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| NDUSTRI AL PROCESS FOR PRODUCTI ON OF HI GH PURITY DI OL
Techni cal Field The present invention relates to an

i ndustrial process for the 5 production of a

hi gh-purity diol in which a cyclic carbonate and an

al i phati c nonohydric al cohol are continuously fed into

INDUSTRIAE PROTCEBISFIOR RRODUGCYT IONa0F MEGH-PURITY DIOL
distillation is carried out, and a high boiling point

reaction m xture having the diol as a main conponent
thereof is continuously withdrawn fromthe bottom of
d ve distillation colum 10 A, material having
TGCHam?S\i/\e%?gL0| ling point than that of the diol is
fromthe hi bai | i a

di stilled of h n { _reac
m it 2¥8sPhy invESfibhnRuALet 18 '@i‘?agﬁr 4h iqee i the
colunn speci fied structure, col umm
PVO%&fththcﬂTB!ﬂﬁ urqu&qlﬁg whigh ﬁjﬁlﬁ%hﬁlﬂatr 895'@53@"‘-" an
~distillation colum Cis fed into a continuous
aliphatie imenafydaicsalaghal aie eentimuousiyfedgintg areactive
specified structure, and the high-purity diol is

distidativimaolishp bbt@amweathstt&ai;nodmscoarmecrmmbrand)fa high boiling
colum E. Background Art A reactive distillation

poinprreaesion’ arixturedhaiving thdidibkyls sanhimabenpéfentdhareof is
di ol through reaction between a cyclic carbonate and

contﬂi‘u@bél@hﬂ‘i#tﬁrawwrﬂh% BbeRRlo Ve Feastiveidistinatdn column
by the present inventors (see Patent Docunent 1:

A, MBS TRRER 1o 0BRSS TER Rl P T8arBE 1 4B bistlea o
from Y B g h'@gt?%ﬁ%”éﬁ%iogf%ﬁ%&u%ﬁgﬁﬁﬁééﬂfﬁ
N

Application Laid-Cpen No. 9-194435, Patent Docune
Golun'm bottam g PeisINtciEe M thso nipYreps muylti-stage istillation

(corresponding to European
column C is fed into a continuous multi-stage distillation column E having

a specified structure, and the high-purity diol is continuously obtained as

a side cut component of the column E.

Background Art

A reactive distillation process for producing a dialkyl carbonate
and a diol through reaction between a cyclic carbonate and an aliphatic
monohydric alcohol was first disclosed by the present inventors (see
Patent Document 1: Japanese Patent Application Laid-Open No.
4-198141, Patent Document 2: Japanese Patent Application Laid-Open
No. 4-230243, Patent Document 3: Japanese Patent Application
lLaid-Open No. 9-176061, Patent Document 4: Japanese Patent

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

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

PatetoxpgHeatienNCaid> Ope» INGNS- 134485, Fateht BldOomentds:
U. S. Patent No. 6479689), Patent Docunent 9: Japanese

IntePrPét%ﬁaPPﬂ'Uli‘é%ttldW N \ﬁf@?mﬁ%? :(%?ré’é}ﬁﬁ%’nd:’% E’Uropean

Document 10: Japanese Patent Application Lald-Qp

oo 48l 56205 5Eh 48471981 EBh Bocument
L
et OB GRS B BSARRSHS F3REHocumant o

Pat ent Docunent 12: Japanese Patent Application
Intermtwr@:@leﬁub&cmlorsl\msmm@atﬁ‘e%%r(@pnge&pprﬁmmo@hﬁuropean
Pat ent No. 0569812, and U. S. Patent No. 5359118),
PatePdtNat 1mmtana:u&paaesm Rat. 64 72980 ) cRatent Document 9:
Lai d- Open No. 2003-119168 (corresponding to

Japdmd ss madteon A pplidaiicatl id-Oen W 32002438880 FaPaatent
Docunent 14: Japanese Patent Application Laid-Qpen

Docn!N?rerﬁOp@' 3998%@seppb€@ﬁt Rﬁowu%%moriléaidﬂp?aﬁ%o%m 131394),
Application Laid 2003-342209). In the case

and faté‘ﬁ %pfl‘l é%i %vr‘ﬁcﬁtéu%@tdngé‘%égﬁé%ilﬂ%t@ﬁw§¥ﬁtem is

eac reac I on can procee

useﬂ[lb%@&i% §§%ﬁéﬁs’§ygdal“ﬁeq ﬁsPFLF??a%vr%ﬁg W%}adﬁ%au@eﬁgpate"t

t he arbo a he dio ins
Docifiant Bl oJapafeseanaient AppiRLO o bald- earmohga 7213830
related to carrying out thewfroduct on on

(corfagRanding 1o EauppeambarenbNG: 96ap6igeansb-Su Batent No.

time. That is, these processes 2 have not attained the
523 1b] 2k tPatentr B@u:cummgntﬂ&u dapmsaiRateny Applicatiend-aid-Open

anount (e.g. not less than | ton / hr) stably for a
No. f+060Tgesb pespotdifig 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. WO003/006418), Patent Document 14: Japanese Patent Application
Laid-Open No. 2003-300936, Patent Document 15; Japanese Patent
Application Laid-Open No. 2003-342209). In the case of using a
reactive distillation system for this reaction, the reaction can be made to
proceed with a high conversion. However, reactive distillation
processes proposed hitherto have related to producing the dialkyl
carbonate and the diol either in small amounts or for a short period of

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

scale stably for a protonged period of time. That is, these processes
2



10

time (e.g. not less than 1000 hours, preferably not

| ess than 3000 hours, nore preferably not |ess than

5000 hours). 5 For exanple, the maxi mum val ues of the

height (H cm, diameter (D: cm, and nunber of

stages (n) of the reactive distillation colum, the
haveanotzittainedutiesl oBjé&pof phb)iu@ing!tdwlkﬂn@omyluob.Jslyam a large

the continuous production time T (hr) in exanples

amodgwgb@eﬁof %sé bﬁaﬁrp%'ﬁtl' WIE ﬁabl?"fﬁ?td"ﬂomfdw%@md of

and et hyl ene glycol (EG from ethylene 10
"me%‘tisﬁéﬂ?‘ TR ANFLLA0REnG0 . PrdferdB Rofost B I08Q hours,
mm%pﬁ@ ET”Q‘“ Wsssthd? 2000 BelrRie s 7200 4 PACKI NG
0.528 E5 . 8 0,140 S
SFSATILE, $14 XTI ValiseE thesfgishy a%icmg?ééameter
11 250 3 PACKI NG COLUWN (Raschig) 0.154 NOTE 5

(D: oqrapnd Nembernedrstages f8) ofidine r@acltsvml%amlz:@umn the
NOTE 4 NOTE 5 14 NOTE 3 NOTE 3 30 2490 NOTE 5 15 200

amoust predusiedd@LilgN hBXpf EhyEe glysoTRnd theLaaRbHANYS

DI STI LLATI ON COLUMN. NOTE 2: NO DESCRI PTI ON WHATSOEVER
prodOEBON fiaOTSH ) LiATe XNnETe§MNisclosed for the production of
dimethyl carbonate (DMC) and ethylene glycol (EG) from ethyiene
carbonate and methanol are as in Table 1.

Table 1



NOTE 3: ONLY DESCRI PTI ON DEFI NI NG DI STI LLATI ON COLUWN
'S NUMBER OF STACGES. NOTE 4: NO DESCRI PTI ON WHATSCEVER
OF PRODUCED AMOUNT. NOTE 5: NO DESCRI PTI ON WHATSOEVER
REGARDI NG STABLE PRODUCTI ON FOR PROLONGED PERI OD OF

TIME. In Patent Docurment 14 (Japanese Patent
Application Laid-Qpen No. 2003-300936), it is stated
par agr aph 0060 that npl e wuses the

same process flow as TOABLEer ed node shown in

FIG 1 5 described above, and was carried out with the

obj ect of operating a commercial scal e apparatus for
s aduci alo dinet ne—g \/nnl
PATEMIGh [ 5 apsedt gridd, dat i on AGES - Y i C cp vq@hp -|- h
DOGHM'&L I'E)é#v\ﬁge nBe't I'Ii'/l ene c’g%gﬁat e gﬁ net h Igol r
thpt the fmjlcvvi.ng nunerical vaBges in the arem 400
1 10 uUse I ine oper ahl
TR Ty 1 g T T TPe piAS NOTE 5
st ed {haté®490 k§ / Jor_of ethyBOne gl ycol ha8.358 |NOTES
sppmfl al200 produged F"AEKNG@EUME@&BW 'D.Eigﬁat NOTE 5
CAAdITPTT Ullu L all arirrual FrOouucvtT UTI U y
gmﬂr@ ﬁif di thyl carbona and henck D#?‘b OTE S5
i Pl ies|NOEE 1qper®ti dn of the well d' s | argept 0464l el NOTE 5
CqgTe C[NOTE §]'_Us| 1d (s PTocgps had DeE[l e [NOTE 5
addl i cali ABG o 53 pat | MACHING GELUMN (Rasshig)l<0.154: oI NOTE 5
Anpl i cal NOTE 2i|@PE2 [No. 2003NEPAR6) (Apri| 0.256 |NOTES |
£ Z) . & s trne trie rrrrn L
ptjaic)onf gﬁé_ath“quﬁjnra LS nnﬂﬁf he a_b_gge_.mzi NOTE 5
ald,  No{ NEEE 3 [INOTES exanpl e o80Pat ent Doclin@A48014/ NOTE §
(4gpanete Jy eift /‘}BP' TCPPACRING'COPDMN (BR) | 19 |NOTES

<UVUO~ OUUJOV ), CAAdULI LT SAallc val ut 4dsS 1I11T

NO'[E}éGrQI;.DEESHAWaDlSJTIhLAEI'IQN GALUMNSs stated for the
NOFERUNOGESCRIPTION YWHATSOEY PR GEFININGUDISTIDEATIONICOLUMN.

NOTES :DNLYIESERIPPION DEFRING DIRTIH.YAPOR COBUMN (B
sel eNUMBER OF STAGES.

NOTE 4 : NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.

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

In Patent Document 14 (Japanese Patent Application Laid-Open
No. 2003-300938), it is stated paragraph 0060 that “The present example
uses the same process flow as for the preferred mode shown in FIG. 1
described above, and was carried out with the object of operating a
commercial scale apparatus for producing dimethyl carbonate and
ethylene glycol through transesterification by a catalytic conversion
reaction between ethylene carbonate and methanol. Note that the
following numerical values in the present example can be adequately

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

stated that 2490 kg / hr of ethylene glycol was specifically produced.
4
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approxi mately 88.4% and hence it cannot really be
said that a high yield and high selectivity have been
attained. In particular, the low selectivity
indicates that this process has a fatal drawback as an
i ndustrial 15 production process. (Note al so that

The Bahadetdd3arinedtin 14 at bnphe coPed spdnde tbi amtarmual production
Lai d- Open No. 2003-300936) was deened to have been

of 30¥00TIbR\Ho AR tdHbYoR8imefid siddrateXaRdddrie fifis implies that
havi ng been requested). th such a reactive

oper%:tﬁ}ri bk 3hbWo LSS ‘Féﬁceoér;g%ﬁe%smfﬁé)’ci%ﬂa ﬁﬁ g%?%@ §RiLbrocess

uctuation such as osition variati

na 585 bARIRASvC BTS84 BiRlp e gt appiication for
par DG EhE 13100eB et A R ybeb R

raol onged period of tine is often acconpanied by .
2003300838 ) (Aaril 8n 2002 )oar HOWAAT, @ 2 ithe| bme pEdling:the
further 25 increased in the case of handling | arge
presemb appicatiorotheneuis nat¢hembavetfach adfalh dMonegaver, in the
carbonate and a diol using a reactive distillation 5
exampie of P atea Dot omentpt 41 (Jagach gz Padent Aipptication e aid-Open
mai ntai ning high yield and high selectivity, and thus

No. 2008u8e0838i)gBxautiyt theds@ine VatuSTRC E56 thau$@tiba||¥ calculated
cl everly devi sed. wever, the only description o

vaIu&qgtét%‘t@&?folqsth@béﬁlo‘ifrﬁd&f:&hﬁ@tﬁ)ﬂrcé‘rdﬁ@ét‘éﬂﬁ?&d@@éb%ut the
of tinme wt | I

a reactive 5 st atlon process

vielRIgERRRHeRE Il 1P Fpmain' 8L HB A0 Pld g Setdbuivity is
appro}uRaRBLa Rz o ek Rorentaf RealepaEaia Joab agmian vield

The present. inventors have praoposed an, industrial .
and high S %Ct'!ﬁyg?%wl ean éht%ﬁﬁéesént PAT A g&‘a iOW selectivity
di al kyl carbonate and a diol to be mass-produced

indicadasi dbiiy panaess My af ttah dsavibatdeasptn iipdustrial me

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

production of a dialkyl carbonate and a dicl using a reactive distillation
5
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with high yield and high selectivity, but in addition
to this, a process enabling a high-purity diol to be
separated out and purified in a |arge anount stably
for a prolonged period of tine froma high boiling
poi nt 15 reaction m xture continuously withdrawn in a

proch%ﬁsg@taf:!ﬂ?lfﬁ? 4 pedlohdedperidd ofitineoihileemdintdihireg ivgh yield
colum is also required, a process for producing a

and mﬁ%eﬁggggttgghng deL?é‘P?HBUb)é é“rﬁgh%ant@ dhmghmél ﬁkﬁzess

i ng The pres I nvention
mus} B8eERHrAZ el iadl: it BiRroMe Hnly e °98°fT@5’“'ﬁ““°”S
stals) BE6955098) for AgTIpaARY RerPRALITE Wbk s magiye
ol S SnSsel Akho E885 B Hoo B0 urs
process of Patent Document 14 (Japanese Patent

Patam@oeumam 1dlapapesePatenbdp o) Laid-Opes Moed
that approximately 2490 kg / hr of ethylene 25 gl ycol

4-198dd13i and P atgntoRocaneépt 230 dpanedse Rateot Aquulication
et hyl ene carbonate and approximately 226 kg / hr of

LaiddDipyesy Noy eti280243honate was 6 obtai ned as a col um
bott om conponent froma fourth step distillation

COME prEQVRY Pive s havaRIpb st P bt pRYtrial rbhetive

conp05|t|on of the reaction mxture, there being no

distlﬂﬁﬁfﬂhI @Fd@é‘s%ﬁé?%ﬁ\é Ble8fa Bﬁé’l‘igff'i:'aﬁ’ﬂog%(tﬁ aaoriﬁ g i to! e

r OCESS or producing a
veI [ LSbiyl dan ..
mas§hRdug "?5’1‘"8? Vi idoy ﬁﬁ%%eé%lﬂbﬁéﬁoéﬁhpﬁ of time
. h th iS O m a t he di ol
with Hfryield ans high salsetiufinbrl nadeRbrotaifls 1 Arecess
) in Pat ent Docunent 12 (Japanese Pat ent Applicati on
enabling adpighnyrity- disd 1o ke sapaielad eut angupwiibgd itoa targe
Patent No. 0569812, and U.S. Patent No. 5359118)), a
amouhgistably fargamﬂqiongedane'riod of time drant advighrboitiong point
| oner portion of a reactive distillation
reaction mixture continuously withdrawn in a large amount from a lower
portion of the distillation column is also required, a process for producing
a large amount of a high-purity diol with a high yield having been called
for. The present invention has been devised to attain this object.

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

glycol containing approximately 130 kg / hr of unreacted ethylene

carbonate and approximately 226 kg / hr of dihydroxyethyl carbonate was
6
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colum is fed into a thin filmevaporator (l111), high
boiling point material obtained therefromis fed into
athin filmevaporator (1V), |ow boiling point
evaporated material obtained therefromis fed into a
distillation colum 15 (VI1), and ethylene glycol is

obtadpédiard cslumnibttent commument froxn fa foudh step distillation
enri chment section of the distillation colum (VII),

coluifl t Fﬁmwérfﬂrﬁ@ﬁs%erély & WihfehemIdf gib eahwsn%naof the

purifier (IX), whereby high-purity ethylene glycol is
roackiitifglys! (Br8 T A0 oSk oo unTighaddr of Brbbciion of

Rl cat Lai d- Open No. 6-9507 20 (corresponding to
ah:@? d'fs’gtent No. 0569812, and U.S. Patent No.

r 1%? qﬁegwg“ﬁ%qié i By oS gt nedtivel B @iy SSing

four purifying apparatuses have been used.
reactiye: digtitation ¢ pr@@éﬁlrWIMtC@W”Dbc%rﬁé’ﬁlcefﬁ is known in
(Japanese Patent Application Laid-Open No. 6-9507
whichcthre diploisdo bipinedetnoop ensidis cRbtodrtheNdiolqBedtying eolgrmn.
U S. Patent No. 5359118)) is a process in which a

For exahiplapiniithecéxaiiplée (FGyI5)dal Pasemr Didwcardent N flapanese
bei ng no 7 suggestions whatsoever regardi ng a process

PatefrﬁfA;E’Mi’é'é'ﬁbﬁg_éld @pkh NY8WH507. @orPe@spbREMG REEdropean
ton hr) of a diol stably for a prol onged period of

Pat trﬁo(és%gm éﬁ&%@ap'gf%ﬁkpgbo 91’1\@)‘90&/%1 'Hbiligg point

or exanple, €xanple 1 ( aten

reacﬁg&&gg@%g\? ﬁ%rﬁwdhﬁ‘%ﬁ%ﬁf%wgpﬁoﬂﬁgpogﬁ% ’Sgriac W? dlgtlllatlon

co'um%fﬁ 241 Pﬂqnac"ﬁ? iR o”'ﬁs’a‘i’ﬁl)sévaﬁaﬁéi'éfq prig’ BiFtera

m 4, gh _baoiling point material obtain

obtatrmﬂ éh%ﬂﬁrpm fededrinte 2 arfélrpse\@n%r@épbr(l‘vf) l%@mhng point

reaction mxture therefromis fed intoa =
evappyeded onpterinbebtained thepisom ufed datmaadistilmtion, column

i quid conponent obtained therefromis fed into a
(VH) ndd eth gleind glycol iscbbtainéd, asmadsigtehgibcengpgnehnt i22 from an

produced in an
enrichment section of the distillation column (VII), and then purification is
further carried out using a purifier (IX), whereby high-purity ethylene
glycol is produced in an amount of 255 g/ hr. That is, in the process of
Patent Document 12 (Japanese Patent Application Laid-Open No. 6-9507
(corresponding to European Patent No. 0569812, and U.S. Patent No.
5359118)), high-purity ethylene glycol is not obtained from the high
boiling point reaction mixture until four purifying apparatuses have been
used. Furthermore, the process of Patent Document 12 (Japanese
Patent Application Laid-Open No. 6—9507 (corresponding to European
Patent No. 0569812, and U.S. Patent No. 5359118)) is a process in

which a small amount of ethylene glycol is produced, there being no
7
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amount of 19 kg / hr as a side cut conponent from a
stripping section of the third distillation colum
10. However, with the process of Patent Docunent 15
(Japanese Patent Application Laid-COpen No.

2003- 342209), 15 the ethyl ene glycol obtained contains

suggestiohd whatisolelveriredjartliyg enprogéys dor prodaicinga large
et hyl ene glycol of a high purity as required as a

amoﬁhﬂ(é'@gnﬂﬁl@és #hahOf tén '75'Tr)fdnb§rd|6¥ stably fdeai prolehged
t he process of Pat ent Docunent 15 (Japanese Patent

pencﬁ?%'f tﬁﬁb' d}g,gggq% Sg%?)gﬁ?ﬁ g)209) at | east one

rther Pfyl n us’ requi red. 20 That

Pa%@qﬂeo tgﬁq\ggc?r ﬁanﬁlgp%%ggoq @gﬁﬁg%ﬁ%ﬂ?ﬁocumem
15 (J3RABFPEL 7P AP BHFR BRI G s IR e Q@ﬂgué‘*ggb@ﬁf a:high

inlet for feeding into the di stl I lation col um, but
boilipngep@int ireaction mextyng withdraywny éeam; a |QW§l§fPQ'EI@’hPf a

and noreover the process of Patent Docunment 15 25
reactivepdistidlativan eniumyppis fed into Basecapddistillation column 4, high

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

boiling pdietengtertal obtaipeddtivadkfrdimeisefdediintd achyd@rolysis reactor 7,
suggesti ons what soever regarding a process for

the reaRdisr RtxtulefirefeIRUR fd@ ifto BOdetaAsoXARion tamk /
hr) of a diol stably for a prolonged period of tine

gasfl?%&lld 88pat&oY éﬁié&ll?@@@ é&;lb?heﬁig?iﬁ%\{ﬁé%oﬂh%ref@m is fed

exanpl e ent 5 cunent

%Lt@ﬁfdeggéowzéﬁbnP&bﬁﬁapz}hﬁﬁgtwﬁ%@ﬁée progdged n on
amog,gfgwa%g Jnﬁb@sga nga ég%acg}ﬁan Atf&m c?a? rbp]perg s8ction of
e AT i S, sl A e S st

in an enrichment section of an EG ing 10 col
Docmm,emmi&bJa@aaaaeeDatﬁmhqAaplipaiiomeEai pﬂndwhaOOS 342209),

colum, but in each case the ampbunt produced is a
the ethylénamgivool obtaiessd chataib@00 2 A try, weight of diethylene
glycol. To obtain ethylene glycol of a high purity as required as a
starting material for a PET fiber or a PET resin using the process of
Patent Document 15 (Japanese Patent Application Laid-Open No.
2003-342209), at least one further purifying apparatus is thus required.
That is, with the process of Patent Document 15 (Japanese Patent
Application Laid-Open No. 2003-342209), ethylene glycol is obtained
from a side cut cutlet installed in the stripping section, which is below an
inlet for feeding into the distillation column, but the purity of the ethylene
glycol is insufficient, and moreover the process of Paient Document 15

(Japanese Patent Application Laid-Open No. 2003-342209) is a process

in which a small amount of ethylene glycol is produced, there being no
8
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t here being no suggestions what soever regarding a
process for producing a |arge anmount (e.g. not |ess
than 1 ton / hr) of a diol stably for a prol onged
period of tinme (e.g. not |less than 5000 hours). 15
Approximately 16 mllion tons per year (2004) of

suggdstio e evitd tsodvarsregiradng ef proce geifde produdingelage

all of this has been through a hydration nethod in

amoWht ¢8.9@h6E 16Ss HERN EnTthv) 608 Givl dﬂabgbwarpmaénged
h tion of E

shown ~ by the statenent "Produc (et hyl ene

peridt ¥idithe fo BY bt Wdeirdi sgofefplg).of EO (et hyl ene

e reaction generally DBeing carried out 20
¢ aMBte i, 18, E87 praribict darhbiE g O (EopY 1B Pk,
Do iiertl fgnTgesl Fabtbshse g B basdBdoBieorresponding

proportions of these products depend on the water |
to Egropean Patent Ne. Jd74406/mandild 15.aPatent MNa. 6479689)) and
approximately 90% the water / EO ratio nust be nade
exampled (dGpby boxPadeat Pecumerd InjlapanaesieocPatenbAgelication
amount of water nust thus be distilled off in an EG

LaidpDpiehi Neat i2003t34)8864)] Wighapgeitpathyterné gl9cdhig obltained from
energy is consuned in this. ... Wth regard to

a sidey BLERUtFetOin sk lebriAMA F@nriEhinertode étio R\6T &4 & GBBLfying
to say that this is an inperfect process fromthe

colu 'r?%‘)ivmif‘ﬁ‘z 532%2%9% §ﬁfii'|FéteF69yféédiﬂ Eﬂ?(ﬁegﬁgaeéﬁlumn, but in

cumént etroleumlInstitu

N L Vet~ K " " " l.cal
sach.FEEe e AR HEHECTS5Y9 48 A siall SHENLE B dgsp than 200 9/
i ndustrial prodyction process has great drawbacks bhoth
therg BRIROHC SyBARRIANS v SORY Al IRATIAING 4 EEPCRRE T8 Tand
selectivity, and the perspective of energy. saving. 10
prodgeing & largeoa maoiihts - gn Metoleissnthan 1bts0rséﬁvéd> 0 dﬁ%stably
Invention It is an object of the present invention to
for appeplongesl ppeiid pf time (e.g9. not less than 5000 hours).

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

thus be distilied off in an EG purification step, and a large amount of
9
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appar atus and process for producing a high-purity diol

by taking a cyclic carbonate and an aliphatic

nonohydri ¢ al cohol as starting naterials, 15

continuously feeding the starting materials into a

continuous multi-stage distillation colum A in which
thermat armdrngyt is sonsasedd inchis.yi ng OWith eaghirddo synthesis of EG

distillation in the colum A, continuously wthdraw ng

framPE Vit heirdtndn RVdstatetABht @5 ﬁ%lh‘é?tl’ﬁg ig0gh ahipddedt
produced di al kyl carbonate and the aliphatic

procﬁ%lggf’?éiﬂ%ﬁa %EWE)‘EJ:?{ b?@@é?ﬁ?@ﬁ'ict@ﬁ'b&' ”Oﬁh Niord- 'Ffat%'( um

aseous r1orm cCoritl nuous dr awi ng

Doc{nghscL i aPEn PRl St Iastupl ceskis é?héf‘%?&%@gpﬁrﬂsesu
(‘Peflgcibmial B tieesioy’ ruﬁui'sys. 185% 2ok Kandisna, Ebagi) this

nmulti-stage distillation colum C, distilling
Indumsrt%lrpénd%annr@qaﬁﬁehaﬁcgnaa{gdwhackﬁ&pmhﬁpmhehe

diol contained in 25 the high boiling point reaction
perspegtivecohthasthyban eglycobybrddpond raeleTtivityd andothe

side cut conponent Cs so as to obtain a colum bottom
perspectivepohenier§B, sadngi. nuousl y feedi ng the col um

bott om conponent CB into a continuous nulti-stage

distillation colum E, and obtaining the diol as a

side cut conponent Es froma side cut outlet of the

DlscFﬁUr'enHPll’ﬁyeHthl -stage distillation colum E.

Mor eover , I'S an object to thus 5 provide a specific

[ n%lﬁb'iéﬁﬂ ﬂ)ogengp\b\ge(grbg {wyﬁgégﬁépproductl on process

that are i nex enabl e the
di,o uced..i n ,an_amuynt _of

h- puri t nQt.
"2, Pies P, ik BEesfhf Yo B aRtRH® 3&9%*'&

tinme t(aﬁgg not | ess than 1000 hours, referalé P
apparagds Prapess Hehimyodusiag A é’f‘@heﬂﬁg theiol Ry dakinga cyclic

5000 hours). 10 Means for Solving the Problens That
carbpsate@fst @malipbatisemonahydripadeobpl asesiartingnmaterials,

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

the high boiling point reaction mixture Ag as a column top component Ct

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

hi gh-purity diol in which a high-purity diol is
produced by taking a cyclic carbonate and an 15

al i phati c nonohydric al cohol as starting materi al s,
the process conprising the steps of: (1) continuously

comperEnt L4, "eontinubusly f@édirdgtihe idtlantn pottdmucdmponent Cg
rrultl-stage distillation colum Ain which a catalyst

into hsccﬂ‘iﬂﬁﬁﬂhs Iﬁ@ﬂlrlyétage &Iéttllfditf’&ﬁ 'db‘?uﬁirf’?‘ﬂ,'ér?d idbiaifing the diol

sald distillation ¢ A, conti nuous

as avﬂlﬂpdé@t"‘wﬂ'ufoﬂé’ﬁ‘f 29 Cfrbﬁ*g pglylrét clif ?ftf nl-i(;é %ﬂéfﬁﬁous

contal ni ng roduc car ona e a
hat j oh from an, upper . portjo
multC5AE distiTBIRE ERbimAEn MoteguaEdt L8R apiekits thls
nti nuous| thdraMAn a high boilin

provrdiea@waﬁcmcim#“ %@'&ﬁﬁgﬁﬁuﬁg ad lpﬂ&é&%@ﬁpavepcﬁlpen%pcess

| ower portion of the distillation colum Ain a liquid
that asefipexpensiye el iorexamppecenapledhe lmgj'hpbkﬁltwdigf to be

point reaction mxture 11 AB into a continuous

prodookedi insangemaitstti ofl aot bess dhanm Condont stallysfor a prolonged
wi t hdrawi ng material having a |ower boiling point than

periddaf tihet(eegdindt lessnthamedoionhsars, preferably ingd Ipssthan
reaction mxture AB as a colum top conponent CT

3000RABLPS, ﬂwﬁ*edﬁréféra%‘l’ﬁm%%s%arﬁB@O@OﬁbUF‘é'PUS| y 5
V\nthdravm ng a col unm bottom conponent CB havi ng the

of Medits Pl O IRE IR 20, TP T LontT nhoust o
f [ ' . .
eﬁﬁ*!aﬂﬂsuE%ﬁ@?{ﬂtﬂ@sﬁgb%&'sﬁ%?ri%?@ﬁf e 3Pt jpyention.
conti nuouy _withdrawi ng a high-purity diol as a side
therec@lred?fﬁ’dda@ﬁt Es froma side cut 10 outlet of said
continuous nulti-stage distillation colum E, where

1. imppdodwstriak prpsessdor the B@@%tﬂm@@ghwwnsﬂa@lem

distillation colum C conprising a
which a high-purity diol is produced by taking a cyclic carbonate and an

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

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

(I1} continuously feeding said high boiling point reaction mixture
11
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continuous nulti-stage distillation colum conpri sing
a stripping section having a length Lci (cn), an

i nside diameter Dc, (cn) and an internal 15 with a
nunber of stages nc, thereinside, and an enri chnent
section having a length Lc2 (cm, an inside dianeter

As ifo2a(coiticndusmufiti-stage distiliatiomeohemnoC, dorgasuoadly
t her ei nsi de, wherein Lci, Dci, nc,, Lc2, Dcz, and nc?2

wﬂhé?é\}vﬁfod nwfériz%l' i%gwwafw&&l BBII(H% dcﬁnf ?c).an&%t%f tlrﬁal diol

°°"té%§égo%ﬁﬁ2%@€b§é?n§ Wi fea%@anﬁﬂgé‘lﬁ%f‘%&n&o'w top
9 b

compBheBtEr aREVRE avsidfiput SomBBhel e F A AT EiANE

withdlFgnTiig er Galum RO UAMEBI RO RSN ks ha VNG (ap gl 35 a main
therein one or nore 5 chi meys each havi ng an opening

companeny theceok frosaa lower nparéiereef (tbﬂaqlstlélattm 9phgmnh€» and
formula (10): 200 < Sc 5 1000 (10), and each of the
ch|(Hh)eys:obﬂlmgoLssjgrfete‘dangatheecgmmhebotin)'n fooonpeaeat Cg into a

openi ng of said chimey to a gas outlet of said
contimueuenehi-ssdgesdistilatith ¢olumhaE( dhd cdAtinbeusipo

(11); (c) the side cut outlet is connected to a liquid
with@RA WA aNighplurlty &bl as a side cut component Es from a side cut
outlet of said continuous multi-stage distillation column E; wherein
improvement comprises:

(a) said continuous multi-stage distillation column C comprising a
continuous multi-stage distillation column comprising a stripping section
having a length L¢c1 (cm), an inside diameter D¢y (cm) and an internal
with a number of stages ncs thereinside, and an enrichment section
having a length L¢cz (cm), an inside diameter D¢z (cm) and an internal

with a number of stages nc; thereinside, wherein L¢1, Deq, ne1, Loz, Dea,

and ngz satisfy the following formulae (1) to (9):

300 < L¢q < 3000 (1)
50 < D¢y < 700 (2)
3<Lci/Der <30 (3)
3 < ngy <30 (4)
1000 < L¢z < 5000 (5)
50 < D¢z < 500 (6)
10 < L¢z / De2 £ 50 (7)
20 < ngz <€ 100 (8) and

12



said chimey tray of said continuous nulti-stage
distillation colum C, (d) said continuous

nmul ti-stage distillation colum E conprising a 15
continuous nulti-stage distillation colum conpri sing
a stripping section having a length LEI (cm, an

i nsi de di kg PEI (cm and an interng@); with a
nunber ofmds.gfagesPEEl t her ei nsi de, andr(arz enri chment

“E’)Egbz gﬁ,? dIERfhehtl 8K nLogzsémonﬁ uols AfuIflL sYaRfeL"

and an I nterna a nu er of stages nE2

o565 85 U5 o o 5, 5P i oo

12
the 'Qfe i %B '%"k')‘e}ﬁgf%@a("iw |5§t%&3 Ehe[%'i‘ 9"34%"05'0’9
(16) 100< DE2! 9 1000 (D'Eg 5 LE2 /DE2 30 18 2
5 chimneys,each Bavinmanpaen @vmg g sr9ss1asct t%a area Sc (cm”)
enri chment section of said continuous nulti-stage 5
satisdying thatfoomuwal(I®): E has at | east one chinmmey tray
installed therein as the internal, the chimey tray

havi ng i 290kl 8¢ < HE@OA n at | east two (1€) meys each
havi ng an openi ng having a cross-sectional area SE

and ea&R) of 8i%é icHidirgyd beingsudmth@tla héight hSkem) fd0said
(21), 10 and each of the chi meys being such that a

operlGESLsH CAphriy D s ANSE Opslo AN SERNi o
10 formuf&X11):
10 < he < 80 (11);
(c) the side cut outlet is connected to a liquid collecting portion of
said chimney tray of said continuous multi-stage distillation column C;
(d) said continuous multi-stage distiilation column E comprising a
15 continuous multi-stage distillation column comprising a stripping section
having a length Lgq (cm), an inside diameter Dgy (cm) and an internal
with a number of stages ng¢ thereinside, and an enrichment section
having a length Lgz (cm), an inside diameter Dgz {(cm) and an internal

with a number of stages ng; thereinside, wherein Lgq, Dg4, Ne1, Lez, De2,

20 and ngz satisfy the following formulae (12) to (20):

400 < Lgs < 3000 (12)
50 < Dg4 < 700 (13)
2 < Lgq / Dgq € 50 (14)
3 < ngq < 30 (15)
26 600 < Lgz < 4000 (16)
100 < Dg, < 1000 (17)

13
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20 : _ hE :_ 100 (22); and (f) the side cut outlet of
is connected to a liquid collecting portion 15 of
said chimey tray of said continuous nulti-stage
distillation colum E, 2 the process according to
item1l, wherein a produced anmount of the high-purity

diol is ok lgsspdhaaghton / hr, 3. theg)process
according to 1tem1 or 2, wherein a plurality (nc3

stages) mk ALY are further provi d@f?s)' dn@ | over
t por

portion of the internals in a 20 | ower tion of

t he striptpi ng[zjection which is in a Io((;\ﬁ).portion of
ion ‘¢t

sai d continudus®hul ti-stage distillat olum C, a

liquid,.is continuqusly,. wthdrawn froman u r nost
st 31 YopdftEhisiosadtiolp e 2l Cablip ol R
. .fequire for distillation in a reboiler, the a .
chsﬂhaﬁemu0? meiE MRt atileast oRe @ gFPPVd?P&ﬁ"éBﬂﬁﬁ&?gﬁfe”‘as
froma feeding port provided between the 25 upper npst
the igtetralpthechimnay dray hayvipadnstalted dherain at least two
| ower nost portion of the stripping section, while a
chimresys eaeh bavire ani gpeding hiaving et cras$wexntional arey Sg (cm?)
in order, 4. the process according to item 3, wherein

satisfghiy thetfoemulay21¥:is a baffle tray, 5. the process
according to item3 or 4, wherein an inside dianeter

Dc3 5 ofgpai g «oppppuous mul ti-stage @iqstillation
colum C where the trays K are present satisfies Dc,

t ; ' iy t i
and gdefrof Mo cHinfH Y BRIAGSUGH fifef 8 MG Eomp 86M S5id
. , n fo ' ON} i . i- '
opening; 6t sAfF sG> E°4as ML s Ehurifiash 5afEes the

2?03 ;_0 10 <_ Dci <_ 500, 5 Lci / Dc, <_ 20, 5 <_ nc,
fOF"Qt? 62)1500 <_ Lc2 4000, 70 <_ Dc2 <_ 400, 15 <_ Lc2

/| Dc2 <_ 40, 30 5 nc2 < 90, and 3 5 nc3 < 20, 7. the

process #c&rk #9108 any on of itens 1{22d; @ndaherein

the internal _
(f) the side cut outlet of is connected to a liquid coliecting portion

of said chimney tray of said continuous multi-stage distillation column E,
2 the process according to item 1, wherein a produced amount of the
high-purity diol is not less than 1 ton / hr,

3. the process according to item 1 or 2, wherein a plurality (nc3 stages)
of trays K are further provided in a lower portion of the internais in a
lowermost portion of the stripping section which is in a lower portion of
said continuous multi-stage distillation column C, a liquid is continuously
withdrawn from an uppermost stage of said trays K, and after heat is
given to require for distiliation in a reboiler, the heated liquid is returned
into the distillation column C from a feeding port provided between the
uppermost stage of said trays K and the internal in the lowermost portion

of the stripping section, while a remainder of the liquid is fed into a lower
14
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in the stripping section of said continuous
multi-stage distillation colum C and the interna
excluding the chimey tray in the enrichnent section
15 are trays and / or packings, B. the process
according to item7, wherein the internal in the

tray $4 forgderng section of said continuous nulti-stage
distillation colum Cis the tray, and the interna

4, vetBgs (dtcordingas ey 3, WhERiRNGaEN BT theSBaYSOR is a
?ﬁgk%ﬁe tray and ﬁaor strucfured packing, 20 9. ?Le

r ss according to item?7 or 8, wherein said tray is
bafﬂg @?gVe tray, 10. the process according to item?9,

erein said sieve tray hag 1 0 [
5. HEPEbEeRs dvctiia biHentR nd. e ad Shéfe, difmeter D
er hgle in a range of .fr 0.5 to 5 cnp, .25 11. the
of sqjAertnyeus MU Hage: iatdlasion solyme & wf}s{ea%lﬁ s K are
ratio (a ratio of a total cross-sectional area of the
prespot satisfiam®ardPstage to an 15 area of the tray) of
said sieve tray in the enrichnent section of said
6. thmprooess andardisgdgeany sine lodtitamscditany, €hieseimba+, Dey,
range of from2 to 15% 12. the process according to

Lcq /Dy 10081 OLch t Bes, Qcbd Dda, mperand ray foragmidt cortinabus
(aratio of a total cross-sectional area of the holes

muiti-8t29€ dikfif%tidhPesIdmnad ﬁﬁ@fyofeéﬁé’ct‘i\b"@%/)ssb Sad < 2000, 70
sieve trays in the enrichment ® section of said

< DRSS MU 1ip 20U 1 00 ST 2ahon 0 < O
< oA e ey §9E, o St < WEETHL 0B S22 17 E,

7. OREpPRReb o RSy 3P R o GBI He intomal
in thgpsetrllgpnp%)ngo;egtaili)g é:fhisanirgie)éofﬂ{i%%o(gs rsnatillscji-stage distillation column
C and the internal excluding the chimney tray in the enrichment section
are trays and / or packings,

8. the process according to item 7, wherein the internal in the stripping
section of said continuous muiti-stage distillation column C is the tray,
and the internal excluding the chimney tray in the enrichment section is
the tray and / or structured packing,

9. the process according to item 7 or 8, wherein said tray is a sieve
tray,

10. the process according to item 9, wherein said sieve tray has 100 to
1000 holes / m? in a sieve portion thereof, and a cross-sectional area per
hole in a range of from 0.5 to 5 cm?,

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

ratio of a total cross-sectional area of the holes in one tray stage to an
15



10

15

20

25

continuous multi-stage distillation columm Cis in a
range of from10 to 40% 15 14. the process according
to any one of itens 1 to 13, wherein said continuous
mul ti-stage distillation colum C has a col umm bottom
tenperature in a range of from 150 to 250 C, 15. the

areapsbties sraagcof daig sievartyapin the ehdohnientosédtionhef said
said continuous nulti-stage distillation colum C has

contihm#fﬂﬁ‘uﬁpﬁté’éé%ﬁﬁflﬁahﬁn é81Linhands iff a frafgec8P o2 to
00000 Pa, 16. the process according to any one of

5o/|terrs 1 to 15, wherein said continuous multi-stage
i stillation colum C has a reflux ratio in a range

[ t
2. ging Piﬁggié Aferoiff dectfly BRESTIRERS 8b"PronRogir &R
aid colum to onmponent CT is not nore 100 .
aperiii rdtos r3fig Gratat Gross aPRUONaT Arpacntihg NalgRdn one
to 17, wherein a content of the diol in said side
tray émg@dﬁm@fﬁa@f the teay hof saith sieve 368yinithe apgehment
fed into the continuous nulti-stage distillation
sectiosl ofmsall continkeupmulsstageatistiNgtion aalumneCop in a range
itens 1 to 18, wherein LEI, DEI, 5 LEI / DElI, nE1l,

of from2} . DE2,12%2 /| DE2, and nE2 for said conti nuous
multi-stage distillation colum E satisfy 500 5 LEI 5

13. 29@8ré@@s§_a&%1rd5n§% ary oridbf/iterhEl1 ta £D, wﬁe5enE|an
700 < LEZ 5 3000, 120 DE2 5 800, 3 5 LE2 /

apergﬁ% ratiéda Fat‘ﬁ;; JiEf tﬁtalg&os%ng?gﬁbnél éa gPthd \'E)E)enm s in

process according to any one of 1tens 1 to 19, erei

the dfFndf M Bbef fhd Sl REURIEU AL poelpl o
crosSiSSA4RY] SRS i Bositdr bPLald ST Ydy BY oafd®
continuous multi-stage distillation column C is in a range of from 10 to
40%,

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

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

16. the process according to any one of items 1 to 15, 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 items 1 to 16, wherein a

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

ppm,
16
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21. the process according to item 20, wherein the
internal in the stripping section and the enrichnent
section of said continuous 15 nulti-stage distillation
colum E excluding the chimey tray is the tray, 22.
the process according to item21, wherein said tray is

18. atise prockssyaccainghto anywase oAdtems fdot 17 Wherain a
wherein said sieve tray has 150 to 1200 holes/nR2 in a

contéh?‘tﬁ ther didIint Siiesfde antican%@ﬁéns@g isanalt rAOPE thBA"0.5%
hole in a range of fromO0.5 to cng,

of th%rﬁ&ﬂsl%daﬁﬁprt‘i’l'engohﬂnu'b%@ ﬁ'ﬁ.llﬂ %%e M"ﬁ'il?ét”oﬁrbolugrim C,

erture ratio (a atiroo Cross-section

'?ﬁ?f’?f poRS RS By e Frdfinscn 8 1€ Fhsient B2 De,

cont i nyQus mJI i -stage, distillation colum
Les fs Bee PangeeniDendmz! Dz, B0 Nag o8 SR EqnReLs T ‘mufti-stage
according to any one of itens 22 to 24, wherein
distilptienueeluranik sadisfyt3Q0 of Las £02800¢ ASK: <slet |Soﬁap 3<Ller!
area of the holes in one 17 tray stage to an area of
Deq1 £120t 5 aypeofc 88| TO0 avieet £B000, 1268 £ ckBO®, 3 < Le2 / Dgz <
section of said continuous nulti-stage distillation

20, zad npn<E30sand Bgyan@y,, of from2 to 20% 26. the
process according to any one of itens 1 to 25, wherein

20. athé prBeekY fcdarding (td éﬂ%lwébfatémba’l to 19, wherein the
cross-sectional area of the opening in the chlnney to

:nterﬁ%!érlﬁ"%h%fsttrﬂgqlﬁ@' S8EYHoh 4 d 'tH%'éWhEEn??ﬁtoéé‘btlo _of said

Cross-sectio area of the opening sal d i Mmey
f t I
contiy® it 458 S RHHBGR Ll e esfBind ARp] Gimney teay
@ ocess ccoro\H g to any one of itens | to 26, vvherel n
are 4ays ari L HRFHOGEs mJItl -stage distillation colum E
has a col um bottom ngeraturelnaraneof L n%
21. 1the %OQEES@C%d"ﬂaéop’ g4l yheraindye higrnapin the
items 1 to 27, wherein said _ :
stripping section and the enrichment section of said continuous
multi-stage distiilation column E excluding the chimney tray is the tray,
22. the process according to item 21, wherein said tray is a sieve tray,
23. the process according to item 22, wherein said sieve tray has 150
to 1200 holes/m? in a sieve portion thereof, and a cross-sectional area
per hole in a range of from 0.5 to 5 cm?,
24. the process according to item 22 or 23, wherein an aperture ratio (a
ratio of a total cross-sectional area of the holes in one tray stage to an
area of the tray) of said sieve tray in the stripping section of said
continuous multi-stage distillation column E is in a range of from 3 to
25%,

25. the process according to any one of items 22 to 24, wherein an

aperture ratio (a ratio of a total cross-sectional area of the holes in one
17
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continuous multi-stage distillation colum E has a
reflux ratio in a range of from6 to 100, 15 29. the
process according to any one of itens 1 to 28, wherein
a purity of the diol in said side cut conponent Es is
not | ess than 99% 30. the process according to any

tray 8b@g@ftoi g Hreh 6PIRE trafpofisaid stevettyay dh thecedrichment
said side cut conponent Es is not |ess than 99. 9%

sectfofl bP%aid Qﬁﬁﬂgﬁ?cﬂgstrﬁuitﬂ%tég Ictggt:ﬂ%l@ﬁﬁf cBiu hheEﬁ%eﬁ'\eﬁtrange

I nvention ere are pr a high-purit

0 r ed by the process according to any one of
of frg't" gste Qﬁ%cso ~which conprises a content of high

b|||n ol nt urltles such sadllky n I

z6. o idBRe Heesiog ‘iiny B eMiufod 5224 @5@9%?'9 an
not rmr_e than,O 1£ 25 32. a hi pur i % ﬂ’(‘)

apertursyralie (@ ratie qfradetal crass-aprio @'a{yao 12 ?onwng in the
1 to 30, which conprises a content of high boilin

chimpsiynto iamparea iafsthelghinprydsay inckudipigea ogay@mswectlonal
not nore than 100 ppm and a hal ogen content of not

areanaf the bperding)nf Jaidt teimpey, tray ofr shidgcontinbeushinudti-stage
aspect of the present invention, there are provided:

distifafidn coleonhiBUOUA dmbhgesdiﬁﬂ%ndlssw l4i0e%| on colum C
and a continuous nulti-stage distillation colum E

27. THe w&&&sg%&&rd@ner@cgm did dtrifsiel 190 26, wherein said
hi gh-purity diol by taking a cyclic carbonate and an

contﬁ'Ldm'i'ﬁGItt %W&hﬂaﬁ'o‘ﬁowh{rﬁﬁ Etrfézé fog?ili‘?ﬁﬁrbé’ﬁém

I OCESsS t he

|y, feed als |
temigtRpaNE Yanfe o fell TR AP Eh Col i A" 1 whi ch
28. Y4 prolessimedpraing te Say ang obitemeLfas 27 Swherein said

conti nuous|y o o
continuous multi-stage distiltation column E has a reflux ratio in a range

of from 6 to 100,

29. the process according to any one of items 1 to 28, wherein a purity

of the diol in said side cut component Es is not less than 99%,

30. the process according to any one of items 1 to 29, wherein a purity

of the diol in said side cut component Es is not less than 99.9%.
Further, according to the second aspect of the present invention,

there are provided:

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

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

such as a dialkylene glycol of not more than 200 ppm, and a halogen

content of not more than 0.1 ppm,

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

items 1 to 30, which comprises a content of high boiling point impurities
18
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wi thdrawing a | ow boiling point reaction m xture AT
containing a produced dialkyl carbonate and said
al i phati c nonohydric al cohol from an upper 15 portion
of the distillation colum A in a gaseous form and
continuously wthdrawi ng a high boiling point

such ascd idealkylenherglydBi ofnicti miorg tharpd 0Qupprh,cand & halogen
| oner portion of the distillation colum Ain aliquid

contbAt Bf ndt mdrentHanquspl. f eedi ng sai d high boiling
poi nt reaction mxture 20 AB into a continuous

t%ﬁh%'i’ﬁﬂfred'afédrdrgﬁﬁ 1B, ’t’fﬁ?d%sﬁ%%‘llt ?fﬁl‘é& r3ésent invention,

rawu n aVI ng I ower t han

h . di ol contalned in said high boillng poi nt
er) M Bl g

ture AB as a columm top conponent CT
and/ or,.a side c onen I nu
33. mm%masdny AOBA AT SRINPTCE Ald: 5. gantinuous
as mai n 25 conponent t hereof from a | ower
multpémwiah"ahi@ruﬁ@tumnaEu of GAIrviRg eut aprogess ffor producing
conti nuously feeding the col um bottom conponent CB
a highvpurity diel dontakingus opdlic carborate and aataldphaticum
E, and continuously wthdrawing a high-purity diol as
monehydtie aldohulnposeatting rhatenialssitie prdcessitbatposing the
said continuous multi-stage distillation colum E;
stepghgrein inprovement conprises: 5 (a) said continuous
nultl-stage distillation colum C conprising a

Cogr ) neers%.n'uadgnfrb@%n@'tﬁb' Hq’a‘ I'ngnﬁ%bwms Ciﬁﬂ?%' &bAfinuous

t'ri ppi ng sect ing a

multl-%ﬁ%gg ﬂ?ﬂg?gl%gsgﬁlurﬁf\?ﬂgﬂgl 'a\nct. épgé V"P"Q%é‘n carrying
out REFHE g %*ﬂléﬁﬁﬂa}nlt%" L Sﬁﬁ?avé?fh C&'ﬁﬁHﬁ'b 'Cfﬁe"tg"a@é'ﬁé@r

nc2 therejnside, wherein Lci, nci
withdegwuig asloy fodling wmtrf&aﬂ%mnaé g Afrocq@)amm)a *Produced
Lc, :_ 3000 (1)

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

(11) continuocusly feeding said high boiling point reaction mixture
Ag into a continucus multi-stage distillation column C, continuously
withdrawing material having a lower boiling point than that of the diol
contained in said high boiling point reaction mixture Ag as a column top
component Cy and/or a side cut component Cs, and continuously
withdrawing a column bottom component Cg having the diol as a main
component thereof from a lower portion of the distillation column C; and

(IlI1) continuously feeding the column bottom component Cg into a
19
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50 :_ Dc, :_ 700 (2) 3:_Lci/Dc,530 (3) 15 3 <_ncj 5
30 (4) 1000 :_ Lc2:_ 5000 (5) 50 Dc2 :_ 500 (6)
10Lc2/Dc2:5 50 (7) 20 :_ nc2 :_ 100 (8) and 20 Dc2 :
Dci (9); (b) the enrichment section of said continuous
multi-stage distillation colum C has at |east one
contithicemutkgtage idibtiHdtiomecelumasE, e cohtinodlusly he
chimey tray having installed therein one or nore

with&rawity a KR 'ﬂt@Myrtﬁo@%soﬁeﬂdﬁgc@ta&bﬁﬁ)tﬁmnt Es from a side cut

Cross-secti onal afea Sc (cnf 25 satisfying the
outiq et ey, s fsf i Sgi e

nin f said chimmey to a gas outlet of said
lmpr§§e&heéﬁt0§ F%i’?%% the formula (11): 10<_hc:5 80 (11)
th e cut out c ed to a li

2o ﬁL@@r‘ﬁg%ﬂmww FuhEstade fahiction,5Ouina.E $omprising a

continuous nulti-stage distillation colum C, (d)
contgwqus oheitigtrge distillatioageomnisompirising A ghripping section

conprising a continuous nulti-stage distillation
havioglahengtnber {cmy), arsinsige dipreter Br1 (e} agdaandnteinal

LEI (cm), an inside dianeter DEL (cm and an internal
with Zonuiitherofisthges aic Sthegesn side, taved eimendichmedt section

enri chnment section having a length LE2 (cm, an

hawn@sa fen girn et fenPEdr ¢ididendisafetét BB alcm)ahld éD% internal

unmber of stages NE2 thereinside, wherein LEI,
with '&Eﬂun‘kﬁ%’ oPsfages nc, thereinside, wherein Lcy, Dc1, nc1, Lcz2, Dea,

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

300 < L¢q £ 3000 (1)
50 < D¢y £700 (2)
35 Lct/D¢g1£30 (3)
3 < ng1 < 30 (4)
1000 < L¢2 £ 5000 (5)
50 < D¢ < 500 (6)
10 < Lcz2 / De2z £ 50 (7)
20 € ngz2 £ 100 (8) and
Dec2 < Dey (9);

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

200 < S¢ <1000 (10),
20
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and nE2 satisfy the following fornmulae (12) to (20):

400<_LElI < 3000 (12) 15 50:5 DEl< 700 (13)

2<LEI/DEI < 50 (14) 3<nEl 30 (15) 600 LE2 4000 (16)

100 < DE2 1000 (17) 20 2<LE2/DE2< 30 (18) 5< nE250

(19) and DE1 <_ DE2 (20); (e) the enrichment section
and ehchadfithechimnays being stichgthatda fieighttho (cmglfrom Eaid

has at |east one chimmey tray installed therein as 25
operliRg oNs8Iddhimhlzs ﬁiﬂarqsy dutiet bR%a chigindy sdtisfies the

thérein at | east 'two chi meys each havi ng an openi ng

i a cross-sectional area SE (cnR) 21 satisfying

f°’mt“ﬂ%‘??s?-w| a (21): 50sSE 52000 (21), and each of the

chi meys ,bei su that a height hE ( .fromsaid

openi ng 32’ § "dscﬁ}rmey to a gas outl e(flth sai d

chi mm satisfies the. 5 forml 22):. 20, < . hE .< 100.
(2657 e 3Hp cutSubiBhis danRisthted to 8 adid Aaugttie, gotion of
o liquid collecting portion of said chimmey tray of

said ghyimnantiawef sad aantinugus anuitistagedistidatign eolumn C;
34. the continuous nulti-stage distillation colum C
ac{d) said) comtinuwowd nalli-stmge o iatibapionr aelumn(Rg@mprising a
stages) of trays K are further provided in a |ower

contprdumwiti-stege tietilationi courhnvesmpsisipgra istripping Isection
stripping section which is in a |lower portion of said

haviggrd 1ewes Leyl(bim)Staddenside diameter Dgy (cm) and an internal

with a number of stages ng; thereinside, and an enrichment section
having a length Lg; (cm), an inside diameter Dg; (¢cm) and an internal
with a number of stages ng2 thereinside, wherein Lg1, Dg1, ne1, Le2, De2,

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

400 < Lgq < 3000 (12)
50 < Dgq < 700 (13)
2 <Lgy/ Dgq1 <50 (14)
3 < ngq <30 (15)
600 < Lgz < 4000 (16)
100 < Dgz < 1000 (17)
2 < Lgz/ Dgz < 30 (18)
5 <ng2 £50 (19) and
De1 < Dez (20);

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

chimneys each having an opening having a cross-sectional area Sg (cm?)
21
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distillation colum C, a liquid is continuously

Wt hdrawn from an uppernost stage of said trays K
and after heat is given to require for 15 distillation
in areboiler, the heated liquid is returned into the
distillation colum C froma feeding port provided

saugf?mgeﬂmetfbﬁnm@qmqst stage of said trays K and the
internal in the | owernost portion of the stripping

section, sahkl®: & HOOH nder of the liquybodyis fed into a

| ower tray 1 n order, t he continuous ‘mul ti-stage
and daghiof e o ﬁw?;b&ﬁ@%% Dt 8 148t 726 rom gala

operigd; ¢LfItE s Rlinisy*tdAce 26 Bleht S a@aahimeﬁvr Sfigfigs"h
si:z%_ntlnuous multi-stage distillation colum C
form\l,‘lﬁ% 8 S’ne trays K are present satisfies Dci 5 Dc3,

37. the continuous nulti-stage distillation colum C
accor di n@0t 8 heng P80one of itens 34 to 36, W@djernd

Lci, Dci, Lei / Dci, nci, Lc2, Dc2, Lc2 / Dc2, nc2,
an(alf)rtd:\:e sitte sat duttet n‘:ﬁimaennmelcttedsmagdiqﬂidt¢¢I|Iact‘ing portion
colum C satisfy 22 respectively 500 5 Lci 5 2000, 70

of sdidEhinn&PQray oF daid ¢ominudbugOmultistage di_s%il!%ﬂiori&&%mn E,
< Lc2 5 4000, 70 5 Dc2 5 400, 15 5 Lc2 / 0c2 :5 40,

34. 3hécBtinuus MGitBstads Aistilidlon3Soluhf G%ddrhl%@ to item

multi-stage distillation colum C according to any 5

33, Wﬁ&ré’i‘h édﬁ[ﬁaﬁﬁ/ glr‘i’%e’gtaq@?)’ &F trdyeK Ql'-érfp?thér'brtdiﬁded ina

stripplng secti’o conti‘nuous multi -

lowfgRiriayt bF e iRt R 2 RO PEHTaFET Y G

and/ or._packin 39. e continyous nulti-sta
sect@fCniBes Jh L3pwan ROTRD PhisAIc P i BHpUSIN Uistans
the internal in the stripping sectl on_of said
distillatie nrrRiyenn &> nal liquig; isgeo atiguously vithdm@wmirem an ne
tray, and the internal excluding the chimey tray in
uppermo singtagmoftsaiddrays Ksandeaftenpeatds/givenato require for
structured packing,
distillation in a reboiler, the heated liquid is returned into the distillation
column C from a feeding port provided between the uppermost stage of
said trays K and the internal in the lowermost portion of the stripping
section, while a remainder of the liquid is fed into a lower tray in order,
35. the continuous muiti-stage distillation column C according to item
34, wherein each of the trays K is a baffle tray,
36. the continuous multi-stage distillation column C according to item
34 or 35, wherein an inside diameter Dg; of said continuous multi-stage
distillation column C where the trays K are present satisfies D¢q < Des,
37. the continuous multi-stage distillation column C according to any

one of items 34 to 36, wherein Lcq, Dc1, Le1 / De1, nNes, Lez, Dez2, Lez / Dez,

ncz, and ngs for said continuous multi-stage distillation column C satisfy
22
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40. the continuous nulti-stage distillation colum C
according to item 38 or 39, wherein said trays is a
sieve tray, 15 41. the continuous nulti-stage
distillation colum C according to item 40, wherein
said sieve tray has 100 to 1000 holes / nR2 in a sieve

resppetivety 5000eriegf £ 2000270 0D sEBOONEI < 2cgd Dok h20¢ 5 < ney
in arange of from0.5 to 5 cnR, 42. the continuous

< 20Mylsgg Sct@@gsdavgeo' ot L @y, £ 400, $52€ 1Y, DY, L0 4i0t 630 < ngs <

20 40 or erein an aperture ratio (a ratio of

oss-ggctional area of the holes in one tray
90, é'?a%estcrﬁ)caan éa;\(?ea of the tray) of said si eve tray in

so. ARGt S e o
ono SEE £FTa NPl L3RGk T e8GR HB3 or sa

aperture ratio (a ratio of a total cross-sectional
contituqupmuitstrge distillatien: ealpmpdgand the intemals exeluding
tray) 23 of said sieve tray in the enrichnent section
the afimyag yl teapnin Abeuwsnriahmentssagiioniane traysi andbo paakings,
isin arange of from1.5 to 12% 44. the continuous

39. nthd icostirgmul stulti-ataga dislilatiof csluondiGadovraing to item
one of itens 33 to 43, wherein an aperture ratio (a

38, wRbr&incthe intdrakal $n thesstrERsihigosattian &f 9aid Béntinuous
openings in the chimeys to an area of the chi mey

muItFéﬂ’«Y %Hﬂ?ﬁ%nacnﬁﬂfrﬂh @rsgstﬁesﬁ'%gf i ﬁ:gﬁgﬁﬁggﬁcludmg

open ngs sald chimey tray

tne GHbiadt 7 i AL AR ORI el o S0TF

i gl stlllatlon colum E according to any 10 one of itens
stru r‘?% PACKiN@erein LE1, DE1, LEI / DE1, nEl, LE2, DE2,
and nE2 for said continuous nmulti-sta
40. ha pmnémwscmlu&hsﬁ%ﬁ.l%tﬂuatsgo calpmn £ asserding te item
DE1 < 500, 3 LEI | DE1 < 20, 5 5 nEl 520 700 <_
38 or 89, wherein said trays is a sieve tray,

41. the continuous multi-stage distillation column C according to item
40, wherein said sieve tray has 100 to 1000 holes / m? in a sieve portion
thereof, and a cross-sectional area per hole in a range of from 0.5 t0 5
cm?,

42. the continuous multi-stage distillation column C according to item
40 or 41, wherein an aperture ratio (a ratio of a total cross-sectional area
of the holes in one tray stage to an area of the tray) of said sieve tray in
the stripping section of said continuous multi-stage distillation column C
is in a range of from 2 to 15%,

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

one of items 40 to 42, wherein an aperture ratio (a ratio of a total

cross-sectional area of the holes in one tray stage to an area of the tray)
23
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3000, 120 <_ DE2 5 800, 3 < LE2/ DE2 5 20, 7 <_ nE2
< 30, and DE1 < DE2, 46. the continuous nulti-stage
distillation colum E according to any 15 one of itens
33 to 45, wherein the internals in the stripping

section and the enrichment section of said continuous

of sdtdl sievettrag idli e enridhmentisevtior-oé sdid dorgineus
chimmey tray are trays and / or packings, 47. the

multpgm?@myﬁnaﬁw cSiAaR diistinl 4 Fange 6PFM E@f@qmng
em 46, wherein each of the internals in the

4. 4SBT TAA PR 0 b o am
one B et ot fhﬁﬁ‘%%@ aﬁi%b?r@?? Jera e §§@o 12

to item 47, in saidtra Sieve tra
crossrrecpnalataa hie openios Y the ShiuRevs thran @rea of the
according to item 25 48, wherein said sieve tray has
chimmgy trayiiradudinga totap cmsa-Sﬁcém@loaf%@f thﬁe?@@f"ngs) of
and a cross-sectional area per hole in a range of from
said @hintnepirapsot said camtinweus onultivsdage ristillagioayeolumn C is
distillation colum E according to item 48 or 49,

in a véiegeiof ronaper tad@%atio (a ratio of a total
cross-sectional area of the holes in one tray stage

45. tthéRoptRudls MAtiEsRge AistiRaflopl QIRINAE ddtdrding to any
stripping section of said continuous nulti-stage

one g\i?tte'rhg%'o‘ o8 &P'\H%r%n Lﬁé'tg 2 %E?Qﬁ?ﬁg Ad Qe tE?EzZ‘EL@z / Dea,

e contindous nulti- ISt ation col unm

and BEEFo8isa% eBrfuofingitsstdds ﬁgr"'gs?’%sg*@"ﬁ' nsaaf"sfv 500 <
e TP 1P B & 508, 3 & ke Hevches S Rrbm 20e 20005 Lez <

said continuous mnulti-stage distillation colum E
3000,51% <aDearg808% 3 Foke2/ Q22894058 < fhe <3 idfsbPe1 < Dea,

mul ti-stage distillation colum E according to any
46. the continuous multi-stage distillation column E according to any

one of items 33 to 45, wherein the internals in the stripping section and
the enrichment section of said continuous multi-stage distillation column
E excluding the chimney tray are trays and / or packings,

47. the continuous multi-stage distillation column E according to item
46, wherein each of the internals in the stripping section and the
enrichment section of said continuous multi-stage distillation column E
excluding the chimney tray is the tray,

48. the continuous multi-stage distillation column E according to item
47, wherein said tray is a sieve tray,

49. the continuous multi-stage distillation column E according to item
48, wherein said sieve tray has 150 to 1200 holes / m? in a sieve portion

thereof, and a cross-sectional area per hole in a range of from 0.5to 5
24
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one of itens 33 to 51, wherein an aperture ratio (a

ratio of a total cross-sectional area of the openings

in the chimeys to an area of the 15 chimmey tray

including a total cross-sectional area of the

openi ngs) of the chimey tray of said continuous
cm?,mul ti-stage distillation colum Eis in a range of

from5 to 40% Advantageous Effects of Invention 20 It

50. hehe EBﬁ‘ﬁiﬁLﬂiﬁHjtﬁtﬁ‘l@its?éb’é’ro%ﬁﬂagagté@uﬁﬁﬁ@fédbording to item

apparatus and process provide y the present

45 of RENBRo ol SPaFa cufh B (HRB U GHAPLESER il aes

or hSLABlS%hrd ) S S o8 8 L i
tho B S LR B T AL A Yohurn

. used). That is, according to the present invention,

is in@heargeaf Tempota @8Foan 25 industrial apparatus and
i ndustrial production process that are inexpensive

51. athy cobotinescarsp iy ltiestag e dastill atiopucolynaiblacefording tg any
not less than 99.9%as required as a starting

one ohitemaldd oo 50, Refhetrelreancapeartdird ratizs (a raticbef a total
produced in an anount of not less than 1 ton / hr,

crosEAIGPAYafedof theSRold¥ih driePtfiay stige t®/#h area of the tray)
preferably not less than 3 tons / "hr, stably for a

. I i . ]
of SIS NS IhAhPbrticHi LRt Bochly BESRI4 W HAMLs
I . 0] ) r , e

muntEbEEE Hnafion FILEE 153t SHRER oL BT 26 20%:

convent i.onal ethyl.ene gl ycol, pr.oduction ocess .in
52. (R SRS mEooadh HESuBiSE o i f Becaialde ta,any

the process according to the present, invention with a
one gf #ems A3t d .avAeEBINsancaRetUrg fatichGRiratie ag agtotal

| arge anount of water, and thus achi eves excell ent
crosefsasdianalsaegn iofdhst opanings dnidbei chinpreyede amarea of the

si mul t aneously sol ves two | ong-standi ng
chimney tray including a total cross-sectional area of the openings) of
the chimney tray of said continuous multi-stage distillation column E is in

a range of from 5 to 40%.

Advantageous Effects of Invention

It has been found that according to the specific apparatus and
process provided by the present invention, a high-purity diol can be
produced from a cyclic carbonate and an aliphatic monohydric alcohol
stably for a prolonged period of time on an industrial scale with a high
yield (e.g. generally not less than 97%, preferably not less than 98%,
more preferably not less than 99%, based on the cyclic carbonate used).

That is, according to the present invention, there can be provided an
25
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problenms with the conventional industrial production
process (low 15 selectivity, high energy use). Brief
Description of Drawings FIG 1 is a schematic view
showi ng an exanple of a continuous nulti-stage
distillation colum C preferable for carrying out the

induBtﬁéBanaﬁﬁtdsnnﬁﬂt irdusthial prodeetionf proegss thatare
installed in a stripping section, and trays being

inexpBhkfld @thd, For éﬁ’\'ﬁb!é(’,oéﬁhlﬁlb %”Hig%-rptéﬁit?rd’iéﬂ RACKIABS not less

A
In an upper portion (total nunmber of sfages nc2) in

than®g'o Y%, §§?§9Hi%§?%§%’st§ﬁy%2ﬁe§£ Rid %l%ﬁ'gl{?gg% or a PET

portion o € Co , i ey g

. bej installed in the enri sect | bov, n
resiny ip &b pP3ffcpfcin 4n'JBoTRl, 4T HEblnss thefr IS Vi preferably
the tra in the stripping section and the ri chpent
not lgsg RN 20N F'(eﬂ)o,'%aﬂbgf@ﬁ?gﬁﬁéF%i??ﬁdiﬂémsgﬁéﬁeﬁr- stably
Dc3 of a 26 |ower portion of the colum 8reater t han
for aapelangest pestothof tinaede. gppiotdessdbainoh00P hgursc praferably
stages) being provided therein; FIG 2 is a schematic
not leisewihso 300§ hauexamure pfefarabht notidess thaint 5080duaurs).
distillation colum E preferable for carrying out the

pr dderdover, itheenidgess bEthasresiehtshageticof diffaysfrom a
being installed in a stripping section and an

conIHti ShaESth BRI §IYcot PredlictRIn pASce 85 ¢h thlat Highapurity
trunk portion, and one chimey tray stage being

othy|diHS 81661, b8 1 pFBULERIRE) (hBTBH AL setrding I The'present
inve i Rirag Hinhndfid drid Snter| Bl ey Shifip Yt Bing = targe
amof i it ol SRy SR P S Ao ohgustrie
the continuous nulti-stage distillation colum C and
pmdﬂ-’ﬁé'oébﬁf‘i’%%éhﬁ{lIsimuétlaé'@é)'-bﬁWtSQ'IV&ﬁi twye dengnitanding
whi ch are |inked together.
problems with the conventional industrial production process {low

selectivity, high energy use).

Brief Description of Drawings

FIG. 1 is a schematic view showing an example of a continuous
multi-stage distillation column C preferable for carrying out the present
invention, ngy stages of trays being installed in a stripping section, and
trays being installed in a lower portion and structured packings in an
upper portion (total number of stages ngp) in an enrichment section, as
internals in a trunk portion of the column, and one chimney tray stage
being installed in the enrichment section above an inlet 1 (in FIG. 1,
apart from the chimney tray, the trays in the stripping section and the

enrichment section are omitted), and further having a diameter D¢ of a
26
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15 Description of Reference Nunerals Fig. 1 1: inlet,
2: outlet of colum top conponent CT, 3. outlet of
colum bottom conponent CB, 4: outlet of side cut
conmponent Cs, 5: internal 20 (packing), 6: heat
exchanger, 7: reboiler, 8: inlet of reflux liquid, 9:

loweshportion ofahe GelumaAi teethahradiameteerDggobithe stripping
chimmey to a gas outlet of chimey, Lci: length (cm

sectRin S{rayBIK %c%ﬁ*ﬁgg%&cﬁeig@?bhmaw {HBYelih- St age

distilTation colu L ength (cm of enrichment

cood ) . ul i - disti ti
& FUGE™ i3, SRR Y1 dW SHo Rl A bRAAIE SE8 (ttAllous
of .cont j.nuaus. nul tj-stage di.stil]ation_columm Dc2:;

multfst£98 dipLaRiaR pblyPbr o Bkl FaCEafigingrodt thepresent

. conti nuous Iti-stage 27 AO%OJ, VP85/ P?@?l\#di stillatjon

invepHpRs e, afd Ne2i $Laa8s af AraxePeipg)ingtalied ind shieping
ortion of continuous nulti-stage distillation

sectiy) amel ar:enrighmentgsectian respactively Ag interpris on ghtrunk
top conponent ET, 3: outlet of colum 5 bottom

portioonme mneEBhimineyutrayt stafges bééng un s tadlgrb e theBEsnrishment
inlet, 6: heat exchanger, 7: reboiler, 8: inlet of

sectioaf awovie gniigle®1 GhiFMRY2t apart from thei giimiemtrdy,othe trays
an openi ng of chimey to a gas outlet of chimey,

are dmiftedgnahl (cm of stripping section of continuous
mul ti-stage distillation colum E, LE2: length (cm

o EAOY SIS LRSI Ry S IE4P e/ g ilation
c hy : Lt - '

app B brali apithe brégent MVEFugH MerRkidR tanpagying out

the @{%&ﬂlﬁ%ﬁt&a IEOCI‘E?IO\BBhﬁ]; E%%‘;talriggg%%eng%hhﬁto%%emuIti-stage

distillation column C and the continuous multi-stage distillation column E

which are linked together.

Description of Reference Numerals

Fig. 1

1: inlet, 2: outlet of column top component Ct, 3: outlet of column
bottom component Cg, 4. outlet of side cut component Cg, 5: internal
{packing), 6: heat exchanger, 7: reboiler, 8: inlet of reflux liquid, 9:
chimney tray, hc¢: height (cm) from an opening of chimney to a gas
outlet of chimney, Lc1: length (cm) of stripping section of continuous
multi-stage distillation column C, Lgz: length {cm) of enrichment section
of continuous multi-stage distillation column C, De¢4: inside diameter
(cm) of stripping section of continuous multi-stage distillation column C,

Dc2: inside diameter {(cm) of enrichment section of continuous multi-stage
27
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de for Carrying Qut the Invention Foll ow ng
AOSC?‘EVE%%? i'l ed description of the present invention.
The reaction carried out in a step (1) of the present
invention is a reversible equilibrium
transesterification reaction represented by follow ng

dlstlll%rtgﬁﬂc 8IL§8WCC|’D& qh%’idfé"dlﬁﬂfé%@'ﬂ%bﬁ'l)aaﬂ' colgm®l |AWEr portion

pro froma cyclic carbonate and an aliphatic

o AR e, oy B R bl 2 O

fpresents a bivalent group -(CH2)m (mis an integer

Fig.t7om 2 28 wherein RL represents a bi val ent group
- (CH2 is an integer from 2 n]pre

1: indet,t h@ Wﬂr‘%ﬁg@ﬁé‘roﬂﬁ@ﬂe%w seMReepnt %ﬁal 19 QHB tiqfugelymn
with an al kyl group or aryl group having | to 10

bottoar bompoonendt Eyr ebyoutletf sisler subEOMPORBAGEH. enb: inlet, 6:
al i phatic group having 1 to 12 carbon atons, 5 one or

heatrexehahgidre W dredgsinesr, t h@gr aubt ladi neglu.opti'qum,l | @: chimney tray,
substituted with an alkyl group or aryl group having

he: ReldghtlERRIRAN_ & YPenihiieof Lelimpesatdangas disst of chimney,

starting material in the present ‘invention is a

LE?--q%ﬁﬁlgﬁq%"{a)er &t FJE fity Rection bf ddHtjRboyE rﬁQﬁmélté‘ge FAstillation

ne” carbonate such as ethyl ene
1
coliy ! o;ze;’i?@@@ﬁgé@ffﬁonfegn@%@Wﬁ@igsg@f»ah%fpgowngggs
ot s B B2 2Bl 158, BNERSP (om) of stripping
preferably used due to ease, of procur rrent
secaﬂa %ftﬁ‘;néﬁyoe@rmar%tarsa Flgstﬂéé)tﬂ%lﬂ .E? ef QrEabI'r)‘/s'de

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

column E.

Best Mode for Carrying Out the Invention

Following is a detailed description of the present invention.

The reaction carried out in a step (1) of the present invention is a
reversible equiiibriUm transesterification reaction represented by
following formula in which a dialkyl carbonate and a diol are produced

from a cyclic carbonate and an aliphatic monohydric aicohol:

R R0 _ OR R
SN . N/ +

\C/O + 2 R'0H — ¢ w0’ Sox
! 0

0

(A (B) (C) (D)

wherein R' represents a bivalent group —(CHz)m— (m is an integer from 2
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Moreover, the aliphatic nonohydric al cohol used as the

other 15 starting material is a conpound represented

by (B) in the above forrmula, one having a |ower

boi ling point than that of the diol produced being

used. Al though possibly varyi ng dependi ng on the type
whemdintRé repedsentsartbivaddrt gsedp -<0CIHP)es (of is Aa integer from 2

al i phati c nonohydric al cohol |nclude nethano

to 6 pidi@er. mbréRsf e hlya@agg;ﬁh th@rbblr b%:ﬁgf@bmohan@rmibsntuted

(lsoners) 20 3-butén-1 anyl al cohol (isoners),

mth%‘ﬁ(iéllk;ﬂ @‘Eﬂ%} 2’% pHSQF 1&:1%“ rﬁdﬁ%ﬁ'@ . Moreover,

octy non al cohol I soners

I d
eﬂﬁ%eﬁtg {ﬂﬁhp@?fegﬁenéﬁépa% @F@’%@ﬁ&iﬂ@l 651%5?3% atoms,
cl ohex cl ohept.anol C| ooct.anol
one Himwwﬁr}%&emﬁmevgégﬁé#ej eipg ARRD R fubsituted with an
soners), 25 nethyl cycl ohexanol (isoners),
a“‘Y'eﬂFRf‘l‘ié;ﬂﬂ g P heybnerisio 1ijﬁél?%9la5961%hexanol
(i soners), diethylcycl ohexanol (isoners), 29
phahe cyciicraarbesiatei yeedras a stanting matenial in the present
phenet hyl al cohol (isoners), phenyi propanol

inveftiennisra)compdusad repraaeritedr bpr(d,) inhiree abalviepfarmula.  For
nmonohydri c al cohols may be substituted with

exaripStan WARYRefdearbanabé!skatnas ¢ipyeenal darbd riteuds propylene
cyano groups, al koxycarbonyl groups, 5 aryl oxycarbonyl

carthQ't' Sor@%'—@?@kaﬂfﬁl‘@ﬁexﬁ“ﬁ LdHd @, (9-6%'9?0}(9‘0@&3 -2-one, or

al i phati ¢ 'monohydric al cohols, ones prefetrably used

e HEreh AR M L

but anol

et hanol
carbenéﬂ Ring T Err BLaBR Saek JOE TR Pt ol ihapt anc
ropy] ene .10 car bonate s.the cyclic carbagnate
SO Ogr angy ﬁﬂweﬁﬁ sﬁ'ét%%a%ﬁsm@rnad){'% lagdretarabevagtol
and et hanol, methanol being particul ar pr ef er abl e.
| nMareavearp the)aliphatie rppagmrlmamh%usgdm thg sither

is nmade to be
starting material is a compound represented by (B) in the above formula,

one having a lower boiling point than that of the diol produced being
used. Although possibly varying depending on the type of the cyclic
carbonate used, examples of the aliphatic monohydric alcohol include
methanol, ethanol, propanol (isomers), allyl alcohol, butanol (isomers),
3-buten-1-ol, amyl alcohol (isomers), hexyl alcohol (isomers), heptyl
alcohol {isomers), octyl alcohol (isomers), nonyl alcohol (isomers), decyl
alcohol (isomers), undecyl alcohol (isomers), dodecyl aicohol (isomers),
cyclopentanol, cyclohexanol, cycloheptanol, cyclooctanol,
methylcyclopentano! (isomers), ethylcyclopentanol (isomers),
methylcyclohexanol (isomers), ethylcyclohexanol {isomers),

dimethylcyclohexanol (isomers), diethylcyclchexanol (isomers),
29
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present in a reactive distillation colum A The

nmet hod of making the 15 catalyst be present in the
reactive distillation columm A nay be any nethod, but
in the case, for exanple, of a honbgeneous catal yst
that dissolves in the reaction |iquid under the

phenyagtiochexamel {isonters)detivhlaisbhof,aphénetivylealco Hod
present in a l1quid phase in the reactive distillation

(isorgi@'rh'ﬂ“ﬁ)l'i’&n?ﬁﬁgyﬂam hes&rbYShnli ¥ ohhe FapHdrvfore, these

stillati o A 20 continuously, or 1n the case

alipH1é HEhSRJAFROGHD A k9 o Wb ARGTed hith RIS such

reac the ‘reaction con ons, 1
as nSPAFbIS LI GRE A3Eo FR rbBol BB BPubY, BIRPHAAGHAD arouss.
reactive distillation colum; thes t hods may al so

arylgyy GRIOPNH HOURSH AGHAXY HOUPS, RN JUEO GEQURS-
honbgeneous catalyst is continuously fed into the
r e&€ sveh@liphatietmenobydiienalacho o ahgsnpirie raltwiusad are
may be fed in 30 together with the cyclic carbonate
alcohots bavimg fato haarmomatonysir moregp rafeodblyoalsmyolisehaving 1
fed in at a different position to the starting

to 4 rarbonadtomsThe. methanol, athaddly ppopanetisisomehs), and
distillation colum in a region Dbelow the position at

butahil ¢isdmerspt alr}’%eic%dcee@fidsm?f&h@%‘ﬁé ddrbohate or propylene
preferable to feed the catal yst into a regi on between

caerEl%tE% ?ﬁetéﬁlic‘:%ft&hg@ ;?lj(;égelpﬁﬁiet %ﬂgﬁ%)ticafnydﬁﬂm%ic

e starting ‘materia cat a

alco BB LE8 e nFL abBBineh FRGRa R RELAL byt

fi n tlhe case of using a heterogeneous solid catalyst,
preferablesg catal yst nust be present in at |east 5 stages,
preferably at |east 7 stages, npre preferably at

: ) y

| edBttheostamildof thesgresephinygriionha catalyshis made to be

effect as a packing in the distillation colum may
presand dntre regetivedistiblation abhemnuded The mhethpdodmaking the

i nvention, any of various
catalyst be present in the reactive distillation column A may be any
method, but in the case, for example, of a homogeneous catalyst that
dissolves in the reaction liquid under the reaction conditions, the catalyst
can be made to be present in a liquid phase in the reactive distillation
column by feeding the catalyst into the reactive distillation column A
continuously, or in the case of a heterogeneous catalyst that does not
dissolve in the reaction liquid under the reaction conditions, the catalyst
can be made to be present in the reaction system by disposing the
catalyst as a solid in the reactive 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
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catal ysts known from hitherto can be used. Exanpl es of
the catalyst 15 include: alkali netals and al kal i ne
earth nmetals such as lithium sodium potassium

rubi di um cesium magnesium cal cium strontium and
barium basic conpounds of alkali netals and al kal i ne

togetRét Witfethé cyulihcaPbonatd aiid/de shealibivaiidanonohydric
al koxi des, aryl oxi des, and am des; basic conpounds of

alcoRbKabi may @éfé’&‘#rg%t@'diﬁ@régf bBsMsRIts thecStardihg materials.

carbonates, bicarbonates, and organic acid salts;”
The rBRELBhafUAIR" pTGEEES by i BISIRAEn CALith th ATF8Gion
ni 1,rogen-gont ai ni.n t eroaronpt | Q nd h
veloRl U JRFIRH) &L WP R5rERRIVEE S fod 3BT BLA ReRLE RS
N-al kyl i mi dazol es,. 31 N-al kyl pyrazol es, oxadi azol ,
preferablal insfead thpsataly sk ntoR reaIonLetWaes theithh ohbie
i soqui nol i ne, al kylisoquinolines, acridine, .
COlua'm(?In&’c?hQiP@@ét,iOHth)eﬂbmhiﬁbl theestanting pratesialarane fad in.
pyri m di ne, alkyl pyrimdines, pyrazine,
The ghitglyst mpshée, presenti iteat laadt &l sidgeas,ogpiaefesably at least 7
cyclic am dines such as di azobi cycl oundecene (DBU) and

stagespnodie pebferaitdpeat(leBiNt; 10 Béagesm conpounds such as
thallium oxide, thallium halides, thallium hydroxide,

thalbiebsaniRanat 8asé o Lising Bi héRirdgentdud YBlid catalyst, the
sulfate, and thalliumorganic acid salts; 10 tin

cataﬁﬁ?@ﬂ%@%ié&%?ﬁ’tﬁﬁﬁgfﬁ%ﬁ %g%ﬁ%)‘%gﬁrﬁferably at least 7 stages,

utyl et

mordrERIiHIE kAt SAERY) A RRTSR bafltush gt plsp has an
effec%?%%aﬂt,sﬁg ‘{J{Iﬁgi:t@)é“el é‘istiﬂgt%r{ %%’Iur%rilldn%aiynalso be used.

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

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

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

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

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

nitrogen-containing heterocaromatic compounds such as

N-alkylpyrroles, N-alkylindoles, oxazoles, N-alkylimidazoles,
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zi nc conpounds such as di net hoxyzi nc, diethoxyzinc,
15 et hyl enedi oxyzi nc, and di but oxyzi nc; al um num
conmpounds such as al um num tri et hoxi de, al um num
triisopropoxide, and alum numtributoxide; titanium
conpounds such as tetranmet hoxytitani um

N-alkglpyratzbisy ! bkadiamolesepyaidinex vk yipyiridines, quinoline,
di chl or odi net hoxytitanium 20 tetrai sopropoxytitani um

alkylquiABlinEs2G8bguho e, AIKWIIROHNIABANBSAGRIIIARS alkylacridines,
osphor us conpounds such as trinet hyl phosphi ne,

Y
. h H H . h 1 ¥ PR E]
pherdnfielhg BRYIdHanaftrt)Kes, R Ene, alkyinyrimidines,
jd ' | byt.yl [ ' ) d
oyra 4 Bh A Ses e Es AR 4Ry MG, o7,
aceVslEamiines SuphcimAiRraP kG OBaIS5RASAT BLH: 2R
. acetate; 32 lead _and | ead-contai ni ng conpounds, for
diazehigysalenpegneolPBY: such as PbO, Pb02, and Pb304;
| ead sul fides such as PbS, Pb2S3, and PbS2; | ead
hy tinaitiwe campowd sPuch)as tralami@side, thallium halides,
Pb2[ PbQ2(OH) 2], 5 and Pb20(OH)2; plunbites such as

thaliNaRAvd@roxidBb €RalINehRdbo reaté, KhRH®M nipiatebdhedlismcsulfate,
as Na2Pb(3, NazZH2PbO4, K2Pb(OB3, K2[ Pb(OH)6J, K4PbM4,

and fRIPG orgathiCat@5saltead carbonates and basic salts
t hereof such as PbCO3 and 10 2PbCO3Pb( OH) 2;

A L e S P ek

dibuffI8RbEnRY AR, dflthyiAIRABRYER, UIBuBARIStRA At her eof

dibutylphenoxytin, diphenylmethoxytin, dibutyltin acetate, tributyltin
chloride, and tin 2-ethylhexanoate;

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

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

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

phosphorus compounds such as trimethylphosphine,
triethylphosphine, tributylphosphine, triphenylphosphine,
tributylmethylphosphonium halides, trioctylbutylphosphonium halides,
and triphenylmethylphosphonium halides;

zirconium compounds such as zirconium halides, zirconium

acetylacetonate, zirconium alkoxides, and zirconium acetate;
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such as Pb(OCOCH3) 2, Pb(OCOCH3)4, and

Pb( OCOCH3) 2PbO. 3H2G, 15 organol ead conpounds such as
Bu4Pb, Ph4Pb, Bu3PbCi, Ph3PbBr, Ph3Pb (or Ph6Pb2),
Bu3PbCOH, and Ph2PbO (wherein Bu represents a butyl
group, and Ph represents a phenyl group); lead alloys

suddadsanthiéad-ddnt@nirith cBmpdnds, fandxBmple ledcaxides
m nerals such as gal ena and zinc bl ende; and hydrates

suctPhs R UBHO,cahdPHOyAds. I n the case that the
conpound used’ dissolves in a starti ng material of the

Lf?&%ﬁglflrngg% %ﬁ@ﬁtéé’ﬁ’b@ XPB 8 anaepgﬁa&on by- pr oduct

& conpound c& 3be use

ho eous t t
CorpeaBRad8R8 s i 5 CafCHNe ?&ﬁ%mﬁﬁaf@%ﬂomﬂ
e solid catal yst. Furthernore, is also

and E’Mﬁﬁ% to use, as a honpgeneous cat aI yst, a

m xture obtained by dissolvi n%ra compound as 33 abo ve

i n pduRthites ﬁycﬂa@éﬂaip'éﬂztlh‘a hQet NatPbRa, @sut KHRbO2;

m xture, a reaction by-product or the like in
plurrm/t@rsceucbrasmaz@a:@s.nuarzuzmhmg KbBbO 3, KAPSI(GH hsd, KaPbOs,

Furt hernore, ion exchangers such as ani on exchange

Ca,Pelinand GaPbQ.tertiary am no groups, ion exchange
resins having am de groups, ion exchange resins

hayé a8 ddrblosritbsdyed thdfic alex eRarasf SueHRss FRteGtAsd
from sul fonate groups, carboxylate groups and

zpb@ SPBSOT—I ,groups, and solid strongly basic anion
ers) havi ng quaternary ammoni um groups as

SR 407 AL U0 b

Sl a

T

anmoni um exchanged zeolites, and so on can alD
us ée@d Salts pdiay %@g@ﬁ&gjgsc ansl gafbonates and as:c salts thereof,

such as Pb(OCOCH;)2, Pb(OCOCH;3)4, and Pb{OCOCH3)2-Pb0O-3H,0;

organclead compounds such as BusPb, PhsPb, BusPbCi, Ph;PbBr,
PhsPb (or PhgPb2), BusPbOH, and PhoPbO (wherein Bu represents a
butyl group, and Ph represents a phenyl group);

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

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

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

homogeneous catalyst, a mixture obtained by dissolving a compound as
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As a heterogeneous catalyst, a particularly preferably
used one is 15 a solid strongly basic ani on exchanger
havi ng quaternary amoni um groups as exchange groups,
exanpl es thereof including a strongly basic anion
exchange resin having quaternary amoni um groups as

abova<filang@artipigHitteral GF thd PSEcHOAO NN e@tioh Aikfire, a
exchanger havi ng quaternary amoni um groups as

reacﬁéﬁhﬁgﬁﬁ%@@aﬂ?@%kﬁnld Bﬂﬁrﬁﬁ'&'ec di""!h? rﬁécﬁﬂggftplﬁ?fﬁgaﬁbout

type si ¢ ani on exchang avi ng quUat er nary

um groups as exchange groups. As a strongly
d'ss@%g{'ani on exchange resin having quaternary anmoni um

gr Qu as _exchange oups, for exanple a s rene t e
ot FUltEhSmaEs o oth Pk NS RBRIAGEI T &5 ABIo REEMANE S ke B
referably used. A styren pe strongly basic anjon
havuzg t@kﬂﬁéh@énmgﬁoﬂﬁsal%@ %ﬁ%\%ﬂ%@é'%h H'%&@rﬁ'ﬁﬁ’g%gmllps
resin having a copolymer of styrene and
ion edchiand®casins haying @mirleast enetype ofsexchaagagnioups
guat ernary ammoni um groups (type | or type Il) as

seleetechfrogm sufonate gaodpsacabboxylateagrags pnd phosphate
represented, for exanple, by the follow ng fornula:

grou%m%ﬁh g@[sl:l'@!é_?'nbn exéﬁdlﬁ’gel'é haWhg GhdidZnary

ammom%g%%%(%@é 'ro(ﬁﬁ)g %g_gelr} anﬂ: corr(}ﬁ?unds such

as silica, silica-alumina, silica-magnesia, a!ummosnhcates, gallium
silicate, various zeolites, various metal-exchanged zeolites, and
ammonium-exchanged zeolites, and so on can also be used as a
heterogeneous cataiyst.

As a heterogeneous catalyst, a particularly preferably used one is
a solid strongly basic anion exchanger having quaternary ammonium
groups as exchange groups, examples thereof including a strongly basic
anion exchange resin having quaternary ammonium groups as exchange
groups, a cellulose strongly basic anion exchanger having quaternary
ammonium groups as exchange groups, and an inorganic carrier
supported type strongly basic anion exchanger having quaternary
ammonium groups as exchange groups. As a strongly basic anion
exchange resin having quaternary ammonium groups as exchange groups,
for example a styrene type strongly basic anion exchange resin or the
like can be preferably used. A styrene type strongly basic anion
exchange resin is a strongly basic anion exchange resin having a

copolymer of styrene and divinylbenzene as a parent material, and
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15

Xe 5 wherein X represents an anion; as X, generally at
| east one type of anion selected fromF, d-, Br',
|-, HCO3-, C032', CH3CO2-, HCO02-, 103', Br03-, and
C103" is used, preferably at |east one type of anion
selected fromCr, Br-, HCO3, and CO32-. Moreover, as

havuhbeq@atemwy%mfnaﬁmm@umn@(twre | orttgpeadl) asi eiaehange
gel type one or a nacroreticular (MR) type one can be

groub@. lﬁﬁﬁcaWSe'%Hdnﬂ%t?&@lﬂgré&rédérWe@r 'fbr%&frﬁb?é)' By dHe

fo'the organic solvent resistance béing high

fOIloﬁﬁﬁQ‘pﬂ ofrmfifiad cel lul ose strongly basic anion exchanger
ng quafernary anmoni um groups as exchange groups

ose M| n&mgﬁ&WN _O&Ii_imge gr_o.‘é S

al kyl am noet hyl
«al kyl group; nmethyl,

general |y usdtype 1)
r, Xrepresents an

' as~def i ZRONE. i Mg C capkier supported
ty strongly basiq anion 5 exchande %

] rnary amoni u as_8Xc han %§)Q hat
HRN( in thezlep!"r'esegﬁ| i nvention rreéﬁ

i nodf&nic carrier that has had CXCHZ)nNRSX
guat er nary anmoni um groups i ntroduced thereto by

nodi fying sone or all of the -OH surface hydroxyl
groups of the inorganic carrier. Here, Rand X are as
def.i ned S er 1 n_in from1l to
m (ll:iplz Zég g#e”%‘nor&‘ﬁﬁ‘%r silica,

al um na, S|I|ca aluna tltanla a zeolite, or the

is cell
0

like ca ZeThl e to use silica,

al uni ilic§ , arI y pref er abl{fype II)

Sili Céaty, i ! e et hod of

nodi f yi 3 3PS of@he

' A K —CH—CH2—~ CHzN(CH3)2(02H40H)
CH2N(CH3)2(CZH40H)

) &4

wherein X represents an anion; as X, generally at least one type of anion
selected from F°, CI', Br, I, HCO3", CO3*, CH3CO;", HCO,, 103", BrOy,
and CIOj;™ is used, preferably at least one type of anion selected from CI',
Br, HCO3', and CO3;%. Moreover, as the structure of the resin parent
material, either a gel type one or a macroreticular (MR) type one can be
used, the MR type being particularly preferable due to the organic
solvent resistance being high.

An example of a cellulose strongly basic anion exchanger having
guaternary ammonium groups as exchange groups is cellulose having
—-0OCH2CH2NR3X exchange groups obtained by converting some or all of

the —OH groups in the cellulose into trialkylamincethyl groups. Here, R
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15 As the solid strongly basic ani on exchanger having
quat ernary anmmoni um groups as exchange groups, a
commercially available one my be used. In this case,
t he ani on exchanger may al so be used as the
transesterification catal yst after being subjected to

repref8ntX amrane/l g rolup; aneelyl, &thahi propyls RrayEdrithe like is
advance as pretreatnment. 20 reover, a solid catalyst

gen%r‘%'l‘iyabgé Qp?ef@i%ftﬁgergb@wlabr %&RQP' - M&%ov@rgwwpresents an

ynmer having bon thereto heterocyclic groups each

anioﬁoé‘é?j'éﬂ %tbd st one nitrogen atom or an inorganic
carrier ‘having onded thereto heterocyclic groups

h cont ai ni n | east itro m.can_al so
Uity et S0p he Pt s Adhe aﬁﬁsw anfon
cataJy 25 Furthernore, a solid catalys
exchafigeiohaying guataeaary ﬁmm&@éH%Eﬁ?*APﬁug/ﬂ;eﬁé éP@@yEF‘P'&PS that
grou ps have been converted into a 36 quaternary salt
can &nua@dsnmhleaprqsejebmve{ﬁu@ntmaané @mmar@anw gatrieughat has
an ion exchanger may al so act as a packing in the
had plOz(iHﬂﬁ)nNRQﬁtqumerAary\rmnnmrﬁﬁm lgeo vpsadnyrad weed thereto by
the present invention varies depending on the type of

modiffing domhy Tr a8 ed, thal-OH dureacassydroxy! geoupsuolithe

feeding in a honbgeneous catal yst that dissolves in

inorg%é‘ﬁlc E8AGET. 0”H'<—:1r8U'I'\‘JI alr'fdﬂRraFé‘%sr Géﬁhb@naﬁéﬂd' tiPR$ generaily
he anount used |s generally in a range of from

an i &%Q]frbghﬁot prengH gbrf rom%lﬂa% 1{‘\5‘@8 g/;oéaﬁ-ﬂegosmca

alurfiat’ i"%imaﬂg%"ﬁﬁra“e%a24%'5#%1« & e ﬁ%%i%%ﬁé“ﬁsed it being

prefiablocias kSarSilchngI UTGR; @rASPyRLM . PRRISTIA WhereTerably
distillation colum, the catalyst is preferabl y used

silican Anwmeimod saa banpedast thametnd of modifying thersurface

preferably fromO0.05 to 60 vol % yet nore preferably
hydroxyhgooupstaf 86 indrganigsearrier.t he enpty col unm vol une
of the distillation colum.

As the solid strongly basic anion exchanger having quaternary
ammonium groups as exchange groups, a commercially available one
may be used. In this case, the anion exchanger may also be used as
the transesterification catalyst after being subjected to ion exchange with
a desired anionic species in advance as pretreatment.

Moreover, a solid catalyst containing a macroreticular or gel-type
organic polymer having bonded thereto heterocyclic groups each
containing at least one nitrogen atom, or an inorganic carrier having
bonded thereto heterocyclic groups each containing at least one nitrogen
atom can also be preferably used as the transesterification catalyst.

Furthermore, a solid catalyst in which some or all of these

nitrogen-containing heterocyclic groups have been converted into a
36
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15 There are no particular limtations on the nethod
of continuously feeding the cyclic carbonate and the
al i phati c nonohydric al cohol into the continuous

mul ti-stage distillation colum A constituting the
reactive distillation colum in the present

quatenrany isalt canybé stgiilglyrasedd nRwntédhatsedotid catajysissuch as
the cyclic carbonate and the aliphatic nonohydric 20

an ich ShMarffr RayBf et @ hasacking iR )p?rbsbﬁtﬁmventlon

reg| on of at léast 5 stages, preferably at | east

2??% a?&ﬁ?o?rtﬁ[aeé Wﬁjﬁ §E8"ﬁtttrf1egp§éc ﬁgmv&f\tleevanes

onh CcoO car bo

dep%‘fﬂ*ngnﬁebrﬂe'y@pg%'o?aﬁ% et éalﬁeﬁ &utdﬁﬁlgabgsfﬁ A ets
con SR sk P T AR T e

earlier, Moreover, the cyclic carbonate and the
reacﬂplnphﬁt”d: UMhW F%a%ﬂ!@ﬁlﬁﬂndi&@rﬁet het agwutigused is
into the sanme stage of the distillation colum A or
genernaylybin antangkioédromn® Ol 1 fter®ht% dnaseaighd, pne:ferably from
anot her. The starting materials may be fed
0.0060mt Roukkubly ywelght, mheralipsefétaasly fronc OlOMMoAl 0 Wby weight, as
liquid form in a gaseous form or as a mxture of a

a propattich DfaPe fotafmast RErthehapclieedrhdnaie sdtheliphatic
nmaterials into the distillation colum A in this way,

monbhglj?lcaél%%lmleﬁe‘?f APLe t‘h% athtin ﬁ‘?ét'éflf{l@ed NiBr&over, in the

eous starting nmateri |nte ttent

[
cased.f?*;hs?#@ﬁs%ﬁ*'@o%‘faﬂ?% LHaThl *i%&*%éuéﬂﬁef%?w the
i the cycli.c carbonat
cata@fﬁh'mf&ﬁ‘s FEbLtisP 5 ?mﬁmaﬁm IR ARBESOLLS 9-0dufc7S
0 ed forn1|nto a stage_of the distillation coéﬂﬁn A
vol /%UBQéetﬂf@fo%@'éfsfrPﬁ‘ \Qaﬂéhtot B8 vl yst mare,pegtar@bly fgom 0.1
the aliphatic nonohydric alcohol is continuously fed
to 60 yod¥gdrasrd ofrotive arapty éelumn vgluraeref the mistilaton column.
| oner portion of the distillation colum A In this
caJaerehareyol partienlasiandgatimnsodncthe retboa af comtmmuously
al i phatic

feeding the cyclic carbonate and the aliphatic monohydric alcohol into

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

cyclic carbonate and the aliphatic monohydric alcohol may be introduced
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15 nmonohydric al cohol. In the present invention, the

starting materials fed in may contain the product

di al kyl carbonate and / or diol. The content thereof

is, for the dialkyl carbonate, generally in a range

of fromO to 40 % by weight, preferably fromO to 30

into ¥hb)samiegitagerof ¢hprdikstillation totum® Ap o?(n¥yllye 2Atroduced
wei ght, in ternms of the percentage by weight of the

into @I.ﬁbkdht §Péd7é’§%%hé‘ aridtfes! i phatic nmonohydric al cohol
di al kyl carbonate m xture, and is, for the diol,

gfgﬁ’{ﬁglﬁ(rthﬁq %5&8’9@3 E;\{y Eg‘ d emmn%o%l%ﬁ@%?%gldjsh"ation
colufglPR & bjduid ey 1P 9k Bobi§i B f”‘i"ba%%ﬁiq BAEGHS B¥% tiquid
and Braas: ; Qfar than faeding Tos Stajinainels talmimionitip digfillation

al i phatic m)noh dric alcohol newy introduced 38 into
columAr@amiﬁowayystt snplsepeefembledprrdditionaily feed in a
carbonate and / or the aliphatic nonohydric al cohol
gaseamu s shaiting onptaréalk inteemétie nitlycor epatin uousty tfno® the lower
process and / or another process can al so be

portiprebétholdistisiadiorf ooluhe Al arMbngovar,eanadieer prefesable
excel l ent characteristic feature of the 5 present

methéd §8td i irh RefiichNitfe tycRessdfbighatlniseddAtihaolis@iedhara liquid
process is a process in which a diaryl carbonate is

fo rmpbp‘éuégg [ ligid Hﬁxggaﬁo‘f%{e étﬁﬁﬁteeof"ﬂ?e Qﬂgﬂﬁﬁﬁﬁh‘ Eolumn A

monohydr oxy ' conmpoun phatlc monohydri c

ovo 893S, IR U M T sonare
m°"§ﬁ¥3k§/ﬁdr@£@ﬁ§thg" BBt B e

. _an al k % et her and sgo on, al so coptain
liquid fgrm uH”t l@wespordiary pf éh9ld'§§!ﬂ|@6w&t eolyma A arl9|thss

carbonate and so on. The by-produced aliphatic
casepghenhgyeliec carbonate maymef ceutsasandain the aliphatig

material in the present invention, or may be used as
monahydaict alophadt erial after the

In the present invention, the starting materials fed in may contain

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

When carrying out the present reaction industrially, besides fresh

cyclic carbonate and / or aliphatic monohydric aicohol newly introduced
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15 anmobunt of contained material having a higher
boi ling point than that of the aliphatic nonohydric
al cohol has been reduced through distillation or the
like. A cyclic carbonate preferably used in the
present invention is one produced through reaction

into bieé weatiodm sy sternipIneaterialch&yimnthe xyddicscarbodteaand / or
et hyl ene oxi de, propyl ene oxi de or styrene oxi de and

the £1#pRaNcHhBRLITdrie 8YSSHS §§r53ﬁfﬁhec&ﬁiﬁoﬁ16htnﬂ1ér%f|recovered
amounts of such starting materi al conpounds or the

from!ﬂ'hﬁ | eké% Hﬁ?ﬂleé‘l:?ﬁoifzs? r?E?EQt@Jﬁ %'ls @?efﬁr%‘fﬁ?tused

resen ention

or BB RaE R 2 Bfeixc‘;%'&%Eiivﬁ%é#t%rﬁﬁi,@?ﬁé*ﬁe of the

ctive distill tlon co ri es accor
prespiRANYAEtoD HANANS 0F RaRsIBIams At BXAMHIE PHANCLRST L mcess
and the reaction conditions, but a nolar ratio of th
is a prepeasiio Mbt%h?d‘ﬂ'ﬁﬂlapébh@nat%l?t pEodyeedcfrem Ebﬁadléﬂkw
fed inis generally in a range of fromO0.01 to 1000
carbonate .arb amaressadic monalyydiaxycaomnpeied cte aliphatjc
it is preferable to feed in the aliphatic 5 nonohydric

monehgdhia aloo sl exiegsbyafroatudexhsn tRis presesvandinbeovefed.
nmols of the cyclic carbonate. However, if the anpunt

The eécbhered iBpro8ucBEMiRyNAatie rﬁbﬁ@h%rusarbdwoltg@nerauy often
great, then It is necessary to nake the apparatus

conthﬁi@ﬁ?ﬂ?If@fkﬂ\ﬁ“&%ﬂgﬁ'f’aﬁ%r‘?heté}%rﬂghérmbﬂd &Bxghtgo gound an

al'cohol to the cyc |c C

alkyl ggaeérfg]gqrrag@at 908, 8} 2o ‘siafy SHadf a.ﬁgnﬁts of an

alk I%hb.“«?é%"qrwetﬁ' ttng”?éai"ﬂae?ééﬁ%géw %a?%iﬁgt rhy-producec
. .react with the groduct diol to produce ol

aliphatit menahydrgralsohgl paide sl AIIBGAT @ BRIt BRerial in

industrial inplenmentation, it is preferable to reduce
the pm@}tuuwprﬁmmm@mm@ecygedoas a starting material after the

amount of contained material having a higher boiling point than that of
the aliphatic monohydric alcohol has been reduced through distiliation or
the like.

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

In the step (l) of the present invention, a ratio between the
amounts of the cyclic carbonate and the aliphatic monohydric alcohol fed

into the reactive distillation column A varies according to the type and
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15 carbonate renmi ning as nuch as possible. In the

process of the present invention, even if the above

nolar ratio is not nore than 10, the cyclic carbonate

conversion can be nade to be not |ess than 98%

preferably not |ess than 99% nore preferably not
amounasoftthentrafs8%terification catdipst andhtheacbactiohi conditions, but

feature of the present invention. 20 In the present

a mdeV‘?th%‘i trPé &l ity ni@ﬁoh?éﬁc@‘l%%h%%b%d"@?@li& darbonate
hr of a high boiling point reaction m xture AB

fed Iﬁggg F%l)g:ﬂ? ﬁdl'z-t?ﬁ%ésbf 8Wi 'O”H‘P;{%' ¥0 e| nH\ edl 'foﬁti@rease

the g § ”%?'e%fﬁ' choFeRsRl B %&%?ﬁ%'%"{? F’%@ggnbﬂg flighatic
mongByarReBobatigian Ie}HeL%'n%ateE%EA'ﬁ” s the Siigbec of mols

not |ess than approximately 1 ton / hr of the
of thgi g¥climenrhonnte; Hrwavarnitharamauntef He @iiphatis c

carbonate continuously fed into the reactive
monadhydricl alcotvo| usgdibs teotgreadhitiben it is ndcesgaryrtal make the
1.55 Pton / hr, preferably 1.5 Pton / hr, nore

apparathedalder. 1. Bor Buchnréasons) thamokartratidef dheualipFatic
(ton / hr) of the high-purity diol to be produced. In

monéhy&tic'®lice el abethabb9che arbolateSsapruferabpnie rasife of

to be Iess than 1.43’P ton / hr. There are no

from?’%' | #ork! B oeff@ﬁ-éﬂ 4D ﬁgeﬁ?%bwﬁéﬁﬁﬁﬁlz 54892,

st| ‘ation c or carrying ou e reactive
afe r
Furtffgdhbley Inid ﬁﬂ‘ﬁ%ﬁc a&gfé?é’ﬂ{aerﬁ‘?&atéﬂfve?ﬁ% [y s} the
ref erabl enabl es 0 distill n  but

unreBpfed cUgi; AThandte TR EsarEdTULING ProRy ot ) ?Mbv pgoduce

as to be able to produce preferably not Iess t han
oligomgary sHehgas ndimesialyd timesRe hance inthgcass 96|'9dust“al
_ not less than 1 ton / hr of the diol stably for a _
implemsindatien, pbis paetdrabilado taduce: the mpunticunreactes cyclic

hi gh-purity diol is produced according to a process
carbopatakenpiainy @ds muws benpossidrid. ardnalheppadcess of the present

nonohydri c
invention, even if the above molar ratio is not more than 10, the cyclic
carbonate conversion can be made to be not less than 98%, preferably
not less than 99%, more preferably not less than 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, and a column bottom
component Cg therefrom being subjected to separation by distillation in a
continuous multi-stage distillation column E, so as to produce not less

than approximately 1 ton / hr of the high-purity diol; the minimum amount
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15 al cohol as starting materials, the process
conprising the steps of: (lI) continuously feeding the
starting materials into a continuous nulti-stage
distillation colum A in which a catalyst is present,
carrying out reactive distillation in the

of thdiotdlid earibonate comtihumesiyi fiedolrtbythew ¢ activai digtitl ation
boiling point reaction m xture AT containing a

colurAhoAl4eesc i@ v MikYis §ehEPAWY 4 .88P tBA Rht, P@ﬁéfb?ably 1.5 P ton

nonohydri c al cohol ffrom an upper portion of the

/ hr, HicYe gkéﬁérgw@!_gm%hw Ar 9@5&9@(@% afi‘ﬁ(s’upt P (ton / hr) of

cont1 huously aw n I Ng

the Higignd g P it Bel sty T A e |G this
amo%ﬁﬁrE%nztiec.&'v'eéﬁc"”iwﬂ%%%stkén T Peond Mons

multi-stage distillation colum C, continuously 41

Wi ThﬂfﬁvﬁTﬁg"ﬁﬁ!%"rtl%laﬁélﬂ"HQ“Q“ISOQ\ErthﬁoW"thﬁHﬁrmUMaﬂage

that of the diol contained in the high boiling point
distillatien icolumndufar e@rying cadl thenreagtive diptilatipnQrregeiss in

/ or a side cut component Cs, and continuously

the presedt dnvegtieng dutnihebobd htimuouspmdtitstagendistilpatidbr column A
diol as a main 5 conponent thereof froma | ower

is prorab®p ofe thgt Bhabilés aidtamigolismidtiomndit kbl deaction to be

conti nuously feeding the col unm bottom conponent CB

cr:xrné.d?t tat flﬁ’é‘té 8UmigH B'assié‘%ee Qﬁfé ! 'dQIb&P'rie’fB;g’BAy not

continuously wthdrawm ng a high-purity dio

less ﬁ%ﬁ‘? CHU GO IR eEﬁlélgg/mtcgrﬁgﬂgg Léf:noq ?%’ @Ief%aﬁ.ﬁ):not less

conti nuous mul t1'- age
o distillati unmm,C.used in
than 3PRin 711 6% i dio hEtiyiot 4 pirdlafds &eréﬁa%af”%@et he
mat eri al having the |ower _boilin oint tha t of .
t i H‘%Ipfééﬁf‘éqﬂléanﬁ'ﬁ“t e QR Wi %4 8 '66?'&‘?“19‘@@&0%‘3'“9
m xture AB to be renoved efficiently as the colum top
to a pmRiehy @kingrl cychc carbanate and anMliphatic conahydric

furthernore the
alcohol as starting materials, the process comprising the steps of:

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

(I1) continuously feeding the high boiling point reaction mixture

Ag into a continuous multi-stage distillation column C, continuously
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15 continuous nmulti-stage distillation colum E used
in step (Ill) nust have a function of enabling a
hi gh-purity diol to be obtained with a high yield
stably for a prolonged period of tinme froma | arge
anmount of the columm bottom conponent CB. For the
withdr@winguRidtefidl thavihgo® Idwelri Bditingopointolhamtitatofl theediol
continuous multi-stage distillation columm E, various
i FEFON ' cdlumn to
s i R A E it Rk P
' i al.distiLl atdo [ s
comp@iif Grdanliot 3’ GieCBuf BRRANENI TS, Whd BT Rsly
. i scovered that b usi ng t hes S ' :
withibiRG" B Rl ot enmeal CRIRAHE S BTafgb i ain
boilin oi nt_reactjon mxtyre may.contain a trace..
compengnt therqol frama (S’fW%P%"dPBo&EVH HistillatigRacelums C: and
this case, it is 42 preferable to make it such that .
sutiuncentina@us)y (feeding thec@umn battemaee MRaReRbHEs into a
present in the colum bottom conponent Cs fromthe
continunusolti-stage déstildatidnseoluinan ibnand| eontiioTsly
achieve this, it is preferable to add a snmall anount
withdawidigea highoplfity ¢ool asup sid Wit comagment Es from a side cut
distillation colum C so that the unreacted cyclic

o utlet S FOMHEAEBntih WU AT IBdstddE didtieadonl cdiinonEh
hydrol ysis, and / or devise the continuous

Mulrhlg ?Eégﬂﬁugiu%t h'dlﬂiétggtegaléfmhtfbﬁ:&gguﬁﬂ?b LiBed in step (11)

unr eac cycl1c carbon I'S reac wth the dio
and thus converted | [ I :
s P405°8RURCLER, G BB iy PR BV S 1hBSower
L. requi.r for this reagtion 10.to progeed.to canpletio
boilif§ Ring shaRdhatial s dioradiainge e biet o BBerbhit
conponent to be reduced, etc.,). As a result, it can be
reactigRemixiurpds tetba ramaved etficientbsagrihearplump top
unreacted cyclic carbonate in the colum bottom
companpohént ans /f eobhe fséde gt euoponant Cssaagefurthermore the
distillation colum C, this being preferable when
conticarous npulbiustade dipstiidationi colemn dn used in step (11l) must have a
function of enabling a high-purity diol to be obtained with a high yield
stably for a prolonged period of time from a large amount of the column
bottom component Cg. For the continuous multi-stage distillation
column C and the continuous multi-stage distillation column E, various
conditions must be simultaneously satisfied to achieve this. The present
invention provides an industrial distillation apparatus having specified
structures having these functions, and it has been discovered that by
using these apparatus, the object of the present invention can be
attained.
The high boiling point reaction mixture Az may contain a trace to a

small amount of unreacted cyclic carbonate. In this case, it is
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15 Note that the term "substantially not containing”
used in the present invention neans that a content is
not nmore than 50 ppm preferably not nore than 10
ppm nore preferably not nore than 5 ppm To attain

t he above object, the distillation apparatus accordi ng

preférableh® Aificet suENankat @uchPpreacted kyctientarmonste is
nmul ti-stage distillation 20 colum C and the

subs‘iﬁﬁhbﬂ?%’:ﬁtuﬁﬁééénﬂﬁgﬁeddojhhh‘m?}dtfﬁ'mcéémrfentac from the

ese nmust be e to simultan sly satisfy
[
contfllfod € hahE sER9¢ dipNAtion BFEImh (S, 2Tq RERLERT I Ss
prefgigBie;R B30, R, §8er e ing ﬁsﬁ%@&%’ﬁ"“m%
rises a 5 conti uous rrulti-staed tillati
distilghBnrebimpiGras LI SarRgcied MYalogaraenats s gopverted
Lci (cm), an inside dianmeter Dc, (cn) and an internal

into ﬂ"se\ﬂ(mhtlymmméwd@ﬂlﬁiaga@dnt ordesrispridiedeontiAYoas
enri chnment section having a length Lc2 (cm, an

multi-stagle distitatien Sourbong sunch dhat hheru@eaatbdmyaclic carbonate
nunber of stages nc2 thereinside, wherein Lci, Dci,

is reacted wizh tRe2diol il tkds sinvdtetifatd & diatkytehogiytakor the
(1) to (9): 5 300 5 Lci 5 3000 (1) 50 < Dci 5 700

like {@? 8r 3 temparabd® AN ré’snd@n%%' tlﬁle 3@%(|i4'1ed f10hi8 reaction
5000 (5) 10 50 < 5 Lc2 / Dc2

o o e 0 St B B thg giotumn
bottom component to be reduced, etc.). As a result, it can be made to
be such that there is substantially no unreacted cyclic carbonate in the
column bottom component Cg from the continuous multi-stage distillation
column C, this being preferable when carrying out the present invention.
Note that the term “substantially not containing” used in the
present invention means that a 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 distillation apparatus according to
the present invention comprises the continuous multi-stage distillation
column C and the continuous multi-stage distillation column E, and these
columns must be made to simultaneously satisfy the various conditions.
Specifically, the continuous multi-stage distiliation column C and
the continuous multi-stage distillation column E must be as follows:
(a} the continuous multi-stage distillation column C comprises a

continuous multi-stage distilation column comprising a stripping section

having a length Lcs {cm), an inside diameter D¢y (cm) and an internal
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15 distillation colum C has at |east one chimey tray
installed therein as the internal, the chimey tray
having installed therein one or nore chi meys each
havi ng an openi ng having a cross-sectional area Sc
(cnm) satisfying formula (10): 200 <_ Sc <_ 1000

with @lAmbdr eNeteged mf, therethsidesysndamensictimehtisegtion
hei ght hc (cm fromthe opening of the chimey to a

havifgds RBRGE Lot (ERD, dH [RineSaidmbtss cmPEAdl an(ihlarnal
%shcg%o (%)(;hﬂ(c) ﬂf si de cut oacpgt i}s) connect ed

i 0 Well) i CAL.M t
with sen@rib el bf st s theteined, nefeir L8, DRk L84 Doz,

L1y ¢
e contil nuous age dl S

d) the.cqpti us. multi-s iLsti.h] ation colum E
and ﬁ%%rﬁ?it'ss&qﬁe R etsadie ?-tét(gée distillation
columm cqnprising a stripping section Saving a length
LEl (cm) 308n<ilrasi §3Q0%neter DEL (cm) (AAd an internal
with a nunber of stages nEt thereinside, and an
enri chreh® $dd¢i 5n70Baving a | ength LE2)(cm), an
i nside dianeter DE2 (cnm) and an internal 5 with a
nunber of8 stlagesDakX BBer ei nsi de, whern8)n LElI, DE,
nEl, LE2, DE2, and nE2 satisfy the follow ng fornul ae
(12) to B20)c49B0<_ LE1 5 3000 (12) (49 <_ DE1 5 700
(13) 2 5 LEI / DE1 < 50 (14) 10 3nE1l:5 30 (15) 600
5 LE2 5 4900 £16), <o DE251000 (17) (53<LE2/ DE2<30
(18) 55nE’< B0 (19) and

50 < D¢z < 500 (6)
10 < L¢2 / Dez < 50 (7)
20 £ n¢g2 £100 (8) and
Dc2 < Dey (9);

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

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

10 < hc < 80 (11);

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

(d) the continuous multi-stage distiilation column E comprises a
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15 DE1 5 DE2 (20); (e) the enrichment section of the
continuous nulti-stage distillation colum E has at
| east one chimey tray installed therein as the
internal, the chimey tray having installed therein at
| east two chimmeys each having an openi ng having a
contimamss meulti-stadge alistillabionco8lumACcomiprridipg g stripping section
formula (21): 505SE< 2000 (21), and each of the
havif§i dMeNgtP e N i) an inéide ArimBteNBel(®m] aAd® Afanternal

openi ng of the chimmey to a gas outlet of the chi mey

with ??S-bﬁﬁeg@ Iog g,rtggtbéon 1|2léfiénegﬁsi%%,<an&‘§n<en}%ngélﬁg seRffon

I's connected to a

navifigia Feh{Ie LReI b ot indiRel St Bksi (R Ehd] o jpternal

... been di scoyered that carryjn ut steps Ll) to

with & TR ff Stégen Hexciretoodls wheret EEs el. hes, Lea, Dez,
distillation colum C and continuous nulti-stage

and pegsatisdyithe iamingformylam(pa)itey(2®ol can be
produced on 5 an industrial scale of not less than 1
ton / hr 406 sflera13000t | ess than 2 (1@&)s / hr, nore
preferably not less than 3 tons / hr, stably for a
prol onge®0 gddipeg POOti me of, for exanl3d, not |ess
than 1000 hours, preferably not |ess than 3000 hours,
nore prefegall,yy pet 4 69s than 5000 hoyrg) from a
| arge anount of the high boiling point réaction
m xture AB.w.ch 4ps been 10 produced (t1t5rough a
reactive distilTation process between thg cyclic

car bonat t he {phatic nmonohydri l\cohol . The
reason Wﬁﬁg "hEé’sSq{)%@[gne possi bl e toc(p‘)lmduce a

hi gh- puri digl an i ndustrial scal ith such

excel | ent‘]toéf Fe@ﬁ%%}gﬁﬂm enenting the (gzgcess

accor di ng tg the present invention i s1réc))t cl ear, but
u

this is upperecdPee $80ue to a
5 < ngz <50 (19) and
De1 < Dez (20);

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

50 < Sg <2000 (21), .
and each of the chimneys being such that a height hg (cm) from the
opening of the chimney to a gas outlet of the chimney satisfies formuia
(22):

20 < hg €100 (22); and

(f) the side cut outlet is connected to a liquid collecting portion of
45
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15 conposite effect brought about when the conditions
of formulae (1) to (22) are conbined. Preferable
ranges for the respective factors are descri bed bel ow.
For the continuous multi-stage distillation colum C,
if Lci (cm) is less than 300, then the separation

the cHime sy bPrthbheontinubnsnButiicaitage distilkriensodummé.
hence the desired separation effl ci ency cannot be

at iﬁahﬁgdoeéﬁroqgﬁﬁf/eré@ thﬁ? 2rving cﬁﬂuéﬂ@&“ll)c@sﬂll_lgl using

e securing t eS|re sepa atTon efficiency,

such”%ﬁ{ rﬂ?qlg@ggeﬁla Itli)%ttﬁgg %&‘Slatttlﬂ{‘ cofP% crahbNES MhGous

e pressure

fere tvveenthe bott o the
multbé&%ﬁ $648GEEE0 R B AR BEBY G gtk b RrEBlced on
o eration hecomes difficult, and noreover
il scale ¢ohpptiess shent‘eﬁaar/abur@rqfﬁr%héf NgL4sSS than 2
portion of 46 the colum, and hence side reactions
tonsdelmrfeore srederablycaot less thae 3 poes driwhisdabl fer aoprolonged
Lci (cm) is 500 5 Lc. <_ 2000, with 600 <_ Lci 5 1500
peridibiofigimet ofydioe egxaa‘hpiex,bhet Ie$s than(tOF0iourss prefanably not
50, then it is not possible to attain the 5 desired
less ¢thahi 3000 iHndu)arore pYefecsiy, ndpldsephdad00bdhours, from a
equi pnent cost while attaining the desired

Iargéjhﬁéuhﬁb'f Qﬁeaﬁ"@ll'f‘bon% poiat ré8cfiBAemiptURe A Q\Fhl@hrﬁas been

nore preferable range for Del (c is
prodgrﬁlée 2trhar§9%h iﬁ"frtt{bc]c% Eéstﬂ%tl?nspr%%éé% ggg\)réSSnga?{éecychc

caroifh i WA PS50 FE R ARSI 1 nas
Lci / b . .

becﬂwﬁ%&%%& tiRodliceahigh-poeitydiah of apHBFUSIEST scale with
separation efficiency for the stripping section

suchgereelent e£fas!sdnt MPIRMAING dhe dHRCASHACEPFIAiG IR fhe

cannot be attained. Mreover, to keep down the
preseqtiipventioodst nohclears duurthig istsupposed to be due to a

composite effect brought about when the conditions of formulae (1) to
(22) are combined.

Preferable ranges for the respective factors are described below.

For the continuous muilti-stage distillation column C, if Lgs (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, L¢1 must be made to be not more than
3000. Furthermore, if Lgq is greater than 3000, then the pressure
difference between the top and bottom of the column becomes too great,
and hence prolonged stable operation becomes difficult, and moreover it

becomes necessary to increase the temperature in the lower portion of
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15 desired separation efficiency, nci nust be made to
be not nore than 30. Furthernore, if nc, is greater
than 30, then the pressure difference between the top
and bottom of the colum becones too great, and hence
prol onged stable operation becones difficult, and
the ¢BILBAYEANUIhEREEBIHe MRAREGIE becomadissieetd becur. A more
tenperature in the | ower portion of the colum, 20 and
' [ Lijahl e noh
pref g rfb:e rf&ﬁtgéqpm)b&.cm ._é.%g__ nzf:qbtgc%tfh %ﬁ%?h.. é.%g < 1500

prefera ran nclr is
. ' ' f ble. If Lc2 [
bemgysestwg{g ﬁ%gap e‘nn?Lg Fs)[ega;e;?i o(re1 ef fici gncy(/cfr%rl tshe
i chment ' d dh t he, desired
Sobh P& G IesoNegh i ften &ty f&F Ras iRl R bfEin e

keep . down the equi pnent. 25 cost whil e securing the

desicpd diglillatipa-amasnter tMereaver, 1o keppsdowa M%QWB"&M cost
not nore than 5000. Furthernore, if Lc2 is greater

while @itaining thendesisedidistibiadion amaunt,Penteusktbravadehto be
top and bottom of the columm becones too great, and

not menedhano?00gedA shakd @refersdiieaanys 6oeDcqdidhh) t70. < Dey <
Mor eover, it beconmes necessary to increase the

500,tWitRe1 80 W ©d,N< YTD beiry yvatrino?s piefebgbn! um, and
hence side reactions beconme liable 5 to occur. A nore

l .
650! (05 Tigh o I8R50, i oiofged vl

2 [ . n 30 en . dd, i Ll e ;

opergfior E8bphes, SlfficulP; A mdraPrsferaBl PanRB B By 15 4 <

keep t.he ip cost. . while attaining.,the
Lor /387 SAUWEE S & Hrracts BEhaat d Pl BESale- 10

not, nore than 500._A nor referable r e for _Dc L

(b Mo T 4088 #Ban3. Wi Thp, semer alio el ClensSo gk ihe stripping

yet nore preferable. If Lc2 / Dc2 is less than 10 or
sectigredesreasas ad henae pholdasieed sepaypdiospefligiensy cannot be

becones difficult. A nore preferable range for Lc2 /
attaiped. | sMoseaver.cd kebp2dewnithe wiguipatent cosbwhilcgeeuring the

35 being yet nore
desired separation efficiency, n¢c1 must be made to be not more than 30.
Furthermore, if ngy is greater than 30, then the pressure difference
between the top and bottom of the column becomes too great, and hence
prolonged stable operation becomes difficult, and moreover it becomes
necessary to increase the temperature in the lower portion of the column,
and hence side reactions become liable to occur. A more preferable
range for ngq is 5 € negq £ 20, with 6 € ng1 < 15 being yet more preferable.

If Lc2 (cm) is less than 1000, then the separation efficiency for the

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

cost while securing the desired separation efficiency, L¢cz must be made

to be not more than 5000. Furthermore, if L2 is greater than 5000, then
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15 preferable. If nc2 is less than 20, then the
separation efficiency for the enrichnment section
decreases and hence the desired separation efficiency
cannot be attained. Mreover, to keep down the

equi pnent cost while securing the desired separation

the pifdssurengifferanterbetweenntinet@p drd bettoh obthee chiumn
100. Furthernore, if nc2 is greater than 100, then

becdme sPioRs §Hé 8t, hhd Herss phelomeed IS18bl B paidtidat besbaies
the colum Dbeconmes too great, and hence prol onged

diffi@ﬁli‘.bl MORSS AL, G0 bRECIHES néﬂéééﬂl {o indrea¢Cthe itélir“:neeratl.-lre in

econes necesdary to increase t tenperature 1n

I 1lon of I h e sij j :
the 1o} BRORRAY thia bBRER. Y KNG SPE rEpEAPDSTIREER tiable

for nc2 is 30 <_ nc2 < 90, with 40 < . n 80 bei ng
to ogeir. mﬁénsr%f:y@zsr%gler\am 87 Loa (F i5002 Lz 2000,

__invention, at 48 |east one chimey tray nust be

withiZQQiS bdz2 isn36R0 keine et morepreterabl@d the nunber

of stages therefor is included in nc2 above. Moreover,

f olf Dea (con} isiless thant50 stheye idissnpt passiblecto attaig the

of the present invention, preferably Dc2 < Dc,. 5

desiFed idistittatien amaurdp (Moreower, teekeapedowat thenedhiipment cost
boiling point reaction mxture AB fed into the

whil & Qittainiing Theudiésiretagrtiliation aahd @At,cOLY MusCheonadlento be
a small amount of unreacted cyclic carbonate, it is

not MofEehal 5oof OFAirﬁohg gﬁ%f&%lé%@%ﬁ &Pc;]t e@g@) is 70 < D¢z <

unreacted cyclic car ate I's nma
400,05 A Koy SR elfo olimBrel RrER. o0 o
rcdbFaradpsz 14 165 Bhafct GoirdRaiBR ThaR: 55 ha nelenged
staoh B o Beth o e, K B8 e R e o 4.
in a lowernost portion of the strippin section which
Dec2 Iss1bn< thoa 4 Boer< g twidh 20 <t hez édhda subHaingtyetsmade
preferable.

If nc2 is less than 20, then the separation efficiency for the
enrichment section decreases and hence the desired separation
efficiency cannot be attained. Moreover, to keep down the equipment
cost while securing the desired separation efficiency, n¢cz must be made
to be not more than 100. Furthermore, if ngz is greater than 100, then
the pressure difference between the top and bottom of the column
becomes too great, and hence prolonged stabie operation becomes
difficult. Moreover, it becomes necessary to increase the temperature in
the lower portion of the cotumn, and hence side reactions become liable

to cccur. A more preferable range for ngz is 30 < ng2 < 90, with 40 < nc2

< 80 being yet more preferable. Note that in the present invention, at
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15 distillation columm C, sone |liquid are continuously
W t hdrawn from an uppernost stage of the trays K, and
after heat is given to require for distillationin a
reboiler, and then the heated liquid is returned into
the distillation colum C froma feeding port

leasPo?d dhimhel\ieay et brpRistatied i Hoe edfriciment ayection, and
and the internals in the | owernost portion of the 20

the SGAIHRAY tﬁ‘ﬂsf’éﬁéé PRerdfdrli8 inefudgdaniles apbyviehe 1iquid

is fed Int ower trays in order. By devising the
co S il 0,
%b{%&?@e rés%(l'itéhgeé?ﬁﬁ"%?% rlnu‘?ttl aﬁgﬁ% ﬁf&fﬂloa\%gﬁ‘ cBhit;ﬁm C of
conti nuous istillation colum C
the Giasdht FRANSIISST %?f@bb@ﬁczby King 25 a di anet er
Dc3 of, the col ynm at dbe ow t he st esvyh re the .
tr ;}&“Re”HPéepf'é%%P( Pe?a%éha ‘%edT'SE'e'P%F'ﬂﬁ:PO'"t
of the strlgpln sectlon ( , 49 < Dc3), the_ anmount
reacgion mjxturends fedaimtod hienge atisseusnmultingtagendistillation column
resi dence tinme can be increased, and thus a sufficient
C cardains ansmiateaowuntef mireaaterbd:.ycﬁarmmmonnta, ibys preferable
maki ng the colum bottomliquid |evel be |ower than

for it te beodevhaxsd soct Wfattthe Uhagacted kgckcneadbunhate tshmade to
liquid 5 in the |lower portion of the colum can be

undérgdy eeh8lonAh & 166&¥H forior b thébéb(l@»mhnsb%aqrﬁﬁ%lbntlally
i nvention, even in the case that a snall amount of

no uH'Pé?E‘Péc?Q:Iy‘aﬁE' :’f&rtﬁﬂ{é’t%”%t Sohﬁanﬁ 'Elt o ﬂ%?’cotlg&q‘% V\Eﬁ@

CyCl1C Ca bona can be reacte

companBATESh' . B, T3 Bl e!ﬁ%@f?%{a%mgﬁ“@ i pgosen

. hi. 10 boi,) poi.nt 0 the l i
inveR}iih, vh BRIy Aieb asaeny clcfensdk areafuthél Brovidae, it a
rol e descri bed above, but in ternms of the reI ationshjp
lowes Rk oﬁéhﬁdmﬁm@saﬁvdaéawqust pgEtionp s‘i"@/é"ﬂpasﬂg
or a baffle tray is preferable, the baffle tray being
sectinn whighds! in threelfewveablportion ofithe antiruous multi- -stage

distillation column C, some liquid are continuously withdrawn from an
uppermost stage of the trays K, and after heat is given to require for
distillation in a reboiler, and then the heated liquid is returned into the
distillation column C from a feeding port provided between the uppermost
stage of the trays K and the internals in the lowermost portion of the
stripping section, while the remainder of the liquid is fed into lower trays
in order.

By devising the continuous multi-stage distillation column C in this
way, the residence time of liquid in the lower portion of the continuous
mutiti-stage distillation column C can be increased. Moreover, by making
a diameter D¢3 of the column at and below the stages where the trays K

are present be greater than the diameter D¢¢ of the stripping section (Dg1
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15 the sieve tray or the baffle tray, a weir is
preferably provided, it preferably being nade to be
such that liquid overflowing the weir continuously
falls down froma downconer portion into | ower stage
trays. 1In this case, the weir height is preferably in

< DR)/f tiwansduht eNikuia REICHan F@iRcEPied ANd/ hene® thd o
20 cm yet nore preferably from8 to 15 cm 20 In the

residéFce UmENa P dd 'r?crb%@éd %arsd 'Iﬁhg 4 'Sl Ibmé‘dbﬂ&}?tlme can

weir is the baff i's particu pr et er abl e.
ve AT F@?@&r{ﬁ@%@@yzﬁa&fﬂ@s;cd@.@hég%mma@m
be '%ﬁ?@MB%B*OF%%&CEB%%br{ﬁ“EEP&Sg%'ﬁegackhﬁf’iﬁgbhaﬂ*hé liquid

nor e referablog/ < nc3 < yet nore prefera g/
in the | peption WEHJ%@P#P@V&M%@ i i\§ Reresult of the

enrichnment section of the continuous nulti-stage

abovg,dni theapreaestiinventionaeveroin the aase that atsmalisamount of
one chi mmey each having an openi ng having a

unreacted -edic casbonatmisScontait®d, the harpheatexd afyclibecarbonate
tray. Moreover, a chimey cover is preferably 5

can bastealdted withathe!BbsY, wihieh Opeéseat i of ldrge erteBeVa.step
Thi s chi nmmey cover plays a role in a gaseous

(1, Sﬁﬂmﬁﬁi‘boh%ﬁéd %@%MrétérypmtboﬁﬁhaIIé}IQE\%Sch%WHwnng a high
deways at the upper opening (gas oltlet)

bo”,figcfm‘m}(, or Y ikRr eover plays a role in prevent| ng a

componen "that fall s down from upper stages
Tha Nt E‘r' y ”gcd.%&ﬂa%'éﬁiégﬁfa'fo”f‘e&eﬁfg%ré %6 & ﬁﬁ%%% thays fulil
the rgﬁm 3ed Ve fbin 86 sl i Feleianghiog fafeen
shape or a circular shape is preferably used
perfmeaveramﬂ &quipmenbEeoshea @iewadyay arha baffle tray is
cross-sectional shape and area may vary from an upper
preferahleothe daffleotnay being partitutanly greferabiebutIn the case of
the sr;;\e;feetrrSSIgr the baffle tray, a weir is preferably provided, it
preferably being made to be such that liquid overflowing the weir
continuously falls down from a downcomer portion into lower stage trays.
In this case, the weir height is preferably in a range of from 4 to 30 cm,
more preferably from 6 to 20 cm, yet more preferably from 8 to 15 cm.
In the case of the baffle tray, a simple tray in which the weir is the baffle
is particularly preferable.
A preferable range for D¢y is 1.2D¢q < Dg3 < 5D¢q, more preferably
1.5D¢1 < Dg3 < 4D¢4, yet more preferably 1.7Dc1 < De¢3 € 3Des.
Moreover, ngs is not less than 2, a preferable range for ngs being

3 < nga £ 20, more preferably 4 < ng3z < 15, yet more preferably 5 < ngs <

10.
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15 constant since then manufacture is sinple and

i nexpensi ve. Moreover, the at |east two chi meys may
have different shapes to one another, but preferably
have the sane shape as one another. In the present

i nvention, the cross-sectional area Sc (cnR) of the

Opa'rhm@h(mheypaa iplst4ihed dhi tieegnhizhimgnt Becsion ofshe
Cross section) o 20 each of the chi mmeys connect ed

contfrﬁudﬁl‘@ rﬁﬁltlr%f%Y%é rcﬁ¥t|ﬂ‘d§|bn3é‘6lu.ﬁﬁﬁ ¢theas proided tABYein at least
~Sc < 100 If Sc is less than 200, then a

one Eﬁf QQEE wﬁ uﬁﬂrﬁ.ed’oraerzl'h ?Q%Eeﬁ rdss- §b'i:‘t‘i‘d315a? area Sc¢

mne pro ence the

cost [ | { S h

(cmz‘iS TR PRCAYS: Wyfleokor it e bBvel higtoravty
) rone to becom ng unyni form, and 51 hence o] o
'nstaéf%ﬁp@ 65&%@%99@&3&@” enehiaf ihe CEIrnﬁPaspr b Bisptmney

range for Sc (cnmR) is 300 < Sc < 800, with 400 5 Sc
coves piays ddpiR) ina gAseOUSpERrMGIARL thak tisesrup frem lower

hei ght he (cm) fromthe opening of each of the 5
stagehiflowing sodewaygaat the luppgraopening ¢gdsaiutiel ehifee chimney,

openi ng of the chimey) of that chimmey nust satisfy

and tierdoverupiaysld)rold O _prevenihd hlliqiie comporynt that falls
used in the present invention generally has installed

dows T8 @ up?eel ?@Eﬁ"roﬁpféﬂlm@ d6wraliredtngirtbethd nywdr stages.
conponen o fall down into | ower stages, and

We iy o efo@lﬁdg%ﬁﬁeﬁ]ﬁéﬂ% ¢t EOERYitiHe Fﬂ_hﬁnﬁ%%tayoﬁe any of

the weir depends on I's generally set

trianBERE " 4 & o Sred i%ﬁtén‘@%i'n% netrSREKER oY tng ke,

n the c

' t b |
but 3 sgiare AR nr?%wﬁég%%% 1%, pror i s 88 {1 @feoven for

each of the chimneys, the cross-sectional shape and area may vary from
an upper portion to a lower portion of the chimney, but is preferably
constant since then manufacture is simple and inexpensive. Moreover,
the at least two chimneys may have different shapes to one another, but
preferably have the same shape as one another.

In the present invention, the cross-sectional area Sc¢ (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 Sc is less than 200, then a large number of chimneys are
required to attain a predetermined production amount, and hence the
equipment cost becomes high. if Scis greater than 1000, then the flow

of gas in the chimney tray stage is prone to becoming ununiform, and
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15 is greater than 80, then the amount of liquid held

i ncreases, and hence the strength of the equi pnent

nmust be increased, and thus the equi pnment cost

becomes hi gh, and noreover the residence tinme of the

purified diol in the colum increases, which is
hend@ﬁ?&l‘dn%&cfsté’b!@b?e?éﬂ&ﬁ@@é@ﬂe@&ﬁﬂcﬁ% hR hefd preferable

< 50 being yet nore
a rtur e. rat
rangB 1SS KAL) 33 A0 L L0 ath K651 9L 0766 difia et more
fchl gneys to the area of the chimey tray |ncI udi ng the
Pretqr cross-sectional area of the openi ngs) of the
chipmey tra prefer in a range qf fr t
40%°ﬁ9f°"t9rfe¥5§é?‘i'9|hé oS8 fEOMoUis Shemingog! 6 eReh of'the
prol onged stabl e operation becones difficult.
chimpgysoteethe Zmse puthes (aplawer endaef the dipperepeningef the
40% then the nunber of chimeys nust be increased,
chimoeyg aafhthaft ¢hiennéy mogt satisfy ibenfidentliagitd), and in
52 either case the equi pnent cost becones high. A nore
preferabhe £dnge ghor the aperture ratfg)is 13 to 35%
with 15 to 30% being yet nore preferable. In the

pr ¢h%néhlrﬁH§9tt'r§? ude® iRitthbeseds dhteirfintivy germdrally has
installed 57in the enrichment section (a portion

insta@lké(avm n%%ltov& ) ee)‘? (?Iq cwtfer LR wipg fHH‘]IEt‘ﬂﬁﬁil o g’onent

eco um nultl-st ge dis

o faﬁh@«g@f Fo P b R T PR PSR

in int_ than tha of t he ut a
comp@gaat- bond A g it tﬂe*ﬁamev @PSRAB RN fer ik iscSenerally set
nmonohydric 10 al cohol is contlnuously wi t hdrawn_from

to apmexiNAelub WRDaMRsSHNaN heonrieeNegaueth Ihbict Smiess
of the liquid collecting portion of the chimey tray.

thanTHy thethéhe afmonintedyliquidybelhin thenchienney teay hecomes low,
nore if required, but is generally one. The stage at

and henck pluoogiednstabileaypersatiomdtesddreesndiffibeltat Moyeover, if he
position in the enrichnent section, but is
is greater than 80, then the amount of liquid held increases, and hence
the strength of the equipment must be increased, and thus the equipment
cost becomes high, and moreover the residence time of the purified diol
in the column increases, which is undesirable. A more preferable range
for he (cm) is 15 < he < 60, with 20 < he < 50 being yet more preferable.
An aperture ratio (the ratio of the total cross-sectional area of the
openings in the chimneys to the area of the chimney tray including the
total cross-sectional area of the openings) of the chimney tray is
preferably in a range of from 10 to 40%. If the aperture ratio is less
than 5%, then prolonged stable operation becomes difficult. Moreover,

if the aperture ratio is greater than 40%, then the number of chimneys

must be increased, or each of the chimneys must be made higher, and in
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15 preferably a stage that is at |east three stages
fromthe bottomof the stages in the enrichnent
section and at |east ten stages fromthe top of the
stages in the enrichnent section, nore preferably a
stage that is at |east four stages fromthe bottom of

eithdheasé anese jlipmenttost IT@dsmeschighl Anorb pefferable range
fifteen stages fromthe top of the stages in the

4 . ) ryef i g
R A S A R R T
preféttaﬂﬂg.s in the enrichnment section and at |east twenty

our ""stages fromthe top of the stages in the

enti chment section. .For the nt i puous lti-stage. .
o 10 ffiPaRresptoinyantio< P At 18p8h ORE FRimhey YEH Se pptalled
. is less than 40Q, then the separation efficiency for
in therenrichmant peetignd@ppstionabeve an inlgd fﬁérfeéd{% into the
desired separation efficiency cannot be attained.
columsy bot delowothe épp dfntha Belwayai) pricthe pudti-siage distillation
securing the desired separation efficiency, LEl nust
coluimn Qadend @ fractin hawirg tadsaa B8&d0.compohentdhereof LEL
is greater than 3000, then the pressure difference

interdvd diers ﬁdiﬁnfgopoﬁftdwimbﬂgmlﬁvihPea towWenbditiagnpsintt itan that
great, and hence prol onged stable operation becones

of thdl 8fd1 Bt a HGARe? BBHIRGVESintithRAf HESoNERE HRINati® monohydric
increase the“tenperatidre in the lower portion of the

alcofigl {Bonfiud1iG i RhOFafi7Hohs the SH6RTRT bBREE Wiligh is
El 2000, with 6 <, LEI 0Q. bei ng.yet .

conrsiefrtn e battes S thy HanT salieeintS st b aF b8 rimney

nol. possible t ttain the 10 desired, distillation .
tray-an@nﬁtnuwgrfeeroq P,ﬁlmaeweféavaow MALR SRR twospr more if

while attaining the desired distillatjon amount, DE1l )
requirgst, e isagenesally ot Mheestags atoghich the shimney tray is
_ preferable range for DEL (cnm is 100 < DE1 < 600,
instalieich M0 be abEhy<po S éh Aheyenricbmendr e¢etiabl butlis

LEA / DEl is less than 2 or greater than 50, then
preferatilpragetags abia¢ is at least three stages from the bottom of the
stages in the enrichment section and at least ten stages from the top of
the stages in the enrichment section, more preferably a stage that is at
least four stages from the bottom of the stages in the enrichment section
and at least fifteen stages from the top of the stages in the enrichment
section, yet more preferably a stage that is at least five stages from the
bottom of the stages in the enrichment section and at least twenty four
stages from the top of the stages in the enrichment section.

FFor the continuous multi-stage distillation column E used in step

("), if Ley {(cm) is less than 400, then the separation efficiency for the

stripping section decreases, and hence the desired separation efficiency

cannot be attained. Moreover, to keep down the equipment cost while
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15 operation beconmes difficult. A nore preferable
range for LE1 / DE1 is 3 < LEI / DEl s 20, with 4 <_
LEI / DEl <_ 15 being yet nore preferable. If nEl is

| ess than 3, then the separation efficiency for the
stripping section decreases and hence the desired

secrﬁﬁi?lthél@@su?éﬂl@é;mmtrmmbrdmcy,alé@mm bdVimade o, be not
to keep down the equi pment cost while securing the 20

moré’Qﬁhheﬁoéﬁﬁarﬁjr‘tﬁérﬁfofrbc'|1eﬂE¥rs @Elaa!%'ﬂhé’ﬁ UL, tHerPehe

not nore than 30 Furthermpre, If nEl is greater t han
f
oresfare SRR T4 e L SR HEAH A1 o Seomes

o0 G R BTSSP bbb g B, anc

ture in the | ower portion of the colu
moreRYR I paEomaR, NPGRSSAEL JRanCr 8BRS 1 TRIDRRTSWIng,IL NG lower
preferable range for nEl is 5 <_ nEt < 20, with 6 <
portigmotthezalumiy gad henee midededstions Mcpﬂnert@merﬁo occur.
is less than 600, then the separation efficiency for
A mdrreepreferriabﬂrerﬂflahgseem:i by derr)dssER0 <ahgq keR080t weith 600 < Lgy
desired separation efficiency cannot be attained.

< 1500r beR] yet Inspepredavablee equi pment  cost while
securing the desired separation efficiency, LE2 nust

be |fads (@mPidRedPthaR30 tHigh #0R0notpdseb it atidin the
LE2 is greater t han 4000, then the pressure

f h |
demg%(i o%ﬁﬂﬁﬁo“eér’rfb‘?fhtt b‘?@o%?‘ g:fkb% d S\tr-’ggﬁﬂeé% difiPment cost

omes to0o great, hence pr ol ong _
. A C eR, |
whil g iAbY tF% é’é’%?sg 'sﬁuﬁa*loerraiﬁéﬁﬁr D hygeE§ERde to be
ortion o he col um, d nce srd c b
not iogs B §0Po” A TuPTe Rrads EhIpJANaHIQl Do bis 189 € Der <
(c rr% is 700 s LE2 < 3000, with 800 <_ LE2 < 2500
600, puithgl 9@t=< Rme-&m*éﬁalbgefetrmomezor@fﬁrﬁb@ | ess than
100, then it is not possible to attain the desired
di ¢t Lt dtDonislesmthans? es\areates thaspsAothen meolonged stable
equi pnent cost while attaining the desired
operdtivin begbinves aliffimult. DAB2muoret pbeferatiée range for Lgq / Deq is 3 <
Let / Dgt < 20, with 4 < Lgq / De1 < 15 being yet more preferable.

If ne4 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, ngs must be made to be not more than 30.
Furthermore, if ngq is greater than 30, then the pressure difference
between the top and bottom of the column becomes too great, and hence
prolonged stable operation becomes difficult, and moreover it becomes
necessary to increase the temperature in the lower portion of the column,

and hence side reactions become liable to occur. A more preferable

range for ngq is 5 < ngy < 20, with 6 < ng1 < 15 being yet more preferable.
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15 not nore than 1000. A nore preferable range for DE2
(cm is 120 < DE2 < 800, with 150 < DE2 <_ 600

bei ng yet nore preferable. If LE2 / DE2 is less than 2
or greater than 30, then prolonged stable operation
becones difficult. A nore preferable range for LE2 /

DE?f Lg; 3cm) islieds/ tH¥® 600, Ahenvitid séparatibh éff¥idncy for the
15 being yet nore preferable. 20 If nE2 is |l ess than

enri¢hmeh? sddtfos Aerabises, ¥id RepteVtHe dehed 8BbaratiBAl
section decreases and hence the desired separation

efflcﬁ]ridf 'c%ﬂ%tcl?é‘ %Qfa:fl%dat L Ric?&dve i ﬁﬁ%’b dé@mkg'?é’ eiPment

whi | € securi'ng desire

cost 6 HA '85fth%ﬁﬂé?fﬁer%gp%ﬁ&%@%fﬂﬁgﬁ%{C‘r Wl maco

o R ol G58 EMBREEOTR, TS SiRbAdihoon. mer

roI onged stabl e operation becones difficult.
the mwgrdlffqrew@@ohﬁgwﬁ@amtqp @hd h@#t@aa@ftw@ 2olumn
tenperature in the lower portion of the colum, and

becdmasdos greakand hendepoaiondebistable operationsbeopmes
preferable range for nE2 is 7 5 nE2 5 30, with 8 5 nE2

difficuleS hborepverctit becenpes hercedsaryNot mmdreasei tha bemperature in
present invention, at |east one 5 chimey tray nust be

the loWdrabb Ao h bt M @arurﬁhrr%rﬁd neficeosiderpélaétiens wésosme liable
of stages therefor is i ncluded i n nE2 above. MNoreover,

to odgl. I8 8RS e tdgé 9 4 TEh) BLTED £44% 3000, wit
so0 Bl S0 B e BB B o™ 1

S DS A4 S i BB e

s ARG, i 50 LT e con
installed on an upper opening of each of the chi meys.

whilggttaipingnibe desived gistijlation smount, Dgagussisbe made to be
conmponent that rises up froml ower

not more than 1000. A more preferable range for Dgz (cm) is 120 < Dg2

< 800, with 150 < Dg; < 600 being yet more preferable.

If Leo / Dg; is less than 2 or greater than 30, then prolonged stable
operation becomes difficult. A more preferable range for Lgx / De2is 3 <
Leo / Dga < 20, with 4 < Lgz / De2 < 15 being yet more preferable.

If ng; is less than 5, then the separation efficiency for the
enrichment section decreases and hence the desired separation
efficiency cannot be attained. Moreover, to keep down the equipment
cost while securing the desired separation efficiency, ngz must be made
to be not more than 50. Furthermore, if ng» is greater than 50, then the

pressure difference between the top and bottom of the column becomes

too great, and hence prolonged stable operation becomes difficult.
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15 stages flow ng sideways at the upper opening (gas
outlet) of the chimmey, and noreover plays a role in
preventing a liquid conponent that falls down from
upper stages fromfalling down directly into the | ower
stages. The cross-sectional shape of each of the

Mor&dvéT, 9y Detin 88 ridvesiaryt fd Mdrdae tiB6usntpenlyginahe lower
circular, elli ptical, star-shaped or the |like, 20 but

portidrS8Fehée cHlaRth Oéﬂa I?éﬁﬁ ﬁéﬂemldﬁw&fc‘hﬁém%lésﬁdoccun

Mor eover, for eac |rmeys

A BRI R T 5 A 63, 147228
yot B SRl AT NARD LTS Eﬁﬁr%ae” 5081 5 4B o
o S BRI 5 SRS REA Ebh, Sr ormr

present invention, the cross-sectional area SE (cnR)

of stageﬁhweraéoop%mmﬁlgld(etdwm Ppartak@vehe chi mey having the
smal | est cross section) of each of the chi meys
coMexegaen, dor Hheodo mtieyousanuttisttaget dstillation column E of
formula (21). 50 : _ SE S 2000 (21) 5 If SEis |less

the preveftOnviieidbm prifaeabiyoRy, ©DGhimBRY praferablguDi{ edDe,.
to attain a predeterm ned production anount, and hence

t hqhé%hﬁﬁ%@*trﬁ?%s‘@&ﬁ@&ﬁﬁ tHedBnrich nvent %e&h@m 6f the
than 2000, then fhe flow of gas in the chimey tray

contﬁ ) 'n?t&ﬁf—%?%gé%lgﬁﬂgﬁo gn}H%hf@frggsf ??gv‘t{ﬁ!‘zﬁerem at least

0ol onge e operatl econes | CU
two Bhifh égg'ea %éﬂfﬁ%ﬁi %?ﬁéﬁ"ﬁ%vf%%ngﬁsseﬁ?gﬁgﬁf’l‘%%fea Se
(omyOh R hlan e 1R ys St ale P Fhm e Bdes is it eRerably

per openl ng of the chimey) of that chi mey_nust
mstajﬁqd envanHipper peeaipgf each of the chimneys. “This chimney

cover plays a role in a gaseous component that rises up from lower
stages flowing sideways at the upper opening (gas outlet) of the chimney,
and moreover plays a role in preventing a liquid component that falls
down from upper stages from falling down directly into the lower stages.

The cross-sectional shape of each of the chimneys may be any of
triangular, square, polygonal, circular, elliptical, star-shaped or the like,
but a square shape or a circular shape is preferably used. Moreover, for
each of the chimneys, the cross-sectional shape and area may vary from
an upper portion to a lower portion of the chimney, but is preferably
constant since then manufacture is simple and inexpensive. Moreover,
the at least two chimneys may have different shapes to one another, but
preferably have the same shape as one another.

In the present invention, the cross-sectional area Sg (cmz) of the
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15 20 : _ hE :5 100 (22) The chimmey tray used in the
present invention generally has installed therein a
downcomrer portion for allow ng the |iquid conponent
to fall down into | ower stages, and a weir for hol ding
the liquid conponent. The height of the weir depends
operﬂﬁgh(lihebplértl of me:mdrﬂmeysnhvﬁa_? tRe afnallvstieroby sedtion) of
cn1|ess t han hE. Consequent if hEis less than

eacrﬁgf thé élfteH'l%U Ke *&‘Pl‘iﬁ\d s flustetisfthe

econes an ence pro onged st abl e "operation

dlfflcult Moreover, if hE 1is greater than
form?%?ﬁﬁen t he amount of quui d held increases, and

henbe stren f the equi pnent be
|ncreaseg% ﬁ% Fﬂég he equi pnent 25 t/ becones
and noreover, the residence tlggfof the urified

h| h
Seils lgwe A0 ithercadatge her of fRigeYsAre A
m)re preferable range 57 for hE (cm is 30 5 hE s 80,
requitechta@tiing predetermingd pregustinrepmennt anddbence the
aperture ratio (the ratio of the total cross-sectional
equipmantotoshbecpemésidighn tIhSchd gnegten tharmh20&0sdhein the flow
the chimey tray including the total cross-sectional

of gax éa the dHienvpgnragstage isherord wdedaming sinuniform, and
preferably in a range of from5 to 40% If the

henc’iaoﬁi'éIéfr&;écﬁfs*téble?ob%ﬁhbhaﬂecé%eé B erfi cril ©! OA%@Lrétﬁ@férable
operation becones difficult. Moreover, if

rang%pl%rrtgéZch@tlg 10 &atery dd@ w‘d‘tﬁ)'no/? hg“stgeltﬁt‘)'@tﬁémﬁfyet

I ncrease ‘or eac of 1 rmeys

de higher, and in either case the equipnent
morégg@%f%r%cb s hi gh. A nore preferable range for the 10

ap ure ratjo s, fr 0%, with f.rom %
Ferdnihe helaitdmbrm) teal the Opbning dear st e
features of the present invention is that the at
chimneys to the gasaaflat @/ lawer gadapf é'@lelqpﬂﬂeoﬁﬁﬂl'%%r@rﬁhe
section (a portion above an inlet for feeding into
chimney)col that thimbeyanushsatisfy dhet fermula (22).
20 < hg <100 (22)

The chimney tray used in the present invention generally has
installed therein a downcomer portion for allowing the liquid component
to fall down into lower stages, and a weir for holding the liquid
component. The height of the weir depends on hg, but is generally set
to approximately 5 to 20 cm less than he. Consequently, if hg is less
than 20, then the amount of liquid held in the chimney tray becomes low,
and hence prolonged stable operation becomes difficult. Moreover, if hg
is greater than 100, then the amount of liquid held increases, and hence
the strength of the equipment must be increased, and thus the equipment

cost becomes high, and moreover the residence time of the purified diol

in the column increases, which is undesirable. A more preferable range
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15 columm) of the nulti-stage distillation colum E,
and the high-purity diol is continuously wthdrawn in
aliquid formfroma side cut outlet connected to the
bottomof a liquid collecting portion of the chi mey
tray. The nunber of chimey trays can be made to be

for HeWerR) i$B0e<iHe ke8I0] Weth 40bYthy & T@MRIIAL! yetonwreTpreferable.
stage at which the chi mmey tray is installed 20 nmay be

g@‘i‘ﬁbr*e‘ PAtib TthO2a vl bF B NbtHCSids¥sebtibnat area of the
pre erably a stade that is at |east three stages from

ops s HLERITBSHEO8S oBa G EHEY P EfBBIng e
cta Gl 54 BB Bl 1

es in the enlch section d at 25 | east four
pref%'t ¥ne @ SANGIR:O H&rﬁfé] ﬁ%é%(oagelﬁﬂﬁ #Rertpiialinit less than
section, yet nore preferabl é{ea stage that is at |east

5%, thee psolgagedrsableonsratinn decomees sliffisultes Maraower, if the
enri chnment section and at |east four stages fromthe

apertore oatiotisegratatgethan 40%,ctherc tihe mumberiafrchimreeys must be
continuous multi-stage distillation colum C and the

increepgdd Nnopexonubf thetatdmrtkd s Mt bemadieuhigHercard th edther
to the present 5 invention are preferably a

casdlifd idduaphiihicebsiMBebaid¥ higRYS RS pPefdriatlds range for the
the internal in each of the stripping section and the

aper?ﬂ‘n‘é ?Q{TB% ﬁSFﬁ' '1®nto %%,t Hith fiorhef518b 2 elS’eir'“q ZB? more

resent invent the part 1n the |st| tion

wher e gas and I|qU| d are actually brought into
pfef%’%ﬁ@zt with one another. Exanples of the trays 10

ued bubbl e- cap, t.ra a sieve tra le.. .
%ﬂ 1R BeracafisdSteaflyasiotine ﬁ‘saeni éﬁ??auﬁn Is that
, an Unifrax tray, a Superfrac tray, .
the atr @ﬁstap%ahlmw trayyis wsjailedpmat'ee ﬁruwhtaem&ﬁ&fg}r% (a
plate tray, a Kittel tray, or the like. r?) of
portioimeabayRi m@snletcﬂolﬁcf@erobngdmt@ébmMsmmdwtab, oav the top of the
Raschig ring, a Lessing ring, a Pall ring, a Berl
colusagdbEthemili-stage distillation column E, and the high-purity diol
is continuously withdrawn in a liquid form from a side cut outlet
connected to the bottom of a liquid collecting portion of the chimney tray.
The number of chimney trays can be made to be two or more if required,
but is generally one. The stage at which the chimney tray is installed
may be at any position in the enrichment section, but is preferably a
stage that is at least three stages from the bottom of the stages in the
enrichment section and at least three stages from the top of the stages in
the enrichment section, more preferably a stage that is at least four
stages from the bottom of the stages in the enrichment section and at

least four stages from the top of the stages in the enrichment section, yet

more preferably a stage that is at least five stages from the bottom of the
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15 saddl e, a Di xon packi ng, a McMahon packi ng or

Hel i - Pak, or structured packings such as Ml | apak,
Genpak, Techno-pack, Flexipac, a Sulzer packing, a
Goodrol | packing or Gitschgrid. A multi-stage
distillation colum having both a tray portion and a

stag@srihi e pacickinvht Beptiof Apd aCRyast Rurbstagexifrom the top of
Furthernore, the term "nunber of stages nci, nc2, nEl

the égg@s ﬁﬁ%é’feﬁr%ﬂﬂ’éﬁ'ﬂrmt'foﬁl_sed in the present

I nVenti on nmeans the nunber of trays in the case of

th : h 4G s el 10f St kst he

cad e, PERLir¥S AR DERIGE i SHBR Sotim GaR e

a continuous, nulti:stage distillation col vin
contfyfis Bl 3ag% diRiTh Sofimp. ' dSiuEind /B ¥ bPésent
. ackings is_th the.sum of the nunber ,of trays a
*"VegHenz%'get REsfemtly 2 HW@@“BF %‘?‘H&é‘%. E\‘ﬂngﬁéakﬁgé’ébc%f

invention, the internals in the stripping section of
packingsas thetintrod imeach afdhe atrippingspetiosornhihe

and the internals excluding the chimmey tray in the

enrichmeoh rsadticrect iTéve term Jirtfernabl ysedanstheapdésent invention
packi ngs. Furthernore, it has been discovered that it

meah8 theapartcin thé Wistiphtivabtelurintwietaigarsnahd liguidare
stripping section are trays, 5 and the internals

actu8Ng! duthtt in@o U ARARY WitRond drtRher! | BX@AblsSokithR trays

are trays and/or structured packings. Mreover, it has
; [ rered hat . 8j.8V : Vi '
o RAFR, BUBERIEERal 8 R, ¥ HpS e e 1 045,
he_tr [ f ,onsA|
vavg 3 ¥rarerflob i UlraX feVhasSipelfiptifity. a Maxfrac
di scovered that eac 1 ieve tr r.ef er ably has
tray, & SRI0 1081 B8Y argrif plke tefkva thibe bR Slatg ey, 3 Klttel tray,
nore preferable nunber of holes is from 150 to 900
or thgolike. / Expmpjes afdhe paskingsifciudenrandompggkings such as
hol es/ n2. Moreover, it has been discovered that the
a Raschig -rirgt adressiagetingera Ralkrioy, énBerkseddler ap Intalox
preferably in a range of fromO0.5 to 5 cn2. A nore
saddiecbeDatdre packing, a McMahon packing or Heii-Pak, or structured
packings such as Mellapak, Gempak, Techno-pack, Flexipac, a Sulzer
packing, a Goodroll packing or Glitschgrid. A multi-stage distillation
column having both a tray portion and a portion packed with packings
can also be used. Furthermore, the term “number of stages nc+, nNcz, Nes
or ngz of the internal” used in the present invention means the number of
trays in the case of the trays, and the theoretical nhumber of stages in the
case of packings. ngq, Ng2, ngq0rngz in the case of a continuous
multi-stage distillation column having both a tray portion and a portion
packed with packings is thus the sum of the number of trays and the

theoretical number of stages.

In the present invention, the internals in the stripping section of
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15 cross-sectional area per hole is fromO0.7 to 4 cn®,
yet nore preferably from0.9 to 3 cnR. Furthernore,
it has been discovered that it is particularly
preferable if each sieve tray has 100 to 1000 holes /
n2 in the sieve portion thereof, and the

the comiinusastmolidstageadistitidtivre column € andnige piteirnals
0.5to 5 cn2. 20 An aperture ratio (the ratio of the

I & CHinRRsy | heeiichifent'9bEBoh are préferibly trays
exe steggdeﬂtqoq?ﬁe areg@(}?i? he tra;/(): of neach of the gireve yiray
nth o . _ , _
and/of Beeidhls, " T GithRPAIdS, T hRs Pegh digorarbliaatis
I an of forom 2 1.q,15% I [ rably.fro t
partigBigfy rargrabis, UpeoiftTRp 6, B8 HHiping MBsdidn g travs,
erture ratio 25 (the ratio of .the total . .
and e doteraals sxaloding the chigney dtay mghe gpeghmepfsection
to the area of the tray) of each of the sieve trays in
are traysandiaimtitcboesbpackings. + Morenermibbas been discovered
multi-stage distillation colum Cis preferably in a
that sieee todys eaohlh&ving B28teveopertionfandi@ downgnmerortion are
11% vyet nore preferably from2.5 to 10% Note that
particulatig goed el thetenys imtetrhe otcthemejatiorghipnbetveed
in the enrichnment section is counted in the nunber 5

perf@fmahaaesnd BHuipméreebsbed |phayealsbhpe8padicdoveratithat each
for the chimmey tray is different to the aperture

sievé?héﬁﬁr%g?il@giﬁ&é’ef GOP' ' Srodd h@ﬁséqeﬁ” AP sidA pBYtion

e conditions to t cont | nuous

oYL SR8 1oL 58t R e SuOBI8h, & ofotes
. {8 R B B it O8N B LB FLRIERuT s

the enrichment section of the continuous I ti-stage
beeruﬁﬁwm&q%hhebterSFo%%tlway@re&mmeﬂgpi,eaqh Riave tray

been discovered that sieve trays each having a sieve

is preferakly iana rangswat fraon 0 ota iSoamar e Adrere wrafersabjeod

as the tray in terns of the relationship
cross-sectional area per hole is from 0.7 to 4 cm?, yet more preferably
from 0.9 to 3 cm?. Furthermore, it has been discovered that it is
particularly preferable if each sieve tray has 100 to 1000 holes / m? in
the sieve portion thereof, and the cross-sectional area per hole is in a
range of from 0.5 to 5 cm?.

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

(the ratio of the total cross-sectional area of the holes in one tray stage

to the area of the tray) of each of the sieve trays in the enrichment
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15 bet ween performance and equi pnent cost. It has al so
been di scovered that each sieve tray preferably has
150 to 1200 holes / n2 in the sieve portion thereof.
A nore preferable nunber of holes is from200 to 1100
holes | nR2, yet nore preferably from 250 to 1000 hol es

section®f thrmmnuoustmhm-dzaga distitiatisrecoliain Chis preferably in
cross-sectional area per hole of each 20 sieve tray is

a raﬁgsfcﬁrﬁsw 1.5 18 m%q%efref;sr@fbpaéiyt ﬁo$n oo vayet more

pt ef erabl e cross-sectional area pér hole is from 0

prefii_l%tflﬁcf?gm $ek t?“‘[]@% pfﬁfo?g&mw Eﬁrtﬂg] ﬁ:}@ﬁéﬁ‘t &ﬁ?‘ﬁron the

er nor e, as 'been |scovere
onimb) it Borh Ry kB lnGBRL i H EpalitSa i gumoer
of stagsm b1 46 A ASHE DR 'T?thn%eéﬁsrﬂae( tatlo faf fGe ganimpey tray

. total cross-sectional area of the 61 holes in one

is diffesgntiadbetaperuraradioofon the sieNg tedysach of the
sieve trays in the stripping section of the
coit hascsemghawstthgd ii addinathenabovamoralitions to the
preferably in a range of from3 to 25% nore

contpriedes abpliiti-btage Aistitlation26oIuymh Optiee whjbet alflthef porsent
4 to 20% Moreover, an aperture ratio 5 (the ratio of

invehfiBnt @drlbe BORINEGGhOPE A agilga of the holes in one
tray stage to the area of the tray) of each of the

Si &N fhb! drit il YA Cl@ﬁ?[}f&rrtﬁﬁéﬂgo?@fe?gsle for the internal

cont I nuous rrutl-stage 'di st ati on

S B s B LG 1P et g pominucus

resent ention

multEsrad e labiRRSealln £ sorte HAYS ch it eihB et ad Been

counted in the nunber of stages, but as described
disceyird thaksigis tiaxs pachohaving ﬁeSI@wenﬁeyt'waqnd jasdowncomer

different to the aperture ratio for the sieve trays
portipn aeg pestinulbygaddiasthetidnip teemaef the sekatianship

to the continuous nulti-stage distillation colum E,
betwelen perimrmanficeé lengeegdpment cost. It has also been discovered

that each sieve tray preferably has 150 to 1200 holes / m? in the sieve
portion thereof. A more prefera.ble number of holes is from 200 to 1100
holes / m?, yet more preferably from 250 to 1000 holes / m?. Moreover,
it has been discovered that the cross-sectional area per hole of each
sieve tray is preferably in a range of from 0.5 to 5 cm?. A more
preferable cross-sectional area per hole is from 0.7 to 4 cm?, yet more
preferably from 0.9 to 3 cm?.  Furthermore, it has been discovered that
it is particularly preferable if each sieve tray has 150 to 1200 holes / m?
in the sieve portion thereof, and the cross-sectional area per hole is in a
range of from 0.5 to 5 cm?.

An aperture ratio (the ratio of the total cross-sectional area of the
61
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15 invention can be attained nore easily. Note that
the area of the tray necessary for determ ning the
aperture ratio in the present invention refers to a
total cross-sectional area including the
cross-sectional area of the hole of the tray and the

holesrinsoné dcay etagedocthefarbhcoiotimnitrgy) dheblch of tresieve trays
i nvention, the dialkyl carbonate produced through 20

in thbhﬁrrpﬁﬁﬁb' y@cﬂbﬁtdﬂ {HY continudu¥ nhdfitstia! distillation column E
mul ti-stage distillation colum A is continuously

is pr%é%lg"iﬂor Fﬁ?‘eﬁﬁf ‘Ffﬁgﬁv %QS"QB‘?J} Mbré riﬁ'e?QrLéBTﬂ frBnft 3. 5 to

aseou ollin ol nt 'react m Xt ur
22%hg§t?fﬂﬁt?%gs*%ﬁb'x"’"{éﬁ*‘?f@ 2By ﬁ@%*%@éfﬁéﬁ' Pe's?@%fe ratio

ess, . Mor.epv the h oi oi nt 25 .react
(the ﬁﬁﬁf)u?feﬂmete%h%rorﬁsnaephgna?@aeee f thehqigs in‘orie 'tray stage
conti nuausly drawn fromthe | ower portion of the
to theo i qfﬁh@ lraw.q:f easmofithe sieventigysot the @nyighment
reaction mxture AB having the diol as a main ]
secticonpd hbatcanténwobsgoodidtagecdistdiation colwmaeEdsppreferably in
wei ght of residual aliphatic nonohydric alcohol, a

a rangead fodbm RetadR8Rky marar poafarably froamy3 temed %, ayetumbre
(generally not nore than 0.2 % by wei ght) of unreacted

preféSracmyIﬂr@m:arMaat@% a Ngké thatonthe( grsss sl invdittiomptite
than 0.4 % by weight) of by-products having a | ower

chlmg@g)l Lﬁggyﬁ@tﬁiieﬁhﬁ”tﬂ % rﬁBﬁt %‘e@tldrﬁls coe.mted in ﬁhe number

et hanol etc a snal anount genera

of stﬁgﬁﬁ 0| ?%réslcr ‘%"l@ﬁg[‘#&t QEP%@ %gij&tfér Ii‘ﬁé"cﬂﬂrr?ney tray
| k t al 10 | th t
s d'ﬁﬁ?ﬁnV S8 B A s, e e
he diol (th at d | coh
srcéagfbéé,’@ eu%a% BIHIRG thHcH BSVE Caifbipréoto the
I ow boilin oi nt _by-products) and a snall anount of
contiruous @FUﬂhS a@emigallgtjm erluianrk, the@bieat af therrresent

continuously fed into the continuous multi-stage
invewniieni ¢amtheoati@dhedrmGrareasily. Note that the area of the tray

necessary for determining the aperture ratio in the present invention
refers to a total cross-sectional area including the cross-sectional area of
the hole of the tray and the cross-sectional area of the opening.

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

withdrawn from the lower portion of the column in a liquid form. The
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15 thus continuously w thdrawn as the col um top
conponent CT and / or the side cut conponent Cs,
while the diol containing the catalyst and a snal
amount of high boiling point by-products is
continuously withdrawn as the columm bottom conponent

high Gdilihg pbimtirearstivn imixt0te Ay hhking theakiol st a mnaid
the diol in the colum bottom conponent CB is

comﬂ@ﬁéh?'th&e?@f §8he|r§ﬁ§ dd}ﬁ%u?@ 10 &y wwlw wlé'igﬁ?b@bbgidual

not |less than 97 % by weight, nore preférably not

ahpt{aﬁﬁ? resen?@n%’é’ll‘: nggttra%r@f’ﬁﬁf Pléﬁ%ﬁrB%ﬂ%?ésaoYery

I nven I on, a ver ener a

sma'emsHafétg?ﬁ%r%’H%ﬁf‘éthéo?%kﬁ%{tgué Ry WER b7 Urfreacted

dlstlllatlon columm C can.25 be reacted with th ,
cycliggaipanate, & small amovint ¢aenrsaliy nat mede il B Achdy
mul ti-stage distillation colum C to produce

weight hpk pyerEodagts having anleweebedling n%méatbyntwmfethe diol (a

the anobunt of unreacted cyclic carbonate present
2-alkysathanicdldip. yand a amdibamegeh(géeneally oot moee than 1 %
col um bott om conponent CB conti nuously obtai ned thus
by wedglet)adi byhmodsetstiavinigah! tyigherupes itineg pdirntytHare that of the
carbonate therein. 5 Note that, generally, with an

diol (iged dvaikyie REIAYBLNGINEIudIrg eahag%t. purity diol
aV|ng a further reduced content of an al dehyde which

Mayp *?ﬁﬁ%%’bt mfeﬁﬂa er ‘ﬁa‘%’lﬁg 4 Tbﬁé?%ﬂﬁ%rnt%aﬁnthat of

ultra |ty havi n

[ [
the dibPUR{E AfeHiatc p*f%nné'iv@hé 2Bt %“{?8% B gfaikSF
conti nuo mul ti t|IIa.|on 10 colurm
carbaee& @&%Ewmm& 37 0se L pdling pamt Biiagucts) and a
nt 9 (Japanese Pat ent ﬁpl i cation Lajd- %en No.
smaiiz@@mgos@éztﬁeo@loﬁ’aﬂetme high bedling meini dgastion pHxte As
Application Laid-Open No. 2004-131394). The
contimusnusly fedointodie cpotinUoss mHYticstage distéllationi calusye C are
distillation colum C used in step (I1) vary dependi ng
thus @orntireudws iy withdrawn as the column top component Cy and / or
the side cut component Cg, while the diol containing the catalyst and a
small amount of high boiling point by-products is continuously withdrawn
as the column bottom component Cg. In the present invention, the
concentration of the diol in the column bottom component Cg is generally
not less than 95 % by weight, preferably not less than 87 % by weight,
more preferably not less than 98 % by weight.
Moreover, in the process of the present invention, a very small
amount (generally not more than 0.2 % by weight) of unreacted cyclic
carbonate fed into the continuous multi-stage distillation column C can

be reacted with the diol, which is present in a large amount in the

continuous multi-stage distitiation column C, to produce a dialkylene
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15 internals in the distillation colum and the nunber

of stages, the type, conposition and anount of the

hi gh boiling point reaction mxture AB fed in, the

purity of the diol required, and so on. The col um

bottom tenperature is generally preferably a
glycehemd ilvshdee i 8hsy ol make trwanvdunt oérunredcted 2ofclic

C. Anore preferable colum bottomtenperature 20

carbbfR®8 presem8uStarlialRPzeroy M tH® R eBent §A28hYioky, ARe
190 to 210 C. The col um bottom pressure varies

colufff E?‘?ﬁ""gﬁ;@ﬂ?’?@ﬁp‘?@@? ?}‘*e"tﬁi"e%‘?S'kﬂﬁb*.agﬁéé’El‘rﬁ"?3“?2323’ has
50 30 P
subsigAB s aiad e careebRs FH8HhG 180000 1 o

200000 Pa. 25 Mbreover,. the flux ratio for the .
coNateuAL GanaTally, ythaial pbisstive olRtaiRing A8 ultra high
preferably in a range of from0.3 to 5, nore ]
purityrdiod haxingra durther educed gonjent @fan pidehyds whichomay be
0.8 to 2. In the present invention, the content of the
contdirgd iim theediodlinrtnace@moumpone@n Gitrarhight perity diol having a
continuous multi-stage distillation columm Cis

highdgVetrahsynissivityrie i$ so 1@ ferableptefecdd gmail amoent of
than 50 ppm nore 5 preferably not nore than 10 ppm

wateYahtdRhe ied epablidn it tHeentinidous nilAML stdyd Bestillation
present invention, it is even possible to nake the

coluggpg?ﬂ{rﬁgfzgiradgﬁcgi\mthi thd Eﬁcg&%éé‘ﬂboérﬁ?t ST PeiInt BobBment

e cut compon e conti nuous
I - St di sLi. .oN e I ri.s
o (a3 7 P AGhLRbEPh Lab B 50203 LHa 8P Btent
havi n l,ower boiLi int. than that of t dijal. (
Docuantnd iABARSE: Rafsnt ReRlicationhard: GhehiNanalind-p1394).
[ ns_uriti_e_s havi ng a__ higher boiling point than that of
t hd @ distiltation Londitiepseier e eenfinupis mMipbostags
~ .the side cut conponent Cs is generally not nore than
distilgtionpeeitmal waas instept(hbrvay depeadinrafan dne forax of the
nore than 2% of the
internals in the distillation column and the number of stages, the type,
composition and amount of the high boiling point reaction mixture Ap fed
in, the purity of the diol required, and so on. The column bottom
temperature is generally preferably a specified temperature in a range of
from 150 to 250 °C. A more preferable column bottom temperature
range is from 170 to 230 °C, yet more preferably from 190 to 210 °C.
The column bottom pressure varies depending on the compaosition in the
column and the column bottom temperature used, but is generally in a
range of from 50000 to 300000 Pa, preferably from 80000 to 250000 Pa,
more preferably from 100000 to 200000 Pa.

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

column C is preferably in a range of from 0.3 to 5, more preferably from
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15 high boiling point reaction mxture AB fed into the
continuous nulti-stage distillation colum C
Moreover, in the present invention, the content of the
diol in the side cut conponent Cs can generally
easily be made to be not nore than 0.5% preferably

0.5 taos, yet endfepréfefdblydremp0ss eoahl y not nore than 20
0. 3% of the diol fed into the continuous nulti-stage

dCiB $|?'thba;§|‘é§b:ﬂ°|'n‘¢@ht6n t‘?ﬁa tbatent avgheoa;bmqa@p@amﬁn top

romthe continuous nulti-stage distillation

comg Pﬂi‘cg%frg?ﬁtﬂ' +?ﬁﬁ pﬁscﬁﬁ‘ﬁ an%%%hsqm 'ié‘ﬁ‘ﬁolumr}Cls

ai ni'ng ‘genera nor e pre erab
nore th prefer ot re than 1
geneae",yr raaﬁm%ﬁm&“ﬁ RBhe PrarPply nsd rasrﬁﬁﬁeﬂaﬁbt , more
t he di ol a . di al kyl ene glycol) a a smal |
Pfef%\frﬂRJMt"%tf modg m%ﬂocanabrm mogfﬁepfﬁf)@lfaggf EPiéHOB% than 5
the col um bottom conponent 65 CB is ?énerall not
ppm| edp theapresentinyantienaill i even|pessibiato gpake thengpatent of
preferably not | ess than 99.7% of the diol fed into
the dibt indhei colousn topl ¢omgtcaentdCsthe zaroon colum C It
is a characteristic feature of the present invention

t hathe brRidglicat compbaepbtCy firsmvhiehcentihuaus giulti-stage
recovery. 5 Note that, generally, wth an objective of

d.st.nm:ah%@lgnﬁn G"dérﬂe:’%‘l@“coﬁwﬂséé’s dhe! alfpiyafie rochehiaerc
reduced content” of anal dehyde which may be contai ned

alcolaﬂldltt’ﬂ‘ﬁ bAuctd r{gﬁﬁ&@%@? bcﬂhng\” ?Iﬁtrt"f‘la'i‘i ﬂﬁ‘aﬁon th¥ dio! (a

ving a ransm ss

2-a|l$oo§{§t5%&pﬁieg§ )oﬁﬁgh@mjg% n%or%ﬁgﬂué)rﬁlouﬁﬁt(g{|H1BLPt1e|§ehavmg a

. distillation u and ./ r t he ,cont | nuou

highf, Bliiling gingt8an, shak o thes Gik (g AR kyIepa dvgpb The
the process described in Patent Docunment 9 (Japanese

amoppgt @rﬂtthﬂpiildlecﬁﬂ 6AMRE e ChErs !%QBQGOQUSO'EEOWPVGrtha" 4%,
Pat ent Docunment 10 (Japanese Patent Application

prefergbly apdnmiiae theou 3381881 e. preferabky notanpos than 2%, of the
conditions for the continuous nulti-stage

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 Cg can generally easily be made to be not more than
0.5%, preferably not more than 0.4%, more preferably not more than
0.3%, of the diol fed into the continuous multi-stage distililation column C.

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

catalyst component. The diol obtained as the column bottom component
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15 distillation colum E used in the step (I11) vary

depending on the formof the internals in the

distillation colum and the nunber of stages, the

type, conposition and anount of the col unm bottom

conponent CB fed in, the purity of the diol required,
Cs ifg@retally. ndhregotivan 9B 6% Tprefarably wot lessadizar 80L6%,

preferably a specified tenperature in a range of from

morelg?efé’rabq 0 rid0idss tha®'od. Poef 8F aRd AiePFedMinkPth@Bontinuous

mperatufe range is from 120 to 190 C, yet nore

multPE?é@é %%YIIEE;%'H é&ﬂuhg é70 |?| ?EhSPéHfH}{st'P&?éQ(qre of the

re var (O

presaghzﬁ?ﬁyopntrﬁ A, 24 o LUl W ebovery

pr era froml OO 0330 re preferabl

+ Blateothe, dsmprate. math st obvastive [l SbAining 36 itedhioh
the conti nuous mJItl -stage d| stillation 66 columm E

puritysdigd dravinpl § furtherrrgsiced condant of @arcaldebyde ‘Which may be
preferably from8 to 45, yet nore preferably from 10

containedd in ithet die! jindsace amoent | on,amuttod thight pprity diot having a
conponent ET fromthe continuous nulti-stage

highdl¥tirahamissivdpy, Utis Risomefeesble torébéed amsmdll amobnt of
the diol (generally not nore than 10 % by wei ght of

watelrNatdlitAb ok PbrtidRTEOMRY cohbinudu s ARatitSRigeVaistillaton
fed into the continuous nulti-stage distillation

colutl?fri:{ Fﬁnﬁf ?} 'E'Pétcd?l*tlintﬁ’(f)u& Wﬁu“ﬁ%‘féq&‘?ﬂshﬂa‘tﬁn""cbﬁ%ﬁv‘@ in

top component e colum

e

accof ERRRTBIE Thi ProERSs AedeibeiAh Sty B@%""J@eat 3 (lepgnese

10 fed Ck i.nt.o e conti
Pateaw-?gwmu cavion Iefahbas R0 2845 0¥bhe es?fgﬂwowsmmem 10

nponent CB, and thus recovered as ré@g % di ol .

(Jap%eémeaterat Application LaiNBreariiat 2 41 3h3940 -

continuous multi-stage distillation colum E

coffive distiltation msinditignsofar they contimuaus muiti-stags yst

conmponent containing a small anount of the diol.
distillation column E used in the step (ill) vary depending on the form of
the internals in the distiilation column and the number of stages, the type,
composition and amount of the column bottom component Cg fed in, the
purity of the diol required, and so on. The column bottom temperature
is generaliy preferably a specified temperature in a range of from 110 to
210 °C. A more preferable column bottom temperature range is from
120 to 190 °C, yet more preferably from 130 to 170 °C. The column
bottom pressure varies depending on the composition in the column and
the column bottom temperature used, but is generally in a range of from
8000 to 40000 Pa, preferably from 10000 to 33000 Pa, more preferably
from 12000 to 27000 Pa.

Moreover, the reflux ratio for the continuous multi-stage distillation
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15 The side cut conponent Es fromthe continuous
multi-stage distillation colum E generally conprises
not | ess than 99% preferably not |ess than 99.9%
nore preferably not |ess than 99.99% of the

hi gh-purity diol. That is, in the present invention,

colubre ECianprefierably e ssrakege oft frommBote 50, mond preferably from 8
inmpurities (a dial kylene glycol etc.) having a higher

to 420y80MdrOpPidtably&brmhed tefaghe diol can generally
easily be made to be not nore than 1 % by wei ght,

or 0 dh@ptesidit fYaRtidiEa soly M todtdibonoftiEy from the

! ! bl 5 . .
contfudys BHERERE BBRELBRCko b S LERRBRy 4Bl Hpount o

t { t t ai ni hal d 25

the i3k (BpBaualil natoPosasd A0 by Welohignt B cAohEFS 8K

at all. In the present invention, a diol, having ﬁ‘
moreRyeiydn thencane tgﬁtmt&mﬁef&dwaﬁo e goptipyigus multi-stage

preferably not nore than | ppb, can thus be easily
distilatidocealummtzt alrepst all obtipe evater fied/imis withdrawatin the

purity diol having a content of inpurities having a

columrgtep doohpongnp@nt Thancolumn dbpt bemgicoientsBelis apermerally
di al kyl ene gl ycol of not nore than 200 ppm and a

recyBRIPUD tHe cORitRIoWs mMoiti-ERige QidtinatiopacolenAaS] bnd then
produced, preferably a high purity diol having a

rod 9% 5, e RIS oS s M BUFpuBA bORnA%k iy some of
the ISR eRbAR GE0hot 1Rhe98EoHRRE S s BlgBurity aiol
Mord 14 B0y iCoRRAR SbhehAL B alR sRUr Lo RbaR, -
multf 3306 kR0 AMPrLF RPN BLE PoTBpTsesshiamm Aoy PafeF By-products
preferably not |ess than 99% based on the cyclic
and catalyshiconpenentigontatningad stbaltamotingPfdiendial. t he
continuous multi-stage distillation colums A, C and
E Tdedside chd qumapenent e ftamthiescgpetiaualisymuiti-stage
distillation column E generally comprises not less than 99%, preferably
not less than 99.9%, more preferably not less than 99.99%, of the
high-purity diol. That is, in the present invention, the content in the side
cut component Es of impurities (a dialkylene glycol etc.) having a higher
boiling point than that of the diol can generally easily be made to be not
more than 1 % by weight, preferably not more than 0.1 % by weight,
more preferably not more than 0.01 % by weight. Moreover, in a
preferable embodiment of the present invention, the reaction is carried
out using starting materials and a catalyst not containing a halogen, and

hence the produced diol can be made to not contain a halogen at all. In

the present invention, a diol having a halogen content of not more than
67
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15 a netallic material such as carbon steel or
stainless steel. In terns of the quality of the

di al kyl carbonate and diol to be produced, stainless
steel is preferable. EXAMPLES 20 Following is a nore
detail ed description of the present invention through

0.1 Wmﬂmr%erémzw@r mdrieethdesieppbi, Raanthes beseastly produced.
limted to t foll owi ng exanples. Note that the

ha*r%rlsc@ﬁ‘ttﬁﬁt N&%ﬁfeﬁﬁl@rﬂ%ﬁisé 'Highi Plrity diol having a

chromat ography.” 25 Exanple 1: 'As a"conti nuous

contng bl nft{ 1l g ﬁd\} bgté‘mgﬁ%:ﬂﬁmh g éﬁﬁ\tcﬁl‘%\ﬂ f_}rﬁ‘ﬁf tké diol

t1Ton¥col um a

haV|n i, = 11

such §§ a%ielg)l‘f(y @elg ggggb&ﬂmt[glgre]t%f@méﬂ]b ;gé'l qn%@zﬁglogen
.. and nc2 = 60 was used. The inside di ane

contﬁagoflwr@ﬁs&ﬂopm can becpas P@Qﬁﬁ&@&@@%@rﬁw a’high

fromthe bottomof the 5 colum, and in this portion
purityr@iod haviagi asoatest of impuatiesthawng a highes bomng point

havi ng a downconer portion and for which a weir
than(thait gft theO dbol) suels ashe diadkyleme gtycelsofderot snarestican 100 ppm,

that sonme liquid was continuously withdrawmn froma

and hov&logear toatent of mdtuppeenpipstagebofeddity padfileed.
trays K, the wthdrawn |iquid being heated by a

r epRith8 preytthtt iféia ritRsh bafk ré BoATyidld dMHPth® YurifGation

of this st age Moreover, 1 n the enrichnment section, an

vield BREnBSTHLY JF HEALKPth &' Bn\RUrEPRfo MR e produced with o
nigh 48R oY Taldi2 ) boF R8s E@Pbﬂﬁ%’b AraltBFapiPRg: fe gl HaR o8%,
mord PFE Ty Sk e ta g6 Pased phyDe,Ey 61t darbloalpaised.

tray in the enrichnent section, These sieve trays had

mnaesial rnstitusingeachort the casfinuewaraylli-stage
distiﬁggbn columns A, C and E 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, stainless

steel is preferable.

EXAMPLES

Following is a more detailed description of the present invention
through examples. However, the present invention is not limited to the
foilowing examples. Note that the halogen content was measured using

fon chromatography.

Example 1:

As a continuous multi-stage distillation column C, the continuous
68
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In the stripping section, the nunber of holes in each

of the sieve trays was approximately 250 to 300 / nR,

and the aperture ratio was in a range of from3 to

4% Moreover, in the enrichnment section, the nunber of

20 holes in each of the sieve trays was approxi mately
multiLstade® diohlatioh camntde shpoin in FIGit1 havaagillta= 1100 cm,

range of from2.8 to 3.6% The chimey tray had four

D¢y £N1ERS ngz/ L, =epghngf < 'Fe,:‘i.%fﬁc‘%mgggm,nec?% 310 cm, Lz

appr oxi nmat 0 cn? and hc the "aperture

ratd €] in a fr {
/ Dog 2P 2P0 sk S VHE 18R, The s aiametBriB ) Was
. bei ng, 1 Mor eover, as_a .continuous . .mul ti-stage
incregagd 19 2T km avehardrSmatedy S B s e pBERm e the
distillation colum as shown in FIG 2 havigg lf%_ =
columng anf imthis-pestiopthargiwereginstalied 8 stages 9f haffle_trays K
1000 cm DE2 = 200 cm LE2 / DE2 = 5, and nE2 = 11
havingd® Hewnepoes portieteandr fgr whicle a wiedr dheightal Otara} was the
5ch stage fromthe top of the enrichnent section
bafflet agewds desriseedudmthai someatigued was\wontimysusly withdrawn
(cross-sectional area per hole = approximately 1.3

fromcarfo wee o At of fhBaiip&hAost stage naf e biadfleandys hie, the
enrichnment section as the internal excluding the

with&ﬁﬂﬂmbﬁdiﬂqy%iddf‘hb%@ed Yy bPRIFKISE AP thehRIBEBRIN® an
hol es 1 h each Of the siéve trays was approximtely

opp e3P FEl id S1agB WIBLARGEr AL PIcHERhE sckRcan
oop S 5018 SRRERL iy BBk Dol kol fter o
Stagh ics. OPa,CHAOY WERY S eRB B dSHAIR Heigut e Meligpak
chi meys having SE = approxi mtely 500 cn2 and hE = 55,
and 8ftages ehtraysewered raxidedoeelay ithe chimpeyifay.of In this
from15 to 20% The chimey tray had a downconer
exanpole, isiave tragysweere husieghasidienintgonahin the stripping section,
and sieve trays were used as the tray 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
was approximately 250 to 300/ m?, and the aperture ratio was in a range
of from 3 to 4%. Moreover, in the enrichment section, the number of
holes in each of the sieve trays was approximately 150 to 300 / m?, and
the aperture ratio was in a range of from 2.8 to 3.6%. The chimney tray
had four chimneys therein, each of the chimneys having Sc¢ =
approximately 500 cm? and he = 25 ¢cm, and the aperture ratio being in a
range of from 18 to 25%. The chimney tray had a downcomer portion,

the weir height being 10 cm.

Moreover, as a continuous multi-stage distillation column E, the
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A starting material containing ethylene carbonate (EC

and nethanol (MeOH) (nolar ratio MeCOH / EC = 8.4) and

a catalyst (KOH in ethylene glycol subjected to

thermal dehydration treatnment; K 20 concentration 0.1

% by wei ght based on EC) was continuously fed into a
contiﬁ@ﬂdmﬂﬂuﬁ-mdqé distaliationse o lunh iz shownin KlGarghaving Legg

reactive distillation was carried out, whereby 3.205

= 850U/ DY, 2M160 eph urp, Mgﬂom £mests AR, ¥ap000 cm, Dg; =

conti nuously w thdrawn. The ethylene carbonate

nger sji pn_\a % _and 4t :
200 ERPAEET PR 0, AP I T1: EENRIESRA Ehfinney tray stage
. B, ich Ggentain 0. 99 ton r_of h [, 0
instafigy #1145 5P GHAaB oM Ip SRR & e BrsTHABML secdio Stages
2- met hoxyet hanol, 2.186 70 ton,|l hr of ?t hyl ene _
was yeedo| IS XABPBnsIevR taysi(@aRA-sRetignal areanper hole =
cat al @t conponent, was continuously fed into a,
appreshnatalyut-romi)-weegaised in bothithensitinring sectiomand the
inflet 1 as shown in FIG 3. This inlet 1 was
enrichment lsedtiost asdhet indernalexcluding thes shimoeyitray. 1n the
stages fromthe bottomof 5 the continuous nulti-stage

stripglirgf sektibngrthechumbd?. oPhiolies finadhios the. disve trays/was
hr of a colum top conponent ET (0.137 ton / hr of

appr6kimtheslg 309 asl 3700 A2 ahentHe Ripettur@tgtio WasThtdeange of
continudus multi-stage distillation colum E was

from%é&%:q‘}é?“. }Sréggﬁbﬂintnog@%n?%ﬁ\%?%dﬂﬁﬁ,i R E\ﬂ‘ﬁber of holes

I"ation 0 1 via a reboiler at t ottom o

i eaFiEoE Sb! 48K AN e AT oA B, T B, W g e
coerf R 08 wéS T SHskERlott by ST Fhé ey ray had

pressure of approximately 11000 Pa, and a reflux ratio
twelvg chimaeygpihargdn, eagh fetvatfmﬁfmrwﬁ PAYING SeeTel was

kept bel ow the 15 |owernost one of the trays K. A
appresinatelyop0e ambdmand he™ &hem.nand tbeoapertaie/ratio being in a
ranggec:fhﬁ'gonL 15 to 20%. The chimney tray had a downcomer portion,
the weir height being 40 cm.

A starting material containing ethylene carbonate (EC) and
methanol (MeOH) (molar ratio MeOH / EC = 8.4) and a catalyst (KOH in
ethylene glycol subjected to thermal dehydration treatment; K
concentration 0.1 % by weight based on EC) was continuously fed into a
continuous multi-stage distillation column A, and reactive distillation was
carried out, whereby 3.205 ton / hr of a column bottom component Ag
was continuously withdrawn. The ethylene carbonate conversion was
100%, and the ethylene glycol selectivity was 89.8%. 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
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0.001 ton / hr of dimethyl carbonate, and 0.019 ton /
hr of water, a side cut conponent Cs containing 0.022
ton / hr of nethanol, 0.0093 ton / hr of

2- met hoxyet hanol, and 0.003 ton / hr of ethylene

gl ycol, and a col umm 20 bottom conponent CB cont ai ni ng

ton /hBaf b@lﬂyVed”d ghfcalt AHdE0e0 90 toal / harnd diethyerteoglycdirand
of diethylene glycol, catalyst conmponent and hi gh

catalyst lddHp oﬁeh‘ﬁt\n}%)é;ébﬁﬁhﬁbﬁs\i‘?rfédciwﬁb'd“é@bﬁirﬁﬂd’ué hitiitiostage
romthe continuous nulti age distillation colum

distil&&:{ﬁ%c@@ﬂ?ﬁ% fedrh Q%gﬁlé}“f‘@gsegﬁ% r Fr?'FlGﬂté heTh9d ¥iTet 1 was

2o on(ﬁnlt f Mbr eover,

. 9. 82%

installgi BebFagh thE AU T the 4, GE‘?M;&%#%& Vertb;é“ gftom of
o oo SRt AR Eordo bl T i 0155

the continuous nulti-stage distillation colum E fro
ton /4w phisegotumndos cemperkRrt(fe187 Hommb hgraf ethudene glycol
fromthe bottom5 of the colum. 0.019 Ton / hr of
0.0194dvoer/ havifngater)drggethe cordinueys enultbstage distibativan
10 ppmwas fed into the continuous nulti-stage

columinsEi Whatéomtigabusly ediiatathexwnttnudué rmaitinstagbedisillation
in the bottomof the colum. The conti nuous

colum¥ €i vigt 9@ pdirdr a1 #ié DoteOMUsNtie WhtANRS @4 Bluiti-stage
continuously with a colum bottom tenperature of

149 C, 10 a colum bottom pressure of
d's“lwﬁégﬁd@ﬁymeoo Pa, and a reflux ratio of 11. It

o Q.%oéihﬁh@gﬁ% ﬁ\,&tl 6%1@3#&%%”%&%%0&3@%@ B Sbb¥ated

t hd f o
tmqeﬂw b coIOaiE BB AR demiseiaihre S anb Eximataly 200 °C,
ton / hr 15 contained O. 136 ton / hr of eth
a colgny JoPapER S Wrenof @pPropimatelyat £P00 Ry, @n@xﬁdﬁﬁ'%batlo of

conmponent ET was recycl ed back into the continuous
0.9. Moreover, the column bottom liquid level was kept below the

lowermost one of the trays K.
A column top component Cr containing 0.968 ton / hr of methanol,

0.001 ton / hr of dimethyl carbonate, and 0.019 ton / hr of water, a side
cut component Cs containing 0.022 ton / hr of methanol, 0.0093 ton / hr
of 2-methoxyethanoli, and 0.003 ton / hr of ethylene glycol, and a column
bottom component Cg containing 2.32 ton / hr of ethylene glycol, and
0.019 ton / hr of diethylene glycol, catalyst component and high boiling
point by-products were continuously withdrawn from the continuous
multi-stage distillation column C.

The concentration of ethylene glycol in the column bottom
component Cg was 99.1 % by weight. Moreover, 99.82% of the ethylene

glycol fed into the continuous multi-stage distillation column C was
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mul ti-stage distillation colum C. A colum bottom
conponent EB continuously withdrawn fromthe bottom 3
of the continuous nulti-stage distillation colum E
at 0.04 ton / hr contained 0.02 ton / hr of ethylene
20 glycol, and 0.02 ton / hr of diethylene glycol,

reco@ét@d!)ﬁtlf@w{imﬁ battd meapledidritn@s poi nt _
by- products. The purity of ethylene glycol in a side

CUQ QQW?%rEéfcgtf&‘*gb@?%bbtWrﬁ%fﬁ%n@nt?cé%é on /

hr froma side e continuous mnulti-stage

contﬁuﬁ%dél&%f@tﬁoﬁtg@Pﬁﬁmd?[nﬁlﬁsétagié‘@”sﬁﬁaﬁg%ccgg?nn E

I'ng poi'n I €S’ suc

from?eﬁfsﬁéfﬂm?@ife:é b B 5 AR Bt
ot SR, T B B v K B atior

98. 6% Prol onged continuous o eratlon was carried out
of natn@rettihase 10copan wasnted Mtathgeerinuaeus routi-sérge,
4000 hours, 5000 hours, and 5 6000 hours, the
distilfbatidnomlumm&tvsisa o reabogleer?efrglnycaa'l indet Shouthewhattom of the
2.162 ton, 2.162 ton, 2.162 ton, 2.162 ton, and 2.162

coluin®, Theé dentiruoapemalltistagesdistitiatiémdodumihE was dperated
of the ethylene glycol was not |ess than 99.99%in

contﬁﬂ&ma%ﬁ.tha@%dbﬁmmﬁb@&ﬁﬁ t%%ﬁéfﬁtu%sofoébﬁr@ﬁnﬁélﬁbly 149 °C,
detection limt, 1.e. not nore than 1 ppb. Moreover,

s oy B R4 S A T o, A rti

of 11La| d- Open No. 2003-342209) was not nore than 0.2 ppm
and the UV transmttance at 220 nm was 90% Exanpl e 2:

15 H r t hy]. ene ol , wa ced
salowdeBepatnledonitan stalfe stefdy Rigfe pbishlion eHef 24
continuous multi-stage distillation colum E a #

hourgx arfpicelununter R cimpPaeny fceeatinuousty wsthdrawn rom the top

2 of the continuous multi-stage distillation column E at 0.1565 ton / hr
contained 0.136 ton / hr of ethylene glycol and 0.019 ton / hr of water.
This column top component E+ was recycled back into the continuous
multi-stage distillation column C. A column bottom component Eg
continucusly withdrawn from the bottom 3 of the continuous multi-stage
distillation column E at 0.04 ton / hr contained 0.02 ton / hr of ethylene
glycol, and 0.02 ton / hr of diethylene glycol, catalyst component and
high boiling point by-products. The purity of ethylene glycol in a side
cut component Eg continuously withdrawn at 2.164 ton / hr from a side
cut 4 of the continuous multi-stage distillation column E was not less
than 99.99%, the content of high boiling point impurities such as
diethylene glycol being not more than 10 ppm, and the halogen co_ntent

being cutside the detection limit, i.e. not more than 1 ppb.
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A starting material containing ethylene carbonate
(3.565 ton / hr) and nethanol (nolar ratio MeOH / EC
= 8) and a catalyst (KOH in 20 ethyl ene glycol
subjected to thermal dehydration treatnment; K
concentration 0.1 % by wei ght based on EC) was

coMhenhigtsipuritgdeitylona glyeot iiald bageldt onthagethylene
distillation colum A, and reactive distillation was

carbgﬁégéwaglgg.sw_ereby di met hyl carbonate and et hyl ene
glycol were produced with simlar reaction results to

”ﬁﬁﬂgéévyco@'ﬁgfgikﬁ%a@%gﬁa}n?g?ﬁéﬁiﬁ t fdefthede
condififhsD: ftst st RSP 2o’ aﬁha% §06ahdite. 2530 hours, and
ooocRiis e st el et R W SeZBouier

conmponent CB, ch was conti nuousla/ wi t hdrawn from

2.162Hers chil BRUtR, 2m162 tanadel @2 40N, 1204 2q1€41tem andihence
2.472 ton / hr, contained 2.439 ton / hr of 5

operatioyl was 'gew:stabland The3putity of the ethyienetglyent was not
gl ycol, catalyst conponent and hi gh boiling point

less thanr@gl9g%. inTeachawsst andithe balogdmcomenywabutside the
t he col unm bottom conponent CB was 99.1 % by weight.

detedBbAAYRIL, i99- ﬁ-% ﬂioﬂé‘ﬁm@ﬁWFﬁbe aviebveedindaddéhpde

conti nuous  mul tl-stage distillation colum C was

co ntEr,@tr:] ﬂﬁ%@ﬁ’r uﬁhﬁ% Ctf‘\ HBHt SPaténf ;ﬂ?&%@@ht @3 (Fafdrese

ott om conpon

Pateff AddIpatlal Lt Ol o AT 442265} 4 Pt more than 0.2
ppmeapioihe U e amitants iioz28 hmvas 4. ?tnSyLiPﬁt

by- products) was continuously 15 fed into the

continuous multi-stage distillation columm E fromthe

inlet 1 as shown in FIG 3. 0.022 Ton / hr of water
Examplg B9 an oxygen concentration of not

High purity ethylene glycol was produced using the same
continuous muiti-stage distiliation column C and continuous multi-stage
distillation column E as in Example 1 and a similar process.

A starting material containing ethylene carbonate (3.565 ton / hr)
and methanol (molar ratio MeOH / EC = 8) and a catalyst (KOH in
ethylene glycol subjected to thermal dehydration treatment; K
concentration 0.1 % by weight based on EC) was continuously fed into a
continuous multi-stage distillation column A, and reactive distillation was
carried out, whereby 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
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nore than 10 ppmwas fed into the continuous
multi-stage distillation colum E via the reboiler 7
fromthe inlet 5 in the bottomof the colum. 20 The
continuous multi-stage distillation colum E was
operated continuously with a columm bottom

distilativarwdingetind sapps @onthiwdys hditicstage dibtithatioert toromn C as
pressure of approximately 17300 Pa, and a reflux ratio

in Exdmple 1 hnes SIRGRIrb @ des At t The 66RINA FoREAY cBhénent Cp,
operation after 24 25 hours. The columm top conponent

wh:cﬁ {Egrﬁdﬁ‘l‘t‘ﬁHal.l%é W‘g«{lgﬂfr"&m c?rﬁ‘alimaecoh?iﬁ’nu%ﬁ rﬁﬁlﬁ-stange

I nuous nu lon colum E at 0

dlSttli%ﬁOé %rgém{ura@/attﬁ% Ql?% g%ﬁlé ﬁror&ﬂntgfrbeoci 22%5? tg)q\el Arys!
ethvfﬁn% Eolgand 31038 30N Al ARty SRR b me A RS m
onponent Es continuously wthdraw fromthe bottom 3

commnené aashhlgm&%hmmmnﬂbagergdup&ﬁ i | ThE saneentratiqn of
at 0.055 ton / hr contained 0.015 ton / hr of ethyl ene
ethylgna glycainish the¢olwmry battosn adinnphneatCymanP9.1 % by
cat al yst conponent and high boiling point
weighy- pivdred ver, O 8brdft theoétieyleyleegby oyl fedl into thieecentieuous
cut conponent Es continuously wthdrawn at 2.29 ton |

mu|th§tég@mushﬁaﬁbﬂecommnﬂc Qfas heceveredumishawWdlunm d@2tom
distillation colum E was not less 10 than 99.99% the

RERPCH of high boiling point inpurities such as
comﬁleet ﬁyl ene glycol being not nore than 10 ppm and the

haI Qgﬁ?ﬁ% Z'ﬁ[tr Pﬁ-hé‘ggthSHBW c%%ﬁ{ihbﬂ? éyfr 'E'ohtlnuously

on the onat e

i G5 S PR R sl AalBIcLa G 2430
ton /iupL S1BpisA Ghesl. %b%ﬁsftebﬁékrh‘%?@e&?ﬁ%a col,
catagggg:rgrgng;e%ttILyrlrdeﬂ?gr?lbyoﬁﬁhgpgémqog; pv}lghic%s)z\?vatsogontmuously
fed into the continuous multi-stage distillation column E from the inlet 1
as shown in FIG. 3.

0.022 Ton / hr of water having an oxygen concentration of not
more than 10 ppm was fed into the continuous multi-stage distiliation
column E via the reboiier 7 from the inlet 5 in the bottom of the column.
The continuous multi-stage distillation column E was operated
continuously with a column bottom temperature of approximately 162 °C,
a column bottom pressure of approximately 17300 Pa, and a reflux ratio
of 12.

It was possible to attain stable steady state operation after 24

hours. The column top component Ey continuously withdrawn from the

top 2 of the continuous multi-stage distillation column E at 0.192 ton / hr
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2.29 ton, and 2.29 ton, and hence operation was very
stable. The purity of the ethylene glycol was not

| ess than 99.99% i n each case, and the 20 hal ogen
content was outside the detection limt, i.e. not nore
than 1 ppb. Moreover, the al dehyde content was not

contaivesd Ohth t6n2 bpof ethyleme glycol aads@iG22hor /ahr 22 Avater.
was 90% Exanple 3: 25 As a continuous nulti-stage

This Toblind edp %rﬁ?bh@ﬁt(ET Wi FeSYEleldabhlR inf®thBTcomstiiuous
simlar to that used in Exanple 1 was used. However,

multi:-ﬁt:agsez ?.ié‘t‘i‘ﬂ@ﬁbn%olﬁ%ﬁ%j n'l?ﬁ&e'ﬁoﬂflm Boflo® ®drhpyhent Es

I ppl ng section and enri chnent section was

. r Qxi, nad 0 n '
contfRRtY A tawitrbfy fit8 dotfEm, 31 I copRdUE chitStage
._,Conti nuqQus ti-s e distillatjon
distilffion Galiiyh & ot SRS Ehri¢ntatfed Q005 frnd hrof ethylene
Exanpl e 1 was used. However, in the strjppin
alycaleanth. 04 Renrukber diethyiese olvcalc satalvshcamaggent and
trays was approximately 650 to 750 / nR, and the
high @@éﬁngrmoinétbwméuntﬁ.a Thegpusity afrethydene alyce) imdbe side
in the enrichnent section, the nunber of holes in

cut ceacponént iy sontiauously widkd epwnoat B2 @ itgn500r frorBShel side
nm2, and the 10 aperture ratio was in a range of from®6

cut 4t 6f Eh&ocohtii@s s MHulRistageldistination BelwhhyEenas not less
carbonate (8.20 ton / hr and net hanol (nolar ratio

than 209k, Ethe cdntaRt of mghabaﬁrnd Kelihi Impatitd<8achl ¥§0!

subjected to thermal déhydration treatnent; K

aiet SRS NIEL] Bl Bl 192361 Ao Bdiogen content
veind b 8 RV P o, RSB oL 2, 2o

Yoo purfty @hbtane wiveshyleBrpanenio A Raiene
carbgagé%‘aes %Iayfg%- as a mmi n conponent thereof being

Prolonged continuous operation was carried out under these

conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
the produced amounts of ethylene glycol per hour were 2.29 ton, 2.29 ton,
2.29 ton, and 2.29 ton, and hence operation was very stable. The purity
of the ethylene glycol was not less than 99.99% in each case, and the
halogen content was outside the detection limit, i.e. not more than 1 ppb.

Moreover, the aldehyde content was not more than 0.2 ppm, and the UV

transmittance at 220 nm was 90%.

Example 3:
As a continuous multi-stage distillation column C, the distillation

column very similar to that used in Example 1 was used. However, the
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conti nuously w thdrawn. The ethyl ene glycol was
separated out by 20 distillation using the continuous
mul ti-stage distillation colum C and a simlar
process to Exanple 1. The col um bottom conponent CB,
whi ch was continuously wi thdrawn fromthe continuous

numbdrt bf trilegandeach|dfatheosievetrays [ the sthppingrsdction and
contained 5.754 ton / hr of ethylene glycol, and

the hii&Bmiedit dedtio w4l SigProginatéNcsb0 1©A680YSn?, and the
conponent and high 25 boiling point by-products. The

: ' I PO g t
aperf3iRINie aRind rEBY G oMM Bt B3 28, MoHgiveh dSthe
f the ethbylen l fed ] tdhe_ cont:{akk
contffyq ¥ ol sifts Bi¥ifaubR el T adBRHLBBY eqrumn very
.__.the coluym bott conponent CB. The ,,et hyl ene col. .

similg] dpcl iRe in RO TDONG| b MAS U5 BHnar HOWRY o Tadhs Seipping

Ton / hr of the_ colum bottom conponent CB
sectiopnttheuousiber of fiplesiinwacgh ehthaesieyst iraysuyas

multi-stage distillatiion colum C (5.754 ton / hr of
apprexhmphtely §59dol 75arfdnd, ansl thm apenrturst raietwgsdnea range of

gl ycol, catalyst conmponent and hi gh boiling point

from®/ tpri@oet ahdviasttehirichonehy seictibn, nthe haenenof hodes in
multi-stage distillation colum E fromthe inlet 1 as

eachsHPhe isie Vb Graps wds pirokimately 500 126680 hai, Ehdithe

oxygen concentration of not nore than 10 ppmwas fed

i : G b igfillation colum E
aperbﬁ?gi@@rﬁggilrg?gﬁgﬁﬁg 't:rr?iﬁ ﬁr‘oet zJ'i n the bottom of

th I : . j L =St [ St j

cofo Fr G mElBrie] R AU, Slthipps' oA 4,20 8h / h)

bot,t om rature | mat. el 60 C _a .c .15
and githgRcs (BRTaraebD BladBR Rt & 95 shetg catal OO in

reflux ratio of 13. |t was possible to atfain stable
ethylene.g Y%Qa‘aﬁlébléﬁé?éttpowed'm%lr dehyd h%ﬁﬁ?@.“%fa’“@&l% t op

conmponent ET continuously withdrawm fromthe top 2 of,
concenératimm ithdotsbnweighithagedion G hwiasnceptinkeusinded into a

0.45 ton / hr
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. 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. The concentration of ethylene glycol in the

column bottom component Cg was 98.3 % by weight. Moreover, 99.8%
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contained 0.4 ton / hr of ethylene glycol and 0.05 ton
/[ hr of water. This 20 columm top conponent ET was
recycled back into the continuous nulti-stage
distillation colum C. The col umm bottom conponent EB
conti nuously wthdrawn fromthe bottom 3 of the

of thém)(w@usglgubt fedtinte thdicuntinadusmaitistags distidlalion
ton hr contained 0.1 ton / hr of ethylene glycol,

columRACOvast ¥t dvdiedods QhétEWI'Lﬁﬁlﬁ BA6R] coffddhest Cg. The
conponent and high 25 boiling point by-products. The

e‘“V'EWé Bt AR R et B iRgRhale ST IR
Sﬁﬁ?ﬂf Zﬁhsoqc*f e Bofilith, BYREI S RbBE T gontinuousty

with h%?@r‘ﬁ (R e'gﬁg;eagf%'ubﬁ%%aﬂﬂb dmr%ﬁmdtifhe%sgﬁé}}u%&t(ﬁe754
al ogen cont ent el ng outside the detection limt

ton /jhreof athylenecatyaal, ansh0.088 tae hhgef siethyleaengiael,
gl ycol yield based on the ethylene carbonate was

catalgst 6umpooeohgad bigh ibaibng peiat hy-produstslawaisegontinuously
under these conditions. After 500 hours, 1000 hours

fed iatultie @@ itnucus treltpstage ali stithabiont sohjmatlﬁyﬂrenethe infet 1
gl ycol per hour were 5.202 ton, 5.202 ton, and 5.202

as sH®whaon, FRBd3hence operation was very st abl e. The
purity of the ethylene glycol was not |ess than

999 o1 Pﬁ?*bf%éﬁer ﬁ?@]ﬁé‘%nhék?g@ﬂ wﬁésﬁfrﬁtwof not more

out si de the det ect nore t

Wﬁﬁ*&*ﬁngﬂh?Zﬁ%@iﬁ@é“ﬁa%%%%@%‘%t@%@)br&’g%'umn .
via th8ERelIsR 7 FSRaERinupt § CEBIE R haet Ve RiGiEH. o7ne
contmlg%lg{(qybwcﬁrsbt%%ae} ?Its%(“?at?oglcocllu% o%’?rv%ds torp])re?g? d contmuously
with a column bottom temperature of approximately 160 °C, a column
bottom pressure of approximately 21300 Pa, and a refiux ratio of 13.

It was possible to attain stable steady state operation after 24
hours. The column top component Etr continuously withdrawn from the
top 2 of the continuous multi-stage distillation column E at 0.45 ton / hr
contained 0.4 ton / hr of ethylene glycol and 0.05 ton / hr of water. This
column top component Er was recycled back into the continuous
multi-stage distillation column C. The column bottom component Eg
continuously withdrawn from the bottom 3 of the continuous multi-stage
distillation column E at 0.2 ton / hr contained 0.1 ton / hr of ethylene
glycol, and 0.1 ton / hr of diethylene glycol, catalyst component and high
boiling point by-products. The purity of ethylene glycol in the side cut

component Eg continuously withdrawn at 5.202 ton / hr from the side cut
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distillation systemfroma cyclic carbonate and an
al i phati c nonohydric 20 al cohol, a high purity dio
having a purity of not less than 97% preferably not
| ess than 99% nore preferably not I ess than 99.9% a
content of high boiling point inpurities including a

4 of thelcloyltnm s yeolti-afage efistilativn oslurmrE waamatless than
ppm nore preferably not nore than 100 ppm yet nore

99, QQV@ftﬁreaEbMték‘i’lt ofBigh tﬁﬁlﬂnéop@ﬁ‘m infprilelad PEP A sCANtAYene
25 preferably not nmore than 0.1 ppm nore

of
glyccﬁ:‘tgé tq'f‘ Yn‘i‘&? ﬁfn@o?fhrﬂ BRg. thé3 %l@ﬁeﬁb%@ﬁ(ré?g Béing

sca eS5s than

outsiffs’ Hee@?t%ﬁﬁﬁhé s 176 R rigih, thdlh gﬁ?f??ef)éegf Loty
holiné Righ-pofits dthykate @lxcol Sislagpases it thebylens

referablg not | ess than 5000 hours. This high purity

carbenate wasyS7:8¥nh purity ethylene 6 glycol) has a higher
purity than such a diol industrially produced using a
coRvelungedhicomtivuanus opgratiosswasecarriad authyndee these
oxi de hydration process), and hence is useful as a

conditiansi n\feat 600aholies, 2000dgHe arsandy1500! yestsrthepgoduced
PET fiber or PET resi n) 79 CLAIMS W claim 1. In an

amourﬁ‘l@uéf bltl%lewe)g If @6r hbeir B eFd &, POR 1@n, 35 .12icEhtdw ahy 5.202
ich gh purity diol is produced by taklng

ton, éF Wﬁéh&e GYARRE was @B?‘Y %@aﬁié phf}'tHecgggl@QWWHecethylene

as 'starting nater he pro conprising

glycotlr\ﬁgg egﬁt g%r)uconpbrfiﬂléselé’h c%%%' hd B | i'il I erllgcontent

stage

was whvﬂgv@edﬂg}f%ﬁapﬁaﬁ% of Bdia fidn %Blyiu'ﬂi%rﬁg%r the

conti nuously
aldehyde content'was not more than 0.2 ppm, and the UV transmittance

at 220 nm was 90%.

Industrial Applicability

According to the present invention, it has been discovered that,
from out of a dialkyl carbonate and a diol produced throcugh a reactive
distitlation system from a cyclic carbonate and an aliphatic monohydric
alcohol, a high purity diol having a purity of not less than 97%, preferably
not less than 99%, more preferably not less than 99.9%, a content of
high boiling point impurities including a dialkylene glycol of preferably
not more than 200 ppm, more preferably not more than 100 ppm, yet
more preferably not more than 10 ppm, and a halogen content of
preferably not more than 0.1 ppm, more preferably not more than 1 ppb,

can be obtained on an industrial scale of not less than 1 ton / hr,
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10 withdrawing a | ow boiling point reaction m xture AT

containing a produced dialkyl carbonate and said

al i phatic nonohydric al cohol froman upper portion of

the distillation colum A in a gaseous form and

continuously wthdrawi ng a high boiling point
prefaradty inut l@isst tvah 2Borpntha) moe preferatiy evbtdesls thamBaton /

| oner portion of the distillation colum Ain aliquid

hr, with BHigh {idid sﬁﬁﬁl* ReP aSpoloPrEd perRidlofitiie f hohtess than

poi nt reaction mxture AB into a continuous

1000%& ks, a@\f&%rgbf% ' '&t% ShGH Sﬁﬁoqqoﬁg%i ﬁ?ﬁ@uﬁ}é‘ferabwanot

rial av ng ["ower pol nt t

less High, mtse?'a?'e abf‘gﬁ%ﬁ«ruxn&?éﬁ égﬁbeﬁcﬁbhlgﬂﬁ %ﬁ’i%ﬂe
oY b adhuhIFRS i b RaaT o uein o

diol as a main onponent thereof froma Iomer portion
conventwlonrgduqtm Proeessie-g: amathylene exide husluatl9n
feeding the colum bottom conponent CB into a
process),i andenme i$ usedybadi atstarting anatetiahforea high-quality
continuously 25 withdrawing a high-purity diol as a
polysstde (euy. REDJEt oEPET amsinki de cut  outl et of said
continuous nulti-stage distillation colum E, wherein
80 i nmprovenent conprises: (a) said continuous
mul ti-stage distillation colum C conprising a
continuous nulti-stage distillation colum conpri sing
a stripping section having a length Lci (cn), an
i nside diameter Dc' (cn) and an internal 5 with a
nunber of stages nci thereinside, and an enri chnent
section having a length Lc2 (cm, an inside dianeter
Dc2 (cm) and an internal wth a nunber of stages nC2
t herei nsi de, wherein Lci, Dci, nci, Lc2, Dc2, and nc2
satisfy the following fornmulae (1) to (9): 300 Lci 5
3000 (1)
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10 50 <_ Dc, s 700 (2) 3!5 Lcl/Dci<_30 (3) 3<nci:5
30 (4) 1000 <_ Lc2 _< 5000 (5) 50 <_ Dc2 500 (6) 15
10 :5 Lc2 / Dc2 < 50 (7) 20 <_ nc2 <_ 100 (8) and Dc2
< Dci (9); (b) the enrichment section of said
continuous multi-stage distillation colum C has at
| east one chimey tray i SLAIMGd therein as 20 the
internal, the chimey tray having installed therein
We ?8fn0r nore chi meys each having an opening having a
cross-sectional area Sc (cnR) satisfying the formula

3ty 2B GiBons 0 SR A g
diol Goyfieh & NG Puridndic] B Aied e §bur s daﬁ?éﬁ%’/'c(%arbmate
the side cut outlet is cqonnected to a

and ag)aliphatig mepphyAris alcahplas stacting 593&"%'& dhe process
continuous multi-stage distillation colum C, (d)

comprisingthe istepasofirul ti-stage distillation colum E
conprising a 5 continuous nulti-stage distillation
co{l)mcantipuosishy feeding ppergdasingi matécialminte aaaitinuous
LE1 (cm), an inside dianeter DEL (cm and an internal

multivstaya distihgtionf calumds A NMEwHiber #icztalist isnsreent, carrying
enri chnment section having a length LE2 (cm, an

out EBELES ARG, WBATIsMNALR, EOLJARS, cfpiBusly
wuthd}%:lwmlgEg |o@EBo|Img point reaction mixture At containing a produced
dialkyl carbonate and said aliphatic monohydric alcohol from an upper
portion of the distillation column A in a gaseous form, and continuously
withdrawing a high boiling point reaction mixture Ag containing a
produced diol from a lower portion of the distiliation column A in a liquid
form;

(1) continuously feeding said high boiling point reaction mixture
Ag into a continuous multi-stage distiliation column C, continuously
withdrawing material having a lower boiling point than that of the diol
contained in said high boiling point reaction mixture Ag as a column top
component Cr and/or a side cut component Cs, and continuously
withdrawing a column bottom component Cg having the diol as a main
component thereof from a lower portion of the distillation column C; and

(11}  continuously feeding the column bottom component Cg into a
continuous multi-stage distillation column E, and continuously

withdrawing a high-purity diol as a side cut component Es from a side cut

outlet of said continuous multi-stage distillation column E; wherein
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10 and nE2 satisfy the followng fornmulae (12) to
(20): 400 <_ LEI 5 3000 (12) 50 <_ DE1 <_ 700 (13)
25LE1/ DEI < 50 (14) 35nE130 (15) 15 600 :5 LE2 4000
(16) 1005DE21000 (17) 25LE2/DE2<30 (18) 55nE250
(19) and DE1 5 DE2 (20); 20 (e) the enrichnent

impréeéineht édmprighszontinuous nulti-stage distillation
colum E has at |east one chimey tray installed

it Eﬁ)g%?gogétomi%ddﬁ ?rh?]?i'—std dFSNiNBEYnt EGUAAVC Mbmprising a

_ erein at least Two chimmeys each having
cortBCTBEIR- FR R UFARED ORI mBFERES difng pooton
navifgh et Remd A B aREH ol i B fiforna

.. outlet of fsai d chimey satisfies the for,% é'FZ_):t.ZO
with § hembercef §lages ned thereinaids, and.an siricbment section

connected to a liquid collecting portion 5 of said

havingiariengthr byz éemaian ngiderdiametan Pcz{cayeand an internal
distillation colum E. 2. The process according to

with @l mimbier ohstages agribdreausider wherdint bhe,hPgh- por.i Ly2, Dez,
diol is not less than 1 ton / hr. 10 3. The process

and ngreatisty the folwing furnfulaghét pto (8)plurality (nc3
stages) of trays K are further provided in a | ower

portion ghotle .y < 3000 (1)
50 < D¢q < 700 (2)
3 < Lot / Dgy < 30 (3)
3 < ngy < 30 (4)
1000 < Lgz < 5000 (5)
50 < D¢z < 500 (6)
10 < L¢2 / Dg2 < 50 (7)
20 < nc2 £100 (8) and
D¢z < Dt (9);

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

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

formula {(11):
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internals in a | owernost portion of the stripping
section which is in a |ower portion of said

conti nuous multi-stage distillation columm C, a liquid
is continuously wi thdrawn from an uppernost stage of
said trays K, and 15 after heat is given to require
for dist10lahicon 800 a reboiler, the h¢atgd liquid is
returned into the distillation columm C froma feeding

POfd) teP¥ide @ut RAIYEETS EBRNBRPSA TBSA Iifuadcdlfedtimg portion of
trays K and the internal in the |owernost portion of

said bBfindes, ARY"6r AR bPUIE sRRFERGE Siaiatih afithd
268 P ebBy SR P SHEL 08T b f grtd & felpising 2

4, wher ej n insi 25 di gneter Dc3 .of said . . .
contighaiimil- sihad istiiattan Salpr comousiNg, S wiRpipg section
the trays K are present satisfies Dci <_ Dc3 83 6, The
having aclengthceer (¢, 86 ingjdetiapetgres (Bm)amd amirterpal
Lci, Dci, Lci / Dci, nci, Lc2, Dc2, Lc2 / Dc2, nc2,
with amumd@rfaf stages neothenasideuland anagprichment secdon

colum C satisfy respectively 500 < Lci 5 :5 2000, 70
havirgg BcliergythO0g; bomd, beai insideidian?&erdDp; fem)oard anl it@rbal
Lc2 5 4000, 70 5 Dc2 <_ 400, 15 < Lc2 / DC2 <_ 40,

with 8humbeof<stfifbs apd thereinided widrein LeiDDHS, 0851 k2, De2,
according to any on of Cains | to 6, wherein 10 the

and ,ih%ttgéﬂg{ry iuqetfgﬁowiPppmrﬁg_]%%i:gn@n%)gzg?i d conti nuous

I - stage I stilFation nd’t he internal
excl udin he,chi ray in the engjghnent section
are traygoén'%LPéng?g{d ngs. 8. The pmg ss accor di ng
to d ai , erei he internal in he stri pping
secti onn%a %ﬁl‘d %J:h nuous nul ti - st agﬁﬁs stillation

COlUM ) < Ley / Der < 50 (14)
3<ng <30 (15)
600 < Lgz <4000 (16)
100 < Dez < 1000 (17)
2 < Lgz / Dgz < 30 (18)
5 < ngz; £ 50 (19) and
De1 < Dez (20);

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

50 < Sg <2000 (21),

and each of the chimneys being such that a height hg (cm) from said
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is the tray, and the internal excluding the chi mey
tray in the enrichnent section is the tray and / or
structured packing. 9. The process according to Caim
7 or 8, wherein said tray is 20 a sieve tray. 10. The
process according to Claim9, wherein said sieve tray

openid§ o?oé)aiﬁocﬂﬁﬁﬁe?qbeé dagrButietofsssidechimhegnsatistiesfthe
and a cross-sectional area per hole in a range of

form aP[QQ .5 to 5 cnR. 25 11. The process according to
aim?9 or 10, wherein an 84 aperture ratio (a ratio

of a tot [LOSS- tional area of the hol es,i
tray st agg §(§'Ea% éﬁa of the tray) of said ?%Se&ﬁgay
in enr, chnent ection of said,.cont.i nuQus . .
i ther e At stiel oty Cofiaited' 8 4 alif Ehilecting portion
from?2 to 15% 5 12. The, process accordin i ny on

of saigd chimnay dray,ol said gantinyeus raﬁ@hsmer 3 lﬁa?lgyf} spfgmn E.
of a total cross-sectional area of the holes in one
tray stage to an area of the tray) of said sieve trays
in the enrichnment section of said continuous
mut i - st Ehe phcateédd atconding tonC18ims1, whereim a pnoguocéd
from1.5 to 12% 13. The process according to any one

amowit 6f ahathight pudity diehry Abb |@ss apant titenriahi.o (a ratio
of a total cross-sectional area of the openings in

the chimey to an area of the chimey tray including
said 15 total cross-sectional area of the opening) of

o, L TRE PR e BLng 8 IS oA g a plurliy
(nca ggz(l)/g(l%s’])d'bf Tpaeyé)kognees?uﬂ%%?réjriorWdég iy !89\%@60%(@1 Tt til'le
internals in a lowermost portion of the stripping section which is in a
lower portion of said continuous multi-stage distillation column C, a liquid
is continuously withdrawn from an uppermost stage of said trays K, and
after heat is given to require for distillation in a reboiler, the heated liquid
is returned into the distillation column C from a feeding port provided
between the uppermost stage of said trays K and the internal in the

lowermost portion of the stripping section, while a remainder of the liquid

is fed into a lower tray in order.

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

trays K is a baffle tray.

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

the trays K are present satisfies D¢y < Dcs.
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20 wherein said continuous nulti-stage distillation
columm C has a columm bottomtenperature in a range
of from 150 to 250 C. 15. The process according to any
one ofvClains 1 to 14, wherein said continuous

mul ti-stage distillation colum C has a colum 25 top
pressure in a range of from 50000 to 300000 Pa. 85 16.
The process according to any one of Clains 1 to 15,

Coﬁre' n ‘Fﬂggpﬁﬂ%é HEHér@in tG?rQQSnG'éfC' ﬁﬁb@to §. wherein

urmC a ref rat| rangeo from

Let, E&' L—c1 Ivéﬁ?e 1['310'0 %ﬁn?%%‘? ﬁ?ﬁv N sl Jggg
contlﬁpgw Eﬁﬁg %gi§%llaﬁ9ngq'@%5$3 aﬁ.ksfg legpf;;tlv y 500 < L¢+

ein a content _of the diol in said side cut
< 20%@8@@0@ $Q0n§t<r¥m1el Detan 28, Sosdtct he2@i dP00eE Loz <
into the continuous nulti-stage distillation colum
4000C.70.8. DEbes #06¢ dss <decon! Maxg<t4D .a80 She20f 90, @ndb 3 <thes <
18, 15 wherein LEI, DEl1l, LEI / DE, nE, LE2, DE2,
20. LE2 / DE2, and nE2 for said continuous multi-st age
distillation colum E satisfy 500 LEA <_ 2000, 100 <_
DEl1 < 500, 3 LEi / DEl < 20, 5 nEl < 20, 700 <_ LE2
3000, 120 <_ DE2 800, 3<_LE2/DE220, 75

nE2s30, anf B s gecgpdln-aqﬁ) @rrRPSESOiaG‘Pé’irn‘ils nYtd @ Aderein
one of Clains 1 to 19, whérein the internals in th e

e SRRSO Yt P ISR Bt

d*S“*_‘r{‘éOBCchS"JBEH)( £t e e iddstha) ARUGHE 8k Wi mfey %Jay n he
enrichgRenhaesHoRAES dEAng 3

i.n_the strl p%éﬂgo?'epcatcl;kcm and the enrichnent

8. The process according to Claim 7, wherein the internal in
the stripping section of said continuous muiti-stage distillation column C
is the tray, and the internal excluding the chimney tray in the enrichment

section is the tray and / or structured packing.

9. The process according to Claim 7 or 8, wherein said tray is

a sieve tray.

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

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

11. The process according to Claim 9 or 10, wherein an
84
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86 nmulti-stage distillation colum E excluding the
chimmey tray is the tray. 22. The process according
to Caim?2l, wherein said tray is a sieve tray. 5 23.
The process according to Claim22, wherein said sieve
tray has 150 to 1200 holes/nR2 in a sieve portion

aperfurer eftio (ancitiv of rasotad arbssrséctional peealoll the hodes in one
range of fromO0.5 to 5 cn2. 10 24. The process

tray S € Hh bPeql 6¥ fﬁe?i"fré?y) @Bsald 8igid tedy imRREIaiGchment
ratio (a ratio of a total cross-sectional area of the

sectuBﬂ' &Fshiy %B?ittrde’le ﬁ]@ﬂ??fé’%é“aléﬁﬂﬁtﬁﬁ éaﬁuﬁﬁ%‘):g% a range

id sreve tra sect

i,nu nultl-stage distillation colum Eis in a
of frorrﬁ%éo ‘gﬁ"rrom 3 to 25% 15 25. The process according

to any one of Clains 22 to 24, wherein an aperture
ratio (a ratio of a total cross-sectional area of t he

hol es in_one tray stage to an area of the tray)

sald- si eVhetpracess apeording i an osecet Qﬁawssgatta 11,

continuous nulti-stage distillation columm Eis 20 in
wherain argapefrtyneoratio t{a =166 of@ tatal gpossesectienst @rag ebthe

any one of Clainms 1 to 25, wherein an aperture ratio
holeg &n rcate trayf sbagettel amrares-skthe dray) ef saidfsiehe trays in the

opening in the chimmey to an area of the chimey tray

enrichiiéHEsBEtiDA Bf salidlcotitimi®oss mari-seage distifladiont belumn C is
openi ng) of said chimey tray of said continuous

in a fMAdé ﬁ,ﬁ%g&l)‘i%on colum E is in a range of

fro The process according to any
one of Clalrrs | to 26,

13. The process according to any one of Ctaims 1 to 12,
wherein an aperture ratio (a ratio of a total cross-sectional area of the
openings in the chimney to an area of the chimney tray including said
total cross-sectionai area of the opening) of said chimney tray of said
continuous multi-stage distillation column C is in a range of from 10 to

40%.

14, The process according to any one of Claims 1 to 13,
wherein said continuous multi-stage distillation column C has a column

bottom temperature in a range of from 150 to 250 °C.

15. The 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.
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wherein said continuous nulti-stage distillation
colum E has a colunmm 5 bottomtenperature in a range
of from110 to 210 C. 28. The process according to any
one of Clains 1 to 27, wherein said continuous
mul ti-stage distillation colum E has a reflux ratio
i n18. r anYReqirdded® Gctordity td @mPonéhef Claess! to 15,
according to any one of Clainms 1 to 28, wherein a
wherdi isald QforLt'i‘ﬁuShQ'mhﬁi-%%ée%i%ﬁll‘é‘ﬁorfemﬂﬁnc Fési# reflux
not less than 99% 15 30" The process according to
: Y. f [ 29, wherein a purity of the
’a“"auﬂo‘i‘ glaﬁgga?ﬁ@rﬁ?'éu{c’ogbnponent Es is not |ess than
99.9% 31. A high-purity diol produced by the process
according to any 20 one of Clains | to 30, which

conpri ses a content of high boilin oi jnmpurities
SULR- as Bhéi RIGGASHACEPYRNG B 3ok OnBrel Chakmbdote Ik
and a halogen content of not nore than 0.1 ppm 32. A
whergigia pantent af the giglin saidcalnentopenperati Gy is oot
any 25 one of Clains 1 to 30, which conprises a
morecthareitO®pphigh boiling point inpurities such as a
di al kyl ene glycol of not nore than 100 ppm and a 88
hal ogen content of not nore than 1 ppb. 33. A
continuous nulti-stage distillation columm C and a

congi NUOPRePHJdasy a86ofdiRg td anyoBneBLTTaims o to 17,

carrying out a process for =~ 5 producing a high-purity

wher@iiﬁl%%nié\lﬂ ﬁgtﬁ‘e‘"d’lﬁ'l g sa%?{j %B@t@ulaelga RenPlatisCnot more

nmonohydric a cohol as st. ing mater s, the rocess
than S5 R, 0L B, cbbHpERT Bt B e

column C.

19. The process according to any cne of Claims 1 to 18,
wherein Lgq, De1, Lg1 / Dgy, Ng1, Le2, De2, L2 / Dgz, and ng;z for said
continuous multi-stage distillation column E satisfy 500 < Lg¢ < 2000, 100
< Dg1 <500, 3 <Lgq/Dg1 20,5 <ng <20, 700 < Lg2 < 3000, 120 < Dez

< 800, 3 < Lgs/ Dg2 20,7 < nga €30, and Dgy < Dgs.

20. The process according to any one of Claims 1 to 19,
wherein the internals in the stripping section and the enrichment section
of said continuous multi-stage distillation column E excluding the

chimney tray are trays and/or packings.

21, The process according to Claim 20, wherein the internal in

the stripping section and the enrichment section of said continuous
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mul ti-stage distillation colum A in which a catal yst
is present, carrying 10 out reactive distillation in
said distillation colum A, continuously w thdrawi ng a
| ow boiling point reaction m xture AT containing a
produced dial kyl carbonate and said aliphatic

multictafy disdtllatiea et lubie B exclpdierg thhechimmef trdis the tray.
distillation colum A in a gaseous form and
continuously wthdrawi ng a high boiling point
reaction m xture AB containing a 15 produced diol from

o Levier ti L . I . i

| i%gi a Them "%e%s aGofuiid o ? lpl 2 b WHergin Sgid tray is a
. boiling point reaction mxture As into a continuous

s'evq'rfﬂa(yi'-st age distillation colum C, continuously
W t hdrawi ng material having a | ower boiling point than
that of the diol 20 contained in said high boiling
poi nt reaction mxture AB as a colunn_top coQnponent,
CT23nd/ of he piagessuaceenpngte Gaimada, Mﬂneﬁ'aoﬁ?égyﬂeve tray
W t hdrawi ng a col um bottom conponent CB havi ng the

has 150/toat2@0 rfeles/ménipoasieveporurn thersef, |ani®@ porti on
of the distillation colum C and (111) conti nuausly

crosé-eredititthalherew permdlet pa roTge oéitoiB0iSito Scn?s
continuous nulti-stage distillation colum E, and

continuously wthdrawing a high-purity diol as a side
cut conmponent Es froma side cut 89 outlet of said

copyi ”Uo‘f'ﬁe”b'}c}&éfés ggeofg S‘n‘d ko g',lia% 89! 93 EwyNbyiRi 4n

i npr ovenment” ‘conpr sai d contlnuous nulti-stage

aperfl |Set }éti?kiagpa&fé)lo?rg]gﬁagg %is%QQtCi@naf%%ErWP hiogglsrgg one

trl Fuim nprisirng a str

section 5 having,.a Length_Lci, (¢ an i.nstde. ... ...

tray §f4gR foramarepa tharay of 8l siote 1Ay i Shcstrigping
stages no, thereinside, and an enrichnent sectian .

sectipaphgaid IcongimIQes "'('B(’f)‘,St%ﬂei%§?'hét'@ir‘aﬁ%ltﬁpn$23('@n? range
and an internal wth a nunber of stages nc2

of fremeddon2d%e, wherein Lci, Dci, no,, Lcz, Dc2,

25. The process according to any one of Claims 22 to 24,
wherein an aperture ratio (a ratio of a total cross-sectional area of the
holes in one tray stage to an area of the tray) of said sieve tray in the
enrichment section of said continuous multi-stage distillation column E is

in a range of from 2 to 20%.

26. The process according to any one of Claims 1 to 25,
wherein an aperture ratio (a ratio of a total cross-sectional area of the
opening in the chimney to an area of the chimney tray including said total
cross-sectional area of the opening) of said chimney tray of said

continuous multi-stage distillation column E is in a range of from 5 to
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and nc2 satisfy the followng formulae (1) to (9): 10
300 < Lci < 3000 (1) 50 < Dc, < 700 (2) 3 < Lc
/| Del < 30 (3) 35nci:5 30 (4) 1000 <_ Lee <_ 5000
(5) 15 50 <_ Dc2 500 (6) 10<Lc2/Dc2:550 (7) 20 < nc2
< 100 (8) and Dc2 <_ Dc, (9); (b) the enrichnment
409%.section of said continuous nmulti-stage 20 distillation
colum C has at | east one chimey tray installed
therein as the internal, the chimey tray having
installed therein one or nore chimmeys each having an

. . ) , I _
oot st yi e D RS BpEopfild RgyI0RE oLCIARE 1 1o 26,
25 and,each.of the chi ks C '
whergih 83y Bilifiops mffLTRSE SRR Poldlin & A Lbotumn
outl et of said chimey satisfigs. th fornmula (11):
bottompdapuperatyng in § 69"9%@@%@@"0"&0 ERI%"&?QPS connec§ ed)
to a liquid collecting portion of said chimey tray
of said continuous nmulti-stage distillation colum C
5 (d) said continuous nulti-stage distillation colum
E 28npr i Thegm cessnacnandinonto ainysoageoClaims & to 27,

colum conprising a stripping section having a |length

wherkf s@idcortimunss daulti-stagerdisillation calumanEi maeranegflux
Wi th a nunber of stages nEl thereinside, and an

ratio §A'd $ARGBL oS VI ®1to 100.

29. The process according to any one of Claims 1 to 28,
wherein a purity of the diol in said side cut component Es is not less than

99%.

30. The process according to any one of Claims 1 to 29,
wherein a purity of the diol in said side cut component Es is not iess than

99.9%.

31. A high-purity diol produced by the process according to any
one of Claims 1 to 30, which comprises a content of high boiling point
impurities such as a dialkylene glycol of not more than 200 ppm, and a

halogen content of not more than 0.1 ppm.

32. A high-purity diol produced by the process according to any
one of Claims 1 to 30, which comprises a content of high boiling point

impurities such as a dialkylene glycol of not more than 100 ppm, and a
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having a length LE2 (cm), an inside dianmeter DE2 (cm
and an internal 10 with a nunber of stages nE2

t herei nsi de, wherein LEl, DEl, nEl, LE2, DE2, and nE2
satisfy the following fornmulae (12) to (20): 400 <_
LEl < 3000 (12) 50< DE1< 700 (13) 2:5LElI/DEI<_50

haloddd cokieat o roBmMdrsSthar®@0ppb. LE2 5 4000 (16)
100<_DE2!'9 1000 (17) 25LE2/ DE2:5 30 (18) 5_nE2:9 50

(19) and 20 DE1 5 DE2 (20); (e) the enrichment section
of said continuous nmulti-stage distillation colum E

haggat 'ﬁﬁcﬁ:fnt?ﬁ‘ﬁoﬁg'rﬂﬂﬁ)l-stt%glé dl%fﬂl%'tidﬂj cbﬂ?r'hfneg add a

t hé™i nter e chinne avi ng 1 nst al

cont'hi}?t%'g” 5680 e uap Qﬂﬁﬁgﬁﬁiﬂﬁ?g*%" R iiess for

e fornula (21 E 200 (21 eac .

prodyging: lmhfﬁ&yg%ypg&ﬂ?jﬂnaﬁm !ﬁe?al)rhm??ée(ena |phatic

said opening of said chinmey gas outlet of sald
moncdmycﬂm@;algahpgfa%gtarh@g ﬂtﬁrtﬁmlﬂis( 2'2? Progess ¢RmMpriging the

(22); and 5 (f) the side cut outlet of is connected to
stepsoffi qui d coll ecting portion of said chimey tray of

said continuous multi-stage distillation colum E.

34(1) Theo stintonisdy sesding theagardngtmbtetiatirol arcordinuous

according to Caim33, wherein a plurality (nc3

muhtisé B Hisillatianscdiums A i Wiieh a catalyst is present, carrying
out reactive distillation in said distillation column A, continuously
withdrawing a low boiling point reaction mixture Ar containing a produced
dialkyl carbonate and said aliphatic monohydric alcohol from an upper
portion of the distillation column A in a gaseous form, and continuously
withdrawing a high boiling point reaction mixture Ag containing a
produced diol from a lower portion of the distillation column A in a liquid
form;

(1) continuously feeding said high boiling point reaction mixture
Asg into a continuous multi-stage distillation column C, continuously
withdrawing material having a lower boiling point than that of the diol
contained in said high boiling point reaction mixture Ag as a column top
component Cr and/or a side cut component Cs, and continuously
withdrawing a column bottom component Cg having the diol as a main
component thereof from a lower portion of the distillation column C; and

(Ii1) continuously feeding the column bottom component Cg into a

continuous multi-stage distillation column E, and continuously

withdrawing a high-purity diol as a side cut component Eg from a side cut
89
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10 provided in a lower portion of the internals in a

| ower nost portion of the stripping section which is

in a lower portion of said continuous multi-stage

distillation colum C, a liquid is continuously

wi thdrawn from an uppernost stage of said trays K,
outiedtf sdideéohBAlious MIEsthge aistiliatiéncoldivet B;lvhaoain

in areboiler, the heated liquid is returned into the

impr%%?ﬁiéﬂtaé%ﬂ'&rﬂs%s‘:o' um C from a feeding port provided

ween the uppernost stage of said trays K and the

L4 Bl Gl B REA o iR i R Binpriging o
contibgz\:\gﬁq f’n&ﬂ{ié%t%&(ﬁ %tllta?’tireeEcﬁpﬁﬁﬁ“c@%ﬁﬁ%a@!a%giﬁﬁﬁ% section

_wherein each of the trays K.is a b fI? tra%:h 36. ,Tre |
having @ lengthsL au(em)s eaginside:diameteDeo (6N 2nd 2R /pierga
to Claim 34 or 35, wherein an inside dianmeter Dc3 of
with gandamben ohatages mdhttheseingidei sind pat eprichoentsection

where the trays K are present satisfies 25 Dci <_ Dc3
havig a3lendgthel. 6oty ansinaidei disnagterdDst i(civet and awlioternal
C according to any one of Clains 34 to 36, wherein
with behunididr, ot Stage Helc, theireindide, leRereibclle{, D2, nofd.c2, Dc2,
and nc3 for sald continuous nulti-stage distillation
i tioHowingSRAR hidl v1 PR (g): Lei 5 2000, 70
and ﬁ‘?i %cg?'siftégo,oqs ving MU QE 335 5 5 ne, 5 20,
1500 5 LgRn5.4000 Dc2 5 400, 15 Lc2 / Dcz 5
40, 30 §§°n%12}'°4_5é%’,%02nd 38 nc3 5 26738, The
conti nuo ti- e distillation c mm C accordi ng
to any oHé %}B‘d ﬁﬁn@@?,s to 37, wherei gbyhe internal in
the stripping 10_section of said contiguous
mul ti-st g%'-d:ﬁs’tplcha'{t? n colum C and(sﬁe internals
excluding the chimey tray in the enrichnent section
are tray$ <d&wd/$80acki ngs. 39. The céf?i nuous
mul ti-stage distillation colum C according

1000 < Lg2 £ 5000 (5)
50 < D¢, < 500 (6)
10 £ Lgz / Dg2 £ 50 (7)
20 < ngz <100 (8) and
D¢z < Dey (9);

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

200 < S¢ £ 1000 (10),
and each of the chimneys being such that a height he (cm) from said

opening of said chimney to a gas outlet of said chimney satisfies the
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15 to Caim38, wherein the internal in the stripping
section of said continuous nmulti-stage distillation
colum Cis the tray, and the internal excluding the
chimey tray in the enrichment section is the tray and
/| or a structured packing. 20 40. The conti nuous
formald {11ptage distillation colum C according to Caim
38 or 39, wherein said trays is a sieve tray. 41. The
conti nuo ti-& age distillation c C accordi ng
to d ai mﬁlgO%nH grsé(?n said sieve tray %ggﬁgoo to 1000

ho} as ' | BV [ her ; ; i
crs35tHe Bfo euft SrIG ft BoRRelted "5kl (Eedting partion of
L to. 5 cnR, 93 42..The continuous.multi-st. . A
said ghimnavairadot saidos i il staes Hi§fiigtign gqtumn C;
wherein an aperture ratio (a ratio of a total .
creé)ssg&ppaﬁlaw%%m@fl-smm'%ﬁﬁhoz}n@m? & cogaptiging a
an area of the tray) 5 of said sieve tray in the .
contiguoiyspmigtisstagedisiiiatipn edumn cousPhising A sHieping section
distillation colum Cis in arange of from2 to 15%
haviri@.a [EBregthobt | fom)s aruinsidst digenetest Dk 4civgnandlaminternal
according to any one of Clains 40 to 42, wherein an
with apsiinber 6Pbtagé S nRtthereinsideotarid alOenriebmertseotian
area of the holes in one tray stage to an area of the

havidg @ lendth B2l dcii)edh Iiidel dianieteANDES BRI aR@cdn ditethal
said continuous multi-stage distillation columm Cis

with ?3??11{ s{ a(gfeggﬁl‘é%%ﬂ%ﬁﬁgtrggéomnﬁ ?! %chr%%’ﬂ;ﬂ)ﬂl‘,gﬁ s l?iEnzfl De2,
. j 0 4 ' '
and fgg p§Visfy ShEoelio e urt B ar ®af2hor " Fre opent nos

in the chimeys to _an area of the chi y tray

i ncl udi néogaﬁd-mo? A0Q% oss-sect i onal éﬁgi of the
openi ngs) of said chimey tray of said_continuous
nul ti-st8fe<dst£I1T88 i on colum Cis (18)a range of
from10 to 40%

2 <Lgy/ Dgq <50 (14)
3<ng <30 (15)
600 < Lgz < 4000 (16)
100 < Dg2 £ 1000 (17)
2 <Lgz/ Dgz £ 30 (18)
5 <ngz £50 (19) and
Det < De2 (20);

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

50 < Sg < 2000 (21),
91



10

15

20

25

20 45. The continuous multi-stage distillation colum
E according to any one of Clains 33 to 44, wherein
LE1l, DEl, LE1 / DE1, nE1, LE2, DE2, LE2 / DE2, and
nE2 for said continuous nulti-stage distillation
colum E satisfy 500 < LE1 < 2000, 100 <_DEl 5

and &36h of the bﬁﬂrnhe?E' béin Qucﬁ thatFheighCfe (XmYAOmM said
LE2 < 3000, 120 800, 3 < E2 /| DE2 <- 20,

Ing-of"&=id< rtg Bcés dublEd-of%aiPehRey MY fighies The

open n?ﬁ [{%gg%hgﬁgte [l a‘?l on cgl um accor};‘ti y to any

form@{éﬁ Clalrrs 33 to 45, V\herelnthelnternalsmthe
% secti on and the enrichnent section of said

contlnu08 It|- ge5d|st|IIat|on§25umﬂE
excluding Echil ytray are trays &

packi ngs. The contj nuous rrultl-staedlstllﬁcatl
co(faﬁhe@la@cevhpﬁglettqf '@%@ﬂﬂﬁste%‘ér”b Iguid aoilgcting portion

internals in the stripping section and the 10

of saithchimma trescof saidicontinuewamulibstageldistijatign column E.
distillation colum E excluding the chimmey tray is
the tray. 48. The continuous mnulti-stage distillation
colum E according to Claim47, wherein said tray is

a syeve ThéycoﬂﬁnéausTrhalt@mhgéth|Imﬂidn colwed C according
distillation colum E according to Cl aim 48, wherein

to Clafhd3s! rbﬁﬁléB glﬁ? h%gjsqgg 'dffstréygﬂ('aﬁeafurﬁh@r‘/e

portlon er eof, a’ cross-s ona area per hole

provn'd'écf‘ir!}%('r)‘lg@vér’]rl{J ‘}ﬁ age dé i}%tlilrﬁgﬁ i Cgﬂveﬁﬂ st p rtlgn of the
strlpéﬁggsgé[ngﬁs r|ch i$ |me'i§\5v3r%%r 1|oer0|’J 53id %on%r‘m?ou?t' °

multi-stage distillation cclumn 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 distiliation
column C from a feeding port provided between the uppermost stage of
said trays K and the internal in the lowermost portion of the stripping

section, while a remainder of the liquid is fed into a lower tray in order.

35. The continuous multi-stage distillation column C according

to Claim 34, wherein each of the trays K is a baffle tray.

36. The continuous multi-stage distillation column C according
to Claim 34 or 35, wherein an inside diameter Dc3 of said continuous
multi-stage distillation column C where the trays K are present satisfies

Dc1 < Des.
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cross-sectional area of the holes in one tray stage to
an area of the tray) of said sieve tray in the
stripping section of said continuous nulti-stage 25
distillation colum Eis in a range of from3 to 25%
95 51. The continuous multi-stage distillation colum

E aZcor di g cdrtimuyus muiti-sthgendistifl atiorbGoluer € aceording
aperture ratio (a ratio of a total cross-sectional

to an?r@ﬁlef a9 kastd BE0ehbFEIN §E@gscﬁ oLap /e wéq, &, Dea,
ray) of sald S|evetrays in the enric rrent section

o B 0 FRGTOF RS g AR Stumn
-stage dj s I on or 0. an
C safifly tashees 'wg%ébb L AR 4 ¢ ?@r%@w%ﬁ @c{é Dot <
ratio of  a total  cross-sectjonal are
20, 518 NateS AnHI8 5 bears 4000. O EnDozcs At e & £hy / DG < 40,
including said total cross-sectional area of the
30 < ogerst Rfs)yangd 3 £Hachidfhey tray of said continuous

multi-stage distillation colum Eis in a range of
from5 to 40% 96

38. The continuous multi-stage distillation column C according
to any one of Claims 33 to 37, wherein the internal in the stripping
section of said continuous multi-stage distillation column C and the
internals excluding the chimney tray in the enrichment section are trays

and/or packings.

39. The continuous multi-stage distillation column C according
to Claim 38, wherein the internal in the stripping section of said
continuous multi-stage distillation column C is the tray, and the internal
exciuding the chimney tray in the enrichment section is the tray and / or

a structured packing.

40. The continuous multi-stage distillation column C according

to Claim 38 or 39, wherein said trays is a sieve tray.

41. The continuous multi-stage distillation column C according
to Claim 40, wherein said sieve tray has 100 to 1000 holes / m? in a
sieve portion thereof, and a cross-sectional area per hole in a range of

from 0.5 to 5 cm?.
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42. The continuous multi-stage distillation column C according
to Claim 40 or 41, wherein an aperture ratio {a ratio of a total
cross-sectional area of the holes in one tray stage to an area of the tray)
of said sieve tray in the stripping section of said continuous multi-stage

distillation column C is in a range of from 2 to 15%.

43. The continuous multi-stage distillation column C according
to any one of Claims 40 to 42, wherein an aperture ratio (a ratio of a total
cross-sectional area of the holes in one tray stage to an area of the tray)
of said sieve tray in the enrichment section of said continuous

multi-stage distillation column C is in a range of from 1.5 to 12%.

44, The continuous multi-stage distitlation coilumn C according
to any one of Claims 33 to 43, wherein an aperture ratio (a ratio of a total
cross-sectional area of the openings in the chimneys to an area of the
chimney tray including said total cross-sectional area of the openings) of
said chimney tray of said continuous multi-stage distillation column C is

in a range of from 10 to 40%.

45, The continuous multi-stage distillation column E according
to any one of Claims 33 to 44, wherein Lgq, Dgq, Lgq / Dg1, ngq, Lez, Dea,
Lez / Dez2, and ng2 for said continuous multi-stage distillation column E
satisfy 500 < Lgs < 2000, 100 < Dgq <500, 3 < Lgq/ Dgq 520, 5 < ngy <20,
700 < Lg2 < 3000, 120 < Dg; <800, 3 < Lgz/ Dez2 <20, 7 < ngz < 30, and

Degs < Dea.
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46. The continuous muiti-stage distillation column E according
to any one of Claims 33 to 45, wherein the internais in the stripping
section and the enrichment section of said continuous multi-stage
distillation column E excluding the chimney tray are trays and / or

packings.

47. The continuous multi-stage distillation column E according
to Claim 46, wherein each of the internals in the stripping section and the
enrichment section of said continuous multi-stage distiltation column E

excluding the chimney tray is the tray.

48. The continuous multi-stage distillation column E according

to Claim 47, wherein said tray is a sieve tray.

49, The continuous multi-stage distillation column E according
to Claim 48, wherein said sieve tray has 150 to 1200 holes / m?in a
sieve portion thereof, and a cross-sectional area per hole in a range of

from 0.5 to 5 cm?.

50. The continuous multi-stage distillation column E according
to Claim 48 or 49, wherein an aperture ratio (a ratio of a total
cross-sectional area of the holes in one tray stage to an area of the tray)
of said sieve tray in the stripping section of said continuous muiti-stage

distillation column E is in a range of from 3 to 25%.
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51. The continuous multi-stage distiilation column E according
to any one of Claims 48 to 50, wherein an aperture ratio (a ratio of a total
cross-sectional area of the holes in one tray stage to an area of the tray)
of said sieve trays in the enrichment section of said continuous

multi-stage distillation column E is in a range of from 2 to 20%.

52. The continuous multi-stage distillation column E according
to any one of Claims 33 to 51, wherein an aperture ratio (a ratio of a totaj
cross-sectional area of the openings in the chimneys to an area of the
chimney tray including said total cross-sectional area of the openings) of
the chimney tray of said continuous multi-stage distillation column E is in

a range of from 5 to 40%.
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