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A050A02P85 / KAN a | NDUSTRI AL PROCESS FOR PRODUCTI ON OF
Dl QL echnical Field The present invention relates to
a process for producing a diol 5 industrially in a
| arge anmpunt stably for a prolonged period of tine by
conti nuously feeding a cyclic carbonate and an

al i phiNDU STOPRPAL AP RO CEISD IFORI AROBUCRIONVEF DIOL
distillation colum, carrying out a reactive
distillation process, and obtaining a high boiling
poi nt reaction mxture having the diol as a main

thereof which is continuously 10 w t hdrawn
Tecrﬁ%EHPfﬁé‘ ottom of the reactive distillation colum,

and..then coptin Ly feeding t ' i) ] .

rediis shen il ineeRtiBh 1806 16 A BlaCRER (BP arbuchty d diol
) distjllation colum for sepajyatin ff terial .
indusiiply ia 3 J9kge BEROHAL SRR 1A PTRIARIEH REHOH; % time by

contained in the hi gi_h boi | i ntg poi nt reactiqn m xture,
contioue uabyofre §ingba Ayl iy careonateang anAliRgats mopshydric

boiling point than that of the diol as a colum top
alcohohpoteat reantiven distidation colmsonenarryang eoinainegsisiey

obt ai ning the diol substantially not containing the
distileiton protesys ngnd obotenirnpid high poilig tpwint reattioh meture

diol as a colum bottom conponent. 20 Background Art A

havin@Pfid Wodhstad M it esrmpsieesstiaedirwrigH Ng cardiraldudly
carbonate and a diol through reaction between a

withﬂYQWanr%? ?HE%&tB@f o?ﬁgélbr;é%ltlﬂwé? di SPNPYATE AuRh € OBAY then

as been first disclose e present inventors
confREG S0, kg RELTE Mgl AR B R A RGBT o
conGabENs OBl S3be BTk Eusb 1 AR 5B Materia
having a lower boiling point than that of the diol contained in the high
boiling point reaction mixture, continuously obtaining the material having
a lower boiling point than that of the diol as a column top component and
a side cut component, and continuously obtaining the diol substantially
not containing the material having a lower boiling point than that of the

diol as a column bottom component.

Background Art

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

No. 4-230243, Patent Document 3: Japanese Patent Application
1



10

15

20

25

A0SCA0PP8sNe/ KAN Lai d- Qpen No. 9-176061, Patent Docunent
4. Japanese Patent Application Laid-COpen No.
9-183744, Patent Docunent 5: Japanese Patent
Application Laid-Open No. 9-194435, Patent Docunent 6:
International Publication No. W97123445

LaidcOpere N rel e 061 ERatertD deutababtd: Nbapdl389e Fateartd
U S. Patent No. 5847189), Patent Docunent 7:

ApplitaBbRAL 4N pety N d.Co11 @37 Mg, PHIBRL BF@Zment 5: Japanese
(correspondi ng to European Patent No. 1086940,  and

pardlAp BT oy RIS, FISTIREIEAN Socument o
oA SO MO, 9 lropear
I I TN e S

Lai d- Open No. 2004- 1313945, and patent applications
Internatipnah PslRlication e WORBE 438 at(conrasperding to yppean
have subsequently al so been filed by other conpanies
PatgrsteNoPat(8694 Doandedt S 1 Pateap Mese3nac3M), Ratent 2ooument 8:
Lai d- Open No. 5-213830 15 (correspondi ng to European
Inte R34 ©ohaNe.u i EEHI6did N anW O08/5 Pasdn(icorpe sp 6A81rRY 29 ,European
Pat ent Docunent 12: Japanese Patent Application

Patd@ HoOPEI7 4406, Bn8507S ( PRItEAS NG JE47 9668 95U Peiean Document 9:
Pat ent No. 0569812, and U. S. Patent No. 5359118),

t i 3ti 2 (YY) |t 0N
Jop i 8.0 BB oA 3p e 2002, 80880 Paten

e i ' \o¥ 140 t4aq.
DockHERLTD: R AR o NIREBEI N S0 31300)
No.. 2003- 300936, Patent Document 15;. Japa . Pat ent .
and e ARRRCRUPOS CRORTIG Soian S8R50 IS AR 5B em is
sing a reactive distillatign systemfor this, :
useflhave avbsantianile @lsn Raen HeHKK offer crseeanied (seg Patent
hi gh conversion. However, reactive distillation 25
Dogumoent 4ds Jananssal Patend Anrplication diaidedped plooderc? hg830
the dial kyl carbonate and the diol either in small
(cormesponsling tboEusopbantP pantoNoof0530615, and U.S. Patent No.
5231212), Patent Document 12: Japanese Patent Application Laid-Open
No. 6-9507 (corresponding to European Patent No. 0569812, and U.S.
Patent No. 5359118), Patent Document 13: Japanese Patent Application
Laid-Open No. 2003-119168 (corresponding to International Publication
No. 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
2
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AO5( VBBRAAGB6/ KAN time, and have not related to
carryrng out the production on an industrial scale

stably for a prolonged period of tinme. That is, these
processes have not attained the object of producing a
diol continuously in a large amount (e.g. not |ess

timet A halvennét he)atedaly )taf‘?"lng auiote geddpetiopdonfard industrial
- time (e.g. not less than 1000 hours, preferably not

scalléeeﬁ%bthﬁ‘ffar %OBPOI%‘ng;dn&egw@oPrtﬁﬁS[ abfaffy these F@esses

000 hours)." For €x , the maxi mum val ues of
' H i. r L, . af .
have it ittaiiiod e dHiBEE e prodicififla OCBHIRERRIY in a large
a nt _produced kg, h of ., et hyl ene gl ycol ., and.
amoiii thoar PREIEES tha S dont B bt ror 1 pplsiaes Hediod of
. disclosed for the production of_ dinethyl carbona
tlme((jfvg) rg};dlegtshmeghélOéqq,ggpr§Egyeﬁq:§,w)éw|lgﬁ§ ttlz\an 5800 hours,
carbonate and nethanol are as in Table 1. Table 1 3
morggpefergsly roNlgs@tEan FOGENOWS). cm D : ¢cm NO  STAGES
:nP: kg/hr T: hr DOCUMENT 1 100 2 30 0.073 400 4
16(F&r é8atn @3 tNeTlBaxi mum 6GalGe40otiBs & aNgiE(H: cinpodiameter
4 PACKI NG COLUW (Dixon) 0.528 NOTE5 8 NOTE 1 5 60
(D: ggﬂ)g@{%ﬂl Elon_ﬁrbEelgoN@TEgésE(rﬁQ)iOt-rﬂéileéEﬁEefdisiiqllaP(\KBF'EcdalLﬁnn, the

amount produced P (kg / hr) of ethylene giydol, and the continuous
production time T (hr) in examples disclosed for the production of

dimethy! carbonate (DMC) and ethylene glycol (EG) from ethylene

carbonate and methanol are as in Table 1.

Table 1



Aosdqlva'é@,@ﬁ’ACKI NG COLUWN (Raschig) 0.154 NOTE 5 12

NOTE 2 NOTE 2 NOTE 2 0.256 NOTE 5 13 NOTE 3 NOTE 3 42
NOTE 4 NOTE 5 14 NOTE 3 NOTE 3 30 2490 NOTE 5 15 200

15 PACKI NG COLUWN (BX) 19 NOTE 5 NOTE 1 :

OLDERSHAW

DI STI LLATI ON COLUWN. NOTE 2: NO DESCRI PTI ON WHATSCOEVER
DEFI NI NG DI STI LLATI ON COLUMN.  NOTE 3: ONLY

DESCRI PTI ON DEFI NI NG
STAGES. NOTE 4: NO DE

B Bl

AMOUNT.  NOTE 5: NO DESCRI PTI ON WHATSCEVER REGARDI NG

STABLE PRODUCTI ON FOR PROLONGED PERI OD OF TI ME.

In

UW IS NUMBER OF
OCEVER OF PRODUCED

Pat ent cunent 14 (Japanese Patent Application
PATENTpgny, . P AP3m0PO36) t d at Pht - h
DOGHIMIE rer'r esen?’oex'gI bl e lﬂqs%ss-lt-‘iglgisgglrrg RLO ess§ oW '
asqf or tlhe1ppeferred npde shown |3o FIG 1 5 detno7ded 400
abgve, g BgS T redjout Wit objectof OEIE NOTE 5
di Bet hyl! cabBonpt eSand| ethyl ene 40 ycol throdgtp.358 [NOTES
tre?nsest er quca 03 b,y PA@ﬁ(Iﬂ!G’Ctﬂ.lﬁﬁﬂV(ﬁi)?@ﬂr 0528 NOTE 5
I C bl.l Ul CJlI T1 Ilyl CTIT  Lal yulial © aAdifd 1icu 1riqgqlitu
th8t th h'régge'l rical val®®s in the dr ALLM’ |NOTE 5
exanpl e |NDTEel pdeduat ¢l y 10 usedsd n the operato..lbm off NOTE 5
angict U Néﬁ-Ea{‘a.[ Iu§ / nd as thatggxanple 1t [i f0.161 NOTE 5
spbtifi cal 80pr bduded, | RAGKING Rasghiglle 0.384c | NOTE S
depzr i belNOTEIDPNOTPERP! € corr eRQIEN® to an gnreiab6 | NOTE 5
r[..‘); ::;;:- OIE?# ?qujﬁjs I Ilp[ [ l Orl Ol . darirret nyl NOTE 4 NOTE 5
14 NOTE 3 |NOTE 3 30 2490 |NOTES
15 200 15 PACKING COLUMN (BX) 19 NOTE 5
NOTE 1 : OLDERSHAW DISTILLATION COLUMN.

NOTE 2

NOTE 3:

NOTE 4 :
NOTE S5 :

: NO DESCRIPTION WHATSOEVER DEFINING DISTILLATION COLUMN,

NUMBER OF STAGES.

ONLY DESCRIPTION DEFINING DISTILLATION COLUMN IS

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

PRODUCTION FOR PROLONGED PERIOD OF TIME.

In Patent Document 14 (Japanese Patent Application Laid-Open

No. 2003-300936), it is stated at paragraph 0060 "The present example

uses the same process flow as for the preferred mode shown in FIG. 1

described above, and was carried out with the object .of operating a
commercial scale apparatus for producing dimethyl carbonate and

ethylene glycol through transesterification by a catalytic conversion
reaction between ethylene carbonate and methanol. Note that the

foll‘owing numerical values in the present example can be adequately

10

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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AOSCgngQBPI@AqNOf the world's | argest scal e conmerci al

nt "using this process had been carried out at the
time of the filing of the patent application for 5
Pat ent Docunent 14 (Japanese Patent Application :
Lai d- Open No. 2003-300936) (April 9, 2002). However,
The &RileadeébGbbtng Wiatfexampié orrespeads t@pahi aatuahproduction
there is not the above fact at all. Mreover, in the

| o o
o SG10TD', lorEXHY GPINHEY S44anpIacaRTHc i mpies

val ' I t g
ope il P Fhrld S JRGOLFSLaR b isTild BRmt LRGUhiS Process
ut the yigld, for, ethylen Lycol i r QXi LY s
had i Sarrif it ditng e Y 8o o o R eRRARAGRYication for
and_hence it canpot really be said.that a hi i el
PatemtiDmcgiment dé ( n@n%%ﬁ%f@éﬁ PPHFﬂﬁanalmlﬂ%ﬁ/en No,
articular, the low selectivity indicates that this
2008@@@@3%46@&% 2P03) anttewexeraavendisthe sime of filing the
production process. (Note also that Patent Docunent 14
pregekatpappteatiem, aheradgpl netatieabloiedfageat 8. Moreover, in the
2003- 300936) was deened to have been w thdrawn on

exafiply @OPal8Ab DbrurheneXan{ S@panessd® atenti Agplieation Laid-Open
requested). Wth such a reactive distillation process,

No. RIS 30D 36, Ye KBy Re Cotunesy 8fud hectHetn or stisdllyasalculated
conpaosi tion variation due to reaction and conpaosi t1on

vam’é‘fé dth Y %‘Py‘i@ dthahht 'o?tdiﬂ{btir{wéé%gin%tté'sﬂr%tdﬁbd, but the
colum, and tenperature variati‘on and pressure
. i_atjon | , C ntj nuli O.. .
viel§ ol ir§fehB Q80P B WibeaRDrREl B SniATY AP Skt s
acco ied by diffjculties, and in rticular. these . .
3PP RIMBIA Y 62 4i6e A5 PRBFo2 GaTIRLERATY e Raid4A8e Bhion vield
handl i ngﬁpl ar_?e anounts. To continue mass pro ucjﬁiéon .
andohigh gelejyity fieneeenaatiainedol lospadiculpbalhg \RW selectivity
distillation 5 A0501 VP86/KAN process stably for a
indipatéorthet this podcess hiamavidta b dramiatiknaa@mindusireald
production process. (Note also that Patent Document 14 (Japanese
Patent Application Laid-Open No. 2003-300936) was deemed to have
been withdrawn on July 26, 2005 due to examination not having been
requested).

With such a reactive distillation proce'ss, 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
3]
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AOS@\“@P@Bﬂﬂ\ﬁe' ectivity, and thus produce a diol, the
rocess nust be cleverly devised. However, the only

descrlptlon of continuous stable productlon for a

prol onged period of tinme with a reactive distillation

5 process proposed hitherto has been the 200 to 400
rocaesdr Stably fat enprofrge® pleriod HInpnesehiet @intaining high yield
P Appl i catyon Lalbd Open NoIpte 4-198141) and Patent

and E?gg T 24%cﬁv ti,a%raeﬁﬁ,.%treahcépa'dnsmr@ F@stQﬁﬁﬂs{\Be

e present nvent ors have proposed an

o, oty B B g st
oo TG e R o R e LA o

but in addition to this roces a digl. to
proggsssefRpased fﬁmeféﬁd‘%ﬁmqeﬂgéhﬁr? |tar€f§5 Awguatms?émt

for a prolonged period of tine froma hi gh boilin
Docpoiant { ddepaness Ratest APRImatof e fyORPrTNoadr 188 1) and

| arge anount froma |ower portion of the distillation
Pateul Docunseat 20 yeran e sal P at eprt Aepplicdtion draidiOipen MNo.

| arge anmount of a diol with a high yield having been
4-2300843%y for. The present invention has been devised to

attain this object. As shown in Table 1, with the

eXCPRb f@s@ntpﬂVéﬂio@ﬁ%%nbr s&d dr) AINeE falRaitive
Application Lald-Cpen No. 2003- 300936) t he anmount of

d|stﬁf%ﬁ|cﬂJ1 g'roeégg%ﬁ%‘# bIaQUL diém}ﬂ %&%@dé’t@ 8 ﬁté H.@H@Be

propose |therto een amount

medShEE e A iy P8 B B bt of e

200 300936 t.hat . app 2490

withy high yie gk A)HdHg MSe el ok il RGP Pe ﬁa?ewcgess
130 kg / hr of unreact ed et hyl ene _carbhonate and

enagfpgoRidial émbezgep@gate%otafaw BrTifRY d0r 1atge Benavat stably
was 6 A0501 VP86/ KAN

for a prolonged period of time from a high boiling point reaction mixture

continuously withdrawn in a large amount from a lower portion of the
distillation column is also required, a process for producing a large
amount of a diol with a high yield having been called for. The present
invention has been devised to attain this object.

~ As shown in Table 1, with the exception of Patent Document 14
(Japanese Patent Application Laid—Open-No. 2003-300936), the amount
of the diol produced per hour using reactive distillation processes
proposed hitherto has been a small amount. Moreover, with the process
of Patent Document 14 (Japanese Patent Application Laid-Open No.
2003-3009386), 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 dihydroxyethyt carbonate was
. |
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A0SPPYPBEACANS a col um bottom conponent from a fourth
step distillation colum. However, this is nerely a

statenment of the conposition of the reaction m xture,
t here being no description whatsoever of production of
a diol. 5 As a process for producing a diol of
obtairédtay el yohingh hnttotry compgnentfraim e folucthi $tegt dastillation
and a diol purifying colum, a process is known in
coluwirh ch H&wedepl thi§ l@hhélréﬁﬂafit@ﬂéme‘htd@f e cempbsitibrobf the
purifying col'um. For exanple, in the exanple (FIG

reacti or{dﬂ&% r%”hlgthgg%uggg'ﬁg( ho ééé@ﬁ %‘?’l wﬁ%‘t@@évépl@alf'ﬁ%‘ddmlon of

correspo |ng to European 10
adlﬁ’tent No. 0569812, and U.S. Patent No. 5359118)), a
"gh boiling point reaction m xture withdrawm from a

ower porti actlve t| tion ol un i. .
f ecr d Bracens for Praflnd bl of rfiat Ry b Pty using
oint material obtained therefromls fed into a thi
reacftwemies,talwaﬂoanq avsiol RUIBONG: $RIYSBANE PIRA]ST & own in
materi al obtained therefromis fed into a distillation
whigjothenrdiob ig whtajneddremhy 1side gutyebthe diebparifgngsoumn.
si de cut conponent 22 froma concentrating portion of
For exandpld,iinl tiie exaogplentF G/ 5) in Aatenbdho pumeritch? i(dapanese
is further carried out using a purifier (1X), whereby

Pat@:ﬁhl&?ﬁ'ﬂr@a@iwfled—‘l)péhqfldcﬁd-gfmhnc@nﬁlﬁptorﬁfm@% gutopean
[ in the process of Patent Docunent 12

Patéﬂﬁﬂﬁf‘e@@sgg‘iﬁnbrﬁp@ Scﬁét%%t'-ﬁbdf;@@@’l 15@22}85 tﬂ@Wbaﬂmg point

(correspondi ng’' to European Patent

reaé’fl?s% @{;E 5 vw?hﬂraaﬁﬁgf}aﬁ’pal lo%é‘ﬁ’é‘é?ﬁoﬂ'é(fcglre'a%tw d:stlilatton

romt reaction m xt

unti ug i a d

coliipyisdefbins8 } bﬁ?@%@@geﬁ‘%ﬁ 62 LR EhHA boint materi
Japanpese _Pat ent [ Lai d -9507, .. .

bt IBERT BTGt 7 LIRS Bdni t'ghﬁvmorasoroélégsiaw apijing point

U S. Patent No. 5359118)) is a process in whic
evapphaled aigfialopbiaingdetiergitarp is; fﬁqorrd@u@éhstlﬂﬁém column

bei ng no suggestions 7
(VI), and ethylene glycol is obtained as a side cut component 22 from a
concentrating portion of the distiliation column (VIl), and then purification
is further carried out using a purifier (1X), whereby ethylene glycol is
produced in an amount of 255 g/ hr. That is, in the process of Patent
Document 12 (Japanese Patent Application Laid-Open No. 6-9507
(corresponding to European Patent No. 0569812, and U.S. Patent No.
5359118)), 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 suggeétions
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Aos(ﬁ)%g?@gﬁ/ KAN what soever regarding a process for

a large amount (e.g. not less than 1 ton /
hr) of a diol stably for a prol onged period of tine
(e.g. not less than 5000 hours). Moreover, in, for
exanple, exanple | (FIG 5) in Patent Docunment 5 15

ARy ' G 8 1t t not
whag%os 3@2%5&@ ﬁmdﬁ Tﬁgkﬁ% %@%eact?gna?qnoﬁnur(ee 9

fin
lesstdf 7 LR AELs Py, & £ brlondds deffo of time (o0
ol u 0| ling point materi al obt ai ned
not %ﬁ?@rﬁé@gf to a hydrolysis reactor 7, the
reaction mxturetherefromlsfed a._. .
decM.qssseyPat Ilorfor BRI ¢ 983 2MRIS; ﬂiﬁﬁa@t'& Pe}e“%\mcumem
gui d conponent obtained therefromis fed into
15 (tdmmeﬁeﬂateat iAnplication Legd-QpereNey| @1,%%@9),@ high
produced in an amount of 19 kg / hr as a side cut

boilgnpaienhteéctionamsxturgpiithdsaen tnonofa lower pertion of a
distillation colum 10. However, with the process of

rea8lay € stilationeos ukhn(isafeaniste Fatednduisiiiatiooncolumn 4, high
Lai d- Open No. 2003-342209), 15 the ethylene glycol

boilﬂ% ?icﬁﬁfJI A INSb thiRe¥ HervdieMtisofedlistoh! olysis reactor 7,

To obtain ethyl ene gl ycol as required as a

the ?EQ"cho’Fﬁnﬁ?ﬂﬁfe' fHe e ?F%‘;\ isPfek r‘\tkbeé d’écé‘r!ﬁﬁ( 156N tank

using the process o t ent cunent 15 apanese

t ent ication L 03-.34

(9ar I HEPa RN ﬁﬂ%@"ﬁ?ﬂ%s&f‘% 3 @5? ther8from is fed

. . t is, Wwth.t tent

'nt%%msﬁa'sltﬁ%‘aaaqfay@fbé#ﬂrﬂﬁe\ﬁﬁﬁvf%n siveaf s epefuggd in an
2003- 342209), ethylene glycol is obtained froma, sid

ameunt 8fitI2Kgi hBE as @cﬁldenc%eogmqu%a sHHPPIg éﬁctlon of
is below an inlet for feeding into the distillation

the dbindhrijstiiationeqiumn yi Oof  Hiesvererywite thieyptrcess of Patent
insufficient, and noreover the process of Patent

Docﬁmemms 15apéapaaeatém ApplizatippLiacdt@penlHiod 2088+342209),
No. 2003-342209) is a process in which a small anount

the Gt divée &f19cBl YeRhired RoerairaaD. 2 Mertey hedight of diethylene
suggesti ons
glycol. To obtain ethylene glycol as required as a starting materlal for a
PET fiber or a PET resin using the process of Patent Document 15
(Japanese Patent Application Laid-Open No. 2003-342209), at least one
further purifying apparatus is thus required. That is, with the process of
Patent Document 15 (Japanese Patent Application Laid-Open No.
2003-342209), ethylene glycol is obtained from a side cut outlet installed
in the stripping section, which is below an inlet for feeding into the
distillation column, but the purity of the ethylene giycol is insufficient,
and moreover the process of Patent Document 15 (Japanese Patent

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

amount of ethylene glycol is produced, there being no suggestions
8
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P86/ KAN what soever regardi ng a process for
A°5°§r‘2‘9§§ a large amount (e.g. not less than 1 ton /
hr) of a diol stably for a prol onged period of tine
(e.g. not less than 5000 hours). Moreover, in, for
exanpl e, exanple 10 (FIG 6) in Patent 5 Docunent 8
wha d@\?ér“naé inggpég‘?rbﬁé%b%r'}ﬁ}odwggb%% e amount ée g. not

correspo Eur opean Pat ent 4406,

e L VB AR 8 e (e

Lald 2002-308804), ethylene glycol is
?%H%TFQ%? e cut outlet installed in an

enri chment section of an EG purifyjn I ,. 10
whiMATeaVen e Tah SHATBBIS, XA BRI ngP {RiG gﬂgnﬁ’lﬂﬁﬁ%
but in each case the anount produced is a small
Docuameanit 8 dintessatianal Robligationr Not WQOWS1#H4 heorresponding
suggesti ons what soever regarding a process for
to EpropgeannBatentaNge 15hbAd6, aadgl. BofPdteat Nha6419669)) and
hr) of a diol stably for a prolonged period of tine

exaﬁ\‘blé 1 (PIG! e$sntaeriO0Bchames) 9 (Vaplpwse Patenat Apdication
|on tons per year (2004) of ethylene gl ycol is

Laadt[-’ . GbQV@@SBOQ?‘mem}I'&?@ Slyf&dl |§f05@|ﬁe56\‘$ohﬁ9n31de cut

oug ydratl on in Whic vvat er i s added

outlSLMt%”%aom ?‘EER ﬁ{z/pt eécﬁ%"\ﬂ tﬂéu?ﬁﬁ?ﬁgmumn 41,

roduction o ene glyco t1on
reacti.on of EO h ox1 th ct, an.
whigLRe ALY o mjgﬁi?'y [ RS 195 tne °§ L5286 4 gagh gse the
his t not on S the bst G
amgq n:a@%c@mésw ) am%nf: T85athap: 2005 VmEsthere being
(diethylene gl and TEG (t riethylene glycol) are
no suggesiyonsons evrefererﬂ@r;ﬁjm g ogesstips g giureing: 8 large
depend on the water / EOratio, and to obtain MEG with
amauntsie . getrioti ieys soth arpdr o hﬁtreloj DOel stablydiosra preonged
rati o must be made to 25 be approximately 20 .as a
perigel ef tingé i(e.gAnbalges ahanns000 heties). nust
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 (et'hylene oxide), the reaction generally being carried out
. at 150 to 200 °C. At this time, not only is the target substance MEG
(monoethylene glycol) produced, but moreover DEG (diethylene glycol)
and TEG (triethylene glycol) are also by-produced. The proportions of
these products 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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("PedppenemicabBrarasses anPaaes d

feAstilled off in an EG purification step, and
AOSda‘pygrsge anount of 9 AO0501 VP86/KAN thermal energy is
consuned in this. ... Wth regard to synthesis of EG
fromEQ it is not an overstatenent to say that this
Is an inperfect process fromthe viewpoint of energy
therffdli SheRHY is comshione Bahetiis, Docuniith relgladatd synthesis of EG
Petroleum Institute (ed.), "Sekiyu-kagaku Purosesu"” 5

fran{ 'E?,t [tqshesd %ﬁ' oV R8P Nt toPEHF ThALANiILisLdm imperfect
Koda 1)

nsha, 20 , this industrial production process
t,.dra . : 8 I he
procky, el e, ANt T et et{IEiary. BT flont P Stert

erspective of _ener sgving., 1 i,SGLasur e of "

DochERt 1 dd B Pt Borbdnsiuts: tags e sk ity Pyrgsesy

an object of the present inventjion tao provide a .

A 20 o1 2%.d5adensha. Gag1). this

by taking a cyclic carbonate and an aliphatic
indusatrieh ydpiducsiatopopcess has gregt Aeawbiagks bethfiemdha vy

15 feeding the starting materials into a continuous
perspadtive tedgbh edethylenat gtycolgoeldrand seladtidty, cardtthey st

is present, carrying out reactive distillation in the
persPéctivie Af e9ditdysaypy. W thdrawi ng a | ow boiling point

reaction mxture AT containing a produced dial kyl

carbonate and the aliphatic nonohydric alcohol from

an upper portion of the colum A in a gaseous 20 form

Dis &9 BuUsyy \yerwii(%,l‘wdravm ng a high boiling point reaction
m Xt'ure AB ~containing a produced diol froma | ower

por i of th N jquid form then
con'%’T??'E'&BENf‘%%gl’r‘ﬂ&gt‘ﬁEi’ﬁf"%h'r{%}o%ofw poi nt reaction
m xture AB i.nt onti nuous, mul ti-stage di.gtill ation
col lint @n faech o 4h& PIRRTY IMKANLIOR tOrRRAVIde A SREGITIC
boiling point than that of the diol 25 contained_ in
apperatus @nchBrocess per ropuging ehdirixey takig a cyclic carbonate
conti nuously
and an aliphatic monohydric alcohol as starting materials, continuously

feeding the starting materials into a continuous multi-stage distillation
column A in which a catalyst is present, carrying out reactive distillation
in the column A, continuously withdrawing a low boiling point reaction
mixture A7 containing a produced dialkyl carbonate and the aliphatic
monohydric alcohol from an upper portion of the column A in a gaseous
form, continuously withdrawing a high boiling point reaction mixture Ag
containing a produced dic! from a lower portion of the column Ain a
liquid form, then continuously feeding the high boiling point reaction
mixture Ag into a continuous multi-stage distillation column C for
separating off material having a lower boiling point than that of the diol
contained in the high boiling point reaction mixture Ag, continuously

obtaining the material having a lower boiling point than that of the diol as
10
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A05@byeBRngeNt he material having a | ower boiling point
than that of the diol as 10 A0501 VP86/ KAN a col um
top conponent CT and / or a side cut conponent Cs, and
conti nuously obtaining the diol substantially not
containing the material having a | ower boiling point

a collimm tdpicofipbhenti® aadl Aoca side bat tcomp onepbdiegt and
CB. Moreover, it is an object to thus provide a

cont%ﬁ’@é%I)FoBté|WH§tthbanI@Fﬁﬁﬂiﬁbmlaaﬂﬁnbﬂd:@ﬁtéIrﬁh? the material
production procéss that are inexpensive and

haw??féanot ereﬂaﬁLr%]bQ?ntdﬂ%n ttﬂap%fﬁhgdé‘i‘iﬁ%é B SdlurBbttom

ess t ton I hr stab or a prol onged
comiel G, Eredfaf mtagtﬁéf%%ﬂfcgtﬂﬁ%er%sééfaesgsw
. ess than ur ns for Salv
industeigt @rp@atfﬁiw%g*odo s ﬁéO?fH@F%&%p % € the

present invention, there are provjded:

inexpensveiand piafcexamrie. emakie filczirioobeaorm}w%m an
which a diol is produced by taking clic carbonate

amaard ehnat ilesathannbhenydnt @talslyafqmacnr i@ngedmemgd of time
materials, continuously feeding the starting materials

(e.gl. Mot Iescsoﬂrta‘mdﬂlﬂm holts - pteferatilyg tidt| lessdihasoBOEE Bolins, more
which a catalyst is present, carrying out reactive

preffélrébdy naiti|eBsitha$a5d00che0rs)A, continuously
wi thdrawi ng a | ow boiling point reaction m xture AT

con stnEoraSBrh?iﬁg‘:ﬁfb FHopiéms carbonate and said

aI i phat1 ¢ nonohydri c al cohol from an upper 20 portion

tﬁ?g&?hgwoﬁﬁlhgh?%gﬁ??ﬂﬁ d<HdBt &Pﬂié @‘t‘ggéh}’ invention,

ing pornt reac n mxture
ont ai nin produced diol froma .ower portion of
t“e&%@’%areﬂﬂd% naliquid form then conti nuousl y
feedin

1. 1A 8" ANBBRIALBLECES Pt SHRgUOEIIN oL SHOLE WRICR a diol is
progg{:e?!e&? rtglillnrbgaoc];;clpcr;atcgrrllagka?g Valnn a?l ;ﬁgﬁgtlgo“olnn%ydnc
alcohol as starting materials, continuously feeding the starting materials
into a continuous muilti-stage distillation column A in which a catalyst is
present, carrying out reactive distillation in said column A, continuously
withdrawing a low boiling point reaction mixture AT containir;g a produced
dialkyl carbonate and said aliphatic monohydric aicoho! from an upper
portion of the column A in a gaseous form, continuously withdrawing a
high boiling point reaction mixture Ag containing a produced diol from a
lower portion of the column A in a liquid form, then continuously feeding
said high boiling point reaction mixture Ag into a continuous multi-stage
distillation column C for separating off material having a lower boiling

point than that of the diol contained in said high boiling point reaction

mixture Ag, continuously obtaining the material having a lower boiling
11
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AoscﬁSVFggmANhan that of the diol contained in said high
ol ling point reaction mxture AB, continuously

obtaining the material having a |lower boiling 11
A0501 VP86/ KAN point than the diol as a colum top
conmponent CT and a side cut conponent Cs, and
pointthanhntiheudiol @btacolugntfop doalpendst @3taadly sidé cut
containing the material having a | ower boiling point

comggﬁ@nttf@&,. 8hdt &éndhabushp obtEMiHG HROH I B EPSRPARIIY not
, Wherein the inproverfent conprises: 5 (a) said

cont%?ﬁ‘@g;yféﬂn?nméﬁér ﬁé@gf‘gdggﬁg%é# BHtg»tﬂ? gfr?]JiH{“i‘h&Ctﬂ%Efdet% diol

as oC QU BB LT o 5 s B SR8 orisos

a nunber, of stages ni thereinside, anpd an enrichnent
5 e 0B A RRP GO e NI SBOBCHETILAN T, EUEMA EnBpdPrises a
D2 (cm) and an internal with a nunber 10 of stages n2 .

contindeur oHe-staperdistiliatiorpeolwmn compnisingna stpipping section
satisfy the following fornulae (1) to (9):

havip@oa |ehgdd+( (9m)5an<inside slizoteter)D §6n)/anG 3 (Berns! with
3 < nl1 30 (4) 1000 5 L2 5 5000 (5 50 5 D2 5 500

a nuyrober ti<stayyel2hpthérminside Sand an HHri¢BmertdsedtidR Halving a
(9); (b) the enrichnent section of said continuous

length!it] (@ﬁm?gan iHstdé ldiakietero) yom)@haaminie?Ag! Wil a number
chimey tray installed therein as an internal,, said

of sfﬁé@% thedinayenWhadial L £dpi hRL el B2e aMd RR'satisfy the
chi rmeys

following formulae (1) to (9):

300 < Ly < 3000 (1)
50 < Dy £ 700 (2)
3<Ly;/D;y<30 (3)
3<n; <30 (4)
1000 < L, < 5000 (5)
50 < D, < 500 (8)
10 < L2/ Dz < 50 (7)
20 < n2 £ 100 : (8) and
D2 < Dy (9);

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

200 < S < 1000 (10),
12
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g an openi ng having a cross-sectional area S
AOS@?%§3 satﬂsfylng 25 the fornmula (10): 200 < S 5 1000
(10), 12 A0501 VP86/KAN and each of the chi meys
bei ng such that a height h (cn) fromsaid opening of
said chimmey to a gas outlet of said chimey satisfies

andtélfch ArtAel enirdAdys BliRg SOck that fwﬂeu@t( B)(cin Sfrden @4id

outlet is connected toaliquid colle ng portion of
d"ehimné es the
opeffid of BB 10 S U BR0Et MBI in gl akisf
,mhereln an anount produced of the diol is not
fornhggptfﬂhn 1ton/ hr, 3. the process according to item
1 or 2, rein Iurallty (n3 stages) 0 of, trays K
are furtngs ho%ﬁﬂgd in a |lower portlod13§
internals |n a |lowernost portion of_ the strl ng
~ seckq)om sige quti auilat is coRaegigrticon ltﬁwds%fplchec ng portion of
conti nuous multi-stage distillation columm C a liquid
said shironeyniraysdiysaid chatiavous Umlanstqgmdmtstlatwa ofmn C,
said trays K, and after heat is given to require for
2. dhetprdadsoaccordingboiitem, 1.t wheveat ath Aimpurnt psoduced of the
returned 15 into the distillation colum C froma

diolfigefbNBPPtRaRrOvbEgthibet ween the uppernost stage of
the trays K and the internal in the | owernost portion

3. %etpﬁoéég c%gdg'?%i?qmm""{”drezawh%'?&iﬁ‘%ebluﬂfal’ﬁi‘f{na stages)

[1quid |nt ower tray in order

of B ERE - BSERHAbHSR 3 1R SRIERSN Bl e ha R

ray d r‘ocess accor di
it 4, i
'owsUﬁ?sﬁ@%y%m??ﬁél§5@Pav§fs}?? it SRH s g kﬂ!rﬁa" 395%0" of
rays, K a

sai contlnuous multi-stage distillation column C, a liquid is continuously
withdrawn from an uppermost stage of said trays K, and after heat is
given to require for distillation in a reboiler, the heated liquid is returned
into the distillation column C from a feeding port provided between the
uppermost stage of the trays K and the internal in the lowermost portion
of the stripping section, while a remainder of the liquid is fed into a lower
tray in order,

4. the process according to item 3, wherein each of the trays Kis a
baffie tray,

5. the process according to item 3 or 4, wherein an inside diameter D3
of said continuous multi-stage distillation column C where the trays K are
present satisfies Dy < D3,

6. the process according to any one of items 3 to 5, wherein Ly, Dy, Ly /
D4, nq, Lo, Do, Lo/ D2, ng, and n3 for said continuous multi-stage

distillation column C satisfy respectively 500 < Ly < 2000, 70 < Dy < 500,
13



r Kmtlsfles D, < D3, 6. the process according
AOSCPI‘@E%?fone of items 3to 5, whereinlL,, D, L, / 25

D,, n,, L2, D2, L2/ D2, n2, and n3 for said
continuous multi-stage distillation colum C satisfy
respectively 500 5 L, < 2000, 70 <_ D, <_ 500, 13

5 < APPQ, PE6/ BANMR<< L’Zd 35@@% L3 4GD©0 7(15:095&249@00(5 < La/
70<_D2<_ 400, 15< L2/  D2< 40, 30 < n2 s 90, and 3 <_

NB0<3029.n.7 e ess. aceé@rding to any one of itens
‘DZ _1§?b38,2_vuwe%egld1n ?ﬁaogl n'?er ngP in the stripping section

Bhe MoReS Y 4o QR Rockl BhiGAC IS 1 3’ 67 wifersh HB

erna I Ng

section are t s,and./ or ack

inte il 1y e striBBN SRsTiofotf B8l Fommniind fé' %iégmﬁt'"at'on
in the stripping section, of salc%1 conti nuous

columip (G afichifee aptannal SidHdg tha Aimnendray iy theqgpyichment
the internal excluding the chimey tray in the

sectéomn iarenay ssandi/oer aaekings,trays and / or structured
packi ngs, 9. the process according to item?7 or 8,

8. ‘therprotesa dctoayinigstaiteinevie wheegin e internal dodhe stripping
according to item9, wherein said sieve tray has 100

section of0dSichebAtinLoUR Mull-st dpsiitateen tduami C tha tray,
cross-sectional area per 15 hole in a range of from

and Qhé e Pn&n8xctiding i aPERARRBYAFSQTIAl the bAricHALAL Qection are

10, wherein an apeifture ratio"(a “ratio of a total

traygré’r‘?& Is&.cg gr&%”%j g;%)c% Qe hole in one tray stage to

areao sai d S|evetray|nthe

0. e REERH e o TE 7 &P, HBHBTR5ld 340 gisieve

15% 12. the process according to any one of itenms 9
trayi o 11, wherein an

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

12. the process according to any one of items 9 to 11, wherein an
aperture ratio (a ratio of a total cross-sectional area of the hole in 6ne
tfay stage to an area of the tray) of said sieve tray in the enrichment
section of said continuous multi-stage ’distillation column C is in a range

of from 1.5 to 12%,

13. the process according to any one of items 1 to 12, wherein an
14
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r atio (a ratio of a total cross-sectional
AosGP ERRIRAN

e hole in one tray stage to an area of the
tray) of said sieve tray in the enrichment section of
said continuous nmulti-stage distillation columm Cis
inarange 25 of from1l.5 to 12% 13. the process

apeﬂ@n‘?@rr@tf&gé Qafity oPBetdthI cr688-skedtibdd) avdeicfitheadpehihg in the
A0501 VP86/ KAN aperture ratio (a ratio of a total

R SR AR IR T A By g saSidetonal

cr -sectional rea of t ' 0 | ] 0
areq o TheSEBRN L AL 2o0F imHbSo MY I tpride B ol hcto 40%.
according to any qne of itens 1 fg 13 erein said 5 .
14. CGhei LRRRS $racePrdina o @t Pheaet Bams iR, 18, pEetin"said
colum bottom tenperature in a range of from 150 to
contipoogs meiltitsiags gistiiatien salrmy Cohasya sRiugn padtam:
to 14, wherein said continuous nulti-stage
tempiesatudeatn anrardeof feomad 58 oG op pressure in a
range of from 50000 to 300000 Pa, 10 16. the process

' 15. aate grogess svrprditeg ¢b arnewmelof iteths Wherlel, nwbarein said

continuous multi-stage distillation colum C has a

contigioiis FRltiOsidye distmgstioAfcdiugmh © hdsPaScollfmn itbp pressure in
process according to any one of itenms 1 to 16, wherein

t [ ' i d colum top conponent CT
a raﬁ'usg%g)trl‘ fﬁgbegg)ﬁgpetfgg@bggopg?f 18. the process

16. S R RI68058 RN 8o 040§ Bnegt Bisis b8 1S Wherpin said

confargudtiaiae Sisflielps: folimn & ndk 8.tk rgtio in a range
addi tion, according to the second aspect of the

of frems@nt to& i nvention, there are provided:

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

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

distillation in said column A, continuously withdrawing a low boiling point
15
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A0504 P8l nuous mul ti-stage distillation colum being
a continuous nulti-stage distillation colum C for

producing a diol by taking a cyclic carbonate and an
al i phati c nonohydric al cohol as starting material s,
continuously feeding the starting materials into a
reactioM mMiXAue Ay dontaisie) 3pbdiddd aialkyl calrbanateiand the
which a catalyst is present, carrying out reactive

aIipI’Q’:\t‘f‘c{,1 rﬁg@bhgﬁgi'cr% rfblcf?é]gfr%gmg)ﬁef‘?d&g%(‘r)‘tibi\i’/gé%/co!umn Ain a

9asqSi75 ShEM. Bt dSiy RIS B e s RN EAting fo i reggtion
mixte_aﬁﬁfmasa??{nt'hﬁ?%ﬁffaaﬂﬁs‘éod“m'T&ﬁé\B%?u '3@3@5@?3@30 folumn

- mxture AB containin roduceg diol .fro | ower .
A in gohauish farm; 1Bepote nHoRsiy, 'as m#a*@ sigh heiliag point
continuously feeding said high boiling point reaction
reaation mixtuee Astinta & contimuniss multi-stage distidatipnagelaumn C for
columm C for separating off material having a | ower
sepzhca'tirimg:fboiaﬂertaimwing adbweértebdiliig point tharedhah of dhe diol
hi gh boiling point reaction m xture AB, continuously
cont@bﬁédﬁhngal&ﬁig{rﬁb@hﬁb pesint e aetionatixhirie Aggcpeitimuously
than that of the diol as 10 a colum top conponent CT

obteﬂg gftﬁé%a?é‘ﬁaFﬁEQgﬂ%rﬁ |der Whn@%lh&“!ﬁﬁﬁ' that of the diol as

nlngthe di ol stantially not contalnlngt e
a CO{Tﬁe éb@%IHSr% Eﬂdt g%'hggﬁ%gggmp%g@ﬂw rein the
j. t
conﬁﬁ@%ﬁ%ﬁ”ﬁ%ﬁﬁe R il Rl SRR ot Rtelig 76 WEteria
naviF BBy Reid e 5eB bR i ol o
with a nunber of stages n, thereinside, and an
com@an &Mntmt vd@%&aiadhﬁawngoaemmtwmpr(s@ﬁ an inside
di aneter D2 (cn) and an internal with a nunber of

st a@dssaizl chatiaugsisdmultinstags distillatben colymme C ppmprises a
and n2 satisfy the following formulae (1) to (9):

distillation column comprising a stripping section having a length Ly (cm),
an inside diameter D; (cm) and an internal with a number of stages n;,
thereinside, and an enrichment section having a length L2 {cm), an inside

diameter Dz (cm) and an internal with a number of stages nz thereinside,

wherein L1, Dy, ny, L2, D2, and n2 satisfy the following formulae (1) to (9):

300 < L4 < 3000 (1)
50 < Dy < 700 (2)
3<L4/Dy <30 (3)
3<ny <30 | (4)
1000 < L2 < 5000 (5)
50 < D, < 500 (6)
10 <L,/ Dy <50 (7)

16
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L1 3000 (1) 50<D, 700 (2) 3 L1/ D1 <_ 30
Aosd(|33,§8§1|n55_1430 (4) 1000 s L2 s 5000 (5) 25 50 s D2 <

500 (6) 10L2/D2< 50 (7) 16 A0501 VP86/ KAN 20 S n2 5
100 (8) and D2 5 D (9); (b) the enrichnent section

of said continuous nmulti-stage distillation colum C
has at |egstc gpe ¢ppmey tray install edgjhkgi®in as an
5 internal, the chimey tray having installed therein

one or nq?e<c |rmeys each haV| ng an op g5ng havi ng a
cross sectfonal' area S ( sati sfyi ng the formul a

beith) tﬁ%"ﬁ%lﬁéﬂ*’%ﬂﬁ%%ﬂ?ﬂ ?éﬁfff PrBlrl s M fage

e ST 2 BRH Sy as,&'r@%rredmrem as an
(c) a side cut outlet is connected to a |i
integnal, 4B ei FhRfMRRY iteRy MVIQQNGS&%'%é?ef%WDBg Qnmpre chimneys

continuous nulti-stage distillation colum C,_ 15, 20.

- each teaxdogt amwpenimg havinggecthsa-seicione agelaufin(cm?) satisfying

according to item 19, wherein a plurality (n3 stages)
the édrmiuby $1@):are further provided in a [ower portion of
the internals in a | owernost portion of the stripping

section »hochg g 1mo@ | ower portion of(1ggi d

continuous nulti-stage distillation
and each of the chimneys being such that a height h (cm) from said
opening of said chimney to a gas outlet of the chimney satisfies the
formula (11):

10 <h <80 (11); and
(c) a side cut outiet is connected to a liquid collecting portion of

said chimney tray of said continuous multi-stage distillation column C,
20. the continuous multi-stage distillation column according to item 18,
wherein a plurality (n; stages) of trays K are further provided in a lower
portion of the internals in a lowermost portion of the strip_pin‘g section
which is in a lower portion of said continuous multi-stage distillation
cblumn C, aliquid is continﬁously withdrawn from an uppermost stage of
the trays K, and after heat is given to require for distiliation in a reboiler,
the heated liquid is returned into the distillation column C from a feeding
port provided between the uppermost stage of the trays K and the
internal in the lowermost portion of the stripping section, while a
remainder of the liquid is fed into a lower tray in order.
21. the continuous multi-stage distillation column according to item 20,

wherein each of the trays K is a baffle tray,
17
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aliquid is continuously withdrawn from an
AOSO&O%#‘B%NQ age of 20 the trays K, and after heat is

given to require for distillation in a reboiler, the
heated liquid is returned into the distillation colum
C froma feeding port provided between the uppernost

22, Siﬁ&%aﬂhﬁ@@uéﬁﬁm. %téﬁg dlBﬁlla'ti'Hr%BﬁlmhnaéB%dmg to item 20

| ower nost pOTtI on of e stri ppl ng section

or 21 %é}%gé % ﬁ?%é Hgéﬂ'llgﬁéﬁyg Fﬁfdjcﬁluﬁl‘f‘fe{wﬁérﬁytﬁé“trays K

hecn -stage distillation
col unm, ac din item 20, wherein each of the
are presenisp Sg' gﬁ daray, 17 A0501 VP86/ KAN 22. the
continuous multi-stage di

‘i Iatlon olunn accor di é:]

23. { $heiemizoucys multiatens dissialien delmamarer §EGF0 any one
said colum where the trays K are present satisfies

of itBms<190® 223 whereiookt.i Buols /iR t N+.skagP2dlst/i Prabroand ns
colum according to any one 5 of itens 19 to 22,

satisfyerespedtively, 500,<1.,32,2000, TQ,< D3, <1300, B Lm:l, Darsd20, 5 <
n3 satisfy respectively 500 < L, < 2000, 70 5 D, <

ni <5@@, 1500 k.LJ <2000, 76 £ DNk 400205 2900/ B, £ 2 ION; < 90,
!5 D2 <_ 400, 15 <_ L2 1 D2 <_ 40, 30 n2 5 90, and .

and335<n§<-<250 24. the continuous nulti-stage distillation
colunh accbor di ng to any of 10 itens 19 to 23, wherein

24. ”iﬁe' 96ﬁf|ﬂ%u mtuhﬁ szttayheoﬁiéiﬁlél?&ﬁ'c‘eﬂuﬁ'fn ta'&%orﬁmg to any of

§ect ernal excluding t

worf BT b, ﬁarﬁ@znéeamp%@:%%ﬁém%
StriRing: ARFUPA 2RE e ITBrAD! EXcl SR B chimp eIy el

i nternal 15 excluding the ch| mey tray in the
enrighmenhsactiofcar®irays and 4pr ARPKNGSE, struct ured

packi ng, 26. the continuous multi-stage distillation
25. cdhennoatioodisnmulti- stage gistillation column according to item 24,
wherein the internal in the stripping section is a tray, and the internal
excluding the chimney tray in the enrichment section is a tray and/or a
structured packing,
26. the continuous multi-stage distillation column according to item 24
or 25, wherein said tray is a sieve tray,
27. the continuous multi-stage distillatioﬁ column according to item 26,
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?,
28. the continuous multi-stage distillation column according to item 26
or 27, wherein an aperture ratio (a ratio of a total cross-sectional area of

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

stripping section is in a range of from 2 to 15%,
18
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rein said tray is a sieve tray, 27. the
AOSCEIO\.{éEﬁ{%Aﬁ mul ti-stage distillation colum . according
to item26, 20 wherein said sieve tray has 100 to

1000 holes / n2 in a sieve portion thereof, and a
cross-sectional area per hole in a range of fromO0.5

29. t ?hé ccﬁﬂ?nuggs rﬁnﬁl-%@?ﬁ%érﬂi%ﬂa‘ﬁﬂﬁ boﬁ&ﬁ%eadbéﬁdlhbatd any one

colum according to itém 26 or 27, wherein an

o FLEH 28 S e T AT R 00

orosLSeh A Be b 7 e g “e,xaaéa'oea@#@ﬁezéﬂa vy

t he conti nuous mJItl -stage distillatiaon colu

of saistsraN YA HhjherRnrishManiecondsa8, a KABOS Af frpm 1.5 to
aperture ratio (a ratio of a total cross-sectional

12%rea of the hole in one tray stage to an area of the
tray) of said sieve trays in the enrichnent section

30. | shencentinngeasomulticstayesdistilldtidiz%ol@mn akeording to any one
continuous nulti-stage distillation colum according

of itet &MY eN29, akhetsimbanapertdde ratiey ta matio apertosak
ratio (a ratio of a total cross-sectional area of the

croé&’%@'cﬂ%r‘ﬂcéﬂé% Bf“tHEQ&’ﬁeﬁi@l@m #hexHimrid\es té irmaeya of the

tray i1nc Ing a total cross-sectional area of the

chirB8Y PHY ACIGANG ¢ Joklt BREYS Sefidrial, dhdh bRTAE SPenidy of said

ects I nventi on

According t.o the spe a and process
ch|er8y| t&@)ﬂqﬁ)}"t ﬂé'an&%eéthomm%i%#%'t her 2 ‘are provided

an industrial apparatus and 15 industrial production

process that are inexpensive and enable a diol

subst anti al l{e not containing material having a | ower
AdvssitagegusoFffteataaf Inveatiast the diol to be produced,

froma cyclic carbonate and an aliphatic

According to the specific apparatus and process provided by the

present invention, there are provided an industrial apparatus and
industrial production process that afe inexpensive and enable a diol
substantially not containing material having a lower boiling point than
that of the diol to be produced, from a cyclic carbonate and an aliphatic
monohydric alcohol, .with a high yield (e.g. generally not less than 97%,
preferably not less than 98%, more preferably not less than 9%, based
on the cyclic carbonate used) on an industrial scale of not less than 1 ton
/ hr, preferably not less than 2 tons / hr, more preferably not less than 3
tons / hr stably for a prolonged period of time of, for example, not less
than 1000 hours, preferably not less than 3000 hours, more preferably
not less than 5000 hours.

Moreover, the process according to the present invention differs

from an existing ethylene glycol production process in that ethylene
19 '



10

15

20

25

?9% il al cohol, with a hi gh yield (e.g. generally
AOSdr.:P(; IegksA@han 97% preferably not | ess than 98% nore

preferably not | ess than 99% based 20 on the cyclic
carbonate used) on an industrial scale of not |ess
than 1 ton [/ hr, preferably not less than 2 tons /

egcB'I cdPbe @fcﬂi@éé’@'b)y 118 preeeskhaccardingn® thepresaht ynvention
for a prolonged period of tine of, for exanple, not

with! Es’tﬁght g Jé}praerfaq) sePé&fnﬁ"ty?‘%YhﬁQf u'siﬁ% d %é@%unt of

re pre not less than 5000 hours.

re t e
wat%&rﬁ% ?éwsﬁfﬁw% Ve gRgaiight %ﬁf&it%‘n’%é o %ﬁ%"’ﬁ'fmducm
r oduct ocess in t | ene 0501 VP
prodgs Brat SHmBLETRR A P B os iy SRL: ?&%&ﬂfﬁﬁ?é@w&h the
present invention W|thah| ield . rh
XIS 0GB AP IATRIGR PG CR Pal B SRIHIIViY Mg gpergy use).
and thus achi eves excel |l ent effects as an industri al
production process that sinultaneously solves two
| ong-standing problens with the 5 existing industrial .
BrigirDdsctiptiorpob@rawifigow sel ectivity, high energy use).
Brief Description of Drawing FIG 1 is a schematic

vi epghawisng sthemiatiel e showing anaample of-5 cageinuous
distillation colum C preferable for carrying out the

mulﬂr§ did@NANYRNE IR TE pYeReamb el fdi e yRey Bt the present
I nst ed In a stripping section, and trays being

:nv%rﬁ%ﬁ" hﬁgsgége%oéf sp?étdaq’ﬂ”n@l%gleﬁf ‘"ats.%‘al{gﬁe’p P\%%éﬁﬂﬁn and

AR meﬁﬁ.omghe%aaystwggg%fa’;éﬁswé Wan
installed.,in ﬁhe concer}tratl ng _portion ab.Oé {a

UPPET (R@tON KiRtal MUMEDES @f stadesene) iy 2NekRIlg m@n& peclion, as an
chimey tray in the stripping section and th

integpal én e trurde pordanffethsmcel e, amd %%Paimﬂérv h8yostage

the lower portion of the colum is greater than a
beingdnstalied,indhet beneantratimgnportion above an inlet 1 (Note that in

FIG. 1, the trays excluding the chimney tray in the stripping section and
the enrichment section are omitted), and a diameter D3 of the lower
portion of the column is greater than a diameter D, of the enrichment

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

Description of Reference Numerals

1: inlet, 2: outlet of column top component Cy, 3: outlet of column
bottom component Cg, 4: outlet of side cut component Cs, 5: internal
(packing), 6: heat exchanger, 7:reboiler, B8: inlet of reflux liquid, 9:
chimney tray, h: height (cm) from an opening of chimney to a gas outlet
of chimney, L;: length (cm) of stripping section of continuous

multi-stage distillation column C, Lz: length (cm) of enrichment section
20
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frays K (n3 stages) being provided therein.
AOS%QBes@H\ptl on of Reference Nunerals 1. inlet, 2:

outl et of columm top conponent CT, 3: outlet of col um
bott om conponent CB, 4: outlet of side cut conponent
Cs, 5: internal (packing), 6: heat exchanger, 7:

of céﬁhﬁulo@rs rrﬁnuLgltla@te distiiedtion dolamnl.C,9: Dichhsitry diameter (cm)
h: height (cm froman opening of chimey to a gas

of sﬁZﬁéﬁg;n ?tl% Shbﬂﬂﬁ)‘l’uoln's rﬂmﬂﬂ%fhdé’@st‘?ﬁaﬁbh'@d’lﬂﬁ% C, Dz

continuous nulti-stage distillation colum
{ I t
insid A SRR odoh e R T Vet SFiecfindrhg il staoe
. . inside.dia (cm) of stripping section of
dlsfﬁtﬂ%t%&&%f’%% gegrg%y distillation colum C, D2:
i nside dianeter (cm of enrichnment section of
continuous multi-stage distillation colum C K
tray. 5 Best Mode for Carryi mi:] Qut the Invention
Beskddodeifeg CarryingtQut dae deyention on of the present
invention. The reaction of the present invention is a
r evEoHollirgdgua ldebailadch desernptisneof the present éagention.
represented by the followng fornmula in which 10 a

di afkgl recrithanaf ehansres ghtoinvairtion oslucpsivérsible equilibrium
cyclic carbonate an an al i phati c nonohydric al cohol:

tran?' Hfl% (rD?QétiQn”re%rB%@Fltéa by khe HGlowPHg fBFnful@ in which

a dialkyl carbonate and a diol are produced from a cyclic carbonate and

an aliphatic monohydric alcohol:

RN RO OR !
: R
SN + — \Af +
0 ~C /0 2 R°OH -— (Ii HO / \OH
il 0
0
(8 (8) © (b)

wherein R' represents a bivalent group —(CHz)m— (m is an integer from 2
to 6), one or more of the hydrogens thereof being optionally substituted
with an alkyl group or aryl group having 1 to 10 carbon atoms. Moreover,
R? represents a monovalent aliphatic group having 1 to 12 carbon atoms,
one or more of the hydrbgens thereof being optionally substituted with an
alkyl group or aryl group having 1 to 10 carbon atoms.
The cyclic carbonate used as a starting material in the present

invention is a compound represented by (A) in the above formula. For
example, an alkylene carbonate such as ethylene carbonate or propylene

carbonate, or 1,3-dioxacyclohexa-2-one, 1,3-dioxacyclchepta-2-one, or
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AOSOWP@@?W represents a bivalent group -(CH2)m (mis

an 1 nfeger from2 to 6), one or nore of the hydrogens
t hereof being optionally substituted 15 with an al kyl
group or aryl group having 1 to 10 carbon atons.
Moreover, R2 represents a nonoval ent aliphatic group

the k¢ ic2h betpreférabhpasedl @thylertmearbonate of ptdgylene
hydr ogens thereof being optionally substituted with an

carb@ngte i?u?onﬂzfreagb’éfe@éﬁw U\ Adelic! 8ad8 6RpREEURIMERL and

The cyc carbohate used as a starting material in

h n ' ; y

so ofyrf BFfiffons Catsfigls Bing FadfTiENY piARIERATLEE S

carhonat e sych as ethyl ene carbon I

casiae et 4, A RplE, FRn e Baft: BsaaSMhe other

1, 3-di oxacyg¢l ohepta- 2-one, or 21 AP501 VP86/ KAN 't he
starfinganaser Bk iAot mw%geareﬁ?ﬂgﬁﬁa } BokBealpve formula,

propyl ene carbonate being nore preferably used due to
one dedngfa ppwetireoiing paint barothatat the Hipk psoducsshaeng

being particularly preferably used. Moreover, the )
usedl i Fithowg mpudsibly vaayinghdepensingson hAbedyiper obthe cyclic

starting material is a conpound represented by (B) in

carbiditatabayedf examhples ofithbaolig eatwowatebmmtludde pwihtanol,
than that of the diol produced being used. Although

ethd?RﬂSip%Pa\ﬁ%ﬂ Yisemeespndilppafibridle Buanodi(isdwmefy s 3dbuten-1-ol,
car bonate used, exanples of the cyclic carbonate

| , I i : byl
am LT TREASRL). 1 onoh (RAAShsf, ORT SlcofchMlsomers),
| cohpl , (i s , Xy I [ :
oot BB ((S4BFE) e ke EFSTrEBLy! BRI Gsomers).
al cohol (isqners), .dec al.cqho i, soners), _.undecyl
undsrﬁ&gﬁgqﬁ?‘s@ﬁerfg%KS)d Jﬁﬂylgcfga ef(l(sioggﬁg%)s)qycque}‘ltanol,
cycl opentanol , cycl ohexanol , cycl oheptanol
cyclohaxaialagycloheptanely ayvshesetanal, mewieysiopentanol
et hyl cycl opent anol (isomers), nethylcycl ohexanol ]
(isomersyeethylcyslepaptayel (hoxmrs), melbwieyglohexanol (isomers),
di met hyl cycl ohexanol (i soners),
ethylcyclohexanol (isomers), dimethylcyclochexanol (isomers),
diethyleyclohexanol (isomers), phenylcyclohexanol (isomers), benzyl
alcohol, phenethy! alcohol (isomers), phenylpropanol (isomers), and so
on. Furthermore, these aliphatic monohydric alcohols may be
substituted with substituents such as halogens, lower alkoxy groups,
cyano groups, alkoxycarbonyl groups, aryloxycarbonyl groups, acyloxy
groups, and nitro groups.
Of such aliphatic monehydric aicohols, ones preferably used are
alcohols having 1 to 6 carbon atoms, more preferably alcohols having 1
to 4 carbon atoms, i.e. methanol, ethanol, propanol (isomers), and

butanol (isomers). In the case of using ethylene carbonate or propylene

carbonate as the cyclic carbonate, preferable aliphatic monohydric
22 '
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Aosd(j| Qbﬁ%@ﬁ' ohexanol (isoners), phenyl cycl ohexanol

benzyl al cohol, phenethyl al cohol
(isomers), phenyl propanol (isoners), and so on.
Furt hernore, these aliphatic nonohydric al cohols may
be substituted with substituents such as hal ogens,
alcoh@Y$'aré! Hﬁ@f}'ﬁaﬁb@% 2 RYRNAeURAHEF beity partivubary!
groups, aryl oxycarbonyl groups, acyl oxy —groups, and

groups. O such aliphatic nonohydric al cohols,
prEfghéeél%preferabl y used are alcohols having 1 to 6

IR P AT VAT SR8 oo
ot s pcls i BAARS o8 oo bR Eriin

the cyclic carbonate, preferable aliphatic nonohydric
catappstrbBoaragess Kahereantive @ﬁé‘lmt%ﬁgﬂu@ﬁ’dﬁ\éﬂﬁé(n%? any

met hanol being particularly preferable. In the
metpodg&ss iof theheapeesenexampte,iaha homaganenus satalyst that

to be present in a reactive distillation colum A
disstee sBH @ pfachdhipuibdeundecahealnedction poesktionsnthécatalyst

reactive distillation colum A nay be any nethod, but

can'tﬂe WWEdE asehe e SRMNRAI & 1icfid P MASE IANBRUE HEti vé Y btillation
hat dissolves in the reaction |liquid under the

colLfrﬁﬁclfjegh‘i’@e&ﬂﬂg‘f''thleocﬂ'azlap)f_I int8 ey fdactidd &Stlgﬁﬁ%nt EoRfnn

ase In the reactive stillation

con@pyp.uw»zty?aﬁﬁﬂbﬁwe?a%ﬁte*ﬁt%@o&w%ét% 41t gogp not

het.er ogeneou t that does
dis oS B0 BRaEE ioiitun BRdnPaRadtin SHmHflR, theygatalyst
catal yst can be made tQ be present in tgq reaction
candya treafBytaibepRra SRt tﬁveth%a@apyeﬂ systena iy dispesing the
reactive distillation colum; these nethods nay als
cataly stssdai solidibithet1eactive distillation column; these methods may

also be used in combination.

In the case that a homogeneous catalyst is continuously fed into
the reactive distillation column, the homogeneous catalyst may be fed in
together with the cyclic carbonate and/or the aliphatic monchydric
alcohol, or may be fed in at a different position to the starting materials.
The reaction actually proceeds in the distillation column in a region
below the position at which the catalyst is fed in, and hence it is |
preferable to feed the catalyst into a region between the top of the
column and the position(s) at which the starting materials are fed in.
The catalyst must be present in at least 5 stages, preferably at least 7
stages, more preferably at least 10 stages.

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

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



AOSOYOVPBesNcase that a honpgeneous catal yst is
contrnuously fed into the reactive distillation

col um, the honbgeneous catal yst may be fed in
together with the cyclic carbonate and/or the
al i phati c nonohydric al cohol, or may be fed in at a

moréligre¢s aiblypasidastm 0 stahesst s tsotigl catalysaltsat alsehas an
reaction actually proceeds in the distillation colum

effettNad 4 ?%ic;kih§SHQﬁ%°m§th%ﬁﬂﬂ§ic‘dl@ﬁ\_rﬁdea‘P% Heeused.

cataly and hence it is preferable to

<5858 GO g B URPE oAt i

col'um 'a [ the st

i al fed.in, Th I '
catalySkfpws pm i dite calipE{bgpdy . £X et BT batdyst
preferably at |east 10 stages. 25 Mreover, in the

inclyd8e of using a heterogeneous solid catal yst, the
catal yst nust be present in at least 5 stages, .. ,
pr dlsgliometats padsalkalineagasth matalpsorch/pgdithimmsadium,
preferably at |east 10 stages. A solid catal yst that
potadsorhautAdiuref cesiues magaelsing, i ¢alchendisrantiami @nd
colum nmay al so be used. As the catal yst used in the
bariphgsent invention, any of various catalysts known
fromhitherto can be used. Exanples of the catalyst 5

i nch 48R camplind® bt fkandnak&r) hARA SkElimeehpitsmstals such
as lithium sodium potassium rubidium cesium

10 as HRRGEL RV oo alRbARS, Ey B e F e RIS
0 ' : [ I ' ,
S s AN R AR an ARAI gppty metals such
netal s and al kaline earth, nmetal s suc .car bonat es,
as gar R5: &ica Aesarfind 2rPandG Al §33fst,i ary ami nes

such as triethylamne, trjbutylam ne, trihexylam ne, .
tertiary amings such as tnethy}lam?r]we, irlbu yiam)fne, tnﬁexylamlne,

and benzyldiethylamine;

156 nitrogen-containing heteroaromatic compounds such as
N-alkylpyrroles, N-alkylindoles, oxazoles, N-alkylimidazoles,
N-alkylpyrazoles, oxadiazoles, pyridine, alkylpyridines, quinoline,
atkylquinolines, isoquinoline, alkylisoquinolines, acridine, alkylacridines,
phenanthroline, alkylphenanthrolines, pyrimidine, alkylpyrimidines,

20 pyrazine, alkylpyrazines, triazinés, and alkyltriazines;

cyclic amid.ines such as diazobicycloundecene (DBU) and
diazobicyclononene (DBN);

thallium compounds such as thallium oxide, thallium halides,
thallium hydroxide, thallium carbonate, thallium nitrate, thallium sulfate,

25 and thallium organic acid salts;

tin compounds such as tributylmethoxytin, tributylethoxytin,
24
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di et hyl am ne; 15 nitrogen-contai ning
AosGLHERRICAY

mati ¢ conmpounds such as N al kyl pyrrol es,
N-al kyl i ndol es, oxazol es, N-al kyli m dazol es,
N- al kyl pyrazol es, oxadi azol es, pyridi ne,
al kyl pyridi nes, quinoline, alkylquinolines,
dibut gﬂkﬂé”tﬁ!olan,aiilémymammt;m,ea;btﬁzrdiétmytin, o
al kyl acridines, phenanthroline, alkylphenanthrolines,
ibURY[HE B RRin 2 % (3G, 28 oMy A tributyltin
dibly(grE e i%in iR EinR AIdaTin “Aiefiy ff 3otate. tibyty)
am di nes ,su [ i.Gycl oundecene (DBU) and
°h‘°6lr8aezo%'i‘§>}&'|‘ %8@53%%%? %t hal | i um conmpounds such as
thal |lium oxide, thal|iumpalides, . thallium hydroxide,
{ hedine R BRasEiAR SUChAF I iR ORYZire. YPPRAEANG,
sul fate, 25 and thalliumorganic acid salts; tin
ethyde npaieyzigge & nes diPUIKAIRGE hoxyt i n,
tributylethoxytin, 24 A0501 VP861KAN ) )
di balkunh diutetdampoiund sds achyasliadumiruti trimethoxide, aluminum
di but yl di et hoxytin, dibutyl phenoxyti n,
triisd’ﬁpbpoxidm,t angydlumindinutiputorideet ate, tributyltin
chloride, and tin 2-ethyi hexanoate; zinc conpounds

sucfitzAfudl ERIMesYAHBCsuch ishptydmethoxftitanium,
et hyl enedi oxyzi nc, and di butoxyzinc; alum num

tBSIRSARABAUR St al AT A I i Maniam,
ot RN AREAUFL SR 2 Bharium acetyiacetonte;
{1 + BAPSANSEUE A PAHAAS FURNA LB REBRBRY e, X U
. phaosphorus conpounds such as trimethyl phosphi ne,

trie hM‘EF'WPbH@%pFﬁ"H'ét,Y‘PhP@GW'P%hHéBhPﬂ&?/P*POSPﬁ'“e:
tribL{Jlgaheet%rlnggggmrqgedm halides, trioctylbutylphosphonium halides,
and triphenylmethylpholsphonium halides;

zirconium compounds such as zirconium halides, zirconium'
acetylacetonate, zirconium alkoxides, and zirconium acetate;
| lead and lead-containing compounds, for example lead oxides
such as PbO, PbO,, and Pb30y;

lead sulfides such as PbS, Pb2S3, and PbSy;

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

plumbites such as NazPbQ,, K.Pb03, NaHPbO,, and KHPbO;

plumbates such as Na;PbOj3, Na:H2PbO4, K2PbO3s, Ka[Pb(OH)s],
KePbQy4, CazPb04, and CaPbOs;

lead carbonates and basic salts thereof such as PbCQO3 and

2PbCO3-Pb(OH)a;
‘ 25
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N et hyi phosphoni um hal i des,
AOSOﬁrYIbS%%Iy ut yl phosphoni um hal i des, and

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

ac gl 1ad 2y =RP o Asb kA -arh ey I XYde sarampdundosuch as
exanpl € | ead oxides such as PbO Pb02, and Pb304;

POSHAOREPTE PRy, e = e
iR oo REAREY T BRI SRR BRSES salts thereof.
sucéégﬂﬁéﬁgiqg%%%w@&gﬁﬁﬁi@é#yaﬁﬁfwwzo:
AOSUGAVRBAR 26 BPRUTFIS AHCRoR SUHED BB Py BHIFEGY PhaPbBT,
conmpounds such as Pb(OCH3) 2, _éCHSO) Pb(q:’hé, and
PhsPb (6P 125P b ga B st b © Hhf and Rh: RbQc (Wb eraimd Bearaiagernts a

and basic salts thereof, such as Pb(OCOCH3) 2,

butyPlyr6GRCHN dt P Hanelp Ri edECai idyD. §iHAp);5 or ganol ead
conmpounds such as Bu4Pb, Ph4Pb, Bu3PbCl, Ph3PbBr,

Ph3Bad(&ano {8 &Rivh asBPBRNEHP BT, PREPBS), (PHSTei anBPb-Sb;

represents a butyl group, and Ph represents a phenyl

g[)?g%’h; grg@ég%@'stgdﬁlazé;g%léﬁa Riydgin&biéadePamBRhydrates of

_ m neral s such as gal ena and
suckf |BFETHBEWRE (C Compound used di ssoves in a

St a‘rnt {hneg 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 h_omogenéous catalyst, whereas
in the case that the compound does not dissolve, the compound can be

used as a solid catalyst. Furthermore, it is also preferable to use, as a

homogeneous catalyst, a mixture obtained by dissolving a compound as

‘above in a starting material of the reaction, the reaction mixture, a

reaction by-product or the like in advance, or by reacting to bring about
dissolution.

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

as silica, silica-alumina, silica-magnesia, aluminosilicates, gallium
26



AOSOﬁWIﬂééﬂAl\gf the reaction, the reaction mxture, a

reaction by-product or the |like, the conpound can be
used as a honobgeneous catal yst, whereas in the case
that the compound does not dissolve, the conpound can
be 15 used as a solid catalyst. Furthernore, it is

silicales ovgriefierzgniitelso verussnetal hexclyanged zealitelsy stnd a
m xture obtained by dissolving a conpound as above in

ammyriiLiAflexeh dj&d izdlolbs! Bad §80n ean Ahw beagéédras a
m xture, a reaction by-product or the like in

0, acting to bring about dissolution.
hetegga%ﬂrgtsﬁgrér%ﬁgygﬁon exchangers such as ani on exchange

resj.n havi tert]ar i, N j :
8 nafirendlls akaRs S Rl B AR Bised one s
ving at |east one t of exchange qgroups. sel ect
5 a soliAcH nBluhasS iapeRaunasy Favng hpEthagy ERfdium

phosphate groups, and solid strongly, basi ¢ anion .

groupscAsMENAMAR AT UpFatrHaPIe D thars® mﬁveiwﬁssggngw basic
exchange groups; solid inorgani c conpounds such as

aniosi ekchangel nesindiavingagusteinarynagaanium groups as exchange
alum nosilicates, gallium 26 A0501 VP86/ KAN silicate,

grouw,i ®¢elintosetstsonghyr basic aeion -eccadtangedharoig esternary
and ammoni um exchanged zeolites, and so on can al so

ammieniee Gratips abed eEnasge Yroupal angtan Asorganic carrier
het er ogeneous catal yst, a particularly preferably used

10 sup;ﬁé‘aﬂeidsty Qt%'lg (54 £ienghibrPaskhafite?Avighpadaternary

vi ng "dquat ernary ammoni um groups as exchange groups,
QARG Y kAR DR | ORBLY Skl Bk Tanion
oxcRRSRETES I BebRD ot SRR P, s e groups

exchange roups, .and an inorganjc carrier 10 supporte
of : Bp

for exapde @ BLYLENRLYRE ST MO BASIAP MARXENANAR LPRUT 99”‘9

like can be preferably used. A styrene type strongly basic anion

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

following formula:

27
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ADSE@I”VP@BH&\WOUDS as exchange groups. As a strongly
asi ¢ anion exchange resin having quaternary anmoni um

groups as exchange groups, for exanple a styrene type
strongly basic ani on exchange resin or the |ike can be
preferably used. A styrene type strongly basic anion

;Lg exchepge pq4s-0-. a._scH%J.gJ_y PpsigReion,_sxghange
résin having a co strenecand
di vi nenzene as ghparent matedjal, and having

t Il
b cally | (type )

) ,
fol | owi ng fornul a:

o> P R- CH®H2--/U" (type
) CH CH2 CH2Xedl CH 3)3

T@Y: CH2+ CH—CH-+—CHze A1) O h@@t& ~ .

3)Z{ C2HAOH) CH2N{CH3)2(C2H40—|) X_ wherein
X re®resents an anion; as X, generally at |east one
type of anion selected'from-F, a-, Br', 1I', HCGB-,
C032-, CH3CO2', HCQz', 103-, Br03-, and AG3- is
used, preferably at |east one type of anion sel ected

{91 S CH-B- CHFCOEH-2GHEP32 QM sauer| 85 the

uretof the resip parent nmagerial, either a gel

typg one_g{ a macrorg icular (MR pe one can be
use Z type g arti f bl-e d
‘he orf yp P I C preferable quoeII)
O
w\/—CH—CHz—nﬂ—f CHzN(CHa)z(CzH4OH)
CHzN&CHs)z(CzHaOH) Xe

wherein X represents an anion; as X, generally at least one type of anion
selected from F~, CI°, Br,, I, HCO3", CO3*, CH3CO2, HCOZ", 1037, BrOs',
and ClO3 is used, preferably at least _o-rie type of ahion selected from CI’,
Br, HCO3", and C0a%. | Moreover, as thé structure of the resin parent
material, either a gel type one or a macroreticular (MR) type one can be
used, the MR type being particularly preferable due to the organic
solvent resistance being high.

An example of a cellulose strongly basic anion exchanger having
quaternary ammonium groups as exchange groups is cellulose having
—-0OCH>2CH:NR3X 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
generally used, preferably methyl or ethyl. Moreover, X represents an

anion as above.
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si stance being high. An exanple of a
Aosqs:lg*l?gﬁic')(s}ieﬁstrongly basi ¢ ani on exchanger having 10

quat ernary anmoni um groups as exchange groups i s

cel l ul ose having -OCH2CH2NR3X exchange groups

obt ai ned by converting sone or all of the -OH groups

i N Aen6edAnilcos&rriant suppioatdd type rsiedhyly basimanidier e,

R represents an al kyl group; nethyl, ethyl, propyl,
excl’%ﬁ#r ﬁ%vﬁﬂ? (Hé‘t@rhéry GMRIGHiLYh §F6dpsiLbREARINGe groups that

methyl or ethyl.

Mor eover, X represents an 15 ani on

can ??‘fp@g???a‘ ﬁ'&p?@é?&nt\/ P04 D hAR elab Qﬁﬂhﬁﬁgﬁgg %Erri.er that has

trongly basic anion exc avi ng
had St GH FNR SR AE BPLE A oS EE R sdreguc8d thersto by

i.ngrgani c carrier, that S ad - "NR3X
Mo difyiR 8 rSRINg %rﬁﬂrﬁfum%r‘éﬂ‘asﬂi‘&?%d‘&%’bﬁ&’é’wsow ghe
modi fying sone or all of the -OH surface hydroxyl
inorgesipsasfierhe HeneorRyand X areidgfined as aRoygy xNdpagaenerally
defined as above. n is generally an integer froml to
an iftegerframbl yo 6, praferablyne # Ror gAsi thecinarganicgarnrigr, silica,
alum na, silica-alumna, titania, a zeolite, or.the :
alurhiree sifieabalumprh, fitariiai rozeplied coelthe ke cae selused, it being
alumna, or silica-alumna, particularly preferably 10
prefélrhbféto Albe BRI dakAnide e eficslbmina! pedtieliarly preferably
nodi fyi ng the surface hydroxyl groups of the
silic'g)r.('g[]g.ﬁ Lr?leﬁﬁ&ﬂ'@én peousBe 59'the metABa! of Risdifying tHe surface

aving quaternary —ammoni um groups ds
ny a5 B, A Ba o BRERE Seltie), Shanger may ol so be

Eéfﬁaa@-@i?eb{li#réé‘é‘;f‘yﬁ tagi‘i‘c%gﬁétgiQ?%‘qtfﬁﬁiéﬁﬁtgiv?@éec{uaternary

ani oni ¢ species in advance as pretreatnent. Moreaqyer,
aMROSHH TIgES BS it SXGHBRBRI GEP WP Hma I RBIMIRIaNY @vailable one
mag?%le_fxggcel. In this case, the anion exchanger may also be used as
the transesterification catalyst after being subjected to ion exchange with
a desired anionic species in advance as pretreatment.

Moreover, a solid catalyst containing a macroreticular or gel-type

organic polymer having bonded thereto heterocyclic groups each

containing at least one nitrogen atom, or an inorganic carrier having

bonded thereto heterocyclic groups each containing at least one nitrogen

atom can also be preferably used as the transesterification catalyst.
Furthermore, a solid catalyst in which some or aI.I of these
nitrogen-containing heterocyclic groups have been converted into a
quaternary salt can be similarly used. Note that a solid catalyst such as
an ion exchanger may also act as a packiﬁg in the present invention.

The amount of the catalyst used in the present invention varies
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| ymer having bonded thereto heterocyclic
A°5°3 @Eﬁé@ contai ning at |east one nitrogen atom or
an inorganic carrier having 20 bonded thereto

heterocyclic groups each containing at |east one
nitrogen atomcan also be preferably used as the

depér‘i&'?"%weéhetﬁef 'o‘?rlh‘éaéélé{%t usEHr tﬂlﬁrlm caseobf d

SOI’TE or al hese

cont&%@@?@;@:@d}bg i'?'l 5 oﬁié}?é(&ué l‘btagég}é'?sth%@\éﬁs 8%5 in the

sa be simlarly

reaciHihiAYeT %{}eaai@%?%'e# %aéOééitq a?ni%ﬁf;gé%? s

i nvention. The anmount t he

generaiBein & iangk i ofr 0300555807 Q{Ab &éﬁfm% from
on the t ge of the catal yst used but in the ca

0.005oke 26t Slyyweigll, rgore prefefdlantsem Q81 o, 40 ‘t’ohay welght as
di ssolves in the reaction |iquid under the reaction

a propodiibhoofsthe hetsd weightustthe cycijeneathdyatenandr theyaliphatic
of fromO0.0001 to 50 % by weight, preferably from5

mordHRfrid @aledhéb fyd Veigdthe mtasting ahatebals. f r Mor@odert an the
10 % by weight, as a proportion of the total weight

casé?foftﬁsqn@ys'gd?nd:%@é’%tﬁnamhé@enqhep@milmt;mwﬁuﬁm Ghe
| cohol fed in as the starting nmaterials. Mreover, in

catagpgtt ﬁCﬁ??fé}fab‘t'g'J%&uﬁ%id dnfdid 5 h, ﬂd@é\'dfqﬂo Oté‘ﬁto 75

I'on colum, the catalyst is eferab used

n_an n 0
vorhoris Bs Frof Bty SERR Y hghibly rom o
re 1 to 60 vol % ased t
to Gﬁomﬁ% Batarkon Nenertaty; reir ore em%m?r*h&rﬁ@?ﬂpaﬁ%“ column.
}‘:gartlcul ar Ilmtatlons on the netho
conT DRCR @FRyNe ATt BRAiINeifaliPRSE sbRanethad ehgontinuously
al i phatic nonohydric al cohol into the continuous
feeding the cyglicdtathianate anddbieuatiphatisnsranahydric @igohol into
reactive 15 distillation, colum in the present
the icorgitucus naali-Eeege rdjstiﬂahimh ocalure A woestidatingntheaseactive
the cyclic carbonate and the aliphatic nonohydric
distillation column in the present invention; any feeding method may be
used so long as the cyclic carbonate and the aliphatic monohydric
alcohol can be made to contact the catalyst in a region of at least 5
stages, preferably at least 7 stages, more preferably at least 10 stages,
of the distillation column A. That is, the cybiic 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 alcoho! may be introduced
into the same stage of the distillation column, or may be introduced into

different stages to one another.

The starting materials may be fed continuously into the distillation
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05cA! K@qn be made to contact the catalyst in a
A @evgipgﬁ} | east 5 stages, preferably at |east 7

stages, nore preferably at |east 10 stages, of the
distillation colum A That is, the cyclic carbonate
and the 20 aliphatic nonohydric al cohol can be

colufifiial iuausdyid fskoh i Bogaseoasforarl onashemiattureloftss liquid
in stages of the conti nuous mult i -stage distillation

and %0953“ ‘bﬁf’e&r‘ Hann eHh?g Q@Bdétb'rﬂﬁé rﬂ%‘iéhbb@%&ﬁfﬁé Qfistiliation

eover cyc I ¢ carbonate and the aliphatic

colu NW' hi§ @ ; Zfiﬁ Ao E?e*éparbngﬁegdﬂmcﬂ‘lélhf f88n a

S age o Tha col'um

gasw%ﬁtg[ gg&{)%f%hﬁ%t@%ﬁﬁ ttﬁa nsgl%gﬁlgﬁi Léslyefrghﬂltuérigwer
distil]ation 30 A05 1VP6/ NcolurmA

porticst A thi & SuisIis osERverraoketprefhable

and a gas. (lher t han fe_edln the starting materials
methoddstore dnswhighithe eydlis gaamnaﬁe inFeniipoyslyifed in a liquid
al so preferable to additionally feed in a gaseous
formsbard gag htigeid ahixed tom tintmial ytage of thendistdlatign emumn A
the lower 5 portion of the distillation colum A

abo M@ thevetages iy heiichr ieccabhly st i®tpregeint, and ihe aliphatic
the cyclic carbonate is continuously fed in a liquid

monfocwar% AAcOBS| is tomindidlisigdedoii g4 oe8ustfegm ahdther a
distillation colum A aboVve the stages in which the

Ilquﬁaf&\]rﬂ%té thE" BN Bof\‘ﬂgrf) tcgetlr'%' H@lﬂiéﬁoﬁ%ﬂ% I8C |n this

hol 1s conti nuo n a gaseous rmand / or

cosdy ulf CVRE S BETAY b B B0 R g g

c rb nat nE¥ of course contain the aliphatic
EO Lohol . In the present invention, the
startlng materials fed in may contain_ the rodu
di alnie papsenatBVERkoN, Shectarting e aterals etihl@rmﬁv contain
is, for 15 the dialkyl carbonate, generally in a
the pangecbﬁ!aﬂmhcmrb@nme%mﬁ} /vl ginl, The content thereof is, for

the dialkyl carbonate, generally in a range of from 0 to 40 % by weight,
preferably from O to 30 % by weight, more preferably from 0 to 20 % by
weight, in terms of the percentage by mass of the dialkyl carbonate in the
aliphatic monohydric alcohol / dialky! carbonate mixture, and is, for the
diol, generally in a range of from 0 to 10 % by weight, preferably O to 7 %
by weight, more preferably 0 to 5 % by weight, in terms of the percentage
by weight of the diol in the cyclic carbonate / diol mixture.

When carrying out thle 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
the aliphatic monohydric alcohol as a main compo.nent thereof recovered

from this process and / or another process can also be preferably used
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r fromO to 30 % by weight, nore preferably
AOSO?r\ZIfnﬁ%ﬁ%NZO % by weight, in terns of the percentage
by mass of the dial kyl carbonate in the aliphatic
nonohydri c al cohol / dial kyl carbonate m xture, and

is, for the diol, generally in a range of fromO to

for tA8 Stabtinyemahériaps.cf @ abhy éxdellgntcharaytemstib featumecof the
preferably 0 to 5 % by weight, in terns of the

. AT B
presBﬁﬁ‘iﬁUBﬁﬁ%}'\ Q?(%t]"‘m@)?t%fgsélb?e. i n b&_én@ﬁlé%ﬁﬁ?bther process

car bonat e m re. When carrying out e

‘ _ . h , »

's a BIGRERE DRI B ArYF Rl Bohéte IR A the dfatky!
i ntroduced into the reactiqn syste eri al '

carbafate, R @ a7 pEtAN misiaohy oS BoiibolRph b8 alfitate
nmonohydri c al cohol as a i n_conmponent t hereof

monpbygiEr alcohebheing dypptrduced in thig Pragsssean g recoyered.
can al so be preferably used 31 A0501 VP86/KAN for the

The gegoviengdrey-erpgused aliphatic sanahydiic @lephel genarady often
feature of the present invention that this is :

contadssitbkediatkylecaripbeate, thieoa hemabicooessohydraxypcooypeund, an
in which a diaryl carbonate is produced fromthe

alkytliaay kgthecandoseton aand anagr siset tontainogwaibasmounts of an
conpound, the aliphatic 5 nonohydric al cohol being

alkyP¥rPr edrssfatd {H didr@cRibotfle’ £68\¢5 6f. THe by-produced
recovered by-produced "ali phatic nonohydric al cohol

w450 AP HGRO ICOTy, b Sha )y o Aaging iteral i
the BrRs#Rt e dibnoRt BeT e URe §oE R aciB dhaferel e the
amadoteBniaigedimaterial e Vinger tanen beHBepagyfian e
~invention, or_ may be used as a starting material after
aliphatic menahydsic @eehphbasneeeniradusad g@r%gn ghgtitlation or the
boi ling point than the aliphatic nonohydric al cohol
likehas been reduced through distillation or the |Iike.

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 ahd carbon dioxide;,
a cyclic carbonate containing small amounts of such starting material
compounds or the like may be used as a starting material in the present
invention.

In the present invention, a ratio between the amounts of the cyclic
carbonate and the aliphatic monohydric alcohol fed into the realctive
distiliation column A varies according to the type and amount of the
transesterification catalyst and the reaction conditions, but a molar ratio

of the aliphatic monohydric alcohol to the cyclic carbonate fed in is

generally in a range of from 0.01 to 1000 times. To increase the cyclic
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AO504VPEENANC carbonate preferably used in the present
-invention is one produced through reaction between,

for exanple, an al kyl ene oxi de such as ethyl ene

oxi de, propyl ene oxide or styrene oxide and carbon

di oxi de; a cyclic carbonate containing small anounts
carbohatectormié@rsiongitniast preéfalrabte tpderdsirnthe ldigh atéc megnohydric

be used as a starting naterial in the present 20

aIcohBY‘?ﬁ‘tdrPBxcb%sté‘IeaPI@éﬁnQ tiesNtHe® Runtb & pof INBE vEehe cyclic
he anmounts of the cyc ic carbonate and the aliphatic

carb BydrHSv@\fé‘?hW a re%nb'ﬂltrﬂ 61“ d afiphat rrfﬁﬁéh*élﬁ&'éiﬁohol

urm A'varies'according to t etyeand anmoun

usod b R 0 AP S0 U i roer. o

nonoh drlc al cohol e cycl.ic.carbonate fed
suchEnastney & Molar aate o e aliknaic Fcasbuiricraicoha) to the
i ncrease the cyclic 32 A0501 VP86/ KAN car hgnat e
cycliopaebenate is preteqaly dnadirangs Pe&emn? tael mmst peeferably
nmonohydric alcohol in an excess of at least 2 tines
fromt Betmmﬁbqnetdﬁonelweéerabie' frpon i5cto d2r bonufthermaie, df much
if an anount of the aliphatic nonohydric al cohol used
unreésctedocgckaicarbbemt é treinsaime; ebear the anreketetheyclic carbonate
apparatus |arger. For 5 such reasons, a nolar ratio of

may! Faét withatHe plf@ﬁgby@I’lbpt@b@obﬂbdﬂ@etdﬁgomwkIsuch as a dimer
carbonate is preferably in a range of from2 to 20,

or a"i‘?frﬁegrﬁﬁar@@ﬁé’e ihMtA® 8ak8 éﬁrnd{ﬁtn@’iﬁ\méﬁfﬁﬁ@mdh it is
from

Fur t her nor e, unreacted cyclic

SR T 0L S LarsoriTomainn
o FUGACEE R 2 TS T g T don
i B S S oSt S TRARC B S ER e

process of the present invention, even if the above
conuersiony gande Mmade teobe nqiaiesmtham@ec%c|ﬁr@f%ré|tﬂﬁmteless

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

In the present invention, preferably not less than approximately 1
ton / hr of a high boiling point reaction mixture Ag containing the diol is
continuously produced in the reactive distillation column A, this being fed
into a continuous multi-stage distillation column C, so as to produce not
less than approximately 1 ton / hr of the diol substantially not containing
material having a lower boiling point than that of the diol as a column
bottom component Cg; the minimum amount of the cyclic carbonate
continuously fed in to achieve this is generally 1.55 P ton ! hr, preferably
1.5 P ton / hr, more preferably 1.45 P ton / hr, based on the amount P

{(ton / hr) of the diol to be produced. In a yet more preferable case, this
33



10

15

20

25

AAQQ can be nade to be not |ess than 98%
AOSQﬁﬁg g?ably not |less 15 than 99% nore preferably not
| ess than 99.9% This is another characteristic
feature of the present invention. In the present

invention, preferably not |ess than approximtely 1
amoupn darfhbeoiaaiditglbebads tlgapol A3 Petwat / tw. mi xture AB
containing the diol is continuously produced in the

r eaph éee aflé Sid b'a@flbgfhrcm'rﬁfﬂ”hdhstdﬁ m@@d?fﬂlrflﬁﬂlué’r(?num-ﬁtage
a continuous nmulti-stage distillation colum C, so as

d|st|tll%éﬁfépgp OA fo %ﬁ?(@l’?@goﬁ?@ﬁgﬁe%tﬁ)é’dﬂsﬁlml? rotless in

tan t containing nmteria avi ng

I
the Bre Al o%qtaﬂﬁtﬁﬁlbﬁhsn?%ﬁ“?fﬁs%f iReE BRI on ggtumn A
s pfdiSahur aneclimiCen Bkt AR 4 8Pkl bgg%séersta?czf?n t0 be
[ hr, nmore preferably 1.45 P ton / hr based on the
carrigg @t 3t the same Aimedso asctaibg able 1R Pgspéal@@eafefleﬁaglv not
yet nore preferable case, this 33 A0501 VP86/ KAN

lessathamt! .5 dnnbehmeddheodiatkybearbonate angi/or psaferably not less

There are no particular limtations on the continuous
thanndl ton $thagsf thd siioll stEblgrfocd prolohded pexiod iofdtimet
the reactive distillation process in the present

| NVENEN® BreBBEht iheeAEBN, NHEUSI oS torodluagel Bystakihgtthencyclic
colum A5 is preferably one that enables not only

carl?t?]ﬁé{é 'aﬁH' e Bﬂgh%'tﬁonf @ﬂcteﬁcﬁﬁol %étéﬂ"f‘w@heﬂbhals

sane tine s e to produce preferably

confifyTy TabBa e AR eghﬁna‘l’éﬂ%‘%ﬁ AU T RIRRRES ©

mul-Sladh Siirebore it A6 WEchhatealabt i RrhgSrhecarrying

out Fastive «a@tﬁuaa&f’c?n”%?nét”%wfu%?@% 'ERtnaBsL WiHadawipe a low
the starting materials into the continuous

boiling woist agactipst mixtareohr eentaining a pedseedhdialkyt carbonate

catal yst is present, carrying .
and the aliphatic monohydric alcohol from an upper portion of the column

A in a gaseous form, continuously withdrawing a high boiling point
reaction mixture Ag contaihing a produced diol from a lower portion of the
column A in a liquid for'rn, continuously feeding the high boiling point
reaction mixture Ag into a continuous muiti-stage distillation column C,
continuously obtaining 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, and
continuously obtaining the diol substantially not containing the material
having a lower boiling point than that of the diol. The continuous
multi-stage distillation column C must thus have a function of enabling

the material having a lower boiling point than that of the diol contained in
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A0SR BEAEAyve distillation in the colum A,
con?l nuously withdrawing a low boiling point reaction

m xture AT containing a produced dial kyl carbonate 16
and the aliphatic nonohydric al cohol from an upper
portion of the columm A in a gaseous form '

the KiJH bBHUMNG Poivt rBEEaGNNGIRtUTeOAs hoibé remved efficiently as the
reaction mxture AB containing a produced diol froma

COIUWBR%ﬁ\P%?}eQTt épeancﬁgldiri‘g\h iocﬁ aut ictmpohenCs; the

contihuously feeding the hi I ling point reaction
ol yBels Py B ALY A RPN o
spet ] sbRiculne SR thiE RubPBher ape ok e SR 8GR reat that

colum top conponent CT . and /[ or a side cut conponent
by usingdhis apparatusuthe ahiest Af AGeRresaN) invasitorheal b
not -containing the material having a | ower boiling
attapwdcht than that of the diol. The continuous 25
multi-stage distillation colum C nust thus have a
f urthé drigbf beiliaty point réactian enixduréadd ngaw comtein a trace to a
boiling point than that of the diol contained in 34

smal0aRb W86 KARebiBfedicgitliBocAtbishate. nt | daist Eage vitxisur e

AB to be renoved efficiently as the columm top

prefe?dBRAI€8Im Qﬁe%‘i‘»dcrpfhétr@uéh%@Hcté@{@;@ﬂf‘ba@bnbi@ is

present invention provides an industr distillation
cu PR Sl B e EbEHEY g 94 Hom tne
conbou B RIS as BOMTSh Gl TR B ART o
prethibitieAdd @ PO AFATEO! MAterite 308, cofingous multi-stage
_ preferable to make it such that such unreacted cyclic
distylatieonadumn O seuthatdhe Hnrgasird syeliemanbpnate is converted
col uim bottom conponent CB fromthe continuous
intoniie dish tgeughshydralyisos, aoHiemdevisk the mavinvaus muiti-stage
distlillsation column C such that the unreacted cyclic carbonate is reacted
with the diol and thus converted into a dialkylene glycol or the like (e.g.
for a temperature and residence time required for this reaction to
proceed to completion to be secured, for back mixing of the column
bottom component to bé reduced, etc.). As a result, it can be made to
be such that there is substantially no unreacted cyclic carbonate in the
column boitom component Cg from the continuous multi-stage distillation
column C, this being preferable when carrying out the present invention.
Note that the term “substantially not containing” used in the
present invention means that the content is not more than 50 ppm,

preferably not more than 10 ppm, more preferably not more than 5 ppm.

To attain the above object, the continuous muiti-stage distillation
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A05CPT 9P8EAGAg to add a small ampunt of water into the
contrnuous nulti-stage distillation colum C so that
the unreacted cyclic carbonate is converted into the
di ol through hydrolysis, and/or devise the continuous
mul ti-stage 15 distillation colum C such that the

colubit €PEsed [V the presehenaiention’ pamdtase Mads tohsindiRhneously
and thus converted into a dial kyl ene glycol or the

Satigfgk@a,(is Q'coﬁc?ﬁid'hst enperature and residence tine
r 3 f ’

quire or this reaction to proceed to conpletion

to red,. fo LXLNne: Qf, e -
cot TR snbRioriiioTs hUfti S1ebl s 2 4Ton BRIGAA,G must
mag)g to 20 be such that there is substantially no
be as,llQW8d cyclic carbonate in the colum bottom
conponent CB fromthe continugus mnulti-stage )
di 4@ thg: ¢entinbgugnmulti-stage g@tHbatmfémlﬁmrb%empﬂses a
carrying out the present invention. Note that the
distitlatian cabsmancomigrisingt a sérippimg regctisedavingraelength Ly (cm),
present invention neans that the content is not nore
an ihbiae Goameter Ih (ca) earabbp imbéermak witthamu®bernof stages ny
preferably not nore than 5 ppm To attain the above
thereligde, drie aro8hrichevenibettiont BaeirY atidigahi 9N (c@), an inside
A0501 VP86/ KAN col umm C used in the present invention
diani®dr Bg (ERsieaha §|'f1 THid AR WithYa nedhbaF Ybf\§thig84sSn, thereinside,

conditions.” Specifically, the continuous multi-stage

wheflit L Bls Tl T Apd i na g felifiine dorlizRduy to (o)

a distil [ co conprising a strji,pping section
havi ng ai*@ﬁgﬁoﬂm%%@), an inside didrter D, (cm
and an internal w_th a nunber of stages n,

t her ei nsi%‘g,S a<dP%nri chment section {(Raving a 1 ength
L2 (cm, an inside diameter D2 (cm and an internal
with a nudsek1dfDstad@s n2 thereinside,{(310 wherein L,,
D1, n,, L2, D2, and n2 satisfy the follow ng fornul ae

(1) to (%B:<n <30 (4)
1000 < L, < 5000 | (5)
50 < D2 < 500 (6)
10 <L,/ D, <50 (7)
20 < ny < 100 (8) and
D, < Dy (2

(b) the enrichment section of the continuous multi-stage
distillation cdlumn C has at _Ieast 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 (cmz)
satisfying the formula (10):

200 < S £ 1000 (10},

and each of the chimneys being such that a height h (cm) from the
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3000 (1) 50 5 D1 700 (2) 35L1/Dl < 30 (3)
AOSO%OQPE?}%‘@O (4) 15 1000<L2<_5000 (5) 505.D25500 (6)

105L2/ D2550 (7) 20 5 n2 100 (8) and D2 5 D1 (9); 20

(b) the enrichnent section of the continuous

mul ti-stage disti]llation colum C has at |east one
operifigToEYhé rehimines) 8 laedasheuiten ofithetdtemmeprsadisfiaséhe

chimmey tray having installed therein one or nore

formﬁ“lér('l’-] gs each having an opening having a
cross-sectional area S (cn2) satisfying the fornula

(10): Q g2 1000 (10), and eacE) sh8
Chl mmeys ﬁcgl ng<s§ch that a height h (c Wﬁromthe

O R 0 B S £ A on o

38_0 n i de cut tl et onnected to a
the GGV seY & MaycBBRDLG M 8-+ (aad. B RGP e o

the continuous nulti-stage distillation colum C.

hadt hasberacdissoveredaihal by sishgo Sugh 3 %%WHGH&s

multi-stage distillation colum C, a colum bottom
multéstpgeedistitiaticuisol amin &, 13 codumeohpiiom epmMReeeNAICs

having a | ower boiling point than that of the diol

sub@lﬁﬁht@lph@tﬂmﬂamn@nmméu@rhahngcallewm‘r itingepsint than
than 1

that of the diol can be produced on an industrial scale of not less than 1

ton / hr, preferably not less than 2 tons / hr, more preferably not less
thaﬁ 3 tons / hr, stably for a prolonged period of time of, for exampie, not
less than 1000 hours, preferably not less than 3000 hours, more
preferably not less than 5000 hours, from a large amount of the high
boiling point reaction mixture Ag which has been produced through a
reactive distillation process between the cyclic carbonate and the
aliphatic monohydric alcohol. The reason why it has become possible to
separate out and purify the diol on an industrial scale with such excellent
effects by implementing the process according to the present invention is
not clear, but this is supposed to be due to a composite effect brought
about when thé conditions of the formulae (1) to (11) are combined.
Preferable ranges for the respective factors are described below.
If Ly (cm) is less than 300, then the separation efficiency for the
stripping section decreases, and hence the desired separation efficiency
cannot be attained. Moreover, to keep down the equipment cost while
securing the desired separation efficiency, L1 must be made to be not

more than 3000. Furthermore, if L, is greater than 3000, then the
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preferably not less than 2 tons / hr,
AOS@I@VE% lé‘%@rably not less than 3 tons / hr, stably for
a prolonged period of time of, for exanple, not |ess

than 1000 hours, preferably not |ess than 3000 hours,
nore preferably not |ess than 5000 hours, froma

CdifBHeNc Weehi b tE9idrid18oBRIMAtof 8RS Coimn becomes
preérﬂgu?g AB V\/nél)éﬁi hag been (g'?oduced t hrough a 15

too é?@%f | Y&d Hetd dd% R%ldﬁb@tﬁ%‘iﬁﬁ?e "P’Eﬁ%nt BS ér?:llffhcult and

dnate an atrc nonohydric a
ason it has becone 0$S
morBgIBFjt ?‘%éoaﬂ%? A B e PRS2 v
excel | ef fects [ Ie nting,.the process
Portipis G diiuco B Re AREERCE SNt s aNIPES tRFCEpAlpblg,tp ocour.
this is supposed to be due to a conposite effect
A mpreyeferablgheangetion Lunenbidtidbad-of 40Q0 wiHuPRO < L1 <
(1) to (11) are conbined. - Preferable ranges for the
1500ebpiegy yet nicke prefanabldescri bed below. If L, (cm is

| ess than 300, then the separation efficiency for the

st rifpj temoeistiiedn thent 585 ahenditdshesicposbiblddsi attdin the
separation efficiency cannot be attalined. Mreover,

desFr@&&%ﬁhlf’élWﬁ‘n tdifo R PItHe GRSt tolkdeEp cﬂﬁvﬁ&ﬁweﬁglﬂment cost
desired separation effici ency L, nust be nade to be

d&@ r§mddntlD{ U156 thatiead be not
Whl%%b@ﬁﬁ]&hﬁ ee%%{'n / K'RN pnr &ssure diiference
0
morge 1T e h&q@g?ﬁd%ﬂ%ﬁ%ﬁﬁ?es 2h08 P D RTP BT3RS B °s soo.
difficuylt nor eov bec necessary to
with ﬂgloeéjé %@88 é‘rgayﬁfé“‘?"r? Pﬁ%&?r port| on of the
col um, and hence si de reactions becorre l i ‘o.
occlfr'—1 6 Dy irplespilearrasr gieaige thap 30, t"&ﬁ 9"9 enpged stable
L1 < 2000, with 600 < L, 1500 being yet nore
opepatiber hbtemas difficqudt) Asmicsesprefenab® ramge for Lis/ Botis 4 <
possible to attain the desired distillation anmount.
Ly /NDf enRer witl Sedp, ddyn<th® beingpyetnmorespreferable.

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

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

enrichment section decreases, and hence the desired separation
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A0S0 VP8sAtARI Ning the desired distillation anmunt, D,
must be made to be not 10 nore than 700. A nore

preferable range for D, (cm) is 70 < D, < 500, wth
190 ~ D, <_ 400 being yet nore preferable. If L, / D,
is less than 3 or greater than 30, then prol onged

efficiénbly carmpetr bei avtairexhne Maligddviery ito .k ek pradoavmptbeezgbipment
range for L, / D, is 45 L, /| D < 20, with 5 <_ L,

cost while<sedripgl ik Yilsifsd eepathfibabbficidhckf LhImust besmade to
than 3, then the separation efficiency for the

be rﬁitrﬂn%%%ar???ﬁmn FaFfHRARTSreANf L1G-C rnéeédl%r%ﬂnr §d00, then the

separation efficlency cannot be atta Mor eover,

e [ ' S t
presslyrdRreiaiibe BRSHRYT I 16 g BaGn°GE tio SoIbRM, becomes
not re,than 30.  Further e, 1f n i reat er,.t-ha
too ggeallBRd NGy Brolpnoer tapis apesation Bediiag ittt
and bottom of the columm becones too great, and henc?
Morgpyesn e SP BRI NEFESsEAT v ioHacERBSe dher {Peraliyg in the lower
noreover it beconmes. necessary to increase the
portienpsdrthreucelumn: lend bencepside pRasfionsbeePmenliablgdo occur.
hence side reactions becone |iable to occur. A nore
A mprefpredbtable sagge ffor Ly, (¢m) bs 4500 <<, 204000t hwith 2000 < L» <
< 15 being yet nore preferable. 25 If L2 (cm is |less
3500he8ing et ribed pirbferstrieration efficiency for the
enri chnment section decreases, and hence the desired

sepfrpl ié@ﬁw)%% R0 AP KA reftiisChenp¥ s§A1BOfo Aftain the

attaine Moreover, to keep down the equi pment cost
deslftd SIS ARRBBRCE S ST 0P B ki St U guipiment cost
whilg a8 it s lB ok SR 37 P Bemage to be not
MOrga AR BSD-be AoiEE e TAIRERP S TaRBPdSAP: (PID8cERes Dz < 400,
_nhecessary to_increase the tenperature in the | ower
withh 86t £ 492 6f 3bALINAUNAL Mere RER@Iabife reactions becone

liable to occur.
If Lo/ D2 is less than 10 or greater than 50, then prolonged stable

operation becomes difficult. A more preferable range for L/ D2is 15 <
Lo/ D2 < 40, with 20 < Lo / D2 < 35 being yet more preferable.

If nz is less than 20, then ihe 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 efficieﬁcy, n; must be made to
be not more than 100. Furthermoré, if np is greater than 100, then the
pressure difference between the top and bottom of the column becomes
too great, and hence prolonged stable operation becomes difficult.

Moreover, it becomes necessary to increase the temperature in the lower

- portion of the column, and hence side reactions become liable to occur.
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A0S0 Upes/eARferable range for L2 (cm is 1500 <_ L2 s
4000, with 2000 < L2 < 3500 being yet nore

preferable. 10 If D2 (cm is less than 50, then it is
not possible to attain the desired distillation
amount. Moreover, to keep down the equi pnment cost

A mote Ipgefétablai rhddidodesiise3D di abid DAL iwith A a2 <CB0 being
nmust be nmade to be not nore than 500. A nore

yet Ridteeppdierabfdoe Note Pat(itnihd préSeht MventidA) at ek one
90 s D2 s 350 being yet nore preferable. 15 It L2 / D2

chingrtﬁggﬁgéy hgst He ﬁi’skt)gflsatiﬁrtglféf‘?ﬁn%@nﬁémﬁf&%wm%d the

operati on becones Icult. e preferable

395, 4o b8 saBero iy elushd o | MikoBrsor e
conbiReB DSBS b0 2Bt L8R el yention

separation 20 efficiency cannot be attained. Mreover,
prefesaRbeP s Wit he equi pment  cost while securing the
desired separation efficiency, n2 nmust be nmade to be
not Futthermene, lioothergaspethadrtbe higmpoikdngmainéreagdien
100, then the pressure difference between the top and
mixtatet Agfetd inte thal contipeowsemultiestagesdistilfatioheswlamn C
prol onged stabl e operation becones difficult. 25

conbdineo &mailtamecetast nerEsSIdy ciolic areesmtbhét is preferable
tenperature in the |ower portion of the colum, and

for @g%gﬁe%é\ﬁsbﬁaﬁﬁbﬁﬁpaﬁ’%?r@nﬁéé’ébﬁ é9cn§wr58n§9ﬁ§9§%de to

KAN A nore preferable range for'n2 is

und%gggv\"te%%tftpn & ep?op er Q)trpi%inngf tHStchgirﬁ?,p§8ftﬁ%i‘gsltﬁastantiatly

_ In the resent invention, east on
TR R T
i ncl uded. i n n2 abqQve. Mpbreover the, 5. .contin

f
compeRentaye ACSOrRINGIYoll GoPtRIRTebls SMBOHIBED) ! the present

invention, preferably D2 < Dl. ) .
invention, a plurality (n; 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 the lower portion of the continuous multi-stage distillation
column C, some liquid are continﬁous!y withdrawn from an uppe_rmost
stage of the trays K, and given heat required for distillation and reaction
in a reboiler, and then the heated liquid is returned into the distillation
column C from a feeding port provided between the uppermost stage of
the trays K and the internals in a lowermost portion of the enrichment
section, while a remainder of the liquid is fed into lower trays in order.
By devising the continuous multi-stage distillation coluhﬁn C in this

way, the residence time of liquid in the lower portion of the coIUmn can
be increased. Moreover, by making a diameter D3 of the column at and

below the stages where the trays K are present be greater than the
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AosduvPhsIKmIe, in the case that the high boiling point
reaction mxture AB fed into the continuous
mul ti-stage distillation colunm C contains a snall
amount of unreacted cyclic carbonate, it is preferable
10 for it to be devised such that the unreacted cyclic
diamceteroDatoef the endiehmentsdetign (Ract Dah, the amoust of tiquid
portion of the colum, so that substantially no
helduBaRasé elctaded a0R] heneketHe resiferidceetime ddrebeoingreased,
bottom conponent CB. Accordingly, in a preferable

and QH’B@% 'Rﬁﬁcfgnttﬂf@adﬁcﬁ@?ﬂﬁe ¢AN ¥ hilint&indd!r aFUﬁ'M’nér@ﬁore by

stages) of trays K are further provided in a | ower

makﬁ)ﬁ’@tth%”cc?lurﬁﬁeodt%ﬂmﬂahﬁd '!é‘véi E? th&?'iﬁ%%vfgr{ﬁt@& one of

ppi g sect1on

oo e €Y Rl tﬁa@%@ﬂ@ Hp ol I —

upper nost ta e of th tra and, given heat

an g, prpuant BInesib oY 4Ma Abake; i the prasantjnvention,

and t hen the heated I|qU|d is returned into the
eveq|iptthe agperthad & smath amewpmod yrwedatgdpeyeligcarbaeate is

bet ween the uppernost stage of the trays K and the
coniainedndhe umreadiedecyolsc casbonaite afan be eeadtedwith the diol,

section, while a remainder of the liquid is fed into

wh:d:l@\l\ergem@aﬂly preseier in Bylattge sxogss, handothiushoonsgerted
mul ti-stage distillation colum Cin this way, the

con'{pﬁét@i?nl‘?ﬁoté mamfyléhstwcbn htawg%igﬁ%mﬁg Poirit s the like.
col umm can bé i ncreased. Moreover, by naking a

A R
0 D
the {1 el L IRV i ordte 1 R BITRN B é@%‘%@
perfimanes %@iﬁ%&ﬁﬁfw%%ﬁ% fap & i Peve ey is
Furt her nore, maki ng the col um bottomllqwd | evel

pretgsapiRethe m{fieh@avd@en&ear%%laﬂy prefarablays IR thesepse of

m xing of the liquid in the |ower portion of the -
the si¢vertray or the baffie tray, a weir is preferably provided, it

preferably being made to be such that liquid overflowing the weir
continuously falls down from a downcorﬁer 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 D3 is 1.2Dy < D3 < 5D4, more preferably
1.5D4 < D3 < 4Dy, yet more preferably 1.7Dy < D3 < 3D;y.

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

The chimney tray instalied in the enrichment section of the
41
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Aosgqavpggﬂgqﬁvent ed. As a result of the above, in the
present invention, even in the case that a snall
amount of unreact ed cyclic carbonate is contained,
the unreacted cyclic carbonate can be reacted with the
diol, which is generally present in a |arge excess,

" contémdo b uauttistageadistifiatiompeet@wny: Cnhas provatiés | taeeein at least

gl ycol having a high boiling point or the Iike. The

one tdtﬁ‘bfﬁwé@é‘@ﬁchehéﬁ‘md BRcopPénin@having lPefoes-ddional area S
trays fulfil the Tol e descri bed above, but in terns

r:mﬁf r{n?e oFh ﬁ&'&mﬂé PraSP B@@roé"aﬂﬁﬁwé‘ﬁ%ﬂf' ||§”Bﬂ=5ferably

a'sleve tray o Ietray3|s prefera
baff| e e I
instali€a d arubpR d ﬁaégi)ggfé‘é%'a% of We i,y Th aeﬁ“?m”ev
refera rovi ded t f bei t
covd it 8 Ayt & Gnas e o B e PPl fober
falls down froma downconer portign |nto | ower Z’%% e ..
stagasflowingrsidewaysat therapper onanipa (gas prfaé) 8ei ghimney,
a range of from4 to 30 cm nore preferably from6 to
and200cepveeplays @ mlef sr preyentios 8 liquidcemporentithaidalls

case of the baffle tray, a sinple tray in which the

downefron uigper stfdd=efram fadling ddwnldirecyénbbitbe lawer stages.
preferable range for D3 is 1.2D, < D3 <_ SD,, nore

pretpeakioss-debfonsl Bhape 6Peadtedbf rmeecmmieyabhay be any of
1.7D, < D3 s 3D1. Moreover, n3 is not less than 2, a

triarﬁ’?ﬁfaerr ggu%rbaw%é%ape’c;?@hm %llighcap ﬁar%haﬁ@ﬂ%r the like,

efet more preferably 5 < n3 <

oo Pyqydf gﬁﬁq;ﬂg%k@é&ﬁm 54 BB S Morsover, o
B M S %ggﬁt@swv

an YpRGT PASHEsV KR 2 19WsT RAEYOR e HPE‘P& i’&qys preferably

install ed on an upper opening of each of the chi meys.
constami singg Hney manufacture is simple and inexpensive. oreover,

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 8 (cm?) of the
opening (the part of the chimney having the smallest cross section) of
each of the chimneys connected to the chimney tray must satisfy the
formula (10):
200 < S < 1000 (10).

If S is less than 200, then a large number of chimneys are
required to attain a predetermined production amount, and hence the
equipment cost becomes high. |f S is greater than 1000, then the flow
of gas in the chimney tray stage is prone to becoming ununiform, and

hence prolonged stable operation becomes difficuit. A more preferable
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AOQS5CH ¢PEBEKAN ays a role in a gaseous conponent that rises
up fromlower stages flow ng sideways at the upper
opening (gas outlet) of the chimey, and noreover
plays a role in preventing a |iquid conponent that
falls down from upper stages fromfalling down

rangai forcS| (emiitizs 806 £ Gver 880agdth 4002<c8 as F06cbeingyiet more
shape of each of the chi meys may be any of 10

preféfasiegul ar, square, polygonal, circular, elliptical,
star- shaped or the like, but a square shape or a

ci fnﬁﬁ érhétﬁe h&igHteh gEad) $rows eHe d\@éﬁm\gebr deh ofaks

|rme s, the cross-sectional shape and area

chmﬂﬁ%vsvrﬂh%ﬁe FU4PIFIp IR0 L8, Lg0e v
L T L

one anot her, but referably have the shape as
one anot h1eq ns 592 present invention, S(?EE

cross-sectional area S (cn?) of the, opening (the part
of Tthe chimmeay tiey Legd: IRetherpressnt wbeetieecs%ﬂyalb)r has
each of the chimeys connected to the chimmey tray

instatlsd tharesf g dbencainéopontian(f)alieedig thellogaid ¢component
If Sis less than 200, then a | arge nunber of chi meys

to falt dowrednio kelweo sthyesn amdpaadetreior meldipg dtecliqoid
anount, and hence the equi pnment cost beconmes high. If

com%drﬁerﬂreafﬁé Hdight i0be Waah deppridowonk, plt §8gdmeddI’y set to -

chi mey tray stage i's prone to beconming ununiform an

app PR nfatd 'EP %hg@ggg Ebplg'm @ﬁ&gﬁggnglgffffsﬁﬁ%lge)e% than 10,

nore pre era N r

e o St P e O Bl 0.

hencB rorfgngfedes Carfalg orgeratlon becomes difficult. Moreover, if his

greater than 80, then the amount of liquid held increases, and hence the
strength of the equipment must be increased, and thus the equipment
cost becomes high, and moreover the residence time of the purified diol
in the column increases, which is undesira'ble. A more preferable range
for h {cm) is 15 < h < 60, with 20 < h < 50 being yet more preferable.

An aperture ratio (the ratio of the total cross-sectional area of the
openings in the chimneys to the area of the chimney tray including the
total cross-sectional area of the openings) of the chimney tray is
preferably in a range of from 10 to 40%. If the aperture ratio is less
than 10%, then prolonged stable operation becomes 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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AOSFN/BBENGAN O the gas outlet (a | ower end of the upper
opening of the 5 chimey) of that chi mey nust

satisfy the formula (11): 10< _h< 80 (11). The chi mey
tray used in the present invention generally has
installed therein a downconer portion for allow ng the
for thiecap ertepereninis 180td 36% dwith 16t BOMebeihggest more
a weir for holding the I|qU|d 10 conponent. The hei ght
pref@fablee weir depends on h, but is generally set to
apprOX|nater 5to 20 cntless than h. Consequently, if

h 'Iﬁ tﬁt%s réé‘?ﬂt Wee%%ﬁrggtﬁé‘eatal g'?tthpé c'h't&‘r‘t'eﬁ/ Xdls' fhstalled

'ow, an ence prolo

ol é‘ﬁ'f%ﬁ’rﬁﬁaﬁtsf%‘tqbﬁ% cthoﬁg%mhﬁteo?ntﬁteaC’t% it o e
col ST SS e e G S o BEA 555K BT Matior

beconmes hi gh, and noreover the residence tine of the

colupam iG i andda dractianthavisgl ame MainceaEPongicihergof
undesirable. A nore preferable range for h (cm) is 15

intermeldiate bOjling thoind ratarial Kaving aglopeer hoileng point than that
preferable. An aperture ratio (the ratio of the total

of tive @St bacta highembe#ing pdint ti2éndpatiofothe aliphatic monohydric
chimeys to the area of the chimmey tray including the

alcdfiak ¢as8usa8ly Witdraivad fRdmt e SRANICIIDuttét Wiech is
chi mey tray is preferably in a range of from10 to

conﬁQ(é/ ed fto g aEFtUrh”o? tha! h @cbﬂ%%tng’g#‘?ﬂrﬂ@%ott tHd chimney

pro onge e operati O ecomes i cul

oo AR Sl By PARE) 6t b i 98 Ao i

deh

reaigfl %%agegtrh%rr%ﬁﬁpaﬁenﬁﬁss% crr R 'ﬁPgﬁt”edﬁhHBPsv tray is

preferabl e rang 43 A0501 VP86/ KAl or the a eréu;e
'nSt?HPF’o’“@sY b8 alpanyposition Msthe enyig u

ref erabl e. _
preferably a stage that is at least 3 stages from the bottom of the stages

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

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

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

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

in the distillation column where gas and liquid are actually brought into
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A05d1nvpggn@-_('@sent invention, the at |east one chi mey
tray Is installed in the enri chnment section (a

portion above an inlet for feeding into the 5 columm

but below the top of the colum) of the nulti-stage

distillation colum C, and a fraction having as a
contaet witdogrmnanothber e@fxamptes oédhatteapdnkclude pobobble-cap

mat erial having a | ower boiling point than that of

tray,t?%@w'trg a%uﬁbﬂé"ﬁfawcé b'a'ﬂ%sl@qr@{r 4 Rafive ey 08 ddenterflow

hati c nohy ric "alcohol is contlnuously

tray \"%ﬁr\gﬁﬁ\“é‘x fF f%uﬁ%ﬁ?a&‘ﬂ‘a uéll\;ﬁéxi’}%' Salgu.'ell flow tray, a

‘connécted to om of t e

grid Fﬁaw@%@ﬁﬁiﬂ %@*'?‘Sp%éett&%?‘o?T@ﬁeﬁ:ﬁﬁr9955,8&; ) Examples
T
of thel pAEhinal EbidRjaBHom P2 @ég.s&ic&haﬁnaﬁ%s%ﬂtﬂyetﬂbiryﬂ

section, but is preferably a stage that is at aB
LeS%ﬂ@g@@Qﬁ@ﬂ&'h@"ﬁot& Bbeﬁaﬂﬁ'éesﬁag'éﬁa@SSaﬁ* ﬂea Ixon

enri chnment section and at |east 10 stages fromthe top
packihg, e McMagen packing enrtielirRak, sestresturedrpackings such as

preferably a stage that is at |least 4 stages fromthe

MelkgidiQnGempaie, Téolns-pack hEledpachrmeSuisecpackirsgs, atGoodroll
| east 15 stages fromthe top of the stages in the

pacRitg shr@ntsc%gﬂd ONA bifiiti-Sge Histiltaedhdumimdavingtboth a
is at |east stages fromthe bottom of the 20 stages

tray! ;gohn?n %'};d ﬁsmoﬁ Iy Wh ml g@gmc%ﬁwﬁef LS8Y.

he stages 1 n the nt section. The
@ t V) " R
Furl&%&b’ie utﬁ?"génﬁ oﬁbg?@?lgpgﬁtébég ik Iogg'l g%% érjﬁ%l used in
havi n tra ck| a
the é’éﬁﬁeef R¥enlen Beary B2 rusRBaRe qﬁa@aﬁbﬁnﬁﬁ%éﬁ""aw and
tion. The term" |nternal usedln g h
the Theeretical reaRenrohstages intthe e?§9.q’ B?F iree uﬁ'ﬁ or nz in the
where gas and liquid are actually brought into
cas@oxoa c\mamtmmsd'outta@ttagptdisaﬂgtmpﬁéﬂmnERQVerEQ%h a tray
the tray include a bubble-cap
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
excluding the chimney tray in the enrichment section are preferably trays
and/or packings. Furthermbre, it has been discovered that it is
particularly preferable if the internals in the stripping section are trays,
and the internals excluding the chimney tray in the enrichment section
are trays and/or structured packings. Moreover, it has been discovered
that sieve trays each having a sieve portion and a downcomer portion are

particularly good as the trays in terms of the relationship between

performance and equipment cost. |t has also been discovered that each
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ADS01T 9PssAKAaNeve tray, a ripple tray, a ballast tray, a
valve tray, a counterflow tray, an Unifrax tray, a

Superfrac tray, a Maxfrac tray, a dual flowtray, a

grid plate tray, a turbogrid plate tray, a Kittel

tray, or the like. Exanples 5 of the packing include
sieveandynprfekablys hasctoBtoal Gas divlgsrd md, inatHesséwg portion

ring, a Pall ring, a Berl saddle, an Intalox saddle, a

therBoXON A RisHd PlefetabidBANbBRWS M@le® isHrom FEO t6r900 holes /
structured packings such as Mel|apak, Genpak,

m?, g%‘mﬂ&é’zfrﬁgﬂtﬂ 'fPSﬁw 2@238 800 RBFE NP rJFﬂ%\Rér' it has

ack it mul'ti-stage distillation

t
beef ke %h”@g@&fﬂ% %ois%ﬁ%?ég“%@ 4(83B8F pIfif 8480 sieve tray
m " nunber of, stages_n, nzZ of, the |nt
is piatesably’in o anas G TPAT Dns o5 s (haTEHRLs 95?5'9
trays in the case of trays, and_ the th;oretlc
crowﬁs@iloaalsﬂr@@eaermlﬁelsCfae@ 8% 7 jackicmys. Yot marenpreferably
the case of a continuous nulti-stage disti IIatlon
frome@.Qrbe Baamhg Fotrthermesy, itshashaem daseoweiast thahit is
packed with packings is thus the sumof the nunber of
particals|yaptefdrabl 6 db sachcaieveutiay hat t3@des1 200 hdles / m?
present invention, the internals in the stripping

. the %?@\Pé Yoréifon tﬁ@rmn@ﬂwm drokbisediigealapéalpeat hole is in a

colum C and the internals excluding the chimey tray
ran%@é‘fhﬁ-oﬁ{]bl sheestepsection are preferably trays 20

packi ngs. Furthernore, it has been discovered

| n t eég{eﬁurggqrattiocg%ﬁi k4B & fﬁ;éa%ﬁal cfrogg éEﬁS{\BF‘E?Fa of the

Ion are eln erna

ord AT e B R0 LD A S s

been di scovered  that sieve S h
d i'é‘hy each.. avi ng a siji ev

in the @nrshmedtserkige Afdheepp sslage gistiigtion
good as the trays in terns of the relationship between
colwan orivaptefesable ijuiatange cdsirom £ tmd 5% sthasecpreferably from
di scovered that each 45 A0501 VP86/ KAN
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

~ arange of from 1.5 to 12%, more preferably from 2 to 11%, yet more

preferably from 2.5 to 10%. Note that in the present invention, the
chimney tray installed in the enrichment section is counted in the number
of stages, but as described above, the aperture ratio for the chimney tray
is different to the aperture ratio for the sieve trays.

It has been shown that by adding the above conditions to the
continuous multi-stage distillation column C, the object of the present

invention can be attained more easily.
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A0SR @¢P8eiidaay Preferably has 100 to 1000 holes / n2 in
the sieve portion thereof. A nore preferable nunber
of holes is from150 to 900 holes / nR, yet nore
preferably from 200 to 800 holes / nR2. Moreover, it
has been discovered that the cross-sectional area per
holie the pasdersi eweritiary, the sdialkyt e@=abbnate produogsd dhirough
fromO0.5 to 5 cn2. A nore preferable cross-sectional

the @&Q:\F@Hlmhﬁnbﬁ ihr e @oﬁt”&ﬂm‘h@ﬁﬂ.qltiygtag@ﬁ%tmatlon column A
pref erably fromO0.9 to cn2. Furthernore, it has

typi art
is ccﬂ'ﬁ eac Wlﬁq'aw rorh thesu (PO hiofH thﬁéeécﬁbﬂ% Qn a

evetray as 150t oles / n2 in

sasdhft oty S o BT Bgtor i
aSBGh ShehTeH R Al b SR PR B

the tray) of each of the sjeve tra
generallx hAiNG Used n@xsesshe MOREONEby %'eh%'ags point

distillation colum Cis preferably in a ran e of from
reactiqro nuz%rerﬁmecmalerrwamefnrmucpsy dig isocan muwts y
nore preferably from3 to 10% Moreover, an aperture
withdaawe {roine thetliowenf pohtéon aifathec cobsmseirt adigutidatarm .of The
the holes in one tray stage to the area of the tray)

highobofasd pofint heastienemixtays Ay Hadwngnthiecdivtrds asmainon
of the continuous nulti-stage distillation columm Cis

comﬁoﬁeﬁﬂaﬁﬁf‘eb@ g&é@@ﬁﬁc@ﬁtém‘én’l 8-t2 49 %33 welight of residual

erably from2 to"11 % yet nore 20 preferably from

aliplﬁﬁﬁctlﬂoﬁ %’g | ns{écf}?{él ':’:Ptlt B¥ SRBJidiKY1C04 B hatd 8 very

e enrichment section i's

d h ,
smaifg e q%@ee&b%r#fy“‘@% gp?se?%%ﬂeig %ﬁ?ﬁ%@ﬁ?@?@&épﬁﬁreacted
cyciie cpibopete srmaT Amouy (@R Bhaokimees iiaaid i w by
to the 25 continuous nulti-stage distillation colu rim
weight ) plbytpraduds haeing ademer bailing peintiamdhe dio (a

attained nore easily. 46
2-alkoxyethanol etc.), and a small amount (generally not more than 0.4 %

by weight) of by-products having a higher boiling point than the diol (e.g.
a dialkylene glycol) including catalyst.

Material having a lower boiling point than that of the diol (th'e
aliphatic monohydric alcohol, a trace of the dialkyl carbonate and
by-produced COz., low boiling point by-products) and a small amount of
the diol in the high boiling point reaction mixture Ag continuously fed into
the continuous multi-stage distitlation column C are thus continuously
withdrawn as the column top component Cy and / 6r the side cut
component Cs, while the diol containing the catalyst and a small amount
of high boiling point by-pfoducts is continuously withdrawn as the column

bottom component Cg. In the present invention, the concentration of the
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@g%e /KAN In the present invention, the dialkyl
AOS&p onate produced through the reactive distillation

in the continuous nulti-stage distillation colum A

is continuously withdrawn fromthe upper portion of

the colum in a gaseous formas the | ow boiling point
diolliRafkl €8lumh i ibERoM chagsdent Gl it genbrahntriot less than 95 %

nonohydri c al cohol that has remained unreacted due to

by v%%{bﬁtﬁglré!fé}%'ﬂw eI ssMtHETE ©75% MR WeldHt, th?efbrﬁfﬁerably not

polnt “reaction mxture AB contalning the
PILO I nti nuously wthdrawn fromthe
Iess1 {W@fg?d(dk’g ngfgﬁﬁe colum in a liquid form The
bollng reactlo m xture AB hay t_he
s Mopgpuergtthd areressia P@@ﬁer‘ﬁﬂ“\jeehﬂﬁa.ange? mail
to 45 % by wei ght of resi dual hatIS no\%ﬁl
amoyndolaaneral RO MRere taag; &2 b!a Bight) ?ﬁed CVC"C
smal | anmount (generally not nore than O. 2 % by wei g 2:
cardnate tadtintd the gandinuevs muli- s&agﬁailstlﬂﬁémn column € can
(generally not nore than 0.4 % by weight) of
be feaqiedduithstHeadioly vhichwis pbaséninin poiarget aso urteindihs
(a 15 2-al koxyet hanol etc.), and a small anount
contigeRRisatluitioota e destiianion. coldmC e phdducé a dialkylene
by- products having a hi gher b0|I|ng pol nt than the
gtyéBI‘"anQPrlﬂﬂcealtqbaéM eHnak¥aple amimdbnan¢abatedcyclic

teria aving a [ ower boiling point than that of the

o LSRNV i B Bar T
cof ST B8535 Al A OB v

conti nuously fed he continuous nulti-stage
CVCHPs‘iquhoé"tthnt"@deFrﬁs @%tg"ﬁ’l‘%'yc%m"’f'ﬂegusl y withdr avvn
as the colum top conponent CT and / aor the side cu
conpeerthats gepsredly: Nathiias obigatiysiol Phigdning any'é,lttra high
and a small anmount 25 of high boiling point
purlty-gioddeotingi a fodieirmesisiad w‘pnhelntaw% axs aldehyde which may be
bott om conponent CB. In the present invention, the
comtaireahin aheodiodfintth@ce amount, or an ultra high purity diol having a

high UV transmissivity, it is also preferabte to feed a small amount of

~ water into the lower portion of the continuous muiti-stage distillation

column C in accordance with the process described in Patent Document
9 (Japanese Patent Application Laid-Open No. 2002-308804) or Patent
Document 10 (Japanese Patent Application Laid—Open'.No. 2004-131394).
The distillation conditions for the continuous multi-stage
distillation column C used in the present invention vary depending on the
form of the internals in the distillation column and the number of stages,
the type, composition and amount of the high boiling point reaction
mixture Ag fed in, the purity of the diol required, and so on. The column

bottom temperature is generally preferably a specified temperature in a
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P86/ KAN di ol in the col um bottom conmponent
AOSO@ZQ/?@@%I% ally not less than 95 % by wei ght,

preferably not |ess than 97 % by wei ght, nore
preferably not |ess than 98 % by wei ght. Mreover, in
the process of the present invention, a very small 5

rangan®tflonh 0@ 8l 250 Q. NArmotrbareiefabidgomnghbdtiom
unreacted cyclic carbonate fed into the continuous

tema%étgrétra&%eﬂiéfﬂdnk A7 PYo ZBOMT, Gt orBepredasaBy froinh 190 to
the diol, i ch

is present in a l'arge anmount in the
210 60, THE Eofihh hHHGRTpfostyre 2aljeR A8peiping drfthe |

S T e T
o o B PoA S8 R P EReBEBboCTh SRR Bl Ihapty from

i s continuously obtained. Note that enerally, wth

80000 tor7 30006 af maneapretasakiy dramal 9PGRO {9.2PDPOG Be.
having a further reduced content of an al dehyde which =
mayMbeesouér, ciivet péfiex ratiot for thieocontinuouse mulbivatage distillation
an ultra high purity diol having a high W

colubiICs 1é $Fe¥éiablyiih & TanlgeoopfrsmrGUd to 50 rhoeel prefemdbly from
anount of water into the |ower portion of the

0.5 fPR iyHiaWSrepridfephiBgefréns0. Bl@t2on colum Cin

accordance with the process described in Patent
DG pr s FIRIETRORaIREIc BN K ri1clal i Gieeclimn top
comfA4 ot AUtk B A 35 kit ot
oondiaily blmradhan ToE S Bro b, SEEMICHER) pom, more
distillation colum and the nunber of stages, ,the
prefegably petppere thanah ramuNet snofePreferatyi tehgars than 5
reaction 25 mxture AB fed in, the purity of the diol
pprr.eqli the, presentdnyentithe it 6 @wen possible to make the content of
the diol in the column top component Cr be zero.

The side cut component Cg from the continuous multi-stage
distillation column C generally contains the aliphatic monohydric aicohol,
by-products having a lower boiling point than that of the diol (a
2-alkoxyethanol etc.), the diol, and a small amount of impurities having a
higher boiling point than that of the diol (e.g. a dialkylene glycol). The
amount of the side cut component Cs is generally not more than 4%,
preferably not more than 3%, more preferably not more than 2%, of the
high boiling point reaction mixture Ag fed into the continuous multi-stage
distillation column C.

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

side cut component Cs can generally easily be made to be not more than
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Aosoqogpgg}Werat ure is generally pref erably a specified
tenperature in a 48 A0501 VP86/ KAN range of from 150

to 250 C. A nore preferable columm bottom tenperature
range is from170 to 230 C, yet nore preferably from
190 to 210 C. The colum bottom pressure varies
SweFe@wrabmmdthaoreahpus(D14%1;1 mare pretedably rotdmidre than
um bottom tenperature used, but 5 is generally in

0.3% b€ &b fféarrh%)@ﬁ@ dont?RQ808 Maitifwtaber distildtionmcolumn C.
80000 to 250000 Pa, nore preferably from 100000 to

Co%‘??hgacoiuw ?J‘b‘f mec'i%l gﬁe}ﬁ’txc‘ééﬁb tré cdMtinuous

I NUOuUsS ation C um C s

multb-rszfggrpa(gﬂsigllira?{b% cg o& fth%"%l%{]ééerpgr%e é’ﬁgﬁpufsly obtained

to 2. 10 n the presen vent t he ,cont

contgiging genetalijnely 'f'@d" 2B ERsTEo R Brfidhatl 1.5%,
conti nuous multi-stage distillation columm

morgdyafarahlynaet mere than %0 of Ja- P;SPGH@F%M%MS@ H&bs'éef boiling
than 50 ppm nore preferably not nore than 10

pointdhamotreatpotthe abiol (eng. amstialloienemlysph and a t$é'ﬂa“ amount of
present invention, it is even possible to nake the

catatpst eommpdndidt.t hEhe dioliobtaiee ddsitine taguoumpoettomn @imponent
be zero. The side cut conponent Cs fromthe continuous

' Cp i8WéherdiRgRotdbstithadt 896 %0 prafe falgigntotldes thah BNE%,

the aliphatic nonohydric al cohol, by-products having
mor% bl‘%@?aﬁﬂ} hb‘i‘geé’é"tﬂhnt QQW%hfﬁf t‘P\fe Hftﬂ féid0intbahe continuous
-'al koxyet’hanol etc. a small anmount of

mungf%?ee g?%llllf‘%\ibﬂ%cﬁu a?‘kgpg].esb_a' ﬁg@cﬁahg i AU BHf the
oo 4 g s SERURER e SoARICUR B50 B rgoovers
not nore than 2% of t int reaction

h_boi |
i xMATEONS I B P erABle, SRR PAADTE Mkl thegprggent Invention,

distillation colum C. ) .
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 all. In the present inven'tion, a diol having a
halogen content of not more than 0.1 ppm, preferably not more than 1
ppb, can thué be easily produced.

In the present invention, the reaction yield and the purification
yield are thus high, and hence the diol can be produced with a high yield
of generally not less than 97%, preferably ndt less than 98%, more
preferably not less than 99%, based on the cyclic carbonate used.

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

terms. of the quality of the dialky! carbonate and diol to be produced,
' 50
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A05035\IIN§6 , in the present invention, the content of
the di ol |n the side cut conponent Cs can generally
easily be made to be not nore than 49 A0501 VP86/ KAN
0.5% preferably not nore than 0.4% nore preferably
not nore than 0.3% of the diol fed into the

stairessisteelds preferadilage distillation colum C.  As the
col utm bott om conponent CB fromthe conti nuous
mul ti-stage distillation colum C, the diol can be
continuously obtained 5 containing generally not nore

EXAMPDPEZS preferably not nore than 1.5% nore
pre erably not nore than 1% of by-products having a

gﬂﬁ ?‘@ﬁ‘@ 5#1 rorﬁ‘? ‘%% Jl%%%r%.éﬁ%ﬁh%‘ %'(é;?%}tt fhvention

onent . The obt i ned as the co b .
throggfRramplets Hogen8fals RgsenkdsveRlifgs Gt illited to the
preferably not [ ess than 99.6% 10 nore preferabl
followiag exanTres7ooNete ihat thehalggen-cen VAR PRRSWIST using

multi-stage distillation colum C It is a
ion ciheomategiaphy feature of the present invention that
the diol can be obtained with such a high recovery.
Moreover, in a preferable enbodi nent of the present
invention, the reaction is carried out using starting
Exafgjlerials and a catalyst not 15 containing a hal ogen,
and hence the produced diol can be nmade to not contain

a hﬁ'dwﬁrh@éu@'nhum Btade cnsﬁﬁaﬂbrf BYRIHMNOD. aft shioWn in FIG. 1

having a hal ogen content of not nore than O. 1 ppm

havigfrqggefﬁghhp”% Hre i98m 1 HbD Aol BHs=Pry

lce n the present |hv nt i 6:1;& the 'react' o%l yi glog em.
ox £, ) B3, At B el o' Wl Samter
(o8558 Rk 200l SRaFo Bl B0 Go Ho vovr
of t@cﬁénﬁﬁﬁﬁﬁﬂﬁ%ﬁgﬁ%ﬁm&egg}eewe% 1?1%?§Itlleéust Isl?gges of baffle
trays K having a downcomer portion and for which a weir (height 10 cm)
was the baffle. It was devised such that some liquid was continuously
withdrawn from a lower portion of the uppermost stage of the baffle trays
K, the withdrawn liquid being heated by a rebciler, and then fed back into
an upper portion of this stage. Moreover, in the enrichment section, an
upper portion was packed with Mellapak with a theoretical number of
stages of 52, one chimney tray stage was installed below the Meliapak,
and 8 stages of trays were provided below the chimney tray. In this
example, sieve trays were used as the internals .in the stripping section,
and sieve trays were used as the trays in the enrichment section. These

sieve trays had a cross-sectional area per hole of approximately 1.3 cm?.

In the stripping section, the number of holes in each of the sieve trays
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AO5CAI vbgshkn on colums A and C which are used in the
present invention is 25 generally a netallic materi al
such as carbon steel or stainless steel. In terns of
the quality of the dial kyl carbonate and diol to be
produced, 50 A0501 VP86/ KAN stainless steel is

was Epgdrexdadbiately ERAMRLBOOFb M ednd) the apeniuee datiai Was in a range
description of the present invention 5 through

of frewRBPicea % Howkyrsovdhanhesentichiveant sestion, the number of
limted to the follow ng exanples. Note that the

holeEﬁ'nOSSmarﬁé]ygim rtﬁ,?ssw&éja r8imb®y 150 to 300 / m?, and

chromat ograp Exa e 1 10" A conti nudus rru! ti-stage
the ngHurk et vidh T faride Mi3tim 284G 3 5907189 chigfpy tray
= 110,,cm .L2 | Fo2l. .3, d =.
nadt 8hg cPHRBSYRR iR i act) of 18 i vE Raxidd §57200
cm over approxinmately 50Q _cm f he bott . the
apPERi At AP )élrr?ﬁa@débﬁ 8§n°'?"hro 189 @RGI3VER rgtiogbsing in a
st a?es of baffle 15 trays K having a downconer portion

rangehef foomwhBdp 25%el | Theechithney Eay hafda dawnrgmpe portion,
It was devised such that some liquid was continuously

the wietihtieagint beang 0 ower portion of the uppernopst stage
of the baffle trays K, the withdrawn |iquid being

heat eflaltyn@ m absiihecontdithih g &thlybend acEs biomate (EHC ) pper
portion of this stage. Myreover, in the enrichnent

metR8Abl IMe @A) It RS atROMe OM NET RABKET anid B ddtlall pétaCOH in
Wwth a theoretical nunber of stages of 52, one

ot 8RBT BUeeps S8 ipial A Bl heatibhions.
conb&fitanlh,br %5 Bl A o 15 VEREe4TTBEs1 Fod o o
conéﬁégggsggltai—sst%g% Eilrsaf}/l?atiigntc%?uﬁ\nr{ IAC hanrr%e treSal(:e':&tvieoclgi'stiIlation 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-methoxyethanol, 2.186
ton/ hr 6f ethylene glycol, and 0.019 ton / hr of diethylene glycol and
catalyst compdneht, was continuously fed into a continuous multi-stage
distillation column C from an inlet. This inlet was installed between the
trays in the 10'" and 11'" stages from the bottom of the continuous
multi-stage distillation column C.

The continuous multi-stage distillation column C was operated
continuously wi‘th a column bottom temperature of approximately 200 °C,

a column top pressure of approximately 11000 Pa, and a reflux ratio of
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ADS04V/PREKAN r ays had a cross-sectional area per hole of
approximately 1.3 cnR2. In the stripping section, the
nunber of holes in each of the sieve trays 51 A0501
VP86/ KAN was approximately 250 to 300 / n2, and the
aperture ratio was in a range of from3 to 4%

0.9. MMenyever,itha belianni ibbiten ligedd ilenel Wwes RepbdreloWw the
hol es in each of the sieve trays was approxi nately 150

mwe}ﬁ,o?&q),/,erm,t@praytshg_ aperture ratio was in a range of
from2.8 to 3.6% "The chimey tray 5 had four chi meys

t her gj f chi j > i 4
apty S nRBEFIPIBY AR SERN shEHbals operation after 2
|,ratio being in a range of from18 to 25% The chi mey
Fray had a downconer portion, the weir height being

10 cm A starting mater| cont ai ni n yl en
Py BRLTEN &8 CBRPa0eHE Brafon 2 hgiD- SRt 7 hyjof methanol,
MeOH / EC = 8.4) and a catalyst (KOH in ethylene

and §1.9@bItosube afedimeth GarRioratay & atdeFut CODRRAENT (oS
concentration 0.1 % by wei ght based on EC) was

contaiminignQ 222 oheldht of anathanet, ih08Sstonil/ thr- et dgmethoxyethanol,
distillation colum A, and reactive distillation was

and Ga004edrothy ofhetabignad. @gol oand drcodfimn botiom dmmpoment Cp
conponent AB 15 was conti nuously w thdrawn. The

cont@ifivige el 821tBANAKE oF WKYIShOGIYes|, 4M9%.0390tde hr of
et hyl'ene gl ycol selectivity was 99.8% The col um

diet@@:ehan W?%&lyﬁad\’ﬂhﬁhﬁﬂéﬁi%t glhoeéﬁirigoaoénthby%rgducts

ton / car bdnate, 0

word Bl AT B A, sy g i

I | and 20 catal yst conponent, was continuously fed
COEUMEPH continuous multi-stage distillation colum C
framan inlet. This inlet was.installed between the
tr aErEe Gonteat aft sthiene miNcel é@g er¢IMMRdoptPBRAIent Cr

the continuous nulti-stage distillation colum C.
was not more than 5 ppm, i.e. substantially zero. Moreover, the content

hou

of ethylene glycol in the side cut component Cs was 0.18% of the
ethylene glycol fed into the continuous multi-stage distillation column C.

The concentration of ethylene glycol in the column bottom
component Cg was 29.1 % by weight. Moredver, 99.82% of the ethylene
glycol fed into the continuous multi-stage distillation column C was
recovered as the column bottom component Cg. The ethylene glycol
yield based on the ethylene carbonate was 99.6%.

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

operation was very stable.
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AD50ihgP8emANUOUs nul ti-stage distillation colum C was
operated 25 continuously with a col um bottom

tenperature of approximtely 200 C, a colum top
pressure of approximately 11000 Pa, and a reflux ratio
of 52 A0501 VP86/KAN 0.9. Mbdreover, the colum bottom
liquid |level was kept below the | owernost one of the
trays K. It was possible to attain stable steady state
Exafipes @i on after 24 hours. 5 A colum top conponent CT
containing 0.968 ton / hr of nmethanol, and 0.001 ton

[ spdrth é‘tﬂné]aé&%éﬁ'hﬁwq 6tﬁ¥%é&hr§@ﬂﬁ%‘?8t56§ ton / hr)
contal nin 022 ton | hanol, 0.009 ton | hr

o oo e R
. 182 I h
ethyfina guERt AyPisd éﬁ&iﬁ 3”53?5?3&*@3%?@%&%'% r
congargpt Re Soht% Rioheratl brsethgs SMSE%“quB#uwunfﬁvﬁ‘lnto a
C. The content of ethylene gl ycol in the colum to

contwn@@agﬁultc‘stag,gsdiﬁadlakmcphganApmd reactive dlstlﬁation was
substantially zero. Mreover, the content 15 of

carriggchpiuénehgnebyl dimethnd cantonate andpetmtenegiyasl wvard,
of the ethylene glycol fed into the continuous

produddd witlagémiiastriddciicororesoltsito i Exdmepleohcantolatmnrbottom
of ethylene glycol in the colum bottom conponent CB

com%ﬁe‘?ﬂ As Bainyeettiiendjigeseas 8mBAVcompoReht BeAHST being

gl ycol fed Into the contlnuous nulti-stage
con@h?{»gﬂ»@yam@zﬂgﬂ B S HEF st sl b L by
sty BN R SRR BRE bR Rion cotumn € s
in Example 1 and a similar process.

It was possible to attain stable steady state operation after 24
hours.

The column bottom component Cg, which was continuously
withdrawn from the continuous multi-stage distillation column C at 2.472
ton / hr, contained 2.439 ton / hr of ethylene giycol, and 0.033 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 99.1 % by weight. Moreover, 99.8% of the ethylene glyéol fed into
the continuous rriulti~stage distillation column C was recovered as the
column bottom component Ce. The ethylene glycol yield based on the
ethylene carbonate was 98.5%.

Prolonged continuous operation was carried out under these

conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
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bd AQIN- After 500 hours, 2000 hours, 4000 hours,
AOSOES@gﬂB%ourS and 6000 hours, the produced anobunts of

et hyl ene gl ycol per hour were 25 2.182 ton, 2.182 ton,
2.182 ton, 2.182 ton, and 2.182 ton, and hence
operation was very stable. 53 A0501 VP86/ KAN Exanpl e

the p?rod‘ﬂcfétﬁbmMn@bﬁ@tﬁylmtﬁymhgeehWr&nerefﬂ d3@%aton, 2.439
.565 ton / hr) and nethanol (nolar ratio MeOH / EC

ton, 2 %QQW\ aach?tzahSQttoWQ'hd hehdd Byketatonl ¥eel | very stable.

subjected to thernal dehydratl on treatnent;
concentration 0.1 % by wei ght based on EQC) vvas
conti nuously fed into a continuous nulti-stage
tiJlation colum A, and reactive distillation was
Exargg i%d out, whereby dinet hy| car bonate and et hyl ene

glycol were produced W th si acti resul.ts, to
A sanbnuoLs mulireind s disulletien CORguman VRS Silagto that
et hyl ene glycol as a main conponent thereof bei ng

used omixampse | washdsadn. Hﬁweétﬁfyﬁiéﬂ@tg’ni?@élo*‘mh@'es in each of
separated out by distillation using the sane

the sieva tragssinntiie strippireg diestidr andothe enaininent section was
Exanple 1 and a simlar process. It was possible to

apprIAiRidted) S50ets 6SAAY nst, adied aper apeturafratio %as iba range of
hours. The col unmm bottom conponent CB, which was

fro"pgngqalg)gs,{,y wi.t hdrawn from the conti nuous
multi-stage distillation colum C at 2.472 ton | hr,

CONA 24 Dfh ritZter §%n?6n{51 nl?rﬁl%%ftﬁﬂé:ﬁ@ Ari6plate 3B128- tQ>$.3/ hr)

ene cat al yst conponent and

an L8 oS, A8 SO
ethy@'gf)eg@glﬁer’sgﬁ%ctﬁ%ﬂgéégﬁfmﬂﬁéhh%ﬁq%ﬁ L
c;om(:chleg%rlaltlloa;\t I001n /Sotlyumnefg:h\évalasasrgc?%\{'nelri O; v%gstgontmuousiy fed into a
continuous multi-stage distillation column A, and reactive 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
distillation using the continuous multi-stage distillation column C and a
similar process to Example 1.

it was possible t.o attain stable steady state operation after 24
hours.

The column bottom component Cg, which was continuously
withdrawn from the continuous multi-stage distillation column C at 5.852

ton / hr, contained 5.754 ton / hr of ethylene glycol, and 0.098 ton / hr of

diethylene glycol, catalyst component and high boiling point by-products.
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Qyp'gaya@j t om conponent CB. The et hyl ene gl ycol yield
Aosogased on the ethylene carbonate was 99.5% 25

Prol onged conti nuous operation was carried out under
these conditions. After 1000 hours, 2000 hours, 3000
hours, and 5000 hours, 54 A0501 VP86/KAN t he produced

The aBhdentrationtdfyeideakygigcobén theucoluene bbtédm tomponent Cs
2.439 ton, 2.439 ton, and 2.439 ton, and hence

was Y8 By W\@%)H’c.ef worabler, afosmnbetne ethfertdiglycelfed into

multi-stage distillation colum C very simlar to that

the Jﬁ%rf@nb&u?ﬁﬁ#i-gsftég‘é’a&i#ﬁ@ioﬁ'@ﬁ?ﬂﬁfﬂnczﬂ?s”*ﬁ%el‘éfd as the

s I'n eac the sieve trays i strippl ng

sect and the enrigchne ' PPLOXI
colu§§ybefB OBt Cene Lt A Ihe Blye GRTiM M b the

f from6.5 to 85%, 10 A starting nmateri al
ethygqﬂﬁgaﬁg]ﬁ@ag@wqaa%i@" bonate (8.20 ton / hr) and

met hanol (nmolar ratio MeOH / EC = 9) and a cat algst

( KBHolangedrgertiaugrscoperalipB Was casrieskprhunder these

dehydration treatnent; K concentration 0.1 %b
conditiogist bAfted 500 BOuUnsad Whhiowsuang 1680 heurs, the produced

conti nuous multi-stage distillation colum A and

amoleas tofvethdilehel glgtiod perasods wamer b b dwon, Sheb4itpn, and 5.754
di net hyl carbonate and et hyl ene gl ycol were produced

ton, Yrid heinBd Bperaadhi Wasr tfalile.in Exanple 1, a
col um bottom conponent AB havi ng et hyl ene gl ycol as
a mai n conponent thereof being continuously
W t hdrawn. The et hyl ene gl ycol was separated out by

L T B A E e A

SE:( Z{'Eé%rﬁépg”ooﬁ?%p&gsabgli%Htgﬁ;ig}{ qi‘agrgtaar%l Sré’\}i%@’a specific
industrial apparatus and industrial production process that are
inexpensive and enable a diol to be produced in an amount of not less
than 1 ton / hr, preferably not less than 2 tons / hr, more preferably 3
tons / hr, stably for a prolonged pericd of time {e.g. not less than 1000
hours, preferably not less than 3000 hours, more preferably not less than
5000 hours) by taking a cyclic carbonate and an aliphatib; monohydric
alcohol as starting materials, continuously feeding the starting materials
into a continuous multi-stage distillation column A in which a catalyst is
present, carrying out r'eactiv_e distillation in the column A, continuously
withdrawing a low boiling‘point reaction mixture Ar containing a prpduced

dialkyl carbonate and the aliphatic monohydric alcohol from an upper

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

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

lower portion of the column A in a liquid form, then continuously feeding
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Yo (1 botton1conponent CB, which was continuously
-Aosoihﬁﬂgggmn fromthe continuous nulti-stage distillation

colum C at 5.852 25 ton | hr, contained 5.754 ton /

hr of ethylene glycol, and 0.098 ton I hr of

di et hyl ene gl ycol, catal yst conponent and high boiling
the mghnbohmgﬁb@iim?téact@ﬁ rADEQEe VRS i t6Adl ddetinuous multi-stage

concentration of ethylene glycol in the colum bottom

distlﬂﬁﬂBﬁnﬁé‘ﬁJrﬁﬁ CWa$ s¥hataliridy ofeindibriaVHBAKE a 18%ePBdiling

e ethyl ene glyco: fed |ntF the conti nuous
ponf P hoﬁezfgw'oﬁran g8 I BRREBShTRgefRr
9
i 8 e, A R G0 RO M08 oo

hese conditio s After 500 hours, 1000 h .
point S0BRHARS! Hisodiloan coaolume R CmRRRGNELS gndcgside cut
per hour were 5.754 ton, 5,754 ton, and 5.754 ton
comppoemérice apdreentnuadsiyeblainiagthe dplisuketantially not
Applicability According to the present invention,
contafring the npaterialkdawingadiower boiling pdiat t!appathathm‘ the dlol
and industrial production process that are
as a cehpenbotoandoaipdhenacCyl ol The mresertdnvention & thus very
anount of not less 15 than 1 ton | hr, preferably not
useﬁﬁsﬁdgggnaﬂ tons | hr, nore preferably 3 tons / hr
stably for a prolonged period of tinme (e.g. not |ess
than 1000 hours, preferably not |ess than 3000 hours,
nore preferably not |l ess than 5000 hours) by taking a
cyclic carbonate and an aliphatic nonohydric al coho
as starting materials, continuously feeding the
starting materials 20 into a continuous multi-stage
distillation colum A in which a catalyst is present,

carrying out reactive distillation in the colum A,
conti nuously
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Aos504 \WPEERANY @ | ow boiling point reaction mixture AT
contarning a produced dialkyl carbonate and the

al i phati c nonohydric al cohol froman upper portion of
the colum A in a gaseous form continuously
wi t hdrawi ng a 25 high boiling point reaction m xture
AB cont ai ning a produced dLgliMgoma |ower portion of
the colum Ain aliquid form then continuously
We 1868 ng 56 A0501 VP86/ KAN the high boiling point
—reaction mxture AB into a continuous nulti-stage

di still atj.o Ny ' f ' o .
nading & NIRRT pRsEE ForthE B dusRIFEr & gjol in which
.contained in . the high boilin olnt. reaction ,.w xture
a diglEl® By eBB BB foiyia farvaterd BhchatiarhEfitie,
boiling 5 point than that of the diol as a columm t
monghygsiealcenolas statling reater'e[%r;ﬁ%waueg?'va?ﬁ]emg the
continuously obtaining the diol substantially not ;
stariingtmaterigls rtoateantinuedsimylti-stagerdissiliatian geiwmn A in.
than that of the diol as a colum bottom conponent
whicBBa détalpsteepresentntamying outuseactive distdfation in said
industrially. 10 57 A0501 VP86/ KAN CLAIMS W claim

colulnn | éoniindusikly dithdreseisy hdow beilmgpuint peactiom mixture
diol in which a diol is produced by taking a cyclic

Ar cotBfiALCa MY e BFH\RPI eaPbBRAMHH] Safd alipati® monohydric

starting materials, confinuously feeding the starting
alooBB 54 1 b pEPILAEI e B Eimehofs Sdedus e,
confSARHEL LA L8 Rl e BRIMERe roBRTpALPEAY
containing a produced diol from a lower portion of the column Ain a
liquid form, then continuously feeding said high boiling point reactiﬁn
mixture Ag into a continuous multi-stage distillation column C for
separating off material having a lower boiling point' than that of the diol
contained in said high boiling point reaction mixture Ag, continuousiy
obtaining the material having a lower boiling point than the diol as a
column top component Ct and a side cut component Cs, and
continuously obtaining the diol substantially not containing the material
having a lower boiling point than that of the diol as a column bottom
component Cg, wherein the improvement comprises:

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

continuous multi-stage distillation column comprising a stripping section
having a length Ly (cm), an inside diameter D, (cm) and an internal with

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

length L (cm), an inside diameter D, (cm) and an internal with a number
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i\l Ng- a produced di al kyl carbonate and said
AOSO@N% a’hﬂcwrmnohydri c 10 al cohol from an upper portion

of the columm A in a gaseous form continuously
wi t hdrawi ng a high boiling point reaction mxture AB
contai ning a produced diol froma | ower portion of the

of stegednh, théreiasideé awh@rbi Iy, 016 MG WY, iDy carsd \nf setlsfigthe
said high boiling point reaction mnmixture ABinto a

follo@9A ifwﬁ“ﬁa@?(ifﬂ)in%o?g@ge distillation colum C for 15

separating o rifal having a lower boiling point

than tha the _di contained in saj4h high boiling
poi nt re?gﬁ énLhF%‘Eér)% AB, conti nuousl )k/ﬁ obt ai ni ng the

mat eri al having a.l.awer boiling point n the diol as
a col un‘rgbt Splﬂtérr%b ent CT and a side k:%f conponent
Cs, and continuqusly obtaining the diol_substantially
not cont & Bilmg/ Dre<m@Berial 20 having{®) | ower boiling
poi nt than that of the diol as a columm bottom
conponent3 €B)1 ®hd@ei n the i nprovenent &éhprises: (a)
said continuous nmulti-stage distillation colum C

conpri sesl 000 eobj knbO0O mul ti-stage di ¢8) 11 ation
colum conprising a stripping section having a length

L1 (cm, 50<iDsidgodi aneter D, (cnm) angepn internal
with 25 a nunber of stages nl thereinside, and an

enri chnentp sect y @, kayhgng a length L2(ggm, an inside
diameter D2 (cm and an internal with a nunber 58

A0501 VP Qf ages n2 thereinsid \g}&[ei n L1,
D, n,, EL;@ E@z ‘aagan satisfy the fol?m)vvl ng fornul ae
(1) to (9Q: 3Q0 < L, 3000 (1) 505D,9,7OO(2) 5
3L, /D, < 32 &Y135n, 530 (4) 1000 < L3%% 5000 (5)

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

200 < 8 <1000 (10),
and each of the chimneys being such that a height h (cm) from said
opening of said chimney to a gas outlet of said chimney satisfies the
formula (11): |
10<h<80 ‘ (11); and
(c) a side cut outlet is connected to a liquid coliecting portion of

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

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

produced of the diol is not less than 1 ton / hr.
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AOSOBQOWEEWO (6) 10L2/D2<_50 (7) 10 205n25100 (8) and

(b) the enrichnment section of said
cont i nuous nulti-stage distillation colum C has at
| east one chimey tray installed therein as an
internal, said chimey tray having installed therein
one or nore chimeys 15 each having an openi ng having
a cross-sectional area S (cnR) satisfying the formula

(1Qy: 20%#‘?9%&&0&000@"%%@0@% ther Qh'vVHSVémefGrahty

such t hat el ght o ffromsaid opening of sai

(N3 égb?gﬁmlttga?i%(‘sar% rﬂg%lob((i% !]‘\ @@Wéﬁ?.o?{lbﬁﬁ?f {ife
connected to a

inte 15 Toi TnEp TR Kot thl S50 BuTBuEcEABoB 4pleHiéhn 2

distillation colum C The proc accor 0

lowed) peHHAN afRAig; ‘PP%"HHH&@U'%T%GS@e&SZaF%t q’btc a liquid

~not less than 1 ton | hr. 59 A0501 VP86/ KAN 3_ The

is contirueushcwoihlnawn éranamuprermostatage ofsaiduraystly, and
(n3 stages) of trays K are further provided in a | ower

aftepbetds givenhio réequicerfarsdiistillaticower aossbgiter, itbe beated liquid
the stripping section which is in a 5 |ower portion of

is redardeddnto theudistilatiors taplemei Stfrbhaki feedinguportGravided
l[iquid is continuously w thdrawn from an upper nost

betv@ééﬂqrxefu;sﬁéﬁnbrs@ﬁage éthe ¥4y KNaAH the HiteeAal th the
require for distillation in a reboiler, the heated

Iow%r‘n‘i‘:’ﬁépI F\%Pfﬂl‘?gtﬂ Eﬂ)%@%c‘fii'oﬂ, \bhﬁé'é’?eﬁ%ﬁ%r%f the liquid
vite

fom ar |ng por f

. 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 D3 of said continuous multi-stage distillation column C where

the trays K are present satisfies Dy < Ds.

6. The process accordihg to any one of Claims 3 tp 5, wherein
Ly, Dy, Ly / Dy, ng, Lo, D2, Lo / D, N2, and na for said continuous
multi-stage distillation column C satisfy respectively 500 < L4 £ 2000, 70
<Dy <500,5<L{/Dq1<20,5<ny 220, 1500 < Lz <4000, 70 < D2 < 400,

15< Lo/ D2 <40, 30 <nz £ 90, and 3 < n3 < 20.

7. The process according to any one of Claims 1 to 6, wherein
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AOsCAeVPesKAN e uppernost stage of the trays K and the
internal in the 10 | owernost portion of the stripping

section, while a remainder of the liquid is fed into
a lower tray in order. 4. The process according to
Caim 3, wherein each of the trays Kis a baffle
the intesnallin the Shdpping sectiaecof diaig dontGhadus Inalti-stage
wherein an inside dianeter D3 of said continuous
distilTHtibh- S6REBNAT dnd tRbi igfe G lUxclUdihgthe ERinheptsaKin the
are present satisfies D, 5 D3. 20 6. The process
i gl | : , Wherein L1,
enru%gl’,ﬁ%[]fi’ é/&['gﬁéh ;Hﬂé ﬁg%géznpﬁ?r;@%gk&@zé and n3 for said
continuous nulti-stage distillation colum C satisfy
respectively 500 5 L, 5 2000,. 70
< [ <.50Q,5< L1/ D, < 20,55n1520, ~1500 . . :
38 2500, IS BISCRsS Acqaidis B GIRR]. whersis thintgrgal in
3 < n3 520. 25 7, The process accaording to,anﬂ Qne of
the grigripgisestion oherid FonboustisoMuitissiaasdisiiatipa spiumn C
in the stripping section of said continuous _
is theulray, arabthe dntannal axcdudiy the chimney teay in dhaanrichment
excluding the chimey tray in the enrichnent section
sectior aredyaysrahd /cor paaktuesd packingse process
according to Caim7, wherein the internal in the
stripping section of said continuous nulti-stage
distillation colum C is the tray, and the interna
exqj udi ”grﬁéjar‘é@e@%edcééﬂﬁnb”td BeafR’? SR WhePEHT 58 tray is
are trays and | or structuréd packings. 10 9. The

asié’%@?ﬁi according to Claim7 or 8, wherein said tray
IS a Sieve tray.

10. The process according to Claim 8, 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 Claim 8 or 10, wherein an
aperture ratio (a ratio of a total cross-sectional area of the hole in one
tray stage to an area of the tray) of said sieve tray in the enrichment

section of said continuous multi-stage distillation column C is in a range

of from 2 to 15%.

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

enrichment section of said continuous multi-stage distillation column C is
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05030/pdékaN ocess according to aim9, wherein said
A gl eve tray has 100 to 1000 holes / nR in a sieve

portion thereof, and a 15 cross-sectional area per
hole in a range of fromO0.5 to 5 cnR. 11. The process
according to Claim9 or 10, wherein an aperture ratio
in a fé@ngaétafofrem 4.6abai 2% .0ss-sectional area of the hole
in one tray stage to an area of the tray) of said
sieve tray in the enrichnment 20 section of said
continuous multi-stage distillation columm Cis in a

agge ofd Bibeebe diratio 1P HEBE Gkl 1g 12

any on_e 0] _ n an aperture rati o
oo 3 s 19510808 SRSl réRpiine

sieve tray in the enrichnent section of said )
openiBat it shiminay. ta ageatsa«f the: PRiIMBBYJrAY dnFludigg a total
A0501 VP86/KAN in a range of from1.5 to 12% 13. The
crosprsretionatasediafgheoopayingk obfsaid ghigney drayis in a range of
wherein an aperture ratio (a ratio of a total
fromctOde-4@%¢.i onal area of the 5 opening in the chimey
to an area of the chimey tray including a total:
cross-sectional area of the opening) of said chi mey
tray is in a range of from10 to 40% 14. The process

acoy di Nrie pRB¥e88tctordiAg® any Lrd of IO i1l 13,
said continuous multi-stage distilTlation colum C has

ey PR co RS RGLFi o Pt BRGEByd PREEZR
ot Prtpere L B, S SO RLTAR B8O 0

a-range of from 50000 to 300000 Pa. 16. The process
according to any one of Clains 1 to 15,

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

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

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

ratio in a range of from 0.3 to 5.

17. The process according to any one of Claims 1 to 16,
wherein a content of the diol in said column top component Cr is not

more than 100 ppm.

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

wherein a content of the diol in said side cut component Cs is not more
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Whﬁﬁ 4 16 id continuous nulti-stage distillation
ADSOco J%ﬁ 1as a reflux ratio in a range of from0.3 to
5. 20 17. The process according to any one of Cains |
to 16, .wherein a content of the diol in said colum
top conponent CT is not nore than 100 ppm 25 18. The
than0.8% &F hecaisli fed fritoasaidoseontinudua mulfi-$tage/ distillation
wherein a content of the diol in said side cut
?nepnent Cs is not nore 62 A0501 VP86/ KAN than 0.5%
COHJ@ the diol fed into said continuous nulti-stage
distillation colum C 19. A continuous nulti-stage
distillation colum being a 5 continuous nulti-stage

digtillat,on qunanr rodum '
2 3L | o A 3PpfRuBlR, M s B s itefiafl @HW%“&@%%
as starting materia ,cont nuou feedjn e . .
contifjuQys ﬁ@uwa@éagméstlhﬁy% eel mﬁuéu‘?f 4q°q§9a%é"°| by taking
distillation colum A in which a catalyst is present,
a cycticraarhgnatetandan aliphatia monehydricalsang! @ stATtiAgG
continuously withdrawing a | ow 10 boiling point
materdaks, i comtimuously Adediog thenistarting moatearéal sdintbkg Icontinuous
carbonate and the aliphatic nonohydric al cohol from
multdstageedispitiatiom cefumheAdal whith & catslyghieonesént,ncarrying
conti nuously w thdrawi ng a high boiling point

out f@éﬁwé’rdlmlﬂéﬂbﬁ vﬁBSQFH‘bélLi‘rhﬁgAac@rnffmmﬁfblsllwithﬁmmuﬂg a low
l'ower portion of the colum Ain a liquid form then

bomr?\g;gé?ﬂﬂoﬁéﬂéi ér‘?‘?ﬁk‘gﬁlre:?lo c@h@n?@% E%&ﬁc@@'dﬁalkyi carbonate

I on mx ure a cont ti-stage

a5 A BB B PRI S B o cotunr

iS5, oL 10ROl OB U
reacl,t?g\r?rmlk;((t)tlxlré r)b«% é’é’%{'af.nﬁr?é’”é }spgéugfedté}%i (#oorln a?ower portion of the
column A in a liquid form, then continuously feeding said high boiling
point reaction mixture Ag into a continuous multi-stage distillation column
C for separating off material having a lower boiling point than that of the
diol contained in said high boiling point reaction mixture Ag, continuously
obtaining the material having a lower boiling point than that of the diol as
a column top component Cr and a side cut component Cs, and
continuously obtaining the diol substantially not containing the material
having a lower boiling point than that of the dicl as a column bottom
component Cg, wherein the improvement comprises:

(a) said continuous multi-stage distillation column C comprises a
distillation column comprising a stripping section having a length Ly (cm),

an inside diameter Dy (cm) and an internal with a number of stages ny

thereinside, and an enrichment section having a length L; (cm), an inside
63
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op conponent CT and a side cut conponent Cs,
AOSDQMR%B{M nuously obtaining the diol substantially

not containing the material having a |ower boiling
poi nt than that of the diol as a columm bottom
conmponent . CB, wherein the inprovenent conprises: (a)

diam®3bH RO rh NP afiliinit brea PastHasid mbdri ohsRjskm,Ghereinside,
conprises a distillation colum conprising a

unerBAER 00 SERLL "B, ARGl il (ondtae (1) o ()
havi ng-aSPBngi E20E - an i nel e 63 MDSOL VPBE/ KAN
St ages 80 RS ernehle. wherein L1, O (2hi L2, Dz,

and n2 satisfy the follow ng fornul ae Elg to (9): 300
5 L, 3008 €11 EP1s<B805 700 (2) 5 3< (3)D1< 30 (3)
3<_nl 30 (4) 1000 L2 5 5000 (5) 50D2< 500 (6)

10512/ D235 r47% 3® 20 5 n2 5 100 (8) afd) D2 <_ Di

(9); (b) the enrichnent section of said continuous

mul ti-sta@dO dilss ikl 5@00on col umm C has{&) | east one
chimmey tray installed therein as an internal, the

chi mey t5pay haw Beoi nstalled therein ¢gg or nore
chi meys 15 each having an openi ng having a

cl oss-seald ea sp(cn2) satisfyingzythe formila
(105 2000 SST6TISC )

20 £ n; <100 (8) and
D2 < Dy (9);

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

200 < S < 1000 (10),
and each of the chimneys being such that a height h (cm) from said
opening of said chimney .to a gas outlet of the chimney satisfies the
formula (11):
10 < h <80 (11); and
(c) a side cut outlet is connected to a liquid coilecting portion of

said chimney tray‘ of said continuous multi-stage distiliation column C.

20. The continuous multi-stage distillation column according to

Claim 19, wherein a plurality (n; stages) of trays K are further provided in
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AOSO@WﬂP \WwWpf the chimeys being such that a height h
(cm fromsaid opening of said chimey to a gas
outl et of the chimey satisfies the 20 fornmula (11):
10 5 h < 80 (11); and (c) a side cut outlet is
connected to a liquid collecting portion of said

a lowét Fb?Mth@b/th?é iGE ot ih i iwermdstipgrtirge of the stripping
distillation colunmm C. 25 20. The conti nuous
L AL SLi : _ L h .
sectiﬁﬁ Wméﬁqg% é%WdrﬁS?@fQﬁ@f%d%ﬁﬁﬁbBGs Bulfisthde

rern a plural’ n3 stages) of trays K are

it Y EDFEE BN oY i ABFRRRT R ard o o
upp S bhe S LRt e AT B 28 Bl or

o liquid is continuously wthdrawn froman  yppernost. ... ..
distijatiga it atnebailey dhg heatedfiged igdetugefd J8fp 18 distination
require for 5 distillation in a reboiler, the heated
coluhirg@ tram a éeeding pont prouvisian betwesn the upnanmost stage of
froma feeding port provided between the uppernost
the shggeK aind the intenmalknatick tdwermost pdrtion bhéhe stripping
| ower nost portion of the stripping section, while a

secticiBwhiier aQlerh Aiddradf thé diduid isnfedl ttoosdowgralyaiyrin order.
order. 10 21. The continuous nulti-stage distillation

colum according to Caim20, wherein each of the
trays Kis a baffle tray. 22. The conti nuous

g?lé‘ii' St agige Ui Aus ﬁuﬁi’-‘si‘é‘@g?&i%@ﬂ%&% Egl%rogrxﬁéngbg%ing to

wher éin an 1 nsi I anme sal

.where the .15 trays K afe pr ni satisfies D < D3.
Claifh 207 Eeain aab0:0T e FRRLEStR SHHEIE co umm
according to any one of Clains 19 to 22, wherein L,,
D1, L, / D, n,, L2, D2, L2 / D2, n2, and n3 satisfy
respectively 500 5 L, 5 2000, 70 5 D, 500, 5 < L, / .
D, 250 sbhezentimyous muylti-stagesdistillatiomeelume accepding to
s 400, 15 L2 / D2 5 40, 30 '
Claim 20 or 21, wherein an inside diameter Da of said column where the

trays K are present satisfies Dy < Da.

23. The continuous multi-stage distillation column according to
any one of Claims 19 to 22, wherein L1, D1, L1/ Dy, ny, Lz, D2, L2/ D2, ny,
and n3 satisfy respectively 500 < Ly <2000, 70 <D, <500,5<Ly/ Dy <
20, 5 <ny; <20, 1500 s L, 4000, 70 < D, <400, 15<L2/D2<40,30<

N <90, and 3 < N3 < 20.

24, The continuous multi-stage distillation column according to
any of Claims 19 to 23, wherein the internal in the stripping section of
the stripping section and the internal excluding the chimney tray in the

enrichment section are trays and / or packings.
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50 Z\TP@P@W 3<_n3520. 24. The continuous nulti-stage
AD al stillation colum according to any of Cains 19 to

23, wherein the internal in the stripping section of
25 the stripping section and the internal excluding
the chimey tray in the enrichnment section are trays
and / or packings. 65 A0501 VP86/KAN 25. The
continuous multi-stage distillation colum according
t 0250 ai M contitiRius MiAtiistRjerdistinatibp cdlundpigt@ording to
section is a tray, and the internal excluding the
ohi o . ) , . _
Claiff 2y Phoref the, intErfst i HiF Sy PRy Sochtforfid soia, and the
, mul ti-stage distillation ' t iy
interfal sxci e the nipfe0yrie s Be it S kbR F e tray
conti nuous [ti-stage distillation colum according
and/pg'a stiugtired PAHEPEi n said sieve tray has 100 to 1000
holes / n2 in a sieve portion thereof, and a
cross-sectional area per hole in a range of from 0.5
to 5cn2. 15 28. The continuous multi-stage )
di 926.1 | atThe conitinuous couldi-stage distiletiorecelumn according to
wherein an aperture ratio (a ratio of a total
Claifit 28sos 26t ivihateiar eaidofrayhic addievertraye tray stage to
an area of the tray) of said sieve tray in the
stripping sectionis in a range of from2 to 15% 20
29. The continuous nmulti-stage distillation colum

accpy di ”Wﬁ@.c&ﬂgn@@ltﬁs %uﬁ-gité‘%?gclﬁsiiﬂﬁ%n wBRiMhNaéfording to

aperture ratio ( ratiro o Ccross-secti onal

. h ' S t 2 :
ciaif] 25, UnREsr G4 SR B At ™| 085, B0 1B Ll i sieve
A 5
portllc?n |tRe?eé€nagr$d%{ c;tésoéns%c?iotnoal z}rze{‘a’ p%sr hole in a range of from

0.5 to 5 cm?.

28. The continuous multi-stage distillation column according to
Claim 26 or 27, wherein an aperture ratio (a ratio of a total
cross-sectional area of the hole in one tray stage to an area of the tray)

of said sieve tray in the stripping section is in a range of from 2 to 15%.

29, The continuous multi-stage distillation column according to
any one of Claims 26 to 28, wherein an aperture ratio (a ratio of a total
cross-sectional area of the hole in one tray stage to an area of the tray)
of said sieve trays in the enrichment section is in a range of from 1.5 to

12%.

30. The continuous multi-stage distillation column according to
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A050 Q,Pg'éc“rgn&p ntinuous nulti-stage distillation colum
gccor Ing to 66 A0501 VP86/| RAN any one of Clains 19

to 29, wherein an aperture ratio (a ratio of a total
cross-sectional area of. the opening in the chi meys
to an area of the chimey tray including a total

any ShESSF Ce4imoNE 161288 whetditr ancapaglrefratiai (b rationoky total
tray is in a range of from10 to 40% 67

cross-sectional area of the opening in the chimneys to an area of the

chimney tray including a total cross-sectional area of the opening) of said

chimhey tray is in a range of from 10 to 40%.
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