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A VP85/ KAN s | NDUSTRI AL PROCESS FOR PRODUCTI ON OF
A0501H%%&§ TY DIO. Technical Field The present
invention relates to an industrial process for the 5
production of a high-purity diol in which a cyclic
carbonate and an aliphatic nonohydric al cohol are

INDOBHRY “ﬁdg{c‘;@gﬁﬁrggwﬁﬁ%ﬂ&sgﬁh%#'ﬂp@mpmlm:m

A “reactrive on is carri out, and a high

boiling point reaction mxture having the diol as a

mai n conponent thereof is continuously wthdrawn from

the bottom of the reactive distillation colum 10 A
Technigabfi@ld having a | ower boiling point than that of the

diol is distilled off fromthe high boiling oiPt
r Je poasenkinyentiennglatesieiatuin ustrﬂﬂ'tl?f-%ﬁ%% or the

distillation colum C having a specified structure,
produmtibra of @ high-parityodicd dnpshésh af epelic isarboneita @i an
multi-stage distillation colum Cis fed into a
aliph&08trh 8wy dfid hicaticigaralicontinuaiugiy fed imo &reacting 15
a specified structure, and the high-purity diol is

distin%?qari BHANRYAOPEAENGE distillatdres eafriednporeand &f hidre boiling
colum E. Background Art A reactive distillation

point_ﬁ:fe%_%‘?ﬁ Hﬂ&ﬁlﬂ’eoﬂ%iﬁt@eddiﬁll Id aGRRRY R3NP oRBnHePeof is

rough react| etween a cyclic carbonate and

.an_al [ phat,i no dpi.c 0 j LisEl

cont ol BRAG AV AN i PEH UL 448k HBRRR cotumn
Japanese Patent lication.Laj,d- n a4 A4 oa

A, maGrGhh s enowsT bafiiie 8BIpEHRR TRBLIST de gt ¢ distiled off
Lai d-.Oﬁen ~No. 4-230243, Patent Docuynent 3: Japanese

from the drighMppilinchpoint PeRetie-MebdNIRISI0919 6O INUDYR
Docunent 4. Japanese Patent Application Laid-Cpen No.

multiostag@7 distilFati entcadotuménhaging s apesified sipsdure, and a
VP85/ KAN

column bottom component from the continuous multi-stage distillation

column C is fed into a continuous muilti-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: Japane‘se Patent

Application Laid-Open No. 9-183744, Patent Document 5: Japanese
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plication Laid-Open No. 9-194435, Patent
AOSO1D§%§M Internati onal Publication No. W97/ 23445

(correspondl ng to European Patent No. 0889025, and

U S. Patent No. 5847189), Patent Docunent 7:

I nternational Publication No. W99/64382

C ing: 4 n d
Pate @5{)@3?@% rgg.& ?ﬁé@%@fa@ 04488 Pient %@%@nt@

: Pat ent Docunen
ver i OB YONG QR EhadPoriEiingeto Euoreen
PaterhNenOBaRN 7 aena LS Batpah NG, 5980355063l bEEHTOnt 7:
Docunent 10: Japanese Pat ent lication Laid
lntermaBM9cathm%d“{@?@fﬁ@ﬁﬁl(p%ww W%%) iﬂmpean
such a reactive distillation systemis used have

Paterstuliee 388940 abnd WeBn Prateotl Ny. 684#6638nPFatpet Qawement 8:
Patent Docunent 11: Japanese Patent Application

Interh&tien & Puthicatio? NG 30 00046 1 254 diedir negs pondung ped&ruropean
Pat ent No. 0530615, and U.S. Patent -No. 5231212),

Pateﬂﬂaﬂ%nH 1M@nana2u dapanene Nt 8479688 | Paitent Document 9:
Lai d- Open 15 No. 6-9507 (corresponding to European

Japangé%grﬁa% néﬁﬁé%éona[‘glouo% iRgd epboblazpBabI] Fitent

i gnt Japanese at ent Application
wocubf i e el P S RO AN ObphpNe, 200191904,

and REleMRRRAGAAES PAvD m%ataﬁgbm? f&lveﬁb%m@ fb%ﬁ?m s

20 Appli cat Lai d- Op 003-342209 |
useddravi Bbapauantlt Ajso haan filad b, olger Sanipaniay Lsee Fatent

reaction, the reaction can be nmade to proceed with a
Documght ddnvapsrese RatentApplication d ailsOpenalioo p—213830

processes proposed hitherto have related to producing
(correbpodidihg\tb EaropeantRatemt Nbe GE306 6t And WrS sRatent No.

anmounts or for a short period of 25 tine, and have not

523104129t Fhteat GoEYindhto12: JApanesaurPatent Appdication Laid-Open
i ndustrial scale stably for a prol onged period of
No. 616507 (@3 rdspohdRPtP EUrRPYRM PaABRO NY/PES688M2, and U.S.
Patent No. 5359118), Patent Document 13: Japanese Patent Application
Laid-Open No. 2003-119168 (corresponding to international Publication
No. WO03/006418), 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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_AOSO{:gégﬁﬂ%ﬂattal ned the object of pr odu0| ng a di ol

sly in a large anount (e.g. not less than 1
ton / hr) stably for a prolonged period of tine (e.qg.
not | ess than 1000 hours, preferably not |ess than
3000 hours, nore preferably not |ess than 5000

have wgﬁtatﬁe&gﬁ?%‘@g@l %feélfb%lt@ﬁg:%“alﬂfibéﬁﬁn@h}sn? in a large

anet and nunber o

o855 BB YIS TATAAMIOH AR R Ao o
e 3 A Fan R HAES b frhi S oo rove

(DMC) and et hyI ene glycol (EG fromethylene 10
morecprefenably ant 183 1BAD 58P@ h@UIS). Table 1. Table 1 3
A0501 VP85/ KAN TABLE 1 PATENT H: cm D : cm NO. STAGES
. RoPexample, the maxirnosunNesiof tiee hedghb (b7 zmbodiameter
160 5 40 0.213 NOTES 5 160 5 40 0.358 NOTES 7 200 4
(D: chﬁ MNEnUrh BN Bitages (h)58BtINOTEabtive disTiHldtidn eédlumn, the
40 NOTES 9 NOTE 1 5 60 0.161 NOTE 5 10 NOTE 1 5

| Uliivd( s col
e AT 5, TN o W s

roalSTEr T ot ek i P i

dimethy! carbonate (DMC) and ethylene glycol (EG) from ethylene
carbonate and methanol are as in Table 1.

Table 1



AOSO'I% OLDERSHAW DI STI LLATI ON CCLUWN. NOTE 2: NO
ON WHATSOEVER DEFI NI NG DI STI LLATI ON COLUMN.
NOTE 3: ONLY DESCRI PTI ON DEFI NI NG DI STI LLATI ON COLUWN
'S NUMBER OF STAGES. NOTE 4: NO DESCRI PTI ON WHATSOEVER
OF PRODUCED AMOUNT. NOTE 5: NO DESCRI PTI ON WHATSOEVER
REGARDI NG STABLE PRODUCTI ON FOR PROLONGED PERI CD OF

TIME. In Patent Doc BhE se Patent

Appl i cation Lai d-QOlTh =30P936), it is stated
par agraph 0060 that "The present exanple uses the
sane process flow as for the preferred node shown in

FI G 1 5 descri bed above, and was carried out with the

P OB of - oper Ie appaLal Us, £ or - .
DOGUM NSF nt *FMe hﬂg@a bong@ %‘@G yi'ene cFl ‘Sﬁ’h’ T:hr
Al IR A A SV O Sl N AT
t@at tHe 16011 pwi By nfmerical vAQes in the |pihaddy NOTE 5
exanpl € Icqgobe adgqua1 ely 10 useqpin the operauaw ONOTE 5

B0 &, | ERCKNG BN (Do, G526 | NOTE 5
si@eci f i |INOTE b} odéced] 4 A0501 \mss/ KAN The |sdhl40 |NOTE S
d@SCrT Uei@'o"l'&‘i nat gexappl e corresmnds to an anmyel |NOTES

nr.aoduct 20000
uuuuuu LA ATA AVA% S—HB+r€ L Ullo UI UI IICLI

19 bondt’éngnH hefe {his inplie®ihat opera 219-161 A NOTE §
t{¢ wor| d'2g0l aj geg S{RACKINGTCOLUMN (Resctiig)|si 0358 hi| NOTE §
P17; g (MOTEZENDTE2] o) O HOTES e of 19956 |NOTE 5
Db3 urreng NOTE(3 hN&TES3 | Pat ent App#2 cat i on Lai dN@T&4I‘pkN°TE5
cYP45- ﬁng .2002) . Howver even at249¢ |NOTES

BB ol 200 o s | DN COLOMILEXL . -, 15 T TNOTE §

NOTEY SHLDERS ﬁﬂm ©GRURMN. Application
Noﬁgdﬁﬁﬁ% ﬁ? eﬁifﬁié#m:ﬂé%lmxﬂw GOLUMN.
NOTE 3 : ONLY RIFTION b DIS_TILLATION COLUMN IS
NUMBER OF STAGES. -

NOTE 4 : NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.

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

In Patent Document 14 (Japanese Patent Application Laid-Open
No. 2003-300936), it is stated paragraph 0060 that “The present example
uses the same process flow as for the preferred mode shown in FIG. 1
described above, and was carried out with the object of operating a
commercial scale apparatus for producing dimethyl carbonate and
ethylene glycol through transesterification by a catalytic conversion
reaction between ethylene carbonate and methanol. Note that the
following numerical values in the present example can be adequately
used in the operation of an actual apparatus”, and as that example it is

stated that 2490 kg / hr of ethylene glycol was specifically produced.
4
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I is stated for the anount of dinmethyl
AOSOﬁg(PégH%Ig produced, but the vyield for ethylene glycol

i s approximately 85.6% and the selectivity is
approxi mately 88.4% and hence it cannot really be
said that a high yield and high selectivity have been

The 596 OI@' a&&erib dpiﬁrlﬂ'I&%ﬁémp‘l@%dﬁ%ﬁ@hﬂ@tﬁovahyannual production

cates that this process has a fatal drawback as an
of 30F@€(isrﬂtrrlb§(gﬁ#§£{§r §Pﬁfl&ne‘?ﬂ EééF@@i?teéﬁl\Qip Ift%tig? ttfgﬁé implies that
overaek i BorsdRI iSO ASh TSI A e proces

h b t ed h
nad kan MaraEcbAuh AdBest el éhaBine) henpasy tapelicaion for

fluctuation such as conposition variation due to
PatentBacumenhd 4 thaparese dhatenti Appbiaatios kaid-Open No.

distillation in the distillation colum, and .
2003t 300988) YAPrilad | 2002). artowesesuevenaat the dime roftfiking the

columm, and hence continuing stable operation for a

presé’ﬁpbﬁbﬂedn@w ithdrefisthorthe abidvenfactcabapani Morepver, in the
ficulties, and in particular these difficulties are

exanfylbtgﬁpaﬁnt W&ﬂﬁ%ﬁt'ﬂ gmépﬁﬁéﬁeqﬁawldhpﬁﬁcbmmld -Open

0 cont |nuF mas production of a dialkyl
No. ZBRTE Tk tactfinklon avéﬁ&fsg@eﬁr@%m@wga*"cu'ated
valuggs stated 19 bt hilo? sttty icarhorite pf dfliced, but the

t b I I d [ th I
I o S i

prol onged period of tine with a reactive

apprakinateiyt &5&#%: @rek Bepcepdeantot FrrANY h?a§abéé|ﬂat Rehigh vield
200 to 400 hours in - Patent Docunent 1 (Japanese

and Rigtese|éptpvity 4td e be@irdataénedo. Indpadiuiay, thelleytsglectivity
Docunent 2 (Japanese Patent Application Laid-Open No.

indichté3QR4d)thisTbeopeesdds anfetal drawhack ascposedustrial

i ndustrial reactive
production process. (Note also that Patent Docume_nt 14 (Japanese
Patent Application Laid-Open No. 2003-300936) was deemed to have
been withdrawn on July 26, 2005 due to examination not having been
requested).

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

increased in the case of handling large amounts. To continue mass

production of a dialkyl carbonate and a diol using a reactive distillation
5
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ksiid,] ation process that enables a dialkyl
A°5°1<1:‘2F85ﬁ%'g and a diol to be nmass-produced continuously

and stably for a prolonged period of time wth high
yield and high selectivity, but in addition to this, a
process enabling a high-purity diol to be separated
! 14 ipeid ! ARl whiRbhaihedindng high yield
proce%lé ?@mgﬁ‘%’ ép?gi%r?b?? rgr?(r?%m a high boiling poi n? 1g

prol ong erio

et HRCHAIERS 10, 4S50S SRS MDYy i, 4 process
st 5 By Ao A R s OB B yrous

havi ng been called for. The present inyention_has
stablgRre sl Godor @ BralangedParias SLUMaWLRFFSARITRD! o

1, with the exception of Patent Docunent 14 20 .
distillalapapeoceBbst propogad hitinerte has begpetheyg00 to 400 hours in

2003- 300936), the amobunt of the diol produced per
PatefoDio cighant rieptd pame sé RatdratApplipatioasisaid-Opapdied

hitherto has been a small anount. Moreover, wth the

4-19919¢Fend PlatBat Diciiaenrent)ddandspaPatentPapplitation
pl1cation Laid-COpen No. 2003-300936), it is stated

Ap
Laid- n ApEr Axbapbaky. 2490 kg / hr of ethylene 25 gl ycol
cant ai ning approximtely 130 kg / hr of unreacted

ethyl e r j : S 19
ai TaraResi R ra Nyt BESR RSBy 1GHslial Stce
. ..pbtained as a . cql um bottom ¢onp 0

aioiigh B SeBRe S P TRl it Co LR A1 B be

statenment of the conposition of the reactign m xture,.
masg-pEPEUEErngOAENHEYEY endoﬁt%wtfs%e%f°§9ﬂ%?@cﬂf€ﬂ?%r9f§fﬁ“"e

a hi gh-Furit diol. 5 As a process for producing a :
with bigh yoeld enat high setedfivityir Puy inaddjtiondgcthige 2 process

distillation and a diol purifying colum, a process is
enabfimgyia high-phirith dibé taibe sepacbted mad andmpurifteddnadarge

of the diol purifying colum. For exanple, in the _
amo@%ﬁﬁt’étﬂx(ﬁirﬁa ;ﬁ_bmngé’_dtcfm‘ﬁio@aﬁum fricin (a) hpgind=ailing point

Pat ent Application Laid-Open No. 6-9507 (correspondi ng
reacliBnEwigREB continuously withdrawn in a large amount from a lower
portion of the distillation columh 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 distiliation 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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No. 0569812, and U.S. Patent No. 5359118)),
A0501;9ﬁ|§§mi ling point reaction mxture withdrawn from

a lower portion of a reactive distillation colum is
fed into a thin filmevaporator (Ili), high boiling
point material obtained therefromis fed into a thin

obtalﬁébrﬁéf\éaé?@{)t aﬁrbét't?ﬁn cbfp BREh{ MHM A Rdurttvery adistiiation

mat er 1 al Ined therefromis fed into a distillation

c:olun‘?r‘?I U'ﬁb@évé}” {Ris 1?@5?%!}%5%1&3%' { &@%?S%ﬁﬁ} ?f the

hdedC lclon’po | m an enri C nent secti on_ 0
ronct 4 iyibih e oG S¥b BB BB Lo o of

. urlty et hyl ene glycol is produced in an anDunt
athBfP'QrBE/ §i9f hr. That is, in the process of Patent

Docunent 12 (Japanese Patent Application Laid-Op No.,

6-A% @7 pPoce 89 fPE HFOAWCIRG t&)dEi‘Jr@fpé%IﬁtWeﬁlléﬂl‘gNoPU”ty using
0569812, and U.S. Patent No. 5359118)), high-purity
reactaléwsdlamléagbmmdla diwit pokifingecolurom ehpratess i$HEnowny in

poi nt reaction mxture until four purifying

whictapRardiblsse sbiairsed drom astde dutrohthaaliel puhidyiprgpcotismn.
of Patent Document 12 (Japanese Patent Application

For e&%‘nﬁ’p@’% |02 eﬁa%?@lé (FI‘Gr SF 9 FH tedt Lo EYAIRAN2 2dapanese
Pat ent No. 056981 and Pat ent No. 5359118)) is a

e TRt L6 pee) o Woiew@%ﬁéagﬂgsﬁlrgﬁéan
Pateéﬂﬁ%‘)@i@a‘i 24 05" AT W S5 B B6A i
s bp SR i BT spspoexcyaa.rgacmszﬁlauon

(FIG I n Patent Document anese Pate
colunz\pprs.fwz e adhin lenexpopatss- @hﬁzb@& Qplhnghpomt material

boiling point reaction mxture withdrawn froma | ower
obtaipect theredfom is tatimtpeadinin iflimaevaporstemtiV)s tewdbeing point

a second distillation colum 4, high boiling point
evaporérd adaterial obthihkbdréferefram ikcfdd imto a digtitlalipsi solumn

reactor 7, the reaction mxture therefromis fed into
(V1) 2aHEcaimisbajiyed! iedbtained as a side cut component 22 from an
enrichment section of the distillation column (VIl), and then purification is
further carried out using a purifier (IX), whereby high-purity ethylene
glycol is produced in an amount of 2565 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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-l iquid separator 8), a liquid conponent
AOSO%%P%Bﬂ%therefromis fed into a third distillation

colum 10, and ethylene glycol is produced in an
amount of 19 kg / hr as a side cut conponent froma
stripping section of the third distillation colum

sugg 105'9"\@?{5&& r'“rép%?rd‘?ﬁ@fé&?e@%g?%‘??rodﬁ&%%‘%ﬂée

apanese I Ca

om0 554 b 6T 4 B0 10
poro e S Pa R Hilr, SO0 2%

t he process of Patent Docunent 15 panese_ Pat en
AdYpTreavetnin. £pe- e3P . exameshié!ﬁg) B) ap Ratant @R@Ufﬂe"t
further purifying apparatus is thus required. 20 That

15 (pransistd]PtahenbA@npémtafn bai 2+ peocN e 2006532240 e £ high
Patent Application Laid-Open No. 2003-342209),

boilirg} blbﬁrﬂnﬁe@d:t‘fonlmIﬂuc@tvalthildnhwhrfwrraasio@mrcpbrbunlmfta
installed in the stripping section, which is bel ow an

reactw& @ﬁstﬁ%t.&ﬁ%lﬂ.@nh n& qeﬁhﬁtdlétslelcbﬁd arstirtion .cdiumn 4, high
he purity of the ethylene glycol is insufficient,

bonhr?_:ggorw{r REMET él'l?ot%pﬁ?&stﬁe?éfr%% ‘?Qtfeaoﬁﬂﬂaé‘hyﬁo?y%ts reactor 7,

nese Ication Laid-Qp
2003- 34 2
the régpH, 1 L@rsoﬁ%e?s*’fie?ﬁ%?sa* hebis ?%%f%%‘aﬁﬁﬁ“%b
wes st rﬁ%qﬂa B) 3 GalE RSt B GG oo
a diol stably for a prol R&(ﬂ pe
into Q .thgd(@isglllq{mn ceddmim AR, @@ﬁbeﬁwl,e@e g d§eqrocﬁ1|ped in an

for exanple, exanple 10 (FIG 6) in Patent 5 Docunent
amount( ohil & kat/ilinak @side caticomuenendopey 9sstripping section of
(corresponding to European Patent No. 1174406, and
the thirg. didatiktioMeolAno609) )Hawed verx arith ¢he p(rlélo@sslgaf Pratent
Pat ent Docunent 9 (Japanese Patent Application

DocumbHt GA@ (U APand90 P AR Wp pliba tbnpuaid-D s N®@N2003- 342209)
glycol is obtained from a side cut outlet installed
the dtRyRFh&YiyEONBBiainge EORtANhsAD. £% By WeYgRUof 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 procéss of Patent Document 15 (Japanese Patent
Application Laid-Open No. 2003-342209), 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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A0501[1]91883Mﬂ41’ which is above an inlet for feeding into

but in each case the anount produced is a
smal | amount of less than 200 g / hr, there being no
suggesti ons what soever regarding a process for
producing a large anount (e.g. not less than 1 ton /

suggdtiont whilleviiiRldardifh & ptbeeadded preiduing’a lafge

g. not less tha hours). 15 Approxi nately
m. I lion _ton eqr, (2 f y, Of el
amoufit g 3onohaerinal T sah okl e idhe 5By for SChropnged
. through hydratj on , net in which water is added to
Per“-’ét‘?fy’!'g??e?%ogv-déqt L%Rﬁew?“ %@H&Mﬁs by the statement
“Production of EG (ethylene glycol) ,Ls_by a dr at,i on
r dereowenfingdor @mwnerﬁb example 1‘1)'14‘:?@6%0 ileﬂyafent
generally being carried out 20 ... at 150 to 200 C. At
Docunterst 8i(heternaticoralyP ublicationaNge WOQMMSAAEA (erresponding
(rmonoet hyl ene gl ycol ) produced, but noreover DEG
to EurdpethyPatenuNec 01974408, 3G Ut 8i SdighéMo.g6427868%) @nd
al so by-produced. The proportions of these products
examPABENYF RS, 4Hen PaRINt DECUPEMDE (AapdresB PaitenVEppliddtion
selectivity of approximtely 90% the water / EO

a
Laid-g:fé'ﬁ’ W.SQOQQA:??g@OH?, ﬂﬁ%lﬁfptgrw Sifiy1ehe! §1y20| 3§ dbtained from

ar ratio. arge’“ano wat ér nus t hus be

o s b T B S B 7 HES Ao
conutl 44 et o s SIel FoE GRHFR T HFEorlid B8t

i mper f ect rocess fromthe viewoint of er
each&?s%itbﬁ@ngum moslusact i a $al moqnt(gﬁ[;eafrﬁcl¥ha" 200 g/ hr,
Petroleum Institute (ed.), "Sekiyu-kagaku Purosesu” 5
there( bRing ocheupgastipnscwhaisopvepigaardi® agroasss for
Kodansha, 2001), this industrial production process
prodbemgadargdrambaritebgt hotesstthan pdospebt) ot aodialstably
et hyl ene glycol yield and selectivity, and the
for aﬁﬁ*&@?gdeﬁeﬂbde@ﬁﬁm $e\d.ngot I8s Hilssh BOOE hafurs).
nvent i on

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 150 to 200 °C. At this time, not only is the target substance MEG
{monoethylene glycol) produced, but moreover DEG (diethylene glycol)
and TEG (triethylene glycol) are also by-produced. The proportions of
these products 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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Pr to be Solved by the Invention It is an object
A05010Y88 esent invention to provide a specific

apparatus and process for producing a high-purity diol
by taking a cyclic carbonate and an aliphatic
nonohydri c al cohol as starting materials, 15

therm%‘?rkgﬂé}t?g}‘ﬁ %:.f@ﬁﬂ%é@ ih RISt art i ngyiRreganl ol $ymhesis of EG
contin us nu

ti-stage distillation colum A’ n which
at al yst, I (AL AR :

from BLCR T dfton Y iREatembfit <4, Qo HERGR 4 meariart,g

a low boilin 0i.n reaction. m.xture AT [({al.hg a
procegsoaERdng BB cl ROV REEREEYS) (Mo NEE At

nmonohydri c al cohol from an upper, poftion of the cglum »
Documant b (JepgasEou@IpumneBHIBHRAS: LS akbikaaaky BufSBesu

hi gh boiling point reaction: m xture AB cont ai ni n% a .
(“PetprchiemicaldPoocesses™, lpages 430t twn 26 Kedaashanr004); this

a liquid form continuously feeding the high boiling
induspdihprodactiopnproted sihasAgreatt drawbacksrbatisfrom the

multi-stage distillation colum C, distilling off

perspBtife ¥ tRavéthyiankaygcobgiikidgnaosdliectivity, tared toé t he
di ol contained’in 25 the high boiling point reaction

] top conmponent CT and / or a
porsiBiVE &S sBdiny {00 SO

e cut co 0 as to obtain a colum bottom
10 A0501 VP85/ KAN conponent CB, continuously feeding
the col umm bottom conponent CB into a continuous
. _lti-stage Qistillation colum E, and obtaining the
Disclgsyre és'"%eﬁ B cut conmponent Es from a side cut

outl et of the cantinuous mJIIti -'étarge distillation
cdPipiems \arkaweived; by $hgnlryi8MQMt o t hus 5 provide

a specific industrial apparatus and industri al e
priddecam ebjpcboédbe pregentriaviendigreiaiprevid® a specific
exanpl e, enable the high-purity diol to be produced .
apparatus aadopracess fiot predeciriga highepuritirdied &y takipg a cyclic
prol onged period of tine (e.g. not |less than 1000
carb&Rstes andl 8hekIpfthatie shohesydritaalcaiflladatastingunaterials,

preferably not | ess than 5000 hours). 10 Means for
contiAtloUsty fbBaifY thbSarting materials into a continuous muiti-stage
distillation column A in which a catalyst is present, carrying out reactive
distillation in the column A, continuously withdrawing a low boiling point
reaction mixture 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 Cs so as to obtain a column bottom
10
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T i S..,according to the first aspect of the present
A05°1i\qeém, there are provided: 1. in an industri al

process for the production of a high-purity diol in
which a high-purity diol is produced by taking a
cyclic carbonate and an 15 aliphatic nonohydric
o ) | . _—
°°mp?ht%“2f‘%?ségﬁ?'ﬁ[dhﬁ?%E?%ﬁtﬂoﬁﬁiﬁﬁ g, e SO aCs
. mater.ials intq..a conti : [z i SHH ¢k [ i
into 8P UR%:n"wﬂPaﬁfag%cs?%*ﬂy%e°'ﬁr§wa¥*3§"eﬁfa@%ﬁﬂy‘ﬁ@“ggﬂ‘te diol
reactive distillatiop in said distil.lati I
as a gig@ thsemoaenaﬁmﬁPm%a' et st ﬂﬁ“b%?cﬁ’?‘m&“
reaction mxture AT containing a produced di a*lf I
multi-sdaperdistil@iter gotumn BhatMerasxshydris @R ONIRE '%/ tBHS
an upper portion of the distillation colum Ain a
providasespecific indastriabappacatis andiindustsisl myoguetign process
boi ling point reaction mxture AB containing a
that ég’ge?)d@@ﬁbum A ri&&r]ielg 'éllﬁgm%\r bggﬁ‘:pgrporetfi(a:ilﬂ)eofha tll@agld+|:ﬂil':iﬂm didlde be
. . _ o m conti nuously
prodd&edli A% anto h 9 87 it less thaimt toepf birwtablyfor a prdlonged
,SQSO;HVPS_SI KAN AB into a continuous multi-stage
4 _ Ly ordd :
perlom;?il;pl a?%%)’i ﬁg{ a omgé?ﬁgfc}ls??ng pgi' rﬁr\é{f%gér?l m‘?‘gloefsst H;an
iol - cgntai ' j ' |1 q.@'!nlsreaction
3000%"?(?@&%&%36{55}%%:&:%?%%8% %@E@%O‘%ﬁ? a%’d/ or a side
cut conponept ,. and _continuously 5 withdrawi ng a
cM@ansptRK ﬁ\lw&gp@'f%ﬁm%&?'ﬂgvi ng the diol as agrmi n

conponent thereof froma | ower portjgn of the, . .
di Shal fat aesordingnie the diral 3sPact lotha REBSENY InwRANAY:
the col um bottom conponent CB into a continuous
theremafre |pr9umﬁdzji stillation colum E, and continuously
wi thdrawi ng a high-purity diol as a side cut conponent
1. ihsafiindustrsatprocess 16r the Iprodeictin of chigimpatrity diol in-
mul ti-stage distillation colum E; wherein
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:

() continuously feeding the starting materials into a continuous
muiti-stage distillation column A in which a catalyst is present, carrying
out reactive distillation in said distillation column A, continuously
withdrawing a low boiling point reaction mixture Ay containing a produced
dialkyl carbonate and said aliphatic monohydric alcohol from an upper
portion of the distillation column A in a gaseous form, and continuously
withdrawing a high beiling point reaction mixture Ag containing a
produced diol from a lower portion of the distillation column Ain a liquid

form;

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



nt conprises: (a) said continuous nulti-stage
AOSOH%?SY@S& on columm C conprising a continuous

mul ti-stage distillation colunm conprising a stripping
section having a length Lc, (cm, an inside dianeter
Dc, (cnm) and an internal 15 with a nunber of stages

As m{bca %ﬁﬁ{ﬁgﬁ?bfﬁuiﬁ@a % &idti Fd”ti@%o?@ﬁm en cctmvrh@aualy

an 1 fsi de |aneter

mthdig\ﬂ\tgeréa ﬁnel:?r’légg’%quﬁg?fq_\@ér %Bcﬁgﬁé ﬁt gt'gft%ﬁ's %dtol
cont%%glgqvgcggnf{)gqq‘g;)onIgréé%pél&Qe{ag&%?gﬁx@rg ﬁooao%él% \Aiin top

1000 5 Lc2 < 5000 (5) 50 Dc2 < %90 g6 25 10 ch
comppeent 66 q7d/oza side ZutaPMEPNaRd CsoandseaniBEBHRIN

Dc2 < Dci (9); (b) the enrichnment section of said
withdcawing i eolumin bolloaycompeonent G i baviog the didlas g main

| east one chimey tray installed therein as the
compdrgititereidigrom arlower pyrthaniafghiendistiliation lealemn C; and

one or nore 5 chi meys each havi ng an openi ng having a

cr ﬂ§ S@éﬁt.ﬁnabsw ege&nd en8)colaain Hoticty ¢dveplosrent! @z into a
(10) Sc <1000 (10), and each of the chi meys

coni 44l 4l i £ gpaetnsuen
withc}rra]%rinéoafh%ﬂ%&n‘ylaol as a side cut component Es from a side cut
outiet of said continuous multi-stage distillation column E; wherein
improvement comprises:

(a) said continuous multi-stage distillation column C comprising a
continuous multi-stage distiilation column comprising a stripping section
having a length L¢y {cm), an inside diameter Dc1 (cm) and an internal
with a number of stages nci thereinside, and an enrichment section
having a length L¢a (cm), an inside diameter Dc2 (cm) and an internal

with a number of stages nc¢z thereinside, wherein Lgq, Dc1, Ne1, Le2, Dez,

and nc» satisfy the following formulae (1) to (9):

300 < L¢y <3000 (1)
50 < D¢t £ 700 (2)
3 <Lg1/ Dec1 <30 (3)
8 <net <30 (4)
1000 < L¢z < 5000 (5)
50 < Dc¢2 < 500 (6)
10 < Lez / Dez2 < 50 (7)
20 < nez < 100 (8) and

12
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10< hc<80 (11); (c) the side cut outlet is connected

A0S0 ¥PBS/KANI d col | ecting portion of said chimey tray
of said continuous nmulti-stage distillation colum C
(d) said continuous nulti-stage distillation colum E
conprising a 15 continuous nulti-stage distillation
col umm rrprlél ng a stripping secti on( having a | ength
LEI (cm~¢ f%i de di anmeter DE1 (cn) zghd an internal

a nunber of st

a th SI de a
eﬁpoanmrﬂnsemerbtnsegtmao.q? saif GRplR B flliSage
i nsi de dianeter DE2 (cm and an internal \{\ntl 3@ .
distillatisecobimet Gdeas mtdeast one shi@neynay ipstailedgperein as
nEl, LE2, On, 20 and nE2 satisfy the foll ow ng
the |r'fternal atae( ammney(tzsy haviog hstalled theoein emp opmare
< 700 (13) 2 < LE1 / DEl < 50 (14) 3<nEl <30

chlmrﬁégé edrbAaving ldrRopeniig havifp a thosBEdedtional arga 33 (cm?)
01 VP85/KAN 2< - LE2 /DE2 s 30 (18) 5 < nE2 < 50

satlsf#ﬁé tﬁ&dforﬁﬁ]{a 182 (20); (e) the enrichment section

contlnu us multi-stage 5 distillation colum E

has at gepey tray install herein as
the [ nte nal‘ tchecﬁ% mmey tray havi ng(alftr)zc,t al |l ed

ot 440 ok M o0 Rl €8 et e
ert iR S 0 g wﬁw o
formula (11):
10 < he < 80 (11),

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

(d) said 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 Dgs (cm) and an internal
with a number of stages ne; thereinside, and an enrichment section
having a length Le2 ('cm), an inside diameter Dg2 (cm) and an internal
with a number of stages ng» thereinside, wherein Lgq, Dg1, Ner, Lez, Dez,

and ng» satisfy the following formulae (12) to (20):

400 < Lgy < 3000 O (12)
50 < Dgy £ 700 (13)
2<Lle /Dpr <50 (14)
3 < ngq < 30 (15)
600 < Lg, < 4000 (16)

100 < Dg2 < 1000 (17)
‘ 13
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opening of said chimey to a gas outlet of said
ADS01WP Natisfies the formula (22): 20 <- hE <- 100
(22); and (f) the side cut outlet of is connected to a
liquid collecting portion 15 of said chimey tray of
said continuous nmulti-stage distillation colum E, 2

the pro zﬁh%c;:ﬁ%ihg%dp item1, V\her@iqﬁ)ea pr oduced

anount purity diol is no ss than 1 ton

/ hr, 3._the process according to ite 2, wherein

a pl ur al9 tsy”%ihéa'gﬁt ages) of trays K Q‘]rgé ?ﬁgt her

provided in a_ lower portion of the in nals in a 20

| oner modRepsrPEwn of the stripping se Jon which is in

a lower portion of said continuous nulti-stage _

di(el)itheaehtehowenhaectioa of gaidi coativvmiays myisirtage

wi t hdrawn from an uppernost stage of said trays K, and
distil@iticar chbhamn E has \aetrleast memaichémhey traytinstal edithiefein as

reboiler, the heated liquid is returned into the

the irtiethil | fd ERiMAkYMay havimgirstallbdatherein @tdeadédwo
etween the 25 uppernost stage of said trays K and the

chiméé&?{%&ﬁ%h ih%\ﬁﬁ‘ﬁaér?%dmﬁg PViNEs crefsst§6ctibhaprireg Se (cm?)

whi'l'e emai ndér of the liquid is fed into a
clower . 1 5/KAN tray in order, 4. the
sat'sb?'age@? ﬁ%@gﬁgﬂlﬁ%ﬁ?o item 3, wherein each of the trays
Kis a ffle tr 5. the process a ding to item
3 or 4, gﬁé éfnsaﬁy‘?%si de di ameter chf?g of said
continuous nulti-stage distjllation col t
and eagl Pithe ehirppeysheng suendhaha R@'%émé.%'?vﬂg"?“ il
process according to any one of itens 3.to 5, V\{he{ieir{
openig ofkaid chimneye, a gas outlet ofgaid chimpepy@alisiios the
and nc3 for said continuous nulti-stage distillation
formahd (PR):.C satisfy respectively 500 5 Lc, <_ 2000, .70
tos Dc, 5500, 5< Lc, / Dc, s 20, 55 nc, 5 20,
1500 5 Lo@ & 1001000 5 Dc2 | (22); and
(f) the side cut outlet of is connected to a liquid collecting portion
of said chimney tray of said continuous multi-stage distillation column E,
2 the process according to item 1, wherein a produced amount of the
high-purity diol is not less than 1 ton ! hr,
3. the process according to item 1 or 2, wherein a plurality (n¢3 stages)
of trays K are further provided in a lower portion of the internals in a
lowermost portion of the stripping section which is in a lower portion of
said continuous multi-stage distiliation column C, a liquid is continuously
withdrawn from an uppermost stage of said trays K, and after heat is
given to require for distillation in a reboiler, the heated liquid is returned
into the distillation column C from a feeding port provided between the

uppermost stage of 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
14
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< 55 Lc2/ Dc2 <- 40, 30 5 nc2 5 90, and 3 5

A0501nﬁ§é8_ , 7. the process according to any on of itens
1to 6, wherein the internal in the stripping section
of said continuous nmulti-stage distillation colum C
and the internal excluding the chimmey tray in the

. jchnment section 15 are trays and / or packings, 8.
tray 'ﬁhruéHogér?’bcess according to item7, wherein the internal

in the strippin Sect,i f Lo C i i
4. t%lﬂfPPﬁégégg‘P%‘ﬂf‘Pﬁé’JtSﬁp b fiBren ‘gg{:hg&fﬁ%frayfng 's @
the internal excluding the chimey tray in the
baffleeHi@Y¥ehnent section is the tray and / or structured
packi ng, 20 9. the process accordj ntrzj toitem7Y o 8
5. thaqreioessaddcording o e & er 4, rwherain aPH@%‘;‘BéJééB*ete'" Des
according to item9, wherein said sieve tray has 100
of salccohfididus esulti-stage distillationpeniuinen G whes thadpays K are
cross-sectional area per hole in a range of fromO0.5
presdrt SatifflesDcik DiLhe process according to item9 or
10, wherein an aperture ratio (a ratio of a total

6. tABISGSAS heBaldf o @nyt BAehol Rems 3ore 5] mtyersindec i, e,
an 15 A0501 VP85 N area of the tray) of said sieve

ay 40 yhe ghri ghie eH 0% rRf nEgfer saficoMtMifous
Let Irﬁﬁ’%{jr{'@t'aLgcez’ g?%%’i ?%?POC%'E%ZUW Cn?é‘ in a range of
from2 tq., 15% . I ' ny_ o 00 70
multiz3 3R ptyIch coipln & RaBfiE TRl Vely b, ¥ilep2ea000.
of a total cross-sectjonal area l,es iLn
< Doy Fag08 Bt ey BRcare2this ehaet 2l JPOTRH G STHF.7Q < Dez
in the enrichnment section of _said cgnti nuou§
< 4001 bi = dicageDei st 40, A0 sreoEUP anfds3inngsakle of
from1.5 to 12% 13. the process according to any one
7. thle ptecesd acsorgingterany: oaof teaperk te 6, Mbeeeinathe internal
ratio of a total cross-sectional area of the openings
in théstripping section of said continuous muiti-stage distillation column
C and the internal excluding the chimney tray in the enrichment section
are trays and / or packings,
8. the process according to item 7, wherein the internal 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 structured packing,
9. the process according to item 7 or 8, wherein said tray is a sieve
tray,
10. the process according to item 9, wherein said sieve tray has 100 to
1000 holes / m? in a sieve portion thereof, and a cross-sectional area per
hole in a range of from 0.5 to 5 cm?,

11. the process according to item 9 or 10, wherein an aperture ratio (a

ratio of a total cross-sectional area of the holes in one tray stage to an
15
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ey to an area of the chimey tray including a
A0501t\|2§§$m¥§oss-s_ecti onal area of the opening) of sai dg

chimmey tray of said continuous multi-stage
distillation colum Cis in a range of from10 to
40% 15 14. the process according to any one of itens

area éf tRe } aﬁ”ﬂ?rs%'i sﬁéb tﬁgg%'tﬂ‘é"éﬁnﬁﬂrﬁénﬁbéﬁﬁon of said

St on co a colum bottom tenperature

continydafs g agRy %E’i'%g%&ﬂ"?éﬁ@mﬁ? it 87l Bt drom 2 to

continuous multi-stage distillation colum C has a
15%. col um top pressure in 20 a range of from 50000 to
300000 Pa, 16. the process according to an¥ one of
12. itherpyorass asCouMiage!it a8y @ne&fnttﬁmﬁaéstonﬁ t."‘n‘s%’%’é an
distillation colum C has a reflux ratio in ran

apertafefratin (a 3atio 6f alfotat beops-cansionalcaien ff th@ laqa‘?espo one
of itens | to 16, wherein a 25 content of the diol in

tray staige wlawmré@rbfqmaaqr)ltof@'aiidssme trays irhthe epgichment
ppm 16 A0501 VP85/ KAN 18. the process according to-

sectléﬁ ?foé‘@ld)ﬁohhﬁ%u]s hfulliZstade destitiationasslamin @ is ke a range
In said side cut conmponent Cs is not nore than

% Ia diol fed into the continuous nmulti-st
of frp /5 - stage
for 8“Stl Iﬁ;atl on' colum C, 19. the process according to

1o 98 Sedle g oy WY L it e, o
aperig,ggtrlgqu? rguzlg%gé‘)sét {Gal §d'5%t§'sl;<elacat$% al %9%%'3? tﬁeDE&ng Mgs in

20, 55 nE, 5 20, 700 5 LE2 < 30Q0, , 1 0 5 800
the chimnayeto anpapea af the chifpney tray ing 33%5

the process according to any one of itens

crossvsecdionalherea of itheco paning )not ﬁéi%tchllliﬁ'@%t@éfc‘t’f éﬁ'%nd
the enrichnent section of said

continuous multi-stage distillation column C is in a range of from 10 to
40%,

14. the process according to any one of items 1 to 13, wherein said
continuous multi-stage distillation column C has a column bottom
temperature in a range of from 150 to 250 °C,

15. the .process according to any one of items 1 to 14, wherein said
continuous multi-stage distillation column C has a column top pressure in
a range of from 50000 to 300000 Pa,

16. the process according to any one of items 1 to 15, whefein said
continuous multi-stage distillation column C has a reflux ratio in a range
of from 0.3 to 5,

17. the process according to any one of items 1 to 16, wherein a

content of the diol in said column top component Cr is not more than 100

ppml
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cont i nﬁous mul ti-stage distillation colum E excl uding
A0S0 VRBefk ey tray are trays and/or packings, 21. the

process according to item 20, wherein the internal in
the stripping section and the enrichnment section of
said continuous 15 nulti-stage distillation colum E

18. 6 S aFar AR pEROAS dfelisr g B Wiitein 2

contamueyaing Bl Pauk SRR BERRY C248 Rt BBr43nan g 5%
of e e oo 555 SRS 85

process according to item 22 or 23, wherein an .

19. aperprooessaacoo(ding to BoYoena efoteme Ao 18ehespin Ler, Der,
area of the holes in one tray stage to an area of the

Les / D@Y NG| Leaj Desi e /tDay, andtre ftrr$aish agntisyousnmeiti-stage
said continuous nulti-stage distillation colum E is

distilidtich coNgmrPE §40813500 <15% < 2DM@D, 100e Prace$00, 3 < Ley /
according to any one of itens 22 to 24, wherein an

r rakisy (fopat i@, ted0 & PgS-$600, BalLeg, / De2 <
Des Sgragatsgfgq?sﬂegho ’e?OPn— (I)"%é - :139%5% VP&?%?KAN tray stEazge =

t L f id si t in th
20, Tehiarde. Sa2FoR BFhsai d cont i nuous. mi ti st age
distillati I is i fof 20
20 3% pradrrgascortdiurainny B0 s & 1oty olie
wherein an 5 aperture ratio arati.oho

f .
interoht 0t dee SRR SacAn and ie arichiert Settfin of 531

an area of the chimmey tray including, a,total .
contiowesss padti-stege disttdadenteriugpek ﬁ@‘F"é@‘@aﬁ'&e ghimngy tray
tray of said continuous nulti-stage distillation
are te@ysiandior packingsange of from5 to 40% 27. the
process according to any one of items 1 to 26, wherein
21. Spicdprdesonidduraing vl itémseageviidminl thet irdernal imthe

has a col um bottom
stripping section and the enrichment ssction of said continuous
multi-stage distillation cblumn E excluding the chimney tray is the tray,
22. the process according to item 21, wherein said tray is a sieve tray,
23. the process according to item 22, 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?,
24. the process according to item 22 or 23, 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%,
25, the process according to any one of items 22 to 24, wherein an

aperture ratio (a ratio of a total cross-sectional area of the holes in one
17
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e r re in a range of from 110 to 210 C, 28. the
Aosoty%ggg&'gccordi ng to any one of itens 1 to 27, wherein

said continuous nulti-stage distillation colum E has
areflux ratioin arange of from6 to 100, 15 29.
the process according to any one of itens 1 to 28,
rej ' f i ol d L oSAl i ;
tray S35CiE AP B84 o thB'1rab of chid By, kit enrichment
.accqording to,.any ane of. itens .1 ' :
sectiffi it saicorofB U3 Mt Al fatfSn SHIGRELE B in & rance
not |ess than 99.9% Further, according to the second
of from Fet® 28%i he present invention, 20 there are
- provided: 31. a high-purity diol produced_by the
26. jhececest acePRYindtadNYRBERT itemsd 10 25, yNeigincan
conprises a content of high boiling point i rr?]uri ties
apertawmeiratio fadiatickgf entotgl geosscfectinnabacea pftheoopgping in the
and a hal ogen content of not nore than 0.1 ppm 25
chimAdy t& ShEreziof thie B pdupetndlndihg ot syoss-sectional
according to any one of itens 1 to 30, which
it iy i @idtintimipon s thakti-stage
area%%sgﬁé\r}g%@/)%%%gﬂg]hlggﬁay g'i%a){ Egl‘%eage gl ycol of not °

distilﬁiﬁn?bggﬁ%u%?[]ﬂea%@e'?ﬁ'f?@ﬁ'lpﬁ Papept of not rnore

rnore;, accor g to the third aspect

27. St B2 B BUEAS U HEFLE e Y B et s

continuous nulti-stage distillation colu E for
contipaiaus AIostane Hiztilatien colum & Rgs 4 srigmmpRatiom

diol by taking a cyclic carbonate and an aliphatic
tempesaturglin @ eanad@f EemsddPitag1Ratlerial's, the process

conprising the steps of: 10 (I) continuously feeding .

28. tihe pracessqarardinglte amy ore obitemacuto 27, wherein said
continuous multi-stage distillation column E has a reflux ratio in a range
of from 6 to 100,
29. the process according to any one of items 1 to 28, wherein a purity
of the diol in said side cut component Es is not less than 99%,
30. the process according to any one of items 1 to 29, wherein a purity
of the diol in said side cut component Es is not less than 99.9%.

Further, according to the second éspect of the present invention,
there are provided: |
31. a high-purity diol produced by the process according to any one of
items 1 to 30, 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,

32. a high-purity diol produced by the process according to any one of

. items 1 to 30, which comprises a content of high boiling point impurities

18
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ge distillation colum A in which a catalyst
A0501r§‘>é$ carrying out reactive distillation in
said di stl | 1ation col um A, continuously w thdrawi ng a
| ow boiling point reaction m xture AT containing a
produced dial kyl carbonate and said aliphatic

such gg %)Q:f'g l{yﬁe% %IQIf Q{Btaﬁldi‘@pﬁ'fariwt rﬁ?i‘rgnnaaﬁél 4 Ralogen

1on I n gaseous

ntlnuousl drawi ng a high boiling point
°°"tePZa&ft| tn"’}Fi' g ta| ning a produced diol froma

| ower portion of the dis l ation col n a liqui .
£ BHRD qrmqrqmm@ﬂnw e dfirg dspechPhhB gt WivEntion,
poi nt reaction mxture 20 AB into a continuous
thererane previggsl.di still ati on colum C, conti nuousl y
W t hdrawi ng material having a | ower boiling point than
33. thebntihuohs niuwti-stage distddation chbldmn §hape aicantiouaus
reaction m xture AB as a colum top conponent CT
multlﬁdiéﬁéfdﬂ;_tﬂlaiﬁaﬁ'&tbmmEnfmt cayirg dutamprocess| fpr producing
drawi ng a col um bottom conponent CB having the

a hlgﬁ'—é’uﬂ@ﬁ d@?lntﬁkrtaﬁﬁ'lg?%%ﬁ@tcdrbﬂ’n%@é drid@@raaliphatic

e di [lation colum C, and (I11)

N T

distillation colum E, and continuously wthdrawing a
step§,Phh-purity diol as a si de cut conponent Es from a
side cut . outle f con uous I e .
i @%i 3entionous v fred “%Hé‘? Sttt |W5&’J rﬁgn%ﬁ%&””"“s
said continuous nmulti-stage distill atl on ?
multleskagqamsjili@ﬂ@n cHMmAos whichia safalysgiis Rressn oﬁa"y‘”g
colum conprising a stripping section haV|n? a length
out reattivendistidlations inlsaid aistidatioe cobmnahdcantingmoatsiy
with a nunber of stages nc, thereinside, and an
withdrawingnznbwsbottirmm pdnat/relgcaohan@tthlrtao&r confaimng a produced
inside dianmeter Dc2 (cn) and an internal 10 with a
dlaIkWBJﬂ?EtoﬁEtétaﬁ'ga%am%thﬁi Asdsiehyadieraiicohlot ifrofcan upper
nci

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;

() continuously feeding said high boiling point reaction mixture
Ag into a continuous muliti-stage distillation column C, continuously
withdrawing material having a lower boiling point than that of the diol
cont.ained in said high boiling point reaction mixture Ag as a column top
component Cr 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 distillation column C, and

(111) continuously feeding the column bottom component Cg into a
19




10

16

20

26

nc2 satlsfy the fol | ow ng formulae (1) to (9): 300
A05015VE§51@%000 (1) 50 5 Dct s 700 (2) 3!9 Lci/Dci<_30

(3) 15 3 <_nci 30 (4) 1000 < Lc2 < 5000 (5) 50 Dc2
~ 500 (6) 10 Lc2 / Dc2 <_ 50 (7) 20 _ nc2100 (8) and
20 Dc2 5 Dci (9); (b) the enrichnent section of said

cont'r?@éléf ”nﬁﬁ@s-sﬁ"#h%é%;'ﬁi'?‘%'q"ﬁé? LimbeE, AR EOHERUOMy

winaso TR B ARHAE 1 oo
cross-secti onal area Sc 5 satis th

outlet of paid GEIYINURED N! 9861@9@ %ibﬁat'%cse\ﬁéﬂmgﬁ/pg&w

and each of the chi meys being such that a hei ght he
impravameht conspiidesopeni ng of said chimey to a gas

outlet of said chimmey satisfies the fornmula (11):

1Q2hsaidlcdritihuous maltiistagsi distidlatianicioduminsC comprising a

connected to a liquid collecting portion of said

cont@ﬂbﬂﬁ%u‘t‘i-@ta@h &t RN icovomn duhiprisingoa stripping section
istillation colum C (d) said continuous nulti-stage

hawnﬁ;lﬁ: lnlgage dfé’rﬂ‘q”?nﬁn%i’&@ [i8¥tef DEOEM) VG an internal

ation co um conprising a stripping
sect | e c
with Bﬂumgﬂ Q&a%tag%s H{;é?ﬁEFelﬁdé ﬁ)nd an rgrfibg %tgﬁéﬁbn
havngta lterh%rtﬁll?ggl {jcrh)agg fsrlxrél e dlamnet%t cz t(bﬁ‘ﬂ and an internal
with a number of stages nc¢» thereinside, wh_erein Lcy, Det, nce, Lez, Dez,

and n¢; satisfy the following formulae (1) to (9):

300 < L¢1 < 3000 (1)
50 < D¢y < 700 (2)
3 < Let1 / Doy < 30 (3)
3 <ngy <30 (4)
1000 < L¢z < 5000 (5)
50 < D¢z < 500 (6)
10 < Lgz/ Dc2 <80 (7)
20 < ng2 < 100 (8) and
Dc2 < Dea (9%

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

200 < S¢c <1000 (10),
20
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' l ength LE2 (cm, an inside dianeter DE2 (cm
nosotHBf

ternal wth a nunber of stages nE2
t herei nside, wherein LEl, DEl, nEl, LE2, DE2, and nE2
satisfy the following fornmulae (12) to (20): 400 <_
LEI 5 3000 (12) 15 50 <_ DE1 5 700 (13) 25LEl/

and ofob ok K E o d o RSt Rl

50 (19).and. DE1 < DE2_(20). h ' ki
°Pe“'§‘@c§fl8%'@ﬁ$‘§m’beycb%ﬁ ﬂaéu@'%f ?} S§ 'gg%nmdf%%ﬁ'asﬁeosnthe

colum E has at | east one chimey tray installed
formuladildi)n as 25 the internal, the chimey tray having

installed therein at |east two chi meys each having an

openi ng Haw hg ©86r oss-sectional area 1§E)i(crrﬂ) 21

A0501 VP85/KAN satisfying the formula (21): 50 5 SE 5

2q@e) theljideacdt catletds connediachtya higuid) collestingnpostion of

hei ght hE (cm) fromsaid opening of said chimey to a
said €@EnAgy|tehy off saiddcohtinneyssailltifstege Hestiltation mdlamn C;

(22): 20 < hE <_ 100 (22); and (f) the side cut

ou(fd)e!fai%f cbAtiANBUSCIetitstaged i Ifhteen lctuiry Epootripmising a

of ' said chimey tray of said continuous nulti-stage

i stil i e . . i tion
cont;ﬁlbég.v:.sl r:n%tlilosﬂagg ﬂfn?nin%tim?"bolﬁﬁﬁl Eeﬁiﬁﬁﬁﬁ%a%{’rtﬂv\%ﬁb% i

at1 on according to I'tem erein
havir?gf %llll%r ghhmméf‘grﬁ),Sgﬂgi?@dé’fdiéhaé’t%rrbé‘f iy dd¥'an internal
with a number of stages ng; thereinside, and an enrichment section
having a length Lg; (cm), an inside diameter De2 (cm) and an internal

with a number of stages ng; thereinside, wherein Les, De1, N1, Le2, Dea2,

and ne, satisfy the following formulae (12) to (20):

400 < Lgy < 3000 (12)
50 < D1 s 700 (13)
2 < Let / Dey < 50 (14)
3 < ngq <30 (15)
600 < Lgz < 4000 (16)
100 < Dg2 < 1000 (17)
2 < Lgz{ De2<30 (18)
5 < ngz < 50 (19) and
Des < De2 (20);

(e) the enrichment section of said continuous multi-stage
distillation column E has at least one chimney tray instailed therein as
the internal, the chimney tray having instalied therein at least two

chimneys each having an opening having a cross-sectional area Sg (cm?) .
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I tion of the internals in a | owernost portion
AOSOH?WEﬁQ% ripping section which is in a |lower portion

of said continuous nulti-stage distillation colum C,
aliquid is continuously withdrawn froman uppernost
stage of said trays K, and after heat is given to

i ' jatillati [ boil er, the heated
sansfl’yi?@g:thg{d}h%%rﬁze illation in a reboiler e heate

isre ‘into the distillation colum C

froma feedj rovi ded bet ween upper nost

st age of&?éasg g%ﬁpsd)K and the interngﬂl’n t he

| ower t portion of .the stripping, _sectio i | .
and qasfaendbe Srmnevs aing 34k S8 A Be e e Saic

order, 35. the continuous nulti-stage distill atti on
opening @frsaid iRy §0td gascrutiet of saidshimney satizfigs the

trays Kis a baffle tray, 36. the continuous
formuihal ¢22)t age distillation colum C according to item

34 or 35, wherein an inside dianmeter Dc3 of said

conti nuoR® Lkt 4€icage distillation col um(22rend
the trays K are present satisfies Del s Dc3, 37. the

coffy itABOLiBentlit buBleRes idi Gdhhéstdd o eoliyand Goalemtimy portion
to any 25 one of itens 34 to 36, wherein Lcl, Del, Lc,

of said RHimAYy trdy©éf s zco'rﬁi?ndo@%wIlt‘légagé"%ﬁsﬂﬂﬁtibﬁfcoiumn E,
said s mult

- cont’l nuou i-stage distillation colum C
t . 0 V] t] i

34. 3boCoYnboys mlhfiue SIS IERRG Goi6inh, £ 3gBordihg fo-item

:5 20, 1500 <. Lc2 < 400Q, 70 < 2 .S:.400. . .
33, whesedh 2 Blaraty Glarcstacsy) ohtrays K qie; 4 Byr bigdiqyg in 2

continuous nulti-stage distillatiaon c?Iunn gbaccordLn
lowet pogtipnsobHee dnternals InA (Qwermagieitien RE IPRIIFIRAIN

in the stripping section of said continuous
sectionl which agendi sower axaréiorcof sahd caminuyers imuli-stage

excluding the chimey tray in the enrichnent section
distildaittohrenianamd@ 0a |jxankiisgsontituouisty sdthdrawndrom an

mul ti-stage distillation colum C according to item
uppetthodherRjd of kil NFey X, andtdieersheapps dveado require for

said contlnuous 10 nulti-stage distillation colum C
distillStibAant 4 3%boiRY, 1HE HHIBUNRGURK S vEtUT®ed into the distillation
column C from a feeding port provided between the uppermost stage of
said trays K aﬁd the internal in the lowermost portion of the stripping
section, while a remainder of the liquid is fed into a lower tray in order,
35. the continuous multi-stage distillation column C according to item
34, wherein each of the trays K is a baffle tray,

36. the continuous multi-stage distillation column C according to item
34 or 35, wherein an inside diameter Dc3 of said continuous multi-stage
distillation column C where the trays K are present satisfies D¢t < Deca,
37. the continuous multi-stage distillation column C according to any

one of items 34 to 36, wherein Lci, De1, Let / Der, nNet, Lez, De2, Lez2 / Deo,

Nce, and nes for said continuous multi-stage distillation column C satisfy
22
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Lapey tray in the enrichment section is the tray
AOSOLF{E’S%Wa structured packing, 40. the continuous

mul ti-stage distillation colum C according to item
38 or 39, wherein said trays is a sieve tray, 15 41.
the continuous nulti-stage distillation colum C

FBSP%%gB%tQLEE eSEEOﬁ%’, W%rﬁi A ss?;b@ % g;’lﬁmt’ Wc1h§32d01;29 < Ney

S 1
I"es In'a sieve portion ereof, an

C -secti l~~ar r. hol,e 4 ran f Lr 5
< 20,1835 s 93000, shBrado a0t § i Er20 s 5.t 2P ez <
columm C according to item 20 40 or 41, wherein an
90, aES’eﬁ%F@M%?Em (aratio of a total cross-sectional
area of the holes in one tray stage to an area, of fhe
38. ithaygonfinuaug multistaggydistiligtien solumn fyaseefding 1 any
said continuous nmulti-stage distillation colum C is .
one ofnitam=B8etcB7f memereindhesmtessal iméhe attippingsection of said
mul ti-stage distillation colum C according to any 25
continewef multnstade HistdfatiohodummaiC aper the enteshats gxcluding
ratio of a total <cross-sectional area of the holes in

the cAMANd\AYayt RPthd @nmiitihent dedtith aréitrays aliiot packings,
VP85/ KAN Of said sieve tray in the enrichnment section

Al du: - - Cap . .
39. thePBbAABBUs M- sd Jisthiaifofl G LimrFiC BBCBAMTIE itom
[ ti.- e .disti ' .ol j
38, wiie'djn hRCheSkah] It Bt bRt seotiS ¥ ndle ddntitious
ratio of t ot al cross-sectional area of th .
multippiage isiiating colHmRR 1€ sherirareands e ntegfiahaxpiuding
tray including a total cross-sectional area of ,the
the chimeawavon thaienrighmesay &qcéip%f'ségﬁo"%rﬂ'? h U@
mul ti-stage distillation colum Cis .in a range of
structuosd Yaaking0% 45. the continuous nulti-stage
distillation colum E according to any 10 one of itens
40. 3hd ?oﬁtﬂinudw aiultitiageDBistilidioh dBummEl accErdirmEro item
LE2 DE2,

38 or 39, wherein said trays is a sieve tray,

41. the continuous multi-stage distillation column C according to item

40, 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 0.5to 5
cm?, |

42. the continuous muiti-stage distillation column C according to item
40 or 41, wherein an aperiure 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%,

43. the continuous multi-stage distillation column C according to any

one of items 40 to 42, 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)
23
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an for said continuous nmulti-stage distillation
A0501c8g§%satisfy 500 LE1 <_ 2000, 100 DE1 5 500, 3 s
LE1 / DE1 <_ 20, 5 < nEl < 20, 700 < LE2 3000, 120
<_DE25800 3< LE2 / DE2 s 20, 7 5 nE2 <_ 30, and

DE, < DE2, the continuous nulti-stage
o sS4 BRI ARG R

multwa‘ipss"ﬂ&si@@até@%q Vi Gl Brienige of (o A F AP0

imMmey tray are trays and /
44, eamm@@gowmunasaasedqi@tmq‘?mrf ﬁra%uﬁnagc%fﬂapdﬁonanv
to item 46, wherein each of the internals.in th
one oftitepys 33 toedBj wrheneintare aperévwe atierda salie @ 6‘Pta'
said continuous nmulti-stage distillation colum E
crosssektidingg drea ohtmeapeniags i the chimpeyssto ancarea of the
continuous nulti-stage distillation colum E according

chnmh@y't“é?ﬂlnéﬂudn‘/@@é qblalseigk -saytionad areavef theyopettings) of
he continuous nulti-stage distillation colum E

said %ggr‘ﬂ[w@'y”gagﬁf f ﬁtﬁﬁmd&‘ﬁﬁﬂhnsﬁa@& dedeNatibhasoluasn C is

nQ in a sieve portion thereof,
area per hole in a range of from
in a %’ ?ggpééhzggéo%a%%/ KAN cn2, 50. the continuous
age disti tion fp 4
45. Z%eoroa Bt agpeepﬁf}.ﬂﬁﬁ?%"? BRI ctGralg o any
total craoss- sectlonal les in,onedra
one af Hgas 33tp éﬂed”'@?r?'ﬁeLET1a9F1’o E‘séitgﬁsftﬁ?e LlEPa)pElzn{Gz ! De2,
the stripping section of said continuous nulti-sta
and disfor baid eentisiueus Mmultisstage distidation solamn ' aisdy 500 <
51. the continuous nulti-stage distillation colum E
Leq €2000di1ap oDank 500¢ Dk LDt 20,59 < nbe<e?®, R0 < Le2 <
aperture ratio (a ratio of a total cross-sectional
3000 £20 &f Diehex BOES3 iknLph¢ DAy 20, a0 he, an3@r endoDek he Dez,

tray) 10 of sai d sieve trays in the enrichnent section
46. Ofhe Rofti/BU HAMSi-stage distillation column E according to any
one of items 33 to 45, wherein the internals in the stripping section and
the enrichment section of said continuous multi-stage distiliation column
E exclpding the chimney tray are trays and / or packings,
47. the continuous multi-stage distillation column E according to item
46, wherein each of the internals in the stripping section and the
enrichment section of said continuous multi-stage distillation column E
exciuding the chimney tray is the tray,
48. the continuous multi-stage distillation column E according to item
47, wherein said tray is a sieve tray,
49. the continuous multi-stage distillation column E according to item

48, 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
24
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Itl-stage distillation colum E is in a range of
A0S0 YBBHKAN 209 52. the continuous multi-stage

distillation colum E according to any one of itens
33 to 51, wherein an aperture ratio (a ratio of a
total cross-sectional area of the openings in the

» chimmeys to an area of the 15 chimmey tray including a

M total cross- secti onal area of the openi ngs) of the
chi mey _tray of

| cont.i nuous nulti

50. gheqantnvensdsulimsteoptishialianfglimh EXgserdine dgyitem
Advant ageous Effects of [nvention 20 |t has been_ fou

48 ort4 whedeiniiaryapgriure @&l(ﬁlf@t&)%@a%‘lf@' &ﬁesspﬁ%%té%'%a' area
provi ded by the present invention, a high-purity diol

of the hinlde inonedceyl stagenta ap@rea chiheitay) & &aaﬁ sieve tray in
al i phati c nonohydric al cohol stably for a prol onged

the sﬁ%p@fb gbctiomeobsaid comdiraicusimuitiabtage wdistillatign column E
yield (e.g. generally not |ess than 97% preferably

is in g%dggezgftfm 98 28% nore preferably not |ess than

sed on the cycl'ic carbonate used). That is,
51. 3FE0FahMuREs. "“Eeéﬁ R R oo ] € 880oreing 1o 57
one ofieme#BE R Sharllp R FS ”%E?.ﬂ{) FEfEE L,

not | ess than g 9% s reqU|r as_.a st

crossraestional dieao fa75Bg¥, %’“‘ng"ea of the tray)
produced in an anDunt of not Iess th

of sapd sievalrgys indhe essichmenbseshen ok Fa'%Pé‘"””OUS
preferably not less than 3 tons / hr, stabl far a

multips ta gen géstipetioodcalimn e ig én @ rmgewfsfgonhgyn
hours, preferably not |less than 3000 hours, nDre

52. nihef evAbinuow mmasstd@endmﬁlmahourcsz)lumm@mprdmgato any
process of the present invention differs froma

one Sﬁﬂ\é@?ﬁ‘é ined et hwhersirobncaperued yatioco(a paticest ai total
t hi gh-purity 10 ethylene gl ycol can be produced by

- r RiddE iPtREHIimAEYERbi am avehofthe
cros%%ﬁy&?ﬁé%@ﬁ%m tﬁ edcgtallw ty wt houY using a
chimln%rygFray including a total cross-sectlonal area of the openings) of
the chimney tray of said continuous multi-stage distillation column E is in

a range of from 5 to 40%.

Advantageous Effects of Invention

It has been found that according to the specific apparatus and
process provided 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 scale with a high
yield (e.g. generally not less than 87%, 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
25 |
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f water, and thus achi eves excellent effects
A0501Z\28§Mustri al production process that -

si mul t aneously solves two | ong-standing problens with
the conventional industrial production process (| ow 15
selectivity, high energy use). Brief Description of

ol LB o AT oA e
mexBE Gt 6 (o PRI LRRR M G U, o G ot o
ion G5B R SIS b 1053 R FBE ] e

nunber of stages nc2) in an enrichnment section, as
resinitotee paoducedhin eanameumti ohnet less thanuitondnr. gpreferably
chimmey tray stage being installed in the enrichnent
not lexacthiam Zabove /dr, imbes ptefenatity Gotlle sasthammdt tansmhrhstably
chimey tray, the trays in the stripping section and

for a Pi6lomyed Puresd dfeeiieo(e. g, natmdsisethan 40T houney preferably
aving a dianeter Dc3 of a 26 A0501 VP85/ KAN | ower

not Ié’%mé’ﬁ‘.ﬁoﬁ Moure! merdbratdrabipaivtledsaide 5000 holrs).
the stripping section, trays (nc3 stages) being

PrAELE8YeL B¢ BPogkb S ofitlepPe SERPTN S Gtith AMTBRS oM o

~.ContI nuous . ti-stage distillation

col.um E preferable for V] (I ‘ ;
convaRiERE aifY e HeacBrafdifigh Jfotisn MEuRERRH-pufity,

in a stripping section and gn enrichnment sectiaqgn
ethylpagpabical dan Be pradieed &Y fhe PIPGRRS stseiding 1o.the present
_ chimey tray stage being installed in th eqrithent
inventéan wth &bbigh anelchaed a high ﬁlect'zltVaWé‘?‘tOLf r$ingna large

chimey tray, the trays are omtted); and 10 FIG 3
amourst of s@terpand thiuswashisves excedentgféects as an industrial

distillation apparatus according to the present
prodident proceysiratbdineuftansoasly isojvesttwa langrsésading -

i nvention, which conprises the continuous nulti-stage
problems with the conventional industrial production process (low

selectivity, high energy use).

Brief Description of Drawings

FIG. 1 is a schematic view showing an example of a continuous
multi-stage distillation column C preferable for carrying out the present
invention, n¢q 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 ncz) in an enrichment section, as
internals in a trunk portion of the column, and one chimney tray stage
being installed in the enrichment section above an inlet 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 Dcs of a
26
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i SEi tion colum C and the continuous nulti-stage
Aosmgyébb}@i on columm E which are |inked together. 15

Description of Reference Nunerals Fig. 1 1. inlet, 2:
outl et of columm top conponent CT, 3: outlet of colum
bottom conponent CB, 4: outlet of side cut conponent

o tern
Iower%%rt??n dt tg\ E‘Jnllurﬁﬂoé riﬂ)a 5 dsgﬁ?égte‘?ﬁ?ﬁg?ﬁe s7tr|pp|ng
ght anoenln eytoagas
sech%,t V@ty ol? nrﬁ){@? ein RE}?Y}'%P%h%ernﬁt ri ppi ng
section of continuous, nulti-stage distillat {
CFlGeR is engeReMAyC yieWshRWiRG AN gxaMmple 8# a continuous
continuous multi-stage distillation colum C,
multiistageedisitilasian cotumenf preferablpiag casntingroet the present
continuous nulti-stage distillation colunmm C  Dc2:
invenitiosi, deg danden g s{agys of teays treingtinséaliedring stripping
continuous multi-stage 27 A0501 VP85/KAN distillation

sectiéRlaid @ eRHEhm e/t dectionrdspiedttveyohs dntermals dnea trunk
portion of continuous nulti-stage distillation

portlc?rﬁ" HAB orfe dHimhey iidy dtdge iR m%lal%‘&' Atthef eApichiment

conmponent ET,” 3: "outlet of Colum 5 bottom

sect|8ﬁr5]c?5\?%tanEﬁ1|ef W E RS, 8 aﬁaﬁir@é{;cgh@r’ : |n¥§t§a¥f the trays

changer

are ongt{%:gmq{gi“ d, 9: chimey tray, hE height (cm from

of chimey to a gas outlet of chimey,

LEI l ength of strippjng.section of on
(G- SUagh sepomalisisH ShEMiRG an SempleR ﬂqgt#ﬁiat'on

of enrichnment section of canti nuous 10 nul ti-stag

appatais Rcaerdingte the rresemt.investipn arefarable (femcaéfymg out
stripping section of continuous nulti-stage

the pdesent im¢e ptionpwhichE;oDE2Zisesthecontinuwesemyldiptage

enri chment section of continuous multi-stage
distilitsdm l[dodliron C and the continuous multi-stage distillation column E

which are linked together.

Description of Reference Numerals

Fig. 1

1: inlet, 2: outlet of column top component Cr, 3: outlet of column
botiom component Cg, 4: outlet of side' cut component Cs, 5: internal
(packing), 6: heat exchanger, 7:reboiler, 8: inlet of reflux liquid, 9:
chimney tray, he¢: height (cm) from an opening of chimney to a gas
outlet of chimney, Lci: length (cm) of stripping section of continuous
multi-stage distillation column C, Lc2: length (cm) of enrichment section
of continuous multi-stage distillation column C, Dg¢y: inside diameter
(cm) of stripping section of continuous rﬁulti-stage distillation column C,

Dc2: inside diameter {(cm) of enrichment section of continuous multi-stage
27



E. 15 Best Mdde for Carrying Qut the I nvention
A0501F\5P55M is a detail ed description of the present
invention. The reaction carried out in a step (I) of

the present invention is a reversible equilibrium
transesterification reaction represent ed by follow ng

. s | .
oA, 2 Y B TRARIEND AR Pt
o col RS i3 d@t%t%ﬁ*ﬁw Pl

represents a bivalent group -(CH2)m (mis an integer
Fig. 2rom 2 28 A0501 VP85/KAN to 6), one or nore of the
hydr ogens t hereof being optionally substituted wth

- inlah aRkyutistoobcotlunmnylopgcomponenh&rl 1 aotiehafgplumn
atons. Moreover, R2 represents a nonoval ent aliphatic

5 botto#f @uulm;bl@weﬁgﬂg,t0416uclmth1fnsmiteoaut commeonentrirse oF: inlet, 6:
hydr ogens thereof being optionally substituted with an

heat éxéhLéWgT e oup r@bc’ﬂé’ﬂ 08 Olfleh@fired@iuk liquid, cor imney tray,
at he cyclic cafbonate used as a starting

he: he |ft;(5 elg)rhgflz% Psphof g ﬁﬂh'e ntd & é‘a§@miétn6f chlmney,

e Iene 0 ) ovet ornu a. For exanple .
e B SCERI S 1 IO O3 s

colurfihk r say 18RS (emhycRaiEamBRLectPrPLARuRRous

carbonat e being nore preferably used due as fo.o.
10 multipstean drtilation column E.anBest 13 8Rc B BLRAlEMbARTIPPINg

particul arly preferably used. I\/breover the aliphatic
sectipnnohgdntiougiusoal tivstag eadistiltatie Aol umn E, Degz: inside

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

column E.

15 Best Mode for Carrying Cut 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
following formula in which a dialkyl carbonate and a diol are produced

20 from a cyclic carbonate and an aliphatic monchydric alcohol:

R RO _ OR R
7N S A7 +
0 - /0 + 2 ROH -— (I:' 50 / \OH
i
0
(W) (B) () (D)

wherein R! represents a bivalent group —(CH2)m— '(m is an integer from 2
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starting material is a conpound represented by (B) in
A0S0 MBBa formula, 15 one having a | ower boiling

poi nt than that of the diol produced bei ng used.
Al t hough possi bly varying depending on the type of the
cyclic carbonate used, exanples of the aliphatic

o o) RN AT RE AT T B ey e

- but en- al coh

with g &iiet 9oUR s, 9IY1 HR DRI S°12E<h3r°sya?%%?ﬁ*° %‘S'ha{'mwer

(i sonmers), nonyl al cohol (ll soners) {j *5 b
R? represerissi, monevajentplighatiq 95%%#&)‘”"90 dey1Z farbps atoms,
(isomers), cyclohentanol, cycl ohexanol,
one arymiovkept tehydrogeosctierteiofl beinghgptigpalyesibatituted with an
(i soners), ethylcycl opentanol (isoners),
alkyl E@btml 6t/ arphgreup hdvingeits)10 adrpboyatarhsxanol
i soners), 25 di nmethyl cycl ohexanol (isoners), _
d"FﬁQYd)Fd{Ri @Eﬁb‘é‘ﬁ‘@ie UsgeB5 < starﬂh@)‘h@b@?mhﬁwmlpresent
(i soner’s), benzyl al cohol, pheneth al cohol 29 A0501

mven\(ﬁﬁ?{%ﬁ\'ﬁ b‘ﬁgdr[gﬁ&)rﬁgpgggﬁké’& Eﬁfam lﬁ'tﬁ@@éé\)e féﬁﬁhﬁa For

t1c” nmonohydric al cohol s

exan@%obe Sikbﬁ%h,tg?é%cﬁp%t%gﬁggﬁtéé %?H%I%nséjﬁgrbéﬁate or propylene

cya

i e 5%@&55@&28@%%%-5-09& o

monohydric al cohol s, ones preferabl used are
the likecond|be paoferably us e cattiRNS: GRDONREOh PEPRYIENS
al cohols having 1 to 4 carbon atons, i.e. nethanol,
carbenatmbleingmopeegirefetailyrgged e t@)lﬁ%pf @AressEpgient and
In the case of using ethylene carbonate or propyl ene
so onaahdretryenetdarbormtecbeard paatieulanl e peeiditably used.
al i phatic nonohydric 10 al cohols are methanol and

et Nﬁﬂ%‘oveﬁ‘elﬂi@@llpHE'l@Qn@ﬁbhyﬁrJﬂoaaIc)ohqﬁrLﬁieed &y the lother
the step (1) of the present invention, a catalyst is

startﬁéjﬁét‘ér@hl ggé ;%f?ﬁﬂngghﬂggartef]@%fs‘dﬁiéddbft(ﬂ) liat i) ap@veTbrmul a,
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 aicohol include
methanol, ethanol, propanol (isomers), allyl alcohol, butanol (isomers),
3-buten-1-0l, amyl alcohol (isomérs), hexyl aicohol (isomers), heptyl
alcohol (isomers), octyl alcohol (isomers), nonyl alcohol (isomers), decyl
alcohol (isomers), undecyl alcohol (isomers), dodecy! aicohol (isomers),
cyclopentanol, cyclohexanol, cycloheptarnol, cyclooctanol,
methylcyclopentanol (isomers), ethylcyclopentanol (isomers),
methylcyclohexanol (isomers), ethylcyclohexanoi (isomers),

dimethylcyciohexanol (isomers), diethylcyclohexanol (isomers),

phenylcyclohexanol (isomers), benzyl alcohol, phenethyi alcohol
29



10

15

20

25

cata be present in the reactive distillation
AOSD'ICWW may be any 15 method, but in the case, for

exanpl e, of a honbgeneous catal yst that dissolves in
the reaction |liquid under the reaction conditions, the
catal yst can be nmade to be present in a liquid phase

nombEe TR TAQ B B, Ll nes
oS 5kl Sk 55 S LA AT %ﬁltgﬁms

I iquid under the reaction conditions, t cat aI
as halegene, lawer edkogy Gresps; GYanhereeRs: @E}fp rtx) groups,

di sposing the catalyst as a solid in the reactlve

aryloxiycarddratli groups, Lacy loxlyegro ups, hanid Nitip JEPYBSbe used
in conbination. In the case that a honbgeneous

caypkyueh aliplatitimoaotlydriccdicohals, 2hashpretaratilyaised are
distillation colum, the honbgeneous catal yst may be

aten§yalidre prsferably alodkhols hawing 1
alcohfo%j matlgogngﬁﬁggr?gh% A05>O/1 VPSElKAN alsgohol or may

to 4 ééerpo%d }&m@t i% dinle ftﬁ%ﬁm S0sd |0rﬁ>rb?;ocee é%ﬁhblrﬁﬂ and

eria ereacmn’actua s in the

butar{mséﬁl;]éh:;?té' gat Zf>}§|§ ?%]Q?%th?%h méﬁ\gew?o&?ﬂé bPbrapylene
carbdnale 85 1P ¢¥EIS casbaRAt %‘Lﬁf%‘fﬂa&@éf’%‘ff’dﬁ% WoRGhYERR

the start t | f ed al
alcohals resmathanciiant ibanol: mesband) Seinahg LA ALRs 7

stages, nore preferably at | east 10 stages. Mbreover,
preferabtene case of using a heterogeneous solid catalyst,

the catalyst nust be present in at |east 5 stages,

prigi thalstgpal) bédhe presergenvent®moa e:qriabfairlabmldﬁ to be

| east 10 stages. A solid catalyst that al so has an

pres@fﬁtf Afh Asadivadisnlatibnt delumntA.l | FHeometblodrof making the
al so be used. As the catal yst used in the present

cataly QY B bR M (e R oy b 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 distiilation 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
can be made to be present in the reaction system by disposing the
catalyst as a solid in the reactive distillation colymn; these methods may
also be used in combination.

in the case that a homogeneous catalyst is continuously fed into

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

together with the cyclic carbonate and/or the aliphatic monohydric
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include: 15 alkali nmetals and al kaline earth netals
ADSO1SVRBSAAN | t hi um  sodi um pot assi um rubi dium cesium
magnesi um cal cium strontium and barium basic
conmpounds of alkali netals and al kaline earth netals
such as hydrides, hydroxides, alkoxides, aryloxides,
and am des; 20 si,C : [ 4 i
alcond af Y b fae T 2e SRPERERoRlIGH 18, the Statting aterials.
bi car bonat es, and organi c, acid lts: tertiar ]
The reaghomsactyabnpranshe I inssaianan o RN ATRdeh
and ben;gldiethyLanine; nitrogen-c nt ai ni .
belowthe regitieat at whishdhadcatalys h%fefganNﬁé‘idzﬁﬁayPr'&'%s,
N-al kyl i ndol es, oxazol es, N-al kylim dazoles, -
prefehallekio Pyedzbieesatalyatiintoos aegipprhetwaen the top of the
al kyl pyri di nes, quinoline, 31 A0501 VP85/ KAN .
colunth laddithepdgition(s b atwhich thes staiting seaisrialisi arss fed in.
acridine, al kylacridines, phenanthroline,
The caétEYJ'é%hﬁnthE P‘ré@éﬁ_t i)t 18la@k st Ay &y gvaﬂeﬁaﬂimes,least 7

pyrazi ne, al kyl pyrazines, triazines, an

A : , e h
' stag%,?Zﬁlgtlé@%ﬁ%ﬁb&ggéﬂgﬁg@@éﬁgﬁsgugi a?gbi cycl ononene

( ;. thalli 0 : ' '
{ T pakEhat HHR SHSBUHS iy R nBTotdlibnq ot REIRF catalyst, the
carbonate, thalliumnjtrate, thallium e
cataly AL ISP BrRIARANtE At 15A3C5 $ERes ISTHIRBY 1688 7 stages,
tributyl methoxytin, tributylethoxytin, J[O
moredgpirfeyabat heagt iR, si@aasy | & Gatalyst that also has an
di but yl di et hoxytin, dibutyl phenoxytin,
effectiigsharpacignigoxy then distibatipnicolume ey, alsp; pauaad n
chloride, and tin 2-ethyl hexanoate; zinc conpounds,
suab the datalybbxgsidnin thie @rieseytiineention, any of various

catalysts known from hitherto can be used. Examples of the catalyst

include:

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

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

basic compounds of alkali metals and alkaline earth metals such
as carbonates, bicarbonates, énd organic acid salts;

tertiary amines such as triethylamine, tributylamine, trinexylamine,
and benzyldiethylamine;

nitrogen-containing heteroaromatic compounds such as
N-alkylpyrroles, N-alkylindoles, oxazoles, N-alkylimidazoles,

N-alkylpyrazoles, oxadiazoles, pyridine, alkylpyridines, quinoline,
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et hyl epedi oxyzi nc, and di butoxyzinc; 15 al um num
A0501c\éﬁ%§{m such as al um num tri net hoxi de, al um num

triisopropoxide, and alum numtributoxide; titanium
conpounds such as tetranmet hoxytitani um
tetraet hoxytitanium tetrabutoxytitanium

di.chl.or qdi. | L api [ § Yo LAR idi

atkyiq bRl EERNMRINR Al ad BRETRES RARKKE, Ry tiBridines,
hqgsphor us coppounds., such as trinethylp e

phenfRiaIne, rESIRRRNST T BINAG REHTALe. ARG Aidines,

tri phenyl phosphine, tributyl neth hasphoni um
pyraziae; aélsyiwraéw.Bumlaﬂﬁsaﬂ&qﬁwhgﬂiaesﬁ- and

tri phenyl met hyl phosphoni um hal i des; zirconi um

c mymicndsidings ssich as dlingebicy ¢losndesana BH) 25d

acetyl acetonate, zirconium al koxi des, and zi rconi um:
diazodieyclonoressl (BBN);ead- cont ai ni ng conpounds, for

exanpl e | ead oxides 32 A0501 VP85/KAN such as PbO

Phprai i @pf c Bdund s adichu bk thesliancbx e, Atra|1iGh? B3 ides]
PbS2; | ead hydroxi des such as Pb(OH)2, Pb302(OH) 2,

thalli hgbg%’@&%%ﬂgﬁl|iﬂlgﬂ|5§§§h%,2€haﬁnewmrb@é, siliuas sulfate,

and KHPbQ2; pl unbates such
and ERUB8 AR CAERE P aq car bonat o5 and basi ¢ sal s
e T MR Frsblnenin
dibutylgjane e, Sipnhy isipHim e, RIIAEOKFIE  her eor
dibut%&fwgéggg@aémg%m ?d?tiut?(rllt?n acetate, tributyltin
chloride, and tin 2-ethylhexanoate;
zinc compounds such as dimethoxyzinc, diethoxyzinc,
ethylenedioxyzinc, and dibutoxyzing;
aluminum compounds such as aluminum trimethoxide, aluminum
triisopropoxide, and aluminum tributoxide;
titanium compounds such as tetramethoxytitanium,
tetraethoxytitanium, tetrabutoxytitanium, dich.lorodimethoxytitanium,
tetraisopropoxytitanium, titanium acetate, and titanium acetylacetonate,
phosphorus compounds such as trimethyiphosphine,
triethylphosphine, tributylphosphine, triphenylphosphine,
tributylmethylphosphonium halides, trioctylbutylphosphonium halides,
and triphenylmethyiphosphonium halides;
zirconium compounds such as zirconium halides, zirconium

acetylacetonate, zirconium alkoxides, and zirconium acetate;

lead and lead-containing compounds, for example lead oxides
| 32
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or ganol ead conmpounds such as Bu4Pb, Ph4Pb, Bu3PbCl,
AO501PVBBBIEAN 15 Ph3Pb (or Ph6Pb2), Bu3PbOH, and Ph2PbO

(wherein Bu represents a butyl group, and Ph

represents a phenyl group); |ead alloys such as Pb-Na,
Pb- Ca, Pb-Ba, Pb-Sn, and Pb-Sb; |ead mnerals such as

al - and_.zi nc nde; and hydrates of such |ead

such génlggag‘gbo%aﬂ?bﬁ’é ‘ase that the compound used
di ssolves in a starti% rTEt rial oé he reaction, the
r daadi wifides sveh as POR« PBaSey 8pABBS2 or  the I ke,
t he conpound can be used as a haonbgeneous cat glyst,
uhoadzydigxidne St asBb(ODzc SRRSO Wised BAPDO3(OH)al,
di ssol ve, the conpound. can be wused as a solid

and PFII{QB)p; Furthernore, it is also preferable to use,
as a 25 honobgeneous catal yst, a m xture obtai ned by

di HBABItES UCHPBBINEGIPBS ,, H0se0,L N NP O, randridhP b&)2;
of the reaction, the reaction m xture, a 33 A0501

p;um%(g’% %@hﬁlé‘%éﬁng: NAWHbOL, KiPHO KK IPHDHEN e K4PbO4,

reac ring about dissolution.
t he N exchangers such as ani on exchange
CazP @’@%&R %ertiary am no groups, ion exchange
resins having, am de grou i s
naagearbeRdt® ang PpRie Saita el SEHEE REP T and
from sul fonate groups, carboxylate groups and
2PbCedHA2d)2:gr oups, and solid strongly basic anion
exchangers having quaternary anmoni um grou as
exalkmqyéegdmposmd%anﬂoa@dﬁxtleﬁﬂrﬁemﬁ%ugaErﬁu%{bas
silica, silica-alumna, silica-nmagnesia,
Pb(Ct He) NS HiG R PEOPHY| aindhPbdORM)tat e, vari ous
zeolites, various netal -exchanged zeolites, and
anayy eanexehangadi eeids eandavar bom atescandadbasichsalts thereof,

used as a heterogeneous catal yst. As a heterogeneous
such®8é P € 0FC R3YS, Pl GTIOC IS e8! Bb (B EO ORR)3-PbO-3H:0;
ofganolead compounds such as BusPb, Ph4Pb, Bui:PbCli, PhiPbBr,
PhsPb (or PhsPbz), BusPbOH, and PhPbO (wherein Bu represents a
butyl group, and Ph represents a phenyl group),

lead alloys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, and Pb-8b;

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

In the case that the compound used dissolves in a starting
material of the reaction, the reaction mixture, a reaction by-product or
the like, the compound can be used as a homogeneous catalyst, whereas
in the case that the compound does not dissolve, the compodnd,can be
used as a solid catétyst. Furthermore, it is also preferable to use, as a.

homogeneous catalyst, a mixture obtained by dissolving a compound as

above in a starting material of the reaction, the reaction mixture, a
33
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a solid strongly basic anion exchanger having
A0S0 \MBBeMAINY anmoni um 15 groups as exchange groups,

exanpl es thereof including a strongly basic anion
exchange resin having quaternary anmoni um groups as
exchange groups, a cellulose strongly basic anion

exchanger havin e r ﬂ['gm' :
reactté'.;{}: Xﬁé@%?ﬂﬂ%?hgﬂa&aﬂ?%ragam’c&cgp]r'i%[ea:amaggcﬁrt'%% about
i ype strongly basi c ani on exchanger havi ng quat er nar
dissodatiafnoni um groups as exchange groups. As a strongl yy

basi ¢ anion exchange resin haying quaternary ampnium
grmrﬂbeamcszchang%x%am@gcs stigh axA{iPB %%ﬂ%’r‘%ﬁé’ sy
strongly basic ani on exchange resin or the |ike can be

haviny sértfaryl amisedrotps, ioenexclypogetneshgs haxisgcasmdegroups,
exchange resin is a strongly basic anion exchange

ion ekeRkRgearesiaschavingcaptegseonef typle ot excliahge groups
di vi nyl benzene as a parent nmaterial, and having

t [ I
soleQUBLELRASUIBELE 4 dsg amunars coupursnalphosphate

sroufE BB st SSBk g oo by pgptoryns
as sifiga; SSurS1AMIBR GICaNRONEskar 1 oS FighlEe STy,
siiicaot];, ?/rlalr?c?us zeolites, various metal-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 inorganic carriér
supported type strongly basic anion exchanger having quaternary
ammonium groups as exchange groups. As a strongly basic anion
exchange resin having quaternary ammonium groups as exchange groups,
for example a styrene type strongly basic anion exchange resin or the
like can be preferably used. A styrene type strongly basic anion
exchange resin is a strongly basic anion exchange resin having a

copolymer of styrene and divinylbenzene as a parent material, and

having quaternary ammonium groups (type | or type i) as exchange
34
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15

5 selected fromF, d-, Br, |I", HCO03-, C032 CH3CO2-,
ADS01¢RB5/KAN3 Bro3 and C103 is used, preferably at |east

one type of anion selected fromd-, Br", HC03-, and
C032 Moreover, as the structure of the resin parent
material, either a gel type one or a macroreticul ar

‘groustdnd 485 BG “ssioBTisalVitheidfer{Bd XOE daidifie, py the

resi stance being high. An exanple of a cellulose
followsnadi§MMiBasi ¢ ani on exchanger having quaternary

anmoni um groups as exchange groups is cellul gse _havi ng
W@%ﬁﬁr@eb&s—cﬁ i &Hbm‘rﬁi/t? ng
all of the -OH groups|in the cellulose into
) R 15 represents an
, butyl or the {typeI)
sed, preferably
Rgepresent %an ani on as

norgani c cafri®sy supforted type
@ngly basic ani gx eﬁg?gng havGHzN(GHa)aar y
mgmgrm XCh —\fﬂcﬁps t hatX® can be used
in X present invention neans an inorganic carrier
that has had - Q(CH2)"NR3X quat ernary anmmoni um gr oups

i ntroduced thereto by nodifying sonme or all of the
-OH surface hydroxyl groups of the inorganic carrier.

Here, R and X are as_defined abo ni erally an
Wcmcum,cﬂme%wé&me

m na, silica-alum na,

titani agz7a_zeolite the |ikezaQ be used, it being
pref_e i o use : _al_ur si | i ca- al un{type II)
U

N nmet hod can be
pdi fyi NP sur f hydr oxyl

group$S of the inorgahic carrier. lAs e sul j t y.onql
basgt d®ani on ex HravCiz quater nab‘hmb%w%bm
g@dpﬂé@ﬂ:ﬁz@ﬂg@ oups, a commercial | yX&ail abl e

one ¥ | .

wherein X represents an anion; as X, generally at least one type of anion
selected from F°, CI', Br’, I, HCO3", COs*, CHsCO2", HCO2', 104, BrOy,
and CIO3 is used, preferably at least one type of anion selected from CI',
Br, HCO3", and C0s*. Moreover, as the s_tructure of the resin parent
material, either a gel type one or a macroreticular (MR) type one can be
used, the MR type being particularly preferable due to the organic
solvent resistance being high.

An example of a cellulose strongly basic anion exchanger having
quaternary ammonium groups as exchange groups is cellulose having
—OCH,CH2;NR;X exchange groups obtained by converting some or all of
the —OH groups in the cellulose into trialkylaminoethyl groups. Here, R

represents an alkyl group; methyl, ethyl, propyl, butyl or the like is
35
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maé be used. In this case, the anion exchanger may
A0501VE85/ANsed as the transesterification catalyst

after being subjected to ion exchange with a desired
ani oni ¢ species in advance as pretreatnent. Moreover,
a solid catal yst containing a macroreticul ar or

-type 20.0rgani r in mwpeq
gene'%jlyef%g)%IqrgfaF%aﬁs&gg@kyggc?ﬁﬁgrni ﬁﬂg at | eag{]%ﬁt&ems an
. hitrogen atom or an inorganic carrier having bonded
anion A& ARNBEIARYEScl i ¢ groups each containing at | east

one nitrogen atom can al so be preferaﬁ{)& used as the
t rAAmdBor@ania catnien suppariad typestraaghoPasia alibPig

catal yst in which sone or all of these 25
exchangepbaving @aterngryen ey @rouespas RKd anas groups that
converted into a quaternary salt can be simlarly

can b&aged\el thé pabsant dhidntishainesins achinasgadic sgsaer that has
VP85/ KAN an i on exchanger may al so act as a packing in

had —Fchcﬁfz?.?ﬁR%)d QUERSIrRTy afiinSARIAtg@upinteotiabesdtthereto by
in‘the’present invention varies depending on the type

modiff ggﬁﬁ%&%t 8kt oPgﬁé‘ —OH sliffaBnFaraaAgraift bruRes!y

I'n"a honbgeneous cat al yst I ssolves in
, the 5 ti || oM t ' di i ;
oroehe SATAT , d3ah K 4plf Bre) % JAAFY B AR bl eneraty
. 0.0001 t %b ' bl y f 00 o
an inge o0 T Yoo brafRebhaePs 3 £ A g 18PashB gy e Siica
wei ght, as -a proportion of the totﬁl ﬁgas of the it bei
alumpya, siticoxabomine, Hignigha Zeobikac PE thRdHHR AN Beditefolt Peing

fed in as the starting materials. Mreover, in the 10
preferabte db wse sjlicaselyming; ar gilica@iuminagd pasticbarly preferably

distillation colum, the catalyst is preferably used
silicd.n Anyamuthiod taa benge dasfthenmitbod of Modifying thmsarface

preferably fromO0.05 to 60 vol % yet nore preferably

hydrf)??ﬁpellpstd? e Mdrarhesedrier. t he enpty col um vol ume
0

e distillation colum. There are no particul ar

L Rt %Bﬁdoggbhgtlmgtﬁog?@iéﬁéﬁgé|'havlﬁgf@.@ﬂelmary

the cyclic carbon i phati ¢ nmonohydric

amm%;ln(ignplgrwbg as exchange groups, a commercially availa_ble one
may be used. In this case, the anion exchangerrmay also be used as
the transesterification catalyst after being subjected to ion exchange with
a desired anionic species in advance as pretreatment.

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

quaternary salt can be similarly used. Note that a solid catalyst such as
36
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continuous multi-stage distillation colum A
A0501c\6ﬂ§54W| ng the reactive distillation colum in the

present invention; any feeding nethod may be used so
| ong as the cyclic carbonate and the aliphatic
nonohydric al cohol can be made to contact t he

an aor‘é?gﬁg@m%}ngﬁy{ ggésq 34;? | éeﬁ&?ﬁh el A e?gﬁggﬁnt inv gggtn.
) AGHbGRANE %t@"?%t'eusgtﬁl '%ﬂﬁfqoe'u’ﬁ"%ﬂ@hm?‘i“éﬁ #3?5

ca_n be cont i nuousl¥‘ fed in froma required nu fe
depending oni thestype ofdhe: patalyst Heesu PYIIN the, cage ©
distillation columm A satisfying the conditions

contimlesusibfeeding irea. hotogenegqus isataly stytbiat disapiuafain the
and the aliphatic nonohydric al cohol nmay be introduced

reactidh figui¢ urader tHegeaofionheonditions atheoanuminiusad isr
may be introduced 37 A0501 VP85/KAN into different

geneféelgaﬁﬁ' d PaRG€ FWPLRL0.000¢ to! BOt%NGy Wéightabseferable from

continudusly into the dlstlllatlon colum Ain a

o.ooe{ i&‘ﬂc?'vf %Wv ghﬁ rﬂ%?ﬁg%%tfﬁpémfy rf®. 81X Br% 8§ vdeight, as

ng the starting

o eSS A, MR e R, Aot
on RSS20l SRS RRLAAEIY, Cloreover, im e

distillation colum A. Mreover, anoth refe able
case mftweing 8 sid cAtalissingtRliey n thecdisitiation 69 dmn; the

continuously fed in a liquid formor a gas |
catalyskésl prefenably aisedingn smaurt i atiangs cdires Q?FM Ao 75
10 above the stages in which the catalyst is present,

vol%antbid prefenaitdy ifcomnOrahydBa val ¥ohat more qrefataioky ;rom 0.1
fed in a gaseous formand / or a liquid forminto the

to 60 Q¥R PAFEPBndhe Bfmptystdiunahivisluene witha. distilkdtion column.
case, the cyclic carbonate may of course contain the

" TRt Bon kot Remeee 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 present invention; any feeding method may be
used so long as the cyclic carbonate and the aliphatic monohydric
alcohol can be made to contact the catalyst in a region of at least 5
stages, preferably at ieast 7 stages, more preferably at least 10 stages,
of the distillation column A. That is, the cyclic carbonate and the
aliphatic monohydric alcohol can be continuously fed in from a required
number of inlets in stages of the continuous multi-stage distillation
column A satisfying the conditions described earlier. Moreover, the

cyclic carbonate and the aliphatic monohydric alcohol may be introduced

into the same stage of the distillation column A, or may be introduced
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t he product dial kyl carbonate and / or diol. The
AOS01WRBBAfANher eof is, for the dial kyl carbonate,

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

) wei ght of the dialk carbonate in 20 the aliphatic
into %ﬁ&ﬂ?gﬁi%g%?éemeﬁf&%hﬁzw carbonate nmixture, and
is, for the diol, generally ip a range of .fromO0O t.0,. ..
13he Isjariingpatasialemay beffasheoptinyusly Bgingg,én,smlanon
more preferably fromO to 5 % by weight, in terns of =
columme perackquishfomy, imasgasecns Wiror, ehash nehdure of a liquid
carbonate | diol mxture. Wen carrying out the o
and gyasentOtisactham feedirsg thel $tartingsmaderialeéhto Pre distillation
cyclic carbonate and / or aliphatic nonohydric al cohol
colurf§A Yn itRis adyCelis Blé® prbeeraisiet fooadditsreatly fabdrinak
having the cyclic carbonate and I or 38 A0501 _
gaseéfﬁ@%téﬁﬂﬁbhﬁa?éﬁ?h?r‘iﬂe?rﬁiﬁ%‘?ﬂwjb'rQ:ofl‘{tﬁﬂ.i_ Wisigsframehs lower
conponent “t hereof recovered “fromthis procCess and /
. t h lysO r
portih Stafie Bl EFT Bolfthr g °, WorBbTer: ARolher rferdible
character.istic feature of the esent | ' P
methth s paeipouhins el srESapBl i Ront LRG3t 2 tiquid
process in which a diaryl carbopate is, prod .fraom
form wica gad kiiauid MuyGhivmiptee ap%ﬂfihﬁo‘ﬂﬁﬁﬁﬁﬁb% column A
conpound, the aliphatic nonohydric alcohol being X
aboveythe stages! in whichsthe cesalysiia presendr and thealiphatic
recovered by-produced aliphatic nmonohydric al cohol
mongeydrialdlzohbl & contimtuo wslyt fed i al gasecusfonat and: her a
aromati ¢ nonohydroxy conpound, an 10 al kyl aryl ether

liquidREr RGin®s thandwey paltioncettas distilkaiionnmlonsn & an this
al kyl aryl carbonate, the diaryl carbonate and so on.

caseafsﬂgg@d@f&%%at@HW@fi&mbaﬁféiﬁ ecaliphatiy be

S 1s as a starting material in the present

' i h may be used as a starting material after
monéﬁ%&ﬂgnéégﬁp%clﬁ cont ai ned material having a higher

UL AR e S FBPRL S i
the product dialkyl carbonate and / or diol. The content thereof is, for
the dialkyl carbdnate, generally in a range of from O 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 weight of the dialkyl carbonate in
the aliphatic monohydric alcohol / diatky! carbonate mixture, and is, for
the diol, generally in a range of from 0 to 10 % by weight, preferably from
0 to 7 % by weight, more preferably from 0 to 5 % by weight, in terms of
the percentage by mass of the dio! in the cyclic carbonate / diol mixture.
When carrying out the present reaction industrially, besides fresh

cyclic carbonate and / or aliphatic monohydric alcohol newly introduced

‘into the reaction system, material having the cyclic carbonate and / or
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the like. A cyclic carbonate preferably used in the
AO501pVE8&MANnvention is one produced through reaction
bet ween, for exanple, an al kyl ene oxi de such as
et hyl ene oxi de, propyl ene oxide or styrene oxide and
car bon di?xide' 20 a cyclic carbonate containing small
ampunts of suc rting material conpoun or t
the afiphatirapOROTHGKE 21al 858 Fie R FERTe N M ag dagqvered
i nvention. a ratlo between the In the ste |} of the
from phisseinceass andi bar anaiier Processce) Alse Q%Pfa’@i%&aeblxrfeﬁed
the aliphatic nmonohydric alcohol fed 25 into
for theesiarting ohiateridlst i dhisaruexcelient pé@@&ﬂ)’ﬂ%ﬁlﬁﬁe?éuﬁ%@f the
type and anount of the transesterification catalyst
presetitdnivanticrenabthisoisdpbssitde. bAn xaMblE oY RETOtKAK process
‘mol ar ratio of the aliphatic monohydric alcohol to the

16%' PoerRiLdid8A ddbonadensrgiddudet framnge dfalkyl
s a pCr S% lg'% ﬁooolt'?qines To mcre‘g{se t he cyclrt;gﬁe Y

carbocrfélt%h ﬁ%\bﬂ?}éf(ﬁe %ohﬁhgﬂoﬁﬁffcﬁirﬁﬁbﬁnbo th%eﬂhbﬁahﬁe

nono rrc a n an excess of at | east

moncy ARS8 HEDRS - 7Bl B i @edt g ebveton.
The r%@%@usg%fﬁqﬁd %&l,pi@hcf I&g]nt'%rt&%:'p]rsipgqj ﬁi)‘i"@’qpee%ily often

nolar ratio. of the aliphatic nonoh drlc | cohol to
containg tbﬁ:ﬂlaikﬁbﬁﬂéhﬁﬂét@,stﬁﬁ aremalis monahydrpsy GempeyRd. an
2 to 20, nore preferably 3 to 15, yet nore preferabl
alkylSaryb eter Bnd-aot drer apdeayf alas RoDiRisas M@l amounts of an
carbonate remains, then the unreacted cyclic
alkylcm'lyb@ta@benm tleac:iiawndna:tﬁmameodndtsmlom t the by- produced
by- produce oligonmers such as a diner or a trimer, and

allph'&‘Ei'E:Cﬁldr{bHJ&lé%ﬂéoﬁB! e e Labd Asms eneat strting inatesial in
preferabl e to reduce the anmobunt of unreacted cyclic

the p‘?@%gﬂ?%??ﬁﬁﬁw rﬂmﬁlaﬁrsbm&%soﬂsﬁh%ﬁg m@aténal after the

rocess o

- 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;
a cyclic carbonate containing small amounts of such starting material
compounds or the like may be used as a stafting material in the present
invention.

In the step (l) of the present invention, a ratio between the
amounfs of the cyclic carbonate and the aliphatic monohydric alcohol fed
into the reactive distillaiion column A varies according to the type and

amount of the transesterification catalyst and the reaction conditions, but
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15 invention, even if the above nolar ratio is not
ACS0MINWPBSMAM 10, the cyclic carbonate conversion can be

made to be not | ess than 98% preferably not |ess
than 99% nore preferably not less than 99.9% This is
anot her characteristic feature of the present

o o8 e TR B g S rona
e 1 5T P35 e B OBV NAP, 6 oo

colum A, this being fed, into a coptin .
the cyali¢ icasbapateicanversionnitdsl Rraferabl o Se8) inihe aliphatic
conmponent CB therefrom being subjected to separation
monobyddlsti¢dlol imannescess ofiatueastditimes thgenumber of mols
distillation colum E, so as to produce not |ess 25
of thé E?Bh@mr@ﬁﬁﬁ@e' yHowever, ihthefambanbicjitheualiphaticol ;
hé m ni nrum amount of the cyclic carbonate

monoi%:{ﬂ@%gggh%h%d' Rt d BreseatdnV / i@ AbLEbsaipmo 4hake the

N col uitm A'to achieve this is generally

appaﬁﬁt@? f é%rr‘ FI}E{ &B{:ﬁfr%ra@ﬁldé ]the5moI§Prr‘at|P gfthé“éfi@;hatlc

hr, 'relative to anount

R S R e

to be less than 1.43 P ton Ther
from o1 BTRPT IRTRIAIAONS3 0f Hhey EbMITRBLETStARY Ss10d2
distillation colum A for carryi %J therearﬂ_‘lve
Furth&rmone,df inuchrue@acted cYelic ﬁﬁéegﬂ? ¢ AEAR NG, 86&"‘9
t-he continuous nulti-stage distillation colum
unreacEfEcybliy carbarate maybreachwithothe papduct (die| Hh bduProduce
al so reaction to be carried out at the same tine so

ohgo%ertsasbeha@é. @ 8impr etus ¢ripvext arabhenos inthe emse phindustrial
.5 ton/ hr of the dialkyl carbonate and / or

mplé’r‘i’u%frﬁéﬁtéhy inpd 'réﬁérabtlééla fedute th8rambunbefdinteacted cychc
stably for a pro onged period of tinme. In the present

carb%ﬁé’l?é"i'iaﬂ{‘aln"i’n@ Hl % Hb@%ll:lié PripdwEeBrac6 o8 difttie present

a process ng a cyclic carbonate and an

mverﬁtﬁg %&@&gﬁg%n%ﬁf)gl‘én@@t PPQ{lggé r‘?’t%lf‘ﬁ\tdr%gtﬂ% 910, ahe cyclic
carbonate conversion can be made to be not less than 98%, preferably
not less than 99%, more preferably not less than 99.8%. This is ancther
characteristic feature of the present invention.

In the present invention, preferably not less than approximately 1
ton / hr of a high boiling hoint reaction mixture Ag containing the diol is
continuously produced in the reactive distilla.tion column A, this being fed
into a continuous multi-stage distillation column C, and a column bottom
component Cp therefrom being subjected to separation by distillation in a
continuous multi-stage distillation column E, so as to pfoduce not less

than approximately 1 ton / hr of the high-purity diol; the minimum amount

of the cyclic carbonate continuously fed into the reactive distillation
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15 él conti nuously feeding the starting materials
A0501 P85 ntinuous nmulti-stage distillation colum A

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

continuously wthdrawing a | ow boiling point reaction
m xture AT containin d | Uy oyl 414t e .5 P ton
COIU“Hhé‘ F%@%'I“?Yﬁgf'f%'%Tg%ﬁgpgcﬂa cgh%*r?( ﬁfh?gﬁf upper 20
portion of the djstillation cpl.um,A.in :
I e, ormpratarashi 1 fmEsign /it KEIaT40 AT SFRERR T on / ) of
point reaction mxture AB containi ng_l a Broﬁu%ﬁ? dial this
the higrompuaityodied tpdpe irsadsceche N &t Yel BQAEPERIUAR'AS5EY
liquid form (I11) conti nuousléy feedi ng the high
amoumi¢amdbepmiade tedme less thanut 43 Pstar/iNMio a
continuous multi-stage distillation colum C, _
CoPhbrei@ifsl yo partiedtamlingtatdrsicn thawontinuoysgnuiti-stage
boi I'i ng point than that of the diol 41 A0501 VP85/KAN
dism@mﬁ%@&n‘rﬂm@ H @iy buit Np el adtive atsiibationprocess in
as a columm top <component CT and | or a side cut

e sERTBGRTALs nos LR SOHEe s antommeotumn A

as a nmaln

is prefarg T}?g{q% eéﬁ%ﬁ%‘i%fnn}r;wz?#ﬂlfét% %futté]glo reaction to be

cont i nuously
feeding the col unm bottom conponent '
carrieg R abiBe RATE WNE0 A% (7 B AP teiithied prgfprably not
continuously wthdrawi ng a hjgh-purity diol a, si
loss thancodptmlhisd hasalkd garbanats andy Grpidtaraoly Abt less
continuous multi-stage distillation colum E. The
thancbtbh Tusuef e tdios siael ydfart ainralesgedoperRd@LYEE i n
step (1) 10 nmust thus have a function of enabling .
t hgn TBESSicdertaviveqitiore 4 migh-pbrty idigl jsopredueed agrarding
of the diol contained in the high boiling point pavdri
' kXkiweea AR dife barbenawednef Ancakphaticasonbéydric
toa?g?grarﬁgtr%%l ctg'rr?goﬁs?nt CT and / or the side cut

alcoﬁﬁ'@%{‘i{é&tiﬁﬁa@?rﬁa‘l‘é} fHe ?gbﬁekg%orﬁwtéiﬁg%% steps of:

age ["at’i on um E used in step (I11)
mJS(h h%\é%tﬁ\uously feeding the starting materials into a continuous

multi-stage distiliation 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 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;

(il) continuously feeding the 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
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15 function of enabling a high-purity diol to be
AO0S01YPEPAMNWI th a high yield stably for a prol onged

period of time froma |arge anount of the col umm
bott om conponent CB. For the continuous nulti-stage
distillation columm C and the continuous nulti-stage

disti.llatipn.,coluwm E .vari . C i 1I.ORS t
contain g inafien 1t Beififamalitys3eRiorL M rechs AR 8 edfump tor
20 invention provides an industri e{I distill at{.on |
compgpeditabuAnthiionA §HHe G tcPMPONE Fas 3R FRAGUPHOYE'Y
functions, and it has been discovered that by  using .
withdrawing a@ppalumasbottes sgrepenent Gre havirg the; %\Pérﬂ% gnmain
can be attained. The high boili n% poi nt reaction '
compuingntr thekBofidyo moatlaiveraportiare of dhe dissiliation cedgmn C; and
of unreacted cyclic carbonate. In this case, it is

prafigr a@bmihoouakeféédwme leatl uswre bottome axrag oneaiti G into a
carbonate is 42 A0O501 VP85/KAN substantially not

contiHh%%%“ﬁldm-étape_caiswmtmﬁ CRIMARTEORAN coBtimusasihe

continuous nulti-stage distillation columm C. To

. .' .. , . x . . f ° .
witn G5055s Hfip il SiolPSTESAN BulafdoReRI) (M side cu
I C that the. : ' t
outief G 5& Ga7EnbiAfls icHaey HRUETo) AR E 2ne®) o
devij t he ti It - distillat] I
c thercemiptots Miltbatags Al colnaneC 188rdR.AED (1
wth the diol and thus converted into. g dialk Ient? '
mustgihusohawe a fenctipreoi engbiing the m&%@t 'aﬁé"%ﬁ:we ower
residence tinme required for this reaction to proceed
boiling podinptleandhat @fuh&sdmjrmt&ibadﬁacﬂhmhigm@%ﬁngt@'m
colum 10 bottom conponent to be reduced, etc.). As a

reacli6AUnixturt Agto e redoved eféciantty abahet behuemnstop
substantially no unreacted cyclic carbonate in the

compOhERD A10hhET SOMERRAE G E6MPdrEntcOs! andofirthermore the
mul ti-stage distillation colum C, this being

cont'vﬁ%fc[euﬁ{ g@%l?it-%ﬂ%ﬁwé@n%l&ﬁﬁ EPLRRRNIn 5N iiPhust have a

_ rm "substantially not containing" used
funcliBntdenabling 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 provides an industrial distillation apparatus having specified
structures having these functions, and it has been discbvered that by
using these apparatus, the object of the present invention can be
attained.

The high boiling point reaction mixture Ag may contain a trace to a
small amount of unreacted cyclic carbonate. In this case, it is

preferable to make it such that such unreacted cyclic carbonate is
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15 present invention neans that a content is not nore
A0501 WRB580ANpm preferably not nore than 10 ppm nore
preferably not nore than 5 ppm To attain the above
object, the distillation apparatus according to the
present invention conprises the continuous nulti-stage

distillation coly C an nti nuaus
subsignd{ally a0t AHes6niiR tBs &9 ’PHZ‘%%‘%%CBBT% s g the
made to simultaneousl|y satlsfythev r|o con |
contISpequmcxéﬂlﬁlagﬁh@%dlﬂt!m&@éumm G- s P!Fu‘i '§t o'Fr
columm C and the continuous nulti -stage distillation

prefecablento Bddiat sinalbarfauntoel watey inte themartiguaus multi-stage
mul ti-stage distillation colum C conprises a

distilRAGA ReUMNTT $o-thaadhedisteddted oycliolcarbocatprissteverted
a stripping section 25 having a length Lci (cn), an

into tHESHAR t@fréﬁ?heﬁ%&olyémaﬁﬂd @Ndivisy teé curtinaovusnber

of stages n erei nside, and an enrichnent section

mulhé’l%%%?&%tﬁc%ﬁé@mm’ @ sticheiHitne anféaﬁtecﬂ@:ybﬂél é&rbonate

an I nt er nal a nunbér of

s PR s SRR TRy Bt S or
like (@Cg ﬁgg t(seggliglagg@%gg%n% J))esiti%%eismgc@7q%q5é€)60(éphe rehction
to pragsecispCametior)e bebseeHES GnfarchABKMBAES Shits %mn
continuous multi-stage distillation colum C has
bottdrmasi mpoectitoneg reducedsetd.).edAshargsniadt 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 ferm “substantially not containing” used in the
present invention means that a content is not more than 56 ppm,
prefe_rably not more than 10 ppm, more preferably not more than 5 ppm.
To attain the above object, the distillation apparatus according to
the present invention comprises the continuous muiti-stage distillation
column C and the continuous multi-stage distillation column E,.and these
columns must be made to simultaneously satisfy the various conditions.
Specifically, the continuous muliti-stage distitlation column C and
the continuous multi-stage distillation column E must be as follows:
(a) the continuous multi-stage distillation column C comprises a
continuous multi-stage distillation column comprising a stripping section

having a length Lct (cm), an inside diameter D¢y (cm) and an internal

with a number of stages ncy thereinside, and an enrichment section
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15 the internal, the chimey tray having installed
A0501t VRB2IKANNe or nore chi meys each having an opening
having a cross-sectional area Sc (cnR) satisfying
formula (10): 200 < _Sc <_1000 (10), and each of the
chi meys bei ng such that a height he (cnm) fromthe

openi n t he chi me a et F
having Terdes Lendcmb arans (b fistigt! g @s‘?éb%?%?“ ?*’na'
the side cut outlet |s connected. to a Lig
with @ oumber 66 3agssaRlheraIBs iR ANBE e cor Date Ner, Lez: Doz,
continuous nulti-stage distillation colum C, 25 (d)
and nchesatisfyi theotellowing formgéaai(ddite| @) on col um E
conprises a continuous nmulti-stage distillation
col um a0 Bng A000ri ppi ng section(1)44 A0501
VP85/ KAN having a length LEI (cm, an inside dianeter
DE1 (cmsmrdpag 4 7o@ nal  with a nunbd) of stages nEt
t herei nside, and an enrichnent section having a
| engt h C n.i4si de di aneter (cm and an
i nter naILsE% ﬁ?mgﬁuﬁb‘i‘é‘? of stages nEg:_%herm nsi de,
wherein neEl, LE2, DE2, 5 an E2 satisfy the
fol | ow n%'?r'apﬁ%l%g (12) to (20) 4oo€4<)i LEl 5 3000
(12) 50, < 13 2 5 LEl DEl 5 50 (14)
3 5 nEl ‘50%%1-5)2_515%@6% 5 LE2 15 4008° 16) 100 5 DE2
5 1000 (17) 2LE2/ DE25 30 (18) 5nE25? (19) and DE1 5
DE2 (20)50'< Deo < 500 6)

10 < Lga / Doz < 50 (7)
20 < ne2 < 100 (8) and
D¢z < Deq (9);

(b) the enrichment section of the continuous multi-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 formula (10):

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

10 < he < BO (11);

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

(d) the continuous multi-stage distillation column E comprises a

continuous multi-stage distillation column comprising a stripping section
44



15 (e) the enrichment section of the continuous

AOS0INVPBDAGANge distillation colum E has at |east one
chimey tray installed therein as the internal, the
chimmey tray having installed therein at |east two
chi meys each havi ng an openi ng having a

cross-sectional area_ SE fyin e r.
navingia Jenath bsadem v itade amateh b e é‘h%ﬁﬂﬁvéﬁ‘a’
bei ng such that a height hE (cm) fromthe openin

with a neirchemod\stages nesthrraiasids, and aheRishEgnt S8
formula (22): 20 5 hE <_ 100 (22) and 25 (f the
having @dength digl (@m),sacinsists diametar Depuf M} @Nceani ingernal
portion of the chimey tray of the continuous

with énﬂdmbét'ﬁrﬁest@lg@sl hk@th@mlnsiMWﬁerém AQpOD VP8l KRkR, Dez2,
It has been discovered that by carrying out steps (1)

t
and ﬁ&?sﬁq %tg/t Hd ?Sllowa éarmnéer(qcz;amw) stage

I on co um and continuous nulti-stage
distilla n a high-purity can be
produceda%q< ' ri al scale of nglt?% ess than 1
ton | era not |less than 2 ns / hr, nore
preferab$9 E1I%?Qq han 3 tons / hr, Fﬁ? ably for a

pr ol onged eri od of time of, for exa?ﬂl] not | ess

t han 1009 h Elé pr & ably not |ess lan 3000 hours,
nore preferably not | ess than 5000 hour froma

| ar ge anduhneof< BRe hi gh boiling point gjeacti on

m xture AB which has been produced through a reactive
di stil | a60On< hrrocedd0@t ween the cycl {£6)0 carbonate
and the aliphatic nonohydric alcohol. The reason why
it has leoog®possidi® to produce a figh-purity diol
on an industrial scale with such excellent effects by

i npl emsn@@g[ tzhe[)g% Qcggs according to(18¢ present
invention I's not clear, but this is supposed to be due

to a cogpg te gff ect br ought about WheW drite
conditions o for mul ae (1) t
Det < De2 (20);

(e) the enrichment section of the continuous multi-stage
distillation column E has at least one chimney tray instalied therein as
the internal, the chimney tray having installed therein at least two
chimneys each having an opening having a cross-sectional area Se (cm?)
satisfying the formula (21):

50 < Se < 2000 (21),
and each of the chimneys being such that a height. he (cm) from the
opening of the chimney to a gas outlet of the chimhey satisfies formula
(22):
20 £ hg £ 100 (22); and
(f) the side cut outlet is connected to a liquid collecting portion of

the chimney tray of the continuous multi-stage distillation column E.
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15 (22) are conbined. Preferable ranges for the
AD501 VEBBHEANe factors are described below. For the

continuous multi-stage distillation colum C, if Lc
(cm is less than 300, then the separation efficiency
gor_thg stripping section decreases, and hence the
esired separation efficiency _cannot b j .
VO b beehotizcay s nal L i prbg oRbs{ER Datd el using
securing the desired separation efficiency, Lcl nust
such GecanliB UYL MLIT: StAges JiSTaFRtia0RPIURI G BELFENTInOLS:
is greater t han 3000, then the pressure difference
multi bstagecdistiatiap catdmso &, @rhightmeribodightar denpEodyeed on
great, and hence prol onged stable operation becones

an induktiialbtalend rotriesecthar 12®rbétwnpseferabdyarot less than 2
i ncrease the tenperature in the |ower portion of the

tons ¢ WrUbreAprefiiaby HidldessatiarPBstorrcoie, btatilyefora prolonged
occur. A nore 46 A0501 VP85/ KAN preferable range for

periogCof tinid des fép%gég?ﬁ*? @l%%% tDrY:lé;.ﬁ ? g%ﬁpihgulrb,cpréfe}%w;/ not

ng yet hore er able. ess than
s Bfan it by BB BTGl bt P ioBeial sodshots, rom =
largegggiqpanpetgéf OeS &Hgﬁrﬁm&ii i@ Stﬂhﬂ Péé&héﬂin&gat%%whﬁ%p ehas:‘. been
produtaddhiouch, Supastheudietsiion asest: SEvAsR topscyie
preferable. If Lc, / Dc, is less than 3 or greater

carbohate 20d theliphatingenehydric alsehodt i heEeaaps why it has
difficult. A nore preferable range for Lc, / Dc, is 4

becolfe pnsdible to praduce athigh<putity dioDon gniadustrial geale with
nore preferable. If nc, is less than 3, then the

suchSERa&REhP BRIt ByeNaplédmeniiiny she ipmoicess secoiding to the
decreases and hence the desired separation efficiency

prosl ireffonds AfEfbarlbiaamns e iR gtymg tho (o 2
compb5its' §16¥t bPSughtabotft WRER e BEnBRioARHt fobfiulde (1) to
(22) are combined.

Preferable ranges for the‘ respective factors. are described below.

For the continuous multi-stage distillation column C, if L¢1 (cm) is
less than 300, then the separation efficiency for the stripping section
decreas'es, and hence the desired separation efficiency cannot be
attained. Moreover, to keep down the equipment cost while securing the
desired separation efficiency, Lci 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
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15 Furthernore, if nci is greater than 30, then the
AO50hVESSIfANGI f f erence between the top and bottom of the
col utm becones too great, and hence prolonged stable
operation becones difficult, and noreover it becones
necessary to increase the tenperature in the |ower

portion of the co]um, hence s} [

prefefablsEangarpE it WBLIs Fthor cop ety pPIAEBOMS b 51500
o nci is 5 <_nc, 520, with 6 <_ nc, 5 15 being yet :

beingrget mekg erafgr@ble;f Lc2 (cn) is Iess than 1000, then

the separation efficiency for the enrichnment sectjo

delé iRas éem) dadessrtban AO, dbenrikds wipessibie to attain the

efficiency cannot be attai ned. Myreover, to keep down
desireldedaqiigtimmtamoont. wMomoean torkpamedoresitheequipment cost

separation efficiency, Lcz nust be nade 25 to be not

whild Bi@ihiRY PO Q&sifed distination amoue, Dt gmesst dve nhade to be
5000, then the pressure difference between the top

not ok ?ﬁého{p@f hendrel Pra¥et AbfD?8A ¥R AN BRYOBERO OBy <
great, an ence prolonged stabl e operation becones
difficult. Mor (R fSSI% to increase
500,tvy1|iht'l;— pégf:aégfpﬁ b?Lﬁeg pg&gﬁsf}%?’?ﬁon of'gf he col um,
ang hen side reagtio bec ' t .
oltel oy Dol BSSaAr rop! G §aret| e 3 fiedf prétorbed stable
4000, 5 with 2000 < Le¢2 < 350Q being yet r .
operptienchagemes diffics T cnft IPQTP&,@??F%W%@/HWSII‘)?’&CH’st” is 4 <
not possible to attain the desired distillation :
Ley /alpunt 20Mwitlodeg Laio/ Reaps dSnheing &4 npre mrefeegble.
while attaining the desired distillation-anount, Dc2 =
nu#t ne isnbeles thahes, thoen tbesapanatBoy efficiency for the stripping
preferable range for Dc2 (cm is 70 5 Dc2 10 400, wth
secti¥h dechE3sés 3t beinte e duviee drsefparabicn efficiecRy/cannot be
Dc2 is less than 10 or greater than 50, then prol onged

inkab! ko | {hé @YuipmbmoEesPweiir sktearing the
a“a'rﬁ%ﬁge WRBLIEN M %%%%é‘f? i‘ié(ﬁ:dz'? De2 < 40, with 20 ?

desifed SedarBtiorefficiBRYI N5 imiit Be RI&IE18B&E not more than 30.

Furthermore, if ncy 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 nc1 is 5 < n¢y < 20, with 6 < ng1 < 1-5 being yet more preferable.
If Le2 (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, Lc2 must be made
to be not more than 5000. Furthermore, if L¢c2 is greater than 5000, then

the pressure difference between the top and bottom of the column
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15 If nc2 is less than 20, then the separation
A0501e¥PBRAKANY for the enrichnment section decreases and
hence the desired separation efficiency cannot be
attai ned. Moreover, to keep down the equi pnent cost
whil e securing the desired separation efficiency, nc2

must be nmade tqg be not re tha 0. Furt.her |
becomes tap greanAIANIRErolied Hiepir opetelig,BubEmes
di fference between the top and bottom of thﬁggqlunn t ,
difficiléc olMgere ey rib HEcomEs MRS ALY hipkreasg e tlemperature in
operation becones- difficult. Mreover, it becones .
the Iowsepsatigntof the cehsmmn, and henoeside reactions pegeme liable
portion of the columm, and hence side reactions becone

to ockiRb! A mioveosmsferablerpangprier dighb{am) andddbs he2<i 4000,
30 5 nc2 <90, with 40 < nc2 25 <_ 80 being yet nore

with ?g@beé ig'ées IR EbbirRg yel hbee Preerdblenvention, at

ast™ o chimmey tray nmust be installed in the

gf”ﬁiscﬁcg,g”@%t)ﬁﬁ%ggﬁna?ﬁéo #8oAGR0 nGTGRLEbI6 e awatrethe

ere i's rntluded in ncZ above. Moreover,
. for the continuous. mukti - e,distdd |00 t t
desirgfl isilaifait ARSHY en MO ViTs 18548 P Inghdfibrhent cos
_Furthernore, in step.(Ll),. in the ca t hat_.t |
while,8Heimg & B cesired isullatiob g U, Her Mifss i 286 to be
continuous multi-stage distillation fg){c;lb‘ﬁrm C c.on.f@i '$ e, <
not neoterihan &AAint Aomarer peafesablg cangectaridaadem)ils (¢ = Dez <
preferable for it to be devised such that the
400, witle &0 edDegyad BSOchetnghyet merempgefer@blander go
reaction in a lower portion of the colum, so that

sufist @t iDal4 i lows tharedd ed greeteéc tivan fithathen prolonged
contained in the colum bottom 10 conponent CB.

stabi%ﬁsgéﬂénehybewrr@soa Ffieuab! eAenbedipreferatilet range doehics /
invention, a plurality (nc3 stages) of trays K are

furEher promidedsbn wath 290erL 40F DN E5 beeng Yetrmalre
Dca 1|snli§1 %e:i)'\ﬁgrlfr%gf _pgpt i“gE‘lh of the&gt r ic%pi ng sec?%n whi ch
fi S iln the |l ower portion of the continuous nulti-stage
pre %ﬁa& Pilation colum C, sonme liquid are continuously
W tlfhrc1|(|r;§“fms1 ,;gg'ﬂ,gﬂ 20, then the separation efficiency for the

enrichment section decreases and hence the desired separation
efficiency cannot be attained. Moreover, to keep down the equipment
cost while securing the desired separation efficiency, nc2 must be made
to be not more than 100. Furthermore, if ncz 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 nez is 30 < ne2 < 90, with 40 < ne2
< BO being yet more preferable. Note thét in the present invention, at

least one chimney tray must be installed in the enrichment section, and
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15 uppernost stage of the trays K, and after heat is
AO0501gVRBY/IKAN require for distillation in a reboiler, and

then the heated liquid is returned into the
distillation colum C froma feeding port provided
bet ween the uppernost stage of the trays K and t he

the nuBbRIGA Stades EAMSIRER RGOS 'fihea PBAVE: 1< fod i nto

| ower trays 20 in order. By devising ont i nuous
mMoreaveigdoditbei ¢ontingausInuit-2tape ‘E"rﬁtﬁ'aq‘%%/ Q:'j‘ﬁ'é‘“ C of
residence tinme of liquid in the |lower portion of the

the prasgntinventiony preferably Bt £1Pat.i on col uim C can be
i ncreased. Moreover, by making a diameter Dc3 of the
CCFuHTﬁeﬂﬁm&t@dnb@tew {ihe intthgesasendhat the highyboiing point
are present be greater than the diameter Dc, of the

Nk ASCldPhtoDRle conBiedlous hrultinstage distiilatiod column
react?rf Hﬂgg%&be%l ncreased and hence the 49 A0501 VP851KAN

C corﬁt%iré? éln T &aht g? dﬁ}%%%%ésfbgrc@nﬂcém@naté Uit fis Gresérable

e can e mai ntal ne Furt her mor €, by
or ST AR Aol Bt Bty pnce o
undem%&é%p@@% ié‘%a'o?:&erB"{st neiiethe GaByER. %@%@?s‘?éggaw'a”v

i nvention, even in the case that
no unneastedeey e paébeaab%mat@ntgimﬂ%s‘ﬁgdc'“ﬁﬂ@" D?a?@ém ed
cyclic carbonate can be reacted with the diol wﬂ
compangmieSent Aocardiagle waqygfefa@leegmt(qcpryne%gftt ggresent
converted conpletely into a dial kyl ene glycol having a
inveritien, abslurality peinstageshefitiays Klargfurthenprovidad ipea
any type of trays so long as these trays fulfill the

IoweL?o@tn@ﬁsﬁf b dn BliPees iAW lowetrmiost pdrtidre of dhat stoipting

tween perfornmance and equi pnent cost, a sieve tray

soct i Frigh 1t Bchfor POPpr e chptpmidoe ey i
distil&q@ép&c&u%q Rat L e [i§hid Ar¥eedntifuBLElF WHHdrawn from an
uppermost stage of the trays K, and after heat is given to require for
distillation in a reboiler, and then the heated liquid is returned into the
distillation column C from a feeding port.provided between the uppermost
stage of the trays K and the internals in the lowermaost portion of the
stripping section, while the remainder of the liquid is fed into lower trays
in order.

By devising the continuous multi-stage disiillation 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¢t of the stripping section {Dcy

< Dc¢3), the amount of liquid held can be increased and hence the
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15 greferably bei ng made to be such that liquid
AOC5010¢RBIMKMIng the weir continuously falls down froma

downcomrer portion into |ower stage trays. 1In this
case, the weir height is preferably in a range of from
4 to 30 cm nore preferably from6 to 20 cm yet nore

resid r{nc%?{ragls-qé{b%rqr?qty%s#m%lt%g? \Ag:h?ﬁ?ls thﬁﬁgﬁﬁ f(teirﬁe can

20 is particularly preferable. r ef er abl f
be madainsd obrthetials, Bl aking g GG EptidRdial tevel
Dcs < 413ci, yet nore preferably 1.7Dci < Das < N
be lowecithanbtheniewermestione of theslgavﬁ;}ﬁ, E%cg mPeng: ghthe liquid
' range for nc3 being 3 <_ nc3 <_ 20, nore preferabI% 4
in theblowar potfionyef themcelpmet caabbg evented. ks eoresyld of the
chimmey tray installed in the enrichnment section of

abové N 158 pieseht VREBHKAN, even imidhe case ithat agemall amount of
distillation colum C has provided therein at |east

unre 18 dCH EME % F DR A8 E D RBINEENtE Urrealded cyclic carbonate
cross-sectional area Sc (cnR) in the plane of the

can ﬁ%g%’gpwécgﬁggﬁgﬂeﬁdpiggngéérr\“?ﬁgﬁ%fs'eﬁtﬁheé ¢4RJY ¥xcess in step

A A each of the chi meys.
(1), oo et BrSneBh &y Jitd 8 GARyoREERE haying = igh

. sideways at ttf%upper opening (gas outlet) of the
boiling,peweyor thedik®r eover plays a role in preventing a

l'iquid conponent that falls _down from upper, stagges .
f e rtanys ik rayrbalANYCIRS PIERYHSO S 38 thsse trays fulfil
cross-sectional shape of each of the chi meys may be

the rehy defscribed mibavey|kut, insterame of dhiey (Riationship kgtyveen
elliptical,. star-shaped or the like, but a square

perforifdecearid @quiphentstaste a sigreteayniorya bafe tray is
Mor eover, for each of the chi meys, the

prefdia®is; BFE U ANR! trahabeingnPartical arty preforabiem lartheppase of
portion to a | ower portion of the chimey, but is

ine S48 )% BB 08 bl oS gretekashproviae ! o
preferably being made to be such that liquid overflowing the weir
continuously falls down from a downcomer portion into lower stage trays.
In this case, the weir height is preferably in a range of from 4 to 30 cm,
more preferably from 6 to 20 cm, yet more preferably from 8 to 15 cm.
In the case of the baffle tray, a simple tray in which the weir is the baffle
is particularly preferable.

A preferable range for Dca is 1.2D¢1 < Dea < 5Dcs, more preferably
1.5D¢q < Dca < 4D¢y, yet more preferably 1.7Dcy < Dea < 3Dc¢y.

Moreover, nca is not less than 2, a preferabie range for nc3 being
3 < neas < 20, more preferably 4 < n¢s < 15, yet more preferably 5<neg3<

10.

The éhimney tray instalied in the enrichment section of the
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15 the at |least two chi meys may have different shapes
A0501 ¥P8BKANoOt her, but preferably have the same shape as
one another. In the present invention, the
cross-sectional area Sc (cnR) of the opening (the
part of the chimey having the smallest cross section)

.of each, of .the chi..meys t el
contirfuayS 351ltGryagR M2 TREM, FEIHEE) & hiof Progifat THBLel B 1east
If Sc is less than 200, then ,a | arge nunber. qQf
one chMARY §aghdhaykilLANPEeRINg hﬁ‘fh“%gapPé%?'éﬁﬁql%a' area Sc
production anount, and hence the equi pnent cost
(cm?)becthmplangtof the Bay s Masapyer: AfhITHmRY COY&S isRreferably
flow 25 of gas in the chimey tray stage is prone to
instalihed @n ag upper fapeningnaf eaehcef thelchigeeys.ablfBis chimney
operation becones difficult. A nore preferable 51

cover\BRis ¥RdfiekANar d®codsponef] that sd@ssusdrem Boger
wth 400 s Sc 5 700 being yet nore preferable.

stagé@f!‘é%ﬁb:ﬂb’é@v abtthBeuphs8) opeihgh@arpeatley) of thecthimney,
of the “chim

i meys to the gas outlet (a |ower end of the
and BPSLYEPBlalY o folllf o5 Fh IRBYA LGl g mPY BT ANEL LIS
t din th ] ' A
dowry frdn rien Rk Pl AV iad b AIr 57 it fngBwer, stages.
liquid t fall [ I d
2 TBeICTORe-RBFUPAG! SRaRS GeRerboL BT Ra ae Hihany of
f th ir d d I b [ [ .
triangpfarosavare. palyganab ereuiass Alialicab, steriizpen arythe like.
if he is less than 10, then the anmount of liquid held
but @ squbee dfiapeprta arcadansbapeols prefarabinssast o Mejegver, for

stabl e operation becones difficult. Moreover, if he
eachi 6f i€ eMieya) the. ctdesiseictiomal stapé aridjarealmay vary from

i ncreases, and hence ‘
an upper portion to a lower portion of the chimney, but is preferably
constant since then manufacture is simple and inexpensive. Moreover,
the at least two chimneys may have different shapes to one another, but
preferably have the same shape as one another.

In the present invention, the cross-sectional area S¢ (cm?) of the
opening (the part of the chimney ha\)ing‘ the smallest cross section) of
each of the chimneys connected to the chimney tray must satisfy the
formula (10).

200 < S§ < 1000 (10)

If S¢ is less than 200, 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 becomihg ununiform, and

hence prolonged stable operation becomes difficult. A more preferable
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15 the strength of the equi pnment nust be increased,
AO501aVRBOMAN t he equi prent  cost becones high, and

nor eover the residence tinme of the purified diol in
the columm increases, which is undesirable. A nore
preferable range for he (cm is 15 5 he <_ 60, wth

20 5 he 5 K0 bejlng yet r. af | |
range; tr So((ohe rig 3000 Sens Bo0apih S0 s Se o7 PSS ypt more
the 20 openings in the chimeys to the area of the
prefeeaRl@ney tray including the total cross-sectional area
of the openings) of the chimmey tray is, preferabl Ln
a Margevef, theoheighttbc {om) frem fbe Srenindof Sk PE the
less than 5% then prol onged stable operation becones
chimmi§€ it6 the. gdbrasier (a lower fendypdrther epper iopaningrehths
than 40% then the nunber of chi meys 25 nust be
chimr‘\é‘ﬂ;ﬁﬁﬁgt cRimPRYmRstt dutishyi theeyormukd (bt).nade
higher, and in éither case the equi pnent cost becones

high. A pere,prefgrable range 52 A05p4l4)VP85/ KAN f or
t he aper‘[@r_eh a%e}cao is 13 to 35% vvithp% to 30% bei ng

! chad iy R HeBa M the RBSEREThvoRHBR beflerdlty tss
instaBe gl SpungpriAL Acsgos FaralieBina e i brigtnent

multi-stage distillation ,colum

C f ti
to falidiaw 10t lovwer stagRse AR S WENRIT NoTHIB e kRS

boiling point material having a | ower boiling point
compdreent. haT hedheighd of die WRir denepds oBohri hgtﬁaiqﬁ"?mw set
that of the aliphatic nonohydric alcohol is )
to approkimately § tei 20cmvessrtivart he. siGensaguentiyedf tiniisHess
I's 10 connected to the bottomof the liquid collecting

than Y tiHeh Bhe iHivoaht Bidjquidragld Tmehewtiomey tey beepmes low,
trays can be nade to be two or nore if required, but

. . _ eq .
and bén@?”@{og{:;bégﬁnﬂab-fﬁ%ﬁéﬁélﬁoﬁtbé’d‘drﬁbstdim@dilltnnEMoteayer, if he

_ ~may be at any position in the enrichnent

= orBRFAL M 0, R SIBLHLBr 3[R o0 st atid hoce
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 15 < he < 60, with 20 < he < 50 being yet more preferable.

An aperture ratio (the ratio of the total cross-sectional area of the
openings in the chimneys to the area of the chimney tray including the
total cross-sectiona.l 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
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15 stages in the enrichnent section and at |east ten
ADSOsVRGEHKANOM t he top of the stages in the enrichnent
section, nore preferably a stage that is at | east
four stages fromthe bottomof the stages in the
enrichment section and at |east fifteen stages from

the top of the stages._.n,the enrlich sect | t
for theoapepREPdialt J5 4 1o 5 Fhith 4 5ao Dz bgie 8 melE
fromthe 20 bottom of the stages in the enrichnent
prefesebté.on and at |east twenty four stages fromthe top
of the stages in the enrichnment section. For the
comt thelpuesant inventiga, dnetat leastone shimneay traydis installed
step (111), if LEl (cm is |léss than 400, then the

in thé A iment fddtidrenaypdmaion Bbovet andpiepfarefaeding into the
decreases, and hence the desired separation efficiency

co|ur§§ &aﬁeagomh@ttvﬁ F)g‘ihe'\@é&@ﬂﬁ} of tRekpemidtaget distillation

ul pnent cost securing the desired separation
coluffpe; RN HiraCtipEaxEl L7 i Eobona Mplser

ntor g o ERocS o BB gy Mg 3 e e GRS than that
of the a1pl buitta rGRST REYILBIGTONY 1DaBcIRAY fefis SRR Fronohydric

increase the tenperature in the lower 5 porﬁi gn af ht.he
alcokol istnontinuchsiy evishdeawaaiepmoiRe adekut pulipb whych is .

occur. A nore preferable range for LEI g_cn) is 500 <
conngdted R0fHE beittdmeditie Liguid colBsdingipegtipe ofbpe chimney
preferable. If DElI (cm is less than 50, then it is

tray.NOThBORSMY & dPCchimhAley trags carsibeethatistolbeatwonor more if
anount. Mdreover, to keep down the equi pnent cost 10 '

requ‘ﬁ@d,%@t‘ f@gBhEGagp%ﬁ@.Si ek disgé ldtavhioh av@witimrizgt tray is
nust’ be na

e to be not nore than 700. A nore

instd]lEd &P LR BSith 14aRb bfiridAmenDEbctiBAD bukis!

éing yet nore preferable. |f LEl |

prefetahiyea Sptp el SrRc s B pri RERe ok HeBUERIES he
stag%%ni%etrfé)%n%i%hr{wer?"czlseiciiosn and at least ten 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 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 muiti-stage distillation column E used in step
(111), if Les (cm) is less than 400, then the .separati_on efficiency for the
stripping section decreases, and hence the desired separation éfficiency

cannot be attained. Moreover, to keep down the equipment cost while

securing the desired separation efficiency, Lgs must be made to be not
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15 LEI / DEI < 20, with 4 < LElI / DE1 <_ 15 being yet
AD501InwPBSKAN erable. If nNnE1l is less than 3, then the
separation efficiency for the stripping section
decreases and hence the desired separation efficiency
cannot be attained. Moreover, to keep down the

equi pnent cost while securing the .desire ti
more ¢nanc3@oey, Fri-EIthﬁ{@PrSe'#rerﬂ’egﬁ gr 8@’%?"%%@@%%%9
20 Furthernore, if nEl is greater than 30, then tl“\?
presspire stiffiesedicef be tweenbevisth angebetiom & the: c8iHmMp baeomes
col um becones too great, and hence prolonged stable
too geFtr atrid heramopeslatiged stable aparatipedvecomesodiffiepit, and
necessary to increase the tenperature in the |ower

more89&t i0Pe8bride nedlewsary tanthdrease tHieltemearaturesin the lower
becone liable to occur. A nore preferable 25 range for

. 5.5 i i domhadi twoecur.
P°’t'%}f?fé§§b?§.dﬁféf§gh ?@%%‘g%@i@ﬁﬁ%oo, Chen the. oo

A ol A T4 06 ] ord 508 0501 YL G0 000 < Lo

s, an ence the desire
separatio efficienc annot be attained. Moreover,
< 1SQQ)%@é'é% YJ{}MWR&@SBF t cost while securing the
desired separation effpciency,.,. LE2 st b e
noff Chexr ECMAA |§G§dhapu$§hg'9?r%r‘5,’si %@?'E'%&ga?tééﬁ‘ e ‘
than 4000, then 5 the pressure difference hetween the t
desiredpdistidladnn @moent.ne Meyaauer, bedsaR down Jhegquipment cos
: hence prol onged stabl e operation beconmes difficult.
whileMattainiery the desiet distidtatonrgmosintn Smapaistihe made to be
tenperature in the |lower portion of the columm, and

not MENE thah d00 eadt more peasferable abhge for Dec(ecm)AsntP@ < Der <
preferable range for LE2 (cm is 700 <_ LE2 <_ 3000,

soo,Mihgé?b( g_orr?.;fs_ 563 Iseirmp (Bt pebre preferamie. preferabl e.

is less than" 100, then it is not possible

foaia : 0 .
t glfaé%,gi E’&Aﬂ%t cﬁg%zya%jz bﬁb'rééféﬁ %ﬁ'ﬂ@l{ﬂhe%f@l@v@ed stable

ul pnment “cos e attaining the
operAfpnareotmem dufisot A" Aot e s ATede e PAGE By 1 Der is 3 <
Les 1(52? si 280,1a!ci)th54DsE%_E1 .l Des < 15 being yet more preferable.

If ngy is less than 3, then the s.eparation efficiency for -the stripping
section decreases and hence the desired separation efficiency cannot be
atta.ined. Moreover, to keep down the equipment cost while securing the
desired separation efficiency, ngs must be made to be not more than 30.
Furthermore, if nes 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 ngy is 5 < ngp < 20, with 6 < negq < 15 being yet more preferable.

if Le2 (cm) is less than 600, then the Separation efficiency for the
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15 < 800, with 150 < DE2 5 600 being yet nore
AO501VEBBHANe. If LE2 / DE2 is less than 2 or greater
than 30, then prol onged stable operation becones
difficult. A nore preferable range for LE2 / DE2 is 3
5 LE2/ DE2 <_ 20, with 4 5 LE2 / DE2 5 15 being yet

preferab | f nE2 i

enrlcgﬁk%}taﬁ?%o'%f(*qqe@ﬁ&? f%gmi%%zbb%nﬁr?%éh%@%@ga 1o
decreases and hence the_ desired aration Ci

efficienay qannotbe Attamedvor Margover ofg Zﬁee& ﬁ‘é 'SquiBRent
equi pnent cost while securi ng t he desi red separ at

cost whilecsenusingnthe desirastsenasaliop &iicigpCoke2 MAH éa.made
Furthernore, if nE2 is greater than 50, then the

to bepigSAiore thdrn 40de Bertamortes m‘d.mzaﬁdgmﬂip@rthgn 480, then
col umm becones 25 too great, and hence prol onged

the p?éé‘?ufb ARE S OB Hrraeas tié ftbpcahd .bottbmeot éne dalumn
becones necessary to increase the tenperature in the

beco too yted P Shd\h8RE Pre dPQﬁ éﬂ%@blé%@@twfﬂbmes

ence side reactions iable to occur. A nore

d|ff|cﬁ),[-:tzf %ggggéﬁnﬂ%%fém%%enééeg %”ﬂﬂnér&&se thfle@nﬁerature in

m)Ire Note that in
e B P 3T oA R SR B o
to ocRer- ( MR PrEASbH IENas Wieber LTV 13t {4 SbFamSBo0. with

of the present invention, preferably DEl s DE2, nore
800 priahes 2HQ0 bEing yERomorgHeiarab tray install ed i n

the enrichnent section of the continuous nulti-

di #t DEb dtimnisclessnthah A9, ghevi Hds nokpessikle hOeaBﬁm the

10 two chi meys each havi ng an openi ng having a

de3|fefd38$st$l¢§&bﬁrm4no@rrﬂa Yfordovdy, tionkeep ddwnethef eqhigpment cost
tray. Moreover, a chimey cover is preferably

whilél_%?feﬂhL HE &éhlb*@@et!lsﬁnéﬁl'dﬁgaﬁfowm@{ muet bdimadegsto be
cover plays a role in a gaseous

1508t ' fle@vi N9120 < D
v BTRFH 1008 ATFAR B FRAR i e o 19120 < O
< Boﬁ?lwnl]tjﬁ)ﬁ 50 < Dg2 < 600 being yet more preferablie.

If L2 / De2 is less than 2 or greater than 30, _then prolonged stable

operation becomes difficult. A more preferable range for Lgx / Dg2is 3 <

Lez / Dez < 20, with 4 < Le> / De2 < 15 being yet more preferable.

If ne; is less than 5, then the separation efficiency for the
enrichment section decreases and hence thé 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 ng2 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
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15 and noreover plays a role in preventing a liquid

AOS01WRBBAAN that falls down from upper stages from
falling down directly into the | ower stages. The
cross-sectional shape of each of the chi meys may be
any of triangular, square, polygonal, circular,

ot Bhe e 403 5L ik Vol piorde T to occur

used.
Mor eover, for - 20 _each of7the chi
a

yS..the .
A mote pseferanlpdianoss frlpBea it TardEns awﬁweaé aBpRpINg
portion to a |l ower portion of the chimey, but. is
yet moarefprefergbloons Note thatde thecRresent in¥erition s at igapLone
and i nexpensive. Mreover, the at |east two chimeys
chimmey tray endsf beriastalied jastheosonichamenheectipn, and the number
preferably have the sane shape as one another. 25 In
of stdd¥s PressRr ismenided inthg above: sectional area SE
(cnR) of the opening (the part of the chi nmey having

gpﬁtoﬁgﬁbhﬁsfo%éoﬁﬁﬁum ifiti- S g B0t V66N Kkiuemt IE of

chi'i”meys connected to the chimey tray nust

' ioh? D | of3Bly Diey SEDe2.
the pfESpAL Yo ioBo PRI abAT D5 (2 Bepamereraerat Dy o-De:
r ired to attain i ' |
aniirareiag e, el fL S dicniRil G e AR g e
greater than 2000, .then the flow, pf gas j. .
contlahiph«ﬁemqltlaﬁtaaeaa@tr@atb?%r@‘vs‘fbgcgﬁi‘s?@'q}}ﬁﬁﬁ?’?ﬁe&e"&ﬁ& lsast
hence prol onged stable operation becones difficult. A s
two chimney eeacibhavintAgeoPERing havipy 3 STags-sectighal area Se
1500, with 200 <_ SE s 1000 being yet 10 nore .
(cm?pirftheaplane dbtieevsay. t MOIRIVAR hENTBARYIGRYRL Hepreferably
openi ng of each of the chimeys to the gas outlet (a
install@eesnend upsrhepeaniry of recmofdhet climnéy smeyhisfchimney
that chi nmmey nust satisfy the fornula (22). 20shE: 5100
cove('?p?ﬂays a role in a gaseous component that rises up from lower
stages flowing sideways at the upper opening (gas qutlet) of the chimney,
and moreover plays a role in preventing a liquid component that falls
down from upper stages from failing down directly into the lower stages.
The cross-sectional shape of each of the chimneys may be any of
triangular, square, polygonal, circular, elliptical, 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 is preferably
constant since then manufacture is simple and inexpensive. Moreover,
the at least two chimneys may have different shapes to one another, but
preferably have the same shape as one another.

In the present invention, the cross-sectional area Sg (cmz) of the

opening (the part of the chimney having the smallest cross section) of
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15 The chimey tray used in the present invention
AO501Q¥RBBIAN has installed therein a downcomer portion

for allowing the liquid conponent to fall down into
| ower stages, and a weir for holding the liquid

conmponent. The height of the weir depends on hE, but
is generally set to a oxjmately 5
each ot dHenthi RBRES R e5ad 1O feeranmngy Sl ufsbetsny the
the amount of liquid held in the chimey tray becones
formuiew21)and hence prol onged stabl e operation becomes
difficult. Mreover, if hE is greater than 100, then
the anou® <08el<@OA0 hel d i ncreases, &t hence the
strength of the equi pnent nust be increased, and thus

t e B0 pPesthan®0, trewzekargieghumbret obcbimeeyshare
residence tine of the purified diol 25 in the colum

ir8g" in WhhEdudterrnaed prodectidn mmeouptehadabence the
requir€d teeattain EhEb(cn) P E S 0. i th 40 < hE <.

equi%@gﬁ?ié&tﬁé?%ﬁi t%higf er gose.is grea8pYRaNPEIOGEAhen the flow

ure atio of the total cross-sectional
area, of the opgni | D i h d
of oa¥E Ui ARApneDag Y e, i, PARE®' @ BFoRfine ndhBef an
area of the openings) .of the chimey.fray i
hencgypiaipagey & er%&ﬁe.@tb‘?”fbrqﬁﬂ'gelso&ﬁfd%m ¢ A more preferable
aperture rgtio is less than 5 5% then prol .
rangeabiSe GoREhis HObaSass 1900 eilh 20T Soved 4] baiag vet
aperture ratio is greater than 40% then the nunber of
morecpreferablenst be increased, or each of the chi meys
nmust be made higher, and in either case the equi pnment
coMorkes@ e shairgdight hipptampfedrer tiie opeaing dfeaehof the

aperture ratio is from10 to 30% wth from 15 to 25%
chimP@yR0to/ Biie HH <L oliP (&l RVPSH endlpEtiné Upper opening of the

characteristic features of the present invention is

chimt?{gej}) of ijﬁt%hi‘n‘?ﬁéy ROSt ?Eiti@fwh_b%vrﬂtﬁai (@al led in

enr ment secttion (a portion above an inlet for

f eedi ng @tg@hgﬁ@bum but bel ow t heégg of the

col um) _ [TT-stage distillati olum E, and
thq'htg gnirﬁﬁglyt%asd(' L?sled in the present invention generally has

installed therein a downcomer portion for aliowing the liquid component
to fall down into lower stages, and a weir for holding the liquid
component. The height of the weir depends on he, but is generally set
to approximately 5 to 20 cm less than he. Consequernitly, if he is less
than 20, then the amount of liquid held in the chimney tray becomes low,
and hence prolonged stable operation becomes difficult. Moreover, if he
is greater than 100, then the amount of liquid held increas‘es, 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.
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15 is continuously withdrawn in a liquid formfrom a
AOS0VE85MANouUt | et connected to the bottomof a liquid

collecting portion of the chimey tray. The nunber of
chimey trays can be nade to be two or nore if
required, but is generally one. The stage at which
the chimey tray i s install be at any. posii]
| R parire FabR: (tBeciatim of ste 18} PleEs SRS iR AN of the
stage that is at |east three stages fromthe bhottom of
opentrigs & dgeschimneys tethecarasof dBetshimAaY thay |I@5§t<m'9 the
three stages fromthe top of the stages in the )
total ens §sivavtiorsaicaram of thecoperingsof the aragwehtray B at
| east four stages fromthe bottom of the stages in
prefer ABIETH iaC ofefebhP6 ©1d034. Ikt dpmrtuse agtio ibrless than
the top of the stages in the enrichnent section, yet

9 t ' iffieast. Mo , if th
5%, tiféggggﬁlfdﬁ{oﬁcfﬁggigbé Gg%tréﬁﬁn BétomeAliffieast eover, if the

ottomof the stages in the

aper L%' %HBEE% gigégﬁrogﬁrg%% 'ttﬁ@ﬁtthfeoHDnﬁSé’tQSF cHifRdy¥must be

e stages 1 n the enrichnent
_ tjon. Th t ] £ -5t istiilyhat in ei
incregsehpieaRl Thihe ERMAISLO YRRy FagdBight ARg injeither
casepie SRMRERIHaSt PRERTRP Bl AEATAGPLS A) 2DL ApBgedor the

packi ngs as the internal in each of the strippin
aperhuret tatio asdreme10&er 38Pmevithskem Je. ter#é%é?&ﬂg yet more

"internal" used in the present invention neans the
prefaxratiei n the distillation colum where gas and |iquid

are actually brought into contact with one another.

Ex@Wy oF thk éhgrddteyistid fedtuedsaofoliibpeesapt imegntian is that

sieve tray, aripple tray, a ballast tray, a 10 val ve

r | Rifd\P¥rdy B ingsia|lbai i the emichmeftperdticr (a
the éttr%mzoﬁ%@g{ ){)raf amdual fI‘owtray, agrid plate

porti}omépog;;én%k?ﬂﬂitif?)rpﬁe%tcﬁg%riﬁl’o the!EdILPhn AYbeloW thBaop of the

I'es ‘'of the patkings 1 nclude random packi ngs
colu it e oS de HSUpRebCERI A E g igh sy aio
is cow%a&]gunsﬁla\%tihrga%n l|_rk;3|ai I_igﬂg(d £Sfm réHf:tauéi%% cut outlet
connected to the bottom of a liquid collecting portion of the chimney tray.
The number of chimney trays can be made to be two or more if required,
but is generally one. The stage at which the chimney tray is installed
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
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15 packi ngs such as Mel | apak, Genpak, Techno- pack,

AOS0FVEBDBHEAN a Sul zer packing, a Goodroll packing or
Aitschgrid. A multi-stage distillation colum having
both a tray portion and a portion packed w th packi ngs
can al so be used. Furthernore, the term "nunber of

st age nE2 of the internal” used in

the StQ@%P%égﬁtenﬂ{?quréns%téﬂg t he number of 20 trays in

the case of the trays, and, the theore i cal
st'&@@sﬁqnﬂm%@usdﬁ@glﬁﬁaﬁﬁ&éﬂf&?“%?? URs, C gﬁ‘enEz
in the case of a continuous nulti-stage dlstlllatlon

continabusrmiultii stagsodistilatiery oeduminE asgoedipertq ghe present
packed with packings is thus the sumof the nunber of

inveriticly aransrefeeabiyhaaistillatiomoohemnohasirgg tray s28ndfon he
present invention, the internals in the stripping

packr‘rgqfé h%”thQJ intePRal (i eiat¥oss thestiipping eseatitsdn larat te
C and the internals 59 A0501 VP85/KAN excl udi ng

: t
enrucb?v??@?ggﬁy tr;a?‘hbrle'i'ﬁﬁ PReHSAMINed $6theNp@sent invention

5 d and/ or packl ngs. Furtherrm;e ||t hafs
AL G N

t he nternal exclud the chinmme
actuglhy BERHBIN 10k Goast Btk oris, ShENE, ' Exeilpisicef the vy
packi ngs. Moreover, it has been dIS oyer ed ieve
incluedag dubklie-rapi tigyaassieye tray: @orﬁpafﬁﬂ%.a!aoﬁﬂﬁéé%ﬁ @
portion are particularly good as the trays in terns
valvetrayea celuntteofisw uaueamblmlfrpartraman%@pahmaédaannénMaxffaC
cost. It has al so been discovered that each sie
tray, t4 dyapfRiwrtadyyahesd Hate tray) oo tadbegrid piate rtrahea Kittel tray,
sieve portion 10 thereof. A nore preferable number of

or th'éohﬁé | 4490145 QftthedpackivigRs includ®, raredomppackings such as
preferably from 200 to 800 hol es/n2. Mreover, it has

a Ra%? Lﬁgoé%@s.ﬁ |n§h% PaPSAngCH BetRkadtes, arrintalox
ieve tra 1 §' preferably in a range 'of from

sacdly? o fpiof FaoknEb MEIRREAB a5 firer taFacay; drseruree
packings such as Mellapak, Gempak, Techno-pack, Fiexipac, a Sulzer
packing, a Goodroll packing or Glitschgrid. = A multi-stage distillation
column having both a tray portion and a portion ﬁacked with packings
can also be used. Furthermore, the term “number of stages nc1, Ncz, Nes
or ng; of the internal” used in the present invention means the number of
trays in the case of the trays, and the theoretical number of stages in the
case of packiﬁgs. Ne1, Nea, Mgt OF Nez in the case of a continuous
multi-stage distillation 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.

In the present invention, the' internals in the stripping section of

the continuous multi-stage distillation column C and the internals
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15 from0.9 to 3 cnk. Furtherrmr'e, it has been
AO5010VEB6IKANd that it is particularly preferable if each

sieve tray has 100 to 1000 holes I n2 in the sieve
portion thereof, and the cross-sectional area per hole
I(fhln a _ranfqe gf fromO0.5 to 5 cn2. An aperture ratio
the ratio of the tot Crossisect, ar
excluding shesChimnrgay gy n 3&‘39%”'?8'1 taggghgﬁ %%es[-? ay?bcl)¥ trays
each of the sieve trays  in the strippin tjap.of
and/arheackimgsnuobyriR@rmarg. dgbas Been gﬁc&rvei‘sﬁﬁ%td? '$ s
.preferably ina range of from2 to 15% nore .
partiqulafigr pbfierabtenitie internzdg iy dhensirPRINGr E8EHPY areotrays.
3 to 10% Moreover, an aperture ratio (the ratio of

and theeiritarmalscersirdingtthenehimney toaytihetheoeasichment section
tray stage 25 to the area of the tray) of each of the

are tﬁﬁﬁnﬁ?éb’%tﬂd&:tw@d PHdKihgent Meeebien ivthashbeen discovered
continuous multi-stage distillation columm Cis

that %’l%%ffg%é SYehn @é@ﬁ%i?ﬁ%ﬁémrﬁahﬂnﬁdewn&bﬁférlp&tion are

Cof rablm)r? pr r 2 to 11 % yet nore
parti&h@é 98.’??6 ?%gmeaglg*%é%yl{é@%ﬁpgwahﬁg%mI‘Hélwén
ot e e SRS AL 8 U lpros g oa

(RS akis |
sieve brax. RESBATBRY Rag 100110 RABOBRIPSh N RaP H9v eI

the above conditions to the continuous mi i-st&gg
therebfst i Almorempretérahiequmbercef belesis ﬂf@’np‘}égéﬁt holes /

invention can be attained nore easily._In the present
m2, yatveireopreferably fram i200 to0180phelesinf.e Meragwer, it has
internal 10 in both the stripping section and. the

beerfBid<dVErRld 8t iHY cpdsé b ativiainaaes penhicle of ageh sieve tray
distillation colum E to be trays. Furthernore, it has

is prgggﬁ% LSCOVERER SN flori B%etd Baym2eack nhens pgeferablee

and a downconer portion are particularly good

oS IAEN R PRl AT b braterany
from 6.890?3/%r S}jnz_ Furthermore, it has been discovered that it is
particularly preferable if each sieve tray has 100 to 1000 holes / m? in
the sieve portion thereof, and the cross-sectional area per hole is ina .
range of from 0.5 to 5 cm?. |

An aperture ratio (the ratio of the totai cross-sectional area of the
holes in one tray stage to the area of the tray) of each of the sieve trays
in the stripping section of the continuous multi-stage distillation column C
is preferably in a range of from 2 to 15%, more preferably from 2.5 to
12%, yet more preferably from 3 to 10%. Moreover, an aperture ratio
(the ratio of the total cross-sectional area of the holes in one tray stage

to the area of the tray) of each of the sieve trays in the enrichment

section of the continuous multi-stage distillation column C is preferably in
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15 that each sieve tray preferably has 150 to 1200
AOS0INPBE/MANLR in the sieve portion thereof. A nore

pref erabl e nunber of holes is from200 to 1100 holes
/. n2, yet nore preferably from250 to 1000 holes 1 n®.
Moreover, it has been discovered that the

Cross-sectij gnal a_per hole of.e ' r i

a ranspeq:érrggw B B oeriie piasRraby Tidts Z1E 1138 gre
preferable cross-sectional area per hole js from Q.

preferably ez 2/E(onbps. pNarter tiahiry i PasssphnveRgon; the
Furthernore, it has been discovered that it is,

chimmey ti aylinstajlest i1 thamnrichmanihsection is caunigd insthe sHumber
1200 holes / n2 in the sieve portion thereof, and the

of stay@ssbatasi dostrinedaalpeve hthe dperturaratiardge thie ehisnney tray
0.5to 5 cnR. 25 An aperture ratio (the ratio of the

is diffeYedt 1oF @S apesturenpdtiafon the dibve trayes in one tray
stage to the area of the tray) of each of the sieve

U das ?éeﬁoéﬂéw\‘fﬁﬁt@g AddinketHd BbRivie'8oRaRIbRS tofthe

t he continuous nulti-stage distillation colum E is

.pref er abl ' f %
cort 6L -4 AT A0 3 splcel o presen
] 1o % M , g ' '
inventig campect Se N Mot BRIV of Xt he hol os | ' one

tray stage 5 tg the area of the tra of _.ea of t .
si Wvthe pagsent ipventipn; dh%ﬂ@”'géfﬁ'ﬁ%ﬂ?fsﬁe‘ﬁﬂe Xor'the internal
continuous multi-stage distillation colum E is .
in bophdher sisipping sectiangnditherentishmentosectiphof the continuous
preferably from3 to 15% yet nore preferably from
muitidstage disitlatiohecalain iEh to te praysent Furthatmoeie, it thas been
chimey tray installed in the enrichnent section is

discorardEthansidie ayisesath Indvisigagesievbyportionieswt abdawncomer
above, the aperture ratio for the chimey tray is

portiﬁbf%g ﬁ%hi&ﬂlew? F A BYr@d Bdyoirl BSrrhfftheyrelatiayship

een sho that by addi'ng the above conditions

betw%a%gat ggffé:gﬂ{%#@%%fdp%yibﬁ%rﬂg@oﬂ stitlH4d kpso PldHiscovered

( ent 1 nvention can be attai ned
that 92ch §&e Yr'ayNgnteefetrQEIy h% 756%0°1200%816¥1 m? in the sieve

portion thereof. A more preferable number of holes is from 200 to 1100
holes / m?, yet more preferably from 250 to 1000 holes / m2. Moreover,
it has been discovered that the cross-sectional area 'per hole of each
sieve tray is preferably in a range of from 0.5t0 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?, Furthermbre, it has been discovered that
it is particularly preferable if each sieve tray has 150 to 1200 holes / m?
in the sieve portion thereof, and the cross-sectional area per hole is in a
range of from 0.5 to 5 cm?.

An aperture ratio (the ratio of the total cross-sectionail area of the

holes in one tray stage to the area of the tray) of each of the sieve trays
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15 necessary for determning the aperture ratio in the
AOSO1pVE8EBHEAN nvention refers to a total cross-sectional

area including the cross-sectional area of the hole
of the tray and the cross-sectional area of the
opening. In the present invention, the dialkyl

i the SRR B aBsP b YR e b il umn

) 20 is continuousl V\nthdravvnfromtheu r tion, gf
is prefacakiyl ina nange giJeems3iier 4P % MRESIRK E 'Pﬁfnﬁ ?’hg to

reaction m xture AT together with aliphatic

22% , ymtoipdei prefecably fromatd thQ%an@aegneéa%m @apefidre satic
general ly being used in excess. Mreover, the high

(the radid bhghediotal cressisemtionaltarea AB therhalies imgonkctray stage
produced diol is continuously 25 withdrawn fromthe

to th%%‘f‘ﬁé dS’PfHé ¥y of Baceob the isieve Itrays dn fthenendichment
1 ng point reaction mxture AB having the diol

sectifn df l'i'ﬁl Bo ﬁ%dﬁ%ﬁ%lm\lfgﬁ ﬂ% 53 Qﬂah S1RNPRTE is preferably in

glener t cont al ns wei ght of residual

[

o ol B8 T8 'fﬁﬁ@% ik e 1o bl
profesabhufiom, o [avhe, Aot Mt ﬁaemﬁ'eaﬁﬁﬁ/ﬁﬁﬂ%t The

ght) of b roducts haV|n a | owner
chumnaartramansalYMéndh&l e@achm%i‘%%??éPﬂa‘ﬁo‘Fmé?ge‘f maha number
smal | amount (generally not nore than 1 %
of stagebybpt asudescribeichgbavei gherapeituradatio fﬂr ft"}%ﬁ%ifﬁﬁ'tey tray
of the dial (e.g. a dialkylene glycol) including
is diff@ientyiss the mpdréuss eati¢ifior theasieMeatraysvi ng a | ower
boiling point than that of 10 the dial (the aliphatic

ooy b e rlsh@ih that byaaddinig the abal&ylonditiohsriat the
and by-produced CO2, |ow boiling point by-products)

conti‘m&% mRTB- Sty Wi tiPhtibACcSIUMn 1B iH‘éBob#@@t Bbithé mresent

reaction mxture AB continuously fed into the

:nvenﬁtiﬁﬂ%&% Mn‘e%@trﬁg?e qﬂas% h}el aN'o‘P@ that YAB 4red of thEUﬁ’ay

rawn- as col'um top conponent
and / .or -
necessary for determining the aperture ratio in the present invention

refers to a total cross-sectional area including the cross-sectional area of
the hole of the tray and the cross-sectional area of the opening.

In the present invention, the dialkyl carbonate produced through
the reactive distiliation in the continuous multi-stage distillation column A
is continuously withdrawn from the upper portidr_l of the column in a
gaseous form as the low boiling point reaction mixture Ay together with
aliphatic monohydric alcohol that has remained unreacted due to
generally being used in excess. Moreover, the high'boiling point
reaction mixture Ag containing the produced diol is continuously
withdrawn from the lower portion of the column in a liquid form. The

high boiling point reaction mixture Ag having the diol as a main
. o
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15 the side cut conponent Cs, while the dial
AO0501¥RB&MANg the catal yst and a snmall anount of high

boi l i ng point by-products is continuously w thdrawn
as the columm bottom conponent CB. In the present
i nvention, the concentration of the dial in the

compalTyRTE LR RAIDBonffrict STASIS oty QighEs e
aon e SRS, L et b oG, @ very

invention, a very small anmount (geperally not,  nore
smalk amount(gensralll get ynere thapdb2et Bycveighiy phupLgacted
fed into the continuous nulti-stage distillation
cyclicelanbonéteaa smallramount (garnenaily aphimohittanik4 % by
present in a |large anmount in the 25 conti nuous : .
weight)| &f b?tmﬁm&tstrhébmg aroeairuboilidg peipt thiardhat of the diol (a
di'al ky[ ene glycol, and hence it is easy to make the

2-a|k?§?\é‘i‘ﬁaﬁ&l H'i‘é.??‘%‘h‘iﬂacé’rﬁbilcam%n‘l\q%éf%!y KéNmore than 1 %

bonate present substantially zero; in the present
| WYy - ! tp&iRt than that of the
by wi Y i rO8els PP rAghePHRANAD PSR than that o
. ubst ant i al no,unrea Lcvcl | bonat e therein.
diol (&8¢ & %ﬂ'?yg%}% Y??/ﬁ '&ngﬁgd'g‘# {:)Jﬂfae'g?l{'ve of obtai ni ng
an ultra high,5 purit iol having a.fur . :
coln the SsppallaBeteas favine mupeer ealibd bt iefiipat of
diol in trace amount, or an ultra high pyrity di.ol
the dialithe aliphiagic monohydiicRIrohoys, aitrace of the diaiky!
preferable to feed a small anmount of water into the
carbbnatz gyt byepraduced GOni lowdeiling peind bywproducts) and a
distillation colum C in accordance with the process

smalilessblLhedfithePdictnih thechighmbolling faiapaeestiopatrixture As
Application Laid-Open No. 2002-308804) or Patent

contwgtfe@ir{téaﬂﬁééﬁtiw mAip-saje distikatiofpesiuNm C are
004-131394). The distillation conditions for the

s SRS, AP gyl a1 o
the %iﬁgt E@bgbﬁ%;&é#‘é‘m L SPhHEhaGidi R riteiitlg e Tatdfst and a
small amount of high boiling point by-products is continuously withdrawn
as the column bottom component Cg. In the present invention, the
concentration of the diol in the column bottom component Cg is generally
not less than 95 % by weight, preferably not less than 97 % by weight,
more preferably not less than 98 % by weight.

Moreover, in the process of the present invention, a very small
amount (generally not more than 0.2 % by weight) of unreacted cyclic
carbonate fed into the continuous multi-stage distillation column C can
be reacted with the diol, which is present in a large amount in the

continuous multi-stage distillation column C, to produce a dialkylene

glycol, and hence it is easy to make the amount of unreacted cyclic
63
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15 conposition and anmount of the high boiling point
AO0S01 ¥B8B/KANMi xture AB fed in, the purity of the diol
required, and so on. The columm bottom tenperature is
generally preferably a specified tenperature in a
range of from 150 to 250 C.- A nore preferable col um

carbagite rasencEuys EieRoger” 1 SRE ol invanian. the

bottom pressure varies dependi ng op.the nposi tion,in
colummbottam samaRnaN-CodtaminBBUE BrEPLABEL NS arnalally has

but is generally in a range of from 50000 to 300000
substamtigiheher abrgadtesnegoliccarbopsdedhersin. nore

preferably from 100000 to 200000 Pa. Moreover, the )

r efbtex that,i geheralty)ewithnan roljestivel of obtaigéng an ultra high

distillation 25 colum Cis preferably in a range of

purity 4981 Radirg adfurtiseredatetaddntemant af. didehydle which may be
nore preferably fromO0.8 to 2. 64 A0501 VP85/KAN In

cont%ﬂﬁgﬁﬁ\eﬁgégﬁiéf‘i‘f?ﬂiaj&na@r&ﬁﬁw SAtul®fa high Purltyl didl aving a

conponent om t he conti nuous
. i- di.st il ati ' I
nigh [ YaTEARREIG, I 1plsRlpERe Bhie thTiest RE ety afitunt of
nor e referably not e than 1 R r Nt
watepinice HipIgWRBPAD PhanSs S uppuB LAl SipBR distitation
invention, it is even possible ta nakgﬁﬁﬂe gpqtev#hof t
columRAeC dnoRceprdance Withthe iy GRS ABRFNEL I F&HENt HRCUmen
side cut conponent Cs fromthe continuous nultij-st age
9 (Jagimstade Ratent ApplinatorydaidaPpencbigrd@R2-30R804) or Patent
' al i phatic nonohydric al cohol, by-products havin8 a
Documest 10{Japanese RatartrAppticatibnt haictQpen Aa.02004-131394).
2- al koxyet hanol etc.), the diol, and a small anount of
| MPHE distl | dtion kenditibhghfer thel tontnpoiust mutitirstaigst  of
the diol (e.g. a dialkylene glycol). The anount of

distitjé)foﬁiéiﬂy?hﬁ cf%@éﬁﬁﬂh&& (119 \@fpeaspbiiding artive foam of the

preferably not nore than S_X;earmr_e preferably not

ntorBEE 1 IR AR ol e AL of stageerine ype,
composition and amount of the high boiling point reaction mixture Ag fed
in, the purity of the diol required, and so on. The column bottom
temperature is generally preferably a specified temperature in a range of
from 150 to 250 °C. A more preferable column bottom temperatﬁre
range is from 170 to 230 °C, yet more preferably from 190 to 210 °C.
Thé column bottom pressure varies depending on the compaosition in the
column and the column bottom temperature used, but is generally ina
range of from 50000 to 300000 Pa, preferably from 80000 to 250000 Pa,
more preferably from 100000 to 200000 Pa.

Moreover, the reflux ratio for the continuous multi-stage distillation

column C is preferably in a range of from 0.3 to 5, more preferably from

0.5 to 3, yet more preferably from 0.8 to 2.
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.distiﬂgpon co

15 distillation columm C. Moreover, in the present
A0501 WP8BKAN, the content of the diol in the side cut
conmponent Cs can generally easily be made to be not
nore than 0.5% preferably not nore than 0.4% nore
preferably not nore than 0.3% of the diol fed into

o 8 iR el ﬁ%%ﬁ%tﬁ%bwﬂg%wé' e soidmn tor
compgassG tay: it sord s AT afioh Al Blohitofifen © i

than 2% preferably not nore than 5% nor
genepakdy mmyradhamiéotm preferaly- 'ib‘PbB'tRﬂestht%l'\‘ungme more
hi gher boiling point than that of the diol (e.g
prefedablkplot moge thah) 1@uppm, gemlmoaenmsfeaﬁblys':@amrpsthan 5
conponent. The di ol obtained as the columm bottom
ppm.COIPeREPresehti invaatioralit is mer pessitilantdthake the content of
preferably not |ess than 99.6% 65 A0501 VP85/ KAN nore

. the dt??':fco | 0610/N h?‘ﬁ%drﬁﬁ&n%ﬂt?% bef zéhe diol fed into

nti nuous tl-stage distillation colum C It

it Sgﬁefﬂgfe%gfk' RSARC fiohh thBooRisags hneiage

dined W th such

... Fecove that ener

distilgian malym ﬁ»ghccsmﬁ s e & %ﬂ"aa&."éng"?%ﬁ%‘ﬁt!?ﬁ
reduced cont ent of an dehyde,.whi ch 39

alcolha e PapgCE NEviRG BaRRT P PnarP?tPt‘nqéa p<Eft ﬁ't‘g%' (a
di ol having a high U transm Ssivity,

2-alkeafeshapiod ate. ); ébe diodnand assatl WO%tftfr'mm'B“PﬁehaV‘“g a
| ower portion of the continuous multi-stag

higher doilihgtpaint thahuivat©fatie didk (a.0e a:drﬁlkmlgjm glycol). The
mul ti-stage distillation colum C in 10 accordance

amouht bftthe $idecess cdarmsnded CsnisPgensraldpaotemore than 4%,
(Japanese Patent Application Laid-Qpen No.

OfhrRBeR! mereu raBly hdapnoes ¢hBat 2%, of the
pref%’%&ﬁ?’catu@@faud qOen No. 2%5'%131394) The

high%&ﬁii 'g: g{alrﬂr\'eccéd’:'ﬁu &?ufé"h fﬁ]mtﬂw&%tmddus suldiestage

Ion used °n e step (III) vary
endi n éhe f orm of
mA C.

Moreover, in the present invention, the content of the diol in the

side cut component Cs can generally easily be made to be not more than

-0.5%, preferably not more than 0.4%, more preferably not more than

0.3%, of the diol fed into the continuous multi-stage distillation column C.
As the column bottom component Cg from the continuous
multi-stage distillation column C, the diol can be continuoustyl obtained
containing generally not more than 2%, preferably not more than 1.5%,
more preferably not more than 1%, of by-products having a higher boiling
point than that of the diol (e.g. a dialkylene glycol) and a small amount of
catalyst component. The diol obtained as the column bottom component

Cg is generally not less than 99.5%, preferably not less than 99.6%,
65 '
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the internals in the distillation colum and the
A05011UR§5FK%N stages, the type, conposition and anmount of

the col unmm bottom conponent CB fed in, the purity of
the diol required, and so on. The col umm bottom
tenperature is generally preferably a specified

morelSTEFEhHLFob o SRR BTIAB B af Y anf, EB0gucus

multifagetitIatan CORBILCaur & I5a8) frrag%rﬁgf)ﬁd%@iu?%gfthe

conposition in the coI um and the coluym to
presantnpeentinn thabih iiol Fandan@ieiyedavih uifh Sohigh gasovery.
- 8000 to 40000 Pa, preferably from 10000 to 33000 Pa,
moNetethatrgehgrally,owithoanmhjectiveoof phtaizéngm@rsitra high
the reflux ratio for the continuous nulti-stage

| puntyildsél hhatn%ra furehemre ucedpeehritbb fyannald ehydgewdfich may be

from6 to 50, nore preferably from8 66 A0501
conté{ﬁéﬁ/ i hd AidPin Yﬂcé@hfb@ﬁtefcﬁf ahl mtfa ﬁi‘gl’l(ﬁadrﬂgwmllmavmg a

resent 1nvention, a columm top component r from

high W trér?é‘ﬁw':é‘éig 'ﬁ”ist hisy pe ?fé%‘aﬁ:tléébaftdéﬁ‘a%ﬁﬂmaﬁount of

1'ses a s amount (generally not
h 10 % I
woro S oMb A T Lo 08 {8 o v
consi EHE el poRine e e ol
p conmponent ET. The colum top conponent ET |
accog@aaﬁalwgth thecpEoeRISs me@qrrkettmﬂ?mgs%vme@t %déapa“ese

distillation colum C, and then fed back into
Patenbdtpplicatiomllait-OpageNei aouz&o&ﬁﬂtbpumaterﬁ@%wment 10
of 10 the col unmm bottom conponent -CB, and thus
(JapaAesueP atbsApplibation LuidiGpen Nbr 2604134384 urm
bott om conponent EB fromthe continuous multi-stage

di Thd batiimti6e!contifiorenyri thes cbhtibuows imgdtipsiaye
by- products and catal yst conmponent containing a small

disti@%ﬁl{iﬂ%@&gﬁﬂ? ‘ﬂs‘é’d lnTﬂ?e Step GHY vereesehdifg bnethd lerm of
the internais in the dlstﬂlatlon column and the number of stages, the type,
composition and amount of the column bottom component Cp fed in, the
purity of the diol required, and so on. The column bottom temperature

is generally preferably a specified temperature in a range of from 110 to
210 °C. A more preferable column bottom temperéture range is from

120 to 190 °C, yet more preferably from 130 to 170 °C. The column
bottom pressure varies depending on the composition in the column and
the column bottom temperature used, but is generally in a_rahge of from
8000 to 40000 Pa, preferably from 10000 to 33000 Pa, more preferably
from 12000 to 27000 Pa.

Moreover, the reflux ratio for the continuous muliti-stage distillation

column E is preferably in a range of from 6 to 50, more preferably from 8
66
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15 distillation col urm. E generally conprises not |ess
A0S0 MBRSAHG preferably not |ess than 99.9% nore

preferably not | ess than 99.99% of the high-purity
diol. That is, in the present invention, the content
in the side cut conmponent Es of inpurities (a

di al] kyl I . [ - hi gh boi | i [
0 451§ %%%156&%%3’;&%5“%%{1%&% 2l 'y easi |y be made to
t 20 . 1 %Db ' f bl
CHarife preswpt imaion. Aorelugdp BrPPRsEIE ol

0.01 % by weight. Mreover, in a_ preferable
contirubosimeHi-stagerdistilation coivap: EorPMPRIS§SactMal amount of
carried out using starting materials and a catal yst
the diut(geoeraillyi ngt mdva them,10afe byhwedght Bé thetiod daddnd)
can be made to not contain a halogen at all. In 25 the
moreBVep e thévarle Ot watépis fediintp shealargémucostreutti-stage
not nmore than 0.1 ppm preferably not nore than 1

distilnfﬁgigotn ieg'ﬂu pUE REmRA AlY oprtpduwater f&d iAQB O tNBBAWIKAN the

. in the prefsent i nvention, a hi gh purity diol
colurpPk SmgFATE; ! 1Y L8 ConpnBhg i is generally
i gl.kyl I | of . .
recydlafdgn Feseiifuahs Bl a8y dRTIRtbR HluARCh and then

tou R NS ek A g U AU AT B some of

than that of the diol such as a dial kyl ene choh of . .
the codummobettomacoropopgmt Canang tharso \&IRdAs Tyah;BHrity diol.

nore 1 ppb can be easily produced. In the present
Moreiovegnai oolunthdotéant comparent Esdrore theqantinyews

yield are thus high, and hence the high purity dio
multiceia g dpstonisiced oblumm E tonprbeyitabgt éilnpoant hyrproducts

| ess than 97% preferably not |ess than 98% nore

and A&{I§5EEBbIhGthehEESNtAIMING W/ Enis ednoant loé thgcdiot.
Cc

arbonate used. The material constituting each of the

£ (e el eombRBRL L o (R Ao mal-Stage
distili‘:%:e '@b{écﬁH%ﬁé%bpﬂﬁp AmpHY Bt 7855 AhaRl 669 S5eferably
not less than 99.9%, more preferably not less than 99.99%, of the
high-purity diol. That is, in the present invention, the content in the side
cut component Es of impurities (a dialkylene glycol etc.) having a higher
boiling point than that of the diol can generally easily be made to be not
more than 1 % by weight, preferably not more than 0.1 % by weight,
more preferably not more than 0.01 % by weight. Moreover, in a
preferable embodiment of the present invention, the reaction is carried
out using starting materials and a catalyst not containing a halogen, and
hence the produced diol can be made to not contain a halogen at atl. In

the present invention, a diol having a halogen content of not more than

0.1 ppm, preferably not more than 1 ppb, can thus be easily produced.
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15 ality of the dialkyl carbonate and diol to be
AOS%VBEE@@W stainless steel is preferable. EXAMPLES

Following is a nore detail ed description of the
present invention 20 through exanples. However, the
present invention is not limted to the follow ng

XA % gl 080t IR RIQHSE 1AW BU LYo TRRH G S
r.:onteggnrﬂttJ %gﬁétl%ﬁfayﬁt&age@%ﬁe&h}'ﬂh ﬁqogﬂfrﬂoﬂ[grbn 933{ gﬁ the diol

in FIG 1 havin LCI = 1100 0501 VP85/ KAN Dci

such asjagiahfylese givsal of net “H?;fe %@c -366% %ﬁa@é“
= 110 cm Lc2 / Dc2 = 27.3, andncZ-6OvvasuEM. .

conteFiteof net deors Brbtnpm (Ta P enassily miasicad  Brefegably a high
over approximately 500 cmfromthe bottom of the

purity dicinhavigl ai conters pbimpanitigehaving @ highen beiling point
stages of baffle trays K 5 having a downconer portion

than ﬁﬁl@it bpthuhdieh suchebs 4 deakyledd glgtoles$ ndtemobafthiae. 100 ppm,
I't was devised such that sone |iquid was conti nuously

and é(l)v'p‘a't“ﬁgém«f?rﬁfm@f h@i"@f‘ior@ﬁtpﬁﬁ &fn becesngr cgdige

o l'e trays K, the w thdrawn [iquid being
t -
ol ﬁg%%ggfahi?ls?ﬂg%gggnaﬁﬁrEe'}oé\e/éé:rtf&p p?"ﬁ*éa*éﬁ??‘?a Prarifieadion

sect an 10 u |
ol il ERGheRO B HBLJECHET Byt win
i Mmey tray stage vvas i nst dbe
high HiicBoL gaperally G 51 Y1hs mist oA q%@eaﬁ[’ fifag 08%,
tray. In this exanp S|evetrays wer e ap_th?
more prefierably ﬂﬂOttH@S§tth|31@5bBHg@s€€§¢€rPn the LS &/Eaf gpate used.
were used as the tray in the enrichnent section. These
15Thieemateriay cornaitatingosacbeaf thm sondinew ye Mylbi-stage
approximately 1.3 cn2. In the stripping section, the
distimatibarcsilinives s ¢ e @& usk d iretise @resentysvention is generally
a metallic material such as carbon steel or stainless steel. In terms of
the quality of the dialkyl carbonate and diol to be produced, stainless

steel is preferable.

EXAMPLES

Following is a more detailed description of the present invention
through examples. However, 'the present invention is not limited to the
following examples. Note that the halogen content was measured using

ion chromatography.

Example 1:
As a continuous multi-stage distillation column C, the continuous

multi-stage distillation column as shown in FIG. 1 having L¢t = 1100 cm,
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approxi mately 250 to 300 / nR, and the aperture
A0501r\AP§éP in arange of from3 to 4% Moreover, in

the enrichnment section, the nunber of holes in each
of the sieve trays was approximtely 150 to 300 / nR,
and 20 the aperture ratio was in a range of from2.8

oo LA EIISFAEN e LSt b, Lo

Ving Sc & appr oxI nmat €
e N o G R B DL das
incre a6 doct D0 M- VoHEPREGHITAIAY; 58D 78 Tipth (e BRI of the

colum E, the continuous nultl-stage distillatjon
columm) and iasthibqeertion Enere > Weravingalled 8@93995011‘ baffle trays K
VP85/ KAN = 850 cm DE, = 160 cm LElI / DE1 = 5.3, nE,
having &, dcb:ﬁacaniéhf)ﬁoc'rmn[ﬁid for Mtticbng wez (hebght :105crran\uas the
nE2 = 11, and having one chimey tray stage installed

baffiéit lth@aét Hetisaap sLERNHasdaR WGulidhwasncontimacsly withdrawn
section stages was used. In this exanple, sieve trays

from %Wér‘ %ﬂ.bﬂr@é tﬁ%?@ﬁ%h‘né‘ﬁ' §tagd ANABWATTRS BlaysLK3 the

) used i n e stripping section an t he
. nric I t

W“““Eﬁ;’”:ﬂqﬁgaf‘{’ &f:ﬁb ﬁ’%‘fesd bYFe sSbBifeR, sfciel fga ik intg, an
ol e ch of the eve tra S

uppeSGst Higraob s sladaa M@l rﬁgﬂ’? ?ﬂ@e&aﬁ*’é‘*tﬂ”&a@‘séﬁga“
0 from4 to 5% Moreover |ch nt sect

uppef [ROTHigfWa oparkedswith Mﬁ”@&@ﬁ‘ ?l thqarguical lR%é of
approximately 300 to 450 / n2, and the aperture |I

stagemofi52, conartfinyiey toay stage was Tastalladbajow e FYE%' apak,
twel ve chimeys therein, each of the chimeys having

and SEtagesppi traysawverg Fﬁmlded belovwhthe dimngy gy t hkd this

aperture ratio being in a range of from15 to 20%
exanT;hl% ibvearays avefwndsediasnbenmtenval irothe sippireg weiation,

hei ght being 40 cm A starting material containing

and SidVd £25sCRPeNM&d EEQAna By in the enrichment section. These
sieve trays had a cro_ss-sectional area per hole of approximately 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?2, 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 26%. The chimney tray had a downcomer portion,
the weir height being 10 cm.

Moreover, as a continuous multi-stage distillation column E, the

continuous multi-stage distillation column as shown in FIG. 2 having Les
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met hanol (MeOH) (ol ar ratio MeOH / EC= 8.4) and a
AOS01MPBPJJAN(KOH in et hyl ene glycol subjected to thernal
dehydration treatment; K concentration 0.1 % by
wei ght based on EC) was continuously fed into a 20
continuous multi-stage distillation colum A, and
- eact vedl illation ri.ed _OHt; whe =
850: SW/ Rt oﬁab h‘lﬁ‘l lb'\gafom 2%h165hen ke A Hﬁ'@b e Bez

conti nuously w thdrawn. The ethyl ene
200 conber 4 Bee S NG9 Fnb ¢ ABY m"@néﬁaﬁ%@*ﬁev tray stage
sel ect|V|ty was 99.8% The colum bqttom corrgo
instalded aththen 5Contageméer.ihe tomof the %'F'”ﬁ% MemoPe °€°Bo°1‘ages
25 ton | hr of dinethyl carbonate, 0.009 ton/ hr of
was Rsaet hdnytbishaxamphz, 1sevet bays (progs- S25HORALALRY RAT hole =
and 0.019 ton / hr of diethylene glycol and 70 A0501
approfigvatei cat @h?ftye:@msednm botts theratripping | sedtien ianth the
a continuous multi-stage distillation colum C from
enncﬂfhér‘?{ ﬁbghoﬁsa@'ﬂﬁéﬂn't@rrFéICexéludTththlwbleitmﬁeyvasay In the
I nst a between the trays in the 10th and 11th

strip@b&ggﬁf:gpﬂmtﬁg%@ﬁge ’Bfoﬁo déé‘fn et BHONE dTBlbitrayeaeas

on colunn omthis, 0.155 5 ton |

sopr e ST P8 LRGN Rp G 499 ko) oo o

tromCE T 4 R R e, A g of ol

di stillation cqurmaaare r.ar t ofzt om
in eacheof she | siavadraus was @RI oxig 9‘yat$’p9nt°cﬁir%§n£"€ %ﬂ“e
The continuous nulti-stage distillation colum
apertyrer eated wasriniacangeyoffrom 2 to¥m ohe @,Iﬁlmney tray had
tenperature of approximtely 200 C, a column top
twel\lﬂé Q:Wtﬂrfbys‘ twnxembytmmmyahavmg &d Bx ratio
. 9. Moreover, the columm bottomliquid | evel was

apprbﬁﬁha@él sobf@nzlmmstssaem ohntihttet appstute rAticAbeing in a
um t'op conponent CT containing 0.968 ton / hr of

ranggeéfl‘g’?ﬁh 5 (l)% Ofblos! wé?rﬁmﬁfn% WRé W Hadcardwwatememgortion,
the weir height being 40 cm.

A starting material containing ethylene carbonate (EC) and
methanol (MeOH) (ﬁaolar 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 distiliation column A, and reactive distillation was
carried out, whereby 3.205 ton / hr of a column bottom component Ag
was continuously withdrawn. The ethylene carbonate conversion was
100%, and the ethylene glycol selectivity was 99.8%. The column
bottom component Ag, which contained 0.99 ton / hr of methanol, 0.001

ton / hr of dimethyl carbonate, 0.009 ton / hr of 2-methoxyethano!, 2.186

ton / hr of ethylene glycol, and 0.019 ton / hr of diethylene glycol and
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cut Cﬁg*)onent Cs containing 0.022 ton / hr of
AOSOLMPBRAMN 0.0093 ton | hr of 2-nethoxyethanol, and

0.003 ton / hr of ethylene glycol, and a col um
bott om conponent CB containing 2.32 ton / hr of
et hyl ene glycol, and 20 0.019 ton / hr of diethylene

lycol . cat al ' idd i .
catai i EBlnmet e e SSTRMESeR) Yo |, H3d1Muong Aut-stage
. ..continuous ti-sta i,stillation Cril:
distilEiRIL RO rOh TPy AL 1ohs TOWR IPHEl GOy mTHiSnet 1 was
conponent CB was 99.1 % b i ght reover, 99, 829
instaiad betweendhesagsyodhe 10" a8 11y ALgaer fradLthe Bottom of
mul ti-stage distillation colum C was recovered as the -
the coatimuousonwhi-stagsdéstillason qalunsdl vAssdrARe: Haig, 0.195
Ton / hr of the columm bottom conponent CB was

ton / ¢pNéf aumslamn tep dorhponentdeny Ordtsomi b of eibylene glycol,
distillation colum E froman inlet 1 installed

0.01 é’f‘t’fm@eﬁr bRy e rfeb Bt thes taatinuouymivie-stgeodistilatiba
columm. 0.019 Ton / hr of water having an oxygen

co|u|@ﬂnﬁ‘w&§%rﬂih@o.9§l Nl d FIIEtHd @ontth UBUR wasiti-sthdetdistillation

e continuous multi-stage distillation colum Vi a

a rebailer i [ al ' . e
coluifp e Srieboll 9t i Befform St Bghtin Rl mdistage
. ..E was operated continuously with a colunn bottom
distiattoR CaIUMD & approxi mately 149 C, a col urm bottom

pressure of approximately 146 Pa, and a reflux_ratj
10Toe gantinHoyssmydti=$tgge étﬁtﬂfﬁt!ﬂm "&*%{B\"bbsi"’@a‘;dwe’aped
state operation after 24 hours. A colum top. o
contirormusigwitira cohvimmbotiom temperaitre errﬁE’l’iE‘gf’B'ﬁ?teiy #00 °C,
the continuous nulti-stage distillation colum E at _
a cofurdhopopréssure obmipmiroainatays!1000/Pas asd atrefluxmeatio of
gl ycol and 0.019 ton / hr of water. 15 This colum top

0.9. CnBpEsvEr Ehenasiumaysbrdnbiiqkid nevet ivaschept hedow the
mul ti-stage distillation colum C. A colum bottom

lowetRBYNGHE dFRhe trays K.
A column top component Cr containing 0.968 ton / hr of methanol,

0.001 ton / hr of dimethy! 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 w_efe continuously withdrawn from the continuous
multi-stage distillation column C.

The concentration of ethylene giycol in the column bottom
component Cg was 99.1 % by weight. Moreovér, 89.82% of the ethylene
glycol fed into the continuous multi-stage distillation coiumn C was

recovered as the column bottom component Cs.
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continuously wthdrawn fromthe bottom 3 of the
AOSO1¥RBPAUINS mul ti-stage distillation colum E at 0.04

ton / hr contained 0.02 ton / hr of ethylene glycol,
and 0.02 ton / hr of diethylene glycol, catalyst
conponent and 20 hi gh boiling point by-products The

Cone e B pE e ZofGlin %%1%ﬁi%€mf>%“9¢‘?%?n“£§§f do
contilgtgqt)ggl,y()ff_ﬁ::ivﬁ X nt| o H'?c’qq]ntg%tr@ ?ﬁﬁgﬁl}ﬁ?‘t@ﬁfg% umn E
from ghyindet bansialiod ”t%ﬁ;',m&%a# B3 ”° sanatéjééé i 5g0e bottom

content 25 being outside the detection linit, i. . hot
of therootumman Q.Qt® Tomehnigfhweten h9vmgmrxeﬁéygspcmn%@tfaﬂon
based on the ethylene 72 A0501 VP85/KAN carbonate
of noYasoBtI6an 1 plpomgeals fedtintodhe cpritintous madticxtagieed
out under these  conditions. After 500 hours, 2000
distiliﬂwﬁcoﬂ@% BolaSa ra®ildior Feomaad infsto ihdivesbottioen of the
uced anounts of ethylene glycol per hour were 5

colurﬁanzl'ﬂé’ orintud %ult?sr%tdiﬁtllI3t|éﬁzcémmn8{9d~£s ierated

: and ence operatio s very stable. The purity
contiBlhel/SbuSull RS\ H B YRS 19Blperaice, ot Edadiely 140 .
a colppit Bty o Ssuet RRkoRPRa N T480R s, BREGE fitux rati

Pat ent Docunent 15 (Japanese 10 Patent Application

of 11Lai d- Open No. 2003-342209) was not nore than 0.2 ppm

and the UV transnmittance at 220 nm was 90% Exanp

H Bhwaarpassiblégo attaidgl ywlm@q&mt&t@doggr%m@ter 24

same 15 continuous nulti-stage distillation colum C
hourgnd A eotumuolep conpeseayEr costinubusipwithdrawn frem the top

in Exanple 1 and a simlar process. A starting
2 of Eﬁﬁg Roirdin UL M uitRgtad & \distiRatianbooiamen (B.a165. ttdntdn / hr

r

contained 0.136 ton / hr of ethylene glycol and 0.019 ton / hr of water.
This column top component Er was recycled back into the continuous
rhulti-stage distillation column C. A column bottom component Eg
continuously withdrawn from the bottom 3 of the continuous multi-stage
distiliation 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 Es 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
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
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and et hanol (nolar ratio MOH/ EC = 8) and a
ADSOIMPEPAFAN (KOoH in et hyl ene gl ycol subjected to thernal
dehydration treatnment; K 20 concentration 0.1 % by

wei ght based on EC) was continuously fed into a
continuous multi-stage distillation colum A and

ctive Ilation was carried out, whereby
Cafb%*ﬁ@t‘ﬁ F‘%éo\%%nate and et hyl ene glycol were produced
wi t h S|mlar reaction resuylts to in Exa
cd?ﬁ%ﬁ"ﬁ@fitWt'BHHb‘@n‘éﬂ?r%BmﬂmsﬁézaéfmrgHg ;’Tﬁoﬁheasse
a mai n conponent thereof being 25 conblnuou

condisiorta s THE0 diawee AD0F el sndO UL RUEE c5ODR hayrs, and

distillation using the sane continuous multi-stage
6000 dicairis, Ithei produtednanioasts § e&bstﬁna/rmv:merrhcyaw&re

1 and a sim |l ar process. The col unm bottom conponent
2.16Chn, 2hi 6D tohs X 06Ri tauguBHB2ntdmdandr fitéhtemeand hence

cont'i nuous mul t | -stage distillation colunmm C at 2.472

) pled of tHe ethykd | was not
operét%‘n vr@é v 96%%3!;2% oﬁ’if@%drﬂ df| etehyl hyR ﬂg;ﬁ/??o?o w

less tg?ér?b@s%% ?R%E&s@n%ﬂﬂ Be W‘F%lbb@@l e8htEnt was outsude the

products oncehtration et hyl ene glycol in

m _bot t.om c e
deteq@m%g ﬁ 1§ e, P gr@%& ﬂﬁé};emyco J?/Jh¥n?'ﬁrﬁ}a
conti nuous , mu) ti-stage,distil col
conterpRR eSS UFING 136 dHRtHRA i S ﬁ%ﬂp@ H?"T%%ﬁ%a‘s"?%bese
Ton / hr of the colum bottom on
PatenbApPIGAINTY LAt GBPAINO! ROU -0 S0 Was ot more than 0.2
mul ti-stage distillation colunmm C (2.439 ton / hr of
ppm,eahg|thecUM yrarismidtance 8220 mm wias #0%i et hyl ene
gl ycol, catal yst conponent and high boiling point
by-products) was continuously fed into the continuous
multi-stage distillation colum E fromthe inlet 1 15

Exan’i‘élesbp"m in FIG 3. 0.022 Ton / hr of water having an
oxygen concentration of not nore than 10 ppmwas fed

I NERgh FuGRNbtRYIRHS g ddi-wad (it odiutdd Lgingthe same
continuous multi-stage distillation column C and continuous multi-stage
distiltation 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 glycol subjected o 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 dimethy! carbonate and ethlylene glycol were
produced with similar reaction results to in Example 1, a column bottom
component Ag having ethylene glycol as a main component thereof being

continuously withdrawn. The ethylene glycol was separated out by

distillation using the same continuous multi-stage distillation column C as
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columm E via the reboiler 7 fromthe inlet 5 in the

~ ADSO1PMPBBIRAN t he col umm.  The continuous nulti-stage

distillation colum E was operated 20 conti nuously
with a colum bottomtenperature of approximately 162
C, a colum bottom pressure of approximtely 17300

) Pa, .and a reflux, ratio of 1 p '
in Exafisen sncheiBtignprdeats odnbeliharpaRos) Bdipenent Ce,
. The colum top conponent ET coptinuoys!y w thd
whichf wgs eRBLNBGUSSY vatadrawe TER e Grntiieys mufEtage
distillation columm E at 0.192 ton / hr cantai q(eﬁj 0,17
distillabior/ caluron GialRehi2 §epddT, fRnt@ined 4459 top /dir of
water. 74 A0501 VP85/KAN This col um top conponent ET
ethyleme glgcyt] 20d 083 taro/ hreofcdiathiylene glyoeticatadyst
distillation colum C. The columm bottom conponent EB

comp@MRirtMed Hiyhvb b ititicapoirtr pys privelunist orf18e aondentration of
continuous multi-stage distillation colum E at 0.055

; ' - n ©9%.1 % b
ot ol 8158 A58 S ediprine anbences.1 % oy

weiof ShaFBPSREEl 8o Ry At e contpuous
. ( E ' I i
i 4P S5 SR E34Y 1ol idHHA 8 B Zofintototom

distillation columm E was not |l ess than 99.99% the
compafidinEeof hi gh boiling point inpurities such as 10

di et hyl ene gl KCOl bei ng not nore than 10 ggrrb] and {.he |
hal 24672 Jont ehi of dbeneolmeRtter: cagreedhYe fpptinuously
i.e. not nmore than 1 ppb. The high purity ethyl eng
withdseyaofromeing baptiduomst mallttshage distilatenaalume C (2.439
98.5% Prol onged continuous operation was carried out

ton /HIOST ethgienelglyswidianidodD3Ntoar/ hoed diethyeenzoglycol,
hours, 3000 hours, and 5000 hours, the produced

L e A
fed iNGS tNE dontibsEs MORIR¥&gEistillation 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 multi-stage distillation column E was operated
continuously with a column bottom temperature of approximately 162 °C,
a column bottom pressﬂre of approximately 17300 Pa, and a reflux ratio
of 12. |

It was possible to attain stable steady state operation after 24 -
hour.s. The column top component Et continuously withdrawn from the

top 2 of the continuous multi-stage distillation column E at 0.192 ton / hr

contained 0.17 ton / hr of ethylene glycol and 0.022 ton / hr of water.
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he et hyl ene glycol was not |ess than 99.99% i n
A0501e\!{eﬁ5&%'$ and the hal ogen content was outside the

detection limt, i.e. not nore than 1 ppb. 20
Mor eover, the al dehyde content was not nore than 0.2
ppm and the UV transmttance at 220 nm was 90%

. EX le 3. As a contgn ' t
This e%ﬁaﬁnetep ?‘P]%‘Pgﬁ"lqﬂ ER PR SYytlsd ED%%‘RV@P? tie FphfRuous
ed jn Exanple 1 was_used., Ho
mu""tﬁtaESI istillation golymmLE - S|£68 ?qléfyn%'\jl\%r?q @ g?ﬁ ppI ng
_section and 75 A0501 VP85/ KAN th$ Enr i chnent sect | t
continguappmthdrane jrammothe,besem Hf t ﬁoc‘%'h‘é"‘ualdér'f‘b'l'% stage
ratio was in a range of from6.5 to 8.5 % Mbreov
distilkatidrheolwmnt Enato0 D58 ton-ishagentainad D015 100l t}ﬁﬁ’fgethylene
a distillation colum very simlar to that used in
glycoExangl @.0u v /Usredf disthetene glycohecatalysbragpanent and
section, the nunber of holes in each of the sieve

high bbﬂYﬁ%ﬁﬁﬁn@B@LB%d@é@l y PRe porifbof/ethPlemadiybel in the side

ert ratio was in a range of from8 to 10 % and

cut cbﬂﬁcégﬁ?ﬁ{‘ Wﬁuﬁﬁ%}%%ﬂth&ﬁﬁvﬁWQ@for‘i‘@'tﬁSfrbm the side

Sieve trays was approxi nately 500 to 650 /

cut 4 %f g?&)%otfgenk%ufsaﬁmﬁl s%%éé ‘?:h ﬁahB AcSRIMA E’fwéé ¥Bt9ess

erl gontarning et hyl ene
then SRR LB et smabawﬁ'ﬁdg( RBlg eyt ﬁ% 2%%5§Téy320|

subj ected to thermal dehydratign treat
d:etrwdfmerglygpl Being pa%rgprﬁ,et?@ﬂ ﬁag%@ &N @yév%glogen content

continuously fed into a continuous nulti-stage

beingictsidetherdetection imitnider 8a¢tmoee dhap; 1 Ipﬁq -on was

15 carried out, whereby di nethyl carbonate and

et Tlfhleentglgb)amy atlyten@rgijookbyieldt hasediomthe atbyiene

results to in Exanple 1, a columnm bottom conponent AB
carbBﬁété‘@v@&'@d gPe glycol as a main conponent thereof

being continuously wi thdrawn. The ethyl ene glycol was

sepibfdirge @ Corfihuous 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 2.28 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 less than 98.99% 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

transmittance at 220 nm was 90%.

Example 3:
As a continuous multi-stage distillation column C, the distillation
column very similar to that used in Example 1 was used. However, the

number of holes in each of the sieve trays in the stripping section and
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distillation using the continuous multi-stage
AD504VEBH ion colum C and a 20 simlar process to

Exanpl e 1. The colum bottom conponent CB, which was
conti nuously wi thdrawn fromthe continuous nulti-stage
distillation colum C at 5.852 ton / hr, contained

the ea'fi% |4 %rﬁCFéﬁgﬁg‘)&a@Qﬂégcﬁpsést%é‘?g'sso 0G50 PR ! Qﬂd/th@r

| yCOl ; onponent and hi g
boi | i ny ' by- ducts. T t
apertGiay U BB T o B S8 MRl e e

was 98.3 % by weight. Mreoyer, 929.8% the ethyl en
contiguous multi-stage distilaian ﬁ@l‘:&%" b8 déﬁ‘ﬁ!ﬁa‘m" collfnit Very
distillation 76 A0501 VP85/KAN columm C was recovered |,
similasta tkat oisedhirb Exaspleoipyasiisesd. HrwexeryineHze stripping
gl ycol yield based on the ethylene carbonate was 99. 6%
section8iRe Tambehrofdioteseirc eacimobthe sievetpay®wass
conti nuously wi thdrawn fromthe continuous nulti-stage

apprékimtaldIFE5m 16 H30M f” (andSthe Gpboture fatiofwas fyleenange of
glycol, and 0.098 ton / hr of diethylene glycol,

from Caa{é"ms?a,%quem*e égfii_c'ﬁing@n 9bkting, RRENuMbET otiHolss in
wa y fe

S conti'nuous into the continuous nulti-stage
distillati r [ @ idth

eachriicing, sy Slrdfy, WHY, rpgrBfirhafely 568 15 656 /SHE; Anidthe
concentration of not 1 N,10 ppmwas fed into

apertyig @ WRRHIR W?ggsﬁﬁg%%s{c{]ﬁl Bion colum E via
the rebaoiler 7 fromthe inlet 5 in the bott.o t he
coRuatarmBaMatatiah FRISIRING: SLIABBe FERATI A th 200k )
E was operated conti nuousIE with a column botbg&ll_b.

and nethanal (moler rapior MaQH EL F68) @ndaacAtahyst h
pressure of approximately 21300 Pa, and a reflux ratio

ethylenel3lydd subjemseddssifsrenabdehydrationdpeatresiic
state operation after 24 hours. The colum top

concePRANER 10, ETe4chptwBlthtsh ¥s ad tdrl BGN wiasono nhieuausly Fedfinto a
the continuous nulti-stage distillation colum E at

cont&%% %Igi-gfao%§?j)%ﬁiléﬁ§ng?&mgrl%, ?_ﬁ?gﬁa@ithbd distillation was
carried out, whereby dimethyl carbonate and ethylene glycol were
produced with similar reaction results to in Example 1, a column bottom
component Ag having ethylene glycol as a main component thereof being
continuously withdrawn. The ethylene glycol was separated out by
disﬁ!lation using the continuous multi-stage distillation column C and a
similar process to Example 1. The column bottom component Cs, which
was continuously withdrav&n from the continuous multi-stage distillation
column C at 5.852 ton / hr, contained 5.754 ton / hr of ethylene glycol,
and 0.098 ton / hr of diethylene glycol, catalyst component and high
boiling point by-products. The concentration of ethylene glycol in the

column bottom component Cg was 98.3 % by weight. Moreover, 99.8%

of the ethylene glycol fed into the continuous multi-stage distillation
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cOo tQp conponent ET was recycled back into the
Aosmc\ghggﬂfﬂﬁs 20 multi-stage distillation colum C The

col um bottom conponent EB continuously wi thdrawn
fromthe bottom 3 of the continuous multi-stage
distillation colum E at 0.2 ton / hr contained 0.1

couf it refhiHd T n@ i B e i e
e T

w thdrawn at 5.202 ton / hr fromthe side cHt 4 of |
t He888nTPRAUOIL Ofknei cQlump At M FamPANY LiateiRgously
not |ess than 77 A0501 VP85/ KAN 99.99% the cont n{
withdoawini frionbdhei centhouausi mpltiistags @@éﬂlaépmicemwb%e 5.754
gl ycol being not nore than 10 ppm and the hal ogen
ton / Gerdfesthybenagglycol sadd 01098 terdthroof diethylenecglysel,
nore than 1 ppb. The high purity ethylene glycol yield
catalPSE8EnfbA&6t ahaVhRIIEDORING PEINE by -prsd9Ftsywas continuously

rol onged continuous operation was carried out under

fed uﬂtggﬁ csﬂ@ﬁidch%‘ﬁ\ulﬁf-éﬁdagé%@sﬂnaﬁﬁn dORMAE TroMNthe inlet 1

ours, the produce amounts of ethyl ene gl ycol

r h e 5.202 ton, 5.202 ton, and 5.202 ton,
as s%”ﬁﬁi‘e@'ﬁ%‘erati on was very stable. The purity of the

et e 1 | ycol not less. t %.i a
cL 50 ol ot bl AP 5108 SRR 6 ot more
detection limt; i.e. not . nore thap.1 b. , Moreover
than (ReppE) dea 58S dBIR She GRASIRIGRURUPOII A0S, SSpBRTIGH folumn E
~ the W transmttance at 220 nmwas 90% 15 |ndust rjtl_%l
via theseboiler| 7 fromdber inlal 5t i the bettamenef the calvamn. j fhe
has been discovered that, fromout of a dialkyl
continaohenatudtiastage distillatiod cdummibowss apesated wontinuously
distillation systemfroma cyclic carbonate and an
with al é®ash b seephishberatueobdlap prokirpately 160 W oa column
having a purity of not |ess than 97% preferably
bottom pressure of approximately 21300 Pa, and a reflux ratio of 13.

It was possible to attain stable steady state operation after 24
hours. The column top component Ey continuously withdrawn from the
top 2 of the continuous multi-stage distillation column E at 0.45 ton / hr
contained 0.4 ton / hr of ethylene giycol and 0.05 ton / hr of water. This
column top component Et was recycled back into the continuous
multi-stage distillation column C. The column bottom component Es
continuously withdrawn from the bottom 3 of the continuous multi-stage
distillation column E at 0.2 ton / hr contained 0.1 ton / hr of ethylene
glycol, and 0.1 ton / hr of diethylene glycol, catalyst component and high
boiling point by-products. The purity of ethylene giycol in the side cut
component Es continuously withdrawn at 5.202 ton / hr from the side cut

4 of the continuous multi-stage distillation column E was not less than
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20_no ss than 99% nore preferably not |ess than
AOSOb‘dP&@gKAﬁcom ent of high boiling point inpurities

i ncludi ng a dial kyl ene glycol of preferably not nore
than 200 ppm nore preferably not nore than 100 ppm
yet nore preferably not nore than 10 ppm and a

I n f : i )
20.99%, JERFRRTYS figh BALT RRiK} Wb RIS SHER, s wiskiyien
tai ned on an jndustrial scal f t 1 on
alycof Beind TREMaBuTAmJP paty R ing nERfigd BBntgRlbbing
_preferably not |ess than 3 ton(){h 78 A0S501 VP85/ KAN
outside thg datectipghinitel @ HdpMpredgihan grBIPBnged peri od of
time of not |less than 1000 hours, preferably not |ess
t HElne 300D potity sthplene olyeolapie)d mased sssthe gthylesse
hours. This high purity diol (e.g. high purity

carboridme e 93l6%0l ) has a higher purity than such a diol
industrially produced using a 5 conventi onal

Prpesisiged RoRgRROUS operationt Walseterriad deithynidet these
process), and hence is useful as a starting materi al

hisghs i t oftiders, ah duced
condBing, PAISAED My £P\ 008 gty P00, B

i ndust r.i,al 0 f Il { 4 p9h ra

amoufi55t RiefvieRle” Ry 4y, hBRr RPry'S 202 18, BB0R Ik ©.202
a cyclic carbonate 5 and an | phati c IC :

ton, &ndfienSaSiatiamy s afy Heble o Thesp MRl dhisCethyiene
the steps of: (1) continuously feedin he startin

glycaiivapindklas than ShPos0Sach cases ahg tap Halpag} gantent
colum A in which a catalyst is present, carryi out

was putsitievthelcatertiani bmit; i. &anat Mmakg thar iloRPLo Lﬂ%fﬁ@vef’ the
continuously 10 withdrawing a | ow boiling point .

alde hpde tdantemitwas ot Tmosetthian g2 ppmoancethe UV transmittance

at 220 nm was 90%.

Industrial Applicability

According to the pfesent invention, it has been discovered that,
from out of a dialky! carbonate and a diol produced through a reactive
distillation system from a cyclic carbonate and an aliphatic monohydric
alcohol, a high purity diol having a purity of not less than 97%, preferably
not less than 99%, more preferabiy not less than 99.9%, a content of
high boiling point impurities including a dialkylene glycol of preferably
not more than 200 ppm, more preferably not more than 100 ppm, yet
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 /
78



di al carbonate and said aliphatic nonohydric
A0501aV8§ﬁéfANrom an upper portion of the distillation
colum A in a gaseous form and continuously
wi t hdrawi ng a high boiling point reaction mxture AB
'containing a produced diol froma |lower portion of

o w5 RS BT oA o ALt e o
e s

| ower boiling point than that of the dial con qaq
less thars §08@0nhgureoi Minkg rbﬁhrﬂurr'%gfq’loﬁ? >3 )h'EF'emKB Va@ ylene
colum top 20 conponent CT and/or a side cut conponent,
glycofshasral higher pusity| thanvsubbirawiogindusiriatty peduaed using a
conponent CB having the diol as a nain conponent
convéhroaal gi‘ﬁdl:rbﬂohommcm(ecm an ethylehetoxidathydration
col umm and (111) continuously feeding the col um

L Fritptesianforia s lit
procé(ﬁgs)t, ﬁﬂ&ﬁ@ﬁ%&e@ u§BfUING® 2Pstareimg i a piglyaquality

ation colum E, and continuously 25 w thdraw ng
polyethl 8- PUPE [iBbploraPET Pdiycut component Es from a
side'C out sai d continuous nulti-stage
distillation colunn E; wherein 80 A0501 VP85/ KAN
i nprovenent conprises: (a) said continuous nulti-stage
distillation colum C conprising a continuous
mul ti-stage distillation colum conprising a stripping
section having a length Lc, (cm, an inside dianeter
Dc, (cm) and an internal 5 with a nunber of stages nc,
t herei nside, and an enrichnent section having a
l ength Lc2 (cm, an inside dianeter Dc2 (cn) and an
internal wth a nunber of stages nc2 thereinside,
wherein Lc,, Dci, nci, Lc2, Dc2, and nC2 satisfy the
following formulae (1) to (9): 300 <_ Lc, 5 3000 (1)
10 50 5 Dc, 5 700 (2)
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35L¢i/Dc. 530 (3) 3 5 nc, 530 (4) 1000 <_ Lc2 5 5000
A0501(¥l;"g%§&'ﬂocz<_5oo (6) 15 105Lc21Dc2550 (7) 20 5 nc2

<_ 100 (8) and Dc2 <_ Dc, (9); (b) the enrichnent
section of said continuous nulti-stage distillation
colum C has at | east one chimey tray installed

therein as 20 the interpal e chimmey tray having
install ed therein one ore%ly%hi mmeys each havi ng an

eni ng having a cross-sectional area Sc (cnR)
We c%gm-sfyi ng the formula (10): 200 5 Sc <_ 1000 (10),

and each of the chi nneys bei uch that .a hei.ght. he .
(chy frdmanjiadustiiale %S%?ggiﬁ‘a &fﬁﬂi‘ﬁéw’{ 8“% b&%r}"l’”“*y
~outlet of said chimmey satisfies the formla gllc): 81
diol tnwbmwaasmﬂu;w_m@im preduced by taking ajeyeli¢ carbonate
outlet is connected to a liquid collecting portion of
and aialipHEtimeyonobydot algothod @s starding materialsaffae process
distillation colum C, (d) said continuous nulti-stage

comptigihgl iha sespg@fum E conprising a 5 continuous
multi-stage distillation colum conprising a stripping

%E@} '( %nﬂ?ﬁ bnelﬁf_é&@igfg]tﬂefm},ttﬁﬂmg mMatérigisdintei asairdinuous

and an’inter a nunber of stages nEl

multi}%%&%ﬁﬁf%ﬁ%t&ﬁﬁ%oggwﬁvw ﬁ'huﬁﬁ,{:hsae%it%gzst ?%:gr%%r?g\té rc]:arrying '

I'nsi de diameter

out r%ﬁéﬁ&ﬁﬁéig@ﬂaﬁ%ﬂ%gi&rq_i%g!I%B@%\?ég@ﬁﬁﬂh&,ﬁé@@gi@g@y
withc}rI;%fiagl g?ywngol:l?r{gnwo?gt selazu):ti%lgl r{'nzx(:)t)uk'e At containing a produced
dialkyl carbonate and said aliphatic monohydric alcohol 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;

(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 distillation column C; and

(I11) continuously feeding the 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 multi-stage distillation coilumn E; wherein
80
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| < 3000 (12) 50 < DEL s 700 (13) 2 < LEl
A0501f‘9%§g"@ﬁ%0 (14) 3nE1530 (15) 15 600 5 LE2 4000 (16)

DE2 5 1000 (17) 2 <_
55nE2550 (19) and DEL <_DE2 (20): 20 (e) the
enrichment section of said continuous nulti-stage

[ : um E has at |east one chimey tray
2hhfiisgs:

100 <-

impraﬁ'tie%.éH

nst a

eréein as the internal,

LE2 /

DE2 <_ 30 (18)

the chi mey tray

h16) AT L Bdbel GRENeAIh sEEEog@bhising o
S5 Sinde o Gy Lt & belng spcvor
E i A0501 VP85/ KAN i
o3 (canh §AIn6irle SIABISISE e TS af Uipgaa

(cnP)
contingys m
hei ght

82

havingaa depgtmey

the fo

portion

and i b@aly the 267

rmula (22): 20 s hE <_ 100 (22); and (f) the,
with aimanbet aiwtagesonci therginsidedand an |anjighmestt| saati oy
5 of said chimey tray of said continuous
havinguhtiengithde dicrh) | aatinside diametér D (ding andassiternal
according to Caim1l, wherein a produced anount of the

with RirfillinBefidfystdigds hg, REréinssdé hahdrei®nLds, Moq, Ht13.Lc2, De2,
The process according to d

aiml or 2, wherein a

A A

gy.e further
internals in a

Iaovver m)séOBosr Lic?n*s gbotohe strippi hg see.”' on which is in

50 < D¢y < 700
3<bLc1/Deci <30
3<nec1 £30

1000 < L¢2z < 5000
50 < D¢z < 500
10 < Lcz / De2 £ 80
20 < ngz < 100

Dc2 < Dect

(2)
(3)
(4)
(3)
(6)
(7)
(8) and-
(9);

(b) the enrichment section of said continuous multi-stage

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

the internal, the chimney tray having installed therein one or more

. . . . 2
chimneys each having an opening having a cross-sectional area Sc (cm )

| satisfying the

formula (10):

200 £ S¢ <1000

(10),

and each of the chimneys being such that a height hc (cm) from said

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

formula (11):
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I tion of said continuous nulti-stage
AOSOHQ?SE{I{@{“ on colum C, a liquid is continuously

wi t hdrawn from an uppernost stage of said trays K, and

15 after heat is given to require for distillation in

a reboiler, the heated liquid is returned into the

distill aﬂ]thcq ggn C froma feeding Pent provi ded

bet ween 3 uf&p‘erm)st stage of said trays K and the :
interpal .in th I tipn of: [T oY i
<de3itBR, sigh FUF guiBipraRingfted ' ighllf cPlieRtd Bogtion of
..alower tray.n order,. 20 4. T rocess : i .
said GRRPY (AN TcTal CeERRUBOMSm I 3fe0R i tIys < @ubth C;
trze/. 5. The process according to C ai m:? or é{ ..
wHeh esaidagontisnays muldidageedistd ptgn SaldMibk FRIRILSING &
mul ti-stage distillation colum C where the trays K .
continueuprmsdtiistage distdkation columrecempusioy FrsisingiRgesection
The process according to any one of Clainms 3 to 5,
havingaraeiﬂgthLLCép (dn), ahdnsid®diamstier De2(cdy And @ internal
2, nc2, and nc3for said continuous nulti-stage

ith Sifimblettdostadtid AR, theréinside! anpeani eraliyhht<sediton
w'thg%ﬂgg, 7ofo<ac%c,ﬁg1 500, 5 < 'Lci 1 Dl < 20, 5 <

raufp g Bhycobchstye 5ot boPponyaisag g

e I [ Y

with By BBR5°85 CREA eBnfo R s . BAF . e O
an 22 SRS W8 Rl AR UL kot o, ol um ©

enrichment section are trays and / or ckings. B. The
process 4880f dieng= 3908 ai m 7, wherei n(gﬁé internal in
15 the stripping section of said continuous

mul ti-stafe< et £l78Ri on colum C is{#B¢ tray, and
the internal excluding the chinmmey tray in the

enri chmept< Lgy / Dgy < 50 (14)
3 < nes < 30 (19
600 < Lgo < 4000 (16)
100 < Dgz < 1000 (17)
2 <Lgy/ De2 <30 . (18)
5 < ngz2 < 50 " ~ {19) and
Dg1 < De2 (20);

(e) the enrichment section of said continuous multi-stage
distillation column E has at least one chimney tray installed therein as
the internal, the chimney tray having installed therein at least two
chimneys each having an opening having a cross-sectional area Se (cm?)
satisfying the formula (21):

50 < Sg < 2000 (21),

and each of the chimneys being such that a height he (¢cm) from said
82
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S ' IS the tray and | or structured packing. 9.
A0501Tﬁégl}:=l‘ﬁ€%\éss according to Claim7 or 8, wherein said

tray is 20 a sieve tray. 10. The process according to
Claim9, wherein said sieve tray has 100 to 1000
holes / n2 in a sieve portion thereof, and a

i r . . id Mt ridy sa6i¥fi@soth
opem?ﬁgoé?g%g&tdﬁgﬁq{fﬁ[fﬁ% grsgc%gslsgggg?g?ng to (H aim9 or °
: erein an 84 A0501 VP85/KAN aperture ratio (a
fc’rm"ﬂ[at(iz%of a total cross-sectional area of the holes in

one tray stage tg_an area of the tray) of \d _sieve
tray ini/ché BerS aﬁﬂent section of said contimu ide

mul ti -stage distillation colum Cis in a ange .of .
f r{fntiee side st sutiet ofiis %’U’t%%‘@da&ér'dﬂﬂﬁ! £ehigrtingnportion
of Clains 9 to 11, wherein an aperture ratio (a ratio

of saif chimoeyl trayosksaizt cootimucusemuwti-stege dbstidatiangrlumn E.
tray stage to an area of the tray) of said sieve trays
in the enrichnment section of said continuous
multi-stage distillation colum Cis 1o in a range of

from 1. 5STRe pkd¥%e sk3acddRiingoeeEtaing clorwhegelroagmo dueed
of Clainms | to 12, wherein an aperture ratio (a ratio

ey I QNAht fik € tNeon gAGNI Ngs in
amo%g&cgﬁéﬂﬁé ﬁt@ﬂﬁ?ﬁe‘a&o’? tﬁée c#?%r?]ey???ay i ncl udi ng
said 15 total cross-sectional area of the opening) of

said chimey tray of said continuous nulti-stage

O e e TeSabRh o CTAR £ b4 PiBol gpratny
(nca atagedh of tisy <ol GFm e thes RICKLAGRKN @ 1owar Pbrtion of the
internals in a lowermost portion of the stripping section which is in a
lower portion of said continuous multi-stage distillation column C, a liquid
is continuously withdrawn from an uppermost stage of said trays K, and .
after heat is given to require for distillation in a reboiler, the heated liquid
is returned into the distillation column C from a feeding port provided
between the uppermost stage of 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.

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

trays K is a baffle tray.

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

the trays K are present satisfies D¢ < Des.
83
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| Aosmlgbbgﬂé& nperature in a range of from 150 to 250 C.

rocess according to any one of Clains 1 to
14, wherein said continuous nulti-stage distillation
colum C has a colum 25 top pressure in a range of
from 50000 to 300000 Pa. 85 A0501 VP85/KAN 16. The
process according to any one of Clains | to 15,
wherein said continuous nulti-stage distillation

C% gn?ffr;l]%z:rgpggé égﬁ(ca rgqjﬁg%' And drid1%% Ofai %ris%?‘t% 8, Wherem

|ng any one o
to 16, rein ent, of e dIO| ai

Let, Bop 'e@hf)ﬁ]@mt Nt °§ 2, Lz aﬁ‘cioéngipﬁﬁ ﬁ%’cg%m
process according to any one of (l ains P

contiRtions; mustictagendisshlatian gobmmCsarhsy seseactively 500 < Loy
conponent Cs is not nore than 0.5%of the diol fed

< 2000t POth & oat5000hx bui t/iDst £g20dbs€indiatiZbh 1200 ko2 <
C. 19. The process according to any one of Clains 1 to

4000130 <1D ykea@0N 156, LdESD LR 40,00 < nE < 962an0E3,< Ne3 <
LE2 1 DE2, and nE2 for said continuous mul ti-stage

og. distillation colum E satisfy 500 <_ LEI 5 2000, 100 s
DE1 5 500, 3 LElI / DE1 5 20, 55 nEl1 5 20, 700 5 LE2
I'5 3000, 120 < DE2 <_ 800, 3 5 LE2 1| DE2 20, 7 5 nE2
5 30, and DElI < DE2. 20 20. The process according to

th gtn ?.ﬁﬁ?%%ggﬁs ak8arding W85/ 8ndieCidi®d Alc>6, herein
the "éﬁ?d'n . dh?gﬁ%t%ﬁlgﬁg@é{ig §g|c{ pgg}ilng&: tn%ﬂ'g %ﬁ%’ge

dusuuan@%rmmﬁrﬁ”é’%%%iu?‘é’ Bﬁnreﬂgaﬁ G R B i the

section of said continuous 86

enrichment section are trays and / or packings.

8. The process according to Claim 7, wherein the internal in
the stripping section of said continuous multi-stage distillation column C
is the tray, and the interna!l excluding the chimney tray in the enrichment

section is the tray and / or structured packing.

9. The process according to Claim 7 or 8, wherein said tray is

a sieve tray.

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

. . 2
cross-sectional area per hole in a range of from 0.5 to 5 cm”.

11.  The process according to Claim 9 or 10, wherein an
84
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5/KAN nmul ti-stage distillation colum E
AomﬁQéBé’ the chimey tray is the tray. 22. The

process according to Caim21, wherein said tray is a
sieve tray. 5 23. The process according to O aim 22,
wherein said sieve tray has 150 to 1200 holes/nR2 in a

apertﬁ??YStiBO{j‘é 'I‘Qﬂottﬂe%qgial é‘r‘Bjssase‘éh%?fal%d 8f the Halasper one
0 range o romO0.5 to cn2. 10 24. The

rocess,accordi [

tray siaeﬁft@ A %ﬁaoofihéqf%?o?”s%ﬁ’%e%&fo JQify ?@ﬁ'ghmem
ar . oles in a

sectign &?)S%F’ g%ngngpg%my:l)téftﬁﬁe ﬁ@%g?ﬁf%’é%ﬁgﬂmgt t | on ofneange
said continuous nmulti-stage distillation colum E is

of froim 2atq 48de. of from 3 to 25% 15 25. The process
according to any one of Clains 22 to 24, wherein an
aperture ratio (a ratio of a total cross-sectional
area of the holes in one tray stage to an area of the

trey) ofTkseiptosesseatcanding tohany eome ofr@laimsedtticoh1 of
said continuous multi-stage distillation colum E is

wheréfh bR dpeAuge @hid (8Talicl 6f d0BtaPGrodbeaeutioresisarea of the
according to any one of Clainms 1 to 25, wherein an

holesaﬂ*%wér ﬁ'af’éfagp fo ' hPeé’fofatHé)hfﬂy)Céioé‘:érng@\#é)n@ys in the

ening In the c imMmey to an area of the

oI EAALSHIip S A s .

contln I-S edlstlllatloncolurmElsma
'naframg?e" nﬁftst?é 7 A0501 VP85/ KAN 40% 27. The
process accordl ng to any one of Clainms 1 to 26,

13. The process according to any one of Claims 1 to 12,
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 opening) of said chimney tray of said
continuous multi-stage distillation column C is in a range of from 10 to

40%.

14, The process according to any one of Claims 1 to 13,
wherein said continuous multi-stage distillation column C has a column

bottom temperature in a range of from 150 to 250 °C.

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

top pressure in a range of from 50000 to 300000 Pa.
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' aid continuous nmulti-stage distillation
AOSM\QQ?EWMS a colum 5 bottomtenperature in a range

of from110 to 210 C. 28. The process according to any
one of Clainms | to 27, wherein said continuous
mul ti-stage distillation colum E has a reflux ratio

ing raRgp gFoEéQ@a%é&dmgitﬁs@ri??}geTB? C1ap@ess to 15,

according to any one of d 28, wherein a

urity, of t.h 10l i j [ J j

wherdif; Sait Bopfilfiollsgnd l:sEig HERIGbn LHTBHITE b bTeflux

. any one of ai tq- 29, wherein a purity of the

ratio ) @) rqrp\g%gfgrgmdn@.%ﬁ? onponent Es is not |ess than
99.9% 31. A high-purity diol produced by the process
according to any 20 one of Clains 1 to 30, which
conprises a content of high boiling point inpurities
such as Ehelipabkessracepndiog tof angonmof Glaims2ddophh
and a hal ogen content of not nore than 0.1 ppm 32. A

wher&irgh-¢onitent of tHe dioidircedid golbmnptax esmpenentiiCis oot
any 25 one of Clains 1 to 30, which conprises a

moreQRHFEADOOHp Y. gh boiling point inpurities such as a
di al kyl ene gl ycol of not nore than 100 ppm and a 88
A0501 VP85/ KAN hal ogen content of not nore than 1 ppb.
33. A continuous nulti-stage distillation colum C and

L1657 A ACEOR Y € SRR 17,
aner g 4ol 981 PYELI 50 008 B AR s gt more

e BB WA s B BT

column C.

19. The process according to any one of Claims 1 to 18,
wherein Lgq, Dgy, Les / Deq, Net, Le2, Dez, Le2 / Dez, and ng; for said
continuous multi-stage distillation column E satisfy 500 < Lgt+ < 2000, 100
< Dgq < 500, 3 < Lgy / Deq <20, 5 <ngq 20, 700 < Lgz < 3000, 120 < De2

<800, 3<Lgz/DE2< 20, 7 < ng2 £ 30, and Dgq < Des.

20. The process according to any one of Claims 1 to 19,
wherein the internals in the stripping section and the enrichment section
of said continuous multi-stage distillation column E excluding the

chimney tray are trays and/or packings.

21. The process according to Claim 20, wherein the internal in

the stripping section and the enrichment section of said continuous
86
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ge distillation colum A in which a catalyst
AOSO{@#%IM carrying 10 out reactive distillation in

said distillation col um A, continuously w thdrawing a
| ow boiling point reaction m xture AT containing a
produced dial kyl carbonate and said aliphatic
i Y, f
it SR8ENA1E eSO Sl SEIBRSS tnBEiNegirayte the tray
conti nuously withdrawi ng a high boiling point
reaction m xture AB contai ni ng a 15 produced di ol from

anvver ortion of the distil i.on m_Ain .
0 Tha Rroges assrrcina el Glaigtalingvaarein. Fafl tray is a
) b0| I | ng poi nt reaction mxture AB into a continuous
sieverlfigyi - st age distillation colum C, continuously
W t hdrawi ng material- having a | ower boiling point than
that of the diol 20 contained in said high boiling.
point reaction mxture AB as a colum top conponent
Chaind/ arhe prbdess cammipngdot Ciaim 22 wheteinusaid gieve tray
W t hdrawi ng a col um bottom conponent .CB havi ng the

has 1<ycpt%qszcm ﬁw;@s/rﬁ%m%mvé oreh thereof, hadea portion

e distillation col unn »and (I111) contlnuously
cross- §S?h89a‘i %?e%oéém&?&tlﬁ p’@oé‘leﬁbn% 5rlb0530m25
I'nuous nul Tr-st age [ation colum E, and

conti nuously w thdraw ng a high-purity diol as a side
cut conponent Es from a side cut 89 A0501 VP85/ KAN

| et sai d continuou st a di i
cotbem DheRpeas amsaBda L1 B2 8 24 yRigh an
contl nuous nulti-stage disti IIatlon col um ?
apertasapiatisl b ratioceha hﬂ%awr%ﬁﬁ&@t%@ area of |the; 'aﬂles in one
col um conprising a stripping section 5 having a .
tray staggt to lan atea)of the tray) i smishsieve tiay incthe sitpaing
internal with a nunber of stages nc, thereinside, and
sectien ehsaichgcentineeus mu!tihatagagdasﬂildaa@on dodemm ) js #m a range
i nside dianmeter Dc2 (cn) and an internal wth a

of frdtH®es 2H%st ages nc2 thereinside, wherein Lc,, Dc,,
nc,, Lc2,

25. The process according to any one of Claims 22 to 24,
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 distjllation column E is

in a range of from 2 to 20%.

26. The process according to any one of Claims 1 to 25,
wherein an aperture ratio (a ratio of a total cross-sectional area of the
opening in the chimney to an area of the chimney tray including said total
cross-sectional area of the opening) of said chimney tray of said

continuous multi-stage distillation column E is in a range of from 5 to
87
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atisfy the followng fornmulae (1) to (9): 10
A05_01g%387}8‘t'§, s 3000 (1) 50 < Dc, 5 700 (2) 3 <_ Lc, /
Dc, 530 (3) 3 <_ nc, 530 (4) 1000 5 Lc2 <_ 5000
(5 15 50 5 Dc2 5 500 (6) 10 _ Lc2/Dc2550 (7) 20 5
nc2 5 100 (8) and Dc2 5 Dc, (9); (b) the enrichnment
40%section of said continuous nulti-stage 20 distillation
"colum C has at | east one chimmey tray installed
therein as the internal, the chimey tray having
installed therein one or nore chimmeys each having an
openi ng _having a cross-sgecti,onal area Sc.(cnP
sadfsfyi e Mecﬁéﬁrﬂﬁ%or@iﬁﬁ:tozﬁﬂgwﬁg&&ms? 195284
each of the chimeys being such that a heigq% hc gg;
whereirosaghicontspsnis geiti-stage shstilationcelugas bhas lumn
said chimey satisfies the 90 A0O501 VP85/KAN formul a
bottofi i@ mpkratbod i8G (dnge afchromhd 16 te2d& °Gutl et is
connected to a liquid collecting portion of said

chimey tray of said continuous nulti-stage
distillation colum C, 5 (d) said continuous

mubgi - SUPE rﬁo%%s' é&!:@fuiﬁg! BN 6RET Sidithst1 to 27,
cont i nuous I'ti-stage distillation colum conprising

whorB SR FE5E IR 251008 s BRED Lo prE g roto

ratiogagb?éﬂgg gft far%en? é’]FO 1tdb§re| nsi de, and an enri chnment

29. The process according to any one of Claims 1 to 28,
wherein a purity of the diol in said side cut component Es is not less than

99%.

30. The process according to any one of Claims 1 to 29,
wherein a purity of the diol in said side cut component Es is not iess than

99.9%.

31. A high-purity diol produced by the process according to any
one of Claims 1 to 30, which comprises a content of high boiling point
impurities such as a dialkylene giyéoi of not more than 200 ppm, and a

halogen content of not more than 0.1 ppm.

32. A high-purity diol produced by the process according to any
one of Claims 1 to 30, which comprises a content of high boiling point

impurities such as a dialkylene glycol of not more than 100 ppm, and a
88



10

15

20

25

A0501hﬁébgﬁ<£lﬂl ength LE2 (cm), an inside dianeter DE2 (cm

ternal 10 with a nunber of stages nE2
t herei nside, wherein LEI, DEl, nEl, LE2, DE2, and nE2
satisfythefollovvingfornulae(12) to (20): 400 : _
LEI :_ 3000 (12) 50 : 5 700 (13) 2 LElI / DE1 :

600 : _ LE2 :_ 4000 (16
ha"’g%%b%ﬁi%g% ”%6355{33}5‘%2{ JL':’Llijzb 7' DE2530 (18) 5 nE2 50( )
(19)_and 20 DE1 :- DE2 (20); (e) the enrichnent

section of said continuous nulti-stage distillation

colum E has at | east one, chi t al

t FE}-ej n‘°a§°nt“rﬁ'lé-'qlﬁ YISy Stalgw%réén?#%é t?%l)s?" \)?I%‘d a

installed therein at |east two chimmeys each havin
con’uauoupernuh@-siag|9n@3étlkﬁtmB@élémrbﬁaima‘i%rdyg&g HA Pfgsess for

satisfying the formula (21): 50 : -SE :_ 2000 (21),
prodtﬂdsn@OéOﬂngblPﬁB:‘lmmahhydakin@fa cyelie marb@mteeam@ afn ahiphatic

. that a height hE (cm) fromsaid opening of said

mondHydRex|E6hal aasstariihgt meitesiais| tHe pregesatdarhpeisingdhe

formula (22): 20 < hE 5 100 (22); and 5 (f) the side
steps‘:Eﬂ‘ outlet of is connected to a liquid collecting

portion of sai d chimmey tray of said continuous

M SOREA i Lh feddindirfe staRing maferidReirt8nd i SHftituous

col umm accor di ng to Cam

multlf%tla[qgeﬁfseﬁl'i]atloﬁ |4k W {ehichaPestafst iEPre €' Barrying

out reactive distillation in said distillation column A, continuously
withdrawing a low boiling point reaction mixture Ay containing a produced
dialkyl carbonate and said aliphatic monohydric alcohol 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;

(11) continuously feeding said high boiling point reaction mixture
Ag into a continuous multi-stage distilfation 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'collun'in top
component Crt and/or a side cut ébmponent Cs, and continuously
withdrawing a column bottom component Cs having the diol as a main
component thereof from a lower portion of the distillation column C; and

(I11) continuously feeding the column bottom compdnent 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
| 89
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ed in a lower portion of the internals in a
A05011¥Rg,[3ﬂ%‘§l§ portion of the stripping section which is

in a lower portion of said continuous multi-stage
distillation colum C, a liquid is continuously
wi thdrawn from an uppernost stage of said trays K,
h$ il ! ?"ofnoéollﬁhﬁtEl Watdriin
outlefiegg%r%g(%)rll 'TI% ’H?ﬁgg?éda?u‘ﬁgﬁ |ls returned into the

i stil hatl on 15 colum C from a feeding port provided
lmproly&r“gg CONPTIBBEr nost st age of said trays K and the

internal. in the | ower rti f the,strippln ..
sdavisid GenliauguaRHteRtOs: distllat o, SRy °?ﬁ}PJ‘%f"9 a
lower tray in order. 35. The continuoys nulti-s g
contigueus| madfigitagel @mﬁlll@tmw&lm cgmnrés'mgaarﬁt@mpl g section
wherein each of the trays Kis a baffle tray. 36. The
havingoatlemgdbs gru(am) sangesitie diamatesD colemh andacoirdrfgal
to Caim34 or 35 wherein an inside dianmeter Dc3 of
with §&1Lﬂnb@mtdfnsll@g%s ny| thesdéingtddj ahid satenmicmeantrsetion
where the trays K are present satisfies 25 Dci < Dc3

havm?aﬁ%h\@@?(%&' 3R inside GRAHi dted D Nt -aridem internal

stillTation col unn C according to any one of Cains

with %Aréﬁrﬁb%g ’tth?nsu&S whéfein NS, DECHeiPA%2, Dea,

or sal d continuous

and f?(“é?sta'a'eﬁ wgﬁﬁqg%%*‘@ 1ot BgEHED LY 500 5
L 20 20, 150 Lc2 < 4000,
78 s Dc23Q0 %g@ §%§‘Icgc/ 0c2 < ?1) 30: ?n02590,

and 3<_nc3520. 38._ The conti nuous rrultl - st age

di stil1abPoh Rl SAPE according to akg) one of C ains
33 to 37, wherein the internal in the strlpplng 10
section 3f< taind Ronti BQous mul ti - st agé3Histillation
colum C and the internals excluding the chimey tray
in the edrd plarenB0section are trays &)/ or packings.
39. The continuous nulti-stage distillation colum C

accor di Ngooo < Lz < 5000 (5)
50 < Dc2 < 500 (6)
10 £ Lgz / De2 < 50 (7)
20 < ncz < 100 (8) and
D¢z < Den (9);

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

200 < S¢ 5 1000 (10),
and each of the chimneys being such that a height he (cm) from said

opening of said chimney to a gas outlet of said chimney satisfies the
90
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im38, wherein the internal in the stripping
AOSO@@E’%&SQ%% said continuous nulti-stage distillation

colum Cis the tray, and the internal excluding the
chimey tray in the enrichment section is the tray and

/| or a structured packing. 20 40. The conti nuous
| ¢444St age distillation colum C according to Caim
forrm.gg (E)rj39, wherein said trays is a sieve tray. 41. The

conti nu | ti ngtage distillation colqym C according
to Oaimwe\ﬁ#epéin sai d sieve tray a?’lOOto 1000 .

ho| I in 2 i.eve portion,ther } :
cr §§h§e ieoﬁ"cifio’a‘?@ 'ﬁe?o‘ﬁ%?%@‘ﬂtoagrgﬁg[ed 83“%%&9 gogtion of
. to 5 cnR2. 93 A0501 VP85/ KAN 42. The continpous )

said ghirneytsay ofi said cantipHoLS Mt'@tﬁé@oabﬁtﬂgﬁt'?% c@lymp C.

40 or 41, wherein an aperture ratio (a ratio of a

t ofidd| saidr eestinwousonalltistegeodistilation eolumnoRecomprising a

stage to an area of the tray) 5 of said sieve tray in
contihbeust miupthi stg geedisitvratodn caldmeronomprisingral strippiagesection

distillation colum Cis in arange of from2 to 15%
haviriBa TEMYtAAY, (BiAYSafuhkidés digmetestDdq edmdrardlamintérnal

according to any one of Clains 40 to 42, wherein an

with éﬂﬁjﬁmﬁﬁtﬁé%age@nmher@ifns@déPbﬂ'd an G it O freTR 0 & EGh

area o es I'n one tray stage to an area of the

: Y sai \exe .t [ _ e t j

navild Bengfh, i, (hmhHf, s dighliief BLF (KTR) lkf o AfigPhal

... Lh aran of from1.5 to. 12% 44  The contd nuqus

with B NGBS feStAASS NEatREFE LT din WELEIE Afind T 8 o Ly De2
one of Clains ﬁs to 43, er ej ap {_ture ratio (a

and neg patisfy the Jelpwipgdosmidas, {)&a‘l oaf%g ‘of the openings
in the chimeys to an area of the chimey tray
i ncl udi ng00ag dlen ot 3008 oss-sectional &1k of the
openi ngs) of said chimey tray of said continuous

mul ti-stafes @t£IAGA i on colum Cis (18)a range of
from10 to 40%

2 < Lgy / Dgy < 50 (14)
3<ng <30 (15)
800 < Le2 < 4000 (16)
100 < Dez < 1000 | (17)
2 < Lgz / Dez2 < 30 (18)
5<ne2< 50 (19) and
Det < Dg2 (20);

(e) the enrichment section of said continuous multi-stage
distillation column E has at least one chimney tray instalied therein as
the internal, the chimney tray having installed therein at |east two
chimneys each having an opening having a cross-sectional area Sg (cm?)
satisfying the formula (21):

50 < Sg < 2000 (21),
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. e continuous rrulti-stage'distillation col um
AOSOEQ/;’??&I?%PW to any one of Clains 33 to 44, wherein

LEl, DE,, LE, / DE,, nE, LE2, DE2, LE2 / DE2, and

nE2 for said continuous nulti-stage distillation

colum E satisfy 500 < LE, <_ 2000, 100 < DE1 < 500,
and each ofkhe/ chfneysbeing<sudkthat @hgigwt?ﬁg éém)'—ﬁ%nf_said

3000, 120 < DE2"5 800, 3 < LE2/ < 20, 7 <_nE2

openﬁ'uoq?%f & clﬁﬁ?mrﬁ_/ gﬁgagg%é égﬁﬁi OYFERHKAN ey Wiftisfies the

tinuous nult stillTation colum accor di ng

_ formlitll% ﬁ%):one of Clains 33 to 45, wherein the internals,

stripping section and the enrichment section

of said continuous nulti-stage 5 distillati colu E
excl udi ngOthBechilly tray are trays and / EQZL and"
packi ngs. 47. The continuous nulti-stage distillation .
Rolfuthesigecoutipug et af is ceRnastediaraiiquih opligcting portion
internals in the stripping section and the 10

of sabdhichiimmeyt tregcof saidfcatinlawnmuldbstageldistidatign column E.
distillation colum E excluding the chimmey tray is
the tray. 48. The continuous mnulti-stage distillation
colum E according to Claimd47, wherein said tray is

a gheve ThaYeordfind8us el ¥hgBudissiliatidn col@a C according
distillation colum E according to Caim48, wherein

to Cl%glip??%,:q A reifda BgﬁrglﬁQ (h%ggs?(gge@?'cﬁzﬁrégwidieaﬂﬁgﬂxgﬂ e

_ ereof, a’cr s&ctio rea per
prov{dhe it 80056 pet 18081 o ofirFlfs % BRuarBst pogtign gt e
stripta%gca]sgigﬁglﬁsw%ricﬁé a%’”a? rlg\ilvrér%nor?%%r% $2ih¥ddlindoligt ' ©
multi-stage distillation column C, a liquid is continuously withdrawn from
an uppermost stage of said trays K, and after heat is given to require for
distillation in a reboiler, the heated liquid is returned into the distillation
column C from a feeding port provided between the uppermost stage of

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.

35.  The continuous multi-stage distiliation column C according

to Claim 34, wherein each of the trays K is a baffle tray.

36. The continuous multi-stage distillation column C according
to Claim 34 or 35, wherein an inside diameter D¢3 of said continuous
multi-stage distillation column C where the trays K are present satisfies

Dc1 < Dea.
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tional area of the holes in one tray stage to
Awoﬁﬁ?@?‘@f the tray) of said sieve tray in the

stripping section of said continuous multi-stage 26
distillation colum E is in a range of from3 to 25%
95 A0501 VP851KAN 51. The continuous multi-stage

digtil| aphoditinibus MGRRsEAEGE dikallatsrroelwhnaadeording
48 to 50, wherein an aperture ratio (a ratio of a

to an&o&g% qf%Péi?ﬁé%%t %f@?kﬁ?geyi?f L%geﬁs)gp,l Eg, i;rb&n'en%;r, A2, De2,

ta 0 an area aid Sieve trays In
e enprichment t of [ ' cetillati
Loa ! i e A0 et f o s S B L4 ge Mistilation column
from2 to 20% 52. The continu [ ti- e ‘
C satisht rwae%\ﬁebfoggﬂrﬁ Eeaceaaiithy/0 o bsnys % <dar hPer <
33 to 51, wherein an aperture ratio (a ratio of a
20, 5 stradt < @&Qst500ct Lonat 4808 T < Be20pd@thighd isnlené Dez < 40,
chimeys to an area of the 10 chimey tray including
30 < smi,k O AnaBosngest2@nal area of the openings) of

the chimey tray of said continuous multi-stage
distillation colum Eis in a range of from5 to 40%

96 :
38.  The continuous muiti-stage distillation column C according
to any one of Claims 33 to 37, wherein the internal in the stripping
section of said continuous multi-stage distillation column C and the

internals excluding the chimney tray in the enrichment section are trays

and/or packings.

39. The continuous multi-stage distillation column C according
to Claim 38, wherein the internal in the stripping section of said

continuous multi-stage distillation column C is the tray, and the internal

excluding the c'himney tray in the enrichment section is the tray and / or

a structured packing.

40. The continuous multi-stage distillation column C according

to Claim 38 or 39, wherein said trays is a sieve tray.

41. The continuous multi-stage distillation column C according
to Claim 40, 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?.
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42. The continuous multi-stage distillation column C according
to Claim 40 or 41, 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 muiti-stage

distillation column C is in a range of from 2 to 15%.

43. The continuous multi-stage distiliation column C according
to any one of Claims 40 to 42, 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 distitlation column C is in a range of from 1.5 to 12%.

44, The continuous multi-stage distillation bolumn C according
to any one of Claims 33 to 43, 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 inciuding said total cross-sectional afea- of the openings) of
said chimney tray of said continuous multi-stage distillation column C is

in a range of from 10 to 40%.

45, The continuous multi-stage distillation column E according
to any one of Claims 33 to 44, wherein Lg1, De1, Le1 / Dg1, Neq, Lez, De2,
Le2 / De2, and ngs for said continuous multi-stage distillation column E
satisfy 500 < Lg < 2000, 100 < Dgq < 500, 3 < Lgy I'DE1 <20, 5 < ngy £ 20,
700 < Lgz < 3000, 120 < De2 < 800, 3 < Lgz2 / De2 <20, 7 < ng2 < 30, and

Dg1 < De2.
04
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46. The continuous multi-stage distiilation column E according
to any one of Claims 33 to 45, wherein the internals.in the stripping
section and the enrichment section of said continuous multi-stage
distillation column E excluding the chimney tray are trays and / or

packings.

47, The continuous multi-stage distillation column E according
to Claim 46, wherein each of the internals in the stripping section and the
enrichment section of said continuous multi-stage distillation column E

excluding the chimney tray is the tray.

48. The continuous multi-stage distillation column E according

to Claim 47, wherein said tray is a sieve tray.

49, The continuous multi-stage distillation column E according
to Claim 48, 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?.

50. The continuous multi-stage distillation co!umn E according
to Claim 48 or 49, 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%.

96
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51. The continuous multi-stage distillation column E according
to any one of Claims 48 to 50, 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 trays in the enrichment section of said continuous

multi-stage distillation column E is in a range of from 2 to 20%.

52. The continuous multi-stage distillation column E according
to any one of Claims 33 to 51, 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
the chimney tray of said continuous multi-stage distillation column E is in

a range of from 5 to 40%.
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