \d&Tiliatd 5 c@i@mn C,
HFRO"C OR+ R 11C 111 p HOOH 11

Dca: ‘ﬂ@ldé%l?m dric n}%?%ﬂcﬁ%drﬁpé@g@ﬁ;fa?&mgﬁhs% multl -stage

group i's an I nteger

dishll’é‘%[gfq BE) tﬁrtﬁ‘?'l %qi?%ggem%lcﬁgﬁlgg{e&%g (g?h)o? c%élj'%ll lqwer pgrtion

to 10 carhon a r.eover F represents a
of Coﬂﬂﬂb’\%\‘\s mu‘ﬁl'gﬂﬂ% HESté]:lvb %"MPH‘&‘&KF@'% car bon
) nms, one or nore of the hydrogens thereof being
In F'QJp ional ly substituted with an alkyl group or aryl
group having 1 to 10 carbon atons. The cyclic
ln'@br banaxtélejseﬂcawranstmn component Ex, i 3 obteprafseoumn
invention is a conmpound represented by (A in the
bottoabovenponent &5, Fo4: clibled afnside cahcankybrent &y, bobairdet, 6:
such as ethyl ene carbonate or propyl ene carbonate, or

heat éx3hdngeacy q: aledeiled; Ore, inleBofireXsylGAREPt 8- ZHefMey tray,
or the like can be preferably used, ethylene

he: hé@fﬁ%&?ﬁffr@m%r@%}ﬂeﬁﬂﬁg &Iaéﬁﬂﬁﬁb? "Q%Wtﬁl of chimney,
preferably used due to ease of ocur enent an

Le1: length (cm) of stripping section of continuous muiti-stage distillation

column E, Lgz: length (cm) of enrichment section of continuous

multi-stage distillation column E, Deq: inside diameter (cm) of stripping

section of continucus multi-stage distillation column E, De2! inside

diameter (cm) of enrichment section of continuous multi-stage distillation

column E.

Best Mode for Carrying Out the Invention

Following is a detailed description of the present invention.

The reaction carried out in a step (l) of the present invention is a
reversible equilibrium transesterification reaction represented by the
following formula in which a dialky! carbonate and a diol are produced

from a cyclic carbonate and an aliphatic monohydric alcohol;
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A0508 U FRR d ethyl ene carbonate being particularly
preferably used. 15 Moreover, the aliphatic nonohydric
al cohol used as the other starting material is a
conmpound represented by (B) in the above formula, one
having a | ower boiling point than that of the diol
produced being used. Al though possibly varying
depgpdi ng on the type of the cyclic  carbonate used,
gampkﬁs of  t elﬁ@Ll phati ¢ nond ?ﬂ/Qr)QB al cohol |Rl'cl ude

anol® 8t , $propanol (i &oners), ab ! Nog

alcohol butanol (|soners), 3-bugen-1-ol, anyl

al céhol (isoners), hexyl alcohol isonErs) hept yl

al cohol (isomers), octyl alcohol (isoners), nonyl

al c&hol (i somer 8, decyl 32 al colg) (isomers), {(Dyndecy
al cohol (isoners), dodecyl al cohol (isoners),

cycl opent anol, cycl ohexanol, cycl oheptanol,

wheifl R“)‘Fé F‘é’éents"ﬁt %'a?é/ﬁﬂ P?'%a—;@ﬁ%)l gﬁoi%%an integer from 2

ethylcyc opent anol (i sone

o 6,4 yrfﬂg%%d;feﬂxh%@wwégﬁg'tg,%'rsgf‘@teabsC%m%ﬂauwbsututed
it S WP BAESTBl L BETH b orsor

(isoners), and so on. Furthernore, these aliphatic
R? represiitisi & meeevalantaliphatis graun heeingitk ko 12 carbon atoms,
substituents such as hal ogens, |ower al koxy groups,
one gydnerecdupe, hydragseartbengof Qeuu@s)ptma!fy substituted with an
aryl oxycar bonyl groups, acyl oxy groups, and nitro
alkylggoauyys .orGiryd wrioup hapkaig d tornéhgdrben @topiml s, ones
preferably used are alcohols having 1 to 6 carbon

at qifee, cyolie qurboeratbl ys&d ehal stabbrgnaalterib? it tﬁar;bmbent
atons, 1.e. nethanol, ethanol, propanol (isoners),

mveﬁﬁbﬂﬁ%‘ a ([doyRPBLAY: rédfe‘s'é%tﬁgflg)éghl)%'tﬂ% ﬁBWEeﬁ‘ffmula For

car bonate or propylene 15 ¢ e as the cyclic

cxariBIS 05 el ELPRA S R S SPONNY caioREiEIg) Bropytene
carbBESES,r 8P|1 ,3-dioxacyclohexa-2-one, 1,3-dioxacyclohepta-2-one, or
the like can be preferably used, ethylene carbonate or propylene
carbonate being more preferably used due to ease of procurement and
so-on, and ethylene carbonate being particularly preferably used.
Moreover, the aliphatic monohydric alcoho! used as the other
starting material is a compound represented by (B) in the above formula,
one having a lower boiling point than that of the diol produced being
used. Although possibly varying depending on the type of the cyclic
carbonate used, examples of the aliphatic monohydric alcohol include
methanol, ethanol, propanol (isomers), allyl alcohol, butanol (isomers),
3-buten-1-ol, amyl aicohol (isomers), hexyl alcohol (isomers), heptyl

alcohol (isomers), octyl alcohol (isomers), nonyl alcohol (isomers), decyl
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In the step (1) of the present invention, a catalyst
is made to be present in a reactive distillation
colum A. The nethod of meking the 20 catalyst be
present in the reactive distillation colum A may be
any nethod, but in the case, for exanple, of a

alcoHuinigenrsrdy, aaddlcysilalédRbl (idovsers)cdddedyicalcodl i(bmers),

iquid under the reaction conditions, the catalyst

TSI PRSI, T,
mothgEBBEERE![Nerf e, A AR ENEA, (Bamers)

talyst that .does no i ssolve in the.reaction
meth R RexaBP! (Roelth: o icidonaxRicl UsoR RSl yst 33
. an be de to be present in the reaction system by
d'meﬁ?ﬂsbﬁk@%%N daemers). siethweyclohaxanyd (isamerse,
distillation colum; these nethods may also be used
phenyicyxcdabexanpdfisamersp kenzyk alsoholhphegetbylaicohol

_ catalyst is continuously fed into 5 the reactive
(isomuirs)i phaniyborames nob(iso e ts) rageinso wn .c aFairfisé rrmaye pbthese
fed in together with the cyclic carbonate and/or the

aliphaticphatniohydrioayeshels mxpbel sulbstinreddrithesdubstifients such
different position to the starting materials. The

as hd188ehis0odelrURkbXyPg RARRIScYdhé M odips! i%ﬁlktéggeﬁrtt%’wggroups,

inaregion belowthe position at whic cata

' L, e if, p eed the
aryiokie i aFSnlAEfc il PRRCHAR) BroBRE"C,t b

a posLiion(s). at ich,the startin terials

e FUEPATbhARE BhrdnH ALt Shals, Heh Prife Ebif alsad are

5 stages, preferab at, | east 7 stages, nore i
alconRIZ EiRpy T 46 ¢ &%L%oﬂ%gemowopé%@eéabw AlgpRolsbaving 1

of usi ng a heterogeneous solid catalyst, the 15
to 4 carban atomsst.vemptbanal, ethanol paepanodigmvers), and

preferably at |east 7 stages, nore preferably at
butanadd{isomers).agés tha case dfamsiagysthyleae camiate anpropylene

effect as a packing in the distillation colum nay
carbcalate e theeclclic carbonate, preferable aliphatic monohydric
alcohols are methanol and ethanol, methanol being particularly
preferable.

In the step (1) of the present invention, a catalyst is made to be
present in a reactive distillation column A. The method of making the
catalyst be present in the reactive distillation column A may be any
method, but in the case, for example, of a homogeneous catalyst that
dissolves in the reaction liquid under the reaction conditions, the catalyst
can be made to be present in a liquid phase in the reactive distillation
column by feeding the catalyst into the reactive distillation column A
continuously, or in the case of a heterogeneous catalyst that does not

dissolve in the reaction liquid under the reaction conditions, the catalyst
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As the catal yst used in the present invention, any of
various catalysts known fromhitherto can be used.
Exanpl es of the catalyst 20 include: alkali netals
and al kaline earth nmetals such as |lithium sodium
pot assi um rubidium cesium magnesium cal cium

can isé moad e ue bansreseiti innthd peactieANRItens bdf digcdihg the
netals and al kaline earth netals such ngas dr?f;édr?des,

catalp¥faexa dodid M R datival Miﬁﬂgﬂgﬁﬂaﬁ]ﬁgﬂﬁg‘éﬂﬁe@hﬂ@ds may

conmpounds of al kali netals an

also ggchseaiz}na([soﬁﬁwgﬁghes, bi car bonat es, and organic acid
sall{'s; ter ;

l'ary am nes such as triethylam ne,

trib | anmi n trihexyl am ne and benzyl di.et hyl am ne; .

ni by B B8 fhats P beE e aaTeIvah to s kslVA8d into

5 htalk,gfﬁrrples, N- al kyl i ndol es, oxazol es )
the reagliyg distifiasion.solumn, the homeganaous calalysdimay be fed in

pyridine, alkyl pyridines, quinoline, alkylquinolines,
togethesgithdhieneycli¢ inarbenate rand/iesstheaalipbiatis, monohydric

al kyl acri di nes, phenanthroline, alkyl phenanthrolines,
alcohwlr orrimiaypehe dedyinpgt andifierent pgsitieni trethe starting materials.

al kyl pyrazi nes, triazines, and al kyltriazines; 10

The redtion agtdang procelrdssindtieg ehstinatiowndensia inDBYe gioa
di azobi cycl ononene (DBN); thallium conpounds such as

below AL! podntidn 2 wHiBAl tHed Bhialistes fed! ih?'alricfiﬁelﬁey yisde,

thal I'ium carbonate, thalliumnitrate, thallium_
preretsbIELS fooB o LAl ALPENGIBEI A ARbER ndAds B tho
cotut i ELRIbES) At BRBENG Woteriais are tea .
The %gr%&%wm%wgwﬂi ?R%qylleg%tt%oé}/égigé, pd)irgfuetr%lbﬁ)i/ rzlat least 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,
more preferably at least 10 stages. A solid catalyst that aisc has an
effect as a packing in the distillation column may also be used.

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

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

basic compounds of alkali metals and alkaline earth metals such

as hydrides, hydroxides, alkoxides, aryloxides, and amides;

basic compounds of alkali metals and alkaline earth metals such
34
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chloride, and tin 2-ethyl hexanoate; zinc conpounds
such as di met hoxyzi nc, diethoxyzinc, 20

et hyl enedi oxyzi nc, and di but oxyzi nc; al um num
conmpounds such as al um num tri nmet hoxi de, al um num
triisopropoxide, and alum numtributoxide; titanium

as carboPALBYs biseibfated!, IATEIgUNI¢ band Walts;
tetraet hoxyt Itanium tetr abut oxyt I tani um

d!t@ati_aw@rﬁmépﬁmﬁ:m@itmngérﬁﬁ{é,aﬁ g?@mé! t3RE¥Plamine,

titani um acet at e, titanl um acetyl acét onat e;

unds such as trinethyl phosphi ne, 35

and Wﬁ%@ééﬁﬂﬁ%é tri butyl phosphi ne,

tri.phenyi phosphi.ne, ri butyl net hyl phosphani u

o Rsn ARG Rs TSRt BT mamPoUBYS SUfh as

tri phenyl net hyl phosphoni um hal i des; zirconi um
N-a'kafmgeh%%, &lueﬁwc—lg'dﬁlpéommq#aﬁa dealkylimidazeles. s

acetyl acetonate, zirconium al koxi des, and zirconi um
N-atkytryrazolese axaghiazolesi- pyndiiai alkytpymdiness, geinoline,

exanpl e | ead oxides such as PbO Pb02, and Pb304;
alkylquwisndlndd,i idequinohines afk@isdpaidlinesl #dding eatkylacridines,

hydr oxi des such as Pb(OH)2, Pb302(CH) 2,

phen&h &} fNH, Giik3)ph e Al notib 1) (Sbigiid e ndikyepy AHfib iPss,
Na2Pb(2, K2Pb(Q2, NaHPbQ2, and KHPbQ2; pl unbates such

y Qﬁ-,?é—é? ; P . K4PbO4,
pyra%ﬁg%ﬁ%m CaPB(Fl)?;@qzllggé’ ?ﬁbgﬂlgﬁéan% Basic salts

al sy ATHEIES SR B Mo o et SRAYL AL o

diazo%%mozner{%@ﬁﬁ( OPh), and Pb(OPh) 2;

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

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

zinc compounds such as dimethoxyzing, diethoxyzinc,
ethylenedioxyzinc, and dibutoxyzinc;

atuminum compounds such as aluminum trimethoxide, aluminum
triisopropoxide, and aluminum tributoxide;

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

phosphorus compounds such as trimethylphosphine,
35
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| ead salts of organic acids, and carbonates and basic
salts thereof, such as Pb(OCOCH3)2, Pb(OCOCH3)4, and
Pb( OCOCH3) 2PbQO. 3H2O, 20 or ganol ead conpounds such as
Bu4Pb, Ph4Pb, Bu3PbCl, Ph3PbBr, Ph3Pb (or Ph6Pb2),
Bu3PbOH, and Ph2PbO (wherein Bu represents a butyl

triethylphosphiri Ptritsetyl psesp hiree phriplyén gphadphihead al | oys
such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, and Pb-Sb; | ead

ibutv b gal O 2 | -
trlbuﬁﬂwﬁk?m@ﬁnﬁﬁ HIRd &) trféét@l@u%ﬂﬁogﬁﬁ@tdhﬁgﬁf Abfdes,

suc 5 conmpounds. In the case that

and ?Wﬂqéﬁﬁqﬂpﬁégﬁﬂbﬁﬁ%ﬁ Haﬁd@%a”i ng 36 material of

react i1 on, e reaction mxtlre, a reaction

by.-. h ik the_conpound, can be used as a
nReEAtEh mpoiids SirndS ATRURE nalltet ifcinln
tgongi)und does not di siEon , the caonmpound can be used
acetylacglanmtey ZEeanyum alkgxides.nand zir¢onium agetate;
preferable to use, as a 5 honobgeneous catal yst, a
mi leag anddeaidneantgining saropagngd se fapaxamale lead\axidas
a starting material of the reaction, the reaction
such @sxPQ@, PROz, eaned iRbe@)- product or the like in
advance, or by reacting to bring about dissolution.

Fuetldesulfides sachexs IRb§ePh,S4clambs P8 on exchange
resins 10 having tertiary am no groups, ion exchange

r d@adsh Pard Xide8NsGeh HLPRYOH).0'P BONNES, ' BBLIFHO,(OH),],
having at | east one type of exchange groups selecfed

and #ﬁmgw)gonate groups, carboxylate groups and
phosphat& groups, and solid strongly basic anion

SIREREES <TRL A8 GRAR BRI TE RS Bind e -

2 ks 2Gfas Nahndh, NaHRRRI!, RePay. JdRR@H:
K4Pb§m%r£§;2lﬁ_ﬂag g%n e;ij?i tz:gl’ ! ;ﬁz, sgngn can al so be

usiggdaga:%onates and basic salts thereof such as PbCOj3; and
2PbCO;-Pb(OH)y;

alkoxylead compounds and aryloxylead compounds such as

Pb(OCH3s)2, (CH30)Pb{OPh), and Pb(OPh),;

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

such as Pb(OCOCH3)2, Pb(OCOCHj3)4, and Pb(OCOCH;3),-Pb0-3H-0;
organolead compounds such as BusPb, PhsPb, BusPbCl, PhaPbBr,
PhsPb (or PhePbz), BuzPbOH, and PhoPbQO (wherein Bu represents a
butyl group, and Ph represents a phenyl group);
lead alioys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, and Pb-Sb; lead
minerals such as galena and zinc blende; and hydrates of such lead
compounds.

In the case that the compound used dissolves in a starting
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het er ogeneous catal yst. As a heterogeneous catal yst, a
particularly preferably used one is 20 a solid
strongly basic ani on exchanger havi ng quaternary
ammoni um groups as exchange groups, exanples thereof
including a strongly basic anion exchange resin

matehialiafgtheuee @ctiany themeactiorg niiXfsres sa esabtibocbypraduct or
a cellulose strongly basic anion exchanger havi ng

the liRBARENEE MpAUNP BRHNDENMHS 23S a PEMBRIM P RataRRY, Whereas
i norganic carrier 25 supported type strongly basi'c

in thé@taQ2 m%%@ﬁ@gbg&gﬁg{dﬁ%so%@myn%g@&&&ﬁdaéan be

exchange groups _ asic anro
r esi avi ernar.y . ni_um.gr S, as
used B¢ A0 el BT 1 S TR BB Fleg. oo o
basi c_ani o xcghange resin or, the |i ke can be
nomaifhée dfiGtabist Bt aoigipetor diges ag 2 comeaund as
exchange resin is a strongly basic anion exchange
abovedg; & staiting mateyiabpbthedieastion. theneeastion mixture, a
di vi nyl benzene as a parent material, and having
reactipmtbeyi-peeguatmvihentike dopEdvanee, or by teqeting todsring about
exchange groups, and can be schematically
dissolgfporsent ed, for exanple, by the follow ng fornmul a:
, [ >f-CH CH2- CH CH2- CH CH2-/ (type |I) O ~-CH CH2- -
CH2INtREBInD reCiBM(tEh andersi8uc sra@hbgl‘gx@khﬁb@'resins

CH./~6 (type I[) O --@6-C}Fgﬁg- ---

having ¥Wiary) 2hire*fPdups, 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
silicate, various zeolites, various metai-exchanged zeolites, and
ammonium-exchanged zeolites, and so on can also be used as a
heterogeneous catalyst.

As a heterogeneous catalyst, a particularly preferably used one is
a solid strongly basic anion exchanger having quaternary ammonium
groups as exchange groups, examples thereof including a strongly basic
anion exchange resin having quaternary ammonium groups as exchange
groups, a cellulose strongly basic anion exchanger having quaternary
ammonium groups as exchange groups, and an incrganic carrier

supported type strongly basic anion exchanger having quaternary

ammonium groups as exchange groups. As a strongly basic anion
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CH2N( CH3) 2( C2HACOH) Xe XZO-> 10 wherein X represents

an anion; as X, generally at |east one type of anion

selected fromF, d-, Br-, I-, HCO3-, C032-, CH3CX2

HCO02 103, Br03-, and Cl103- is used, preferably at

| east one type of anion selected fromC Br-, HCO3-,
exchangeCtssinNba i quateridvy anfmohilig gfolipe dseékﬁhange groups,

parent material, either a gel type one or a

for eXBAIPIEEA istytetie (tVBb ét)‘@ﬁ a%ﬁg a*?ﬁoﬁ%*@rﬁi’n%é hesiRor the
rrefera

type being particul arly 'e due to the organic

like cth Bet BrSferhBly UsHo Ao R Npd SBHHT tadlk dhion
exchiHBkCiddhisTE Rt h@g'ﬁééﬁéﬁ%ﬁ% fOUﬁf;g' Uingdrs

convert one or all of the - roup
0090&!“?5@9%%%98@?‘dl&%ﬁbﬁn%ﬁpsﬁﬁ@emengm@wl and
Here, R represents an al kyl group; nethyl, ethyl,
having gyaternagy, amynoniem gk@upsgtmém typaitbcas exchange
preferably nmethyl or ethyl. Mreover, X represents an
groupsi andaganidfe aebeamx\'veallwrrepnesgatniab, for exampdep fbor thel
type strongly basic anion 10 exchanger having
followirag 6smmaala:armoni um groups as exchange groups that
can be used in the present invention neans an

_ha "
Yo or Ty B (oot T ot Ebluced Bier St

nodi f ng some or_hll of the -dH surface hydroxyl

%I ere, R and X ar

15 an integer f&Uﬂq I)

br gani c carrier,
t|ta wa, a zeollte

he i ke can be| used, |t beilng % H"j to use
Cﬂ% %uw—aua—kcm-amna Ug Ply

pr o silica. Any nmethod can be ed as the
met‘dod of nodifying the surface

. —CH—CH2—CH—CH2—CH— """

© Q (type 1)
® c~—CH—CH2— - CHzN(CH3)2(02H4OH)

CHzNéCHa)z(CzH::OH)
X

wherein X represents an anion; as X, generally at least one type of anion
selected from F°, CI', Br', I', HCOj3, CO3%, CH3CO,’, HCO;,', 1057, BrOy',
and ClOj3’ is used, preferably at least one type of anion selected from CI,
Br, HCO3", and CQ,5%. 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
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hydr oxyl groups of the inorganic carrier. 20 As the
solid strongly basic ani on exchanger havi ng quaternary
anmmoni um groups as exchange groups, a commercially
avai l able one may be used. In this case, the anion
exchanger may al so be used as the transesterification

solvemtaisistamﬁéQfeihgim@hs_ubj ected to ion exchange with a
desi red ani oni c species in advance as pretreatnment. 25

MOAROY R4 m ple SO¥ h%é?ﬂfl@lsbsétrﬁﬁmib%lis@% odmggcé I’?éﬁgé'l' Having

or gel-type organic polyner i'ng er et

oust AR A ORRE S nd e e
il SR ROKC B ST cERBIRT 135S some or

grans terificafion catalyst. Furthernore, a solid
all of the,53d arouRs i ike kelBHogeiinge trisdkwaminosthyl groups.
ni_t rogen- cont ai ni ng heterocyclic groups have been
Hereg¢fhiepresents analkyligreupamyethylt ethyl, propivii batylyor the like
) used. Note that a solid catalyst such as an ion
is gepgcabygsredvagrafiesabhe methyh qreethiyig iMotdever, e§éeepresents an
i nvention. The anount of the catalyst used in the

aniompasseefinedvebbven varies depending on the type of the
catal yst used, but in the case of 10 continuously

f e&diiRGrAntc BAFRBERRMHFO T8l aypet sltrtBiﬁg#?“b%%(i’&‘ﬁﬁoh”

the reaction |iquid under thé reac condi t1 ons,
exch 5P RhGHSGES RarP IR R SS Blofd apoyps that
can 8 BieHllie JPRLE08ELSHAEY b St Bate &eies that hes
had IEGHEITEA% uatsytaoRE Mdratips SHrasHEsddhereto by

.fhe case of using a solid catalyst installed in the
modilying;39me; oh atloplihe Pl serageyRydioxylgrmoamsnp theed
] in an anmount in a range of fromO0.01 to 75 vol% nore
inorggpég epatiey. f Hane. Rxand Xsaredafingdtasrabever. ef eistggnerally
an intfergoemr Pro%n 1 to 6, preferably n = 2. As the inorganic carrier, silica,
alumina, silica~-alumina, titania, a zeolite, or the like can be used, it being
preferable to use silica, alumina, or silica-alumina, particularly preferably
silica. Any method can be used as the method of modifying the surface
hydroxyl groups of the inorganic carrier.

As the solid strongly basic anion exchanger having quaternary
ammonium groups as exchange groups, a commercially available 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 comprising a macroreticular or gel-type

organic polymer having bonded thereto heterocyclic groups each
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to 60 vol% relative to the enpty colum volune of the
distillation 20 colum. There are no particular
limtations on the method of continuously feeding the
cyclic carbonate and the aliphatic nonohydric al cohol
into the continuous nmulti-stage distillation colum A
containiveg iatUeasf oineeniteagenVaton] ot idr Biogariel cavtiarhabihg
step (1) present invention; any feeding nmethod 25 may

bondBE therdts hdterdcdsii¢ '@Qoﬁ?ﬁ%&cﬁ%&é‘gﬁ%ig 8¢ 1448t one nitrogen

al i phati c nonohydric "al c can to contact

t I j ' | .

atom o S8 10 brefauBLl 7 Uy 85 M rahsesiBlirinaliAtEatalyst

tages,. ;af jstill.ation colum That is, the
Furthidmdie’ E3pyaLea it H iwnighi simeer B EhARSR ol cono
. can be continuously fed in froma equi red nunber of

"'trogw-&@t?m'waﬁeﬁe%%vaf@ gEHPHhAaYS haen capygeted into a
distillation colum A satisfying the conditions

quatefaacyisalt caar begimilanly soest., Nededhatia selidboatalystisuch as
the aliphatic nonohydric al cohol may be introduced

an iohmexchargsnmay ise agt asha packing it the prelsemt iAveation.
may be introduced into different stages to one

anthéeamoilihe oftthet catalyst asedl in tey ppeséat invention varies
continuously into the distillation 10 columm Ain a

depehdiiy 8nf Bidntypd o t@\%séat%ﬂyfsph@edﬁ”buﬂsirﬁtﬁé tadecopf a
liquid and a gas. O her than feeding the starting

contiff@b 85 iyAfSedibiePir Be dhigd sy i85V
b ASh2 [ oAty A Phidoding RatERie Thal diBsblUes Mne
' Jal ] 1.ttent Ly or .

react PRUTA IR i PEREED B, i RO Bld H Bl wsea i
di,stillation cqlum A over ., anot her preferabl 5

genefalfy, ity o e Shiram 010008 T80 1% e anfebreferanty from
conti n?L}OBS| fed inaliquid formor a %as [ oI iquid

0.005.4q,29 Yoo P WRIGN rapEg@referatlydiram 011 iten! @ Seumn weight, as
above the stages in which the catalyst is present, and

a proppetianigfhthe totahweighdrofcthe cynbic ¢arbomateranddhyg akphatic
in a gaseous formand / or a

monohydric alcohol fed in as the starting materials. Moreover, in the

case of using a solid catalyst installed in the distillation column, the

catalyst is preferably used in an amount in a range of from 0.01 to 75

vol%, more preferably from 0.05 to 60 vol%, yet more preferably from 0.1

to 60 vol%, relative to the empty column volume of the distillation

column.

There are no particular limitations on the method of continuously
feeding the cyclic carbonate and the aliphatic monohydric alcohol into
the continuous multi-stage distillation column A constituting the reactive
distillation column in the step (I) present invention; any feeding method

may be used so long as the cyclic carbonate and the aliphatic

monohydric alcohol can be made to contact the catalyst in a region of at
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liquid forminto the |ower portion of the distillation
colum A In this 20 case, the cyclic carbonate nmay
of course contain the aliphatic nonohydric al cohol.
In the present invention, the starting materials fed
in may contain the product dial kyl carbonate and / or

leastds Gtagdle mefﬁmﬁlrtéterefas‘t 7 stages, moe grefdrably at least 10
carbonate, generally in a range of fromO to 40 % by

stage'® Ghthe HisnIationaesMrhhow Oﬁtpa%,‘?(ha}/cwicg%rbgﬁtéﬁ% and

preferably fromO to 20 % by weight, in terns o
S i al k [N At 1
the AfBHEANL FSnEKyINE 2 Borcld B YonfifypUsty fskdn ftém 4
mixture ande | for th di enerally in a range
requifbt; fifingtey lfess B SaBgnior e fERTPYS BTG-S o
. .by. wei ght, re preferably fromO to 5 % by weight, in
distilfaigit cfumma 5%5%&\9933%900@%@8 sesaiibed §arhiri ne
cyclic carbonate / diol mxture. 5 Wen carrying out
Morepiyerpthe gyicliceeathamatenand: theapliphatissmanohydra alcohol may
cyclic carbonate and/or aliphatic nonohydric al cohol
be introducedhintadtive sameatstagiecof the tdistillatisnecpiuranekj ak may be

havi ng the cyclic carbonate and / or the aliphatic

introdwoed)idto diffecohbstage s toed me covgtbeent t her eof
recovered fromthis process and / or another process

caphal startisgPhateriah }‘na'?% i@dfdb"ntm\?oﬁél?r iWt%he distillation
materials. It is an excellent characterisfic feature

colurRh AR a g?ﬁﬁ?%mm{ﬁrﬁ PQ%ebhﬁ fdﬂ?ﬁso}%soﬁﬁﬁi%?%hﬁga liquid

exanpl e anot hef procfess 1's a process in

=TAY i e jal k i lEas
and S OUAPIRE tebgdEcS i bedlibiile the gstiation

liphatic nmonaohydric al cohol bejn - progucged jin
colurdh A5 thfs wBndhis else referaneTia dadtidasliieed i a

b¥-produced aliphatic nmonohydri ¢ al cohol generallg
gasegpsStarigg: materighint@rmikiantbappsedtinuepalvahremthe lower
_honohydroxy conpound, an alkyl aryl ether and so on,
porticm@friag distdlation siolueym. aMeweoyesf anathar pyefenaple
carbonate, the diaryl carbonate and so on. The

method-israni@dadvhich the cyclic carbonate is continuously fed in a liquid
form or a gas / liquid mixed form into a stage of the distillation column A
above the stages in which the catalyst is present, and the aliphatic
monohydric alcohol is continuously fed in a gaseous form and / or a
liquid form into the lower portion of the distiltation column A. In this
case, the cyclic carbonate may of course contain the aliphatic
monohydric alcohol.

In the present 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
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al i phati c nonohydric al cohol may be used as is as a

starting material in 20 the present invention, or nay

be used as a starting naterial after the anount of

contai ned material having a higher boiling point than

that of the aliphatic nonohydric al cohol has been
aliphatidumerhdhydrighaldohbl | idialign cdrboindel miketuré, eyl i for the

carbonate preferably used in the present i nvention is

diol, @%er&ﬁyplrrpﬁ & B FHEM GQBC‘I g@’lﬂapt BPéfer bly from O

exanp e, an al kyl ene oxi de su ene oxl

to 7 %r g gﬁato’ihg? g{{e éVJtﬂgefrBH 6etoar§rg’ fﬁg%&rﬁﬂs, :r‘f\qgifmﬁ of

¢ car ate contarning s Suc

ri. 0 the like e use .
the pggeghgg? B Faigbe f SR in e Canh ShebBatS gk mixture.
o) resent .i nvention, a ratjo betwee
/e Ratindopul Fad aesent cgpgdien HicisirGally, bosidss fresh
al i phati c nonohydric alcohol fed into the reactive
cych@.ﬁ@trbpnatte@ﬂ%l&r@iwhavarmegoaad@mamhw newly ypoduged
anount of the transesterification catalyst and the
into theareachion asitemonmaterial havingdher ayclic clarbbeate and / or
al i phati c nonohydric al cohol to the cyclic carbonate

the alipthatic moorgemedrdt |alcbhoh asaagaaii conopofeft therd®OPecovered
times. To increase 10 the cyclic carbonate conversion,

from ithig ﬁr@é@é@fa@*ﬂ £ orart &by ﬁ‘rd&l&@‘:sabhﬁhé’l‘sbcbeweyé%!ycused

al co in an excess of at least 2 tines the nunber “of

for tH@kFﬁ]rtﬁi‘aq HTT“?e?VélE' c I’P WE&Ee ﬁ%‘h%rrac'lén&ﬂ? RIRURL of the

atic  nono ydrlc a

pres%tfﬁgeﬁwt%gaﬁrﬁzgéagewﬁ T T —

h t 5 d I h .
s a i &%a"t"EW. B AR PR R s roctioad Giar the giplky
nor.e ferabl from3to 15, yet nore preferablgfrom
Cefb@%‘& a'mfpﬁ@%rr@onphyﬁﬁ%yma@ﬂaa ¢heialiphatic

car bonate remai ns, then the wunreacted cyclic
monaduidsih aleoheal, being bynwpred ueed jnddis praiceisstand recovered.

by- pr oduce
The recovered by-produced aliphatic monchydric alcohol generally often

contains the dialkyl carbonate, the aromatic monohydroxy compound, an
alkyl aryl ether and sc on, and may also contain small amounts of an
alky! aryl carbonate, the diaryl carbonate and so on. The by-produced
aliphatic monohydric alcohol may be used as is as a starting material in
the present invention, or may be used as a starting material after the
amount of contained material having a higher boiling point than that of
the aliphatic monohydric alcohol has been reduced through distillation or
the like.

A cyclic carbonate preferably used in the present invention is one
produced through reaction between, for example, an alkylene oxide such

as ethylene oxide, propylene oxide or styrene oxide and carbon dioxide;
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ol i goners such as a dinmer or a triner, and hence in
the case of industrial 20 inplenentation, it is
preferable to reduce the anmobunt of unreacted cyclic
carbonate remai ning as nuch as possible. In the
process of the present invention, even if the above

a cyclig earbanate iconainingr smahbamiduntshef suchi startingbeaéal
conversion can be nade to be not |ess than 98%

compu @hds A the likeé mayshé hm@%%a@éﬁiﬁg%ﬁl@ﬁb}’iﬁ‘%e present
| ess than 99.9% This is another 25 characteristic

inveritegshure of the present invention. In the present
invention, preferably not | ess than approximately 1

43 / ' [ 1l ' tiQn,mxtune
a8 519 (0) R sRaH A DI &T5%: BRrRaEh ti
ctive distillation colum A this being, fed
amoqii8 06, VEHE SAMBATI e SpE g iU hatis: Manaidiig iconol fed
. @und a col U{HJ bﬁtt,om conponent CB therefrom bejng
into the,reastive isylptipa colmp Aivarias accending to dhe type and
continuous nulti-stage distillation colum E, so as to
amoyHoal the deansesterificationmatakisteard the rtemutinn conditions, but
hi gh-purity diol; the m ninmum anmount of the cyclic
a motan tatiaitod thenaliphatis! monedydrio ajbehokbetheeyclic carbonate
distillation colum A to achieve this is generally

fed iniSgendrally inha,rapigef of Idm 4.001 Bb 11000 Ainkés. "ILincrease
preferably 1.45 P ton / hr, based on the anount P (ton

the ciché)cdtboHatbNeo v &ikigH! it i%éhﬁiéé’lierhﬁl@% Ff%%@iuﬁ?%%gﬂitpghatic

yet nore preferable case, anount can be m

mondydriS aI1E8RG1 h 4R %’f%@gs’ofhét Iéeﬁjttf‘?ggéggtﬁlgh%at%’erlof mols

i Afvention, prefera not 'l ess an
. .h f_ hi,ah- pyr.i di o] ,,can be o) ed_accor.di ng
of the Sglickaloriedl bWt % is AranPhatiBe afBERHE by
takj n clic carbonate and an 15 aliphatic
m°”°rh¥#6+§a??<§'¥%'| Uﬁﬁal'sa@os%‘?@ =rf@er9atté|si @@5@8%& {pgnake the
rocess conprising the steps of: (1) continuously
apparaiygi lagoere £104r3uGhy raasensaltbei motaaratinafibwigliphatic
nmulti-stage distillation colum A in which a catal yst
monchydsiceeéenholcta the myclic carbonate is preferably in a range of
from 2 to 20, more preferably from 3 to 15, yet more preferably from 5 to
12.  Furthermore, if much unreacted cyclic carbonate remains, then the
unreacted cyclic carbonate may react with the product diol to by-produce
oligomers such as a dimer or a trimer, and hence in the case of industrial
implementation, it is preferable to reduce the amount of unreacted cyclic
carbonate remaining as much as possible. In the process of the present
invention, even if the above molar ratio is not more than 10, the cyclic
carbonate conversion can be made to be not less than 98%, preferably
not less than 99%, more preferably not less than 89.9%. This is another

characteristic feature of the present invention.

In the present invention, preferably not less than approximately 1
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out reactive distillation in the distillation colum
A, continuously 20 withdrawing a | ow boiling point
reaction m xture AT containing a produced dial kyl
carbonate and the aliphatic nonohydric al cohol from an
upper portion of the distillation colum Ain a

ton / d@sePuEshig®r Boil A podnt réaetishymixtur8 K2 WohdamiRgdthe diol is
boiling point reaction mxture AB containing a

COHtiHU@@%W%I’SH%'CEH MMKe 'rggﬁpv@lo& fé'(tﬂﬁtfgn eofufir Al thd b@ng fed

col um Inaliqurd orm cont i nuously

. i i PLi Nelo] ' ixture , 44 An

into 5 EBMIRGIE ulisPoe 9uPELRNFERFNE Btdi Goien Bottom
cont i .nuoysl wi t hdr.awi ng, material having a lower ... .

compginint;s heteriin beng Sdpated i sopasatian Ry distiation in a
.high boiling point reaction mxture An as a col umm to'p

contleeﬁymmu ageadistilation icpdumn E smascia peadugadnot less
conti n_uouslly S withdrawi ng a col um bottom conponent

than epprie¥imgtelyel dporhuef Aheshigh-ponitytat; theemioimunvamount
| ower portion of the distillation colum C, and (111)

of the eyriicucardiondteedontinulbei sty lfadninbo tthenrezatpan enétillBtion
into a continuous nmulti-stage distillation colum E,

coluname c@rudmaoealms\i\&gwmlw BRI MYTAL Ypréfetay £.5 P ton
side cut component Es from'a side cut 10 outlet of

/ hr, fld®eGYifbPAIONS1 A8 1P t&h 396, Haddd bt a?ﬁbgﬁ’f‘u gggcﬁﬁ hr) of

continuous milti-stage distillation colum
Y - tj sy ot | it t .
the hEERurd; oiotdp FEPRERGS: DR Vol Rt Pt cebe. this

e ndi tions nust be conpined with conditions
amou&'@q‘fﬁ% g’% 8}?%% tﬂ%?‘?%@%ﬁjgﬂc |4gingp§°d1:é$'d' stably with a

hi ﬁh conversion 15 and hi ?h %il ectivity. The .
cdRtthauBIRs et Invention. arefenably ingt lessutharcappsaximately 1
step (Il) nust thus have a function of enabling the
ton / hpodrhigh-putitnglial cancbe muiodused pecardingto wharoosss stably
the diol contained in the high boiling point reaction
for a prolonged period of time by taking a cyclic carbonate and an
aliphatic monohydric alcohol as starting materials, and the process
comprising the steps of:

(I) 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 distillation column A, continuously
withdrawing a low boiling point reaction mixture At containing a produced
dialkyl carbonate and the aliphatic monohydric alcohol from an upper
portion of the distiliation column A in a gaseous form, and continuously
withdrawing a high boiling point reaction mixture Ag containing a
produced diol from a lower portion of the distillation column A in a liquid

form;

(H) continuously feeding the high boiling point reaction mixture
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m xture AB to be renoved efficiently as the colum top
conponent CT and 20 / or the side cut conponent Cs,
and furthernore the continuous nulti-stage
distillation colum E used in step (I11) nust have a
function of enabling a high-purity diol to be
As intdtzRCBAGNYOUS MuTtioStade Wistitatibk dSundn ©F 8bANBEDUS]Y
period of time froma 1arge anount of the col umm
. i . i f t i [ .
withdBH0, mEARAN AR 2 T8YeS RIRRE, AR e ot 66 cio
P di.stil.Lat i C e AT LOUS ndi.t.ions
contdlel r{fghidh Hd b bt iRl e, 88K bl i to
resent, i nvention 45 provides industrial distillatiqgn
compBEtCa it | Ag 1 dpaest peRRaTEAt bee andSontg sl
.., functions, and it has been di scovered that by using )
withdraudag 3 ceivmn bettom romppaent s havipgdhendiol as a main
i nvention can be attained. The high boiling point
composeiti thereioftfoom adomsr portian ofther distilation ®lumm IC; and
anount of unreacted cyclic carbonate. In this case, it
i (HIpr edeemtiblousty fedding tiseicdoluhai bottdmucs maoireht Cg into a
cyclic carbonate is substantially not present in the
continabusmmibiti{stageodisiRitio - BoluAA ENGand @antmitissly
multi-stage distillation colum C. To achieve this, it

withdrawiRg & fighlfuti® afl é‘s?rgide ﬁﬁ?%@mﬂ&g\gﬁggns @b;rg 4 Bfde cut

continuous multi-stage 1 Istillatio

outle} BEtb oA SBER R StbBeC et RN e '
trobe i Ebe it 3ER o€ dbhsRlarceo AR s i ster (1)
h i ol d th d i di al kyl I I
thus gafisfles gkenpLegnatipna ftarmBiamaeParsvecs] Hongustillation
time required for this reaction 15 to proceed to

functioghphiek ratherdheseseenditions snushible eeribigedswitheconditions
colum bottom conponent to be reduced, etc.). As a

required giot asimakent hee revactio np rane exlishab lyawithharkdginsconversion
substantially no unreacted cyclic carbonate in the

and highwealebtititym conponent CB from t he conti nuous

mul ti-stage distillation
The continuous multi-stage distillation column C used in step (I1)

must thus have a function of enabling the material having a lower boiling
point than that of the diol contained in the high boiling point reaction
mixture Ag to be removed efficiently as the column top component Ct and
{ or the side cut component Cg, and furthermore the continucus
multi-stage distillation column E used in step (lI1) must have a function of
enabling a high-purity diol to be obtained with a high yield stably for a
prolonged period of time from a large amount of the column bottom
component Cg. For the continuous multi-stage distillation column C and

the continuous multi-stage distillation column E, various conditions must

be simultaneously satisfied to achieve this. The present invention
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colum C, this being preferable when carrying out the
present invention. 20 Note that the term
"substantially not containing"” used in the present

i nvention nmeans that the content is not nore than 50
ppm preferably not nore than 10 ppm nore preferably

providets mdestrizrdiStifationTapparatusdd b astoy spddified, strbetures
continuous multi-stage distillation colum A, the

hawrﬁ%mhbﬁé%dﬂdﬁd -SH@Je h@'ssl‘éééhadlb%vﬁ%é! a@ bya[l\%méc‘?hese

continuous multi-stage distillation co
appa@%%ﬁﬂ‘é‘c?&g%@ 01 8% ﬁfﬁg%;?\?‘"g%@“%&%ﬁﬁo 8.
I Lti- disti.llatipn
cof (i baud RolifEke8EaHR Mg aiGalictntaif e face to 2
C d th t [ ti- e distillation
smalgnifynEo firopetad Wislitheatbansts. tﬁg”‘%maﬁgo@s
multi-stage distillation colum A conprising
prefegabie tp snaka lé&uﬁhwth@k/sughwm@ﬁﬁtndL@yqlmarmnah@uae
diameter Do (cm) and an internal having a nunber of
substantiplly mettpreseintsindthe aotumhor bottom kaampgneng s from the

outl et having an inside dianeter do, (cm at a top of

continbeuscwiultivstage distillathpercolanin @ offot d¢hieveuthiishars
to the top, a liquid 10 outlet having an inside

prefedaBreteradda §&8il amsumobt Wateh ihhe the! cimiNtiol8 maiti-stage
| ower portion of the colum near to the bottom at

dlstlllaQﬂH c%'i‘@rgfrimCZE | tRbthePl M é’&%g g%{:ﬂﬁnc‘éqgﬁhaﬁer%'ﬁhverted

eportlono el ow t

tﬂ%ﬁi A
mum-osa'a B 5 S0 %t#g'ermﬂﬁh%eégt&dgiy% Ewonate
is reeépg)egoyvéb(ﬁﬁlaoél?ggg thus c%gg;‘t%%siznotg a(dzléilkylene glycol or the
like (e.g. for a temperature and residence time required for this reaction
to proceed to completion to be secured, for back mixing of the column
bottom component to be 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 multi-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
column A, the continuous multi-stage distillation column C, and the
continuous multi-stage distillation column E which are used in the

present invention must be made to simultaneously satisfy the various
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20<no<_120 (4) 20 3 <_ Do/ do, 5 20 (5) and 5:5

Do/ d0230 (6); (b) the continuous nulti-stage

distillation colum C conprising a continuous

mul ti-stage distillation colum conprising a stripping

section having a length Lci (cm, an inside dianeter
condiM@ongcm and an internal 25 with a nunber of stages

nci thereinside, and an enrichnment section having a

| egg bﬁlﬁé@llgome céﬁtl'nnuﬁitf&enﬂ*lﬁ‘]?fa‘;de @‘P@tﬁﬂéﬂgna&&u‘i‘l‘i‘n A, the

i nt er nal a numnber €S nc reinside,

r [ a he
conti F’Iu?vmﬂ]ndéﬁf %traﬁﬁ dlé’tfll]?tl{fﬁzﬁol@ﬁn &Oggdr\&?e égé@&%&ff)
( 5 Lci < 30 (9) 3 5 nc,
mU'“sg?@e(D%baﬁ'%aa @'Hw%w b 9% Talowdpes 500 (12)
Lft%z Dc2 < & 10 205nc2:5 100 (14) and
@)t POM@UOL{S;M' ka8 Mnﬁtéuatlgecwl&maf cpaprising a
. _contl nuous multi-stage distillation colum C has at
distiljatien codemyhhavéyg ta lgngtistal(cey), areinsideadiameter Do (cm)
internal, the chimmey tray having installed therein
and aménternalrrea\dhgnaawumbec loflstages ng thereinsideg analvfurgher
a cross-sectional area Sc (cnR) satisfying the

havifgpanghe d.tt héOm%arﬁmédéQﬂ@lrﬁéﬁQn d@ne ?Q’:ﬂ fftophsf the
chi meys being such that a height hc (cm fromthe

column or in an upper portion of the column near to the top, a liquid

outlet having an inside diameter doz (cm) at a bottom of the column or in

a lower portion of the column near to the bottom, at least one first inlet

provided in the upper portion and / or a middle portion of the column

below the gas outlet, and at least one second inlet provided in the middie

portion and / or the lower portion of the column above the liquid outlet,

wherein Lg, Do, no, do1, and doz satisfy the following formulae (1) to (6):

2100 < Lo < 8000 (1)
180 < Dy < 2000 (2)
4<Lo/Dy<40 (3)
20 < ng <120 (4)
3<Dg/dgr €20 (5) and
5< Do/ doy < 30 (6);

(b) the continuous multi-stage distillation column C comprising a
continuous muiti-stage distillation column comprising a stripping section
having a length L¢y {(cm), an inside diameter D¢y (cm) and an internal
with a number of stages n¢4 thereinside, and an enrichment section

having a length L¢z (cm), an inside diameter D¢, {(cm) and an internal
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openi ng of the chimey to a gas outlet of the chi mey
satisfies the 20 fornmula (17): 10 <_ he <_ 80 (17);
(d) the side cut outlet is connected to a |iquid
collecting portion of the chimey tray of the

conti nuous multi-stage distillation colum C, (e) the

with ammwl«@f stddes ﬁb@qged'bmﬂub@twmraﬂlw ¢4, Neq, ko2, Doz,
conprising a 25 continuous nmulti-stage di st|1l ation

and 'f% 5?2%@@96%“%@@%%&&3@@%ié?r?): having a length

, an i nside~di anet and an i nternal

48 with §?ag§e‘2_%r1 é)faqi])tdages nEl t herei ré?')de, and an

enri chmen i'on aving a length L (cm, an

i nsi de dj r cm) and an interngl, with a
nunber o$8§§e§és* t her ei nsi de, vvheré)n LE1, DE7,
nEl, LE2 2, .and nE2 satisfy the follow ng fornul ae
(18) to %stEmono%ﬁ‘QEl 5 3000 (18) (B0 < DE1 5 700
(19) 25LEl /DEI< 50 (20) 3 < nEl1 < 30 (21) 600 <_
LE2 5 409G pe2)< 30 100 < DE2 <_ 1000 (189) 2 < LE2 J
DE2 5 30 (24) 5 5 nE2 5 50 (25) and DEl 5 DE2 (26);
(f) the t000chieats 6 on of the cont({iyous
multi-stage distillation 15 columm E has at |east one

chi mey 50ayDd3st #Jeed therein as the (i1r2t)ernal , the
chimmey tray having installed therein at | east two

chi meysigach., haying 0 opening havi
cross-sectional aréea SE (cnR) satisfying'the formula
(27)° 20 £ ngs < 100 (14) and

Dc2 < Deq (15);

(c) 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 (186):

200 < S¢ £ 1000 (16),
and each of the chimneys being such that a height hg {cm) from the
opening of the chimney to a gas outlet of the chimney satisfies the
formula (17):

10 < hg < 80 (17);

(d) the side cut outlet is connected to a liquid collecting portion of
the chimney tray of the continuous multi-stage distillation column C;

(e) the continuous multi-stage distillation column E comprising a

continuous multi-stage distillation column comprising a stripping section

having a length Lgs (cm), an inside diameter Dgy (cm) and an internai
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50 < SE <_ 2000 (27), 20 and each of the chi meys
bei ng such that a height hE (cm) fromthe opening of

the chimey to a gas outlet of the chimey satisfies
the fornmula (28): 20 5 hE <_ 100 (28); and (g) the

side cut outlet is connected to a liquid collecting

with ponuimbrerodf sPages agsthereinsiday arfd aheenfishmentsection

mul ti-stage distillation colunm E. It has been

havirtg scramgtedLE D aEm)y apairisid 8 ianie froDg, (bn)t&nddd ])nttehrgal

using 49 an apparatus conprising a conbination o

with 80RGIBEAUST St des %'Eggﬁeréir?éi%gﬁtg%%iﬁ%ﬁ%m%é. A Les, Do,

cont i nuous | -stage disti col

and 2L RalsRY T8 follbwihEDfosth e AT 8N hank i a

scal e of ef er abl t less than | ton / 5 hr, nore
prefer abﬂgbrﬁiEFééoman 2 ton / hr, sd]‘z?al y for a

prol onged period of tinme of, for exanple, not |ess
than 10090roftes, S g erably not Iess {1¥3n 3000 hours,
nore preferably not |ess than 5000 hours, froma | arge
amount 02 £ he1Hilim 86B0i ng point react{2f) ni xture AB
whi ch has been produced through a reactive

distill aBisongpr086ss between the cycli(@1)0 carbonate
and the aliphatic nonohydric al cohol. The reason why
it has @®@Oatepasapblpe to produce a r(izq -purity diol
on an industrial scale with such excelleént effects by

i mpl emenf g pregres of the prese invention is
not cl ear, bupk?hi S IS supposed to ber(gl?g to a

conposi t ff b ht about when t condi tions of

f or nul aef(glgEf ZC[?EZQS)EO‘%?e 15 conbi ned. (E‘riéfer abl e

ranges f,fir the rg@pective factors are(ggscri ed bel ow.
[

For the TOnPFAGORE nulti-stage distill %ol um A
if Lo (c is. less than 2100, then the _conversion
decr easeREnfdPRence it is not (26);

(f} the enrichment section of the continuous multi-stage distillation

column E has at least one chimney tray installed therein as the internal,
the chimney tray having installed therein at ieast two chimneys each
having an opening having a cross-sectional area Sg (cm?) satisfying the

formula (27):

50 < Sg £ 2000 (27),

and each of the chimneys being such that a height hg (cm) fram the

opening of the chimney to a gas outlet of the chimney satisfies the

formula (28):

20 < hg <100 (28); and

(g) the side cut outlet is connected to a liguid collecting portion of

the chimney tray of the continuous multi-stage distillation column E.

It has been discovered that by carrying out steps {I) to (I1l) using
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possible to attain the desired producti on anmount.

Mor eover, to keep 20 down the equi pnent cost while
securing the conversion enabling the desired
producti on amount to be attai ned, Lo nust be made to
be not nore than 8000. A nore preferable range for Lo

an afpalatus eSMPrisikg & comfbBfhativh bTAPOcontinuausSRfAti-stage

bei ng yet nore preferable. If Do (cn) is |less than

distilffbn degomin A, &haocso@ﬁﬁéb%%wti?étbgiendiéiﬁ aﬁ%ﬁ%‘lﬁﬁﬁw c,
to kee e

I
producti on anmount. Moreover, down t

and SRR LA @l 9, . R AABH o
oan SR 4oBEER 881 1581 8a BB P paberbll sraThsinan 1 o

If Lo/ Do is Iefs than 4 or greater than 40, then )
hr, more preferably: pehlesk thans? 4pn1/i af stably, fap A peeleaged period
Lo/ Do is greater than 40, then the 5 pressure
of timg of e f@iheXapR Ige a1ott les st thhamA@0bhouns opreferabdy mat less
becones too great, and hence prol onged stable
than 30&0ahbuns bewneeprefierabtyinbt ledbrtbane5000thbersynikom a large
necessary to Increase the tenperature in the |ower
amouprréf the bigh teoitiagupdintaed diRTe eniktdee AgawhicihhLBesn
liable to occur, bringing about a decrease in the
rod e e ehrough a fedBife RIiStifLH f '
Prod R ehiodita foablte IBRENIFpIoREEs LBtwER o cRIl
carbdPPit® 2h8'ReR8liBhatic mdhdifydfe2ILSAB) IOTHEAL AR why it has
n [ 'S no et

conver si on decleases an ence POSSI

t1ai esi roduct i on. unt . Moreoyer, . to0 .
becofte Bo8s{i1S, eBLodeSen Mab R Rl ] FEERgia Scale with
conversion.enablin t he desired productign, anount to

such pREeiit HEOR binl e lpBTomBa0: o Braeess & dyeoptakent

, 120. Furthernore, if no is greater than 120, then the

invengiogsig, pet ciear.dhehbispst sieRosad toobedie ieta eamposite
col uim beconmes too great, and hence prol onged stable

effechpeg ughbabiead ombendihief conditionsodfeemulae (Delo(@8) are
necessary to increase the tenperature in the |ower

combpeedi on of

Preferable ranges for the respective factors are described below.

For the continuous multi-stage distillation column A, if Lo (cm) is
less than 2100, then the conversion decreases and hence it is not
possibie to attain the desired production amount. Moreover, to keep
down the equipment cost while securing the conversion enabling the
desired production amount to be attained, Ly must be made to be not
more than 8000. A more preferable range for Ly {(¢cm) is 2300 < Ly <
6000, with 2500 < L, < 5000 being yet more preferable.

If Do (cm) is less than 180, then it is not possible to attain the
desired production amount. Moreover, to keep down the equipment cost

while attaining the desired production amount, Dg must be made to be
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t he columm, and hence side reactions becone liable to
occur, bringing 20 about a decrease in the
selectivity. A nore preferable range for no is 30 <_
no <_ 100, with 40 <_ no <_ 90 being yet nore
preferable. If Do/ do, is less than 3, then the

not negrs Phant2000! Reawsms phefErabldrangecior By l(ehdrisa200nt Dy <
of a gaseous conmponent is readily released to the

‘@i t
100004ith 481 @k Dljes Bo¥ ggin@@%ghﬁagg pref@l£bigper at i on

becones difficult. I , s greater than 20,
t
r

DRI DORSRASHERTOBP reth 4t aN 0. HEH'RLalRC BB Rgtion

ativ ow, and henc abl e operdtion becones
[ ffi £ @n reoy ecrea in.th nver sj.on

becoftes, fiffichit 2 nParRELr &f B e 87 151 4reAIRE 4R 8B A bféh the

dog i,5,,4 < I, do, < 5 W 55 Do/ do, 5 1
presgiir, Ttidtonms Deswadn BEp dobianddatiom:of ihe dalimmhesomes

t hen the equi pnment cost becomes high. 5 Mreover, the
too greghi andiherecaricienaedstable eperagion bespines ghfficiHt

hence stabl e operation becones difficult. If Do / d02
Morepyegr Habecomemnsoessangiotineréasea that termpeoatyret inethe lower

liquid outlet and pi ping becones excessively fast,

portiandfhidrec eohrmsi, @nd bemessideabéactionsdsegomier liagleto occur,
about corrosion of the apparatus. A nore preferable

bringing @b d Wt a [Medredr® #Pthé selectVity, dQR nPordprifdable Tange for
Do / d02 <_ 20 being yet nore preferable.

Lo / D¢'f4 geé M FDy' £ s‘d‘%ﬂhe?%”%i;, gg&?b?gﬁ%pbdgéﬁgﬁg%g%eferab!e.

ound that It is 'further
cOfT il i ARl 19 iconehsio etnga8s, 9 fjeifce it
. i 5 | h 300,, th h [
is nof plksi B4 AT b e e R BT Clus fon HBeLBLs edotggyer, to
hence the desired separation efficiency cannot, be .
keep Hqu 1bF eRHIPESt Cass WRHB tRGWIPadheqEPRKBREI0BogRabling

whil e securing the desired separation efficiency, ch
the dgginedhproduetion amonutt teobe attained, no must be made to be not

more than 120. Furthermore, if ng is greater than 120, then the pressure
difference between the top and bottom of the column becomes too great,
and hence prolonged stable operation becomes difficult. Moreover, it
becomes necessary to increase the temperature in the lower portion of
the column, and hence side reactions become liable to occur, bringing
about a decrease in the selectivity. A more preferable range for ng is 30
< ng <100, with 40 < ny < 90 being yet more preferable.

If Do / do1 is less than 3, then the equipment cost becomes high.
Moreover, a large amount of a gaseous component is readily released to
the outside of the system, and hence stable operation becomes difficult.
If Do / dg¢ is greater than 20, then the gaseous component withdrawal

amount becomes relatively low, and hence stable operation becomes
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3000. Furthernore, if Lci is greater than 3000, then

the pressure 20 difference between the top and bottom

of the columm becones too great, and hence prol onged

st abl e operation becones difficult, and noreover it

beconmes necessary to increase the tenperature in the
difficudtyeangondreoverf a dédereadalin thersbriveresdoniidebroarghiti about. A

becone |iable to occur. A nore preferable range for

: . : g : N
moreigg%ferrablé Fahde for b§i/ o4 1308& DA £ B?EQBL ?r\(:\tr% 5< Dy / do1 <

25 being yet nore preferable. IS

13 béﬁ@gbb%%f)réhﬁ%ﬂlé. is not possible to attain the

52 "desired stillation anount. Moreover, to keep down

th ' t il thai ni desi ;

53 P 958 e S, R BSAy GB Bleompshion
Moragyar fRg it wihBsgwe! semount kksasBragejetivaby bian, and

preferable. 5 If Lci / Dc, is |less than 3 or greater
hencerglable oneration besegeas diffivwt. oftPat/ doe egspater than 30,

difficult. A nore preferable range for Lci / Dc, is 4
then she|ftow/rape, theougb, the tinuid outlati and mipirg bedreesg

yet nore preferable. If nci is less than 3, then the
excesspaiptfast, ahili lveroe \erbsion e ctmepdialgle geoticon, bringing

decreases and hence the desired separation efficiency

about vredsien of OhetdaredusMrRaYsrs prefdiesledamyd Rer Dy / do2
equi pnent cost while securing the desired separation

is 7 €04 FUGNY25NGi £ & '
o 7 L0 FFTS/aST STt OF S 28 BEEl ot Basrefbvle
pr r e 0 -
DL S TG pr S PP R HARUA SOUG R i
rajion becones diffjcylt, an reover it comes
furth§E B8l @bIoF i hd sled torse RN IS FRFE Ui, (BE"F over
portion ff the columm, and hence side reactions
become |11 abfer {Sloacclr. A nore preferd#® range for
nc, is 5 <_ncj <_ 20, with 6 5 nci 5 15 beiggyet ]
mof @r phefcantineous mulli-staay distillasion salumooG, it hen (cm) is
the separation efficiency for the
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, Lcy must be made to be not more than
3000. Furthermore, if L¢y is greater than 3000, 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
preferable range for Ley (cm) is 500 < L¢q < 2000, with 600 < Lg1 < 1500
being yet more preferable.

if Dc1 (cm) is less than 50, then it is not possible to attain the
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enri chment section decreases, and hence the desired

separation 20 efficiency cannot be attained. Mbreover,

to keep down the equi pment cost while securing the

desi red separation efficiency, Lcz nust be made to be

not nore than 5000. Furthernore, if Lcz is greater
desineidadistildtion anounbe Messover, dof Kesprdwwhahecequigment cost

top and bottom of the col unm becones too great, and

wm|d1gng¢nmgatmmuﬁé@bh§tmaﬁbﬁtaﬁmhﬂccﬂ@@rrﬁﬁst%éfmaabtto be
Mor eover, it becones necessary to increase the

not HEFPHEYG ! N A Wl BHETerBBIS rdRgR (d BT LM F0% Dy <

hence side rea

500, 5}@88 R ab'(%abﬁng@?oxe*%%ée B E more
ek hsq‘ 1SR hE oralet Hidnl g réfn”p'swonged stable

am)unt Mor eover, to keep down the equi pnent cost
opergjipnbegomies diffichlt. dedirnene dirsferakle; @nmghﬂ.mnﬂc@m is 4 <
nmust be made to be not nore than 500. A nore
Let / Pef 8r20) withahge Licar/ De2 € d6) being’get maxe pefarchle.
with 90 Dc2 < 350 being yet nore preferable. If Lc2 /
Dclf nes isekesst thaan 1) thiergtleaisepdrhtio noeffidieanypior! thregstripping
stabl e operation becones difficult. A nore preferable

sectioangecieasds and haAcBothd aeéﬁ'eﬁ_sbparétl@ﬁ?efﬁc‘i‘@ncY"déhnot be
20 < Lc2 / Dc2 5 35 being yet nore preferable

attalﬁ@@ i MbRSSVENAB Rep td’tﬁﬁntthgeg Bgisrgbh‘? ﬁﬂhﬁll@"ﬁé’curmg the

for the enrichnent section s an ence

desw%@%é@ ast?c?ﬁ‘r fleéhdco)&mrﬁ Qﬁ%&ﬁ?é@ﬁ?%@ E% ﬂmﬂfqdre than 30.
FurtigEhtdoeldr g dgeqs{ A 18N, ﬁ'b%eftfﬂ'&frbféi ffgg%fﬁr%cf

betW%évabgn ﬁ@tn?ﬁﬁogfﬁ@ %?Mepumﬁeb%@mﬁs teaspas. apd hence

great, and hence prol onged stabl e operation becones
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 preferable
range for ncy is 5 < ngq < 20, with 6 < n¢q £ 15 being yet more preferable.
If Lcz (cm) is less than 1000, 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, L¢c2 must be made
to be not more than 5000. Furthermore, if Lo is greater than 5000, then
the pressure difference between the top and bottom of the column
becomes too great, and hence proionged 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
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difficult. Moreover, it beconmes necessary to increase
the tenperature in 20 the | ower portion of the colum,
and hence side reactions becone liable to occur. A

nore preferable range for nc2 is 30 <_nc2 5 90, with
40 < nc2 <_ 80 being yet nore preferable. Note that

to ocicurt he\ mmptefm@ﬁélrangeafor Leagenoris tH00meY cLrau000,
nmust be installed in the enrichnent section, and the

with ROODeE 196, SIFBIFG HIRGSJEX mioTel PrafedgBId.N Nc2 above. 25
Moreover, for the continuous nulti-stage distillation

§1f@§ﬁ&ﬁ{)tuﬁt|%%spfr€aﬁ?%b 'tﬂ\éﬂ”fi ?fhotpf)?%@rb?lﬁ'% ?ﬁ% R the

ernore, In ste e cas

sostHiEa vl Y ”M%éeo*‘%ééﬁpﬁ%%&ﬁ‘ﬁn%ﬁgq Bont cost

tal ns S unt. .o unreact yclic carbonate,
white gitafhia, fhe Saaired gishiudtighoamaiints didsmust tth%mﬁe to be
unreact ed cyclic carbonate is made to 5 undergo
not mere-thamn §00.a Aomareperafesable rangectsirdan; (s ll$a?0 < Decz <
substantially no unreacted cyclic carbonate is

400, with &hsdDen <t B860doeimgnyebmaore peefgraidat CB.
Accordingly, in a preferabl e enbodi nent of the present

i nifdrdal bDcasplessalhidry 10noB gseab@sihah 80, aherKpasi®nged
further provided in a |ower portion of the internals

stableropetatien Bedormestdieficolt. t e nsérd Epef&ame&%ﬁgeofbr Lea /
which is in the Iomer portlon of the continuous

De. i8UW8 k- 8LA09 dk tsﬁfj ) | Wit 2 O@‘i’_ g%ﬁb é@%ebéf g

cont I nuousl y™w rom a er nost st
refetréﬁ K, and after heat is given to require for
P Ylllatlon and reaction in a reboiler, the heated

U|d|sretr he distil.latign.co
W3l sl 520, dhan i sheditabin® & 'qsn&yp@fﬁe&
F’B’f/é? of the rays K and tge internals in
enric teest 'BBr ¢oieasas apd ?F‘Pﬁpm?gd§élfteidoﬁepﬁﬁﬂ'€"a
. .remainder of the liquidis fed into lower trays in
efficighgkrcargoljbeiaitapache Monaanssusordigep dovwgydhe equipment
distillation colum Cin this
cost while securing the desired separation efficiency, ncz must be made
to be not more than 100. Furthermore, if ne2 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. A more preferable range for ngz is 30 < nga < 90, with 40 < nc2
< 80 being yet more preferable. Note that in the present invention, at
least one chimney tray must be installed in the enrichment section, and
the number of stages therefor is included in n¢2 above.

Moreover, for the continuous multi-stage distillation column C of

the present invention, preferably Dc¢a < Deg.
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way, the residence time of liquid in the | ower portion
of the continuous 20 nulti-stage distillation colum C
can be increased. Mreover, by nmaking a dianmeter Dc3

of the colum at and bel ow t he stages where the trays

K are present be greater than the dianeter Dci of the
st Fupthietgneextinostg¢ll), in od)cagenthatthenhigh Boitinigdpoint
hel d can be increased and hence the residence tinme can

reactiéni mexteae otk f@ddntdﬁWEeacWﬁuéug%ulﬁ-ﬁsih?@rUFs&ﬂ%tW cotumn
25 be maintained. Furthernore, by making tThe col um

c co@?é@%”é'érﬁﬂlldaﬂn%ﬂﬂt ofPGnt&Y&ed Eﬂ@ll{: :?:gaurlbg:‘é‘@ggf’?ttnls?ﬁgeferable

trays back m xi ng of ft

o 1800 Ak A g e

in the case.tha asrml ,_anount unreac lic .,
undeffoirBaciion b dolnvief BortioReot e caluiiyes toat sibshaptally

can he reacted with the diol, which is present in a
no unfzﬁagCées'xe:é%léc cRreppgte I§|qqntaamdtm@ec@ﬂmﬂetaottom

onpl etely into a dial kylene glycol having a high

commwh@spouhccordmm@,l inke.preferabley embodiyneet afpheypresent

of trays so long as these trays fulfill the role
inverdiamy alpdrabity énchstages) ef irays K hee fartdtdromshiiged in a

bet ween perfornmance and equi pnent cost, a sieve tray

loweppoatibaf 61 thd iBdernaIdGn Ry KwEAROSt gdRidmbE |tﬁet§t@b|bp|ng
being particularly preferable. In the case of th

secti6ha¥RidH &Y iR thehewaf Ebﬁl hF thid g’ghhn'u%d%r R fl?ﬁﬂé@e

provided, it preferabl ei ng m to be suc

dlstil‘[dtﬂwl SRR O Ih&u}’c\ﬂgtc At ﬂ%?%éhp%wﬁ H’?Wp an

m a downcorer ort ron ['owWer s

upoelfigh Ao %fﬁnﬁ“?lf%i Rl A1 48 8007
crsllo T B0 R  HBRURr, e e S8R ko

t he affl e is particularly preferable. A preferable
the disthiatiencamn £ framea feeding porpepyidad deiwsien the y
uppermost stage of the trays K and the internals in the lowermost portion
of the stripping 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 continuous
multi-stage distillation column C can be increased. Moreover, by making
a diameter D¢3 of the column at and below the stages where the trays K
are present be greater than the diameter D¢y of the stripping section (De¢q
< Dg3), the amount of liquid held can be increased and hence the
residence time can be increased, and thus a sufficient reaction time can

be maintained. Furthermore, by making the column bottom liquid level

be lower than the lowermost one of the trays K, back mixing of the liquid
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1.5Dci < DC3 < 4Dci, yet nore preferably 1.7Dci < DC3
<_ 3Dcl. 20 Moreover, nc3 is not less than 2, a
preferable range for nC3 being 3 <_nc3 < 20, nore
preferably 4 < nc3 <_ 15, yet nore preferably 5 <_
nc3 10. The chimey tray installed in the enrichnment

in thedowerrpoftidmof thencounnscan b préd@ntet.st WS atreduit of the
colum C has provided therein at |east 25 one chi mey

aboveaqh thavp st RRAIHHTEN héVﬁHQnatlrfé B&%esﬁﬁt'é’%%aﬁraeiﬁount of

Sc (cnR) in the plane of t tray. Moreover I mey

v.::‘tr€>§€t“€a.>ec£l kﬁlz? ﬁ]r%roe}ﬁit}énles (Soﬁﬁbzlhgld' ?ﬂeoﬂn%&gﬁe%?ﬁg@d&gonate

I'S ¢hi mme cover

oo 48 KBabtyd R AT D EER e e B 5 T T stop

of the c e and noreover plays a role_ in
(H), fwéJEHﬁ. ‘aewtpauvtarrt%ﬁ&duémotaqgtalkaﬁ s 9lysahhaving a high
per stages fromfalling down directly into the | ower
borhrg Q@é@t orfhe ltk®ss- secti onal shape of each of the
chi meys may be any of triangular, square, polygonal,
ci Foeltaays d Imayibenlanystype sfidpeys so lorg biskihesetrays fulfill
square shape or a circular shape is preferably used.

the roder deseribedaboveas butfint feanedioftewsrelaionship between
cross-sectional shape and area nmay vary from 10 an

perfotAfAicdand BRuiPmant AW, RSV 1@y bPe BRFTEQYay hat
are preferably constant since the 'manufacture i’s

prefe?ﬁfﬂé etfﬂf‘ﬁa‘fﬂﬁ’i?&?jﬂ%ﬁgr entt?&%lggl’ A [’é‘ﬁerﬁblé ea?ﬁ th\ép%a?e of

|rmeys may nave 0 onée anot

h
the SR BV oK JHR ol 15 DR Ts B GRS G opl i) ©
oretelhl Bei3 R3S 82 bR e doul G Bhihel B Wk
.connect d to the chimey tray nust satisfy the
continyppRsha i%)dovmdro_rlkag%;)\gnggomeq peytion 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 preferable range for Dcs is 1.2D¢t < D3 < 5D¢q, more preferably
1.5D¢y < D¢3 < 4Dgy, yet more preferably 1.7D¢q1 < Dgs < 3Deq.

Moreover, ncs is not less than 2, a preferable range for nc3 being
3 < nc3 £ 20, more preferably 4 < nc3 < 15, yet more preferably 5 < nga <
10.

The chimney tray installed in the enrichment section of the
continuous multi-stage distillation column C has provided therein at feast
one chimney each having an opening having a cross-sectional area Sc

(cm?) in the plane of the tray. Moreover, a chimney cover is preferably
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If Sc is less than 200, then a | arge nunber of

chimeys are 20 required to attain a predeterm ned

production amount, and hence the equi pment cost

becomes high. If Sc is greater than 1000, then the

flow of gas in the chimmey tray stage is prone to
instabiedoohnan wppef Gpﬁhil??ld)f dRels ©fthe enAdeysabl Fhis chimney

operation becones difficult. A nore preferable range

coveg%ag‘g 4 76R in @ §98edusSo rdg'%}g. tMdtride® ui)_tfrﬁgn-ﬁwer

ing yet nore 25 pref Mor eover,

[ : t [ . f 7 :
stag 0f iRWinh biIRwab Rl 0fh PRBY R ENir da8 it Qg chimney.
ni.n f,.the chi me of .t hat chimey nust saf,i sf

and (BpY Ik psayols iRrEntiny & Kok ESmAse FEliatans
in the present inventi .generally has 5 installed
down ﬁ’é’r"@i %%ém%ﬁém%‘ofﬁm'gﬂ vndiregtlygntadhe; lpyer stages.
conpponent to fall down into | ower stages, and a weir
f of DROSASTySertional shape efpaehmof theechishgays snay e any of
weir depends on hc, but is generally set to
triangplarosigwitrel, ypadygonad, circubars gllipticht,. starrskapedtdrythe like,
if hc is less than 10, then the anmount of liquid held

but a squbee hapeyrid 2jrcuwdspgbapeis ptéfarabipene’l. Moreover, for
prol onged stabl e operation becones difficult.

each\of 81 ehiminfey3 theSciiRtactioha sthpd ey hbeaanByNary from
of liquid hel'd increases, and hence the strength”of

an uppEr BOYHBAERY a%ﬁe@ﬁgtﬁﬁéﬁfﬁ%ﬂaﬁﬂﬂn gu%uttréﬁ'ee preferably

equi pment  cost beco mor eovVer

' ' i f.i digl, ..in the.col
consfff SERSE0A e fLrd GBS S a b oRek By 8L ooreover,
the a} 35t bup Shiabe ks rbayhave AiffeTeniangpes it ane.angther, but
egtgﬁfrati_o of the total cross-sectjonal area of the
prefeyaBly ngyei the fameishana asOnRaRPEerof the chi mey
tray includi n%ﬁt he total cross-sectional area of the

opentheypresent iieventignethererpssssectional 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 (16).
200 £ S¢ £1000 (16)

If Sc is less than 200, then a large number of chimneys are
required to attain a predetermined production amount, and hence the
equipment cost becomes high. If Scis 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
range for Sc (cm?) is 300 < S¢ < 800, with 400 < S¢ < 700 being yet more
preferable.

Moreover, the height h (cm) from the opening of each of the
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preferably in a range of from10 to 40% If the

aperture ratio is less 20 than 5% then prol onged

st abl e operation becones difficult. Moreover, if the

aperture ratio is greater than 40% then the nunber of

chi meys nust be increased, or each of the chi meys
chimieys fecth@d@ashoabiet (addivemnend éhiie upperidgefiny pieRe

cost becones high. A nore preferable range for the

chimABS) GH thalt Hifhndy h@81 datispy #biofhidlal() 15 to 30%

eing yet 25 nore preferable. In the present

i nventio e at,d east one chimey tr is installed

58 In thioeén?\ccgrpeét section (a porti o‘?]%a)bove an inlet

for, feeding into the  colum but bel ow the top of the

ol D aiekdr Sy u¥ec PR e TréSant dnvBRtich, beRe e diae

. ﬂ fra_l%t;i on h%vi ng as a main c?&ponent, t hereof |

instajigdatharein @ demneHg ep Raftiamier aipwiagithe Havidhepmponent
boiling point than that 5 of the diol but a higher

to falidiqwngng@ilﬁwetrrﬁtﬁgﬂsatarm a weinfophatdisgnthveo aaid c
al cohol is continuously wthdrawn fromthe side cut

componért. Whhehheiyhtavithe sxkir dependetmobypbut lis derpially set
collecting portion of the chimey tray. The nunber of

to approrimatélyastoc20 dit lesdahtad he. t WWonsequeatlyf if he is less
required, but is generally one. The stage at which the

than aly, thedn tHeam6uAP of MRfuAb! el dBY tive cHimBYy BRY bbeBnids low,
the enrichment section, but is preferably a stage

and hdALe! .o%nﬁ@ﬂ%taﬂ%%)neﬁaggﬁfbferc%'ﬁiéggiﬁfédi?.m ;ﬂflé%lteﬂ?ver, if he

stages in the enric on and east
. t f..t ages . nqt.he
s arGaftFhaL B8t BmabhCer AT ndld WRspapes,pnd hence
| east,, fpur stages fromt bottom of ,the stageg in .
the siabath, oEHhe RddBme Bhmael B8 1561 qasRY. A b hegauipment
fromthe t_og of the stages in the enrichnment section,
cost {}’EFOH%‘?% hight angbmpreoyesdbe residesce: timanof theveurified diol
_ stages fromthe bottomof the stages in the
in thegolemreincreasssowhinh is undssirablent yA fmare pseferable range
fromthe top of the stages in the enrichment section.
for he (cm) is 15 < he < 60, with 20 < hg < 50 being yet more preferable,
An aperture ratio (the ratio of the totai 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 5%, then prolonged stable operation becomes difficult. 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
for the aperture ratio is from 13 to 35%, with from 15 to 30% being vet

more preferable.

In the present invention, the at least one chimney tray is installed
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For the continuous nmulti-stage distillation colum E
used in step 20 (II1), if LE1 (cnm) is less than 400,
then the separation efficiency for the stripping
section decreases, and hence the desired separation
efficiency cannot be attained. Mreover, to keep down

in therenchim@rndecticn (ahpbetions above ant irdetiési fedding into the
separation efficiency, LE, nmust be made to be not

coturgguf sut Barowida td;b‘btfflﬁ@@éﬁ.smh? ofithel mulfiestae BhdANIation

00, then the 25 pressure difference between the top

colurgﬂg?b%tﬁd’g‘ fth fiBﬁ K3V 8%6%%(5?" cbg??(?ﬁgﬁf {P}é‘lﬁofence

onged st abl e opera econes I CU 59
: noi.t._he s .n ry. i ncr .Lh .
interfYABKE bilinBEER nATEREP BaYing 4 BFWERLBilIf point span that
hence,si.de reactions becq i able to, qccur,. . A nore .
of thi WSS bt % MGRSE bRETng HoIpE thanathascs stheAlighegispmonohydric
wth 600 < LEI 5 1500 being yet nore preferable. 5
alcohal isepontinfiously wgthdrawn Foom ¥re€h side icitratigbwdighds
to attain the desired distillation anount. Nbreover,
connecteddp thenhottiom afuihentiquid cotllecting poationi of the chéimney
desired distillation anobunt, DEl nust be made to be

tray. nor heomembleanf/ERimhe ydray pcairebebinadeatydd two R more if
(cm is 100 <_ DElI 5 600, with 120 <_ DEI 5 500 being

requiretl, Butdsnieherab) enel0 Tf\eLﬁlage REWHighl s chhAfRe? Ray is
greater than 50, then prol onged stable operation

ol S ) gg 0O, A g, 46

Is’3 L | , WMth 4 <

protelEbiy o/ Stad el hEIaRk e nide BRoks ftRTul BBt the

stao 088 AR RS i SR S SEP SER 38R ERE¥op o
qui prre cost whjle securing the desired separatjon

the Sgﬁﬁ?gi'ﬁ%ﬁ coprentating mede Riefgeahit argage Hiat isoat least

Furthernore, if nEl is greater than 30, then the
four stagas fromithechettom Oﬁég\ﬁe@ﬁﬁg&ﬁaiﬂ dipe grriphmenth sectioe and

col um becones too great, and hence
at least fifteen stages from the top of the stages in the enrichment
section, yet more preferably a stage that is at least five stages from the
bottom of the stages in the enrichment section and at least twenty four
stages from the top of the stages in the enrichment section.

For the continuous muilti-stage distillation column E used in step

(H1}), if Leq (cm) is less than 400, 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, L1 must be made to be not
more than 3000. Furthermore, if Lg4 is greater than 3000, then the

pressure difference between the top and bottom of the column becomes

too great, and hence prolonged stable operation becomes difficult, and
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prol onged stabl e operation becomes difficult, and
noreover it becones 20 necessary to increase the
tenperature in the | ower portion of the colum, and
hence side reactions becone liable to occur. A nore
preferable range for nEl is 5 < nEl < 20, with 6 <_

moreolier<t bEzdmeshecdssanctpint e the ltbmp@ratan insthe lower
| ess than 600, then the separation efficiency for the

porti€h o fCINEEBb1HRGL 4 AW RASRIe réadtibABWatdMedRabledo occur.
separation 25 efficiency cannot be attained. Mreover,

. " Lo
A mot§ gET8r 40450 3BT SO0EIN 8, 22860100 < Les
th 4000, th , if LE2 i t

< 1Sﬁgnﬁqaggygétem%%npf%rﬁp@;urgrg}); ?erlence belt\?vegge?hgr

t d, bott. f th I . t 00, t, d

el e prEPar3dass than. S0pdhian £is Bettopessibde 4B iR the

. Moreover, it becones necessary to increase the .
desirgdnghistitation ameuphe MuREOVRS: tpdieen dawn dbeuemuinignt cost

) henc_e _si de react_i ons becone liable to occur. A nore
whilepatininialgl the degirgddisti?ation)ameurdo D LB st BD00ade to be
with 800 <_ LE2 <_ 2500 being yet nore preferable. If

not N2 {leam 700.] edsmidranpidferableranyei forrDE, posyiisl P00 & Deq <
attain the desired distillation anount. Moreover, to

600, KAEP 120\R DLe <capD &Rl 66 mordprbfdrandét ai ning the
desired distillation anount, DE2 nust be made to be

(2RI 18 ol e oty g s
! o ' 2 :
operdfin ISl GTELT, A T o Pedle P P e 12
Lev/BESTT ol 54 Loy B8 B USRS, PR (Bl o

15 _being yet re preferable. If nE2 is less than 5, = .
t ﬁémwg '§é;§a‘i|}g'1ﬂ &n tBeN; “(heeﬁ@?afé’ﬂ"f‘r%fsf'céﬂﬁpwfﬁérthe stripping
_section decreases and hence the desired separation

sectien idagreasescandoienee dheadasired\ee patation tefficiepcy eamnnot be
t he equi prent

attained. Moreover, to keep down the equipment cost while securing the

desired separation efficiency, ngy must be made to be not more than 30.
Furthermore, if ng4 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 preferable
range for ngq is 5 < ngq £ 20, with 6 < ngq < 15 being yet more preferable.
If Le2 (cm) is less than 600, 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, Lgz must be made
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cost while securing the desired separation efficiency,
nE2 nust be nade 20 to be not nore than 50.
Furthernore, if nE2 is greater than 50, then the
pressure difference between the top and bottom of the
col um beconmes too great, and hence prol onged stable

to beopet aho e tivan ot G0 di Furthétmordpifeoyels gréatw@cthes 4000, then
necessary to increase the tenperature in the |ower

the pI@@‘stPé‘ diffetbRcE BatWe e MHe OR8N t?@ttbﬁ%tf't BScORGRAT

le to occur. 25 A nore preferable range or nNE2 1's

ool 54 st ant ey o Gau1 St Biomes

e presen

st ' tr i.nstalleq,.in the
el e yBEe . AgES el BreBhihpLio iBEHErsg doo e Bppature in
i S |ncI ded nE2 .above. reover, for the continuous
the Igwef iPain Oﬁ-teﬁ.qq'am%nae IBRCE Sige Teactians become liable
i nvention, preferably DE1 5 DE2, nore preferably DEl <
to ocpmp. Asmue preferadle rapgenfaraltetom) is Q@ Lehea000, with
section of the continuous nulti-stage distillation
800 £dblegmh 2600abengviedadotd@refaralile. east two chi nmeys
each having an opening having a cross-sectional area

SHf DenPgmi)ristibesthame100, thentit 3y .ndipesyidie té attain the
chimey cover is preferably installed on an upper

desirededistdlNfore afho @ht.t NRIGHREIIAY S0 KEE B dOWAMRY e’l&uwsm cost
plays a role in a gaseous conponent that rises up from

whilel #8M48ini tet %e%' r‘%&eﬂc I'Iélﬁﬁ‘ﬁyasmﬁgmtth guﬂ'ﬂ%“st‘i’)%eﬂ’lé@e to be

(gas ou mmey, ver plays a

oY nt| n onent. t al l.s
not mitetthah AGHE ages"?’foﬁsn#t‘f’eéfﬁr?ﬁﬁenﬁmﬂeofowg@%a (Emiis TRL% D
g ss sectlonal sh e of each of the
< Boih‘pﬁheiésréﬁs@ B ng St PRRE A5 2iear o
oI i— /ab circular, ellipti cal st ar-shaped or
|ilfd-e2 /y EZéss!.aﬁﬁrtBth%r% areaterithan ab. & apdoroéonged stable
preferably used. Mreover, for each of the chi meys,
operatien hagamesdifioult. s prorepraferableyrange for bee /D2 is 3 <
upper portion to a |l ower portion of the chi mey, but
Le2 / 80 926X, ewithl 4 < Lo / Dez < 15 being yet more preferable.

If nez is less than 5, 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, ng2 must be made
to be not more than 50. Furthermore, if ng; is greater than 50, 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.

A more preferable range for ng; is 7 < ngz < 30, with 8 < ngp < 25 being

yet more preferable. Note that in the present invention, at least one
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constant since the manufacture is sinple and

i nexpensi ve. Mreover, 20 the at | east two chi mmeys
may have different shapes to one another, but
preferably have the sane shape as one another. In the
present invention, the cross-sectional area SE (cnR)

chimnbyttray mpstibwindtadieppir tivé drireciiiemasediion nantihthe number
smal | est cross section) of each of the chi nmeys

of stﬁQéQQﬁb?Sfdtolst hﬁlﬁﬂbﬂ“i%’n%@bdﬂét satisfy the 25
formula (27). < SE < 000 (27) 62 If SEis less

th%ré%*ve‘i-h%‘rﬁ %Qﬁ.r{nu(gp@rogﬁ.g q&edfétiﬂ%ﬁo g&ﬁlrﬁﬁ‘% of

attal a predeterm anmoun ence

qui nt cos hj If SE is
the P{ﬁgﬁngdabgﬂf Rl PRECFATIN Dot 2oB82: MQuRPERAtABIY Haty< Dez
e is prone to,bec uni f Qr and 5 hence
or Dg intasuiray ipsialladin {Be I Amecasetion aiohe

referable range for SE (cnR) Is 100 5 SE 5 1500,
contlmlpwszwlu -sigg e digtitatien wplyain Erbas @f@ﬂdﬁdbth?reln at least

Mor eover, the height hE (cm fromthe openi ng of each
two alfimneys etalicﬂmhgying) anhepgaing ltdwing(a croserseaxtional ahea Sg

upper openi ng of the 10 chimey) of that chi mey nust

(cm?sat tséyplahe bDtheilteay.28Morthldrs alORirtiA8y cdver mhprafarably
tray used in the present invention generally has

mstalléat@h'a&ﬂub'ib%"recb[ﬁ\eﬁlr@ww oPQhki HiMWey&! | TMisEHikfhey
l'i quid conponent down into Iomer stages, and

coveﬁ‘P‘!‘ﬁyﬁé d Aleht] di §8sdbEs hdg?ﬂg%%%ﬁﬂ@?? up ﬁ'%n?%ﬂf'etr

e weir depehds on i's genera

stao i ARG} e§é~5’¥%%ﬁ%&"ﬂbhgﬁ?%pn%ﬂﬁﬁo@nﬂsog’ﬂ?fe“ﬁﬂ ‘"#e?*a'mne%

th hi h
and BBgaPTeE BLANE 1 Fo Bolb RESVAN PBch U e BPaTE At falls

down from upper stages from falling down directly into the lower stages.

The cross-sectional shape of each of the chimneys may be any of
triangular, square, polygonal, circular, eliiptical, star-shaped or the like,
but a square shape or a circular shape is preferably used. Moreover, for
each of the chimneys, the cross-sectional shape and area may vary from
an upper portion to a lower portion of the chimney, but are preferably
constant since the 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 Sg (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 (27).

50 < Sg < 2000 (27)
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Is greater than 100, then the amount of liquid held

i ncreases, and hence 20 the strength of the equi pnent
nmust be increased, and thus the equi pnment cost
becomes hi gh, and noreover the residence tinme of the
purified diol in the colum increases, which is
ungeSk ighbss thaMo50, thehed @@&% h¥meBer b¥'cHimneyd aré
30 5 hE < 80, with 40 < hE 5 70 being yet nore

requiteal @ altlatn a%réﬂ@fér‘ﬂﬁﬁdcﬁgirﬁgﬁbﬂﬁnr Skidum airﬂdé hecd the

cross-sectional area of t 5 openings iIn
s chi t f Ghi r ' di t
equif et At GecdMe AR, 113519, Rl sx Ranl 2608 fign' e flow
hi npe I, i.5,63 eferably in a,range of from5 to
of gakoit g it Slaes 1 Rrdnectd befgAiIng pnpflfprm “and
pro%ﬂnged stahle o er%éio becones %]ffhcult.
hencgpialobged stable opgeation bacames; di éPH t erAtR@re ageferable
then the ngnber of chimeys nust be increased, or
rangedon S (eme) ¢9itBEsSeusd 508, midb 20QeBe 99000 being vet
either 5 case the equi pnent cost becones high. A nore
moreppedferablee range for the aperture ratiois from10 to
30% with from15 to 25% being yet nore preferable

Onklorbot/ee, theuhadyht het(om| éasmrite openieg pfesgoh of the
invention is that the at |east one chimey tray is

chimhB§5ab! 8k gAst Gﬁtléf‘gh%w A8 b LR PREAIMY of the

above an inlet for feeding into the colum but Dbel ow
hi ) . -

chimhag) ot RS RSBy selisindiohmia @By o 1

conti nuoysly W wn in aliquid for roma side

cut out| g@ g@én%gg#gd to the bottom of@g)l i qui d

C ect,i.n ortion of, the chimey tray. ., The nunber of

AT hEHIETRGR ttax, Usea it Sraschrdngentign.generally as
. [e uired, 15 but is generally one, The stage at which
instajlgd thargieyp dpwnaomerpodtiosafomaljowdngithgnljapisk component

in the enrichment section, but is preferably a stage
to fall derwn dnta lowaststagese astdagewein tom haldibgtthenlighid he

stages in the enrichnent section and at |east three
comptreges fTherhéightadf thfe Wedr degomsds on hg, but is generally set
to approximateiy 5 to 20 c¢m less than hg. Consequently, if hg is less
than 20, then the amount of liquid held in the chimney tray become's low,
and hence prolonged stable operation becomes difficult. Moreover, if he
is greater than 100, 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 he (cm) is 30 < hg < 80, with 40 < hg £ 70 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
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the enrichnment section, nore preferably a stage that
is at least four 20 stages fromthe bottom of the
stages in the enrichment section and at |east four
stages fromthe top of the stages in the enrichnent
section, yet nore preferably a stage that is at |east

prefdriatdy snageangeom frioen [Bté #0%{ tifehesd p@aare ratieis less than
enrichment section and at |east four stages fromthe

5%, tHdh @‘roldﬁ@eétsﬁﬂﬁﬁe 'dbér'%‘ho?ﬁbb‘ébﬁ?é‘é ofif?ﬁ;tdlpn M@rgﬂ%r if the

continuous multi-stage distillation um A use

soneAA SRR P15 A ST must o

ver f t econtlnuosnultl
*"Cf%%set 192 pER 0% e, s 4 b € nprp h Br, gad in eitner
nti nupus multi-sta edlslllatlon colu E used i
cased espmmema%?*alm% !Q;'bs A mase Pr%fah‘%éﬁﬂﬁﬁ for the
having_ trays and / or ack| ngs as the internal in each
apergire l%tﬂ$ufﬂyﬂn@05033.6 q.owltaln&onhé Sote i2Sherringeyet omnre
The term"internal" used in the present invention
prefarabia. t he part in the distillation colum where gas
and liquid are actually brought into contact with one

anOieeof theathdrectetisticefdatayss igfcthel presdbnveestden is that
tray, a sieve tray, aripple tray, a ballast tray, a

the at3byst brr@/chﬂnﬁwnttrayfﬂsmﬁswuéaah tﬁhﬂeHﬁlcfhrrﬁént s8¥%tioh (a
Superfrac tray, Maxfrac tray, a low tray, a

portugﬁ'&bﬂé‘%‘?hfrfllémgf‘f%égﬁpwégﬂ) H#é‘ttﬁ)lﬁﬁﬁy ud Hﬂlbwethe top of the

pac |ngs I'nc

ch. . €
00'“*92%9"2%21‘4'ﬂ9$w§é distifugHailmd £ Pand tpe ERlzBurity diot
NecMahon . Ki n i o
s °°§*PH8H§5¥ ﬂs'a@masmsﬁgmlaﬁaf‘:fmfi'rqrap%@'dwvﬁﬂuﬂet
hno- pack, Fl exi a _Sul zer packin a CGoodrol |
Connﬁsm t9 the @ﬁmrﬁzjfa diquid rﬁm{ectsrﬂw@r jost of taeicdrimney tray.
col um having both a tray portion and a portion
The pambsr of chlrpaem gy sozan desmage bedee twbuor e nenifarequired,

the term "nunber of stages no, nci, nc2, nEl or nE2 of
but is generally one. The stage at which the chimney tray is instailed

may be at any position in the enrichment section, but is preferably a
stage that is at least three stages from the bottom of the stages in the
enrichment section and at least three stages from the top of the stages in
the enrichment section, more preferably a stage that is at least four
stages from the bottom of the stages in the enrichment section and at
least four stages from the top of the stages in the enrichment section, yet
more preferably a stage that is at least five stages from the bottom of the
stages in the enrichment section and at least four stages from the top of
the stages in the enrichment section.

The continuous multi-stage distillation column A used in step (I)

preferably comprises a distillation column having trays and / or packings
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internal s" used in the present invention neans the
nunber of trays in the 20 case of the tray, and the
t heoretical nunmber of stages in the case of packing.
ncl, nc2, nEl or nE2 in the case of a continuous

mul ti-stage distillation colum having both a tray

as thwirteenabnd Moy ver eavkc &£ thai dantipactis noalti-sthgasdistillation
the sum of the nunber of trays and the theoretical

columwTBelsed it @pS(11 Pantdothd BBn@i@iﬂdd“éJthwiége i sGRation

distillation colum A in which the «cyclic carbonate

colufRFE aed IhHIRE fTHIETKFLY CofMiRed BPaRIIIART el fmn
naviffy i %@\%032334‘% bdras Xn Telasidtin E3fn ithe strivping

S i - istillation colum in which
sect'PHeaPHﬁg'PnﬁP“&M gg@‘:ﬂf)lnays and / or packings having

a nunber of stages no and / or a packed 5 colum type )
conhientin “internaktuged dnsthia present burention gngass, the part in
but a plate type distillation colum in which the

the distdtation i colument wineres gasefamchiiquid Buet hetwally, braught into
is preferable for each of the trays to be provided

contact lwith owe rafoethdrol dExgmiplesi ofiitie fPayseinsodeya babble-cap
steady state, in each of the trays, the liquid 10 held

tray, id shyvé h?aYEbfrlpﬁF@R%&eSa Psildst trayl & vaniagfay Alcdi@sterflow

rising up from openings provided in the tray, so that

tray, Léar@q.frﬁﬁfh)?'i‘nda ligigbhatra8 t@ﬁﬁ@ %al(ll%'x?l%c ?l"gey WA dtf‘al flow tray, a

I ng. Lidquid continuou onto th
. f e
orid GRS (rBYF o LOfBodrhE gt Blad, F Kifel trﬁ?e?* ia% or EXamples
t he 'r hei.gh f each of the.trays t S. :
of e RASkinR (iFindd, B prckings) suekyAe m’%‘%%éhwmg: a
eS|dence time of the liquid jpn each of the trays. In
Lessm%pﬂeg) at Rall diRgi ¢h %eﬂeﬁaﬂd e, paracbrétaéoxnsadﬂmu.ad Dixon
part in which the catalyst is present, and hence the
packingi adieMahop nacking of 4lelitRak,cer strarctured tnagkings such as

directly related to the
Mellapak, Gempak, Techno-pack, Flexipac, a Sulzer packing, a Goodroll

packing or Glitschgrid. A multi-stage distillation column having both a
tray portion and a portion packed with packings can also be used.
Furthermore, the term “number of stages ng, ngy, ngz, ngq or ngz of the
internals” used in the present invention means the number of trays in the
case of the tray, and the theoretical number of stages in the case of
packing. nc1, Ng2, Ng1 or negz in the case of a continuous multi-stage
distitiation column having both a tray portion and a portion packed with
packings is thus the sum of the number of trays and the theoretical
number of stages.
For the continuous multi-stage distillation column A in which the

cyclic carbonate and the aliphatic monohydric alcohol are subjected to
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reaction tinme. In the case that the weir height of

each of the trays below 20 the stage at which the

catalyst is fed inis low, the reaction tine becone

short, whereas in the case that this weir height is

hi gh, the reaction tinme becone long. In step (1),
reaciyeadistillgtiondt haachben dindodierhdl thaiti #highcomadrsien, high

out in stages in which the catalyst is present, and

oA [ i [

selodity: 48 MiGn Hrogh Sivity SarpBe SUBRIEA SHepir 2 BlatE pde

. e 18 |- . . . .
contipbou Bttt s BlstifatORTLILETR i ot 05K Lplerhei ¥ifiprises

reover . if.the weir 66 height i.s .higher than,20 cm

trays; ga L5 haickidhE BEing ¥ BohPRE iAo gRoh| a7 Packed

t hr ough si de reactiqns (e.g.,.,a.reaction between the
colurpaAyPRRONHRYANS MHIbrstags distiliatien calumn Ig assshaeel a

increases, and hence it becones difficult to attain
plateriype distilationtgolum dawehich the pntaraal dsshei frayrisrpreferable.

between the top and bottom of the distillation colum
Furthermes dé is preéfecalsle far éachrafsthl tifaysuta beopoavidgdowith a

the distillation operation stably. For such reasons,
weir fomhodipgefretigaid. range for the weir height of each

of the trays is from3.5to 15 cm with from4 to 13

CNTbaiseduetithl An"®rRe B S8 t 26H BELABPays MRS ¢iquid
continuous milti-stage distillation colum A the

held ?r}g;t/)ry gﬁ ?\Eé}i.r ndétﬁoté}segégnieliaﬁfd abhtgkt Iﬁ{?ﬁ'} g%@yﬁsirﬂj up from

€ présent I'nvention,

Ltig di sti| ' I .
openEL Bl Fod 1B RaVihb' 1 Baaim bl AR 4FR carried
out e ARG LB G AR S385 4B A el heriows from

resent. Furthernore, it has been discovered that the
the tep ofdhe wedr, ard is Hhusigdostetbedsayivie shage below.

downcomer portion are particularly good as the trays
i ntiigrmreferablecfaretha msis higigbht ofeachpof tbentaays tanbe in a

range of from 3 to 20 cm. This weir height affects the residence time of
the liquid in each of the trays. In step (l), the reaction generally
proceeds in a liguid part in which the catalyst is present, and hence the
residence time of the liquid in each of the trays is directly related to the
reaction time. In the case that the weir height of each of the trays below
the stage at which the catalyst is fed in is low, the reaction time become
short, whereas in the case that this weir height is high, the reaction time
become long. In step (1), generally, the reaction and distillation are
carried out in stages in which the catalyst is present, and purification by
distillation is carried out in stages in which the catalyst is not present.

In step (I), if the weir height is lower than 3 cm, then it becomes

difficult to attain the desired high conversion. Moreover, if the weir
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equi pnent cost. It has al so been di scovered that each
sieve tray 20 preferably has 100 to 1000 holes / nR in
the sieve portion. A nore preferable nunmber of hol es
is from120 to 900 holes / n2, yet nore preferably
from 150 to 800 holes / nR. Moreover, it has been
height ischigheadtham@0 thy Wersprodattionasf Bigh bedling Painef
each sieve tray is preferably in a range of fromO0.5

by-pricd &t@%roﬁg@éﬁi@?@é@ﬁéﬁé ;(Qe% OasredRio P BRItWIARtIRE Teaction

25 hole is fromO0.7 to 4 cn2, "yet nore preferably from
prodebidl and Tredctoh A R FarbonaRD MRAegHeT R Range it

: t 0Q. hol . in,the siev ortion,
becolfd aiftfoudf fo iR Right plactih, "Mf¥e et ng Hrisgiire
e Of fr 0.5tq 5.cn2. , Mireover, the nynber of hol es
differinae, Botyese fhe tBanmpRBIR! Wiardisiiatan colimie
_ sieve trays, or may differ., 5 The term"aperture
'"creﬁﬁﬁﬁe'aﬂ%\é&fﬁw trieegp mesndiffisuiinta earmyeant the glistilagion
of the sieve trays in the continuous nulti-stage
operafignistakiy.on colum A the ratio of the total area of
openings in the tray through which gas and Iiquid can

palSer Sulch tedsdnsr agnose @referdbler engé fopltes)weir hidight of
area of the tray having these openings therein. Note

eachtdfathd eiays is OB/ END 2516M0 WS IFEM #A6t19BmiBEIng yet
area of the portion in which bubbling substantially

more9Siefefable. € Fg;?‘ﬂﬁghaee} ﬁﬁf@‘ﬁ;ﬁ?@@%@%ﬂ@ﬂ?% e %ﬁgﬁﬂation

as the area tray. oun

ol i3t BhL L o OB A IS, or may
oo, SHEATE bk Byt o0 ian: ¥ pHoP B 1% bl o

. ...pbecones large relative to the required production, )
dlst'”éﬁ{ﬁrhfsp'lém imwhigh;the Weih PRight thseastepnagesgin which the

Moreover, the residence tine increases, and hence
catalyslyis peagenbis higher thandhet weir heighicin steges in which the
catalyst is not present.

Furthermore, it has been discovered that the 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 sieve tray
preferably has 100 to 1000 holes / m? in the sieve portion. A more
preferable number of holes is from 120 to 900 holes / m?, yet more
preferably from 150 to 800 holes / m?. Moreover, it has been discovered
that the cross-sectional area per hole of each sieve tray is preferably in a
range of from 0.5 to 5 cm?. A more preferable cross-sectional area per

hole is from 0.7 to 4 cm?, yet more preferably from 0.9 to 3 cm?.

Furthermore, it has been discovered that it is particularly preferable if
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reacti on product diol and unreacted cyclic carbonate)
becone liable to 20 occur. Moreover, if the aperture
ratio is greater than 15% then the residence tine in
each of the trays decreases, and hence the nunber of
stages nust be increased to attain a high conversion,

eachagiévelrayligs 100 b SDDC Rotes Tad?ahane SRIve'pentiBn, iand the
| arge arise. For such reasons, a nore preferable

. : af ] [ Z ' 1.9
oros{ 48U 41 BRE e b el o A B W bl
' f l.of the.,t A 68
worei3 B huMRF 38 Rs' B U b S ek Be i gine or
iffer. Inth t .| ti , it [
a1 of i St Bl mRhESEBbLeTL L0 L B Sener el Y

in_which the aperture ratio of trays in the upper
pof hederm hapesiuresagicausedtinathe peeapat inventiani means, for
trays in the lower portion 5 thereof. The reaction
eachtofrthe sievedraysuin dbeccontinnousnmudtiestage distillatiomolumn A,
in step (I) is considered to equate to the average
the rateiafetiee tdialmreia bheperdagsiiantie traydthmudtewhich gas and
continuous multi-stage distillation colum A The

liquid eant pass (W& tutdll &% s42880HbNRG| Atebnef HBI&R Pio the area of the
internals in the 10 distillation colum and the nunber

i th ' il
tray IRV BRese Gror e hereln. RSt Ner SHE Wiing 3
o . . X

down@fiet p3ont MeSe¥of 108 G WiZh: LPLBRDE: Tom
sunsfiylf Besbboher THRGHRITH SR debSRgr obRiag. 1HiRon as

d di the t f th tarti terial
the aEégrg{}utlﬁ'c%trﬁ?g’ed, eanépteheot ypeeaﬁda;n{)Bgt rrgf e{ Ih:
catalyst. The reaction tenperature is generally in a
r dhvd@obeenofawud that doe apenture safinedteasheot the sieve trays

_ incre_ase the reaction tenperature so as to
in the continuous multi-stage distillation column A is preferably in a range

of from 1.5 to 15%. If the aperture ratio is less than 1.5%, then the
apparatus becomes large relative to the required production amount, and
hence the equipment cost becomes high. Moreover, the residence time
increases, and hence side reactions (e.g. a reaction between the
reaction product dicl and unreacted cyclic carbonate) become liable to
occur. Moreover, if the aperture ratio is greater than 15%, then the
residence time in each of the trays decreases, and hence the number of
stages must be increased to attain a high conversion, and thus the
problems described above for when ng is large arise. For such reasons,
a more preferable range for the aperture ratio is 1.7 to 8.0%, with 1.9 to
6.0% being yet more preferable.

The aperture ratio may be the same for all of the trays in the
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i ncrease the reaction rate. However, if the reaction
tenperature is too 20 high, then side reactions
becone |iable to occur. The reaction tenperature is
thus preferably in a range of from40 to 250 C, nore
preferably from50 to 200 C, yet nore preferably from
contifdolus AhtiGtage disteipation.calbend #acet wraydffet.l ain ehe
can be carried out with the colum bottomtenperature

presSEl ifve AW n RN é@ﬁ@ g@yf@l‘aﬁlflﬁrt%bbiéﬁ@*rnﬂm-%té’ée

than 130 C,  nore pre era not nore than 110 C

{ e :
distilfgHidh RTRIT R hy u*r”eg’%ﬁe‘rﬂ%pr o %@T‘ﬁ?ﬁn Hpger portion
at a hi Qnver sion, ct|V|t
theregl s, Aiadiry RORL T aPartiien TS o s hithidhiawpp fortion
| utm bottomtenperature. Mreover, the reaction
th e[5?(r¥cessure in step (1) varies depending on the type of
the starting material conpounds used and the . _
cohpedieacdion simedpeibevisansesterifieationoreactipn carnies out in
and so on. The reaction pressure may be any of a
step (Bdsceanpidesedr v enqoateltopthes aveeagerresidenpeltime of the
pressure, and is generally in a range of from1l to

reactixd 0iRd, in reetontiviuody anaiti0stage HistiPationeé®umn A.  The
preferably from 10 to 5x106 Pa. In the present

reacthd‘rYQﬁhé%néQQié;ﬂéﬁﬂﬁ% &ni thd Fermtdf tHY NitetREld Wtﬁé
O the continuous nultl-stage distillation colum

dlstllpﬁfbﬁ R 1L MELRD fhe RYTILSH ggrégﬁegh'tﬂaeé’mbh%?'d? ﬂ'ntéestartmg

enrichment section are pre y trays and

ot B4 83, S B B o P HGRICTEE
cond e SRE Shencni RAgyrAAn i Ads GRIRTIBHID & SeEangs of from
15 are trays and / aor structured packings. Moreov

0.1tg tZ%Bguuséeﬁrefﬁ@@éwér@@ Qifuto s@h@uwsay@or@aeremﬂbﬂﬂg feom 1
sieve portion and a downcomner portlon are

to 10phedrsul arly good as the trays in terns of the

rel ati onship between perfornmance and equi pment cost.

| tThagealctiorbtempadiratuneeiredtep (1) varies depending on the type
of the starting material compounds used, and the type and amount of the
catalyst. The reaction temperature is generally in a range of from 30 to
300 °C. It is preferable to increase the reaction temperature so as to
increase the reaction rate. However, if the reaction temperature is too
high, then side reactions become liable to occur. The reaction
temperature is thus preferably in a range of from 40 to 250 °C, more
preferably from 50 to 200 °C, yet more preferably from 60 to 150 °C. In
step (1), the reactive distillation can be carried out with the column
bottom temperature set to not more than 150 °C, preferably not more

than 130 °C, more preferably not more than 110 °C, yet more preferably

not more than 100 °C. An excellent characteristic feature of the present
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that each sieve tray preferably has 100 to 1000 hol es
/ m2 in the sieve 20 portion thereof. A nore
pref erabl e nunber of holes is from 150 to 900 holes /
n2, yet nore preferably from 200 to 800 holes / nR.
Moreover, it has been discovered that the
inventicys $s that aONRJh abAvePsion) chighoseRsstivity, ex®d HigRYpraductivity
preferably in a range of fromO0.5 to 5 cn2. A nore
can B at&liABlCe véh With id Qnﬁ‘ivr FoRGmIt b oA tb?néé%‘?e?
to 4 y 25 fr to 3 cnt.

cn?, yet nore preterab omO0.9

CRHBETRE A FaREfl R MRS ol g donppeing o

articul ar’l rera eac _
the 120 BeCiulF bR Ao B bl cAd B cgimgion

Hggm 0.5 go 5 cn?. An aperture ratio (the ratio of ,the
therepgiween. Jhe weagtiondemparatyre aed sy | Theneeastign
stage to the area of the tray) of each of the sieve
pressurgy@aysbprannefa redpced peatswe, dsiornal poessuiouer an
multi-stage distillation colum Cis preferably in a
appliedressiure; andis geh®¥allydnea paeger ebfsorhr bio 2:6100Pa,
12% vyet nore preferably from3 to 10% Moreover, an
prefeeabnt frioen 0% o 10fIRar aidre prefdrablpfadm 104 to 5x10° Pa.
cross-sectional area of the holes in one tray stage

tqnt{e présent inventibAYy thefinfaealsfintthe SteYSird a¥etion of

the enrichnment 10 section of the conti nuous

the cHH{ihhng%sa?ﬁJAﬂni- . i étgféfg%ﬁgﬁ%uﬁé o %rnl?f;ﬂidi‘*gnbnﬁ’eé’in%ls a

range nore preferab to 11

9 . r rabl,y frome2.5 to 10% Note that |
oxciufind he B8 11 IR et & FLAaAd splon S pr PBRratly trays

the enrjchmeni. section is counted in,the nunper . of
and / Qi packingR. a5 U B AR Deomedissaraled that 8 isor

.the chimmey tray 15 is different to the aperture ratio

partiqarlyrerefesakle ifhe internals edhesHsinpingaseehjon@renyays,

the above conditions to the continuous nmulti-stage
and taednitermalsoexcoding the chienoneydcay ih thieceprichement section

i nvention can be attained nore easily.
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 sieve tray preferably has 100 to 1000 holes / m? in the sieve
portion thereof. A more preferable number of holes is from 150 to 900
holes / m?, yet more preferably from 200 to 800 holes / m%. Moreover, it
has been discovered that the cross-sectional area per hole of each sieve
tray is preferably in a range of from 0.5 to 5 cm®. A more preferable
cross-sectional area per hole is from 0.7 to 4 cm?, yet more preferably

from 0.9 to 3 cm?. Furthermore, it has been discovered that it is

particularly preferable if each sieve tray has 100 to 1000 holes / m? in
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In the present invention, it is particularly
preferable for the 20 internals in both the stripping
section and the enrichnent section of the continuous
multi-stage distillation colum E to be trays.
Furthernore, it has been discovered that sieve trays

the stewd pratiorotiveiofy anthé ProsBsactidRINEPERPEIORbIPTS in a
are particularly good as the trays in ternms of the

rangéqifaﬁbgpghg;ﬂobgtCWn performance and equi pment cost.
has al so been 25 di scovered that each sieve tray

Biﬁ gt Tt ﬁmfaéﬁﬁ%g?@*ﬁaﬁe@* opdrsegtiapLéfoq of the
votod st Sk SR 1 o PRl oS8 oF i FcHieko rave

. i scovered that tge Cross-secti onal area per
n th%a“iﬂpé’i%@éeﬁ*ﬁ%}" P Bﬁe%waawuww'%ﬂgseoél&mlﬁﬂw GOlum" C
) to 5 cn2. A nore fpreferable cross-sectional area per
is pref@rably in eorgnge afofram 2pto gét"/onm@respmf@‘rebébrfsomr%ﬁ to
0.9 to 3 cnR. Furthernore, it has been discovered that
12%.,i yet mcp'arpi‘eﬂelrablwfmmf&rtakﬂ @%.f Mackoveeyvantapgrtoae ratio
150 to 1200 holes / n2 in the sieve portion thereof,

(the ratéb oficher fitat secss Weltidilaaned ofthe héldimonea g stage
of fromO0.5to 5 cn2. An aperture ratio (the ratio of

to thé kRebObRth& tPHFr S ebichNat tﬁ‘é e b tﬁ-Q?s rﬁQh'éoéﬁﬁch%éWﬁ
tray stage to the area of the tray) of each

sectléhe‘d‘l’etl-k,r E%ﬁtllilﬂ)dg1ﬁl§ﬁ| g&gé‘% ﬁéilBH ?cglutrﬁlzc is preferably in

conti nuous t1-stage II'Tatiron co
\ ang ro 0.:2°5%
a rareCo L iyt ot 2% ﬁboﬁezw“%rs#' 7 Beftr sty
0% reo an. ape ureratlo ther
Prefefﬂéﬁfﬁ &Y B [ e thakinole miegsnbdnvantiRe: the

ray stage 15 to the area of the tray) of each of the

Ch'm%ﬂé\léah”é%a”‘i?ﬂ iméherpnidehmant seetipBrisgzoumied in the number
conti nuous multi-stage distillation colum E is

of stgges.chubhg describedmpove, thempenturepationiordhe chimney tray
preferably from3 to 15% yet nore preferably from

is different dolt®ié aperturehedtio for hhemsiesentraiysyenti on, the

It has been shown that by adding the above conditions to the
continuous multi-stage distillation column C, the object of the present
invention can be attained more easily.

In the present invention, it is particularly preferable for the
internals in both the stripping section and the enrichment section of the
continuous multi-stage distillation column E to be trays. Furthermore, 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
relaticnship between performance and equipment cost. It has also been

discovered that each sieve tray preferably has 150 to 1200 holes / m?

the sieve portion thereof. A more preferable number of holes is from
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chimey tray installed in the enrichnent section is
counted in the nunber 20 of stages, but as descri bed
above, the aperture ratio for the chimey tray is
different to the aperture ratio for the sieve trays.
It has been shown that by adding the above conditions

200 too 1100 hokwy | miugetmidrie- ptefeeablys fidrh 2500 ct) 00hdies / m?
the object of the present invention can be attained

Moredvies, ﬂaﬁb‘sYoeé\HtcﬁséB@brédl‘Qhaf ¢Re VrolsiesbEAYNEP area per hole
necessary for determning the aperture ratio in

of eddlifsfdie Fl‘?ﬁf%bfﬁfer‘é%fl iR 4 ??ﬁgn (If)fa#ro‘?ﬁ ‘b?’§ 1%75 ctrﬂ”al A more

area |1 nclu Cross-sec area o

prefesgblp AsosBros HEepALELke het BAl IR TR B Eph®, Vet more

prefarAOIR A UBr O h B ESCHL f’l‘-‘@%lg@%r“rﬁnré‘?afﬁwévﬁee%'eééchn'@h%‘v@reg that
S contlnuously wi t hdrawn fromthe upper_ portion of

it is paticuribmprefesable ibaachosievestraychas i Sbto i 12P% hales / m?

_ reaction mxture AT together with aliphatic
in thensiewy Ppaortian therdof; rand bhe arossr sectionataceacgpeubole is in a
general ly being used in excess. Mreover, the high

rang®aifl frogn Pobntb 5rcmatti on mi xture AB containing the
produced diol is continuously 10 withdrawn fromthe

| opdraperturéatio (iR PALIOMBT the fotdl Grodsto&etionBParea of the
hi gh b0| I ing point reaction mxture AB having the diol

holes'in & : Qﬁiﬁ)@?s%et Péaf%ff t‘ﬁ ﬁg?b'o\f 804 ?Jrﬁ’lelglé\fé trays

45 9% resi ¢ nonohydri c

: I k 0
" thézsfﬂp&% SRR oo ALY FRIEEE oRylory sojumn &
. 0 eacted 15 ar b a sm amount
s prete BN A FRAORa el 1 250p oSt PReraBY Trom 3.5 to
o by-tproducts aving.a | oner bo{; ling point than the diol |

22%, et mofies @tfﬁbhbif"%c“)io 26 a Marepvefoaptaperture ratio

(generally not nore than 1 % by weight) of
(the b’%l?)lﬂcidb'@t totaherags-sentignal ateaafdhsohates menetray stage

diol (e.g. a dialkylene glycol) including catalyst.
to the area of the tray) of each of the sieve trays in the enrichment
section of the continuous multi-stage distillation column E is preferably in
a range of from 2 to 20%, more preferably from 3 to 15%, yet more
preferably from 3.5 to 13%. 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 E, the object of the present
invention can be attained more easily. Note that the area of the tray

necessary for determining the aperture ratio in the present invention

refers to a total cross-sectional area including the cross-sectional area of
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20 In the step (I1), material having a | ower boiling
point than that of the diol (the aliphatic nonohydric
al cohol, a trace of the dial kyl carbonate and
by- pr oduced C02, | ow boiling point by-products) and a
smal | amount of the diol in the high boiling point

the hotedfithe triayt and thie cross-sectiorial drexh bfithetdwening.
continuous multi-stage distillation columm C are 25
t hus continuously wi thdrawn as the columm top
conmponent CT and / or the side cut conmponent Cs,
whyi LAk i [ t 4 I

i fhd @?eﬁbﬁ% |@9@ftﬁbﬂ HHe &‘l %’}?cgrt!é;‘ﬂadg?oduéea'mrbugh

anmount pol nt pr 0

n AL R S M B AT 0

s copflfupuly Witk 2 d8" ?ﬁhﬂ*@&f’iﬁ%& g of T Felumpyin a

not |ess than 97 % ght, 5 nore preferably not X
gasePlé§sf°FHhﬁ39t$‘3%% lWéY'QBt DOWBrr@ﬂféfon imixtues Hr her with
the present invention, a very small anount (generally
aliphatic menehystic alcobebihaichgatremained saceadtey due to
carbonate fed into the continuous nulti-stage
genethity ibdingiwsed oh ewcedcanMdreoveactied highhbo himglpolint
which is present in a large anmount in the 10

reactiomimixtors Agutdhntaihdeg tHesprdd e ®dioPls BB nEinUously
produce a dial kyl ene glycol, and hence it is easy to

withd¥a friofn aRBURIWEY pHFﬁSﬁCdfeﬂmél&Bhuﬁn Fraéb»@@@ifoefcﬂfneseﬁ*he

substantially zero, In the present Inventi

high ggﬂgﬂr@ﬁ%ﬁmeﬂ gﬁ{qa” ¢ HviRd el gngbéé?' nfthikhus

no u reac STk
rbqnat e therein 5Noeth I
comp@@]egﬂﬁ\?i'egﬁ’ q;ad"{egqﬂlynaog ing, ?{)a}o Eg%gty)@?g@t’( fesidual
aliphgfly BanRgyEIeleT ROk o e O Eﬁs? @ik” oRRARONG)e. dnvery
ul tra-high-purity diol having a hi
smalk gaeunts@anerally not nareshapd ar%bbé' wewhtéecef anegatted

anmount of water into the |ower portion of the
cyclicoarbonats, a small amount (generally not more than 0.4 % by

weight) of by-products having a lower boiling point than the diol (a
2-alkoxyethanol etc.), and a small amount {generally not more than 1 %
by weight) of by-products having a higher boiling point than the diol (e.g.
a dialkylene glycol) including catalyst.

In the step (lI}, material having a lower boiling point than that of
the diol (the aliphatic monohydric alcohol, a trace of the dialky!
carbonate and by-produced CO,, 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 multi-stage distillation column C are
thus continuously withdrawn as the column top component Cy and / or

the side cut component Cg, while the diol containing the catalyst and a
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20 mul ti-stage distillation colum C in accordance
Wi th the process described in Patent Docunent 9
(Japanese Patent Application Laid-Open No.
2002- 308804) or Patent Docunent 10 (Japanese Patent
Application Laid-Open No. 2004-131394). The
smaltiiast o LhBof drighdpeilinigopeirtol yigre deumis iis warstimub U s s idigrirawn

25 distillation colum C used in step (I1) vary

as theéeesifhAh GRoeohMpoheht Gl  IMtKe Hreseint ihbén;}ign, the

di stillation colum and the nunber of stages, _

t
conc%g.li’u%tior? %fctﬂ'gpaﬁ'ltibgt?mgag\@u@gg‘i@m?ﬁ E@?np&éﬂ?n?o'e' |{'@enerally

reaction mx urity
L Ol L L I nd n.e.1he col _ t O o .
not 14 npBYS iy YKlahD, BPetarabuy Bt osS el b7t by weight,
te rafure in a range _Qf . from 150 to 250 C. A npre
moreppgg)f%rgbr)én&;ﬂgﬁﬁ t%@?t %%%e%éﬂ’%‘lﬂj e 5 range is from
170 to 230 C, yet nore preferably from 190 to 210 C
ThMargpyef. tfbi%/@mrmuﬁét%rﬁr@§eﬂéQ@MEDHQ%@ vaey small
conposition in the colum and the col um bottom
amoy neally neé¢anobrithas @&nts blyl weighty ofr anpeactied cyalic

50000 to 300000 Pa, preferably from 80000 to 250000

carbdiaate fed énfo eheraintyndoosmORPBaye A8ONAGioracolfimn C can
Moreover, the reflux ratio for the conti nuous

be re@dted-witAdheddfdli MRichois pFedatihirCal largeed modtYini thed
range of from0.3 to 5, nore preferably from 0.5 to

contifuoXi@! nfmfiest%rg%gﬁfﬁmé/tié Qﬁq'g”ﬁ? gj, tl%npt(ﬂ:(ieﬁgé aoﬂ?él‘iig'?oene

I'nvention, t ontent of t _ colum ™t
olyedi BRRTREDcETe 1 MY o RS RSN o bAREpag gy
carol Bk nESERERL Bk A% P, B BETL R ipnelty
not more than 5 ppm In the present invention, it is
colurgD hPtEREL FBMPaReRbkes eRBlinyRUSH obtaina tausidenerally has
col umm top conponent CT be zero. The side cut
substantjplheno usreaetad syctomanbonatentiiareint age
Note that, generally, with an objective of obtaining an
ultra-high-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 lower portion of the continuous
multi-stage distillation column C in accordance with the process
described 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 step (1) vary depending on the form of the

internals in the distillation column and the number of stages, the type,
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20 distillation colum C generally conprises the

al i phati c nonohydric al cohol, by-products having a

| ower boiling point than that of the diol

(2-al koxyet hanol etc.), the dial, and a snmall anount
of inpurities having a higher boiling point than that

compdsitiba dhdlameuat.ofdihd kidieb®ibhyqadint réaetionmirtuf Ag fed
the side cut conponent Cs is generally not nore than

in, th%‘;/?uﬁ?y Wfﬁth%r éHIWeg@iEﬁ,r Sﬂf:lg o0 TRESCHIUPh A Ym

nore than 2% boi ling point reaction

tempftuteris HehefalifiptetoREo e shistifieBitehost fte ifa range of
i ti .Lhe gontent of t digl in.t sjde cut
from SR 2R0 £7C.& erE puBfofaliefegtumA glort eiBratpture
mpre than_ 0.5% preferably not Pnre tgan 0.4% npre
rang?,,@?fgq%]l }06&2%& &1 vahmore gipfesabiydromol 90de 2o
the continuous nulti-stage distillation colum C._ As.
The gglangn hnito Mopresswenyares: depending wrethe @ompesiion in the
multi-stage distillation colum C, the diol can be

colursprandibesioluoin diatbsim teonperaiurg geedr bt \is ganemally in a
than 2% preferably not nore than 1.5% nore

rang®iofffeo ab 6P 000t to80O0IIE P al Yredérdtylypfrotv G0N0 Y BB G000 Pa,
hi gher boiling 10 point than the diol (e.g.,

moreth@fkyhBREfIGINY c00 G0 do 26000 Paount of catal yst
conmponent”. The di ol obtained as the col unm bottom

C ' 59 ettt
CoOPRSE0Ey e FoBE AR 488 LRSS i Eifas gisttation
. 7%. of t digl. fed,infoth nt i
colurhfity it JREEraS: e £ars bEFA 3¢ 5. HigFEBrRéfdBly from
charagteristic featurge of the 15 present invention
0.5 16 Py tHB0AR Teda DY GorhOhadouds b such a hi gh
recovery. Note that, generally, wth an objective of
odnathe REeaant inyentiangkberantengiafl theadigignatheicohemn top
reduced content of an al dehyde which nay be contained.
compionarieCdifoomi the canginuasummuldicstage distidatipgheplumeC is
diol having a high U/ transnmissivity, it is also
genemlty eodbvhere than 100 ppm, preferably not more than 50 ppm, more
preferably not more than 10 ppm, yet more preferably not more than 5
ppm. In the present invention, 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 comprises the aliphatic monohydric
alcohol, by-products having a lower boiling point than that of the dioi
(2-alkoxyethanol etc.), the diol, and a small amount of impurities having
a higher boiling point than that of the diol (e.g., dialkylene glycol). The
amount of the side cut component Cg 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
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20 to feed a small anpunt of water into the | ower
portion of the continuous nulti-stage distillation
colum E and / or the continuous multi-stage
distillation colum C in accordance with the process
described in Patent Docunent 9 (Japanese Patent

distihationcedivenl@ d- OQoen No. 2002-308804) or Patent
Docunent 10 (Japanese Patent Application Laid-Cpen No.

25 I\?&%\ﬂ@rlw‘ihe HF@S&WH\) Jﬁjdl‘?n H—‘é’.’ﬂ:@inttéﬁf‘%fftﬁb &l‘ﬂﬁén the

conti nuous nmulti-st age stil at | ONn CO use
s’deld?{ter na?@%'{tt?lﬁ)cda%@éﬂ%%?ﬂg cagif be amﬁ%’ ?ﬁé“ %#t?té?%{e than
0. 5"% Eierabl ni Hinre KBAR % odn S of AR AbIYinds Gore than
0.3%, ﬁ% ?ﬂ?fs?%d i'gpgyigrc?ﬂnﬂtﬂ‘tﬁ'ég gnlwﬁﬁn -w%ggﬁgér'f'ay&m column C.

tenperature in a range of from110 to 210 C. A nore

pr &sethp icelmnu hattes urmpemset £ m feo makhge coBtinuems

120 to 190 C, yet nore preferably from 130 to 170 C.
muItTFBtag:@Idisrﬁllationt colympsSutke \diol eandepautitinuounsiyhebtained

conposition in the colum and the colum bottom

contairingrgéne raliys @bt rhvre ithanc2%,abteferably hohasord thaem. 5%,
10 8000 to 40000 Pa, preferably from 10000 to 33000

moré’Erefm*abeWrﬂfthWhafﬁ 9% 18089 - ﬁFbé’J&%ohE@deErlﬁ@l‘\%"r,boslmg

e reflux ratio for the contihnuous multi-stage

pom?trliénr:l @tdh%(]) (e?gfﬁﬁglgiggﬁyc?ﬂggn? My ﬁlojaé‘@lgytu?ft of catalyst
comisb i ab&?“ogﬁﬁapn%‘gﬁ?éﬁPagﬁSﬁSﬁ?'?{Eﬁ @)&ﬁf?eﬁﬂ%éﬁ‘vp%rﬁé'%s is
ge"eaﬂhxhrfig%f ? Zé:dﬁ SPheRestarapt mgpﬁﬁs”?”tfﬂ%f?gg%bvore

t of the dio over, in the case

profaTaly matde SStiasm 90T 9.t Gt (RPN (AR congipious

distillation colum E, alnost all of the water fed in
multi-gtage distillatipn eoleimn C. It is a characteristic feature of the

present invention that the diol can be obtained with such a high recovery.

Note that, generally, with an objective of obtaining an
ultra-high-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 dicl having a high UV transmissivity, it is also preferable
to feed a small amount of water into the lower portion of the continuous
multi-stage distillation column E and / or the continuous multi-stage
distillation column C in accordance with the process described 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 distiliation conditions for the continuous muiti-stage
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20 columm top conponent ET. The col um top conponent
ET is generally recycled into the continuous

mul ti-stage distillation colum C, and then fed back
into the continuous nulti-stage distillation colum E
as sone of the columm bottom conponent CB, and thus

distilt=tton ercddmas Enugbdpin tHey stepl(1l1) Vargaegrendingpbnnthe form of
bott om conponent EB from the continuous 25 multi-stage

the |ﬁ!eﬁ'h'a|léfih'tﬁ% SRtHMERIdh 0P @R d it lRAhbbR S fRtiadles, the type,
by- products and catal yst conponent contai ning a snal

comﬁ%ﬁcon?ﬁdté\%o‘ﬂfrﬂl f thi EBﬁJaﬁg\dﬁ?ﬁPm%‘b’mﬁaﬁ ht 't_’:'f_’%i‘é@rfh the

I NUOuUsS ITU| I-S tion CO

pu"*?i)?%aehéﬁo'gr%'@v esﬁ’ﬁi?ﬁap%% B ant 9o %ﬁ%ﬁﬁﬁéﬁﬂ%ﬂ@%ﬁ* ture

urit That is, in the p
is genﬁvr@ﬂv. 31Sfay 0 shasifiel tRaperature a4 TebigmabomS110 to
|npur|t|es di al kyl ene glycol etc.) having a higher

210 'H?m | A& piefeafaple mlua:m bﬁétmndpr@raﬂr@t@merranga is from
easily be nade to be not nore than 1 % by wei ght,

120 tor $80r4bl yehmonem peetdarably fioms H§0viei HRO,°C.nordde column
preferably not nore than 0.01 % by wei ght. Moreover,

bottoinm prespueé evarine ® daperddingndn dhet bempositioh innttenciodiimn and
the reaction is carried 10 out using starting

the coRi@in Bb&oMdefh Faaalivé lused, t@@msageh@@aﬁ{hﬁl@@gﬁgea@fifrom
hence t he produced di ol can be nade to not contain a

8000 206002P a2 refé:‘ébi?h‘?oﬁ‘\r 8600 td“‘ﬂ%@tdoop’a %i’g:ﬁ%eferably

havi ng a haf odgen cont ent o not nore

from plrij;(ﬁ% lﬁﬁ;&% F{g)re than 1 ppb, can thus_ be easi | y

in the present invention, a
urlty d|oI haV|n 13 content of rities .. .o ..
nooeBter uin ek @A@) foi The Enatugis mUﬁhéwad'st"'at'on
suc as [ Il§yl ene col _of not nore than 20 g
columgp dsrPd’Ied')%E%’ clond & oh&fomoh doBa, Wfﬁcﬁ?ﬁf@éa ly from 8
easi |y produced, preferabl %;q a_ high-purity diol having
to 45, yedrinene roeferatulyifrpes 10aia 3§.a hi gher boiling poi nt

than that of the diol such as a dial kyl ene gl ycol of
noln thoe grekant invention, a column top component Er from the

continuous multi-stage distillation column E comprises a small amount of
the diol (generally not more than 10 % by weight of the diol fed in);
moreover, in the case that water is fed into the continuous multi-stage
distillation column E, almost all of the water fed in is withdrawn in the
column top component E1r. The column top component Et is generally
recycled into the continuous multi-stage distillation column C, and then
fed back into the continuous multi-stage distillation column E as some of
the column bottom component Cg, and thus recovered as high-purity diol.
Moreaver, a column bottom component Eg from the continuous
multi-stage distillation column E comprises high boiling point by-products

and catalyst component containing a small amount of the diol.
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20 100 ppm and a hal ogen content of not nore 1 ppb
can be easily produced. In the present invention, the
reaction yield and the purification yield are thus

hi gh, and hence the high-purity diol can be produced
with a high yield of generally not |1ess than 97%

prEhersidieycubtohgsenéhbE OfFYm 2hercutinuelisrmblty-stage
| ess than 99% based on the cyclic carbonate used.

dlstllmﬁ)m{shﬂ ECgBRkraHYy ddmpAsesOhot T@sé’@ﬁbh@@%s preferably
multi-stage 78 distillation colums A C and E used in

not léé‘ftﬂéﬁsﬁé“m YRS ?Eefesra?ﬁg?{&' less ﬂ‘ﬁss S?%, of the

erial such’as ca on s or stal eel .

. f | k carpo
high-HE[ES, Gloy ﬂ‘?fb% it pld et PSR B BeRuahf in the side
MPLES oW n e deta des tl on
cut CORPHIETLES venyg'ahas TalElkyiona ahalsotaphabang  Righer
present invention is not limted to the follow ng

b°”"’@(§ﬁﬂ)‘ﬂb§’\aﬂ\léhétm&het ﬂ@lmm@mwaﬂv&@sumﬁmm$ d@ be not
using 10 ion chronmatography. Exanple 1: As the

moreckharn Aububymetghts pegéeci by hobimane Humdnt 2% by weight,
continuous nulti-stage distillation colum as shown

morei prefe@ablly hatimgrd than3BQA einby Weidlet30Mureloveppii
no=60, Do/ do, =7. 5, andDo/ doe=12 was used. The trays in

preferiBldlicphbbl Ah Ak ofathienprees it FivRRtidH 2ise réaetionald Barried
a cross-sectional area per hole in the sieve portion

out utsh?ée%‘i’é Fgﬁg%rﬁ%lt H%Oéhttglﬁ%@ngoﬁﬁﬂmv\gra ﬂ%lo%ﬁ?, and
hencgﬁg%z‘@w%cééfdommg AR PR el L .
the presenplrg\(r)é]?ltion, a diol having a halogen content of not more than
0.1 ppm, preferably not more than 1 ppb, can thus be easily produced.

That is, in the present invention, a high-purity diol having a
content of impurities having a higher boiling point than that of the diol
such as a dialkylene glycol of not more than 200 ppm, and a halogen
content of not more 0.1 ppm can be easily produced, preferably a
high-purity diol having a content of impurities having a higher boiling
point than that of the diol such as a dialkylene glycol of not more than
100 ppm, and a halogen content of not more 1 ppb can be easily
produced.

In the present invention, the reaction yield and the purification
yield are thus high, and hence the high-purity 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
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was 5 cm and the weir height of each of the trays in

stages at and below the stage where the cyclic

carbonate was fed in was 6 cm Moreover, the aperture

rati o of each of the trays was in a range of from2.1

to 4.2% As the continuous nmulti-stage distillation
distiltatiomcoumns G mmb € usednin the pragendiisvehtiehi isngenerally

colum as shown in FIG 2 having Lcj = 1100 cm Dci =

a meldificcatbeial 'sUdH as ddrbditstéellBr stahicssi8et™m IHP38rms of
110 cm Lc2 79 2 = 27.3, and nc2 = 60 was used.

I Dc
the qlitity o¥ Ge Bid F?%éggﬁggne}%ﬁgjmd'tiﬂlgfcﬁﬁﬁeﬂrch&g@?ﬁ,e sfhinless

over  appr oxi mat ottom

I in this portion there were installed 8
steelggab‘g@egé‘ﬂgeafﬂ e trays K having a downconer portion

and for which a weir (height 10 cm was the 5 baffle.

It was devised such that some |iquid was conti nuously

wi thdrawn froma |ower portion of the uppernost stage
EXAMPI{% baffle trays K, the w thdrawn |iquid being

heated by a reboiler, and then fed back into an upper

poreliewing isra meredetaledadaseriptiont dbthepressnbtinvention

section, an upper portion was packed with Ml | apak
through bxanigies: et Hoalevemtthe mfeskhtsinagediof iShotdimited to the

chimey tray stage was installed bel ow the Ml | apak,

followindg 8xahfgies. of Nbté)thalehe IpbleyettdoResavWa e nfdl et using
tray. In this exanple, sieve trays were used as

ion chPéa8gPaphyl he stripping section, and sieve trays
were used as"the trays in the enrichnent section.

These sieve trays had a cross-sectional area per hole

of approximately 1.3 cn2. 15 In the stripping section,
Exan{élﬂ ﬁ_umer of holes in each of the sieve trays was

%r Xi mately 250 to 300 / n2, and the aperture ratio

was i.n a range of from3 to 4% Nbreover, in the

en‘g? éHﬁeﬁ‘R"Q&HPPér{“”ﬂ%@tﬁﬂﬁbglsttu‘a“%lcéjumﬁ g‘ac"h cgftinuous

.the sieve trays was approxi mately 150 to 300 / n2, and
multitstaggpdistiliationcodumdy asrshowanigeF. firbavingLoF 336Q cm,

The chimey tray 20 had four chimeys therein, each of
Do = 8RO emi, el DohavithondsSe 60, Do / dos = 7.5, and Dg / dgz2 = 12 was
used. The trays in the distililation column were sieve trays, each having
a cross-sectional area per hole in the sieve portion thereof of
approximately 1.3 cm? and a number of holes of approximately 180 to
320/m®. The weir height of each of the trays in stages above a stage
where the cyclic carbonate was fed in (the 55" stage from the bottom)
was 5 cm, and the weir height of each of the trays in stages at and below
the stage where the cyclic carbonate was fed in was 6 cm. Moreover,
the aperture ratio of each of the trays was in a range of from 2.1 to 4.2%.

As the continuous multi-stage distillation column C, a continuous

multi-stage distillation column as shown in FIG. 2 having L¢y = 1100 cm,

Dc1 =110 cm, Lgq1/ D1 =10, ngy =10, Lez = 3000 cm, Dez = 110 cm, Lc2
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approxi mately 500 cn2 and hc = 25 cm and the aperture
ratio being in a range of from18 to 25% The chi mey
tray had a downconer portion, the weir height being
10 cm Moreover, as the continuous nulti-stage
distillation colum E, a 25 continuous nulti-stage
| De20F 27.8|, @Andncgct Gdnwas abedn iThélifside diamedet EDcaFwas
850 cm DEl = 160 cm LEl / DEl1 = 5.3, nEl =8, LE2 =
increk@@@d f200EEnove? adiiroxim el 500Eenmtfrom aRe H&&om of the

11, and having one chimmey tray stage installed at

colurl"lHe a'?fd“lrﬂﬁ&epﬁfl‘?&htﬂ’t%ré%epé ik FaIPe’H IsCEITRIYs SFHHfAB trays K

st ages was used hi's exanpl e, siIeve tray
hav"‘c@ﬁ@?%w?@%%ﬁ%'ﬁe ﬁ”?#@”%ﬁ'@pﬁﬁﬁ@iﬁ (9B L1 b v he

enr i, chnent sect S e inte a excludln

baffiy: (B Payieed e alsomenlialid wids consbayiu wishdrawn
hol es in each of the sieve trays was _ ap Xi mat el

from gopwer peoticmef theyrrrIMpst stage oftihe he balfle drays ﬁagt@e

. of from4 to 5% Moreover, in the enrichnment section,

withdrawmligped baingoheated byeadebsilarhang then fedykagiadnto an
approximately 300 to 450 / n2, and the 10 aperture

upper parbiomnef thisastagee dMofemrer3 indhédenfichnuéntraegtionayn
had twelve chi meys therein, each of the chi meys

uppehportionSwas papRedxwitat Bﬂe)llaﬁﬁﬂ( with anthduretical rumbancdf
the aperture ratio being in a range of from15 to

stagePUF sﬂﬁeoﬁaldm&méy %M%@e WPAEGRERIIRP bl OW: thé Reciiapak,

wei r hei ght being 40 cm Astartlng mat er i al

and 8(?%?%@699(%ré&gy\bﬁféspﬁr/ggﬁfé‘@g%lé@tﬁ iR B I this
exanfgff'sidye $HAVY 0§ WSH¥88+@§ A8l a@‘*&tﬁhﬁ{f‘!{%%"@ysec“o" and

based o s conti uousl fed.into
SleveGRIeTatS JaRd AR NSl (haaicemasotidny These

reactive dlstlllatlon was 20 carried out, where )( 2

sievestrays had a Cﬁﬁséfs%tm@hﬁf%tnﬁfnhekﬁrﬁi)ﬁ@rﬂmma ely 1.3 cm*,

In the stripping section, the number of holes in each of the sieve trays
was approximately 250 to 300 / m?, and the aperture ratio was in a range
of from 3 to 4%. Moreover, in the enrichment section, the number of
holes in each of the sieve trays was approximately 150 to 300 / m?, and
the aperture ratio was in a range of from 2.8 to 3.6%. The chimney tray
had four chimneys therein, each of the chimneys having S¢ =
approximately 500 cm? and he = 25 cm, and the aperture ratio being in a
range of from 18 to 25%. The chimney tray had a downcomer portion,
the weir height being 10 cm.

Moreover, as the continuous multi-stage distillation column E, a
continuous multi-stage distillation column as shown in FiG. 3 having Lg4

= 850 cm, DE1 = 160 cm, LE1 / DE1 = 5.3, ng1 =8, Le2 = 1000 cm, Dg2 =
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was continuously withdrawn. Reactive distillation was
carried out continuously under conditions of a columm
bottom tenperature of 98 C, a colum top pressure of
approximately 1.118x105 Pa, and a reflux ratio of
0.42. 25 The ethyl ene carbonate conversion was 100%

200 emd Lihe! Pehyd Snaandingsct 14¢lagnd havinyg \ware ehidveyliray stage
col um bottom conponent AB, which 81 contained 0.99

installed at the &" ZeagaTPom th&WWpidMiHe BhrdhAbResRtion stages
carbonate, 0.009 ton / hr of 2-nethoxyethanol, 2.186

was §88d/ Nh ﬂfiseé)tﬁ/rbﬁi‘@, Qié@@rlg/aﬁ”g%r %'sgégff,iS\ﬁg’l dtea%ber hole =

I et hyl'ene glycol "and cata r?ponen
j I ed .jnio nt i lti-.sta .
apprERRYH YR T ohottd okt €ubeBhiN bR thartrtasing estian ano the
. FIG 3. This inlet 1 was installged betwe the  tray
enrichient sogtian.Aa the, MteraaissoxEuidinadhs cRBRNGY trhy n the
. continuous nulti-stage distillation colum C. Aside
strippinghdentien, ghegsumber/ohholgs in eashuph thesieyapsaystwas
ET (0.137 ton / hr of _.ethylene glycol, 0.019 ton / hr
appreximatedy)300 dm ITR /dofs andoiie apeirturs: eatéo ovas iinlarange of
colum E was 10 continuously fed into the continuous

from dutd 5%t addodesvef, | iat the enoiadhmefht sieztion, ritblzonbarbext of holes
the bottom of the continuous nulti-stage distillation

in eaehl 6Nthe GieVEaraps WA AppraRimiatshage0dics4B0! Ai20mand the
colum C was operated continuously with a colum

apertfi?btfid WHREIREFEn 98 ﬁpﬁb%?rﬁ}agzy.yzﬂﬁgh@ﬁe?ngag had

columm top pressure” of appro

e S R M T KL

bel ow

apprbdly 06 A TRabRe OB 5 8 AL By Being i
rang S SEBRR 95 Sok C S rbes ek  henbnsamay Sohion

0.0093 ton / hr
the weir height being 40 cm.

A starting material containing ethylene carbonate (EC) and
methanol (MeOH) (molar ratio MeOH / EC = 8.4) and a catalyst {KOH in
ethylene glycol subjected to thermal dehydration treatment; K
concentration 0.1 % by weight based on EC) was continuously fed into a
continuous multi-stage distillation column A, and reactive distillation was
carried out, whereby 3.205 ton / hr of a column bottom component Ag
was continuously withdrawn. Reactive distillation was carried out
continuously under conditions of a column bottom temperature of 98 °C,
a column top pressure of approximately 1.118x10° Pa, and a reflux ratio
of 0.42.

The ethylene carbonate conversion was 100%, and the ethylene

glycol selectivity was 99.8%. The column bottom component Ag, which
81



10

15

20

25

of 2-nmet hoxyethanol, and 0.003 ton / hr of ethylene
glycol, and a colum bottom conponent CB contai ni ng
2.32 ton / hr of ethylene glycol, and 0.019 ton / hr
of diethylene glycol, catalyst conponent and hi gh
boiling point by-products were continuously w thdrawn

contdined OIE0 eont/ Rt efmathandl,i0.90a0R W/ Hr bf dirmethylotardbnate,
C. The concentration of ethylene glycol in the colum

S b j
0.0092hMhr %?%Wtﬁén\b@ 29986 t&n Nhi“’@flggétgy_lene glycol, and

Mor eover, ethylene glycol into
. o Cotil [ aLi

0.01§38h AHPYT dTLbhiraBEr BRI SHhd BRI BB Sune - ,

J ohr of .the colum bottom conpongnt S,.D
contipyushy, StE1pTS iSPRIB U BHE RiARe diafiftSp.gaiumn C from

cdistillation col E roman inlet | installed

an '"g%'t 5\@14’9&"8% Fgg 3t htritlﬁgegetf? e H@Slﬁﬁ&l‘{)rhetb‘ﬁet'hg‘e

colum. 0.019 Top / hr of water having an oxygen
trayscionthn (103} aod 1% stagewmfrom the bottppmofidbereeniinugus

the continuous nulti-stage distillation columm E via a

multirstagd distillatiomcoluimm &. 5AsideHfeobpthismbf 56hkon Adr of a
colum. The continuous nulti-stage distillation colum

colurbniap cpripdeent EQNI0. MBTURIY / Wridf etlnabrenglyeloi 001019 ton /

tenperature of approximtely 149 C, a columm bottom

hr of R8Ty TR0 ¥ tIP ROPENTS B Y!ndHR8Pada disfilafioneébiimmhat ivPas
of 11. It was possible to attain stable steady state

contiﬂB%h%ihi(J?Qd%i@ﬁp%’?mw%? q@éﬁgg%@%&%&@g@ﬁ'&%ﬁ‘ﬁnﬁc via

conti nuousl y W rom

a reoSiE SLHE it &R Rotlro % ifliuf o8 dinfhahpbogotumn

and 0.019 ton / hr of water. This colum top
C. conponent ET was recycl ed back into the continuous
mul.ti-stage distillation colum C A columm bottom
co-ﬁbérﬁ?ﬂt”EBOQé regHiistaeesdigtiliatian saumiofm was epetatad
3 of the continuous nulti-stage
continuously with a column bottom temperature of approximately 200 °C,

a column top pressure of approximately 11000 Pa, and a reflux ratio of
0.9. Moreover, the column bottom liquid level was kept below the
lowermost one of the trays K.

A column top component Ct containing 0.968 ton / hr of methanol,
0.001 ton / hr of dimethyl carbonate, and 0.019 ton / hr of water, a side
cut component Cg containing 0.022 ton / hr of methanol, 0.0093 ton / hr
of 2-methoxyethanol, and 0.003 ton / hr of ethylene glycol, and a column
bottom component Cg containing 2.32 ton / hr of ethylene glycol, and
0.019 ton / hr of diethylene glycol, catalyst component and high boiling
point by-products were continuously withdrawn from the continuous
multi-stage distillation column C.

The concentration of ethylene glycol in the column bottom
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distillation colum E at 0.04 ton / hr contained 0.02
ton / hr of ethylene glycol, and 0.02 ton / hr of
di et hyl ene gl ycol, catal yst conponent and high
boi l i ng point by-products. The purity of ethylene
glycol in a side cut conmponent Es continuously
compuridntr 8yrwas 39.16% bynweighit.f r Moreoviete99°82% of thé ethylene
the continuous nulti-stage distillation colum E was

glycol@kd! ip$6 thieheédnBRuBYY miulg- é?t%@‘eeﬂtstﬁfat%rﬁ%o%hiﬂ MWwas
poi nt |npur|t|es such as 83 diethyl ene glycol being

recoVEH g’g&ecp 8@ @rﬂnp&&toﬁfﬁoﬁﬁﬁoﬁé‘hf’@e” content being

ctio nore than 1 ppb.

ethshdoR bl beihe s difout ERLRATRRE convRitous

.operation rried,out unde hese ndi fions

contifoual §0d 1BEe dhe iR Ml tage, Astassmhaalumn E
and, 6000 hours, the produced,amunts of ethyl ene

from gn/indet aems%aufad\maﬂegn tbe 88ang. %'@gtagﬂ,s pomethe Hpttom
2.162 ton, and 2.162 ton, and hence operation was

of the/@lo)ummbl 8.0 dqruf ihryofowamE hawviyg erre oglygeol caasentnation
10 less than 99.99% in each case, and the hal ogen

of notendenthans ®piandeasfed b dbiel continaous mudti-staige
nore than 1 ppb. Mreover, the al dehyde content

distiiRRSV oMMy Boviahg ﬁ&mp# Pifréiat sﬁtmmcsrmrthelﬁottom of the
(Japanese Patent Application Laid-Qp .

colun%qpe’ﬁf@%%%)tlﬁ’l@&ug%uﬁpﬁ?aééﬁggﬁl%goﬁg Lf?‘ﬁlq E WpadMperated

transmttance at nm wa

°°"“F"£§Q'SW§84}#*¥#S%M'ﬁﬂe?ﬁgﬂ.‘xﬁﬁge*‘%fesf?‘ﬁ?fééﬁf%#ﬁsﬁgmw%tfﬁ'y 149 °C,
a col BT bR Mbssurd SFarafarimatdly fAaGl PA afg Tegux ratio

Example 1 and a simlar process.
of 11 2P P

It was possible to attain stable steady state operation after 24
hours. A column top component Er continuously withdrawn from the top
2 of the continuous multi-stage distillation column E at 0.155 ton / hr
contained 0.136 ton / hr of ethylene glycol and 0.019 ton / hr of water.
This column top component Ev was recycled back into the continuous
multi-stage distillation column C. A column bottom component Eg
continuously withdrawn from the bottom 3 of the continuous multi-stage
distiltation column E at 0.04 ton / hr contained 0.02 ton / hr of ethylene
glycol, and 0.02 ton / hr of diethylene glycol, catalyst component and
high boiling point by-products. The purity of ethylene glycol in a side
cut component Eg continuously withdrawn at 2.164 ton / hr from a side
cut 4 of the continuous multi-stage distillation column E was not less

than 99.99%, the content of high boiling point impurities such as
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A starting material containing ethylene carbonate
(3.565 ton / hr) and nethanol (nolar ratio MeOH / EC
= 8) and a catalyst (KOH in ethylene glycol subjected
to thermal dehydration treatnent; K concentration 0.1
% by wei ght based on EC) was continuously fed into a
diethybenerglycabbginginot- moxgethdirs 1 0l ppun, cand dhermaldgeandontent
reactive distillation was carried out, whereby
beingiomsiue therduteatioranfigting! aoe rabyes ehanet ¢ pih
produced with simlar reaction results to in Exanple
1, CRIGHTR t hyauy §
gl;l/-ggl I(’?ilas au?fg?n&c #r%ggg"ﬂ?eﬁ]g‘r%ggf@%glaﬁg&ﬁ E%hﬁ}ﬁggﬁng

' The col um bottom tenperature was 93 C, the
carbt‘é\fg%{@ ogspgg's'sure was approxi mately 1.046x105 Pa,

and the reflux.,b ratio was,.0.48. The ethylene gl I
nbrelided sihuiidlis Biation Vas Cauied quidindpt tRese
conti nu [ ti-stage distillation colum C as in
condftiiis, o ATtana0n Beire.c2000 e, 4605 hatliten 5570 Saurs, and
conponent CB, which was continuously w thdrawn from
8000 heueshnthenpsedugartameundge ofetvleneatglysot @armmoor aere
2.472 ton / hr, contained 2.439 ton / hr of 10

2.162tton| @ne631tpagl2.162dtdn, 0331 6D hon, BndoR. B 2tby| and hence
gl ycol, catalyst conponent and hi gh boiling point

operddonrwdyoiery StableonCcrng rpa.triitggoﬂfhe ithylane gy ysbvaisnot
t he col umm bott om conponent was 99.1 % by weight.

less AR OFR00% I BAH chide, idy kkehAbyed céﬁ?eﬁtgw\%astséiﬁtside the

continuous nulti-stage distillation colum
dotel SR IANAYLEE ASPIEPLIRY. 408, MoRadperiaRe SRiordd”
contifiindHsUEe wptld IS MBI IR RETEDR2UME R, 15 (fangnese
oo RS ko Bk ohRe AR g B i nan 0.2
by- products) was conti nuousld/n20 fed into the

pPpm. 3 itRgoHY Hansmistane at £29 na moas 89%m E fromthe
infet 1

Example 2:

High-purity ethylene glycol was produced using the same
continuous multi-stage distillation column A, continuous multi-stage
distillation column C and continuous multi-stage distillation column E as
in Example 1 and a similar process.

A starting material containing ethylene carbonate (3.565 ton / hr)
and methanol (molar ratio MeOH / EC = 8) and a catalyst (KOH in
ethylene giycol subjected to thermal dehydration treatment; K
concentration 0.1 % by weight based on EC) was continuously fed into a
continuous multi-stage distillation column A, and reactive distillation was

carried out, whereby dimethyl carbonate and ethylene glycol were
84
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as shown in FIG 3. 0.022 Ton / hr of water having an
oxygen concentration of not nore than 10 ppmwas fed
into the continuous nulti-stage distillation colum E
via the reboiler 7 fromthe inlet 5 in the bottom of

the columm. 25 The continuous nulti-stage distillation

prod uvadi withe sivasiao readitiorh résolts toomsExample @, aocolomn bottom
bottom tenperature of approximately 162 C, 85 a

compBAlentA DS v‘i’ﬁg@tﬁ?w:ﬁé ??cé%%%'rﬁﬂtrﬁbbnﬁ@@@n?ﬂwe%&f being
areflux ratio was possible to attain

contuﬁﬁ?ﬁ%ﬁ witRfPaw at § th%‘é?bﬂihﬂ”béftb% t@ﬁq&ﬂ%‘lga% vgé@ 93 °C, the

top conponen cont i nuousl

coluniyf Sop higd Zeﬁ\éﬁra?ﬁ?p & th‘%Sid?ﬁﬁ‘?ﬂ@?a%%n@&dnHy sefiyx
ratio yas,0. 481G Slhene Bl RAs toraratad out by distitation

. into the continuous nulti-stage distillation colum
US'“Qd.heTﬁén'tQ)ICQM'MQ%M%EI‘rﬁbﬁ%tdg istillation calwnB| § as in
wi thdrawn fromthe bottom 3 of the continuous
Examplett anchgesintlan proc¢ess. od heowcohmB bettomsempansnkCs,
contai ned 0.015 ton / hr of ethylene glycol, and 0.04
which wag contiatiodisty lwitkdeawhyftom thataintstucospootivistagd
hi gh boiling point by-products. The purity of ethylene

distillgteotoiumhhe &t 2e4 72 4bnCORBOSiaiFe dCRAINON T B of
withdrawn at 2.29 ton / hr fromthe side cut 4 of the

| { t
et“*"‘f’i@?'?‘éet‘ﬁaﬁ%‘%&?ﬂ? A VA S Bl S A

comsb B AIEDISHI AR KPR % B Fen of
et 5 TLEFI o T 5t R B3 7%
Welgf’gperl\léfe)lrllgﬂvag;gé)?ﬁa"t 5 ﬂ%ptbﬁ(@;éo gé& fed mtoC?t?é Icrtlal#%iunsuous
multi-stage distiliation column C was recovered as the column bottom
component Cg.

2.472 Ton / hr of the column bottom component Cg continuously
withdrawn from the continuous multi-stage distillation column C (2.439
ton / hr of ethylene glycol, and 0.033 ton / hr of diethylene glycol,
catalyst component and high boiling point by-products) was continuously
fed into the continuous multi-stage distillation column E from the inlet 1
as shown in FIG. 3.

0.022 Ton / hr of water having an oxygen concentration of not
more than 10 ppm was fed into the continuous multi-stage distillation
column E via the reboiler 7 from the inlet 5 in the bottom of the column.
The continuous muiti-stage distillation column E was operated

continuously with a column bottom temperature of approximately 162 °C,
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conditions. After 1000 hours, 2000 hours, 3000 hours,
and 5000 hours, the produced anpunts of ethylene

gl ycol per hour were 2.29 ton, 2.29 ton, 2.29 ton,
and 2.29 ton, and hence operation was very stable. The
purity of the ethylene glycol was not |ess than

a coRfmABoitone peds sase of Apbroxtmiehal 7300 Pantzand anesflux ratio
outside the detection limt, i.e. not nore than 1 ppb.

of 1\breover, the al dehyde content was not nore than 0.2
ppm and the UV 86 transrrittance at 220 nm was 90%

EXTRES osdibio e, £AI Sugbfs Bdddy Shareofeblibhobirar 24

i Stil I on

hour§PeTAS ¢ ?‘@“ﬁt@é%’?ﬁeﬁ%ﬁ&?’“ﬁr‘?g@%& wihatiFp tram the

portion ther a pr at el
top 2 oF e cRntiBkaus Jhuliistaue ekaS sofiyTiags At fgl 92 en / hr
wei r height of each of the trays in stages above the
cont%m@gbomhg tenthir of athyleng kireebandso tan (/tmeobsyater.
stage fromthe 10 botton) was 5 cm and the weir
This igeilgmn top erhponent &t wasrécycedgeacktintatbe mntinuous
the stage where the cyclic carbonate was fed in was 10

multiestagdvidi sitlrationt deluape G ur § heatbtumih bBattbnefcorhpoheay £p
was in a range of from 3.0 to 5.0% As the continuous

contimdoiuis!§ vagRd eawhi frbdd 198 Hotken3 Gf m&b@h&dd@umuﬁﬁstage
colum very simlar to that used in Exanple 1 was

distilVs®sn dAVRVLE at WFOSBUL'H??Y hfcditafed D. 9@%{“?}6{5 /1% ethylene

Sl eve trays in the Strlppl ng SeCtlon an
glycd)y Bt 070) téﬁf’hbﬁgﬁ S ABLY G, ¥atiyst 2oiBahef and
h'9h3> 3&1?9:@5'?‘ S NproAncE LT .”ibﬂf" fﬁ'hm f—'naeq?spyi%he side

| ar t%that used in Exa was. used

cut compeaest spPPRYnuSASTY cWith@ ﬂLﬁ'Fb%fz%\toﬂd| 'Usfl‘orﬁ" therside

of the sieve trays was
cut 4 of the continuous multi-stage distillation column E was not less

than 99.99%, the content of high boiling point impurities such as
diethylene glycol being not more than 10 ppm, and the halogen content
being outside the detection limit, i.e. not more than 1 ppb.

The high-purity ethylene glycol yield based on the ethylene
carbonate was 98.5%.

Prolonged continuous operation was carried out under these
conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
the produced amounts of ethylene glycol per hour were 2.29 ton, 2.29 ton,
2.29 ton, and 2.29 ton, and hence operation was very stable. The purity
of the ethylene giycol was not less than 99.99% in each case, and the
halogen content was outside the detection limit, i.e. not more than 1 ppb.

Moreover, the aldehyde content was not more than 0.2 ppm, and the UV
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approximately 650 to 750 / nR2, and the aperture ratio
was in a range of from8 to 10% and in the
enri chment section, the nunber of holes in each of
the sieve trays was approxi mately 500 to 650 / nR, and
the 25 aperture ratio was in a range of from6 to 8%
transfittatide 80 220 am as Q08I ni ng et hyl ene carbonate
(8.20 ton / hr) 87 and nethanol (rolar ratio MeOH /
EC = 9) and a catalyst (KOH in ethylene glyco
subjected to thermal dehydration treatnent; K
gqgntration 0.1 % by wei ght based on EC) was
ontinuously fed into a continuous multi-stage
di sti.llation colum A. and reactijve distillatian 5.
2 b ShiRlinGRus Ayt Haee, AREU I Eem Blime” B iy liHition
| ycol wer, roduced wth simlar reaction results to
CO'“"RH VB{é{n%ll'@?qf, P%‘EQF E8edbt Exameltaniowastused naligyever, each
et hyl ene glycol as a main conponent thereof being .
of the sigvedoaxs ad ahaosmsettional lareanpeyhpdelinthe sieve portion
separated out by distillation using the continuous
therewdafi appemdmttely [1.3térf ared anmud erdof hblesiafi dpproximately
process to Exanple 1. The colum bottom conponent CB

240 tohB60 / mas CTmé ivieie Usdiy htidfhels e ff thentralye wostdgeabove
multi-stage distillation colum C at 5.852 ton / hr,

the sfé%é WWEL hd W diRNcardBnSle R i en (e F5" stdge from the
0.098 ton / hr "of diethylene glycol, catalyst
eqt..an i i I [ -radu .Th
bottof R ortr At #1k wiL HAGRE Y Back of RELa3p i Stages o
onen s .98.3 % . gh r.eovyer,
and EbLOMEITRAE Bbalr B Gric e BinATe s SSRUR VRS 18 om.
mul ti-stage distillation colum C was recovered as
Morepyer.ciq, AR esbite R Y8 RiceRrh AUgheriaysewgp itne ranas ef from
yi el d based on the ethyl ene carbonate was 99. 6% 5. 852
3.0 torgn0%.nr of the col um bottom conponent CB
continuously 20 withdrawn fromthe continuous
mAs$ ithetcaptiniueusI madti-atagel distili@t{® zaduminol, /a distillation
et hyl ene glycol, and 0.098 ton / hr of diethyl ene
colungh warly, similar to that used in Example 1 was used. However, the

Exa

number of holes in each of the sieve trays in the stripping section and
the enrichment section was approximately 550 to 650 / m?, and the
aperture ratio was in a range of from 6.5 to 8.5%. Moreover, as the
continuous multi-stage distillation column E, a distillation column very
similar to that used in Example 1 was used. However, in the stripping
section, the number of holes in each of the sieve trays was
approximately 650 to 750 / m?, and the aperture ratio was in a range of
from 8 to 10%, and in the enrichment section, the number of holes in
each of the sieve trays was approximately 500 to 650 / m?, and the
aperture ratio was in a range of from 6 to 8%.

A starting material containing ethylene carbonate (8.20 ton / hr)
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cat al yst conmponent and hi gh boiling point by-products)
was continuously fed into the continuous nulti-stage
distillation colum E fromthe inlet 1 as shown in
FIG 3. 25 0.05 Ton / hr of water having an oxygen
concentration of not nore than 10 ppmwas fed into

and mbthanal {modas ratictMeQiddeEd st9) Aati acatalystn KOHBHh
via the reboiler 7 fromthe inlet 5 in the bottom of

ethyléhe §igceisublaeted e9ithavRid dethydraticgersatmiént;aki on
colum E was operated continuously wth a colum

@ . i . .
concpliat STPOL P e ght MALLIER iy YR gEH Toa into o
contifiblmiftlade. diftiiidn BT BI R, drfe reaRbVE sl was
. C nent ET .cqgntinuously wthdra rgmthe, t 2 of
carrigd i, Wherahi SltnethVt Sathoha Gt P {iShs: v ot were
0.45 ton / hr contained 0.4 ton /[ hr of ethylene
prodyged yyith, sdmilagsraastion resyits fg iy Expinple do/@ palump bottom
conponent ET was recycl ed back into the continuous 10
comp@nent-As dgvidgsethylaneglycol @sna anaimeosapoananbsberesf being
conmponent EB continuously withdrawn fromthe bottom 3

continoubly wdthdravens MHé iethykge giycdli What sepacatednouEby
at 0.2 ton / hr contained 0.1 ton / hr of ethylene

distiligiticrpusivgdhe. donenubuBrmeltititayeydisiiiatiorn eolumn C and a
cat al yst conponent and high boiling point

similﬁfypélg@é@tté-Ei_ﬁﬁpoHH Ly 19fe e&gﬂ;ﬁ&s?ggm%meOEEgé gme\uhich

conponent Es conti nuou rawn a

was cifibudsl WRqR Hofhg GoRtiel e MINTSRISS distination
coturf S5 B0 R Syl BB P ot BENAkb B
and DY 1% PR e HBDASTS, al e E R e Ce A e o
bo i!ir\%;gglj;%nlg%grl r)cla%?.nl ct>s/i © I'Iplhg %%?1% e?'lr{ r;tl?g n ect:fhg'l heynig n eCS Iryt():%rll 611;1 eth e
column bottom component Cg was 98.3 % by weight. Moreover, 99.8%
of the ethylene glycol fed into the continuous multi-stage distillation
column C was recovered as the column bottom component Cg. The
ethylene glycol yield based on the ethylene carbonate was 99.6%
5.852 Ton / hr of the column bottom component Cg continuously
withdrawn from the continuous muiti-stage distillation column C (5.754
ton / hr of ethylene glycol, and 0.098 ton / hr of diethylene glycol,
catalyst component and high boiling point by-products) was continuously
fed into the continuous multi-stage distillation column E from the inlet 1
as shown in FIG. 3.

0.05 Ton / hr of water having an oxygen concentration of not more

than 10 ppm was fed into the continuous multi-stage distillation column E
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Prol onged conti nuous operation was carried out under

these conditions. After 500 hours, 1000 hours and

1500 hours the produced anmpunts of ethylene glyco

per hour were 5.202 ton, 5.202 ton, and 5.202 25 ton,

and hence operation was very stable. The purity of the
via the rghotler D fromitheainleds inctise iutto Mo P e icoleanh The

case, and the hal ogen content 89 was outside the

contiAgbest mltiléteide dist@latieh dBILMA FWas Bﬁbraf\é?t! @¥finuously

the al dehyde content was not nore than 0.2 ppm and
. t 2
i S M AR i Erafl ol b fob e

bottOE@%&%%SPégfﬁ'ﬁ%S %rﬁ%%fswe%d’@” 2t £ i tio of 13.

t|IIat|on yC|c cal bhonat e
o) Rwas BosHn Joaliain:plaig! sty §lata operAliop ater 24
haV| ng a purit of not |ess than 97% preferably 10
hoursot Tihes sotan /&omrén@nteﬁerrratbnynheusmy@th%ﬁwn from the
99.9% a content of high boiling point inpurities
top 2j otthelicomtinunus yubiretag g cistidationetehabhyE atod.4fpten / hr
than 200 ppm nore preferably not nore than 100 ppm

contained OnF topi/dircofietyylerie gdycoitdnad 0L05pton /drdofawater. This
hal ogen content of preferably not nore than 0.1 ppm

colurmRtepPé et Nt BQtwaBreclfed baukintdStherBohtinuous
obtai ned on an industrial scale of not less than 1 ton

multﬂst%{@;eIr aﬁtﬁfaﬁﬁ@ﬁ'dﬁlﬂﬁf 'CeSSTWéaE?ﬁlrﬁﬁrbéttBE'n cﬂﬁiﬁ%?]nent Eg

pre y not less than

contifLBLEIF WA dish (Rl MG PRREOHES ¥ phbIRRLS Bhyt-stace
d'st"%?ﬁ#sﬁeﬁrl?{@ G 81 B2 gh ﬁ@ﬁ%ﬁ?ﬂ%ﬁ“ @?a?ggﬁfe B4 FEVILE
glycaly 8B0d R hrast BisPoNeng PreabeerIvE Eter@rﬁo"aénband high
ol AT b3 e of v S h i cu
comp%?:eynetStE:rco(netinuously withdrawn at 5.202 ton / hr from the side cut
4 of the continuous multi-stage distillation column E was not less than
99.99%, the content of high boiling point impurities such as diethylene
glycol being not more than 10 ppm, and the halogen content being
outside the detection limit, i.e. not more than 1 ppb.

The high-purity ethylene glycol yield based on the ethylene
carbonate was 97.6%.

Prolonged continuocus operation was carried out under these
conditions. After 500 hours, 1000 hours and 1500 hours the produced
amounts of ethylene glycol per hour were 5.202 ton, 5.202 ton, and 5.202

ton, and hence operation was very stable. The purity of the ethylene

glycol was not less than 99.99% in each case, and the halogen content
89
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PET fiber or PET resin). 90 CLAIMS W claim 1. In an

i ndustrial process for the production of a high-purity

diol in which a high-purity diol is produced by taking

a cyclic carbonate 5 and an aliphatic nonohydric

al cohol as starting materials, the process conprising
was dinsidé ehe détedtion ¢ciomitj heoumdtymiceedivag t heplst aMorgpver, the

materials into a continuous nulti-stage distillation

aldehyRld BBnfehwiY ABt In6Pd FhAAT0 12SpPhESERE theaU\irdksneitance
reactive distillation in said distillation colum A,

at 22690 Wé%u§b¥’ 10 withdrawing a | ow boiling point
react on m xture AT contai ni ng a produced dial kyl

carbonate and said aliphatic nonohydric al cohol from
an upper portion of the distillation columm Ain a
asequs form. and continuously wthdraw ng a high

Indusggiaf- Itﬁﬁtm't\‘eacti on nmixture AB containing a

produced diol froma |ower portion of the distillation

cdhegprdingntoathe piegentinyentipng il hagsheenigspyered that,

feeding said high boiling point reaction mxture AB
from put ®faa ciatkyhcarbomatei and sgdiali praducad dhrawghienreactive

continuously wthdrawing material having a | ower
distilladidn sgsf@nnfronhancydid cafrbbhatdiarid acoatiphatid momeshydric

hi gh boiling point reaction m xture AB as a columm top

alcohdd, a0igERPOTitEdiBNHaving aap&irﬂF Sfutot e TIeah 95%, yrdferably
conti nuously “~w thdrawi ng a col um bottom conponent CB

. i ;
not !%L%Vtﬁ‘@n gy, C 'rﬁbr@?ﬁgfégiﬁsl{]ylﬁnﬂé%%ema’ﬁ ey 694, égdﬁ(ﬁtiéln)t of

ower portion of tion colum C, an

nioh GR1H YO55 mREE0 QL8 B K514 i GEBERF e vty
ot i, G EBECH B LA TR B Bl B85 406 i e
more preferably not more than 10 ppm, and a halogen content of
preferably not more than 0.1 ppm, more preferably not more than 1 ppb,
can be obtained on an industrial scale of not less than 1 ton / hr,
preferably not less than 2 ton / hr, more preferably not less than 3 ton /
hr, with a high yield stably for a prolonged period of time of not less than
1000 hours, preferably not less than 3000 hours, more preferably not
less than 5000 hours. This high-purity dioi (e.g. high-purity ethylene
glycol) has a higher purity than such a diol industrially produced using an
existing production process (e.g. an ethylene oxide hydration process),

and hence is useful as a starting material for a high-quality polyester (e.g.

PET fiber or PET resin).
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outlet of said continuous nulti-stage distillation
colum E; wherein 91 inprovenent conprises:. (a) said
continuous multi-stage distillation columm A
conprising a distillation colum having a |length Lo
(cm, an inside dianmeter Do (cm) and an internal
havi ng a nunber of stageguMM8ereinside, and further
5 having a gas outlet having an inside dianeter dog
We cf#ifl: at a top of the colum or in an upper portion of
the columm near to the top, a liquid outlet having an

nei de o iy _ I ‘
| f e, dreBRUEHARal 5P pgke Aoh ahEO G S A HIghtpurity
. -at ne first i i ded i h .

ol b5 Ao PLE orBEREEEE Byl B aBaRlc sproonate

and g3 alpRERIG MGARIYHIBAIECHS! A%RTAINDG MASTIAIS) dgrprocess
portion of the columm above said liquid outlet,

compyfifdngithe stepmofno, do,, and d02 satisfy the foll owing
formulae (1) to (6): 2100 < Lo < 8000 (1) 15 180 5
DAIp 2@0din@usksStasdog toe startirgp materialzointd)a continuous
35Do/ do, <_20 (5) and 55 Do/d02530 (6); 20 (b) said

multicstagendistidlation icosbmgeAdinswhliiclatd oatalysting peesent, carrying
conprising a continuous nulti-stage distillation

out réAttive diefiatidsinth dakd diPHiladoResd iuein Aa¥ybREnaousngt h
Lci (cm), an inside dianeter Dci (cm and an internal

withd&wggﬁd;wg%iﬁn nbﬁﬁg\fﬁ%&g&ﬁgﬁg{tﬁ%ﬁ %(é;‘ﬁ?alﬁgrp]g a produced
i AR BN s A2y DY A bR e wpper
portionnC|of th%zdis?ﬁﬁa’tion column A in a gaseous form, and continuously
withdrawing a high boiling point reaction mixture Ag containing a
produced diol from a lower portion of the distillation column A in a liquid
form;

(1) continuously feeding said high boiling point reaction mixture
Ag into a continuous multi-stage distillation column C, continuously
withdrawing material having a lower boiling point than that of the diol
contained in said high boiling point reaction mixture Ag as a column top
component Ct and / or a side cut component Cs, and continuously
withdrawing a column bottom component Cg having the diol as a main
component thereof from a lower portion of the distiilation column C; and

(1) continuously feeding said column bottom component Cg into
a continuous multi-stage distillation column E, and continuously

withdrawing a high-purity diol as a side cut component Es from a side cut

outlet of said continuous muliti-stage distillation column E; wherein
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and nc2 satisfy the followng formulae (7) to (15): 92

300 <_ Lei 53000 (7) 50 < Dc, 5700 (8 35 Lei /

Del 530 (9) 3< ncib530 (10) 5 1000 :5 Lc2 5 5000 (11)

50 :_ Dc2 5 500 (12) 105Lc2/Dc2!'5 50 (13) 20snc2:5

100 (14) and Dc2 5 Dc, (15); 10 (c) the enrichnent
impréesiment cdmprigesgonti nuous multi-stage distillation

colum C has at | east one chimey tray installed

th L Q: f i L i : Calil Vi i

S IEEP PRGNS HOE st BigaTIGH SOBmA A EBmprising a

e I Vi r -Secti (
distiI ok A R ving e FengtELo W, g it SEmhgter Do (om)
16 and ,each of the.chimeys being such that a
and a3 1Bt NaVifors JHIBkal STotaasine heksmsislpraly further
.gas outlet of said chimey satisfies the fornula

having #) gasputlet,baving@n ngidexdiametamdos(¢m) Alta dap ¢f the
is connected to a liquid collecting portion of said

colurghi ey anr upper pativrcohthawalsmuingarstoathe top, a liquid
distillation colum C, (e) said continuous

outlethiavingtamyénside didmieiten degl(on) & admpttioai o the column or in
continuous nulti-stage distillation colum conpri sing

a lowerspo rtidn R thectb imnheeango ahkeheitbn, Bt (€18t 088 first inlet
inside dianeter DEi (cm) and an internal 25 with a

provigggi?iﬁgaﬁ’é uPsego b ntdRd 219154 dRid AB% SRS Df AREEEs lumn
below said gas outlet, and at least one second inlet provided in the
middle porticn and / or the lower portion of the column above said liquid

outlet, wherein Lo, Do, ng, do1, and doz satisfy the following formulae (1)

to (6):
2100 < Lo < 8000 (1)
180 < Do < 2000 (2)
4 < Lo/ Dg < 40 (3)
20 < ng < 120 (4)
3<Dg/dg1£20 (6) and
5 < Dy / doz < 30 (6);

(b) said continuous multi-stage distillation column C comprising a
continuous multi-stage distillation column comprising a stripping section
having a length Lgs (cm), an inside diameter D¢q (cm) and an internal
with a number of stages n¢¢ thereinside, and an enrichment section
having a length L¢2 (cm), an inside diameter D¢y (cm) and an internal
with a number of stages nc; thereinside, wherein L¢y, D1, Net, Le2, Dea,

and nc2 satisfy the following formulae (7) to (15):
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having a length LE2 (cm), an inside dianmeter DE2 (cm
and an internal 93 with a nunber of stages nE2

t herei nsi de, wherein LE1, DE9, nEl, LE2, DE2, and nE2
satisfy the following fornmulae (18) to (26): 400 <_
LEl 5 3000 (18) 50 < DE1 < 700 (19) 5 2 5 LE /

DE1 5 50308% |35nE389® (21) 600 5 LE2(7§ 4000 (22)
100 5 DE2 <_ 1000 (23) 2 5 LE2 / DE2 :5 30 (24) 10 55

nE2 <_ SQ?(§@CJa§¢0@E1 5 DE2 (26); (f()g)t he enri chnent

section of said continuous nulti-stage ‘distillation

col umm at, hea ne chi mey trayyqg\nstalled
t her ei nE%;?EP d Hi)ﬁig%gl , said chi rmey(gt)ray havi ng

installe her e at least two 15 chi s each having
an openiﬂgé H&\Vi%goa cross-sectional a?@g%SE (cnR)

sati sfyi napt he formula (27): 50 < SE <,.2000 (27),

and each189P0thd-cers 9% being such tHdi')a hei ght hE
(cm) fromsaid opening of said chimmey to a gas

out | et oF0sailb2chiSMby satisfies the (A@)ornula (28):
20 < hE 5 100 (28); and (g) the side cut outlet is
connect eti0toLazl/iDyi & 801 | ecti ng porti(dd)of said
chimey tray of said continuous nulti-stage

distill agpanneg9lin@QE. 25 2. The procqdst)amedrding to
Caim1, wherein an anount produced of the

hi gh-purpty dpQJ, is not less than 1 tqms); hr.

(c)} the enrichment section of said continuocus multi-stage
distillation column C has at least one chimney tray installed therein as
the internal, said chimney tray having installed therein ocne or more
chimneys each having an opening having a cross-sectional area S¢ (cm?)
satisfying the formula (16):

200 < S¢ £ 1000 (16),
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 (17):

10 < h¢e < 80 (17);

(d) the side cut outlet is connected to a liquid collecting portion of
said chimney tray of said continuous multi-stage distillation column C;

(e) said continuous multi-stage distiliation column E comprising a
continuous multi-stage distillation column comprising a stripping section
having a length Lg1 (¢m), an inside diameter Dg4 (cm) and an internal

with a number of stages ng4 thereinside, and an enrichment section

having a length Lgz (¢m), an inside diameter Dg2 (cm) and an internal
93



94 3. The process according to Caiml or 2, wherein
do, and d02 satisfy the formula (29), 1 d0 2 : 5
(29). 5 4. The process according to any one of C ains
1to 3, wherein Lo, Do, Lo/ Do, no, Do/ dot, and Do
/ dO02 for said continuous nulti-stage distillation

with aqhwmme% @ﬁkt@de/s h%§ﬁh©&0kﬁtﬁe?3ﬂ%@ni%ﬁﬁ§ﬂ%1.295(} De2,
5 Do 5 0] Do < 0, 305 no 5100

and A2 %tlé Gﬁe féﬁovf’lﬁg f@nm/a@o(zf& C}é QZ@? 5. The

process accord |ng t0 any one of arnms” 1 to 4, wherein

the int e&aal 5I "2k b%R(a)ntl nuous mul ti-g¢t

dlstlllatlonc IS a sieve tray: 56 The
process c Caimb5, wherein d sieve tray
in said g@%l%@%j@u ti-stage distil Iéltaq)on colum A
has 100 to 1000 holes__/ nR in a sieve portion

t her eof .22 Le1 /e 5r¥@ess according tEW aim5 or 6,
wherein a cross-sectional area per hole of said sieve
tray in 8a #ecchBPnuous multi-stage didk)i|1ation
columm Ais in arange of from0.5 to 5 cn2. 8. The
process @00at digpx #00MNY one of Cai (2} o 7, wherein
25 an aperture ratio (a ratio of a total

Cross-setpoon@e28e@@d the holes in @% tray stage
to an area of the tray) of said sieve tray in said

conti nuopisc Pp, M£%<S{5@ge distillationxglum Ais in
a range of from1’5 to 15% 9. The process accor di ng

to any oge:ﬁf QIQErrslto 8, wherein Iity(nc3
stages) of" F%\ys are further provide |n a Iovver
portion De1 £ De2 (26);

(f) the enrichment section of said continuous multi-stage
distillation column E has at least one chimney tray installed therein as
the internal, said chimney tray having installed therein at least two
chimneys each having an opening having a cross-sectional area Sg (cm?)
satisfying the formula (27):

50 < Sg <2000 (27),
and each of the chimneys being such that a height hg (cm) from said
opening of said chimney to a gas outlet of said chimney satisfies the
formula (28):
20 <hg £100 (28); and
(g) the side cut outlet is connected to a liquid collecting portion of

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

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

produced of the high-purity diol is not less than 1 ton / hr.
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5 of the internal in a |owernost portion of the
stripping section which is in a |ower portion of said
conti nuous multi-stage distillation columm C, a liquid
is continuously wi thdrawn from an uppernost 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 columm C froma feeding

pogt pr Otheﬁrd'&é%seb%SFdHbettﬁém‘él'ix‘iﬁo@torsia%él'fe_iﬁfﬁoqfand do2

trays K and the internal 10t ower most portion o

: [Wela) ction, while a remainder of the liquid
satishf Bpg {bHARIAL %S

tver tray in order. 10. The process
accordin C,ajm 9, wherein each of 15 trays K
is a baf?lé%P?é)A°21§.5 The process accordi’ng to Caim?9
or 10, wherein an inside dianeter Dc3 of said
continuous multi-stage distillation colunm C where
the trays K are present satisfies Dci < Dc3 20 12. i
Thé. procthe presss ageesding toanwoeneg of fdaignsg 1a 3, wherein
wherein Lci, Dcl, Lci / Dci, nca, Lc2, Dc2, Lc2 / Dc2,
Lo, Dackp /alde, ng3Dhor dgheand dg 7 dgpder malid icarttimeous multi-stage
distillation colum C satisfy respectively 500 <_Lci

distilkatid®@dlurth A_saiéfzyﬂ'_e@@@ctiﬁe 2B0D £ e 6Q0@02006 <Dyp <
nc, 20, 1500 <_Lc2 < 25 4000, 70 <_ Dc2 <_ 400, 15

1ooo<65 %g_%, | D2 355 908.< 3Q <1004 < B9/ dNd<3A5 _anady si@to OI do2 <

9 . The process according to any one of Cains

25. 12, wherein the internal in the stripping section of
said continuous nulti-stage distillation colum C and
an internal excluding the chimmey 5 tray in the
enri chment section are trays and / or packings. 14.

Th ding to,dajmi13, whergin th _
| e nal TR PIARESS PPEATHIFSSIR ANYhoBE QLTRigR(t R dusvherein

.multi-stage distillation colum C . )
the internal of said continuous multi-stage distillation column A is a sieve

tray.

6. The process according to Claim 5, wherein said sieve tray
in said continuous multi-stage distillation column A has 100 to 1000 holes

/ m? in a sieve portion thereof.

7. The process according to Claim 5 or 6, wherein a
cross-sectional area per hole of said sieve tray in said continuous

multi-stage distillation column A is in a range of from 0.5 to 5 cm?.

8. The process according to any one of Claims 5 to 7, wherein
an aperture ratio (a ratio of a total cross-sectional area of the holes in

one tray stage to an area of the tray) of said sieve tray in said continuous
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is the tray, and the internal excluding the chi mey
tray in the enrichnent 10 section is the tray and /
or a structured packing. 15. The process according to
Caim13 or 14, wherein said tray is a sieve tray. 15
16. The process according to Caim 15, wherein said

multisstage distillatice cbdnirm ALRO AdlarjeDfifrom $iSve 15%.
portion thereof, and a cross-sectional area per hole

in arange of from0.5 to 5 cnR. 17. The process
according to Claim15 or 16, wherein an 20 aperture

1810 (arhalir dilss? a{eeb?a. @S anSeGhe ML 91[11?§1§fo§ahevvherein

oles in on tray an a é
e tr se n
a plufgit: My Sad i) oCrals & &id PullBesiiahidia S # ofber portion
f from2 to 50/ 25 1 The praqcess agc ..
of the Intarpal e 3jowpEMAs fyarttm?§ thengr BIRING SegueRVRIC is in a
ratio (a ratjo of a total cross-sectional area of the =
lowenpoFiip B Lf saisheontinyostsafuiltiostagendistilbationcalumn Gra liquid
said sieve tray in the enrichnment section of said
is coptinupnshusvithdnawstfagrm dnsuppeéempsh stagamf saidktrays K, and

range of from1l.5 to 12% 5 19. The process accordi ng

after heatriy givenofo féquire fortdistBlatiomén @ reboilepethieuheated liquid
ratio (a ratio of a total cross-sectional area of the

is retOPREHNA%o itRet MidtitlHitHIEXSIGMAC FofR aofeé@mgcbbmsmwded
tray including said total cross-sectional area of the

betwe@ﬁrthagéb efm%%'tﬁtggwaarq% KS5hH th%omtbFHsvﬁq the

-staedlst tion co ClSlnarangeo

lowe 5351 pOelitn, A4S §tri@Bing AEoHIoHE BT oMt & the tiauic

on colum C has a columm bottom

. |ti-stage distill
s fod ltgep doWRE v ol 0r From 150 to 550 C

10. The process according to Claim 9, wherein each of the

trays K is a baffle tray.

11. The process according to Claim 9 or 10, wherein an inside
diameter D¢3 of said continuous multi-stage distiilation column C where

the trays K are present satisfies D¢y < Deas.

12. The process according to any one of Claims 2 to 11,
wherein Lc1, Dg1, Lg1 / Det, net, Lez, Dez, Le2 / Dez, nez, and nes for the
continuous multi-stage distillation column C satisfy respectively 500 < L¢q
<2000, 70 < D¢1 <500, 5<Lg1 /D1 £20,5<n¢c1£20,1500 < L¢2 <
4000, 70 < Dc2 <400, 15 < Lga / Dgp <40, 30 < ngz £90, and 3 < negz <

20.
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15 21. The process according to any one of Clainms 1 to
20, wherein said continuous nulti-stage distillation
colum C has a colum top pressure in a range of from
50000 to 300000 Pa. 20 22. The process according to
any one of Clains 1 to 21, wherein said continuous
multi-stage distillation colum C has a reflux ratio
in arange of fromO0.3 to 5. 23. The process according '
t o1 3Ny ONike ProGedsNBctotdinglto aRy JAEIEH Ol FnsoNt RN 20f
the diol in said colum top conponent CT is not nore
i 4 ' one
wherb P TRSIE iAdpe sty SEEREnTSr 8K SontmuiYs 1
:Sabd .siqde: [ e +R% Of .
muitiSabg=fitiio { RBMGATTC. Shel ndtetthi toxPd tRE Himney
distillation 5 colum C.25. The ocess ,according to
tray ify{he,anfishreeat sBctioM,ate Fays and h of BacEgs. L )
DEl1, nEt, LE2, DE2, LE2 | DE2, and nE2 for said
continuous nulti-stage distillation colum E satisfy
500 < LEI 5 2000, 100 10 < DEl1l < 500, 3 <_ LE1/
DE < 20he pracess acconiing7imoClaira2t 3, wbevein thednternal in
DE2 800, 3 < LE2/ DE2 <- 20, 7 < nE2 < 30, and
the sHipingDEEcti2. offTbaid cordsricaes mulitirgtdge aligtibatioof column C
Clainms 1 to 25, wherein the internal in each of the

is thestrayppinttisethtarmalrgkdlbdivgthesMiRine  Iraeeh ithe @richment
said continuous nulti-stage distillation colum E

secti@%%liPlbnﬁagh&}%qur”Beé‘lrﬁéﬁ)feidspéBRiﬁg’,ay and/ or the

packi ng. 2 e process according to Caim 26,
wherein the internal in each of the stripping section
and the enrichment section of said 20 conti nuous

g}]‘l:%e;t e;pq-:o?e'slsl S‘Eé&r‘ds%&' t%nEIaEln(‘?xﬂ %?"1”49, \trvtﬂeerein said tray

is a sieve tray.

16. The process according to Claim 15, 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 cm®.

17. The process according to Claim 15 or 16, wherein an
aperture ratio {(a ratio of a total cross-sectional area of the holes in one
tray stage to an area of the tray) of said sieve tray in the stripping
section of said continuous multi-stage distillation column C is in a range

of from 2 to 15%.

18. The process according to any one of Claims 15 to 17,

wherein an aperture ratio (a ratio of a total cross-sectional area of the
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the tray. 28. The process according to Caim 27,

wherein the tray is a sieve tray. 25 29. The process

according to Claim 28, wherein said sieve tray 99 has

150 to 1200 holes / n2 in a sieve portion thereof, and

a cross-sectional area per hole in a range of from
holesOirbohe ﬁatynﬁag'ﬂ)to Hreapeaafstheatray)ddingaldosiad vaa tradBimithe

29, wherein an 5 aperture ratio (a ratio of a total

enrichhfS$t S66tibANGH séf@@oﬁitnﬂ&d"ﬁhﬂﬁ Sfagﬁ‘ﬁlsﬁlﬂé‘Moﬁt@&%mn C is
to an area of the tray) of said sieve tray in the

in a %ﬁgﬁow rp.ggmspcst rd)q zmjé sai d continuous nulti-stage

ati1on isin arange of from3 to 25%
10 31. The process according to any one of Cains 28
to 30, wherein an apertureratio(aratio of a total

r tional area of hol es in Lra sifa
Lo arbhe Goceas a9rdinasia ang; eb8 & GIAIS dnts 18,
enrlchnent section of said continuous nultl-sta e
whereinsan) apertyre datimba ratie of a tetahgrgessisagtional atﬁ@@%the
15 32. The process according to any one of Clains 1 to
openigs imtbke ghimmeys o tan areatdfotheachimineyofray instading said
cross-sectional area of the openings in the chi mey

total toosersactivond| area ofitheeypénmygs)nef sdidghdmingy tratyadf said
cross-sectional area of the openings) of said chi mey

continliddsdhudidisiagdl giettliatisny ol CSIsaEr?adreﬁﬁ%é |o€th|r@ﬁh 10 to
colum E is in a range of from5 to 40%

409, Process according to any one of Clainms 1 to 32,
wherein said continuous nulti-stage distillation
colum E has a col um

20. The process according to any one of Claims 1 to 19,
wherein said continuous multi-stage distillation column C has a column

bottom temperature in a range of from 150 to 250 °C.

21. The process according to any one of Claims 1 to 20,
wherein said continuous muiti-stage distillation column C has a column

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

22. The process according to any one of Claims 1 to 21,
wherein said continuous multi-stage distillation column C has a reflux

ratio in a range of from 0.3 to 5.

23. The process according to any one of Claims 1 to 22,
wherein a content of the diol in said column top component Ct is not

more than 100 ppm.
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25 bottomtenperature in a range of from110 to 210 C
100 34. The process according to any one of Cains |
to 33, wherein said continuous nulti-stage
distillation colum E has a reflux ratio in a range
of from6 to 100. 5 35. The process according to any
one of Clains | to 34, wherein a purity of the diol
in said side cut conmponent Es is not |less than 99%
3624 The C ' 1
32410 s HTE e A O RInGP T BT e U1 S 121023,

wher%il‘mﬁow ft5of g?é"atloi ﬁ?§8‘cg$5§%2:%t9c@m§5ndﬁt Ceis nqt more

e
urlty i pr oduce roce accor

than @”g‘?ﬁaﬂ?'a%i ipheRante sud anlinows *altfEog dighiigtion

kyl ene gl ycol of not nore than 200 ppm and a
°°“"%%. en content of not nore than 0.1 ppm 38. A
hi gh-purity diol produced by the process according to
any one of Clains 1 to 36, which conprises a content
of high boiling point 20 inpurities such as a
diZb .kyl ehire girpcelssoacomtdingri® ahgode®fpphainend to 24,
hal ogen content of not nore than 1 ppb. 39. An

whereippBEA! D4 CREPY D ) e, A DO US,MUDEL - ahdae: 2 for said
distillation colum A, a continuous nulti-stage

contuﬁuéhslmmth-%ﬁa@e' d'u%@.lfét.cﬂ%ol%rﬁECQémsnyeea < Leq < 2000, 100
mul ti-stage difstillation colum for “carryi ng out

Dmpé WS fé)%aﬁr/qﬁggﬁ?ag5h%81f1wﬁd )76’0 g L'F%J%bﬁg 1@0 < Dego

cyclic car ate alriphatic™np

s 806 £ X0ur, T 0z 240, B ohPrpcoals LB Ute starting -

materials into a cont| nuous

26. The process according to any one of Claims 1 to 25,
wherein the internal in each of the stripping section and the enrichment
section of said continuous multi-stage distillation column E excluding the

chimney tray is the tray and/or the packing.

27. The process according to Claim 26, wherein the internal in
each of the stripping section and the enrichment section of said

continuous multi-stage distillation column E excluding the chimney tray is

the tray.

28. The process according to Claim 27, wherein the tray is a
sieve tray.

29. The process according to Claim 28, wherein said sieve tray
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mul ti-stage distillation colum A in which a catal yst
is present, carrying 5 out reactive distillation in
said distillation colum A, continuously w thdrawi ng a
| ow boiling point reaction m xture AT containing a
produced dial kyl carbonate and the aliphatic

has 18 tR0E halestiah? inansieve prationptivdrieaf, and ae
distillation colum A in a gaseous form and

crossc8attibnavarga péf RSIE\W NP ran§babf fOim i018 teO5 m?2.
reaction m xture AB containing a 10 produced di ol from
a lower portion of the distillation columm Ain a
liquid form (11) continuously feeding said high

bojd i ng L nt r t I e [ t j S
matd: "o BrocBRE Agering et dfe 2K Br 4K, RGreIH e
Wi t hdraw, n terial having a |ower boilin oi nt than
apertiife oo 1 2alipp! adoteffrasraactionalatina, AT 4BF holgs i one
poi nt reaction nixture AB as a column top . conponent
tray staggnl@ ap area of tBGt"@Mhﬁérﬁ.ﬁiF’ gigveziiaydanthe g UBP{NY
W t hdrawi ng a col um bottom conponent CB having the
sectiemn @f saidacomtinuousnpoidratagiecdisdill atiomcglvoueF [soin Aorange
of the distillation colum C and (I11) continuously
of frohe&dton@58ai d col uim bott om conponent CB into 20 the
continuous nulti-stage distillation colum E, and
continuously wthdrawing a high-purity diol as a side
cut conmponent Es froma side cut outlet of said

Coff | NUCKHSe rﬁ+bbbs§t@t9@on‘(ﬁggibit'd éhg%é‘i‘if%iﬁis vReiEB0,

| nprovenent conpri ses: sai d ontinuous nulti-st age
wnerghp 818 ST AR Bl Bro 2R BT A0 e

C nd. an_internal havi an er, of. .st.ages, no .
holest fLbaerlRucrtaghifd APt At Pa3NRANY of Tag SRUENIrAY in the
onricBRIAMrSERIPR ol isher nHBHOHS TSR HE s LRI eR Gagumn E is
) the top, a liquid outlet having an inside dianeter
in a rgpge(ehfrodn ZteA0%m of the colum or in

32. The process according to any one of Claims 1 to 31,
wherein an aperture ratio (a ratio of a total cross-sectional area of the
openings in the chimney to an area of the chimney tray including said
total cross-sectional area of the openings) of said chimney tray of said
continuous multi-stage distillation column E is in a range of from 5 to

40%.

33. The process according to any one of Claims 1 to 32,
wherein said continuous multi-stage distillation column E has a column

bottom temperature in a range of from 110 to 210 °C.
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a lower portion of the colum near to the bottom at

| east one first inlet 5 provided in the upper portion
and / or a mddle portion of the colum below the gas
outlet, and at |east one second inlet provided in the
m ddle portion and / or the |ower portion of the

cB4m dples proleessi gocording &3 anywore ofnClaiméd, t0163,
do,, and d02 satisfy the following fornulae (1) to

wheréﬁD sa@%@n@#ﬂncﬁ.@%t( $lagd YidfilatioRocIARRE (s adreflux
20< no< 120 (4) 35Do/ do, < 20 (5)

ratio %I%t Iraﬁ,@ea?:f */fogff ‘I%a%g (6) 15 (b) sai d conti nuous

tion colum C conprising a
continuous nulti-stage distillation colum conpri sing
a stri ppi ng section having a length Lci (cm, an

amet e an internal . with
or oFhgmigoessatERlhBa- anY 4RR SIS ienae.
sectlon having a length Lc2 (cn), an inside djaneter
wheregispa rugitypf thg died énrfealdzs)d\ﬁ 17 aomnmnbﬁssusa@@tsless than
nc2 thereinside, wherein Lci, Dci, nc,, Lc2, Dc2, and
99%.nc2 satisfy the follow ng f or mul ae (7) to (15): 300 <_
Lci 5 3000 (7) 50 <_Dc, 5 700 (8) 3 Lci / Dci <_
30 (9) 25 3nci30 (10) 1000 5 Lc2 <_ 5000 (11) 103 50
5 Dc2 5 500 (12) 105Lc2/Dc2550 (13) 20 5 nc2 5 100
(138. andrhe process according to any one of Claims 1 to 35,
wherein a purity of the diol in said side cut component Eg is not less than

99.9%.

37. A high-purity diol produced by the process according to any
one of Claims 1 to 36, which comprises a content of high boiling point
impurities such as a dialkylene glycol of not more than 200 ppm, and a

halogen content of not more than 0.1 ppm.

38. A high-purity diol produced by the process according to any
one of Claims 1 to 36, which comprises a content of high boiling point
impurities such as a dialkylene glycol of not more than 100 ppm, and a

halogen content of not more than 1 ppb.

39. An apparatus comprising a continuous multi-stage
distillation column A, a continuous multi-stage distillation column C, and
a continuous multi-stage distillation column E, for carrying out a process

for producing a high-purity diol by taking a cyclic carbonate and an
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Dc2 5 Dci (15); 5 (c) the enrichnment section of said
continuous nulti-stage distillation colum C has at

| east one chimey tray installed therein as the
internal, said chimey tray having installed therein
one or nore chimeys each having an opening having a

aliphatiognosetiyidoimblcoleel a8 sterling materdals, thet peod@ssul a
(16): 10 200<_Sc51000 (16), and each of the chi meys

compPRIiAg tﬁlécgtéﬁ‘@bfa hei ght hc (cm fromsaid opening of
sai d ch| mmey to a gas outlet of said chimey satisfies

2 Hﬂﬂ@o&&l&%feé‘d}ng {Pge gﬁ'inﬁg{# gﬂét rfa?s(l‘fln)totah%oﬁ'tﬁﬁmus

'S cdnnecte cting portion

. Qf f. I

multa-gstgggaﬁiitﬁ%%mlﬁégm% R'i ip \?hg rl? %‘né%#@%? 6%:’&%9?& AB&rrying
[ tillat

out reasliys diddfiafion in sald s ifatifR ool ”@Hfﬁ#f?”@%ﬂﬂ%hhg

a stripping section having a length LEI (cm
withdrawing aiiak@ilinoepointnjeagtion mixives A COQ@'WQ% agproduced

nunber of stages nEl thereinside, and an enri chnent
dialkwecathonateand the sliphaticEnqrolyydrie aleehak friiraran aipper

DE2 (cnm) and an internal wth a nunber of stages nE2

portidrherf ¢hesdidtill athon eohuinbB A iBE4 gaddoud BE@rmpPBEhd cantinniBusly
satisfy the followng fornmulae (18) to (26):

ithd#8Adh&ta3Bigh bbii PR reachidn MIRtUrOAs donilalinipglad0
20y 104 3'5 nE175 30 (21) 800 < LE2°5 4000 i(]aé’@;f)

prod ¥l didERom alRRek $drtion of the distillation column A in a liquid
form;

(1) continuously feeding said high boiling point reaction mixture
Ag into the continuous muiti-stage distillation column C, continuously
withdrawing material having a lower boiling point than that of the diol
contained in said high boiling point reaction mixture Ag as a column tep
component Cy and/or a side cut component Cgs, and continuously
withdrawing a column bottom component Cg having the diol as a main
component thereof from a lower portion of the distillation column C; and

(111} continuously feeding said column bottom component Cp into
the continuous multi-stage distillation column E, and continuously
withdrawing a high-purity diol as a side cut component Es from a side cut
outlet of said continuous multi-stage distillation column E; wherein
improvement comprises:

(a) said continuous multi-stage distillation column A comprising a
distillation column having a length Ly (cm), an inside diameter Dy (cm)

and an internal having a number of stages ng thereinside, and further
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2 5 LE2/ DE2 <_ 30 (24) 5 55 nE2550 (25) and DE1 5

DE2 (26); (f) the enrichnent section of said

continuous multi-stage distillation colum E has at

| east one chimmey tray installed therein anong the

internals, said chimey tray having installed therein
havingta |gﬁbu1lbttmm@l andnsicachiahmtiendiacomeat gtdp \of the

a cross-sectional area SE (cnR) satisfying the

colurﬁr@b'mhaanﬁ@ﬁpeﬁﬁoﬁtlecﬁ Sf HP ol @hh naafd téélﬁfé pr,tﬁthmd

chimeys being such that a height hE ( fromsaid

outlef’ﬁﬁmﬂg a?xf jrish ,ge@%'fﬁ%’fl{l,ozf gcrrﬁzfago%ygﬁo@ooﬁﬂ‘\ﬁgolgmn or in
2 'OWSQ%"(J B eﬁﬂﬁs ﬁlﬁﬁaﬁﬂdﬁw Uho Bkt ELTHE gy inte

conti nuous i -stage distillation col
providgd Inibeuphelmatian ahd Agr gl aestioget 4 & %ﬂﬂmn
and d02 satisfy the formula (29), 1 < dol / dO02
below b gas outled, apgaabierstepereernd dn@_faﬁ?'iﬁ\egeérlmtﬁe Tiddle
wherein Lo, Do, 25 Lo / Do, no, Do / dol, and Do /
portiatoanidot osdhe lowver pactisnmfi tHe sohgnn abeveltha liguid outlet,
colum A satisfy respectively 2300 <_ LO <_ 6000, 200
wherein Dy, By 105, 8900ahd_dgn/ Satisfy3th&806llowinddormilaba1) to (6):
/ do, 515, and 75Do/ d02< 25. 42. The appar at us
accordi ry(j@.:a[]g@ggogf Clainms 39 to 43) 5 wherein the

internal of said continuous multi-stage distillation
col um Ad@ < B 9490 ray- (2)
4<lo/Dg<40 (3)
20 < np < 120 (4)
3 <Dg/do1 <20 (5) and
5 < Do/ doz2 < 30 (6);

(b) said continuous multi-stage distillation column C comprising a
continuous multi-stage distillation column comprising a stripping section
having a length Lct (cm), an inside diameter Dcy (cm) and an internatl
with a number of stages nc¢q thereinside, and an enrichment section
having a length Lc2 (cm), an inside diameter Dg2 {cm) and an internal
with a number of stages ng; thereinside, wherein L¢1, De1, nei, Le2, Dea,

and nc2 satisfy the following formulae (7) to (15):

300 < Ly < 3000
50 < D¢1 2700
3<Lc1/Dg1 <30
3 <ncs <30

1000 < L¢z < 5000
163
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43. The apparatus according to Claim42, wherein said
sieve tray in said continuous nulti-stage
distillation colum A has 100 to 1000 10 holes / n®
in a sieve portion thereof. 44. The apparatus
according to Claim42 or 43, wherein a

cross-sey ikopgh #6568 per hole of said(gegve tray in
said continuous nulti-stage distillation colum A is

in a ranﬂf%[%%g%gsgﬁéo 5 cn2. 15 33;3)The appar at us

accordi ng Clainms 42 to wherei n an
apertur tio tio of a total cr saq{aional
area of eztig %I(Sgléﬁn one tray stage 8?)§2\n area of the
tray) of_said. sieve tray in said conthg ous

d
mul ti - stReRSdPSti |l ation colum Ais A% range of
froml1l.5 tg 20 15% 46. Tgwe %oparat us accorgﬂen to
a(s) theentigbment sepliapnf $gid captinuoys multirstaag s «
are further provided in a |ower portion of the )
distillatiosy palumn @ hasatieast gare chimeey aysinstajeddgherein as
section which is in a lower 25 portion of said
the intemahwsaid chimnegtteaye hdivinglihstalbed dblegein Gneaol imorel
is continuously withdrawn from an uppernost stage of

chimriéy ¢l elachy Raking 2t oﬂ;@ﬁiﬂ%tkﬁa’vihgaé orosgis@ctidnal agearSe (cm?)
for distillation in a reboiler, the heated liquid is

satis #lrtﬁgqcoirmlgat fistillation colum C froma feeding
fgg'? provi ded et'ween t he uppernost stage of said

trays K%ﬁir%ggéq_toqjdwal in the Iovverrfgst portion of

the stri gction, while a remainder“of the |liquid

anat ok g el 850t o BL deheige BT S
openibe ) Seia g icy oo GUBERR e Rl ey S

continuous multi-stage distillation colum C
formula (17):

10 < he < 80 (17);

(d) the side cut outlet is connected to a liquid collecting portion of
said chimney tray of said continuous multi-stage distillation column C;

(e) said continuous multi-stage distillation column E comprising a
continuous muiti-stage distillation column comprising a stripping section
having a length Lgq {(cm), an inside diameter Dg4 (cm) and an internal
with a number of stages ng4 thereinside, and an enrichment section
having a length Lg; {cm), an inside diameter Dgz (cm) and an internal
with a number of stages ng» thereinside, wherein Lgq, De1, Nes, Le2, Dez,

and ng» satisfy the following formulae (18) to (26):

400 < L1 < 3000 (18)
50 < Dgq < 700 (19)
2 <Lgq/ Dgq <50 (20)
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where the trays K are present satisfies Dci :5 Dc3.

49. The apparatus according to any one of Clains 46 to
48, 15 wherein Lci, Dci, Lci / Dci, nci. Lc2, Dc2.
Lc2 / Dc2, nc2, and nc3 for said continuous

mul ti-stage distillation colum C satisfy respectively
500 <_ lFk ng <2990, 70 <_ Dci 5 500, (B1y Lci / Dci <_
20, 5 < nc, _5 20, 1500 <_ Lc2 <_

4000, 70(6@75%@'9%’ 468bc2/ Dc2<_40, 305089390, and 3snc3

20. 20 50. The apparatus according to any one of

d ai ns 31%@(%0 %&? g@%roe! n the inter nal(zb t he

strippi ng said continuous ‘milti-stage
distillation colum nd an i nternal | udi ng the

chi rmeyaj 15r|a§/2 ?pjﬁzhéae(ﬁri chment secti éﬁﬁgre trays and

/ or packings. 25 51. The apparatus acgording to Caim
50, wher®inNehd $ternal 107 In the ééﬁﬁpﬂﬂcﬂg section
of said continuous nmulti-stage distillation colum C
is the tPeys< Begl the internal excludi §6dhe chi mey
tray in the enrichnment section is the tray and / or a
st{Futh el eadigramieint g edid? of Baidappatintossanadtiditaget o
Caim50 or 51, wherein said tray is a sieve tray.

distillaSionTbelwrppaE dhals aadeasdione thifhaymray, instel edtheaeih
sieve trays has 100 to 1000 holes / nR in a sieve

amon@PfHd Prﬁ‘térh%’i@,oéaicﬂﬁﬁirﬂnbg ﬁé?sﬁa\‘f’i?@ irfxtalled B re®h at least
hole in a range of fromO0.5 fo 5 cn2. 54. The

two cgg@?\%} t Uéaéﬁ%\ﬁhﬁgaﬁ%ﬁ) i'rgﬂ ﬁ%vgfg Werdd&isRictiodl| area Se

eratio (a“rati tot Cross-secti ona

. hpl j t t t f th
(em?)5 4050 BeaRflve (425 (1 The st ripping 16 section
iofS isc;;]u gﬁcqg%%reluggﬁon&l ti-stage distil |(%L,I)’On colum C

and each of the chimneys being such that a height hg (¢m) from said
opening of said chimney to a gas outlet of said chimney satisfies the
formula (28):
20 < hg €100 (28); and
(g) the side cut outlet is connected to a liquid collecting portion of

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

40. The apparatus according to Claim 39, wherein do¢ and dgz
satisfy the formula (29),

1<dgi/do2<5 (29)

41. The apparatus according to Claim 39 or 40, wherein Ly, Dy,
Lo/ Dg, no, Do / dgy, and Dy / doz for said continuous muiti-stage

distillation column A satisfy respectively 2300 < Ly < 6000, 200 < D¢ <
105



10

15

20

25

of from2 to 15% 55. The apparatus according to any
one of Clains 52 to 54, wherein an aperture ratio (a
ratio of a total cross-sectional area of the 20 holes
in one tray stage to an area of the tray) of said
sieve tray in the enrichnent section of said

10008 LguoDg <l i3 kage <d160i 4 atDen deQ!4ims, Grd 7 KID@/ do2 <
range of from1.5 to 12% 56. The apparatus accordi ng

o5 to any one of Clains 39 to 55, 25 wherein an aperture
ratio (a ratio of a total cross-sectional area of the
openings in the chimeys to an area of the chi nmey
tray including said 108 total cross-sectional area of

t he, openings) of said chinn r of . sai ti u
i © St AR Ao R &y B85 GaBn 4p 181,
. .
wherejpcthss iexnaL ofall SHInuARBOR iatagardist Etion gaiimn A is
. nEl, LE2, DE2, LE2 / DE2, and nE2 for said continuous

a sieygittay.st age distillation colum E satisfy 500 < LElI 5

2000, 100 <_ DElI 5 500, 3 5 LEI | DEl < 20, 5 nEl <_

20, 700 <_ LE2 < 3000, 120 < DE2 5 800, 3 < LE2 I

DE2 < 20, 7 <_ nE2 30, and DE1 < DE2. 10 58. The

apisr at IRheappatiatgs taccordingdool | dhaidds BRet@ins5gaid sieve
wherein the internal in each of the stripping section

tray iA¥hidheo Sl 6 DBBRAL It St gie0di s¥fl I tfd ¥ cotiinmAtias 100 to 1000
mul ti-stage distillation colum E excluding the

ho!eschﬁ{mﬁyatsri@éei Softisn tha¥egfd / or the packing. 15 59.

e apparatus according to daimb58, wherein the
internal in each of the stripping section and the
enrichment section of said continuous nmulti-stage

d'4stf.l a altﬁé)%pcpoalr%rtras %cecxocrldlfrqé '}8 él‘a‘%n-‘.: '2”3?%?},rvexe'|'§’in a
cross-sectional area per hole of said sieve tray in said continuous

multi-stage distillation column Ais in a range of from 0.5 to 5 cm?.

45, The apparatus according to any one of Claims 42 to 44,
wherein an aperture ratio {a ratio of a total cross-sectional area of the
holes in one tray stage to an area of the tray) of said sieve tray in said
continucus multi-stage distillation column A is in a range of from 1.5 to

15%.

46. The apparatus according to Claim 39, wherein a plurality
(nc3 stages) of trays K are further provided in a lower portion of the
internal in a lowermost portion of the stripping section which is in a lower
portion of said continuous muiti-stage distillation column C, a liquid is

continuously withdrawn from an uppermost stage of said trays K, and
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the tray. 20 60. The apparatus according to C aimb59,
wherein the tray is a sieve tray. 61. The apparatus
according to Caim60, wherein said sieve 25 tray has
150 to 1200 holes / n2 in a sieve portion thereof, and
a cross-sectional area per hole in a range of from

after Gieattie givento tOQuirs. forhdi stitRaicn s aassboilenotheohehtediiquid
60 or 61, wherein an aperture ratio (a ratio of a

is rethphél iﬁi@%ﬁe%&&iﬂl‘&%@bﬁﬁnﬁ cthemd Péedi'hgo{iért bféVided
f the tray

stage to an area o of said sieve tray In

betwdf thE! UBRERRoR SR6GR"UY SicP Bl £ RIBhG. S rtlLhar B F96

St on co IS In a ran rom

63. .The arat.us accordi ng to an ne_of C.ai ns tO;: .
towerggost RRefBRPEIE sEiB Ry PRt Whipra Pamaifefy ! the liauid
. cross-siecti onal ,area, of the 10 holes in one tray
is fed;inigea dewar Yaxdn#rdefe tray) of said sieve tray in

the enrichnment section of said continuous nulti-stage

distillation colum Eis in a range of from2 to 20%

64. The apparatus according to any one of Clains 39 to

6317. 15 Tiherapparatuapaccandingdoi Gldim 4@, i whefein eachl of the

cross-sectional area of the openings in the chi meys

traystiQ jea batfleafay.he chimey tray including said total
cross-sectional area of the openings) of said chi mey

tray of said continuous nmulti-stage distillation
colum E is in a range of from5 to 40% 20 110

48. The apparatus according to Claim 46 or 47, wherein an
inside diameter Dc3 of said continuous multi-stage distillation column C

where the trays K are present satisfies D¢t < Des.

49, The apparatus according to any one of Claims 46 to 48,
wherein L¢t, De1, Le1 / Be1, nNe1, Le2, De2, Le2 / P2, nez, and nes for said
continuous multi-stage distillation column C satisfy respectively 500 < L¢4
<2000, 70 £ D1 <500,5 <Lcs / Dc1£20,5<n¢s <20, 1500 < Lea <
4000, 70 < D¢z £ 400, 15 < Lc2 / Dc2<40,30<ngc2<90,and 3 < ngz <
20.

50. The apparatus according to any one of Claims 39 to 48,
wherein the internal in the stripping section of said continuous
multi-stage distillation column C and an internal excluding the chimney

tray in the enrichment section are trays and / or packings.

51. The apparatus according to Claim 50, wherein the internal
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in the stripping section of said continuous multi-stage distillation column
C is the tray, and the internal excluding the chimney tray in the

enrichment section is the tray and / or a structured packing.

52. The apparatus according to Claim 50 or 51, wherein said

tray is a sieve tray.

53. The apparatus according to Claim 52, wherein said sieve
trays 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 om?.

54. The apparatus according to Ciaim 52 or 53, wherein an
aperture ratio (a ratio of a total cross-sectional area of the holes in one
tray stage to an area of the tray) of said sieve tray in the stripping
section of said continuous multi-stage distiilation column C is in a range

of from 2 to 15%.

55. The apparatus according to any one of Claims 52 to 54,
wherein an aperture ratio (a ratio of a total cross-sectional area of the
holes 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%.

56. The apparatus according to any one of Claims 39 to 55,
wherein an aperture ratio (a ratio of a total cross-sectional area of the

openings in the chimneys to an area of the chimney tray including said
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total cross-sectional area of the openings) of said chimney tray of said
continuous multi-stage distillation column C is in a range of from 10 to

40%.

57. The apparatus according to any one of Claims 39 to 56,
wherein Lgy, Dgq, Lg1 / Dgq, ne1, Le2, De2, Le2 / De2, and ngz for said
continuous muliti-stage distillation column E satisfy 500 < Lgy £ 2000, 100
< Dg1 £ 500, 3 < Lgy/ Dgs £20, 5 <ngq <20, 700 < Lgs < 3000, 120 < Dg;

<800, 3 <Lgz/Dgz <20,7 <ngz €30, and Dgq < Dga.

58. The apparatus according to any one of Claims 39 to 57,
wherein the internal in each of the stripping section and the enrichment
section of said continuous multi-stage distillation column E excluding the

chimney tray is the tray and / or the packing.

59. The apparatus according to Claim 58, wherein the internal
in each of the stripping section and the enrichment section of said

continuous multi-stage distillation column E excluding the chimney tray is

the tray.

60. The apparatus according to Claim 59, wherein the tray is a
sieve tray.

61. The apparatus according to Claim 60, wherein said sieve

tray has 150 to 1200 holes / m? in a sieve portion thereof, and a

cross-sectional area per hole in a range of from 0.5 to 5 cm?.
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62. The apparatus according to Claim 60 or 61, wherein an
aperture ratio (a ratio of a total cross-sectional area of the holes in one
tray stage to an area of the tray) of said sieve tray in the stripping
section of said continuous multi-stage distillation column E is in a range

of from 3 to 25%.

63. The apparatus according to any one of Claims 60 to 62,
wherein an aperture ratio (a ratio of a total cross-sectional area of the
holes in one tray stage to an area of the tray) of said sieve tray in the
enrichment section of said continuous mublti-stage distillation column E is

in a range of from 2 to 20%.

64. The apparatus according to any one of Claims 39 to 63,
wherein an aperture ratio (a ratio of a total cross-sectional area of the
openings in the chimneys to an area of the chimney tray including said
total cross-sectional area of the openings) of said chimney tray of said
continuous multi-stage distillation column E is in a range of from 5 to

40%.
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