71 KAN | NDUSTRI AL PROCESS FOR PRODUCI NG
AD50t?%§@%§EFTY DIOL Technical Field The present
invention relates to an industrial process for 5
producing a high-purity diol in which a cyclic
carbonate and an aliphatic nonohydric al cohol are
IRBUBTRIAY FRACESS PORPROMULING HIH P RTY BloL
A having a specific structure, reactive distillation
is carried out, and a high boiling point reaction
m xture having the diol as a main conponent thereof
i s _coptinuously withdrawn fromthe bottomof the 10
TECthﬁifFvﬂadistilIation colum A, material having a
| ower boiling point than that of the diol is

di $0® PERSRNE IfvasHieméelates han ingusdrial pregeesder

m xture using a continuous nmulti-stage distillation
prodesingna bighrpuiydiopdaiwhish aseyalia caebonate ansbaonaliphatic

bott om conponent fromthe continuous multi-stage
monaihgdricl aliciotw| creuconiinus uéy fedtinta acoractive i stillation

mul ti-stage 15 distillation colum E having a

columpeAitiawdgsa rapddifie, standturee relaghivikudistillation isicarried out,
conti nuously obtained as a side cut conponent of the

and §HigMbEilindpeker %&i@ﬁtm&t&z?é%éﬁﬁgdﬂhﬁ idjass Hmain

process for producing a dial kyl carbdnate 20 an
j e i ld C.C
comiofont Rt feehlBDo e PR dr A S of B B Frpdlfythe
t present jnventors (se Pat ent Docunent. 1:

reactl{e dSLBSERTT kol RYF A hla G align IRye" Boting: ppint than

P nt . Docungent. 2. Japanese Patent Application . .
that ngtﬁedbgﬁ is dfistiled 2 drompthe Fiombailibarpaint Taastion mixture

. Patent Application 25 Laid-Open No. 9-176061, Patent

usingat GREANUPUS) Al estagendistillatippi sdamn € bavino@esprgified

9-183744, Patent Docunent 5: Japanese 1 A0501
struofpeg. 18NN Paodummpplticontdam poaiechi Goem Noe contIuaARDs

Pat ent Docunent 6:
multi-stage distillation column C is fed into a continuous muiti-stage
distiliation 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-Cpen No.
4-198141, Patent Document 2: Japanese Patent Application Laid-Open
No. 4-230243, Patent Document 3: Japanese Patent Application
Laid-Open No. 9-176061, Patent Document 4. Japanese Patent

Application Laid-Open No. 8-183744, Patent Document 5: Japanese
1
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I ional Publication No. W97/ 23445
AOE’OI(‘@%J&[{%‘ggondi ng to European Patent No. 0889025, and

U S. Patent No. 5847189), Patent Docunent 7:
I nternational Publication No. W99/ 64382
(corresponding to European 5 Patent No. 1086940, and

Pateﬁn?gipﬁi%ta?mn N%&%—Eﬁé@ﬁ%b: 924583350 HEH D8cument 6:

at I onal cati on No. W00/ 51954
o558 4L 28048 ARG s oponr
cate NGRS BB B, R e B Ehgrent 7

2004- 131394%, .10 and_patent applications in whi gg
Interpatipnal RuklicationiNe; WRGHE43P< RIresPeadingdgLuropean
subsequently al so been filed by other. conpani esr’gsee
PateRtiNmt 10860d0e@nd U. S dhaterdeNpa 63466538, i RatardnDocument 8:
Lai d- Open No. 5-213830 (corresponding to European
InterRatiomal NubRS3(16h 5N 0a W OB (35 1B&i4e (tore sp obi2itig 12) European
Pat ent Docunent 12: Japanese Patent Application

Pateh2iNb OPen44b6Nan 1P 80 P 410t R6PEATIgRBI )0 Fateriic@ocument 9:
Patent No. 0569812, and U.S. Patent No. 5359118),

sepef A R ARl SR BafrgLoipmosgoareaten

Docyffbfiat $45anehe RafRenBagiT LarPEiPsh NG p80%-131394),
No, 2003- 300936, : ] .

and patehAPRLERNRNEAT WEIEh TURP Sotpactiv SBS T flo Rty fibm is
of using a reactive distil]atjon systemfor thi

used bave BibSeRusPLYCR SODERR THed RN e RBaBIesilsRe.Patent
hi gh conversion. However, reactive distillation

Docymecdsklesiapanese P atertahpplinationr kaist-&pan Np.o8udi 3§30
the dial kyl carbonate and the diol either in small

(corrmporiding’ td Eurapsiaor Papent dkb.0d53661 SpandabiShRatemstNo.
related to carrying out the production on an

523122ptPAtdnt BeauenshBhRy Japarfe gy Plategedmsicatiboflaid-Open
time. That is, these processes 2 A0501 VP87/ KAN have

No. gggtspmg%cgfssfagﬁg% ?géEﬂfo@éaﬁlﬁé%tmdl ®569812, and U.S.
Patent No. 5359118), Patent Document 13: Japanese Patent Application
Laid-Open No. 2003-119168 (corresponding to International Publication
No. WO03/006418), Patent Document 14: Japanese Patent Application
Laid-Open No. 2003-300936, Patent Document 15: Japanese Patent
Application Laid-Open No. 2603-342209). 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 dialky!
carbonate and the diol either in small amounts or for a short period of

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

scale stably for a prolonged period of time. That is, these processes
2
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not less than | ton/hr) stably for a
AD&HS?% d perlod of time (e.g. not |ess than 1000
hours, preferably not |ess than 3000 hours, nore
preferably not | ess than 5000 hours). 5 For exanple,
t he maxi num val ues of the height (H cm, dianeter

havedﬁ)olt ‘éﬁamQHQh%uﬁB%ctoé @@ﬁélﬂ%{‘é é’ifoltdb?ltfrﬂ?&ﬁélyein a Iarge

tron co anou produced P (kg/h

amotdrpjtwl ene% a%pﬁ %ﬁlgﬁ??&éﬂ%@ Qﬁ%‘l’?ﬁggaééﬂsd of time
(e-9-émfeév%tha@qmgwﬁg%ﬁgp%@ﬁlgﬁb n‘%-’%' i F0RE pgUfs) more

_Table 1 3 A0501 VP87/KAN TABLE 1 PATENT H: cmD : cm
prefeva@blgnatdess tham 508§ Rputs). hr  DOCUMENT 1 100 2 30
0.073 400 4 160 5 40 0.213 NOTE 5 5 160 5 40 0.358
NOFBr exampt®, theaGrxinGImOralve s DF tbe) heightd Hiarm) s diameter
NOTE | 5 60 0.140 NOTE 5 9 NOTE | 5 60 0.161 NOTE 5
(D: ), \NSHE ruhbed oF. diageNm) bf the r2EetePABIINGIQDdiMNMN, the
(Raschig) 0.154 NOTE 5 12 NOTE 2 NOTE 2 NOTE 2 0. 256

c¢bIN@hd fhe bonaUows
o B 35 500 RoTE 5 15 500 18 PACKI NG COLOW (B

prodﬁ%hwgn{b TR i ex&%&'ﬂ%@éﬂ kSATREProdudidn of -
dimethy! carbonate (DMC) and ethylene glycol (EG) from ethylene

carponate and methanol are as in Table 1.

- Table 1
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NO DESCRI PTI ON WHATSOEVER DEFI NI NG
AO501%$F§@RT| ON COLUMN. NOTE 3: ONLY DESCRI PTI ON
DEFI NI NG DI STI LLATI ON COLUMN | S NUVBER OF STAGES. NOTE

4: NO DESCRI PTI ON WHATSOEVER OF PRODUCED AMOUNT.  NOTE

5: NO DESCRI PTI ON WHATSOEVER REGARDI NG STABLE

PRODUCTI ON FOR PROLONGED PERI OD OF TI ME.

Docunent 14 (J
No. 2003-30093
present exanpl

In

gg)anesTABhAE 1ati on Lai

aragraph 0060 "The

e

Pat ent

d- Open

uses the sane process flow as for the

preferred node shown in FIG 1 5 described above, and
was carried out with the object of operating a
PAPENT' G gl sca af at us ing di hyl ]
Do(mmmnatg l&’ngﬁ'me gl Isfé&%% ¥ Kg/nr | T:hr
1 D NG R SR Y TEN M
tdat tHe 16011 bwi Bg n nerical _vaQes in the jpr® 213 |NOTE 5
exanpl Icqgobe adggua el y 10 useqpin the opqran.358 NOTE 5
A 3?‘% Dobe & |BRGRING FOLUMR (Eikehi|, 3528 |NOTE 5
sigeci f i |MOME bf odsced] 4 A0501 \B®B7/ K. AN Thd i@ {NOTES5
dg,sgrl b;e,qobrg ‘L hat l'e corresgynds to an anmyel |NOTESs
38 bond NOTE heitve fh o L1 B0 thar * oper w081 o NOTE S
tpe wor] d'2s0l af ge® SIPRCKINGTCOIAINMN (Raschig)lsi .354 hi| NOTE 5
4 ,C‘jis NOFE ZFROTE2] °7. 00 ROTEY * LM O 19956 |NOTE 5
Db3unent NOTE 3 LNORE 8 |Pat ent  App#2cation LaiidNETEANNOTE 5
2943- 30Pﬁé€r)E:§ \ROTE 8| 2002) . Hoggver, even jat 2408 |NOTE 5
T ke 2007 1 T [ | PGS COTOMALERL L, 19 [ [WOTE 5
Noﬁ’:ﬁi efﬁu&énsmw DISTILERTOR THRUMN. Appl i cation
aﬁ#mmaq:m O COLUMN.

o R

FiRLATION Eakp

¢

NOTE 4 : NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.

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

In Patent Document 14 (Japanese Patent Application Laid-Open

No. 2003-300936), it is stated at paragraph 0060 “The present exampie

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 dimethyi 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.
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eld for ethylene glycol is approximtely 85.6% and
A0501%£H3@ T&AMctivity is approximately 88.4% and hence it

cannot really be said that a high yield and high
selectivity have been attained. In particular, the | ow
selectivity indicates that this process has a fatal

Th S18Y°RRK Bl PACA oI A RIS PR Fegtual Brbaucrion
o 5o b SE 4 P ST M b o B i

exam nation not havi ng been requested? such .a
operaidagtof haiwarldisaarasshssade COmmareiak B'%rws'%g“éo"mcess
causes of fluctuation such as conposition variation
had beentcanriext pubratadine tiovmeddhei tlingofi the patenk application for
distillation in the distillation colum, and
Pateht Dutwhent Mal(jlapianaserﬁlatme\sAppﬁcaailoimLaim-Opem o.
col um, and hence continuing stable operation for a

2003p39b93m0tpqm|| 9d2002)i MHbwevereaveacaptipanime dfyfiling the
difficulties, and in particular these difficulties are

preséHf bﬁﬁmc%'ildr{‘%%ﬁ%% hot the ke phcthandll. ngMoaéaeer in the

0 dontlnuF mass production of a I|a kyl
oxoriROH Pk P4 HaPorhss ot ﬁhgngfg’eoﬁfsgﬁd-onen
no- hodedldh)“ofBe I o T B4 B ety cicuoes
ocess nust be cleverly dEVIS%d However

|
valugds aatrd 3ar She ORI e ime iy ecqﬂb&dl?é?u orpdeesd But the

prol onged period of tine with a reactive
yielddfan e1hylenengyicot és apprexbmedel BReP ¥o m@ thectplepdivity is
200 to 400 hours in Patent Docunent | (Japanese
apprBaimateWpPBi4%t, iamd hainteOteramot raalpdisl spidtbabatkigh yield
Docunent 2 (Japanese Patent Application Laid-Cpen No.

and Ai@seHattivithehavepon amaingdr s thaparticulpostie dow selectivity
i ndustrial reactive 10 distillation process that

indiceal! thatanid Prhrbssai POt fapWtaWFHN akawendustrial

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 diol using a reactive distillation
5
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SS- duced continuously and stably for a prol onged
A0501|g@§7 f time wth high yield and high selectivity,
but in addition to this, a process enabling a

hi gh-purity diol to be separated out and purified in a
| arge anount stably for a prolonged period of tine

procdhf B4l 0, F9 g8 443 50054 WL atining i vl
ot 2l oI S8 AL e oo

diol with a high yield having, been called ,for._The,.
mustpeséaverlndevised. ha@ow@e\fﬁfdgbﬁs%'awt é‘eawam ff gontinuous
object. As shown in Table 1, with the exception of
stablpaprodudiienfenta prolorged pesind of tinenvithpaIreg@stiven
Lai d- Open No. 2003-300936), the anount of the diol )
distilmtbongedcess propossd mjthrerdotha® béiegt the 209G to 400 hours in
processes proposed hitherto has been a snmall anount.

PateNPDRSWShent 1 (J4PanBEecRatentoApPiitatiorDhaididped No.
(Japanese Patent Application Lald-Open No. '

4-1 gﬁ‘?%ﬁ) O:%}Q:g@tenit tDbSuetites (1aphnere’ Patant Abplidadidbrkg

thyl'ene 25 gl ycol "contai ni ng approxi mately

. Ol D eacted et hyl ene carbonate and
La'dé(gg?ﬁxrﬁﬁa?e?%bg%?)kg/ hr of di hydroxyethyl carbonate

was., 6 A0501 VP87/KAN obt ai :
CoBonBFESTRLIN G0 (TS BootPErd paranetg] [Egbtive
_ _However, this is ner a statepent, of the conpasitiqn

distibatipRepracass that Pmﬁtebiﬁ/%,a 51?3#&@@%3”%\ &é‘e‘.’g?i‘ﬁf’? gﬂ%e
what soever of production of a high-purity diol.. g Afs

mass-rosteed tontipususdy @pd siebly tar adiralenged pegad of time
purity using reactive distillation and a diol

with (nighfyilehg arad high szigcbeidgsbut ikraddition tavihich a peocess
diol is obtained froma side cut of the diol purifying

enaiMdg @ higHpurityadiol do be separexedmet 4fd @udliednn a large
Patent Docunent 12 (Japanese Patent Application

amolh 460350 S dERdslperamenin amyragraing po
reactic' mifid i 8oRBYously 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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r‘ﬁgxé:?t m xture wthdrawn froma | ower portion of a
A{){)mreactﬂ:{ggI distillation colum is fed into a thin film

evaporator (111), high boiling point materi al
obtained theréfromis fed into a thin film evaporat or
(I1'V), low boiling point evaporated material obtained

obtah'égf &t Irei’@o'lﬁm Eioit%tn? c%rﬂ?ﬁhbh't 3o MNaFRlurti sidp (diktilation

hyl ene yco alned as a side cut

conFP A L]y ARAE 1 s an o o
k53 468, B 7 Bebe P Sl g o

of 255 g / hr. That is, in the process of Patent
a highopuféntdi®h (Japanese Patent Application Laid- QOen No.
6- 9507 20 (corresponding to European Patent
05A88a proges sUos. prestugingne diokg mwjyel)fhh@h puﬂtvydsmg
et hyl ene glycol is not obtained fromthe high boiling
reachve distilatiaroandi atdiok punifying cotumun,id pragess is known in
appar at uses have been used. Furthernore, the process

whlcﬁfth%aﬁﬁﬂtls[@lswméﬂ ftdnl dagidresat oPahendiofpuirifyang @olumn.
Lai d- Open No. 6-9507 (corresponding to European 25

For 5’)@51‘?\ e Neh tﬁé%ﬁgié‘ﬁgl@ 8) lﬁqtéanMOo@%@ﬂﬂgh)(Jaﬁsﬁese

proc ss I'n aimount of ethyl ene gl ycol
ra4b
Patef} %%E%%tﬁﬁigaﬁﬂd.@ﬁ%“& 250 5e “E?%#@N@*%"??}%@ poan
t
PateR{ 347, 0pEe%I 2% %ﬁiéd I%E%r.ﬁo@ #%ﬁi;é’b 3 Al boitigo point
t han 5000 hours eover for, exa e rr[ry I]l
reactipngnixiurenwi AW O lowsr P@fé'%\oa 'éé?fgf‘é% istiliation
Application Laid-Open No. 2003-342209) high . .
colunui is fed potne théadilinevaparater ml!hd}lahqbﬂﬂmﬁawwte“ai
portion of a reactive distillation columm is fed into
obtainece thadefiosi is fediioto @thinnfilm evaporaior (1M} e oiling point
material obtained therefromis fed into a hydrolysis
evapdratédrmateriahebteimad thersfxonr s fderinto andistilfatbn cobumn

a decarboxyl ation tank 10 (gas-liquid separator 8), a
(VI i 1PN gfcAisabbrinbbessfa sre sut @dmponent 22 from an
enrichment section of the distiilation 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. 69507
(corresponding to European Patent No. 0569812, and U.S. Patent No.
5359118)), high-purity ethylene glycol is not obtained from the high
boiling point reactioﬁ mixture until four purifying -épparatuses 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 glycotl is produced, ther_e being no
7
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[ ird distillation colum 10, and ethyl ene
A05019%'§7<§?AN; produced in an anount of 19 kg / hr as a
side cut conmponent froma stripping section of the

third distillation colum 10. However, with the
process of Pat ent Docurrent 15 (Japanese Pat ent

suggé?) ene %g}:&%g &lg‘ ?al ns 0@(2') &r%éuseﬁfggﬁ Iacl)-Pe
amowﬁk“@hfmie%eyﬁﬁ%m. T L B REBEP 3 Fringes

T fiber or a PET re g, the process of Patent

Pe”%@ﬁﬁt"ﬂ? (B59¢ IR A §§éf"95't gﬁb APBY Vati on Lai d- Open No.
2003- 342209), at |east one further purifying _apparatus
i sMaresvesqins far. exammat exampie A do JoeEatgpt Document
Pat ent Docunent 15 (Japanese Patent |'ication

5 (impah@pematantmueamng;aideomremlp.gfge&snzog), a high

obtained froma side cut outlet installed in the

boiligg 'pdipt reageion Arixturel withdrahet fierana loweetpdrtion of a
feeding into the distillation colum, but the purity

reacﬁ(«et@.%tmamﬂre%lu;alrﬁ/@ofed Snid1aU &é6hE HistinBHOMDESRMAR 4, high
the process of Patent Docunent 15 25 (Japanese Patent

bmlnﬁ\ﬁ%ﬁ;}liﬁ?;mg[%ﬁ%‘ ﬁb%ﬁ%%?@fﬁﬁﬁz?&ﬂnﬂéﬁ%m@%% reactor 7,

~anount yl ene glyco

the f%%%?ébﬁiﬁww%iﬁ%gaﬁ B (24 4807 3, S TAHT R BB

1 .
(gasa\f%wb §9a93t%%) O%Z'&w %queb%%ntt% r('%déheﬁsjff%ﬁ fed
t han 5000 hours). eover, in, exanpl e, ex

into acthird @tsteblahﬁnF%@lelmnslQ)o%laﬁr@thy!aew geakis Bﬁ‘a‘F c&d in an
Publ i cati on No. W000151954 (corresponding to European
amo@at @ft1Nkg 1 br4%08, sidadcut sonmrarent fio.m eusbépRING aegtion of
~ exanple 1 (FIG 1) in Pat ent Docunment 9 (Japanese
the tRatcdistibationatalamn Ld. d- Boavewer, WidB2haopsoeigss of Patent
hi gh-purity ethyl ene glycol is obtained from a side

Doc@merﬂquuaga&b@lel Patémt Apptivdtidineaid ®eehaooR003-862209),
purifying 10 colum 41, ich is above an inlet for

the éﬁf‘ﬂéﬁg 317! WiRail ¢ Eontlils D2 % by weight of diethylene
glycol. To obtain ethylene glyco! 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 (Jépanese Patent Application Laid-Open No.
2003-342209), at least one further purifying apparatus is thus required.
That is, with the process of Patent Document 15 (Japanese Patent
Application Laid-Open No. 2003-342209), ethylene glycol is obtained
from a side cut outlet installed in the stripping section, which is below an
inlet for feeding into the distillation column, but the purity of the ethylene
glycol is insufficient, and moreover the process of Patent Document 15
(Japahese 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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e the anount produced is a small anount of
AOE’Olﬁg@/@ﬁgn 200 g / hr, there being no suggestions

what soever regarding a process for producing a |arge
anount (e.g. not less than 1 ton / hr) of a diol
stably for a prolonged period of tinme (e.g. not |ess

sugabgBn3 Wil vd; opaficr s ATbcRles fF froducing R1arge’
but . hi t her,t [ of .thi . t:h '
amouth (- Metireenalt 4o’ B el ¥ iR 4B} BLotdie
. However, h by th t “Producti f EG
periofCoT{end35a b3 s IopRROBHETRN. Tooeron ot *Eo
(ethyl ene oxide), the reaction generally Dbei ng carried
ouMozEOVSY, . (O5EXBIRe, ExampientQ (FiGe 5o Paient i s
the target substance MEG (nonoethyl ene glycol) .
D ocumenti et nidirtation ab Perb | idBE ordiNa. WM @DB/ 3l |(poregrponding

TEG (triethylene glycol) are al so by-produced. The

to EuropReirt PeiéndiNo.t 1eB44060dimd &). SeRaternrNoh&478689)) and
EOratio, and to obtain MEGwith a selectivity of

R PXFTBL ) Yin9PHe A D oMirRent SEQd P SsdFater APRcation
exanf}:gl 25)“b:geap|3rlgxiﬁna?el y 20 as a nEg.'alférati o. Al zﬁ%‘g

Laid-ggplléﬁtNSf 2\0@2%?3@%}51 r}d‘fﬁaﬁﬁgﬁéﬁ)ﬂm‘ﬁ% af%cd'zmxgcg\%t;a%ed from

i.cation's
. VP87/[ KAN t her ner i S. ' ' y {
a sidfLE0f Gllst JfRMlaF IRGH entiifRhEReaH{bd 8t 3 B, Pliding
overstatenent to say that .thig is.an.i rfect -
coluiotds WHiEBe: 3R0VS dipdtiat feF Tergdieg 1nfd flag GRlymn, fut in
Non- Pat ent Docunent 1 (Japan PetroleumlInstit uée
each eas¢ thesamountprpdices is fesmalbameunt gt fess than 200 g / br,
Processes"”), pages 120-to 125, Kodansha, 2001), this
theré beusg malsuggediian »whatsceyerragajdog adpeagrek$obot h
fromthe perspective of the ethylene glycol yield and
prodseligta Mrge, amulrthie. gperatdessi thaofl temef by) ofa dip! dably
Di scl osure of Invention Problens to be Solved by the
for al PMAIBG@Y period of time (e.g. not less than 5000 hours).
Approximately 16 million tons per year (2004) of ethylene glycol is
produced worldwide, but hitherto all of this has been through a hydration
method in which water is added to ethylene oxide. However, as shown
by the statement “Production of EG {ethylene glycol) is by a hydration
reaction of EO (ethylene oxide), the reaction generally being carried cut
.. at 150 to 200 °C. At this time, not only is the target substance MEG
{(monoethylene glycol) produced, but moreover DEG (diethylene glycol)
and TEG (triethylene glycol) are also by-produced. The proportions of
these products depend on the water / EO ratio, and to obtain MEG with a
selectivity of approximately 90%, the water / EO ratio must be made to
be approximately 20 as a molar ratio. A large amount of water must

thus be distilled off in an EG purification step, and a large amount of
9
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[y obj ect of the present invention to provide a
AGﬁOlS\{')ngfIf@g appar atus and process for producing a

hi gh-purity diol by taking a cyclic carbonate and an
al i phati c nonohydric al cohol as starting materials, 15
continuously feeding the starting materials into a

thern?é’lnébgr@g?s r@&ﬁs'urﬁéa% tHissti | I alygR r@?a‘#ﬂf‘t&syﬁtﬁ@sl%hof EG

resent, carryl ng out tive

from ?cﬁgw ool g P af)?%%ﬂ‘ (o5 ThaF RIS HRREAYCE
procdmaiane WBPRINFIoRNBOLSEFIAE] 58 ANTRRteNY urm

Ain 20 gaseous form continuously wthdraw n
Document iioGJanagw Patrelawndnsstuteded s eS Aﬂ&lhé'éwh%w&'@% osesu

produced diol froma |ower portion of the colum A in

o Petaothgmidaf Brocesses! hypagey 124k 125, néodrgshgeidGGY). this

poi nt reaction mxture AB into a continuous
industyidl ipreldagrich protessias geeatmir@®wbdicids bbimdronafthe
material having a | ower boiling point thin that of the

persﬁbé‘ilvé(&ftﬁ‘id‘@%%@n@gtﬁ%lmﬁm eid s8Ny, d8athieon

m xture AB as co um top conmponent CT and/ or a side
s to obtain a colum bottom 10

persé%é%igsgogﬁ conpo ent CB, continuously feeding the -

col um bottom conponent CB into a continuous

nulti-stage distillation colum E, and obtaining the

a side cut conponent Es froma side cut

D'sclﬂﬁqrgtoi*”‘f%t'g'antl nuous mul ti-stage distillation

colum E. it is an object to thus 5 provide

a B@dems:t@rttm&qlvsﬂ %:pé'aeéﬂugném i ndustri al

production process that are inexpensive and, for

exinisl an abjsict oftthe pregemuinventinn totpyavide 7 sogsiic

in an anount of not less than 1 ton/hr stably for a _
apparathorgrilprpeessdoofprodueing .aghighvipuritysdicidry 1@Kilg a cyclic

hours, preferably not |ess than 3000 hours, nore

carbﬁhgiéreﬁm ¥nnaliphasie mbadHUN: skl aslstheting materials,
Sol ving the Probl enms That is, - according to the first

.contﬁﬁﬂﬁ%ly%éd?ﬁgﬁrh%SEfErtl'Hbvﬁthb?ibls into a continuous multi-stage

distillation column A in which a catalyst is present, carrying out reactive
disti||ation in the cotumn A, continuously withdréwing a low boiling point
reaction mixfure At containing a produced—dia!kyl carbonate and the
aliphatic monohydric alcohoi 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, continu.ously 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 C+

and/or a side cut component Cs so as to obtain a column bottom
10
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er e provided: 1. in an industrial process for
A0501\&§7&€Huctl on of a high-purity diol in which a

hi gh-purity diol is produced by taking a cyclic
carbonate and an 15 aliphatic nonohydric al cohol as
starting materials, the process conprising the steps

omlob RO e i o
it e e AR S5k SRR oL ¥ﬁmaﬂa%b{a‘?ﬁﬁ*d tfie diol

continuously 20 withdrawing.a | ow boij | R
as a pide U icampreneat s EHnA %ﬂ% Céﬂp%%Legt 8i %FP%"UC’US
carbonate and said aliphatic nonohydric al cohol from
multiestagepdistilpation wolomn e dMareavar iniscanwekiestita thus
gaseous form and continuously wthdrawi ng a high

| provide aispegificnindustrai apparatus @nbBindastriali prpduction process

produced diol froma lower portion of the distillation

that 5&'; WExpPehBivie bhduifer edarhpldll efidble doathighoparity diol to be
feeding said high boiling point reaction m xture 11

“prod é&%p@ﬁ@rﬁéﬂn{\%ﬂ A LIS UM Huwmwwtfag% prolonged

stillation colum C, continuously w thdraw ng

por P, (58, B Tob RO 90 s
t AB d /
30000h U u P SnBE gﬁﬁb&%&ﬁﬁsﬁﬁ%"ﬁﬁﬁg 90U har aw ng
a colum bottom co ent CB havi ng the diol as a main
coMarenfof Ralubig t % rORIBMS portion of the
distillation colum C and (I111) continuously feedin

saTihat dsumecesdingrie dhpdiksttases ¢heb the nfsﬁﬁr\tuaugnt'
mul ti-stage distillation colum E, and continuously
therevaredsramidgda hi gh-purity diol as a side cut conponent
Es froma side cut 10 outlet of said continuous
1. ivhhi indusgaallipsbcbbstfoetheghrodudtiomtudr @iligh-purity diol in

i mprovenent conpri ses:

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 éolumn A in which a catalyst is present, carrying
out reactive distiliation in said distillation column A, continuously
withdrawing a low boiling point reaction mixture Ay containing a produced
dialkyl carbonate and said aliphatic monohydric alcohol from an upper
portion of the distillation column A in a gaseous form, and continuously
withdrawing a high boiling point reaction mixture Ag containing a
produced diol from a lower portion of the distillation column A in a liquid

form;

() continuously feeding said high boiling point reaction mixture
11
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(@Bp 'gcontinuous mul ti-stage distillation colum A
A05010 7?l?éng a distillation colum having a length Lo

(cm, an inside dianeter Do (cm) and an internal
havi ng a nunber of stages no thereinside, and further
15 having a gas outlet having an inside dianeter do,

AginE @caf-nti?ldo‘iféﬂ'f flhﬁ?@“é’HWH iohrbcgﬂnﬁrﬁ)@rc@ﬁﬁhueﬂlsw

e colum near top, a |qU| out I'et haV|ng an
e d.nsi.de ( f r
w'thcirﬁw'agl %\fai??éim‘*@ﬁg 5 W@ i A PR Y g o
| east o0 i rst..inlet prOV|ded |n t he ,up
contdiped Bh Sali Hioh el iRBARP It FEAGHT SXWE A3 BE 7 sglumn top
bel ow sai d gas outlet, and at |east one s cond i nl et
companemtisd andiHer arsidel eupepmrANaRt Gs. @nd gentisiuqusty
portion of the colum above said liquid outlet,
withdrasvieigna Lagluby) bestordptomaenait2Cshawng theedia)l asa main
formulae (1) to (6): 2100 < Lo < 8000 (1) 25 180 <

comp¥nsnlO9drdoh) frot & lowér Portiodlof e distikation cHamKAN and
20 no<_120 (4) 3 5 Do/ do, 5 20 (5) and 5 <_ Do 1

do(?l”)5 Egnﬁ%odsb)} feaith§ @i neslusn Mydtiomt é@mponent Ci into
distillation colum C conprl sing a 5 continuous

a coﬁ'ﬁ'h%‘lbu%t YRt Kid el t{:li%ttilﬁ} cﬁ?c‘éﬂ?ﬂ]‘nﬁpﬁp%ﬁd %%n%rﬁlddsﬁ?' ng

Iron having~a leng , an inside diane
w:thtﬁizevyl&% I@@ﬁj\ ggaﬁ Lcﬁéﬂrg%c ‘rgélri] &tn% orﬁgntsltz'ggﬁémné side cut
outlstrilerais continyolshTwibr G rETLlies ol 55 WpdRein

wherein Lc,, Dc,, nc,, Lc2, Dc2, 10 and nc2 satisfy
impreMemeM eQMRI1$9¥% nul ae (7) to (15): 300 <_ Lc, 5 3000

(7)(3) said continuous multi-stage distiilation column A comprising a
distillation column having a length Lo {(cm), an inside diameter Do (cm)
and an internal having a number of stages np thereinside, and furtﬁer
having a gas outlet having an inside diameter doy (cm) at a top of the
column or in an upper portion of the column near to the top, a tiquid
outlet having an inside diameter do2 (cm) at a bottom of the column or in
a lower portion of the column near to the bottom, at least one first inlet
provided in the upper portion and / or a middle portion of the column
below said gas outlet, and at least one second inlet provided in the

middle portion and / or the lower portion of the column above said liquid

outlet, wherein Lg, Do, No, doy, and doz satisfy the following formulae (1)

to (6):
2100 < Ly < 8000 (1)
180 < Do < 2000 (@)
4 <Lo/ Do <40 O @®)

12
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5 700 (8 3 Lc, / Dci 530 (9) 35nc,< 30
A0501(5‘?%§57’%N1000 5 Lc2 < 5000 (11) 50 5 Dc2 5 500 (12)
105Lc21Dc2: 5 50 (13) 205nc2!9 100 (14) and Dc2 <_

Dc, (15); 20 (c) the enrichnent section of said
continuous multi-stage distillation col urm C has at

| east ongqachi ay installed thereg t he
i nt ernal EDs'aln(f? ‘Chl%t'(rfney tray having i nstal I ed therein

one or i,me each having an o havi ng a

Cross- se 5khrdafé%§%c (cnmR) satisfyl éﬁﬂe formul a

(16): 25 200 5 Sc :-_1000 (16), and eagh of the

chi meys b%ﬁhg’gltﬁ539at a height he ( fromsaid

13 AO0501 VP87I KAN s opening of said chimey to a gas

oufbesaid coatimusisTmyitisatags idistitationfeplywmn ¢ mmprlsmg a

10'-he< 80 (17); (d) the side cut outlet is connected
continucud rrqulhdstagé eisfilbatiporeolomofcorbpsising eéhsinpying agction

of said continuous nmulti-stage distillation colum C
havif§)a sen@tH LRt i(BHDYanTISidesdizgre tdsDich | (@moanddmiimtdrnal.

conprising a continuous nulti-stage distillation

with %ﬁug{bgpap%wg 15ltt1’drﬁﬁ’rhé‘|giese¢ff‘id h eRfchige At eBEON

an | e diameter DElI (cnm) and an internal

navifh 1S ﬁnazte@ﬁﬁag@.@ﬁg@ﬁﬁengpﬁﬁg@@nﬂf‘an

with anrs1lum éjr' %Pesttages Ncz ﬁ{gr Hgld%r] WHE%W‘LC,, Dc1, Net, Lez, Deo,

and ng: satisfy the following formuiae (7) to (15):

300 < L¢q < 3000 (7)
50 < D¢t £ 700 (8)

3 < Len I_Dm <30 (9)

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

50 < D¢z < 500 (12)

10 < Loa / Dez < 50 (13)

20 < nez < 100 (14) and
De2 < Dey (15);

(c) the enrichment section of said continuous multi-stage
distillation column C has at least one chimney tray installed therein as
the internal, said chimney tray having installed therein one or more

chimneys each having an opening having a cross-sectional area Sc (cm?)

~ satisfying the formula (16):

200 < S¢ < 1000 (16),

and each of the chimneys being such that a height he (cm) from said
' 13
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with a nunber of stages nE2 thereinside, wherein LEl,
A0501[3I§'§7’Iﬁﬁﬂ, LE2, DE2, and nE2 satisfy the follow ng
formulae (18) to (26): 400 5 LEI 3000 (18) 50 <_ DEl
5 700 (19) 15 2 < LEl / DEl < 50 (20) 3:5nEl < 30
(21) 600 :5 LE2 4000 (22) 100 s DEZ 5 1000 (23) 2

oeriza e innlte o el S T s

cong{_Pu_ous mul ti-stage distillation colum E has at
formyig6t7bne chimmey tray installed therein as the

internal, said chimey tray having i nstey | ed therein
at | east 10w he5< & meys each havi ng & ‘dpeni ng havi ng
a cross-sectional area SE (cnR) satisfying the, )
f otchiuthee SXF8 cut LuidEDIs veanekied 30 & ligmid colbeetingportion of
and each of the chimeys being such that a hei ght hE
said ctihnieyotrayadtisaip eontinudus multicstagedisbllatigascolumn C;
outlet of said chimmey satisfies the fornula (28): 5
20(&) s 2ohtRhU® matids(=ge distisationcesiuowh IBcomsprising a
connected to a liquid collecting portion of said
R i@ | i bri ippi ection
cont@}dsc{qﬁeﬁal.illhoﬁtaéﬁoﬁ Sjﬁéhﬁlégﬁgh éfthl%ﬁ‘n BerhprisiPg@ stripping s

e process according to
Ny 1 i . £ i e UL
navil 5oL LBod TIPSR 06, (B Sngae e tda
with %‘;gﬁh Ié‘lg& gta'aégénnlmotrhezrbiﬁAQ%E?'anéj%tn gﬂﬂcﬂ%eﬁﬁgbﬁt%n
having a length Lgz (cm), an inside diameter Dg2 (cm) and‘an internal

with a number of stages ng; thereinside, wherein Lgs, Deq, nes, Le2, Dea,

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

400 < Ly < 3000 (18)
50 < Dgy < 700 (19)
2 < Lgt / Dgt < 50 | (20)
3 < ngq <30 (21)
600 < Lg, < 4000 (22)
100 < De2 < 1000 | (23)
2 < Lea / Dez < 30 (24)
5<ngx <50 (25) and
De1 < Dea (26);

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

satisfying the formula (27):
14
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f (29), 1 < dog / doe <_5 (29), 4. t-he process
A0501z}@5mg to any one of itens 1 to 3, wherein Lo, Do,

Lo/ Do, no, Do/ dal, and Do / doe for said
continuous multi-stage distillation 15 colum A
satisfy respectively 2300 < Lo s 6000, 200 5 Do 1000,

5 <_ Lo 5,03%[535%%% 0 5 no <_ 100, 4 @7fo / do, <

15, and : 5 25, 5. the process according
a4 bl 81 el P i

si ev tray,, 20 6., the proces ccardinhg to item
openig ciss G intney 4017 OFY RUGEE 5T SR PhnGEy satiBtes the

nulti-stage distillation colum A has 100 to 1000
formule €28). n2 in a sieve portion thereof, 7. the process

according to itemb5 or 6, wherein a cross-sectional

area peR0hohe of1Qid sieve tray in s@8), @i nuous
multi-stage distillation 25 colum Ais in a range of

fr ggn theé side Tutrdutl @t is benpected toaa dipuidrepliectimg poréion of
of itens 5 to 7, wherein an 15 A0601 VP87/ KAN

said dRfhheietradt bPshd cahtihubusm eitiabtagoWstkatioanediumn E,
area of the holes in one tray stage to an area of the

|
2. tﬁ&%ﬁ%)o@ésé%icgﬁhﬁﬁtéﬁ?éfmi 1“,| Mt P BHBIINt produced of the

| -stage di st ation colum Ais in a range of
b 1 t. % 9. p according to any one
h'gh'cﬁu(}meﬂ’iﬁfgt%é%?e%g%?ﬁ g&ﬁﬁ'ﬁal ity 5 (nc3 stages)
f trays K are further, proyided in a Lower portio
3. epresnes sHcorAig (B ULPRoL S dor MR elt on Ml Fop ety the
section which is in a lower portion of said
formulsh{28bous multi-stage distillation colum C, a liquid
" is continuously w thdrawn from an uppernost stage of
sai d trays<kordrdoz afGer heat is given(29:require for
distillation in a reboiler, the heated liquid 10 is
4. thet proeess mocardenglitetany aneoof densm ® &, oshereidetio.nBo, Lo /
port provided
Do, no, Do / do1, and Do / doz for said continuous multi-stage distillation
column A satisfy respectively 2300 < Lo < 6000, 200 < Do <1000, 5 < Lo/
Do £ 30, 30 < np < 100, 4 <Dgldpy <15, and7 < D_ofdozgzs,
5. the process according to any one of items 1 to 4, wherein the
internal of said continuous multi-stage distillation column A is a sieve
tray,
6. the process according to item 5, wherein said sieve tray in said
continuous muliti-stage distillation column A has 100 to 1000 holes / m? in
a sieve portion thereof,
7. the process according to item 5 or 6, wherein a cross-sectional area
per hole of said sieve tray in said continuous multi-stage distillation

column A is in a range of from 0.5t0 5 cm?,

8. the process according to any one of items 5 to 7, wherein an
15
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t he uppernost stage of said trays K and the
A0501Rﬁ{8m]|\1 in the. |lowernost portion of the stripping

section, while a remainder of the liquid is fed into
a lower tray in order, 10. the process according to
item9, wherein each of the trays Kis-a 15 baffle

apert%@yratﬂulgatrg?iopéf’%et%‘ia%i:&ég-ié& Tr?nélt gred A'thdOholes in one
gréin an |

1
nsi de dianeter Dc3 of said contl nuous

tray %bte;}ci%gﬂ%ggfqtf;l !egg'ia%ilo“fgé%g’sﬁlégjﬁ{aﬁemgsg& gé?‘\tfﬁuous

.according.to.an ne of items 9 to 11,. wherein i
multiggiage diFtIkipn RIUMEA 18 {ha fange BLIrdMol D 1a 5%, g
nc3 for the continuous nulti-stage distillation )
9. thelpincessaccerdineipany eaeyotgems 119 8 @@%’Eﬁ'"ﬁ) plurality
< Del < 500, 5 <_ Let / Del < 20, 55 ncl <_ 20,
(ncs 4GRS ofrays K08 futher wavided4ooa lowes periion péihs
40, 30 :5 nc2 5 90, and 3 :5 nc3 !5 20, 13. the
interRaPiress|cweandist gortioanyf the stfippirgsektion Whichhierie a lower
the 25 internal in the stripping section of said
portiSABf S4RHEoRYNUous AAtIdétEdd badtilvationaddlmC Gind IRjuid is
I nternal excluding the chimey tray in the enrichnent

contiﬁl_do‘l.ﬁgjwi\/ﬁﬁﬂ\bﬁ'\frﬁﬁ‘? inoﬂp?%?ﬁd;s?nyssltg@%dof said RAskd Rsand

: process according . , Wherein the
attr, & 1€ aiah 4P Secticd P} BRRTAATLATNCS rBbfeFoTte Hepted vquia
s robrad i e ESUIhAR LIRS TG el Bt providea

structured packin 15. the process accordi.ng to,i.te
betwg@%thqﬂ,pn&@ﬂ%hg@% of rs(ﬁldﬁgaasﬁ and the é??eff'@.' ipthe
process according to item 15, wherein said sieve traK L
lowehme stquortian vfdbehstrinping sectioni while grtepainger ebthe liquid
and a cross-sectional area 10 per hole in a range of
is fefirioto @ ower Srayr®h order,

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

baffle tray,

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

12. the process accdrding to any one of items 9 to 11, wherein Lc1, Dey,
Lc4 .I Dei, Net, Lez, Doz, Lez / Dez, nez, and nca for the continuous
multi-stage distillation column C satisfy respectively 500 < L¢y < 2000, 70
< Doy <500, 5 < Loy / Doy < 20, 5 < neq < 20, 1500 < Loz < 4000, 70 < De2
< 400, 15 < Lga / Dgz < 40, 30 < ngz < 90, and 3 < nea < 20,

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

column C and an internal excluding the chimney tray in the enrichment
16
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. e process according to item 15 or 16, wherein an
A0501§7é)§r7 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 nulti-stage di sti [lation colum Cis

sectigfl dhet R4 Shdl 3{3?% Eﬁ*#‘?eﬁﬁ%ls o 3?6 &22?2?3 an

erture ratio o, of nal
14. aﬁeaomcq%aﬁspéil indh e fiem, bﬁés 38 ditey 'Bf”l%e
tray) of said sjeve tray in the enri chnent secti.on
strlpma-dse@hpnrmfoaaidmpnilnaoa@enwlyrﬂa%ﬁ F’&i"&%‘i'aﬁrmium" cis
in arange 20 of from1l.5 to 12% 19. the process
the tragy; @ardd tloetiotamal@xcloding dhe ahinoneyp traydén dhe anrichment
aperture ratio (a ratio of a total cross-sectional
sectiends thfe tray andni oga stnuctived backayy, t o an area of
the chimey tray including said total cross-sectional
15. &hedpRicdde a%l%'ﬁdﬁﬂflo oferfia] 3 gt Anahdreny selidteay i8%m sieve
conti nuous nul ti-stage distillation columm Cis in a
tray, F @nge of from10 to 40% 17 A0501 VP871KAN 20. the
"process according to any one of itens | to 19, wherein

16, Jelprfft AL3T G 16 B, \Hdrl sahe el Taf 45 100
to 10@21 lee%};rértg?% {lﬁ%gaeE%E@ h% gf angﬁ?'gggoée&ﬁgﬂgl Qarea

di stillation colum C has cglum top pressure in a
per halgde afrangspbdison Q-8 '@)@O@@ Pa, 22. the process
according to any one of itens 1 to 21, wherein said
17. dbwet process agcardingge iterst 15101t 160 wherein an geerture ratio (a
reflux ratio in a range of from0.3 to 5, 10 23. the
ratiofoa ¢esalacroysisegtipn ahrareanef theihades ib oneztzay\mggei to an
a

area of the tray) of said sieve tray in the stripping section of said

continuous multi-stage distillation column C is in a range of from 2 to

- 15%,

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

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

40%,
17
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of the diol in said colum top conmponent Cr is
AOﬁOHﬁéﬁ@#@ than 100 PPM 24. the process according to

any one of itens 1 to 23, wherein a content of the
diol in said side cut conmponent Cs is not nore than
0.5% 15 of the diol fed into said continuous

20. ' o f @699? a%'c?:trhlr{rg'i%;ﬁhf@n fﬁenﬁ? 1 f,é:q 9°r\9ﬁ8?§|n said

0 any o eréin LE,

°°"“§‘éﬁ°d‘5c8'|rﬂ' fireBge Aifunatbh ctifn ¢ hds BEze ] o

satisfy 500 s LEI < 0 0 <_ 500, 3 <_ LEI
temperatye in; axange of rfE‘i“k?gQOt gég EL'E LE2 5 3000, 120 :5

I
DE2 5 800, 3 5 LE2 / DE2 20 20, 7 5 nE2 5 30, and DE1
21. <heEprocess @esosdingde any ond af ltednank/t@n?@ ovhefeinssaid
to 25, wherein the internal in each of the stripping
contitemiumdtidstage distildationtcolemn ) heds aseolompioprpimasure in
mul ti-stage distillation colum E excluding the

a rarfde BigYom 56000Std Beoowy Pand/ or the packing, 25 27.
the process according to item 26, wherein the internal

22. ifh@??acé?%s édl?or%ﬁﬁ ABI &y T bPitend 1 b8 2NrwpbiBi said
section of said con |nuous 18 A0501 VP87/KAN E

contﬁ[ﬁ.l&us M %esge@é tc*%%ﬁ{i?@)@f@é@?ﬂn%% Witk PStio in a range

nney he process accordi ng

t 7/, wherein the tray is a sieve tray, 29. the
of fr%’r“obe§§ ?ccordl ng to item 28, wherein said sieve tray

has 150 to 1200 holes / n2 in
. tHhe BapCesR FeraIdIRd 10:a0Y G ORitRMSS! BRr2donberaina
range of fromO0.5 to 5 cn2, 30. the process accordln
conteot iof deodicdin zaidupehEnn tew ﬁgmcm%nfr Gril§ Nt Maye, than 100
of a total cross-sectional area of the holes in one
ppmiray stage to an area of the tray) of said sieve tray
in the stripping section of said continuous

24. ;Ttthé ng&béss abcdrdihgttooang dnemofbteémsi h te 23nwheskin a
conte:t)rgf thteodml in said side cut component Cs is not more than 0.5%
of the diol fed into said continuous multi-stage distiilation column C,

25. the process according to any one of items 1 to 24, whe_rein Le1, Dgs,
Les / Deq, neq, Lez, De2, Le2 / D2, and nez for said continuous muiti-stage
distillation column E satisfy 500 < Lgy < 2000, 100 < Dgq £ 500, 3 < Lgy /
Det <€ 20, 5 < ngq <20, 700 < Lgz < 3000, 120 < De2 < 800, 3 < Lega / De2 <
20, 7 < ngz < 30, and Dgq < Dga2,

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

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

the stripping section and the enrichment section of said continuous
18 '
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31. the process according to any one of itens
A0501§7%8t73&/‘%18 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 enrichnment section of said continuous nulti-stage

TR 8 v

28. §Rgranss shapraingteiteam 2, whtrsth 156 tPalish kR tray,

to an area of the ch |rme tray including,said total

29. dPEsRIOGRES aﬁapr%mat%ﬂtetrﬁe?%p\yﬁ'ieﬁa@) sgid $igve thryahas 159
tray of sald 20 continuous nulti-stage distillation

to 1206 bote </ ins® im aasievegpostionriharsof candoacress-sertional area
process according to any one of itens 1 to 32, wherein

per htdedn & oahigeuslifromid.5-tot Sgemdj stillation col um E has
a colum bottom tenperature in a range of from 110 to

30. 3h8 procSsSéccbh8iny 85 esm s Urdd G gwherany aenapefture ratio (a
~itens 1 to 33, wherein said continuous nulti-stage

t 8afof fié %Iéétlh%hé‘ tPay ¥t48e to an
ratlo%gséAééﬁ Q/@%‘?l%ﬁl(mngl fréﬁom 6 to 100, . the p* ocegs
r dj
oo SRR 4680 Gt T ePha e e
| ess 990/ t he _praoce accor

contigiouss Tubingtaes gistitapm caiist fois 15 & e df P, to

in said side cut conmponent Es is not I ess than 99. 9%
25%Furt her, accordi ng to the second aspect of the present

|nvent|on there are provided: 37. a high-purity diol

. phedptecesy aaeerging ée Any emedphiferes 28 1@ 0, gvherein an

Cains 1 to 36, which conprises a content of high
aperhaiel ratgo fai mtio wh & tatadcross-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 disfillation column E is in a range
of from 2 to 20%,
32. the process according to any one of items 1 to 31, wherein an
aperture ratio (a ratio of a total cross-sectional area of the openings in
the chimney to an area of the chimney tray including said total
cross-sectional area of the openings) of said chimney tray of said
continuous multi-stage distillation column E is in a range of from 5 to
40%,
33. the process according to any one of items 1 to 32, wherein said
continuous multi-stage distillation column E has a column bottom
temperature in a range of from 110 to 210 °C,

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

continuous multi-stage distillation column E has a reflux ratio in a range
19



10

16

20

25

10 such as a dial kyl ene glycol of not nore than 200
AOB015H7 B a hal ogen content of not nore than 0.1 ppm
38. a high-purity diol produced by the process
according to any one of Cains 1 to 36, which
conprises a content of high boiling point inpurities
su a di al kyl ene gl ycol of not nore than 100 ppm
Offnﬁﬂgygpaéﬁ%gen 15 content of not nore than 1 ppb
Furt hernmore, according to the thjrd a pecg of the. .
35. JhesRIRCaSR BREPERING tA ANy GRE of BEMRd: (094, yherein a purity
apparatus conprising a continuous nulti-stage
of th@licgﬂl in saidsideguingompanaitne s nadigt lagist than 9§86,
distillation colum C, and a 20 conti nuous nulti-stage
36. dhstpldedsoaccording B dmyr onarofitegnodt taa 35, ovhereinf apurity
producing a high-purity diol by taking a cyclic
of thé alibPidisaididarcutat o piprientnByabybt lesal thenwl99a8%,
starting materials, the process conprising the steps
of £yt rC YRcoRE S kY th@e.f?é@@n& hespdatr bf fi9e rﬁbeen@:iﬁvention,

into a continuous 25 nulti-stage distillation colum

' [ catalyst is present, carrying out
the"‘ﬁ%ﬁ%t":"\@é’? >4y T1ation in said distillation colum A

conti nuous 20 A0501 VP871 ' '

37 RhisRP Ui el dy (S pRbtEgk MMt ding 38 any one of
. produc dj al kyl carbonate and {he aljphatic . .
Cla'fnﬁnbh?gﬁ%-c‘”la!%ﬁalm?fr'aﬁﬁeﬁw CE?B;S%'P{ OS&'th‘?P'i‘Pgt Rgint impurities

distillation colum A in a gaseous form and
suchcasia dialkylgne @lyeel atney o §hapA90 Rprpoamd a halogen
reaction mxture AB containing a 5 produced diol from
content oferotgoopré dhaof Othepaistil [ ati on colum A in a
liquid form (11) continuously feeding said high

- 38, baiHighgpwrtydiokprsdutediby thie prABesst actdwdingrio anpusne of

rml t-st age di st I | ati on colum C, cont i _nuo‘usl y
Clair;ﬁ’ﬁth% 8 NG hier l%fdrﬁbrihé‘él A¢ontbAVeF Highl boding point impurities

at of the dio
such as a dialkylene glyco! of not more than 100 ppm, and a halogen
content of not more than 1 ppb.

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

() continuously feeding the starting materials into a continuous

mUIti-stage distillation column A in which a catalyst is present, carrying

out reactive distillation in said distillation column A, continuously
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10 contained in said high boilin oi nt reaction

A0501 ¥B&(HANAB as a col utm top corrpgngnt CT and/or a side
cut conponent Cs, and continuously wthdrawi ng a
col um bottom conponent CB having the diol as a main
conponent thereof froma |ower portion of the

adistillatio | . [ iagnu j
withdRihg o o RERrPolmAe o0 iRES Al eYRisini d Phoduced
. ..continuous nultj-st jstillation cqlu an
dialkgbrarhrpaia 9%‘%&?@@4& @%@W%&H%"ﬁ?&f"%@ & ypper
~cut component Es froma side cut outlet of sdai d .. |
portienmfi theodistitlation aalgmniAsn aIgATIAUE IPTMn and GRBLIAYPUSIY
I nprovenent conprises: (a) said continuous nulti-stage
withditastingl atigh il imgnpairdorgadtiomgnixtup® Asi eentaiaing@
columm having a length Lo (cn), an inside dianmeter Do
proddcsdl diahéraan a nowengorimn of therdistitiation sohges Adn a liquid
t hereinside, and further having a gas outlet having

forman inside diameter do, (cm at a top of the colum or
in an upper portion of the colum near to the top, a

Lioﬁwo?ncg M’féugﬁ\/ﬂe@gﬁﬁ@. 443 Hrgrfb%ﬁ?ﬁﬁrp&ﬁﬁ réafliont mixture

e cofum or~in 25 ower portion of the

A BB obhs BFLRABER B A5) ek Eslpdbbousty
it et R s B BB NAT B hepd 3
contaigiashin sBod BN PHige BOUTITRACHORARIKENTE s, 2B AU top

dog, and d02 satisfy the following fornulae (1) to
comgaient £r09n8/doa<sideoout ¢pmp asenkCspand ceo&wozasly

4sLolDo 540 (3) 20 <no 5 120 (4) 3 <_ Do /.do, <_ 20
withdrawiagda Golanilo bottidd sompdrient Cg having the diol as'a main
component thereof from a lower portion of the distillation column C; and

(111) continuously feeding said column bottom component Cs into
the continuous muilti-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 distil.lati'pn column E; wherein |
improvement comprises:

(a) said continuous multi-stage distillation column A comprising a
distillation column having a length Lo (cm), an inside diameter Do (cm)
and an internal having a number of stages np thereinside, and further
having a gas outlet having an inside diameter dos (cm) at a top of the
column or in an upper portion of the column near to the top, a liquid
outlet having an inside diameter doz (cm) at a bottom of the column or in

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

provided in the upper portion and / or a middle portion of the column
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é? SEE gﬁld continuous multi-stage distillation colum
A050 sing a continuous nmulti-stage distillation
colum conprising a stripping section having a |length

Lc, (cnm), an inside dianmeter Dc, (cn) and an internal
wi th a nunber of stages nc, thereinside, and an

selof ISR 2 BARTSrD BEERLR T BBV o mice

nber  of ages nc2 t.herejns vvher
port'ﬂe L s fower part fﬁgwq!Hm %ﬂ ﬁbe#'a%l%%“e‘
15): 300 <_ Lei < 3000 % 83
wher@g) L03 wiNg, k11, arghdegpabisty the fﬁﬂlowﬂgsﬁ“ 'ébabr {bber (6):
< Lc2 <_ 5000 (11) 50 <_Dc2 5 500 (1 2 10<Lc?2/ Dc2: 5
50 (13) 2209ns1054@DGQA4) and 25 Dc2 5(Mc, (15); (c)
the enrichnment section of said continuous nulti-stage
22 A050119B8Z/DAN 21080i | | ati on col um @)has at | east
one chimmey tray installed therein as the internal,

sai d chi gney ,trpy £@g ng installed thefxin one or nore
chi meys each having an openi ng having a

Cross-seeghl Onal o Sc (cnR) satisfying the formula
(16): ?8 rh% ?23? 1000 (16), and ea(ﬂ of the

chi rmeys at a height he ( om sai d
openi ng < é’hl“n‘ggy to a gas outle ?Eéal d

chi me atl fle formula (17): 10.5 hc 5 80
chimey $LIg! ) %<5 0 1y,

(b) said continuous multi-stage distillation column C comprising a
continuous multi-stage distillation column comprising a stripping section
having a length L¢y (cm), an inside diameter D¢¢ (cm) and an internal
with a number of stages n¢s thereinside, and an enrichment section
having a length L¢2 (cm), an inside diameter D¢z (cm) and an internal
with a number of stages n¢2 thereinside, wherein L¢1, De1, Net, Lez, De2,

and n¢» satisfy the following formulae (7} to (15):

300 < L¢q < 3000 (7)
50 < D¢y < 700 (8)

3 < L¢y / Dey €30 (9)

3 <ney <30 (10)
1000 < L¢2 < 5000 (11)

50 < Dc2 < 500 (12)

10 < L¢a / D2 < 50 (13)

20 < ngz <100 (14) and
D¢z < Dey (15);

(c) the enrichment section of said continuous multi-stage
22
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AO5011€?’§@%€‘H1(9 side cut outlet is connected to a liquid
g portion of said chimey tray of said
continuous multi-stage distillation colum C, (e)

said continuous nmulti-stage distillation colum E
conprising a continuous nmulti-stage distillation

distil%ib‘n?’ébrgiﬁm’r'i It hag é‘t éétpahagcmf\‘zrﬁéﬁfﬂramﬂfét%@ie% HeSEiR as

an 1 nside di ameter an i nternal

e QB AR nd e 19, 90E Fmore

._inside djanmeter DE2 (cC d an internal
ch*mﬁeafﬁeeaskafa\aassa'a@éﬁ?@ﬂeﬁﬁy%a mseﬁﬁc}f”e,",a'@éfa Sc (cm?)
nel, LE2 and nE2 satisfy the follow ng formul ae

satisfyigg the (fgerulamd)% LEI 3000 (18) 20 50 DE1 700 (19)
2<_LEI/DEI550 (20) 3 5 nEl 30 (21) 600 <_LE2 5 4000
(22) 10@Q09 BEY: % 1000 (23) 25 2<LE2/ DEM&R0 (24) 5 5
nE2 5 50 (25) and 23 A0501 VP871KAN DE1 < DE2 (26);

and é&rhtdietrenichimmeys beirig suchf theati a height hgo{cm) from said
multi-stage distillation colum E has at | east one.

operﬁhgfﬁles’atd shimAslald adgd HiRidt oRBBID chimnieyt satisfies the
salrd chimey tray having installed therein at |east 5

kymmeys each having an opening having a
formgpﬁég-zéctional area SE (cnR) satisfying the formula

bei ng sudh £l 25001 ght e (om) from LH A opent ny of

s21d) the GY && Sufial i€ Yoredod®® & Il EENERLRY pSRion of
said chimney tray of said continuous multi-stage distillation column C;

(e) said continuous multi;stage_disti#lation column E comprising a

continuous multi-stage distillation column comprising a stripping section
having a length Lgs (cm), an inside diameter De1 {cm) and an internal
with a number of stages ng; thereinside, and an enrichment section
having a length Lez (cm), an inside diameter Dez (¢m) and an internal
with a number of_stages Ng2 thereihside, wherein Lgq, Des, nNer, Lez, Dea,

and ng2 satisfy the following formulae (18) to (26):

400 < Lgy < 3000 (18)
50 < Dg; < 700 (19)
2 < Let / Dey £ 50 (20)
3 < ngy < 30 (21)
600 < Lga < 4000 (22)
100 < De2 < 1000 (23)
2 < Lgy ! Dez < 30 (24)
5 < nez < 50 (25) and
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10 fornmula (28): 20 <_ hE <_ 100 (28); and (g) the
AOSOIYREIEMN outlet is connected to a liquid col l ecting

portion of said chimmey tray of said continuous
mul ti-stage distillation colum E, 40. the apparatus
according to item 39, wherein dot and dO2 satisfy the

15 fornula , 1 5 dot / doe 55 (2 41. the

appar at u Ehc(%g)reai ng to item 39 or 40, gg)%r?gfei n Lo, Do,

Lo,/ Do, nqg,, Do / dot, a Do, / d02 for '

coift tRB AT Ghmentssaction & stk e B ALt TAf-stage,
_ .respectively 2300 < Lo <_ 6000, 200 5 Dosi iIlOOO 5 <
distillation melemgDE has ablaastonesimngy tay instgllegd thergin

Do/ d02525, 42. the apparatus according to any one of
among ¢he iBtetrals] saatimnandray hawinguinstaliad gherein at least

continuous nulti-stage distillation colum Ais a

two chigveeys eaich Kavingarappenighadngraliongssesactionabarea Se
wherein said sieve tray in said 25 continuous

2nglatict ehélifskmidiat(2gn: col um A has 100 to 1000
(em qul es ?ﬁ% in a si ev(e gorti on thereof, 24 A0501

VP87/ KANgA4, ¢ he 9gggratus according to ite A, or 43,
wherein & cross-sectronal area per hole of said sieve

tray in, said. in | 4. LB i | gl i
and Rl 4 T SRRy DHBl R Feh i e gloBt g Efrom said
apparat us, accordi ng to_an of it . 0 :
OPGWAEEr%ﬁaﬁa@nCﬁB“QE& Peg?%\t)éﬁ"ﬁpe(qac’{ 3?|cgg§]u%§et o?é sfies the
cross-sectional area of the holes in one tray stage
formuda 488dr ea of the tray) of said sieve tray in said
continuous nulti-stage distillation colum Ais in a
range .of 20rsthel <5108 15% 46. the appafd®liseR@cor di ng

to item 39, wherein a plurality (nc3 stages) of trays.
K ag¥ therdidercyr outlé¢ds icormd ctedrtoperligeia oolienting portion of

internal in a
said chimney tray of said continuous multi-stage distillation column E,
40. the apparatus according to item 39, wherein dos and do satisfy the
formula (29),

1 <doy /doz <5 (29),

41. the apparatus according to item 39 or 40, wherein Lo, Do, Lo / Do, No,
Do / dg1, and Dy / do2 for said continuous multi-stage distillation column A
satisfy respectively 2300 < Lo < 6000, 200 < Do < 1000, 5 <Llo/ Do <30,
30 <ng < 100, 4 < Do/ dgy <15, and 7 < Do / do2 < 25,
42. the apparatus according to any one of items 39 to 41, wherein the
internal of said continuous multi-stage distillation column A is a sieve
tray,
43. the apparatus according to item 42, wherein said sieve tray in said

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

a sieve portion thereof,
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nost portion of the stripping section which is
AOBOIJV%S(;% r portion of said continuous nulti-stage -

distillation colum C, a liquid is continuously -
wi t hdrawn from an uppernost stage of said trays K, and
after heat is given to require for distillation in a

44 aﬁg%;{)ﬁé{aﬁﬂeag BFcﬁﬂgl #quie‘i’n i4f52e6?.t4§ r\ﬁﬂe &iH 8 élgﬁsg -sectional

1 on co roma feedind por provi

area Bar iR Of et é.gg%ﬁgg?s%g o Rple afd<taRR g sthation
section, while a remai rrof the liquidis fed into a
columpyeis ‘E‘r%‘i]anﬁecﬁfdfépm% one CPpar at us according to

Item 46, wherein each of the trays Kis a baffle
45, tthayapaeram aneorping tn ayae8eref kgMo 42 knfide w;*i!el@zn an
wherein an inside dianmeter Dc3 of said continuous
aperiurbt iatio dgeradics of ld tatabcrossisectnakaceaafcdhe hptexin one
are present satisfies Dci < Dc3, 49. the apparatus

tray é‘l‘é‘gﬁ 6 Hh BPeadf Witetidy)i dfesaidiidve 4y eadd tdntinuous
Lci / Dci, nci, Lc2, Dc2, Lc2 / Dc2, nc2, and

0 t gt @F fbAT Hl% abi 1B,
multi’ gﬁ&%“@éﬂ????ﬁ‘?‘?éﬁﬁﬁ@?‘? (RGBT Mofi NIS30I 8%, _

4. %f SeRbatc Gesbiyrs Rureip B8 whebollin €1311) 300 Stages)
40, 30 3.

of i K AES Tppuikd nVideR i Agobbr Affich SR lerdR ina
49, wherejn the ternal in the stri ng _section of

lowegmast GATIATL L SN MAY PRI DAGEH R AL B @@ollomﬁr poiign of
an i nternal excluding the chime tra(_y in th

said gontinuews mukdtstage casbllatlsy\sc%%uwer paclltﬂwg’sls gentinuously
the apparatus according to item 50, wherein the

withdraven fed mi antumpemosppmgesﬁcsaldqtreiysSlés a@nsbaften hart is
mul ti-stage distillation colum Cis the tray, and

giveh e rgyuiredbr elisiildtion inha rebioitery the dyeated liquid is returned

enrichnment section is the tray and / or a structured
into BR€ !di8Glation column C from a feeding port provided between the
uppermost stage of said trays K and the internal in the lowermost portion
of the stripping section, while a remainder of the liquid is fed into a lower
tray in order,
47. the apparatus according to item 46, wherein each of the trays Kis a
baffle tray,
48. the apparatus according to item 46 or 47, wherein an inside
diameter D¢z of said continuous muliti-stage distillation column C where
the trays K are present satisfies D¢y < Degs,
49. the apparatus according to any one of items 46 to 48, wherein Le¢y,

Dci1, Let / De1, Ner, Lez, Doz, Loz / Dez, Nez, and nes for said continuous

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

< De1 £500, 5<Le1/Dgy 20,5 <n¢ €20, 1500 € Lez < 4000, 70 < De¢2
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t.he apparatus according to item 50 or 51,
A0501v§ﬁ%3‘7z‘% Nsai d tray is a sieve tray, 53. the apparatus

according to item 52, wherein said sieve trays has
100 to 1000 holes / n2 in a sieve portion thereof, and
a cross-sectional area per hole in a range of from

. 5 ¢ e a C oitem
< 406,75, £ 432 f&ﬁepeﬁsﬂﬁaﬁda%&ﬁ%?é‘ g S EhraE305 5
total cross-sectional ea of the, hol es |n 0 '
50. 4haqapparais afearang b arwagnedst Qsmﬁ 39048, Yffdrpin the
the stripping _section of said continuous Lti-stage,. ..
interaakin thatsteippiagsreton ofisaig ‘F%’h’g@“@fﬂ'sf'?‘g']'rjﬁ*zst?se C?Eﬁ%“atm"
20 55. the apparatus according to any one of itens 52
column Gnditzar enteranl exgbudimgethachimney tayoirothe ensichment

cross-sectional area of the holes in one tray stage

sectibf are arspss ahdibe packingsf said sieve tray in the
enrichment section of said continuous multi-stage

. Ol hlzag% hlis @%lcwaur@ V& ilgmaB0 20 redt thedntdrrialtia the
12% t he apparatus accor di ng to any one of

strlpg@e%%ohooﬁéald"{?ﬂrﬁl Als n@tﬁﬁf—%%ﬁercﬂ%hﬂa(lénrééllﬁnﬁfc is

cross-sectional area of the openings in

the ({34 %(aﬁééfﬁ‘g rhaf a*EhEfg ogi‘:@@c??;%&l '”a‘*?‘gégb?ﬁﬁ"e

soctf 8 I L) oo PRI BB, 2
from10 to 40% 557 the ap 8ratg?a cordi ng.t.q any,

52. oie spParaties #5aosdat IHETB! $O (3 rejysgidiggyis a

nEl, LE2, DE2, LE2 / DE2, and nE2 for said continuous
sievenjltay, stage distillation colum E satisfy 500 5 LEI <_
2000, 100 <_ DEr 500, 3 s LEI / DEI s 20, 5 s nEl <
53. 2fhe apparakid acco3dity tadfem SE)EM'IBTGIB(KBId sdeyeltFays has
DE2 < 20, 7<nE2<30 and DEl < DE2,
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?,
54. the apparatus according to item 52 or 53, wherein an aperture ratio
(a ratio of a total cross-sectional area of the holes in one tray 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%,
55. the apparatus according to any one of items 52 to 54, wherein an
aperture ratio (a ratio of a total cross-sectional area of the holes in one
tray stage to an area of the tray) of said sieve tray in the enrichment
section of said continuous multi-stage distillation column C is in a range
of from 1.5 to 12%,

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

aperture ratio (a ratio of a total cross-sectional area of the openings in
26



o, 10 58. the apparatus according to any one of itens 39
. A0501 VP87 ANherein the internal in each of the stripping

section and the enrichnent section of said continuous
s nmul ti-stage distillation colum E excluding the
chimmey tray is the tray and / or the packing, 59.
he appayatus_according.to_| - .ein_ t.
the chifpma 4 ANeatd# of theechianey IgingElifb Aot pe
enrichment section of said continupus. nulti-stage .
crossisectianali &g & of in PLRAAR HoSEibCBmARYraY-S paid
the tray, 60. the apparatus according to itemJ59,
continkious muIHesta%/dl%tligaté,o@v@ltJm,C i {0 & FrRNap R APy 10 to
according to item 60, wherein said sieve tray has 150
40%jto 1200 holes / n2 in a sieve portion thereof, and a
cross-sectional area 20 per hole in a range of from

5 57. Ohe bpparatils atlording tpranabne of tems B9 too 56, emin€in Ley,
o or 61, wherein an aperture ratio (a ratio of a total

Der, EEPYDEFCALLNAL,, DER 1 } DR D@IRENES fONSald Roritimasus 0
an r the'tray) o

area o said sieve tray in the

muItl‘é—%é&ﬁ’é’:@%igﬁ%ho&lﬁf@fﬁs%.atfs‘? tédb‘g%uﬁ nd ébog? 390 < DE1‘ <

col um In a range OF from to 25

%, 63, .t he at us acgQr di t,0 a [
500,854 beob Birsriire aner s 2RodBl shers RAS el ¢0rs BE: < 800,
ratio (a ratio of a total crQss-sgctional area of the
3 < brgl eBepis 8Re 7 e 5134308 At 5 PE20f the tray) of
said sieve tray in the enrichnent _ section of saiﬂ .

10 58. cthr anparstwsiaccosding taiany ong phitesds Fthte 7 Whegein the
range of from2 to 20% 5 64. the apparatus according
internal anyeacte offthiet stripEB gt 9e63envinrd dha enrichmeantysection of
ratio (a ratio of a total cross-sectional area of the
said QRAtimgous rmulthetade rdistitl atiorasoturma Bfexdiadihg iheychimney
tray including said total cross-sectional area of the

roy SERNGBY N4 PSUMRPINGI 3L oL F2' Y, g
59. T{iapgdtatus according to item 58, wherein the internal in each of
15 the stripping section and the enrichment section of said continuous
rhulti-stage distillation column E excluding the chimney tray is the tray,
60. the apparatus according to item 59, wherein the tray is a sieve tray,
61. the apparatus according to item 60, wherein said sieve tray has 150
to 1200 holes / m? in a sieve portion thereof, and a cross-sectional area
20 per hole in a range of from 0.5 to 5 cm?,
62. the apparatus according to item 60 or 61, wherein an aperture ratio
(a ratio of a total cross-sectional area of the holes in one tray stage to an
area of the tray) of said sieve tray in the stripping section of said
continuous multi-stage distillation column E is in a range of from 3 to

25  25%,

63. the apparatus according to any one of items 60 to 62, wherein an
' 21
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10 40% __Advant ageous Effects of the Invention It has
AOSO1RS{BANNd t hat according to the specific apparatus

and process provided by the present invention, a

hi gh-purity diol can be 15 produced froma cyclic

carbonate and an aliphatic nonohydric al cohol stably

apert e 3R PRI o § (38 SroniRRiiby il pHL B RS KR f one

 tray §lags I ae 959 osdbestian) qlcsaih e Baio L fe pelfnment

That_is, according to the present invention, ere can
sectips of seicjeantinuneis multirsiage Shpiiliation coldmm&kiis 1n 4 range
production process that are inexpensive and, for
of freamdhpdb £0%nabl e a high-purity diol of purity not |ess
than 99.9% as required as a starting material for a

64. RhE Apparatus acBbAdingto anyoche qf ifdovedSi to 63, avinarain an
of not less than 1 ton / hr, preferably not |ess than

aperﬁ.lrboféiié (B'rati@be PtstatRbEY-$6étidRaF aréanfXHeoopenings in
r, stabl'y 25 for a prolonged period of tinme (e.g. not

the clﬁ\glzlr?'let)féafb %Q‘norQrQé"HfstpeDEﬁfrﬁflgglstY?KWﬁblﬂcﬁ?@ sarn 0

S,” nore preterably not an 5000 "hours). 28
A0501. VP87 N o) . - '
oros SRRLAEIAAL IR TYPEp O, B SSRESHATARIELEY o sbif
ethyl ene gl ycol produclion process.jn._t ' '
cont@uiis fuifr e Bistiet pRoutai & it f Feade Y A o
according to the present invention with a high yield
40%and a high selectivity without using a | arge 6 anpunt
-of water, and thus achi eves excellent effects as an
i ndustrial production process that sinultaneously
solves two |l ong-standing problens with the
comduErtagelousnBéfeots af fhreobinegmtdbonpr ocess (1 ow
sel ectivity, high energy use). 10 Brief Description of
Dr ah A8 b ddFPfolindstHatsabedmiing to tive spewifig sppanedupland
of a conti nuous
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
industrial apparatus and industrial production process that are
inexpensive and, for example, enable a high-purity diol of purity not less
than 99.9% as required as a starting material for a PET fiber or a PET
resin to be produced in an amount of not less than 1 ton / hr, preferably
not less than 2 tons / hr, more preferably not less than 3 tons / hr, stably
for a prolonged period of time (e.g. not less than 1000 hours, preferably

not less than 3000 hours, more preferably not less than 5000 hours).
28
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nulti-stage distillation colum A preferable for

AO501 VES7KAN out the present invention, no stages of
trays (shown schematically in FIG 1) being installed
therein; 15 FIG 2 is a schematic view show ng an
exanple of a continuous nulti-stage distillation

COEFRD G Rk U A U S i it

stripping section and, trays being installed | : .
from BosmhvaBhioPGh eihles alyep Elradieidn Fraivias”t, Yafhiah-purity
portion (total nunmber of stages nc2) in an enrichpent
ethylepetgiysol #arpbeapadHeah Y 1 RIOPARR FRAATANIIP Mk present
colum, and one chimmey tray stage being installed in
inverthen evith ehhigh yielct and atigh selectivily withouwtpusingia large
apart fromthe chimey tray, the trays in the

-amouwitr bPizner seatithusaadhihves encetibnt effectst asramirdustrial

omtted), and further having a dianeter Dc3 of a

prod:OM8H AIddsAtidt $ifuRaheBsYy eal\wds twaniahglistartirg
Dc, of the stripping 25 section, trays K (nc3 stages)

hE itk QK i SRS o8 seilow
p’”%ﬁﬁﬁ%‘gﬁgﬁbe‘ggﬁ%?{é{@?%é”5%%?%'0%2@%“% 01 VP87) KAN
l.ti-st istillation colum E preferable for
seietgg 'hﬁlirﬁ' %ggpgfﬁ% upsre sent invention, nEt and nE2
stages of trays being installed in a stripping

section and an enrichnment section respectively as an
internal in a trunk portion, and one chi mey tray

BriefsDggeripsiory of AaWinG® i n the enrichment 5 section
above an inlet 1 (in FIG 2, apart fromthe chi mey
tr BYG. tihis arsghematie view sb@wingnanm@xample ofa continuous
schematic view showi ng a conbination exanple of an
multeptEgeidistidatipni soiugn h e pcefarable for marrying eyt the present
distillation colum A  the continuous nulti-stage
inveRiishi Inyadtage scot way s (stownt ehematioaihuin FIG. 1) being
mul ti-stage distillation colum E, which are |inked
instatlféQﬁlji‘&reini s preferable for carrying out the present
I nvention.'

FIG. 2 is a schematic view showing an example of a continuous
multi-stage distillation column C preferable for carrying out the present
invention, nc, 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 nc2) in an enrichment section, as
an internal in a trunk portion of the column, and one chimney tray stage
being installed in the enrichment section above an 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¢a of a
lower portion of the column greater than a diameter D¢+ of the stripping
section, trays K (ncs stages) being provided therein;

FIG. 3 is a schematic view showing an example of a continuous
29
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ion of Reference Numerals In Fi g. 1 15 1: gas
AOBOI%%#& l[iquid outlet, 3-a to 3-e: inlet, 4-a and

4-b: |nIet 5: end plate 6: internal, 7: trunk
portion, 10 conti nuous nulti-stage d| still at| on
colum, Lo: length (cm of the trunk portion,

multi%ﬁh&edgt?%tﬁﬁ éo‘m?anE t: aggétberbargﬂngI bﬂF'tIé’é present

of ‘gas I nsi anet er

mverf;lﬂrﬂ'ereew%ﬁnaaﬁ%ﬁé&fﬁ@%k%r@'%? stalth i = reginn

bott om conpo manen
sectipg and qmp&rw&men seetind reweﬁéz\?lveﬁé@mfe RAI %A a trunk
reboiler, 8: inlet of reflux liqujd, chi mey
portiom; angi ghe ¢himney émhﬁt%@%rhﬂglgoméﬁ!iﬁﬁeuﬁ the sngb%ﬁ%snt
outlet of chimmey, Lc,: length (cm of stripping
sectiencahowve Gn mlrettlh(nmuElGrral. tapart d&eemdtha phlmﬂﬁdntrédl the trays
C, Lc2: length (cm of enrichnment section 30 A0501
are o\ﬁ?ﬂt?éd%l\ém continuous multi-stage distillation colum
C, Dci: inside dianmeter (cm of stripping section of

COR|(GNYq4Sa rs&ﬁémahag\ﬁew shoWingi 8 tagmbinatiéh exardple of an
i nside diameter (cm enri chment section of

appa?QgédEB%rl egi 'tlzéﬁﬂ ndd é'rﬁh jHsdg écﬂlﬁﬂnaﬁonDéélumn A,

e diane OV\BI‘ pOI‘tI on

the cl%%'?HLg&?ﬁqUH’-fﬂ%&é %g&.ggfifa rﬂﬂ éohﬁ'ﬂnthécowlﬁ% us

coluhn top componen

out, of colu tt,om coTm

multistags daﬁt'@?éencm'uw%nwﬁfdtéres' 3 dpgegher, jg preferable

exchanger, 7: reboiler, 8. inlet of reflux l'iquid, 9
for camivingyout the presapt imeeaHen(cm from an opening of

chimmey to a gas outlet of chimey, LE1: length (cm

of stripping section of continuous nulti-stage

distillation colum E, LE2: length (cn) of enrichnent
DesaestionmfoRefergncaidliamerals

In Fig. 1

1: gas outlet, 2: liquid outlet, 3-ato 3-e: inlet, 4-a and 4-b: iniet,
5: end plate, 6: internal, 7: trunk portion, 10: continuous
multi-stag'e distillation column, Lg: 'Iength (cm) of the trunk portion, Dp:
inside diameter (cm) of trunk portion, dps: inside diameter (cm) of gas
outlet, doz: inside diameter (cm) of liquid outlet: "

In Fig. 2 |

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

multi-stage distillation column C, Le¢2: length {cm) of enrichment section
30
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I.-stage distillation colum E, DEt: inside
"'&‘05(,)13?{13l (cm of stripping section of continuous
mul ti-stage distillation colum E, DE2: inside 15
di ameter (cm) of enrichnent section of continuous
mul ti-stage distillation colum E. Best Mde for
rving . ' F ' i . ]
of cofyniibsmiiliz}tee, BiHlafin RILAM & ' D5, ARSI Bfameter
carri.ed.out in.a ste | f t I t il 0N
(cm) 58 'Stispeiadisestih, BF eyt Sos maduPeFaEP bl ERenEEeldimn ©.
represented by the _following.fornqula in .ch a .
De2: msifRyFiameissnians) of enichBend <o iR s Pl multi-stage
~_cyclic carbonate and an aliphatic npnohydric al cohol; .
distilizticnsoiumpe®1 IBies: ORsige gliameter {CA) of golumnlayeiportion
H 11 C/ V0 0(A (B (O (D whereinR
of contipuesentvaulti-diage digtildatvop cqlgnm) nK: ¢ray.s an i nt eger
from2 to 6), one or nore of the hydrogens thereof

‘In FigeBng optionally substituted wth an alkyl group or

aryl group having 1 to 10 carbon atonms. Mreover, 5 R2

1: inle®Pr 8 &Y FePolMRBNYRIFETEp 2onRpahbht EQUP3haVLIRG df ¢6lukan
carbon atons, one or nore of the hydrogens thereof

| bARa ]y Fulshi i OUp5O§nlet, 6:
botto@?y&aﬁghgﬂﬂ? 'ngallati{t)téltg&ig'r o%n;?%nrg.ﬁb‘?ﬁbt glsél ic et
carbonat e used . tagt i t el d.n:theor
neat EXARATAST | o o SoriRoncer LDRSEREIR Y uRig. T & (cfifey tray.
above fo la. For 10 ex e, an, al kyl ene r bpnat e
he: height (EMATFRTeAR QReTRIGHEE CHI MRYEYplA andas Aulshek chifiney.
1, 3- di oxacycl ohexa- 2-one, 1, 3-di oxacycl ohept a- 2- oncf,, A
Let: gngth (cm) of stripping section of continudus multi-stage distillation
column E, Le2: length (cm) of enrichment section of continuous
multi-stage distillation column E, Degy: inside diameter (cm) of stripping
section of continuous multi-stage distillation column E, Deg2: inside

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

column E.

Best Mode for Carrying Out the Invention

Foliowing is a detailed description of the present invention.

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

from a cyclic carbonate and an aliphatic monohydric alcohol,
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A050 \?@# ﬁcan be preferably used, ethylene carbonate or
) ﬁ{é e carbonate being nore preferably used due to

ease of procurenment and so on, and ethyl ene carbonate

being particularly preferably used. 16 Mreover, the

al i phati c nonohydric al cohol used as the other

starting material is a conpound represented by (B) in

the above formula, one having a Igépr b0|I|n%mp0|nt

hat of the di ol _produce ei used. ARt hough

{ y varyi B depemdimg on tI;Kéitype Tof [ chghic

carEonate used, exanples of the i phati ¢ nonohydric

al cohol i ncl ude 20 nmet hanol , et hanol, propanol _

(i soners), allyl alcohol, butanol (isoners),

3-biMen-1-ol, &Byl al cohol (isonmaps), hexyl al(phol

(i soners), heptyl alcohol (isoners), octyl alcoho

(i somers), nonyl al cohol (isoners) decyl 32 A0501

whert 5o A PRI T GREHE  0 P . intay from 2

oo G BE SR LR SR LB A B st

omers nmet hyl cI ohexanol oner
Ik droweah Y| PeoBRavIng bithe S%PafbﬁMﬁm Moreover,

(i somers), dethyl cycl ohexanol (|so
R? represends @ oraneyalientialiphats, gr@@@zpavmg:éhtﬂ 12 carbon atoms,
phenet hyl al cohol (isoners), phenyl propanol
one ¢r sooez ©f therhlydwgens toerdef boing opigallyasupisdituted with an
nmonohydri c al cohols may be substituted with

alkyisgihsup loteadys grodp hasinmogens, cadvey adbkmsxy groups,
cyano groups, al koxycarbonyl groups, 10

ar WW&Q@F@Wbo&%@énﬁse@@é axstadlingnnhaténdl m the present
groups. " O such a i phati ¢ nonohydri c al cohols, ones

mveﬂ{:% "saglc)brh‘g @mghs Ei‘mriﬁ the thégézF&%ia For

al coho V|ng car bon

oxerfb iy el 5%Femaf+ﬁ%%asas2¢tﬂ&s. T SRSFRE or BRébytene
cars GRS S AT B R b o BH S 2-on, o
the like can be preferably used, ethylene carbonate or propylene
carbonate being more preferably used due to ease of procurement and
so on, and ethylene carbonaté being particuiarly preferably used.
Moreover, the aliphatic. monohydric alcohol used as the other
starting material is a compound represented by (B) in the above formula,
one having a lower boiling point than that of the diol produced being
used. Although possibly varying depending on the type of the cyclic
carbonate used, examples of the aliphatic monohydric alcohol include
methanol, ethanol, propanol (isomers), allyl alcohol, butanol (isomers),
3-buten-1-ol, amyl alcohol (isomers), hexyl alcohol (isomers}, heptyl
alcohol (isomers), octyl alcohol (isomers), nonyl alcohol (isomers), decy!
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al cohol s are net hanol and ethanol, nethanol being
AOBOLYEBIEAN ar |y preferable. In the step (1) of the
present invention, a catalyst is nade to be present
in a reactive distillation colum A The nethod of
maki ng the 20 catalyst be present in the reactive

oSBT P A i el oo

di ssol ves i re ctlo ju action
CV°|°9§M’F"E‘PBr&V‘gPh "@5‘[031 9!? rrgggrqéaggogresent in
aliquid haselnthereact|ve di st a‘ columm by
methﬁb:mﬂlﬁ‘en Q'a(lﬁpmfsl)n?@)hY ﬁé’cﬂ%‘&%i‘{w J'%Pm%fé i on
colum A 25 conti nuously, in the case of a

methltyeioberanos (samaeys), etnaficwd@!ile%@tno dise®ers)in the
reaction liquid under the reaction conditions, the
dimeﬂﬁ}l@k#ﬁihe%d‘@ﬁ%n‘l@?&)[ mmmy@lehea«m:ﬂdlmnwéi,ent
in the reaction system by disposing the catalyst as a
phenﬁé&j&oh@x"ah@:l r(ﬁ.ﬁﬁth@) a2yl aldorvlc phensthyyhaseohol
ds rmy al so be Used in combination. In the case

(1son§5@ﬁﬁe | ea FOSAHS) 3o sd 'a%&@BtéﬁUOlFﬁerhéﬂﬁorét these

d| strllation colum, the honmpbgeneous

st .. I
ahph@i gif?g{oaw.\%a%'ﬁﬁﬁs'é‘méaﬁ%% Uebstifad BRuFKEbsRonts sucr
fed in at a different S h
as hgasn s eweraladaBrouit By el é"ddfﬂ‘sc,«e%gé 7 s3fEhiMGroups,
distillation colum in a re | ow t he position at
arylayicetibpRy! @apupys@qyémﬂé@fpﬂpsarﬂ!' BiHEe 9n t°‘ﬁ’ss 10
preferable to feed the catalyst into a regian bef
t hOftsychialiphatic oronahpdtict HEoheds ¢ paﬁ@sereiﬁrah Yopsed are
the starting materials are fed in. The catal yst nust

alcohelhasiny 11 to 6t carzon alostsgesre preferablyyalgohaladiaving 1

stages, nore preferably at | east 10 stages. Mbreover,
to 4 'c%rbbﬁ #d76s Of eUhethan dictethagebeprspandl (isomeis)sand

he 15 catal yst must be present in at |east 5 stages,
butaﬂ%?f(%r&HbYs)@t [feast chsd 8Pesing ethylene carbonate or propylene
carbonate as the cyclic carbonate, preferabie aliphatic monohydric
aicohols are methanol and ethanol, methanol being particularly
preferable.

In the step (1) of the present invention, a catalyst is made to be
present in a reactive distillation column A.  The method of making the
catalyst be present in the reactive distillation column A may be any
method, but in the case, for example, of a homogeneous catalyst that
dissolves in the reaction liquid under the reaction- conditions, the catalyst
can be made to be present in a liquid phase in the reactive distillation
column by feeding the catalyst into the reat_:tive 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
33



L more preferably at |east 10 stages. A solid catalyst
‘ : A0501f'7ﬁ'§?’1‘§’+1‘§0 has an effect as a packing in the d

distillation colum may al so be used. As the catalyst
. used in the present invention, any of various
catal ysts known from hitherto can be used. Exanples of

com skl e e 56 e P o e e e
et bR S O ARG Pt e may

earth netals such 25 as hydrides, hydroxides,
also ke kisadign combingtieRs, and ani des; basic corrpounds of
al kali metals and al kaline earth nmetals such 34
AGBOthe/EagAKNE & hombgaaposis batalysbitcesfinuausly fed into
organic acid salts; tertiary am nes such as
5 the réadwvdistiilacion cohuhml e rombgiemeou sicatelyst anay be fed in
benzyl di et hyl ami ne; nitrogen-containing heteroaromatic

togetﬁ%'m?:lﬂﬂ C{ﬁesé'%h é‘%a rBoMNaté kar dnorr rthlecalip hatickimloinuhyldric

oxazol es, Nalkylimdazoles, N alkylpyrazoles,

- alcohﬁiag'rarﬁgkerﬁl e 18U ihd4(8: d:?‘l*dﬂé'n@ﬂdﬁhﬁﬁsto £ %@éﬂn@g materials.

nes i Soqui nol i ne,” al kyli soqui nol i nes,

d
e RS LRI o AT, Fimn 1,5 20

vetofip e 33t sl AGH{TE SardfiideR,gcg nence
i azobi cycl ound DB d . di bi I
10 prefarpblg foifeed fincesABELIOL S,R0i00 BARVPBIATE. ek of the

thallium halides, thallium hydroxide, thalliu
columar dpdahe, poaaldn(lsr)natl whighe the rtarting @@F?’éﬁb‘f a’%rféd in.
thalliumorganic acid salts; 15 tin conpounds such as
The batdlykvlnﬁmﬂﬂbﬁypnas,erttrmbat g&athﬁmagas preferably at least 7

stages, more preferably at least 10 stages.
Moreover, in the case of using a heterogeneous solid catalyst, the
15 catalyst must be present in at least 5 stages, preferably at least 7 stages,
more preferabiy at least 10 stages. A solid catalyst that also has an
effect as a packing in the distillation column may also be used.
As the catalyst used in the present invention, any of various
catalysts known from hitherto can be used. Examples of the catalyst
20 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
2.5 as hydrides, hydroxides, alkoxides, aryloxides, and amides;

basic compounds of alkali metals and alkaline earth metals such
34
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di butyl di met hoxytin, diethyldiethoxytin,
A0501G’P§uﬂ%1ﬂh et hoxytin, dibutyl phenoxytin,

di phenyl met hoxytin, dibutyltin acetate, tributyltin
chloride, and tin 2-ethyl hexanoat e; zinc conmpounds
such as di net hoxyzi nc, diethoxyzinc,

as cafpfiiaifneb Gt ontef ekl B9 AELER s %‘*‘maPﬂm num
E&%@g&%&gﬁeggc gqggunhﬂgyflr' b# @)ﬂtgf‘am}né 2 HE%kylamine,

tetraet hoxytitanium tetrabutoxytitanium
and bnzyidieibiyh@f oyt i t ani um 25 tetrai sopropoxytitani um
titanium acetate, and titani um acetyl acetonat e;
phuisgenisardapingdse taromramatic mp%n%ﬁ#% as3g ¢
A0601 VP87/KAN triethyl phosphine, tribut phosphl ne,
N- alnynppne;nyi. PRealkyiliredolest ioxazyglest h&amwspﬁim

hal 1 des, trioctyl butyl phosphoni um hal i des, and

N-all@cg{l)ggfbeﬂbgetd%ddiaﬁéwrpymdhfé Idmlpymdm uguinoline,

ounds such as zirconium halidés, zirconium 5

alkylg ﬁ{&iiﬁé&t%;bgf gﬁp kym hmﬁmeés éﬁﬂdiﬂéCQMWm:rldmes

-cont ai ni ng conpounds,

e A5, U g
Pyraiﬁﬁpﬁm&F%q)E%gegfiH?b‘%'g%oﬁf%%Q@Ig_%a% Yes such as
asCYaleRmidingstsywHoe b d KF(E Wi@%ﬁ’c "
. Ca'ZPbO4 and CaPbQO3; Iead car bonat es and basi c salts
diazobisyetsneoeneddBNIE and 15 2PbCOBPb( OH) 2;

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

tin compounds such as tributylmethoxytin, tributyiethoxytin,
dibutyldimethoxytin, diethyldiethoxytin, dibutyldiethoxytin,
dibutylphenoxytin, diphenylmethox.ytin, dibutyltin acetate, tributyltin
chloride, and tin 2-ethylhexanoate;

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

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

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

phosphorus compounds such as trimethylphosphine,
35
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al koxyl ead conmpounds and aryl oxyl ead conpounds such as
A0501 M8 2, (CH30) Pb(OPh), and Pb(OPh)2; lead salts of

organi ¢ acids, and carbonates and basic salts thereof,

such as Pb(OCOCH3) 2, Pb(OCOCH3)4, and

Pb( OCOCH3) 2PbQO. 3H2O, 20 or ganol ead conpounds such as

i B e o s o)
e b T PO g s

: m neral s such as gal ena and. zinc bl ende; and hydrates

and tophamrimethy pRosPReBMBNlI@EShe case that the
conpound used dissolves in a starting 36 A0501
VRATE eIl mezampalingts shehrameinconiurhbaligdgs; izoreonium
mxture, a reaction by-product or the like, the

acetylaspmates; airbeniuse dl ko xad ¢snagdraioesnican @Acetate,
whereas in the case that the conpound does not
di 33l ¥Ad l2RI-eBRPSIMIEg (o mpeunis doaeamplé dead oxides
catalyst. Furthernore, it is also preferable to use,

s_uch%sssgg'i\)/h@’wgngﬁ&QDg@gI yst, a mixture obtained by

i ng a'conpound as above in a starting materi al
f. th ' t ' ' ti
ylSHbsUTT6ES Yst! AB B3, FEBRANERS) L Catting to
brj bout . di |yt i Furt h '
susri BVaipsifasEhshees PalBhach RE0RQHIE PESISBERI G-l
roups, ion exchange resins having am de groups, ion
and gbeﬂé@d‘é)zﬁ esins having at |east one type of exchange

groups selected fromsul fonate groups, carboxyl _
gr plsbites phob pﬂﬁaf‘lﬁzpd?@m.pgzpbﬁngsMﬁHc?Q@?oﬁ@F’yﬁB}st?Q&
ani on exchangers having quaternary ammoni um grougs as
exphanpatgs aych asdNagP b, gdaiid2kb o U Guc K2iBbdaH)sl.
silica, silica-alumna, silica-nmagnesia,

K4PHDNTaIPII0 £ 2496 CARbOum

lead carbonates and basic salts thereof such as PbCO3 and
2PbCO3-Pb(OH)2;

allkoxylead compounds and aryloxylead compounds such as

Pb(OCHjs)2, (CH30)Pb(OPR), and Pb(OPh)2;

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

such as Pb(OCOCHs3;)2, Pb(OCOCHa3)4, and Pb(OCOCH3)2Pb0O-3H:0;
organolead compounds such as BusPDb, Ph4Pb, BuaPbCl, PhaPbBr,
PhsPb (or PhgPb;), BusPbOH, and Ph2PbO (wherein Bu represents a

butyl group, and Ph represents a phenyl group);

iead 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
| 36
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SiLi m@ various zeolites, various netal -exchanged
A0501z\}ep<§7' , and ammoni um exchanged zeolites, and so on

can al so be used as a heterogeneous catalyst. As a
het erogeneous catal yst, a particularly preferably used
one is 20 a solid strongly basic ani on exchanger

i u nary [ : :
matefi3{ dipd fhdcadh 1T FRCHE, HiRUER B rodEhanagy Hreideict or
.exchange resin havi uat er nar y_anmoni r
the i RARgeompRutist can e s & ad e haMEg Rt CHfRyEE wnereas
) exchanger havi ng quat er nar a ni um groups as
in the c@wenatging 59 MRRMNG H0a® NRAA S SeNG. L1e BEMRAWEA G be
type strongly basic anion exchanger having quaternary
usedaasrensatid gatapgstas euctharqorg, dups alse preieralig to use, as a
basi ¢ anion 37 A0501 VP87/ KAN exchange resin having
homog@hednsrgatahystnia migtunepe btained byrdissghdngsa cdropound as
exanpl e a styrene type strongly basic ani on exchange

aboveSiHi 4 Qhrﬁh? mickeriahof hRepfeictiomw) thaisedctidnsmyxene, a
type strongly basic anion exchange resin is a

reacﬁ%@%ﬁg@%ﬁ QrafhePIk8NANEREENEES bR HiAYda6tiAg to bring about

styrene and di vi nyl benzéne as a parent
. erial, and havi ng quaternary anmmoni um groups (type
d'ssm&'(r%r}‘ype Il) as exchange groups, - and can be

7 oF LEli#1an P rarbexepangers cebat A BkehaRae resips
oot b3 R Sy R oS aviddamide oroups,

CH2N( CH3) 2( C2H4CH)
jon exchange resins having at ieast one type of exchange groups
selected from suifonate groUps, carboxylate groups and phosphate
grdups, and solid strongly basic anion exchangers having quaternary
ammonium groups as exchange groups; solid inorganic compounds such
as silica, silica-alumina, silica-magnesia, aluminosilicates, galtium
silicate, various zeolites, various metal-exchanged zeolites, and
ammonium-exchanged zeolites, and so on can also be used as a
heterogeneous catalyst.

As a heterogeneous catalyst, a particularly preferably used one is

a solid strongly basic anion exchanger having quaternary ammonium
groups as exchange groups, examples thereof including a strongly basic
anion exchange resin having quaternary ammonium groups as exchange
groups, a cellulose strongly basic anion exchanger having quaternary
ammonium groups as exchange groups, and an inorganic carrier

supported type strongly basic anion exchanger having quaternary

ammonium groups as exchange groups. As a strongly basic anion
37



. CH3) 2(C2HAOH) Xe Xe 10 wherein X represents an
- A05913ﬁ’88 s X, generally at |east one type of anion

seIectedfromF, a*, er', 1', HCO3 , CO8, 2-CHICO2',
. HCO02 , 103", Br(3-, and Cl103- is used, preferably at
| east one type of anion selected fromd"' Br', HCO3

exch%gggr{temm%\w'\{g{ggéférﬁé}f( érglgngﬁwt%glpg Er@xéﬁéﬂwé‘e groups,

macroreticul ar e one can_be 15 u

for exgpeI6c RlyTaNa hHP U1 gBebes EhRB R AT AIGe SPSihPL the
38 e A0501 VP87/KAN sol vent resistance b 1 gh.. An

like cambpl prefferabbeuﬁﬂdoseAsﬂtwbﬁ@wyB&sWOaB P%élE%AHBEr
havi ng quaternary anmoni um groups as exchange groups

exchangeudssinds| & sitoreg lyhhasitgan @OHREEDIERDES ExginaRg¥ing a
groups obtained by converting sone or 5 all of the -OH

5 copowmép%fiﬂ%eéﬁemdi wlioylbehaehei as la/ parenbenagrial, and

gr oups R represents an al kyl group; nethyl,

havuﬁ‘g? 'E]?date Qﬂybmﬁ%tn\lhrrppréhssklth% li6r ganenBl 4y exstrhnge

erably nmethyl or e Noreover, X represents an

grouﬁg %ﬂdaéaﬂ é%%ﬂe‘?il?gﬁﬁallﬁr}fg?%g 4, F&*ékﬁfn;ﬂépwtr%i

tron basic anio exc anger havi ng

uat rnary_anmmoni um groups as exchange groups that
f°”°@ E é'l% in the present |nvent| on neans an

i norgani c carrier that had, - O " NR3X
Ghiy—dotam oG bRzt G e Pererars Wy~

of the -QH surface hydroxyl

Jo'Z ,.. carr ere, R and X are
gener 15 an integer f (type I}
As t § gani c carrier,

~ ' ca- al umy tltarg, azeollte
it bel D to use
al um na, b"i\nl |¢l@ al ég 3):1 y
@HQN(C'HG)Q STt ca y H8€hod can be u as the
met gg@ of nodifying the surface

"\ —CH—CH2—CH—CH2—CH— """~

(type II)
®
@ “—CH—CH2—~— CHzN(CHa)z(CzH4OH)
CHzN(CH3)2(02H40H) X©
X®

10 wherein X represents an anion; as X, generally at least one type of anion
selected from F°, CI°, Br’, I, HCO3", C0Os*, CH3CO2", HCOZ, 1037, BrOy’,
and ClOs is used, preferably at least one type of anion selected from CI',
Br', HCOs', and C0Oa2*". Moreover, as the structure of the resin parent
material, either a gel type one or a macroreticular (MR) type one can be

15 used, the MR type being part-icularly preferable due to the organic
38
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r groups of the inorganic carrier. 20 As the
A05013¥ffq7§6¥ rongly basic ani on exchanger havi ng quaternary

ammoni um groups as exchange groups, a commercially
avai l able one may be used. In this case, the anion
exchanger may al so be used as the transesterification

s°""eg'32ﬁ%|r‘°’£%t“ net B[eilpg:ygghsubj ected to ion exchange with a

lonrc I'es in advance as pretreatnent.

25
Moy eover sqQlid al yst,_conprisin . rpcr ' .
orhgaample B &elE18sd H1ehRaR| PRS aRiER DitRngst Aaving
het erocycl i c, groups each 39 A0501 VP87/ KAN,cgnt ai ni n%
quAteINATy AN AR LM GI94S ABACRANGS QTRMATIRIUESS selluldse
havi n bonded thereto heterocyclic groups each
having Qe Hi6d1 NReX@xchargai giagpsobiainad By eerveRing some or
preferably used as the transesterification catalyst. -
all ofRive k& HEreups sothel cediidbgetinto triaillylasmimoedhyhgroups.
these 5 nitrogen-containing heterocyclic groups have

- HerebFepe pRsWéfseani 41k91 grodpanestigily esiayl, prapybebutyl or the like

simlarly used. Note that a solid catalyst such as an
is geh® Eiehratayablys thétyl & atHiAckimerédvéheX repséBents an
s 9 Pnsgﬁ?i on. ’T‘Re am)un)iS of tyhe catrgﬁyst used in the?ﬁ
. bresent. inv [,gn varies depending on the type of the
anlorggt aﬁgépegsgggb%m in the case of 10 continuously

feedi.ng in_a haonngeneous | yst t di.s v, in
t nB bradnis SRR FUbRRABHRYPRLalrBMa e AT
the anmount used is generally in a range of from

exchgnees DAY NE0T UL MRS ANMBRLE BIAUPY AsreXeNeREe @rosps that
% by weight, nore preferably from0.01 to 10 % by,

can heiuged indhe prgsasdrinventism means@n inRraaficganigs that has
cyclic carbonate and the aliphatic 15 nonohydric

had -a0¢ 6t N&EX quatermarys aaymondumageoups sntrodiusedethenato by
the case of using a solid catalyst installed in the

" modidislg sbate on aibbfithe +O& santadey hydrexpr gfeupsiof theed

in an anount in a range of fromO0.01 to 75 vol% nore
inorgdritesabler. f rQBre; Roahd Rreol&finget asuittows.ef & RbGEnerally

romo0.1
an integer from 1 to 6, preferably n = 2. As the inorganic carrier, silica,
alumina, silica-alumina, titania, a zediite, or the like can be used, it being
preferable to use silica, alumina, or silica-alumina, particularly preferably
silica.- Any method can be uséd as the method of modifying the surface
hydroxy! groups of the inorganic carrier.

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

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

organic polymer having bonded thereto heterocyclic groups each
39
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to 60 vol% relative to the enpty colum volune of the
A0501 ¥PSF{HAMt | on 20 col utm. There are no particul ar

limtations on the method of continuously feeding the
cyclic carbonate and the aliphatic nonohydric al cohol
into the continuous nmulti-stage distillation colum A

constituting the reactiv distillati I -
containgy pl JepFEobR: nitekdan Hpmt o) A Bidrdarig ke Vi

be used so long as the cyclic carbagnate and, th .
bondagithraete NaRERGYRIic GAPHBRAECA FUAIIAG Fb/ees: pe nitrogen

the catalyst in a region of at 40 ' A0501 VP87/ KAN
atom loams 8150 beapeeferpbly sisesl asdhe tansesterifigatiomgatalyst.

preferably at |east 10 stages, of the distillation
Furtheeohore, A& soliat catalyshin ewhichcsamebonaikeobbhiese he

al i phati c nonohydric al cohol can be continuously fed
nitrogéhidditamingerBté Rt yeliEdgro whs indvas belem sbayested iritbea

continuous nmulti-stage 5 distillation colum A

uateridry | JAI0 LA BeCaRsi AdIP s SIS CN IRt HAT & is@lid catalyst such as
quatgiiery

ver, the cyclic carbonate and the aliphatic

o NS 507 b o GELEI A it moemon
RS e uik EhE AL PR b8 e OBl Fares

distillation 10 ¢ in al

I lquid.f '
depegsianian toh fyparohie caaintaisnd il inthe oA B gas

Q her than feeding the starting materials into the.
contisusuisly deeding dalaihemoegenenus aialyst that disgelves in the
preferable to additionally feed in a gaseous starting
reactiab diquild under thetreadtioroconditionapthe ameont wsed er
portion of the distillation colum A Moreover,

generany hara papger ebfrom D 08010th 59 Bnbyi wevdht; fprietierably from
cyclic carbonate is continuously fed in a liquid form

.009" a5 By Welght, fioredpfererably oromst.aiet®f O Peby weight, as
0 Ogitgle?llgthi‘%n cgl um A gbove thwe stages i n which tyhe

o ordoTor R Ta Moo 118 AR Satonepeamtig aiphati
monc‘%ydric alcoho! fed in as the starting materials. Moreover, in the
case of using a solid catalyst installed in the distiliation column, the
catalyst is preferably used in an amount in a range of from 0.01to 75
vel%, more préferarbly from 0.05 to 60 voi%, yet more pféferably from 0.1
to 60 vol%, relative to-the empty column volume of the distiliation
column. |

There are no particular limitations on the method of continuouslry
feeding the cyclic carbonate and the aliphatic monohydric alcohot into
the continuous multi-stage distillation column A constituting the reactive
distillation column in the step (1) present invention; any feeding method

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

monohydric alcohol can be made to contact the catalyst in a region of at
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uid forminto the |l ower portion of the distillation

: i
AOS013314TARAN. I n this 20 case, the cyclic carbonate may of

course contain the aliphatic nonohydric alcohol. In
the present invention, the starting materials fed in
may contain the product dial kyl carbonate and / or

s SandbEo By MRREL 7 iy o e 1
s i o hloth B8, B REf nc

percentage by mass of the dial kyl carbonate in the 41
the alpbetio/remoedyderialrghod maﬁmmﬂnﬁpeéﬁbfe‘;‘ igifePRy A
carbonate m xture, and is, for the diol, generally in
requiretdangmbar 6f mtets i stagesf the gontinwasfeMibtiystadsn o
to 7 % by weight, nore preferably fromO to 5 % by
distilv&ti@htcolumn & satisfyinghthepeonditions desorbegheastierhe
diol in the cyclic carbonate / diol mxture. 5 Wen
Moret/drY kg cg}easnhé BEr i RERNandeRTd iafiphaitibiaidnahydric alcohol may

besi des f cyclic carbonate and/or aliphatic
. h I e j it Chi
be inffRRIYEH 1168 WymBtald BE TR RSNt cbimnARF b hay be
. t.he aliphat..c nmonohydricg_a mai n conponent
'“tro{dHé’Pgo Pecsz'k){%?gg St¥$8ﬁ1cl9h+§ggér)'{‘)%®:esﬁand I or ngnot her
process. can al sq beaigreferablfégused.lo

f . .
Pl 3he R madetialmay B redcarttntobRly B the distination

feature of the present invention that thi s.its o
columasdiipl 2 ligwiddesnpl ia afgasRRvefopmeQisas a Dixiue,etagliquid
in which a diaryl carbonate is produced fromthe oo .
and digaky| Othmrbitveat teeginmtherstating metrig\d eto the distillation
conpound, the aliphatic nonohydric al cohol being.
coluhifr pripdusiedvay, ithissajsoopesterabie iteadditiehal bysf ina
recovered by-produced aliphatic nmonohydric al cohol

gasdBNE 5@ nh &feri S0t 8F Mitté Al y bt sitinuaustndtem theelower
aromati ¢ nonohydroxy conpound, an al kyl aryl ether

porif s OISR 8 AR Mregmty, anpueplsrani
metfwg i?ydrpé ?ﬁ%’ﬁ%h the cyclic carbonate is continuously.fed in a liquid
form or a gas / liquid mixed form into a stage of the distillation column A
above the stages in which the catalyst is present, and the aliphatic
monchydric alcohdl is continuously fed in a gaseous form and / or a
liquid form into the lower portion of the distillation column A. In this
case, the cyclic carbonate may of course contain the aliphatic
monohydric alcohol.

In the present invention, the starting materials fed in may contain
the product dialkyl carbonate and / or diol. The content thereof is, for
the dialky! carbonate, generally in a range of from 0 to 40 % by weight,

preferably from 0 to 30 % by weight, more preferably from O to 20 % by

weight, in terms of the percentage by mass of the dialkyl carbonate in the
41
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| phat j.c nonohydric al cohol may be used as is as a
* aosoidyrgiRh

material in 20 the present invention, or may
be used as a starting naterial after the anount of
contai ned material having a higher boiling point than
that of the aliphatic nonohydric al cohol has been

atonb SRS Ab5bl | BHIGR Aipone beurd, S i ror e
crl, BBl SR AL R 1810 98 A WGP £ ¥faraply rom o

ropyl ene oxi de or styrene oxide a car bon. di.oxi de;

to 7 B bROBeISNPaTeRT AT AN TR BoleapcBhupiaitg 18 darms of
amounts of such starting material conpounds or the

the perkentage by wedghhofdhet dialiingheacxeliaicarhonadedr digd fixture.
invention. In the step (1) of the present invention, a
r aWlve b etaregingt bat shamnesentaeadioreindustrislhh desides fresh
and the aliphatic nonohydric alcohol fed into the

cyclié aasrbiotatei ahdldradiiphatiel memohydrid atcaitsiondivig intraduced
type and anount of the transesterification catalyst

i ' 418 CaitdietilPavibg! theAcyBligicardoratelf ahdd or

Into gﬁjgﬁgﬁigﬁﬂﬁwhyd'r ﬁicaal coholwtg t he gscl i c carbonate

the e[lfpﬂ%éstﬁ'c ﬁoﬁﬁ@?égégglfbﬁﬁeééggﬁﬁﬁ d‘cfrggﬁﬂve% there8PPecovered

CyCl 1 C car ate conver sl on,

it.is preferable to_f ' i ' [

from thit hsPeprS AN oangivel BrodEss s s priPRAfaEbIfpsed
nols of the cycl]ic carbonate. ver, if 1he anmount

for thyp StAEREIBAIANEIS. moltdy e &XCa o Tatasierts e (P atule of the
great, then it is necessary to make the apparatus

preseat gavention mﬁéﬂhi%a%mmglﬁe nBnaeXARRIB fbgfoaf'ﬁéher process
al i phatic 15 nonohydric al cohol to the cyclic )

is a peobessie wisichr afdinapl gaibonatearyproduceddirom the xtialkyl
nore preferably from3 to 15, yet nore preferably from

carbbnlate did aruatdwaatizr ;o éhyaircdx yuoo rgudwenid ciive iatiphatic
carbonate remains, then the wunreacted cyclic

mongeygfigg%?gfﬁﬁ BEAG byl proditediRdHR pfbeéss @nd recovered.
The recovered by-produced aliphatic monochydric alcohol generally often
contains the dialkyl carbonate, the aromatic monohydroxy compound, an
alkyl aryl ether and sé on, and may also contain small amounts of an
alkyl ary! carbonate, the diaryl carbonate and so on. The by-produced
aliphatic monohydric alcohol may be used as is as a starting material in
the present invention, or may be used as a starting méterial after the
amount of contained material having a Higher boiling point than that of
the aliphatic monohydric aicohol has been reduced through distillation or
thé like.

A cyclic carbonate preferably used in the present invention is one

produced through reaction between, for example, an alkylene oxide such

as ethylene oxide, propylene oxide or styrene oxide and carbon dioxide;
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ol i goners such as a dinmer or a trinmer, and hence in
AD50 YRETAEAN of jndustrial 20 inplenmentation, it is
preferable to reduce the anmobunt of unreacted cyclic
carbonate remai ning as nuch as possible. In the
process of the present invention, even if the above

lar ratip is not .nore tha [

a oydBnearisnnte shrianifife s pamtdntad, SYEh fiagffb thatefial

pr ef er abl not | ess than 99% mzre. referably. not i
compaunds aheolise; mey; ke jUsedgsia St Eing APateidn! i fre presen

feature of the present invention. In the present
inventmeenti on, preferably not |ess than approximately 1

43 A0501 VP87/KAN ton / hr of a high boiling point

r eactherstepxtiio tAe presentinwgntien daciaticcbetween the

conti nuously produced in the reactive distillation

amoGRisiBNte dydlie barenéats anidnite alipdvatiormrsohydric alcohol fed
mul ti-stage distillation colum C, and a colum bottom

into g?@?eaeﬂb‘e%_siﬁ‘@tﬁfﬁ SBNRRINNA Vb € crbrin § g0ahat iype and
y distil

ation in a 5 continuous nmulti-stage
| stk ati :.S0 i i
amof b hL ARS8 oR e ApLI, BpRCS Babubsondams, bu
1 Ni_ ngm unt . of the cycli¢ .ca ti
a mqlag rAHpeet 1P Aligdiate i Aohy o Hs SRR o e, epLRt Tatbonate
achi eve this.is general 1.55. P to s refera
fed in is geperally ima Pange fﬁfr%m g’b@yl‘j tp ﬂ%é’ﬁnﬂ@ﬁ%/ hf'{’ iRtrease
based on the anount P (ton / hr) of 10 the hi,gh-puri,tx .
the eyalic cerbenate gerwersian.atjysirretecablectefepd dnthe-aliphatic
this amount can be nade to be less than 1.43 P ton /
monbhydric alvohmldsecan éxnass obat lprst & times toe nuwsber pfrmols
approximately 1 ton | hr of high-purity diol can be

of ther edelse tarbonadéng Howaveroifahe atedlnt of bhe aliphatic
prol onged period of tine by taking a cyclic carbonate

mon@ﬂ?dm 4R cHdInheéd Gs TeBOGEHL, ehahciehs nesesdanyt ioihake the
materials, and the process conprising the steps of:

appdialyESLG0HoE b JEFLSEHS, Maihols SOk alpRate
mondhSarR Yol 1 %6 Yy clit®4itdiate is preferably in a range of
from 2 to 20, more preferably from 3 to 15, yet more preferably from 5 to
12. Furthermore, if much unreacted cyclic carbonate remains, then the
unreacted cyclic carbonate may react with the product diol to by-produce
oligomers such as a dimer or a trimer, and hence in the case of industrial
implementation, it is preferablé to reduce the amount of unreacted cyclic
carbonate remaining as much as possible. In the process of the present
invention, even if the above molar ratio is not more than 10, the cyclic
carbonate conversion can be made to be not less than 98%, preferably
nét 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
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out reactive distillation in the distillation colum

AOS01APEIHANNuOuUsl y 20 withdrawing a | ow boiling point
reaction m xture AT containing a produced dial kyl
carbonate and the aliphatic nonohydric al cohol from an
upper portion of the distillation colum Ain a

a r and co j Cor
ton 1%5 T # b o PREeEBh e it MEER AR PR e diot is
oduced di,ol from.a n . of th dIS
contiRypHslY RrPHUSeM wfbe r%Ci*&%ﬁ"S&ﬁhﬁ)‘% lﬁmauér #‘ 59'”9 fed
feedi ng the hi %h boi | i ng POI nt reaction m xture
into a\oBoinrErs Kati-stage distitiatiopneepnsC rand as%lg@n bottom
distillation colum C, continuously wthdraw n o
compuwieni G herefipm beiwg sbbjadtad tmseparahnnthmdg@tiliahén ina
diol contained in the high boiling point reaction _
contifudiug mUAB-siaage didtillatidnolammp&)est aSltapdoduce ot less
si de cut conmponent Cs, and continuously 5 w thdraw ng

than% 'o%‘i‘i‘lal?@ PYoPPAP Rk I%Hlﬁwlrﬁ?ldtbﬁ ﬂ'lé"mlmm@lm@rﬁount

onent t ereof froma | ower portion of

of th?hcé}déloc{ g%quls’@ gﬁéo %E@(tﬁuo@ﬁlekﬂy fég' inko Ot fé‘é'@ﬂéw?ésel&ﬁﬁghw

Into a contlnuous

conf A4 R 35 AP 5 o
v i B4 A o b B o 0

mul ti-stage distillation cqurmAusedln ste'p .
the highsputity siekto hetpoycedndilnid et mearne ;refe atle’ case, this

perspective of the distillation function, but rather
amounhksanchadnadents badessethamii 43P #o0H Bondi ti ons

required so as nmeke the reaction proceed stably with a

hi gh thenverssrmninvéhtion] prieferaklyenot Vesy thaheapproximately 1

continuous multi-stage distillation colum C used in

ton /HEBf H?h -plitis} didiusah e produBeti ascofdingatel angrodess stably
material having a | ower boiling
for a prolonged period of time by taking a cyclic carbonate and an
aliphatic monchydric alcoho! as starting materials, and the process
comprising the steps of:
() 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 Ar containing a produced

dialky! 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 IoWer portion of the distillation column A in a liquid

form;

(1) continuously feeding the high boiling point reaction mixture
44
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oint than that of the diol contained in the high
A050163T37/K1@ point reaction mixture AB to be renoved
efficiently as the colum top conponent CT and 20 / or
the side cut conponent Cs, and furthernore the
continuous nulti-stage distillation colum E used in

Irrust ve, _a fungt.h on of In
As mﬁqwaﬁ pofirkpts mrlfiesde H 1 dhotiaq BRI h@@ﬁgraws'v
tahly for a prol onge eriod, of t| a
withdiawing BRteRal daving abg‘?‘ESFnb‘EUﬁ'ﬁo'ﬂ%m t[is *
continuous nulti-stage distillation colum C and
containeccimthedigh beiling peiyeraadtion nRteie fs afm? Eolumn top
various conditions nust be sinultaneously satisfied
companewhCavandHi or aidepceseamponent Can poBdinuously
VP87/ KAN provides industrial distillation apparatuses:
withdiawing aReslutiebottdcdompondravCphaviegetHeidiol ass main
and it has been discovered that by using these

comg éﬁ?th‘éleéof frBen @biowrér BBrﬁBﬁ o Bfe HistinyBohi ¢olueam C; and
attai ned. The high boiling point reaction mxture

igg égmﬁf irfé in Gtﬁe éo%'bcﬂ?&h‘f‘&oﬁfponent Csinto a

cyc ona case, It

prefera makel h I|c
contfias - sfadt dls il eﬁlﬁ%@ﬂﬁe‘ﬁaﬁ%ﬂ%ﬁgug |
o ST 1.3 40 AR L B9 i

preferable to add a smal|l anpunt of water into the
outletoft thricentinuaus srdgestageldistillationoteivdtak C so

that the unreacted cyclic carbonate is converted into

t hdhei obntimuowghrultirstags distiltationsoluawn deusad in step (1)

continuous nulti-stage distillation colum C such

e diol

thustdtisfi®e notr ealyt eoh ditidns freanbtbreaperspactieaafdthendistillation

the diol and thus converted into a dial kyl ene gl ycol

func:tflbrtt st r'dth%r(tﬁege EORdRIdRAIS beecamBines iwiehaonditions
time required for this reaction 15 to proceed to

requ?%ﬁ)gstaggaéﬁettﬁesfé‘éﬁtﬁn tﬁrBEeQ%CgtdBI IWwdhod h‘ibﬁ conversuon

om conpone be reduce et c.

n be nade to be such that there |s
and l'J% tsﬁl?FQVﬁ?- no unreacted cyclic carbonate in the

The contin'uous'multi-stage distillation column C used in step (i)
must thus have a function of enabling the material having a lower boiling
point than that of the dio! contained in the high boiling point reaction
mixture Ag to be removed efficiently as the column top component Cy and
{/ or the side cut component Cs, and furthermore the céntinuous
multi-stage distillation column E used in step (l11) 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 continuoué multi-stage distillation column C and
the continuous multi-stage distillation column E, various conditions must

be simultaneously satisfied to achieve this. The present invention
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col utm bott om conponent CB from the continuous
A0B01 MHBFIKAN age distillation colum C, this being

preferabl e when carrying out the present invention. 20
Note that the term"substantially not containing” used
in the present invention neans that the content is

not nore than 50 r ef rabl not nore t/h

providaminguetriah GisiIATon RAPSr LS ERE g RpEsll siyctures
t he above object, the continuous mJItl -

having théseé dunctionsolanthithas rt@%ﬁ%%\b%e%'ﬂgt byiugjgg these
distillation colum C, and the 25 continuous

apparatiusesstthgeobjetidofl tite pmesehtiimventinnctarmbe atieined.

the present invention nmust be nmade to sinultaneously

SafhéfMthBoN %ant fSadH6A ImRBTE MANmayp cdintaima. trace to a
Speci fi cal | e continuous nulti-stage distillation

smalggb‘%@nﬁ:f hh‘?eaépéﬂ' M@cé‘iﬂdﬁat@.agm thist casal Itos

mm C, and the co nuous nulti-stage distillation

prefeﬁgwﬁgﬁgg‘g% tl?s‘;ﬁcﬁs Iﬁé’f Q¥R unrd=bteN& AR CaPbaHEte is

I |s}| ion colum A conprising a
istilation co avi '
subspiialnarannt Brire.coriat RaF soreEhentis R ane
stages no thereinsi and furth
contlamqtt& erﬁfgg%ﬁiﬁtﬂi@%"d’r%%ﬁi doaa (%ﬁﬁ'%egg%ﬁo& 5
the colum or in an upper portion of the cglum near,.
prefarabl@dot agd aasmit!hlacﬂnqgnb@ﬂ’I%@tq{dﬂtﬂg}hénc?ﬂﬁ%@”s "multi-stage
di ameter d02 (cm at a bottomof the colum or in a
distillatien guiummi€ sb that the unneacted cyclisecaybanate ig converted
| east one first inlet provided in the upper portion

into 896! dioPthraugHidydrolysis oandf/ bheleviserthe dahtinuoke gas
outlet, and at |east one second inlet provided in the

multmsgé’%ﬁ diBGnktien é‘@l@rhn% duth teaethe urnreasted ayedic carbonate
above the liquid outlet, 15 wherein Lo, Do, no,

is regg?ed %g}%gﬂ%o@gg&a{c{ié\ﬁ?%%*d%ﬂgni@rﬂlé@lﬁy(ﬁe ghycol or the

like {e.g. for a temperature and residence time required for this reaction
to proceed to completion to be secured, for back mixing of the column
bottom component to be reduced, etc.). As a result, it can be made to
be such that there is substantially no unreacfed cyclic carbonate in the
column bottom component Cg from the continuous multi-stage distillation
column C, this being preferable when carrying out the present invention.
Note that the term “substantially not containing” used in the
present invention means that the content is not more than 50 ppm,
preferably not more than 10 ppm, more preferably not more than 5 ppm.
To attain the above object, the continuous multi-stage distillation
column A, the continuous multi-stage distillation column C, and the
continuous muiti-stage distiltation column E which are used in the

present invention must be made to simultaneously satisfy the various
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e 4<lo /Do < 40 (3) 20<no < 120 (4) 20 3sDo/do., s20
AOBOLVEBBTARAN 5 < Do / doe <_ 30 (6); (b) the continuous
mul ti-stage distillation colum C conprising a
. continuous nulti-stage distillation colum conpri sing
a stripping section having a length Lci (cm, an
jnside dianmeter Del (cn) and an internal 25 with a -
condifigiier of st ages nci thereinside, and an enrichnent
section having a length Lc2 i de di mater
beSpeaticalhd B FaRtRReLs WHIlGHBDS B BHen [T, tne
nunber of stages nC2 thereinside, wherein LCI
continugusLoRititxtage disdillatior salump Dneam@ﬂh@vm@tmepm ae
: (7) to (15): 300 5 Lc, 5 3000 (7) 50 s Dc, 700 (8) 5
multisstagecdistillation C’mu('m') B3mmest B8@Y Mﬂjowsooo 5 LC25
5000 (11) 50 <_ Dc2 500 (12) 10<_Lc2/Dc2:5 50 (13)
5 10{220tHe BERTHUbUS! MuttingtadddistiMstionlEdIun{r)A tbenprising a

enrichment section of the continuous multi-stage

dlstnﬂét%h 'do@ghﬁﬂgr ¥ A énGas LAY chPadn asidehdimngtér BY (cm)

Installe n-as the internal, the chimey tray

%ﬁ“hﬂ%r*adﬁoﬁen‘@d ME5BED 9 Belod R IpERIRLS, B rkmr
havu{q ’ %aéﬁt?eyha%n%glfean fr%fl%l S?a(r%g er :.21 (ém?cat a }88 of the
column or in an upper portion of the column near to the top, a liquid |

10 outiet having an inside diameter do2 (cm) at a bottom of the column or in
a lower portion of the column near to the bottom, at least one first inlet
provided in the upper portion and / or a middle portion of the column
below the gas outlet, and at least one second inlet provided in the middle

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

15 wherein Lo, Do, ng, do1, and do2 satisfy the following formulae (1) to (6):

2100 < Lo < 8000 (1)
180 < Do < 2000 (2)
4 < Lo/ Do <40 (3)
20 < ng < 120 (4)
20 3 < Do/ dgt <20 | (5) and
5 < Dp/do2 <30 (6);

(b) the continuous multi-stage distillation column C comprising a
continuous multi-stage distillation column com-prising a stripping section
having a length L¢q {(cm), an inside diameter D¢+ (cm) and an internal

25 with a number of stéges nct thereinside, and an enrichment section

having a length Lcz (cm), an inside diameter D¢z (cm) and an internal
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of the chi meys being such that a height he
AOBOI?‘E'?H'Tmethe openi ng of the chimmey to a gas outl et
of the chimey satisfies the 20 fornmula (17):

105hc580 (17); (d) the side cut outlet is connected
to a liquid collecting portion of the chimey tray of

with bitfui ot Bt dR hex BpEEME, MHif L i R v, (2 Dea
and rich §AHSBOMR oAy RS TRRG eld FhT having a I eng h

LE, (cm), an inside dianmeter DE, (cm) and an internal
48 A050139Psy Licane @OOP a nunber of stddds nEl

t herei nsi de, and an enrichnent section having a

| ength L8R € €91, <af00 nsi de di ameter DEB)(cnm) and an
internal wth a nunber of stages nE2 thereinside,
wherein BE | cPHIDcpE 30LE2, DE2, and (82 satisfy the
following formulae (18) to (26): 5 400 s LEI 5 3000
(18) SOggngEIS 50700 (19) 2 < LEI [/ 550 (20) 3
s nEl s 30 600 <_ LE2 5 4000 (22) 10 100 s DE2 s
1000 (23 5 / 30 (24) 5 < s 50 (25) and
DE1 :5 D%gogz%lt%% e enri chment SG@ZII)OH of the

continuogg tl-sée edlstlllatlon 1 ol um E has
at | east™one @@trayinstalledth in as the

i nt ernal chime ray having ins | ed therein
at | east lipm%q-@ﬁ ﬂhé?géb havi ng an {) ni ng having a
cross-sectional area SE (cnR) satisfyi n1g th

0 < nc2 <100

and
Dc2 < Dey (15),

(c) the enrichment section of the continuous multi-stage distillation

column C has at least one chimney tray installed therein as the internal,

the chimney tray having installed therein one or more chfmneys each
having an opening having a cross-sectional area S¢ (cm?) satisfying the
formula (16):
200 < S¢ < 1000 (16),
and each of the chimneys being such that a height hc (cm) from the
opening of the chimney to a gas outlet of the chimney satisfies the
forrﬁuia (17):
10 < he £ 80 (17,
(d) the side cut outlet is connected to a liquid collecting portion of
the chimney tray of the continuous multi-stage distillation column C;
(e) the continuous multi-stage distillation column E comprising a
continuous multi-stage distillation column comprising a stripping section

having a length Lg1 (cm}, an inside diameter Dg¢ (cm) and an internal
48 '
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formula (27): 50 s SE < 2000 (27), 20 and each of the
A0S01CHR8WIRAN bei ng such that a height hE (cm) fromthe
openi ng of the chimey to a gas outlet of the chi nmmey
satisfies the formula (28): 20 < hE s 100 (28); and
(g) the side cut outlet is connected to a liquid

... collecting portion of 25 the chimey tray, of the ..

with 3GHIMRGE.ET RIAGES SeadBelRISIiParABhab AN B et Spgtion
been di scovered that by carrying out steps (I% to,

having &l jengthnlge2 fem)osolingide/dam elerddpal ailsand @ intespal
a conbi nation of the continuous nulti-stage

with di stiinbeat obstagesime; Aherainsidat iwhenesnnhe t, iDet, d3g, Le2, Dez,
distillation colum C, and the continuous nulti-stage

and M sSbhtish) ithe fetlowingEorenditiagh( 18) té ¥28)ol can be
produced on an industrial scale of preferably not |ess

than 1 tgRg/ <3 Nr< I3oge preferably notpga)ss than 2 ton
/ hr, stably for a prolonged period of tine of, for

exanpl e, zRotL ¢ es n 1000 hours, pre bly not |ess
t han SOOBBh%RFst gn%é@ preferably not Ig?s)at han 5000

hours, from,a | e unt of the high,boiling point
reacti onﬁﬁﬁ%rébngAﬁﬁgh has been  pr ced through a

reactive distillatjon process between cyclic 10
car bonat 8 a1t het| | phati c nonohydri czgﬁcohol . The
reason why it has becone possible to produce a

hi gh- pur BOP diled2 QR0 i ndustrial scal W th such
excel l ent effects by inplenenting the process of the
present 1i0verDipe 18000t clear, but tf@8)is supposed
to be due to a conposite effect brought about when
the condi2t kans, bDehor 8 ae (1) to (28) (24 15 .
conbi ned. Preferable ranges for the respective factors

B otil 1ot on ol A 1 Lo (cm io ROV -Siage
Det < De2 (26);

(f) the enrichment section of the continuous multi-stage distitlation
column E has at least one chimney tray installed therein as the internal,
thé chimney tray having installed therein at least two chimneys each
having an opening having a cross-sectional area Sg (6m2) satisfying the
formula (27): |

50 < S¢ < 2000 @,
and each of the chimneys being such that a height he (cm) from the
opening of thé chimney to a gas outlet of the chimney satisfies the
formula (28).
20 < hg <100 (28); and
(g) the side cut outlet is connected to a liquid collecting portion of

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

It has been discovered that by carrying out steps (1) to (lll) using
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| ess than 2100, then the conversion decreases and

A0501 YPSZAN s not possible to attain the desired
producti on anmount. Moreover, to keep 20 down the
equi pnent cost while securing the conversion enabling
the desired production amount to be attained, Lo nust
be de to be not nore .than 80 4 f |

an apRagaut OBrietTg 3 SomRipaten gf thedemvRuSFhRE tege

. <__ 5000 being yet nore preferable. Iféfb,gc. I'S ngs

distillafian cobymprAnthe Gontiyiowsdaulli-stage Hist allon. ol .
desired production amount. Moreover, to_keep down the

and thautgmiinuoussmultitstageadisdillation ceduanssEr & highmpuityodiol
amount, Do nust be made to be 50 A0501 VP87BAN not

can U@BEotlhcéd%}ﬁ)&n ndusteigirsdaleadl prefergbly motDessdinan 4 ton /
200 < Do 1000, with 210 < Do s 800 being yet nore

hr, m%@f;ﬁé@@}@a;ylﬁomés BRah 2 teny hhatablypfogaeptatonyeanperiod

, then stable operation becones difficult. In

of tinP&'of! fot @gla{riﬁele'-‘hdt BSs thaH 9808 hblies, fPefdrBBly Nk 1Bss

prlesSurg rénce between the top and bottom'of the
tnan SHlOHTReBRE BT n. P PRBR, ne? 183850, BOBDGGrS HEM 8 tarae
amougd ot Bie iOPHOBRARINRAT AT S o nEe AbbFeh BB bssn

liable to occur, _bringing about a decrease in the .
prodgeeddhrough a feastivedistitialinn prorgasthptwaen she qyeliG

S <Lo/ Do <_30, with 7 < Lo/ Do :5_20 being yet .
carbomate pnef theapliphatic manekyddsalcple! 10 Theegaspa why it has

conversion decreases and hence it is not possible to _
becoai¢ giossible teproddcpradighipurityradiot onhan dodystrialoscale with

keep down the equi pment cost while securing the

sucChCOXVEN ShOBffeA® lbynim pldmedititig tte prodessi aintrempresent
be attai ned, no nust be made to be not 15 nore than

invert?&n iSWItEIGER! Butithid s stippodicto D@lusdd atdem e

pressure diffrerence between the top and bottom of the

etec U HEEGRTE W, 6 o RO BT EGAUS 197 o 108) e
combined. ' |

Preferable ranges for the respective factors are described below.

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

If Do (cm) is less than 180, then it is not possible to attain the

desired production amouni. Moreover, to keep down the equipment cost

while attaining the desired production amount, Do must be made to be
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becones necessary to increase the tenperature in the
AOS01\RAEEMNr ti on of the colum, and hegge side reactions
becone |iable to occur, bringing 20 about a decrease
in the selectivity. A nore preferable range for no is
< no <_ 100, wth 40 <_ no <_ 90 being yet nore

nwf o | orbrderd B8 ehBERBr OBTENIS 780, 0o =
10005t 52 o G B .

becones difficult. 25 If Do / dog is greater than
t hérlg hawmm%thwmﬂoﬁémrewt@hmﬁm t&iﬁhﬁia%'@ceﬁﬁat'on

relatively low, and hence stable operation becones 51
be coAREd HiffiRRIL. KAM gidrticalad, if iod Doris@reater dbsnet@ethen the
the conversion is brought about. A nore preferable

presﬁ@i@ﬂiﬁ@feﬁ& belwedrs te fopDand bisttom ofl She widiamin becomes
do, < 13 being yet nore preferable. If Do / dO2

too dééﬁ'tt)eéﬁdt ﬁéﬂcﬁéarbhﬁﬁgéﬁest%%% REFaYatidrs beteiRas <diffi @bt

{eover d wthdrawal anmount becones

I e

Morelget it ﬁFXGEi@%Qe%%%&fi?QBgi@g?%%@ti‘i"éﬁi%'iii’%?%%"iﬁ“e lower

at e rou I I

pornesac%iséizaoyumgt % Nprissside TaRebRrd Bs oid fiabfg ABTSocur,
occur t f

oringisEiAboulerdoriba i s nareelBekRAg b P Ty ehanoe fo
< 25, with 9 < Do | d02 < 20 bein et _nore

Lo / Prds e able/ Drar3bewitdr & Zilo 4 e %géﬁamng Y@L mees preferable.
has been found that it is further preferable for do,

antf H§2s lessahasf 101 them dheutenyemionidecierses aod Begce it
(29) For the continuous nmulti-stage distillation

is nAQeERible tbfattgin {wenddsired prbdsistiomansiint. t hktorebeer, to
separation efficiency for the stripping section

oo BE oo Rct s ol sty it
the §8&rBA Yo diftionair6ufifty 84 @tidiRed, no must be made to be not
more than 120. Furthermore, if no is greater than 120, then the pressure
difference betwéen the top and bottom of the column becomes too great,
and hence prolonged stable operation becomes difficult. Moreover, it
becomes neceésary to increase the temperature in the lower portion of
the column, and hence side reactions become liablé to occur, bringing
about a decrease in the selectivity. A more preferable range for no is 30
< ng < 100, with 40 < np £ 90 being yet more preferable.

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

If Do / do1 is greater than 20, then the gaseous component withdrawal

amount becomes relatively low, and hence stable operation becomes
61 '
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desired separation efficiency, Lc, nust be made to be
A0B01 Y&BTHAN t han 3000. Furthernore, if Lc, is greater

t han 3000, then the pressure 20 difference between the

top and bottom of the colum becones too great, and

hence prol onged stabl e operation becones difficult,

... and noreover €cones nec ssar to_increas
difficqlaBR-marBover & d8ceaare B, e Rohversigl EPIfHORE gpout. A
hence side reactions becone Ilab e to occur
more preferablecrangedor &o { o1 (84 <iBo dotp1<< 15, \glfboggé o/ dot <
wth 600 < Lc, < 1500 25 being yet nore preferable.

13 bdifigDest otk psefleeebte.han 50, then it is not possible

to attain the 52 A0501 VP87/KAN desired distillation
anpDy / dypiedees thao Sctpeddhe edeipmenprest besimes high.
while attaining the desired distillation anount, Dc,

MoreH‘JéF fie ﬁﬁ@ﬁ?dtvﬂthﬁrawm afmbant beomés rél@tW@ly h:gh and
preferabl e range for Dc, is 70 <_ Dc, 500,

henc%"étgpﬂ%g:p%rg?rorﬁbégﬁrﬁé%'aﬂffv&nt ”DifeDBrle&%%bb?eaﬁer'tfhan 30,

l'ess t or greater tha

then 85%#@5@%3&3“§E$§9Pqﬁ*%ﬁﬁhfd“B@%‘*ﬁd ‘3{@ Ag8gEoregy ©

< bei n ef er abl
oxcoRsively. fasbAnd fifics prasiam becasipadasletie PEFlh. @ﬂpg
the str.ippi nﬁ? secti on decr eases and hen?e t he d(fs
abouk £9aFQSIPENOLING ARRANAIMENNA e pEetarakiadgnge fo o doz
Moreover, to keep down the equi pnent cost while
is 7 <Euut tog <t BB, with Pes Repavats 80 keirigyehmore preferable.
be made to be not nore than 30. Furthernore, if nc,
i sSFgribetrarorehdn (3@ présent hwmrtésthdwaleh‘mmrﬁound that it is
between the top and bottom of the col um becones too

furthéf abferdifle fonch,, #M@ldpaedsatishy theofermuiaf28gcones
ficult, and noreover it becones 15 necessary to

mcreaseﬂ.{ng Lqrﬂ%gr_@gure in the lower @ention of the

col umm enc€ si de reactions becone Ilable to

| \‘,’MPEQF %hé dr;ﬁgrﬁt‘frlﬁéggerﬁﬁw -%tap@né’l%tlflfértu#}?co'hﬁmﬁ &, Lc?Qcm) is
less than 300, then the separation efficiency for the stripping section
decreases, and hence the desired separatioh efficiency cannot be
attained. Moreover, to k‘eep down the e.quipment cost while securing the
desired separation efficiency, L¢y must be made to be not more than
3000. Furthermore, if L¢y is greater than 3000, then the pressure
difference between the top and bottom of the column becomes too great,

and hence prolonged stable operation becomes difficult, and moreover it

becomes necessary to increase the temperature in the lower portion of

the column, and hence side reactions become liable to occur. A more
preferable range for L¢i {cm) is 500 < L¢1 < 2000, with 600 < Ley < 1500
being yet more preferable.

if Dc1 (cm) is less than 50, then it is not possible to attain the
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I[f Lc2 (cm is less than 1000, then the separation
A0501 MB87 cy for the enrichment section decreases, and
hence the desired separation 20 efficiency cannot be
attai ned. Mdreover, to keep down the equi pnment cost
whil e securing the desired separation efficiency, Lc2

._myst. made to be n re than 0
desirp qisBalast @t naftassayer: E@#e%opngbaﬁﬁié%%%ﬁwnf cost
di fference between the top and bot&lo of th r@ to b
whilepaidainisg: the desied disdillalien aiPBHBhg P SPHS! [pe made to be
operati on becones 25 difficult. l\/breover it becanes
not murecthan Y0 | Acnesecpreferakiepeangea feriber {¢8)Iiswkd < Der <
portion of the columm, and hence side reactions becone
500, WitthbHe0 QSDADQMOUWhIgAth marecprefexalbee preferabl e
range for Lc2 (cnm) is 1500 < Lc2 <- 4000, wth 2000
<_flic2 AD3508 IbekntareB swyreaterf draAbBO, thenDolbaged stable
is less than 50, then it is not possible to attain the

operéjﬁéhrlfé’c&h%' JillfﬁEhH”Sa{Arh‘?H?Fee g’?’t@f@r@tﬂé rdriy & e6p L@Q\MDM is 4 <

ur pnent cost alning the desired

e %5% R 51O 0 pe
S i B I e Skt Pﬁﬁgq@gﬂgﬁ@gs@e

t han 50, then pr ol on tabl e o erat

sectian dpeifasenangl BopLe heBperechgebrEet EEzef‘f'C*%%&f"mt be
is 15 < Lc2 / Dc2 <_ 40, with 20 < Lc2 / Dc2 <

attaimeting Meteaves togkesirdawe. ther eﬁewmgnt&@ttwaﬂezﬁﬁcu"ng the
then the separation efficiency for the enrichnent

desireetseparatonezificiency, hencrushbedesidestp bepaehmaie than 30.
efficiency cannot be attained. Mreover, to keep down

Furtfidyen €esli it islgresielr thiad 80s¢heni the pmssiem difference
separ at'ion effici ency, nc2 nust be made to be not

betw@@hetﬁ@@@ MY bottdMes M coliimMcBecanisabergrdzn and hence
hen the pressure difference between the top and
prolotﬁ)déd’@t%lé BBeFStiBAbecomes difficuit, 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 ne¢q is 5 s ngs < 20, with 6 < ne1 < 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, Lc; must be made

to be not more than 5000. Furthermore, if L¢2 is greater than 5000, then
the pressure difference between the top and bottom of the column
becomes too great, and hence prolonged stable operation becomes
difficult. Moreover, it becomes necessary to increase the temperature in

the lower portion of the column, and hence side reactions become liable
53



*3

10

15

20

25

becones too great, and hence prol onged stable .

AOG01 YE87ARAMNN becomes difficult. Mreover, it becones
necessary to increase the tenperature in 20 the | ower
portion of the columm, and hence side reactions becone
liable to occur. A nore preferablerangefor ncZis

30 s nc2 5 90, with 40 5 n
to 0coHle cPdEe MBI ahia raROE " headdit) 1hJeN sikcas 4000,
| east one chimmey tray nust be installed in the
with 2000 chkents 3680 éﬂ'ngab@t raee RIRkRARIe. st ages t her ef or
is included in nc2 above. 25 Moreover,
cdhDgwizm) nslless shage5Qi then|ikis @@hﬂﬂ&ﬁfﬁ'&ﬁ@fa“@'ﬁbthe
present invention, preferably Dc2 < Dcl. 54 A0501
desir&d8&diskifbtion alesumt. , Moresivar, {0 IKeep domre thasgquipaent cost
the high boiling point reaction mxture AB fed into
whlleté‘ﬁaﬁ’ﬂﬂb' mé)u%smdd distilpagodizrhbuntt Den malstibe nade to be
containg a small anount of unreacted cyclic carbonate,

not ndre fh e?(fﬁ ab'»43\emt>r8bpl‘éfe?&bﬁ—zeré’ﬁgés‘f%iBI 68&(‘0&1‘)% & Des <

nreac cycl I C car nate 1s nmad under go

400, ifEEINR, BFr 2 iﬁﬁﬁﬁ@ f\éﬁf’ It prEreabidn. &% "
sclhesh an',z”ust (35 Al 40:91 7 BRtsol oty BP9 ong e

i nvention, plurality (nc3 s

| trays K
stabiewwﬁ@t*wdmmeﬁrﬂ% cyBuorA Fo918 brStaraii aRd Fog Loz /

in a lowernost portion of the stripping 10 sect.ion
Dec2 i Bk Lsz i/ Déhe 40weithp@Pt £ dre20f Diches beimpygt more
multi-stage distillation colum C, sone liquid is
prefer@biénuously withdrawn froman uppernost stage of the
trays K, and after heat is given to require for

di ﬁthéég 7 |96 WEnrFBClHem the sepatatioreeffitiendyetdrethe
liquidis returned into the distillation colum C

enna‘r{nq %%?ﬁsmaeepéésegcaﬁdi%r&%tm@raetmd@ewanmt
stage of the

trays Kand the internals in the
efticiedifyl fRaPoRH pBingd; o MigPolySh BIPERAcun Ui bRufpment
cost%tgi?é 'securing the desired separation efficiency, nc2 must be made
to be not more than 100. Furthermore, if ncz is greater than 100, then
the pressure difference between the top and bottom of the column
becomes too great, and hence prolonged stable operation becomes
difficult. Moreover, it becomes necesséry to increase the temperature in
the Idwer portion of the column, and hence side reactions become liable
to occur. A more preferable range for ncz is 30 < neaz < 90, with 40 < nc2
< 80 being yet more preferable. Note that in the present invention, at
least one chimney tray must be installed in the enrichment section, and
the number of stages therefor is included in ncz above.

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

the present invention, preferably D¢z < Dc1.
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By devising the continuous nulti-stage distillation
A0501é%18@m inthis way, the residence time of liquid in
the | ower portion of the continuous 20 nulti-stage
distillation colum C can be increased. Mreover, by
making a dianmeter Dc3 of the colum at and bel ow t he

95 lELE, Wb D, o MR EBL L BB ETABoin
- R -

sufficient reaction tinme can 25 be maintained, .

C cormtain$i&r sovall apyounk phynreacted uelisocathenate,ill is greferable
be | ower than the | owernost one of the trays K, back

for it thXegevisédesuchythat tHs undBactatTyaticncarbemate wwrade to
portion of the columm can be prevented. As a result of

undetd reakeivd in B lohemporikth dftentolumnesenthiat shbstarstéally
that a small amount of unreacted cyclic carbonate is

no urﬁ%@&bge%r%ll]@t%ﬁk'ﬂéﬁét?é ¢l corthirfed #h hABAEG UNEADIIEOm

reacted e diol, which is present in a large
CessSn~i N s . i n
compBETECar o RS FRRIAGH o dibrbT i R A RnfPbF Lo resent
. r the like. The trays f
inveriting, Giratl fhes s8dRs) PR iR e HRe8r e desln
but in ter of the relationship between rfo
loweBRerta: Shi Taanals ok (SN s parfizh P Ehe iR
10 preferable, the baffle tray being particul qr_l
sectipnewbiciblie in ithetlsweraperiven afhhescepdinuoas B %'h%tage
baffle tray, a weir is preferably provided, it
distilpatédrraiiLynb &, nspmediéquid ke condinuausly|widhdgawn from an
overflow ng the weir continuously falls down froma

uppedmBEtosRIgenof thertrays K| amdrafséabeat iaygivehrto réguire for
case, the weir height is preferably in a range of from

distitfatiSnZhd Feackion® 8 RjiRiralkhe HéMMBPIifaidls catunmed into
nore preferably from8 to 15 cm In the case of the

the o Bt T 584 gl brovbabatosane
uppermost stage of the trays K and the internals in the lowermost portion
of the stripbing section, while a remainder of the liquid is fed into lower
trays in order. |

By devising the continuous multi-stage distillation column C in this
way, the residence time of liquid in the lower portion of the continuous
multi-stage distillation column C can be increased. Moreover, by making
a dia.meter D¢s of the column at and below t-he stages. where the trays K
are present be greater than the diameter D¢y of the stripping section (Dc1
< D¢3), the amount of liquid held can be increased and hence the
residence time can be increased, and thus a sufficient reaction time can

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

be lower than the lowermost one of the trays K, back mixing of the liquid
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A preferable range for Dcs is 1.2Dc, < Dc3 s 5Dci,
A0501ﬁ5%€ﬁ§ﬂ@ferably 1.5Dc, < Dcs <_ 4Dci, yet nore
preferably 1.7Dc, < Des <_ 3Dci. 20 Moreover, nc3 is
not less than 2, a preferable range for nc3 being 3 5
nc3 s 20, nore preferably 4 < nc3 <_ 15, yet nore
preferably 5 < .nc3 10. The chi mey tray,Lns I
in tnd U RE Ha 0P AGHRS Salurh cah BaYeVaTipH AL B HEbLAS the
mul ti-stage distillation colum C has OV|ded tEere
abovey in gagtprezendrinventioneye R i Hae; 9@5%6 8b@n§W§| anant of
a cross-sectional area Sc (cnR) in the plane of the
unreactayl cyliecacbpnatelismuytatnedr the ynreasted gy clgscarbonate
A0501 VP87/KAN installed on an upper opening of each

can b réhctadhiwitieyse dibl swhiichniepresentrinp dgrgen excessi im atep
gaseous conponent that rises up from|lower stages

(1, éﬁ@\@has SleR¥e ddmbhételpnato epaitirgldranglycsl lkayirg a high

the chimey, and noreover plays a role in preventing

nt that falls 5 down from upper stages
bmhrfqb 'lfﬁ ﬂfﬁﬁgﬂ own directly into the | ower stages. The

Cross-.s ape. o
) e TagH Ay H¥ 8By e ef f’év%%% '%W@{‘Hgytﬁd@"'%‘?fs fulill
tical,, star-shape r the u
the rele g8 s bed: Bholea bl s afé%&'!fdw nslip Betiveen
Mor eover, for _each of the chimn
perfofmanrce @nd gANIPRRINCATHd %ﬁt%"%g'{ﬂw&h? paffie iba%ﬁs
upper portion to a |ower portion of the chi mey,
preferable; tiebaifly traprhring particearheprefaraite ur émt@e case of
si npl e and i nexpensi ve. Myreover, the at |east two

the sidvanteyp orethd‘lbaéﬂeiitféyarmwvekhagmefeoabkyepwwmedn it but
preferably have the sane shape as one another. In the

pref&wﬁrﬂenhgvmweom blehguEh Ghigit SRplidoove rifsweim gSthé aver
openi ng (the part of the chi mey having the

con LA ISR dabconth orl o or sage vy
in this%ggle‘?tﬁé%elr 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 Dc¢s is 1.2D¢q < Dca < 5Dc1, more preferably
1.5D¢q < De3 < 4D¢y, yet more preferably 1.7D¢q < D¢z < 3Dc.

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

The chimney tray installed in the enrichment section of the
continuous multi-stage distillation column C has provided theréin at least

one chimney each having an opening having a cross-sectional area Sc

(cm?) in the plane of the tray. Moreover, a chimney cover is preferably
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200< Sc51000 (16) If Sc'is less than 200, -then a
A0B01 |V nber of chimeys are 20 required to attain a

predet erm ned producti on anmount, and hence the

equi pnent cost becones high. If Sc is greater than

1000, then the flow of gas in the chimey tray stage

a5, 55 B PLAFE B 7 DBy

range for Sc (cnZ |SBOOSSC<§ ) F

cover, DY nEpIgan s oS HOMRPARNG. h%r@aﬁew HE"OWEF
height h (cm fromthe opening of each of the

stagesofowinpsyidaways @tidhe WpPenoRRENeUIdas oyyeltbw&rthsn%htmney,
of the upper opening of the chimmey) of that chi me

and moséosat ipddys teheoleoimprevénting adichidcaperdntihat falls
chimey tray used in the present invention generally

dowrhﬂ'%n5 Uﬁﬁérﬂ!siégibé hesrai falling Wownndire oty tinto therlower stages.
allowing the liquid conponent to fall down into | ower

Stpg Escro%%dsgc%hhl fspra gt bt B?thé%ﬂt%n@}@ﬁmﬁlﬂe any of

The hei ght of the weir depends on hc, i S generally

i, S0P, BN RS $a s o e

but qqaﬂuer%@%a?n%éa'a;‘pﬁ%e sHARE, i Sﬁ%%iﬁﬁéseﬁ”cu%f@%@er for
Moreover, i f he reater tha t hen, t he ano

eachgp! (18 GrimmaXs. tHer G sesnwinsfr@pq A R Y ary from

t he equi pnment nust be increased, and thus t
an upper peshon ostlomeioprestiangy, t%@“iﬁﬂ@&v&mﬁf@ preferably
residence time of the purified diol in the colum
constant sEeEs thetmahufacturadsi siatple. andipexpensive ablMoreover,
range 15 for he (cm is 15 < he s 60, with 20 < he <

the diGebet ﬁﬁloyehlmﬁéysnhefyehabée:hffeﬁenaphnlpla”seto @niecafolieer, but
ratio of the total cross-sectional area of the

prefe?r@gj/ .r'%éféug?% fﬁrﬁglgﬁ@dé doheanb el the chimey

In the present invention, the cross-sectional area S¢ (cm?) of the
opening (the part of the chimney having the smallest cross section) of
each of the chimneys connected to the chimney tray must satisfy the
formula (16).

200 < S¢ £ 1000 | (16)

If S¢ is less than 200, then a large number of chimneys are
required to attain a predetermined production amount, and hence the
equipment cost becomes high. If Scis greater than 1000, then the flow
of gas in the chimney tray stage is proﬁe to becoming ununiform, and
hence prolonged stable operation becomes difficult. A more preferable
range for S¢ (cm?) is 300 < Sc < 800, with 400 < S¢ < 700 being yet more

preferable.

Moreover, the height h {(cm) from the opening of each of the
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total cross-sectional area of the openings) of the
AOSOL BNt ray is preferably in a range of from 10 to
40% If the aperture ratio is |less 20 than 5% then
prol onged stabl e operation beconmes difficult.
Moreover, if the aperture ratio is greater than 40%

chimraich tathergas yies, & Koeet in i v yhBpF SHRifing 81 the

~either case the equi pnent cost becone Zi ?E A nore
chimmeyf of Ahak chamgey maistisatishycihe, %”F‘Hf"? 17& from13 to
35% with from15 to 30% being yet 25 nore
preferabl@.< hg €88 present invention, (A3 at | east one
chimmey tray is installed 58 A0501 VP87/KAN in the
erThe ynineettaynsed ipothie preabat énwantionegenerally has
feeding into the colum but below the top of the
instaﬂ@?utﬁ@r_eﬂfl d 88wRddrheb pREtiod fir allewing thediquid Conmgpahent
a fraction having as a main conponent thereof
: . i 0oj o , o
to fall SeTHLTIGWR|staBEsDarl TWHfC I noRInBANS liguRd

comsftbs FBuchaldHtt i i bt e, BREiE ey ot
o angébihelSh B2 RASE R ooy COLETLBRIMLT, b fuies

chimmey trays can be made to pbe two or. nore,if

than r1&qaihﬁéuth%ampgnbeﬁém'ﬂyh%wg!n %‘h% fil'ﬁb”lﬁéf’%?’&ﬁ%‘?m%s low,
chimey tray is 10 installed may be at any position in .

and haecerpricdbnged staftegpemiion begaraes diffiuis. sgeeover, if he
that is at |least three stages fromthe bottom of the

is greatgetham 8thethen thehmemountof iliguidrhelst inargasese@nd hence
stages fromthe top of the stages in the

the st bRthB%aquipreent aiwstabk)inereasgd, ahak thiss dite equipment
| eas four stages fromthe bottom of the stages in

cost;ﬂ%%cﬁﬂﬁbqjﬂ Ota}ﬁ&?ﬁé%\f’&dtrﬂéré&ide&a@é tinhé tefethespati¢ied dio!
romthe t0p of the stages in the enrichnment section,

in théf%%@?ﬁﬁ@éﬁ%é@?' %h"i’cﬁti@?ﬁ]c?]%‘é’]g?ﬁﬁa.at Al r‘ﬁ%?é prefBrable range

( e ~'bottom o ages In th
for h%n(clngwgqts éeﬁé 'sogo?mthabol gehsé stgﬁ'gé‘mfgo%t 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

either case the eguipment cost becomes high. A more preferable range

| for the aperture ratio is from 13 to 35%, with from 15 to 30% being yet

more preferable.

In the present invention, the at least one chimney tray is installed
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stages fromthe top of the stages in the enrichnent
A0501§’?@8M For the continuous nmulti-stage distillation

colum E used in step 20 (Ill), if LEI (cn) is less
than 400, then the separation efficiency for the
stripping section decreases, and hence the desired

) separation efficienc ann t.aj
n the sﬁgz@@]g"aameﬁﬁ@fbﬂi?ﬁ&@f??’ 8bob® fh iBletr R bto the
esired separation efficiency, L nust ..be made,.t o be.
columipbutripe oW KB t9B08T e Gaiumbr of the M|t stage dstyiafion
than 3000, then the 25 pressure difference hetween the
columpC aaddbatitashion hawngods e MRIEGRHPANANtGNSIECT and
hence prol onged stabl e operation beconmes difficult,

intermediaf® bANTNg p4iaT Biaterizlcbaving a loyeenboiling psiat yhap that

i ncrease the tenperature in the lower portion of the

of thé digMBut 2N Higiesic BoRirsle poiat thanshia¢afiihd atiphaticomonohydric

occur. A nore preferable range for LEI (cm is 500 <_
lcoHdT isc iR wWilfrawh Homthe S okt Whiieh is
alco pre'fgie(?abﬁel.mgksM1 DEL1 (cm) 1s less than 50, then it is

conng%%cﬁssti ngiltg)ﬁtoifqihré figﬁhdo\%ﬁﬂie[?gﬁéq(‘;hﬁﬂibhaéfi it chimney

g r e A odkee t I pnent cost
e attaini the desir istillatio , | ;
tray. m ERSSTTESS IochENREAT 4G SRR oS 1o B Wb or Hore if
preferabl e range for DElI_(cC is 100 < DEl < . 60 .
requigedh buigsgererallyeheei Eée%ka%ﬁgvm*&ﬁﬁ%f:@!m%&w fray s
_ LEI | DE1 is less than 2 or greater than 50, then .
instaped mayebesatbny pewpticn inthe @yleRmantisechion, hukit e
preferable range for LEI / DE, is 3 < LE1 | DE1l <
prefelaplyid btalges thaEis atDeEast thiedstagesdrompthe bottom of the
preferable. If nEl is less than 3, then the separation

stag&$ fihahenstirichméhesettioppang atsleastdendetrgess fromritie top of
hence the desired separation efficiency cannot be 15

the saﬁp@isni%dthé\/!éb%\é?ﬁratwg,kﬁ&nedpvmfdrbblﬁwkm@mthabes at least
'e securing the desired separation efficiency, nEl

our REfoo g g By T 18088 e BAECAMER:secilon ane
at least fifteen stages from the top of the stages in the enrichment
section, yet rﬁore preferably a stage thét is at least five stages from thre
bottom of the stages in the enrichment section and at least twenty four
stages from the top of the stages in the enrichment section.

For the continuous multi-stage distiliation column E used in step
(1), if Leq (cm) is less than 400, then the separation efficiency for the
stripping section decreases, and hence the desired separation efficiency
cannot be attained. Moreover, to keep down the equipment cost while
securing the desired separation efficiency, Lgs must be made to be not
more than 3000. Furthermore, if Lgy is greater than 3000, then the

pressure difference between the top and bottom of the column becomes

too great, and hence proionged stable operation becomes ‘difficult, and
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bet ween the top and bottom of the col um becones too
A0601 yF83{KAMNnd hence prolonged stable operation becones

difficult, and noreover it becones 20 necessary to

i ncrease the tenperature in the | ower portion of the

colum, and hence side reactions becone |liable to

occur. A nore preferabl range . fo [

moregyer Pﬁcenle%Eecs%fngnwvgﬁs%ﬁ@E%@PZeF gt e tower
LE2 (cm is less than 600, then the separation

portian Bf dheregimon, end heRERcHideteaskions Bakapedianle g gocur.
hence the desired separation 25 efficiency cannot be

A moerg tpaefiecablsbrarye for L1 Keap) oAt 4d-eaq@i twithe@0 < Le1
whil e securing the desired separation efficiency, LE2

< 150‘01$3Teih’q_ yetdeoréQprfePabM?87/ KAN t o be not nore than
4000. Furthernore, if LE2 is greater than 4000, then
the IPEf?éM') gsdbkEaharcs0obehvRadn i§ mbtt pessible totatbairnthe
the col umm” beconmes too great, and hence prol onged

desir%éigglnsgn%%ﬁtajrﬁaghﬁcoﬂﬁ‘éredﬁér{ itsWdep MHERYRE eqlipment cost

S necessar to increase the tenperature in t he

whneggﬁ@[i@i%‘g Q@é’@je"s{j@%@é%ﬁi}&@n ARMSUMRNER 1561%%'&?@%%@?% be

nor e preferable range

not it A 9bT G o A ErrEs BERET DI BEDUR 1 Pt (B (ErafY e <

100, then it is _not possible to attain the desired
600, dith 11205 Bt 00 DONIE ¥BYEMOTR PrREVIFRIBuN ¢ he

equi pnent cost 10 while attaining the desired

di Hti¢d ADmrisaessntharDR2ofgseatryr thar 5% thenprolgnasd stable

than 1000. A nore preferable range for DE2 (cm) is 120
operstioBfBecenf¥d difficult. 158 morefxrefecablebeamge for Lmr/eDe1 is 3=

preferable. If LE2 / DE2 is |ess than 2 or greater

Les ﬂd)gpé@e Wien 4p€ 2l QnoBd ; &t 48l Beimpgetimore peeferable.
difficult. A nore preferable range for LE2 / DE2 is 3
15 § E&?i .3 WHeh $h&_separatidFeficiEndyefarothestripping
rmrltﬁg} c'a? era F’_&gﬁl?’f' rI;IEZ 'S Tsess t han 5, ther??fhe

secti}%ﬁ?%@iégggggr#f ih%rll&ﬁ]fﬁé dd¥ire Yepdatidh 8ftdiePey cannot be

ence e desired separation
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 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
necessafy to increase the temperature in the lower portion of the column,
and hence side reactions become liabte to occur. A more preferable
range for ngs is 5 < ngq < 20, with 6 < ngs < 15 being yet more preferable.
If Le2 (cm) is less than 600, then the separation efficiency for the
enrichmeﬁt section decreases, and hence the desired separation
efficiency cannot be attained. Moreover, to keep down the equipment

cost while securing the desired separation efficiency, Le2 must be made
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efficiency cannot be attained. Mreover, to keep down
AOBOLMP87TEAN prent  cost while securing the desired
separation efficiency, fE2 nust be made 20 to be not
nore than 50. Furthernore, if nE2 is greater than 50,
then the pressure difference between the top and

bott om of the | utTm_becones tap,great e
to begic BRS8ANAT 0RO pek Ir G s bt Ha 1o g lEr tRaR%4000, then
Moreover, it beconmes necessary to incEease ﬁhe
the pressueadifferanca hetwers the depiand Hottenm ebivg.colump
hence si de reactions becone liable to occur. 25 A nore
becomes tralgreat,aagd HemceErolenged stabbe Dpryatign pegomes
NnE2 < 25 being yet nore preferable. Note that in the .
difficirnes anbréoventit Gecoahebaastessary i inOEGise/H3d/tmperature In
chimey tray nust be installed in the enrichnent

the lcﬁﬁéf ipgﬁtio;ﬁngf the Jahet, anl rerossidéeeaktiorissbecome liable
i ncl uded i n nE2 above. Mdireover, for the conti nuous

to 0B, 4 e Platerabft FafigetaiTA(ch) 18 TOGKCRFI 9000, with
2. hi ' dinth i chnment
800 <Lcp 5,0 5H0 PRI SR ALY S BIPGEE age aiet il ation
I h i ded j N t '
c oD ey 18espetiany By thanatir o3 RetdRIF I Btk the
SE (cnR) in the plane of the tray. Myeover, a_ .
desirent diedyiatine ameupt.cf Makagven 1aiKeeR AN dhe Fauipment cost
openi ng of each of the chimeys. This chimey 10 cover
whilepbtpsning the desiced sistliatioonpmeamnt, Dex musi e made dm be
| oner stages flow ng sideways at the upper openjng
not nt@es theah! €000 of A heorehprefsrablamdnger farvBe: feaysisal20 < De:

role in preventing a |iquid conponent that falls down

< aoé,rwnwnsﬂs%eggseémcﬁaihgl yénmaotenpreferabléy into the
| ower stages. The cross-sectional shape of each of the

chjsp ' Nbhe 2 &P grebs\Othaxi 305 Ah@reprolonged stable
po'fylﬁg%glqgglis?l?ﬁ%a?ﬁ el li ptgi cal, star-shaped gr thg

opergbFupabndh BT L ALR b LIRS 5 Dea s 2 <
Les /'DS, € 955WifiCh' 213, PB2E% 38% &Iyt mdA HrbféBble.

If ne2 is less than 5,‘then the separation efficiency for the
enrichment section decreases and hence the desired separation
efficiency cannot be attained. Moreover, to keep down the equipment
cost while securing the desired separation efficiency, ng2 must be made
to be not more than 50. Furthermore, if ng2 is greater than 50, then the-
pressure difference between the top and bottom of the column becomes
too great, and hence prolonged stable operation becomes difficult.
Moreover, it becomes necessary to increase the temperature in the lower
portion of the column, and hence side reactions become liable to occur.
A more preferable range for ng2 is 7 < nez < 30, with 8 < ng» < 25 being

yet more preferable. Note that in the present invention, at least one
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an ug&s& portion to a | ower portion of the chimey,
A0501 yFB7 preferably constant since the manufacture is

si npl e and i nexpensi ve. Mreover, 20 the at |east two
chi meys may have different shapes to one another, but
preferably have the sane shape as one another. In the

. resent inventi. CrOSS- [ S
chimfy Y mytRPrgRatalef it R5refRERERTT, sBERBp arid fite number
smal | est crqss section) of _each of the chimeys
of Stacﬁﬂﬁwg&?'@fofdst'ﬁéﬁti?‘gﬂé)ﬂﬁzr% O¥Bist satisfy they25
formula (27). 50 <_ SE <_ 2000 (27) 62 ﬁ 501 VPEi?/ KA?
| tMgrepuer, dof theaadpbnuoRsnmalitizstg@endrgidiatien splpmn £ of
are required to attain a predeterm ned production

the presemt inertibenpeetdrably e psddez, coorepresaeably Bres 4 Dez.
SE is greater than 2000, then the flow of gas in the

chi s eshifrriay $taaoinstalledoimethe errichment sastiémofthand
5 hence prolonged stabl e operation becones difficult.

contiﬁuﬂ%em_ﬁ'iﬁ-fﬁbg@ Qist1AtUsn fcdlun ECRB3 provid@@d<thePein at least
1500, with 200 s SE s 1000 being yet nore preferable.

two éﬁﬁﬁ%&r 85\5“%593@5{12&&5[]@9()&%@ Ehgcli?@%‘isﬂﬂ:tﬂfnéﬂaéfba Se

I meys e gas ower end of the.

2U r_openi.n t 1 i y . i

(em?L BF Fie P8R 0 P e s SRR Bhighgey sV pPRIrably

) himey tray used in th rese invent i on_general

instafigg o7 1t PRS- TheREIc oL RShb Hap ORI Ehe fon IS chimney
allowing the liquid conponent to fall down ipto |ower

coversphays @ K@ W AcPASERYS RATBPRGeMdhat jifes yp from lower
conponent. The height of the weir depends on hE, but |

stages flgeviagasideways atdhepppper mnenings(gas sytiah) iafdhe chimney,
than hE. Consequently, if hEis less than 20, then

and inoeeoveriiagé a irqle ¢h ipekdentingha liduidnegmpane methwatetalls

dowrll ?rwo,m upper stages from falling down directly into the lower stages.

The cross-sectional shape of each of the. chimneys may be any of
friangular, 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 méy vary from
an Vupper portion to a lower portion of the chimney, but are preferably
constant since the manufacture is simple and inexpensive. Moreover,
the at least two chimneys may have different shapes to one another, but
preferably have the same shape as one another.

In the present invention, the cross-sectional area S¢ (cmz) of the
opening {the part of the chimney having the smallest cross section) of
each of the chimneys connected to the chimney tray must satisfy the

formula (27).

50 < Se <2000 (27)
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and hence prol onged stabl e operation becones

A0B01 YFBF{EANt . Moreover, if hE is greater than 100, then
t he amount of quuid hel d i ncreases, and hence 20 the
strength of the equi pnent nust be increased, and thus
the equi pment cost becones hi gh, and noreover the

r e t ur| f i

e S g haf 54 etle tag r?u&b,ﬁﬁéfkﬁﬁv g e

ran for i's 30<hE< wi th 40 s7

requigRg 3@ @ualmﬁr@rqﬁ%ﬁémaﬁs Pm%ﬁm AMORL; Bn?‘t 'h%"ce the
ratio of the total cross-sectional area of_ the

equipspent cgstihecamesthighey sift Be inareatar dhan DR, tﬁ%@/ the flow
tray including the total cross-sectional area of the

of gaspenihegshimheyhiraghs tageyis pagnesocesosingursasinrm, and
preferably in a range of from5 to 40% If the

hencélstol 8h§etiaéiablbop eftidh decdrffes tdifficyit ol dngesrespaéferable
operation becones difficult. Mreover, if the

rangé’*l?SF il gcrﬁag i@ 1'0%) grgatel shpanyitRR0d bcesgtilq orwbain@fyet

increased, or each of the chi meys

de hlgher and in either 5 case the
moregﬁq‘lséfg tr%[gicost beconmes high. A nore preferable range

t he aper
5e8us LIt 6% (L HE b6, 48RS gf' a0 the
. characterlstlc fﬁ s of th &r sent invention ith
chimpRyp tor the gas eulipt drdowameag ¢ ke HoRaIReNIED Pf the
the enrichment secti on (a 10 portion above an inlet
chimney) iddhiat chimney mushsatishivtite ferawlade®op of the
colum) of the nmulti-stage distillation colum E, and
t he hi ghzpus iligy<di@0 s continuously (#8hdrawn in a
liquid formfroma side cut outlet connected to the
boThenzieimmpeyitaay dised irethé nuresenttiioveotidrhgeceratigyhas
tray. The nunber of chimey trays can be made to be
mstail\é?} Herdh % dowfstines hortforP¥ér BSoWARG! thid ligant cofiigonent
stage at which the chimey tray is installed may be
to faﬁtdc?ﬂﬁ @‘PSHBL«@} $3deie Y 'acti:fé‘?morsﬁ&w#% tHigu$d
preferably a 'stag

that 1s at |east three stages from

compdieRPt  HeCheldift 8f B Wei? ddiSends on he, but is generally set

to appfoximately 5 to 20 cm less than he. Consequently, if he is less
than 20, then the amount of liquid held in the chimney tray becomes low,
and hence prolonged stable cperation becomes difficuit. 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

for he (cm) is 30 < he < 80, with 40 < he < 70 being yet more preferable.
An aperture ratio (the ratio of the total cross-sectional area of the
openings in the chimneys to the area of the chimney tray including the

total cross-sectional area of the openings) of the chimney tray is
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enrichnment section and at |east three stages fromthe
AD501Vdi878¢ANhe stages in the enrichnent sectigon, nor e
preferably a stage that is at |east four 20 stages
fromthe bottomof the stages in the enrichnent
section and at |east four stages fromthe top of the

taesmtheerlch i 0
prefeaae afinde 9 PitSieaap #6% Sl peffird b dgs8 than
he stages in the enrichnent sect nd
5%, th@lm pg@@g‘@@t& staklenePerRlion beERMES, Jliﬁcvﬁ H@Wewef if the
enri chnment section. 25 The continuous nulti-sta
apertaretriaticais gneatfﬂl‘ut’t’ram"l@%dthﬁﬂsth@pn'(lﬁbbefp@fsf:@frﬁﬂﬁys must be
conprises a distillation colum having trays and | or
increpsell mysead ofahelchrBAbKANNast thee made higher,Nanddnesither
each of the continuous nulti-stage distillation

case Qﬁb%‘ﬁu@ﬂdéﬂtﬂ ciodt Hertbrhbd) highd tAemooeCFrMetable range for the
multi-stage distillation colum E used in step (111)

apertWr@fr%ft?cF"lé’flc‘cﬂﬂWG ?E%@%d'vﬂttmflréﬁﬂ 98 PLgmw bdiﬁ%ly“él more

and | or packings as the internal in eac

ping 5 section and the enrichnent section. The
prefe?éHé’ ‘internal"™ used in the present invention neans

par the I St ,on .
|1 GOk b salaers RO e &1 PRty Fiveiffon is that
anot her. Exanples of the tr clude a bubbl e-ca
the af lagst 9ne EpENDPXraX 19 pStales ) the Saricasort 1§
valve tray, a counterflow 10 tray, an Unifrax tr l%/
portisopeavaa@n inipt far ferding intcaihe a:odumn buémlpafyf %top of the
grid plate tray, a turbogrid plate tray, a Kittel
columnmyof ibve rhdti-steme Histilpation edlume Bhaardthe high-pueity diol
random packi ngs such as a Raschig ring, a Lessing

is cohtif@owus|Pakitharaen ia Bdiduigafithe fram 4 side cutsaudidet, a
Di xon packing, a McMahon packi ng or Heli-Pak, or

conn%tcﬁﬁﬂttﬁrﬁﬂa B%ﬁ‘ﬁrﬁgﬁ éqﬁh:a%&%éﬁhbw;orﬁﬁmﬁ& chimney tray.

no pack FI exi pac Sul zer packing, a Goodrol |

The Hﬂ ?rchﬁn'nteyﬂ% aﬁBB“rﬁédéttBQ?e q{lv%t bt 'n%ifé"i‘f required,

Ravi™m ¥9y portion and a portion
but tgagcekr?éjra ¥ on%aCki'ﬁg 51598 81 ¥hikR $h¥CEhimney 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 ieast three stages from the top of the stages in
the enrichment section, more preferably a stage that is at least four
stages from the bottom of the stages in the enrichment section and at
least four stages from the top of the stages in the enrichment section, yet

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

- stages in the enrichment section and at least four stages from the top of

the stages in the enrichment section.
The continuous multi-stage distillation column A used in step (l)

preferably comprises a distillation column having trays and / or packings
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Furthernore, the term "nunber of stages no, nci, nc2,
AO501 YB878%ANee of the internals" used in the present
i nvention nmeans the nunber of trays in the 20 case of
the tray, and the theoretical nunber of stages in the
case of packi ng nci, nc2, nEl or nE2 in the case of
multi-sta

a.continuo Sti V] At
as th Jofind ﬁafﬁ?v% e &f%ﬁ Péhﬂbkgwédwms%é Btillation
packings is thus th g1 he nunber of rays: i F
columm adst in stap (10 ER efcg@%@\éQUSﬁuﬁbﬁtﬁﬂs istillation
continuous nulti-stage distillation colum A in [
columnE used Ircstep fbhhpeetarablycamppsasi @ distitlalion; eﬂiumn
al cohol are subjected to 65 A0501 VP871KAN reactive
havingj taylsl ahdanor pachasgdasnthe sntereabdn te¢ach af thghstripping
conversion, high selectivity, and high productivity

sectté‘ﬁrhr'it@tﬁétéﬂrﬁéﬁm@tﬂnséétl@nm ate type continuous
mul ti-stage distillation colum in which the internal

COfREI 8% lhgéb’r?‘a@'lf&éd P tﬁé?ﬁé%thm‘(ﬂe'ﬁﬂlcih PEBRE the part in

stages no an or a packed col umm type conti nuous
ti3S¢ 0 0 S I
e QYSUAPIE R NAHESReB AT A28, B P it mo
s prefer ur [ 0L f b e
contagichitiy dfis SIS o EXABAILE dila i el " fuBc: LeulBbiecap
hol ding in |iquid, Conse n a st state
tray, énstP\R tra 2 tigRle 1. miaﬂ%ﬂ%otrﬁasi 3 vl i %?Cfu"r‘efﬂow
undergoes gas / liquid contact with gas rising % l
tray, gretImifrapiray, ce@upeninec tray, asyaxfac treistd S nﬁow ray, a
distillation are carried out while bubbling. Liquid
grid phatei tragus furbegrichipdatendray, &y KGtted ftraysor thenlikee Examples

of the weir, and is thus fed onto the tray one stage

of thel paekihygs! $n§nﬁfeﬁr|@idbmobatdk¢ngel subki gt aofRaschigfring, a
the trays to be in a 15 range of from3 to 20 cm

Lessfrﬁ%srl 'rahP'eﬂi"'tnﬁ'%feé“Beﬂh%dcﬁﬂbdeﬁﬁeIrﬁﬂaﬂf@xoﬁadﬁh@ a Dixon
in each of The trays. In step (1), the reaction

pack@?ﬂ@,ﬁ?@{cﬂaﬁéﬂ n oF‘ él‘ﬂ-LPé’k paf stidttibé8padeings such as

I'S présen ence
Mellapak, Gempak, Techno-pack, Flexipac, a Sulzer packing, a Goodroll

packing or Glitschgrid. A multi-stage distillation column having both a
tray portion and a portion packed with packings can also be used.
Furthermore, the term “number of stages ng, Nci, Ncz, Net or Ngz2 of the
internals” used in the present invention means the number of trays in the
case of the tray, and the theoretical number of stages in the case of
packing. ngy, Ncz, Ner or Nz in the case .of a continuous multi-stage
distillation column having both a tray portion and a portidn packed with
packings is thus the sum of the number of trays and the fheoretical
number of stages.
For the continuous multi-stage distillation column A in which the

cyclic carbonate and the aliphatic monohydric alcohol are subjected to
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resi dence tinme of the liquid in each of the trays 'S
AOS01 W E8IXAN related to the reaction time. In the case

that the weir height of each of the trays bel ow 20 the
stage at which the catalyst is fed inis low, the
reaction tinme becone short, whereas in the case that

e A s ST AEHALE i rdon, i

dlstlllatlon are carrje a
seleciity, @nd h éQBrFEQé’r%C“VA*'VdCﬁUu‘??'agtﬁ'ngF Byendfd Prﬂtgt fva?
is carried out in stages in ch the catalyst is
contipuesisnmulisstagesdisdil{atjon ppluﬁ@ iewhighi t@m mtgrpg{,\,gpmprlses
than 3 cm then it beconmes difficult to attain the
traysdasd feor pagkingsihavingra numer of stagesiie asdr/ 66 a packed
A0501 VP87/ KAN hei ght is higher than 20 cm then

coluhagpet tontinliotisgmuitiidtage distitatidy -qoioducis uskedydyit a
side reactions (e.g. a reaction between the reaction

p|atepfr@@etstmé’thoﬁflfbiumﬁtﬁtmﬁhccwmé nERnBPRSLRY tray is preferable.
reases hence it becones difficult to attain

FurtI{;Br%‘oFeel i€ 5L Infedratfer f’tﬁvgéch]tcd??hhg (j‘l%ytélrfo Bedbfcf\ﬂﬂﬁﬁlcﬁlth a

tweenthetop and bottomo [ ation col um

hence it becones difficult to carry out
we'rth F16?'(i7‘§'lr'igl 'Irhr%’hg operation stably. For such reasons,

a re preferable r e for .the weir height of h. .
of Consarugatly,dn A ety siates m sach oF tHEdrRYs, ﬁwa%'qwd
cm bei ng yet 10 nore preferable. Furthernore, in

held dorhy the weinnndergert gasst auid contagbmiih gas 'E*EH‘Q up from
wei r height may be the same for all of the traty

openings priovided inrthentray esethati reastionmnd distillation are carried
preferable to use a nulti-stage distillation colum

out Whilatubblifig. Weiiquieicohtinuousipdeidoonta dgedray oMertiows from
the catalyst is present is higher than the weir

the tB® 8Nihéd We&ira8RAE iisNtHu ¢dd tdifo theCHiadyl yAb stageobelow.
present. Furthernore, it has been discovered that the

ot SopESPERSBR for I WEIrEGPXLPEBLRTT Bi¥itrdys to be in 2
range of from 3 to 20 cm. This weir height affects the residence time of
the liquid in each of the trays. In step (1), the reaction generally
proceeds in a liquid part in which the catalyst is present, and hence the
residence time of the liquid in each of the trays is directly related to the
reaction time. In the case that the weir height of each of the trays below
the stage at which the catalyst is fed in is low, the reactian'tim-_a become
short, whereas in the case that this weir height is high, the reaction time
become long. In step (I}, generally, the reaction and distillation are
carried out in stages in which the catalyst is present, and purification by
distillation is carried out in stages in which the catalyst is not present.

In step (1), if the weir height is lower than 3 cm, then it becomes

difficult to attain the desired high conversion. Moreover, if the weir
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the trays in ternms of the relationship between
A0501r3/ét’r8f7g%ﬁnce and equi pnent cost. It has al so been

di scovered that each sieve tray 20 preferably has 100
to 1000 holes / n2 in the sieve portion. A nore
preferabl e nunber of holes is from 120 to 900 holes /

neioH3p i, B5°LE, ARah L' A BB Tk

cross-sectiopal, are er | e of each. si r
by-profxss ADFUBR Sic FRATORS fpci 8.8 a0 BESWERN I reaction
preferabl e cross-sectional area per, 25 hole is ﬁﬂ
prodietdia) @ epetoqanis| B cathanalaT insteases ans BRRce it
Furthernmore, it has been discovered that it is
becopres difficait o @ttfiarhighesetectbritynosMoreRyarkKie dyessure
sieve tray has 100 to 1000 holes / n2 in the sieve
differeeidd betwareh thee top rarss bedtumoofathendistipatichot@liumni n
a range of fromO0.5 to 5 cn2. Mreover, the nunber of

mcre'é%'e%s drid Hamicdl RMSe H@Mles0qiffiau e Eherysa0e therdistillatiein
t he SI eve trays, or nmay differ. 5 The term"aperture

talﬁ din the present |nv_ent| on neans, for each
operéﬁbb he sngve trays in the continuous nulti-stage

t j I
opEhl ] FERfEhEY By Merediielabf, Pandodch e, waiReRint of
he total cr -sectional of S) il

eachaﬁ’éﬁ%#f@wew?f% FaingR HeCavisfeRPRDa R %w Bﬁts{%@vet

that for a tray having a, 10 downconer ort on
morexpeefesabife ;Fdfftth%ffnpﬁemﬂ‘ ¢he b%FHth'n'rH@u L‘f aﬁ‘i?95| ‘F'ﬁ“”a“""

occurs, i.e. excluding the downconer portion, is taken
coluras At heeaveir heightenaydye the sameptamall afrie tays, ir may

aperture ratio of each of the sieve trays in the
diffecontn mheysresdriti inveagondiittis Ifreféwableoiaunsesa irguiti-stage

preferably in a range 15 of from1.5 to 15% If the

dlstllfliﬁ’ﬁbh%cﬂufn@ﬁiuﬁ Wwhidre fse twsin Height ihhreadtion sppgestinsvhich the
becones large relative to the required production

cata%@eo er@&ﬁégﬂggﬁggﬁgﬁwg'ﬁﬁ He&Ight h8 tage shiroWhich the
catalyst is not present.

Furthermore, it has been discovered that the sieve trays each
having a sieve portion and a downcomer portion are particularly good as
the trays in terms of the relationship between performance and
equipment cost. It has also been discovered that each sieve tray
preferably has 100 to 1000 holes / m? in the sieve portion. A more
preferable number of holes is from 120 to 900 holes / m?, yet more
preferably from 150 to 800 holes / m2. Moreover, it has been d_iscm}ered
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

hote is from 0.7 to 4 cm?, yet more preferably from 0.9 to 3 cm?.

Furthermore, it has been discovered that it is particularly preferable if
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i_ncreases, and hence side reactions (e.g. a reaction
AOSOLIHSIIEAN he  reaction product diol and unreacted

cyclic carbonate) becone |iable to 20 occur. Moreover,
if the aperture ratio is greater than 15% then the
residence tinme in each of the trays decreases, and

enc e 2l C e
eacha@gﬁnﬁﬂvﬁ%ﬁ”?fgn@ér@&ﬁ%z%%"?ﬁ the é'%?%bﬁ%‘?m and the
descr.i be above  f when no is ar| r_.sach
cross-aacyna %%Psr&%?éﬁamrﬁgﬁgee°?ﬁf 23 L‘f B et
ratio is 1.7 t W th 9to 2560% i n
Moresyes, memfabeé Ofmeéplé}th@ SIP¥e iRPriian may Be the same for
for all of the trays in the 68 A0501 VP87/ KAN
all ofcthve sieridraps,tor ptagdiffiesti| | ati on colum A, or may
differ. In the present invention, it is general |y

preheridrhe “bperiaearatio usedanguethejmesehhummnhonunﬁans for
in which the aperture ratio of trays in the upper

eachP&f Eh@rs.ewecwpé ihher e8h8hubIRNMILIE -siReyd digtiliation adlumn A,
trays in the lower portion 5 thereof. The reaction

the rEh'ESEof %e??%lté@hs%? dril @%t irPthd ®a8) trbugh Wisiehogas and

i S consi ere .to equate to the average
eS| d '
liquid $r RS g thEel Ha%ses BRHHE 41 Hleb o the area of the
time varies endi
tray h&FEigaNese RARINES LSRN arFalf &'35%%%3{'%”“ 3
of stages, the anopunts of the startin rlalsfed
downGemeRP Rt RN e anreaaf bre PRELEALR vgfch BING ¢ i on
conditions, and so on. The reaction tine is generally
substantialiyreecurs, firanexcluting the dewncomeePartion, 'ﬁrta!ﬁe” as
0.5 to 15 hours, nore preferably from1l to 10 hours.
the dredlbétheacayon tenperature in step (1) varies
depending on the type of the starting materi al
conpry8dsedn fdunanthdthihd sperane eatboinif edch lnd the sieve trays

catal yst. The reaction tenperature is generally in a
in the28stiRloLIEOMUPH-dtage distillation column A is preferably in a range
of from 1.5 to 15%. If the aperture ratio is less than 1.5%, then the
apparatus becomes large relative to the required production amount, and
hence the equipment cost becomes high. Moreover, the residence time
increases, and hence side ‘react.ions (e.g. a reaction between the
reaction product diof and unreacted cyclic carbonate) become liable to
occur. Moreover, if the aperture ratio is greater than 15%, then the
residence time in each of the trays decreases, and hence the number of
stages must be increased to attain a high cenVersion, and thus the
problems described above for when ng is large arise. For such reasons,
a more preferable range for the aperture ratio is 1.7 to 8.0%, with 1.9 to

6.0% being yet more preferable.

The aperture ratio may be the same for all of the trays in the
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300 C.. It is preferable to increase the reaction
A0501tvé°r§6Mure So as to increase the reaction rate.

However, if the reaction tenperature is too 20 high,
then side reactions becone liable to occur. The
reaction tenperature is thus preferably in a range of

cont§ 8T ot 38R P A AR ok A, 2O e

the reactive distillatjon can arried out,.wth the
presqrt e st b5 s ARl P Gable i 6. BiEbiebg"C
- preferably not nore 25 than 130 C, nore preferably not .
dlsttlﬁ%drcm crlwmmm whighithgoapepaediatin pf tFays h%rtéet Wﬁﬂer portion
100 C. An excellent characteristic feature of the )
therepf dsggreatas thasdheveparture tatie of itoays énithatloaver gartion
conversion, high selectivity, and high productivity
there®®n be attai ned even with such a | ow col unn bottom
tenperature. Moreover, the reaction pressure in step

(I Thead=RTiSIEBPNElifBE tRB trAAsbYtsriftéatiba rEautidmearried out in
mat eri al conmpounds used and the conposition 5

step (1155606h ¥RRPed BPebBats 1Bt HLARBF 3G E TRsidENCE QiMB: ofTtife
ac

tron pressure nmay be any of a reduced pressure,

nor nal .pr.es Xy - ; y
reac(igh PR Y Epafinils ARBY-SFad8 SialAUgR Eollinn A, The
referably from 103 .10 107 Pa. nor ref er
reactify i eoidiBS HEPTRAINR: Opy e ferM o e Rpls I B
. internals in the stripping section of 10th<? .
distillatien mdusmand the ayenbet of |Stagesns the ameupts Rf thestarting
internals excluding the chimey tray in the )
mategial s Fealeim, tﬁectylpmaadeapumretr@billa&'tqaégblstaﬂme/feaptlon
packi ngs. Furthernore, it has been discovered that it
condit$onpaanidcsid ar.y Phef esadtienitimehis generally $nianramge of from
stripping section are trays, and the internals

0.1 t6X20 WHure, Prefsttbipdyotr OY5 ito 1Hdrours| chomn prefertabip from 1
15 are trays and / or structured packi ngs. Mboreover,

to 10 holigs. been discovered that sieve trays each having a
sieve portion and a downconer portion are

f:ﬁ'yteicl;%]%t!i%n 98Rth AathPE ik a%D (1} VS djbenifing on the type
of the starting material compounds used, and the type and amount of the
catalyst. The reaction temperature is generally in a range of from 30 tq :
300 °C. It is preferable to increase the reaction temperature so as to
increase the reaction rate. However, if the reaction temperature is too
high, then side reactions become liable to occur. The reaction
temperature is thus preferably in a range of from 40 to 250 °C, more
preferably from 50 to 200 °C, yet more preferably from 60 to 150 °C. In
step (1), the reactive distillation can be carried out with the column
bottom temperature set to not more than 150 °C, preferably not more
than 130 °C, more preferably not more than 110 °C, yet more preferably

not more than 100 °C. An excellent characteristic feature of the present
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t per formance and equi pnment cost. It has al so
A0501B§)§|\%ﬁ§{Qcovered that each sieve tray preferably has

100 to 1000 holes / n2 in the sieve 20 portion
thereof. A nore preferable nunber of holes is from 150
to 900 holes / nR2, yet nore preferably from 200 to

verlih 58 b S MG PRI PR g
can W5 PR EHEEbn L8 S B PRl e iTEeS

to 4 cn2, yet nore preferably 25 fro O.9.to€ecn2..
FUMORePKBF.cthe reagt opsiPSHWBNEFIRP { Hayatiesjdepending on
particularly preferable if each sieve tray has 100 to
the typo®fibieestarting matevial qaBopovrgts/ Kﬁﬁﬂtﬁrg dheveomposition
portion thereof, and the cross-sectional area per hole
therebetiveen, thengeactioh tempefatuce 5 aomPso Am.apdiheurgaciiono
(the ratio of the total cross-sectional area of the

pres$i¥eefdy beNany dfya Teau eldOpt s dies ndfmahpréssyde,0br an
each of the sieve trays 5 in the stripping section of

applibﬁe?%qr%l{%ﬁ% 'T%‘L?n(éﬁe???@eirmﬁgdd@bif FFo Mot YA L1 05 Pa,

pre ge from2 to 15% nore

profSBlY 6162 BB PR0 g pr¥ ey ronhEr Sl fgoma.

over, ~ ah aper the ratio o
34 B TR o iR i O bl 8 Bgton of
ine o b etbe el BTN oaasd s She Plermars

preferably in a range of from1.5 to 12%

nore

exclygisgethechimney traydntheenyishment sestioreaeg Rrefetably trays
2.5 to 10% Note that in the present invention, the

and tbr peokingay ifstthermarenit hasdreénidisnoveerd itbatitsis
counted in the nunber of stages, but as described

partisty prbfemgisetiftheriatémadisrint thie shiipping seayiotbars trays,
different to the aperture ratio for the sieve trays.

and tHe Iferhars elepubidd tie RhiatEy ey ohe enrichdient action

to the continuous multi-stage distillation colum C,

are tri§s Y Floroltrh BRI pERkings. Moreover, it has been

discovered that sieve trays each having a sieve portion and a downcomer
portion are particularly good as the trays in terms of the relationship
between performance and equipment cost. It has also been discovered
that each sieve tray preferably has 100 to 1000 holes / m? in the sieve
portion thereof. A more preferable number of holes is from 150 to 900
holes / m?, yet more preferably from 200 to 800 holes / m%.  Moreover, it
has been discovered that the cross-sectional area per hole of each sieve
tray is preferably in a range of from 0.5to 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 cm2. Furthermore, it has been discovered that it is

particularly preferable if each sieve tray has 100 to 1000 holes / m? in
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inventiqQn can be attained nore easily. In the present
A0501, VR34 n, it is particularly prefergtble for tﬁe 20
internals in both the stripping section and the
enrichnment section of the continuous nulti-stage
distillation colum E to be trays. Furthernore, it

has b [ e [, Si r i ‘e i
the s, BEF B BEPURE " dntiln, BFRF SiREhd g PEr Hor@ is in o
articul ar ood,as the trays in terns of the
fangéjé’lfaff?'@n@r#go%ewkz:n performance and equi prent cost.
It has al so been 25 discovered that each sieyve tra
prin aR@tyre saties@heoratio @f Hhedtotal ﬁﬁoﬁﬁ'sqqg’%ﬁiegéea of the
portion thereof. A nore preferable nunber of holes is -
holes iroene7tragosiag e/t the/anez0of tbe t1ay) pbleach ofighesieve trays
nore preferably from 250 to 1000 holes / nR.
in théVetgpphig sectivasobekre chstioveusdnultatstage distillation column C
cross-sectional area per hole of each sieve tray is

is pré¥e?hBhAM ¥ tahge 'GFenPR fo 960, Mdre prefeRably fum 2.5 to
pref erabl e croSs-sectional area per hole is fromO0.7

12%,%&;}{1@% pYé&erBB\E fry M B8 iy fM?i‘tbgvgr,t_Qni”a Sé‘ﬂure ratio

rmofe, it Mas been discovered that "1t i

the B8 APLISEAOSh A aCE BIOLE b3 I oriPfebtatene

cross-sectiognal, afea per_hole.is i,n a_ .r e aof. fr
to the & o0k tead b sadh Pt tharsi Ve fals ib; e eRfigkmEht
total cross-sectional area of the 10 holes in.one .
sectippgf thegentinuaus meii-stage distilgliopscelwpn g ispreferably in
sieve trays in the stripping section of the
a rangsnof ftews1 fute i12%ageots Qre?erahlnrir@ml ate 1%, yet more
preferably in a range of from3 to 25% nore
prefaraelefedrhy2 & ton18%. t dNoB2¥hatl &1 the pr eseslt dnaenyiofy, dhe
4 to 20% Moreover, an aperture ratio (the ratio of

chimhB§ frayahsesi0es-iaaeiel anpilchaent séctiba isoteanted tndhe number
tray stage 15 to the area of the tray) of each of the

of st§%§¥ebhiaé§db§cfi|ﬁ%ceﬁbb RMRAE agérLreTatlo ftﬂe}hse chimney tray

ntinuous nmul'ti-stage distillation colum E
s SR Bl borhyfeRateNor R RV e
| It has been shown that by adding the above conditions to the
continuous multi-stage distillation column C, the object of the present
invention can be attained more easily. |

In the present invention, it is particularly preferable for the
internals in both the stripping section and the enrichment section of the
continuous multi-stage distillation column E to be trays. Furthermore, it
has been discovered that sieve trays each having a sieve portion and a
downcomer portion are particularly good as the trays in terms of the
relationship between performance and equipment cost.r It has also been
discovered that each sieve tray preferably has 150 to 1200 holes / mz_ in

the sieve portion thereof. A more preferabie number of holes is from
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f ly from3.5 to 13% Note that in the present
AOE’OliRhi%g n, the chimey tray installed in the
enrichnment section is counted in the nunber 20 of
stages, but as descri bed above, the aperture ratio for
the chitmmey tray is different to the aperture ratio

200 tpg@g@jﬁbg Prif 3%3:mble 21RO 250 | %d{‘ﬁ%‘ﬂ&s/m?

contt nuous ITU

Morepygniti s rﬁ'éﬁ%%“%# sl LS sebps s Refes ﬁa{E? per hole

area of the tray 25 necessary for deter i.ng

of easbélemeetnaaftn%prefqrﬁbisp.'rwe NGRRIHTPEh 0.5 &5 oA more
total cross-sectional area including the

prefecablas csossisactionakarea persholeadsironyis 7/ Yoah cmAe yRbineore
of the tray and the cross-sectional area of the

prefeoably fiom| & tre 3pcdentFurthenmore, it hasdveéhydiscovered that
carbonat e produced through the reactive distillation

it is particifafignbiererdpleil bhchtgiavedirali haatiSDte dl200 hble$ / m?
is continuously withdrawn fromthe upper portion of

in thé @?e&@diﬁ?hdrptﬁeﬁ&ﬁe% t96 rBré%stQ@cﬁQWapﬁféé NMe®AbM is in a

act1 m xture AT together with aliphatic

rangg‘m'of%ﬂ‘[ %ql cgt&%zthat has renmai ned unreacted due to

genera elrng used in excess. Mireover, the high

Lin oi_nt i on,.m re.AB,co
Db AR B STl PR e RBbEL B gl agea of the
| ower portion of the colum uid form_ The .
holewrgw%mamgtw e theaatedof &Fsa aé'?/saé ?\%Qhﬁd t}‘ﬁes'(ﬁ"cﬁ trays
as a main conponent thereof generally contains to
in thastippinggeptionof tes; qgatmugu.spmltlcstm@oqgﬁjfllq,tlon column E
al cohol, a trace of the dial kyl carbonate, a very
is prefmlalblw‘mmtra(mgermfr frioiny 3hbe 2&% e mdwEn pﬂewmbby foeingBtS to
of unreacted 15 cyclic carbonate, a small anount

22% ( genedcid prefdrably drdimad t0. 20%.by Moveiogietr) aof aperture ratio
by- products having a | ower boiling point than the diol

(the fé‘tlo?c@'{rl@’(d@!fﬁﬁ% -S&6tidonapafed éSf”EHé hof@¢!Mh one tray stage

(genera not nmore than 1 % by weight) of

to thgyar%ra?m"%é 12y} 29 eadl B72hePHieVieNGaRel iRl tHd'@RridHinent
section of the continuous multi-stage distillation column E is preferably in
a range of from 2 to 20%, more preferably from 3 to 15%, yet more |
preferably from 3.5 to 13%. Note that in the present invention, the
chimney tray installed in the enrichment section is counted in the number
of stages, but as described above, the aperture ratio for the chimney tray
is different to the aperture ratio for the sieve trays.

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

~ continuous multi-stage distillation column E, the object of the present

invention can be attained more easily. Note that the area of the tray

necessary for determinihg the aperture ratio in the present invention

_refers to a total cross-sectional area including the cross-sectional area of
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a_dial kyl ene glycol) including catalyst. 20 In the
AOG0L YFSEKAN) -~ material having a I ower boiling point than

that of the diol (the aliphatic nonohydric al cohol, a

trace of the dialkyl carbonate and by-produced CQ2,

| ow boiling point by-products) and a small amount of

the di.pl .n.t j i LRgsiRAL i aHiHKe AB
the nbliof 1Py 91y T Bess 6 BRel sreeret ¥ opicHiHg'
distillation colum C are 25 thus continuously
wi t hdrawn as the columm top conponent CT and | or the
side cut conponent Cs, while the diol containi ncgqéhﬁ h
cdnathgs present inventippoihe/chialkyieanbanatgpipucid figpug
boi | i ng point by-products is continuously w thdrawn
the reactive distillatiomoirt the comjtnerys opuiti-stage distifation column A
invention, the concentration of the diol in the
is contihuoushp it eawm dnemt tHEB uipp egepertidh of thet cokgvntinaa
95 % by wei ght, preferably not |ess than 97 % by

gase¥B5%Brm as'®iectdw YANAB! poitrtirdeiion MeiRtG Mritpgether with
wei ght. Moreover, in the process of the present

aliph{aﬁéﬁrﬂéi_ng{h%@ilé’ %rlé’cﬁg;i{r’b?t RIBYRMAGRIE LRrb Y cisd il fo

wel gh unreacted cyclic carbonate

oonel gl ifaL e ST LUBE M et o

present in.a large amoypnt in the 10.conti )

reactigf M bAHig A EDER MR dHecpiabed Hi67 i saititupusty

. dialkylene glycol, and hence it is easy Lo e the

w&thcaﬁmmi{rw ther laweegostien of tlt%%%ﬁtf‘e'fb@eé%{wmm- The
substantially zero; in the present invention, the

high boliling pwint seactiopordxturerAs dravingotha WiehasishB@ M hus
general ly has substantially no unreacted cyclic .

compovdnntierddfegenarallp chotainshad, tagdheYaby yweightrofaresidual
obj ective of obtaining an wultra-high-purity diol

aliph2®¢ rdriolydiibellcoRelcadracaioditheoliziRy hbdebydate waivery
may be contained in the diol in trace anmount, or an

smalfah Gafit ggéHHFéﬂ rfitohofaUhas 8. NiegbyAeight) of unreacted
transmssTvity, 1t is also preferable

cyclic carbonate, a small amount (generally not more than 0.4 % by

weight) of by-products having a lower boiling point than the diol (a

2-alkoxyethanol etc.), and a small amount (generally not more than 1 %

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

~ a dialkylene glycol) inciuding catalyst.

In the step (I1), material having a lower boiling point than that of
the diol (the aliphatic monohydric alcohol, a trace o'f the dialkyl
carbonate and by-produced CO,, low boiling point by~broducts) and a.
small amount of the diol in the high boiiing point reaction mixture Ag
continuously fed into the continuous multi-stage distillation column C are
thus continuously withdrawn as the column top component Cr and / or

the side cut component Cs, while the diol containing the catalyst and a
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f okga smal | anmount of water into the | ower portion
AO‘F’OI&%SFﬁgA onti nuous 20 nulti-stage distillation colum C

in accordance with the process described in Patent
Docunent 9 (Japanese Patent Application Laid-COpen No.
2002- 308804) or Patent Docunent 10 (Japanese Patent

sman 5 14 i B Y BBy o gy ripgrawr

25 distill on colunn sed |n ste
as thagA kMG PreompaRat e Iyt Hgtéét‘ft"?‘ﬁé*m" e
distillation cglum and the n er of stages Hb
concegpationaf Absoittﬂ/nsthmw&mag%&%%ﬁ FRARE e gpnerall
the high boiling point reaction mxture
not lassetipan iy %y weightl preefqmabadnotntasgdhan 97rhé Iamwht
bottom tenperature is generally preferably a

moresprefetably hotpessaithan 98 % bymgzigbt. from 150 to 250
C. A nore preferable columm bottomtenperature 5 range

I SMUreHvé?Out the PPoCesyedf (g preseheimpéntibnom 18y small
C. The columm bottom pressure varies dependi ng on

amo Lir@n(pdg’rg%’%ﬁy h8P phérd Hean @y b?nﬁeidlﬂ)ctﬁ' YAFe d&teldPByclic

used, but 1s generally in & range of from

000 . r
carb QR 1 iKY I atttyﬂtc?%%rtﬁt%&%@@%888%&5&55“8“9 C can
Mor.eqgver,, lhe flux atlo e_c
be reRteR- Gith AL ML*yP o B PE SF5nt e Bgp #'@‘”@tﬂ‘y“i the,
range of fromO.3 t eferabl from 5t
contip oy Mficsias disiblgion i ploduRe 3 figikifene
i nvention, the content of the d|oI |n the columm top
glycalpmpshbenceritfis @ashto ceakerdhieuamaunt ok upgeacted cyclic
distillation colum Cis 15 generally not nore than
carbdfate prespnesabsbantialy zere inhthe poeppnt inkention, the
preferably not nore than 10 ppm yet nore preferably
columpt bottben dompdnenp B tontimidusty etitaimed thusngeneralty has

even possible to make the content of

substantially no unreacted cyclic carbonate therein.

Note that, generally, with an objective of obtaining an
ultra-high-purity diol having a further reduced content of an aldehyde
which may be contained in the diol in trace amount, or an
uItra-high-putity diol having a high UV transmissivity, it is also preferable
to feed a smail amount of water into the lower portion of the continuous
multi-stage distillation t:olu-mn C in accordance with the process
described in Patent Document 9 (Japanese Patent Application Laid-Open
No. 2002-308804) or Patent Document 10 (Japahese Patent Application
Laid-Open No. 2004-131394).

The distillation conditions for the continuous multi-stage

distillation column C used in step (ll) vary depending on the form of the

internals in the distillation column and the number of stages, the typé,
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Lol in the colum top conponent Cr be zero. The
A0501§’B%8ﬂ{‘§%‘ conponent Cs fromthe continuous nulti-stage

20 distillation colum C generally conprises the
al i phati c nonohydric al cohol, by-products having a
| ower boiling point than that of the diol

comHATHE BRI T AT ARG o o
o, b She Gk et RSN e BurtB o

4% 25 preferably not nore than 3% re preferabl
tempgeatursris 9enarady pseferablya @R%ﬁl?#ﬁgﬂaﬁgmt%d&g gange of
m xture AB fed into the continuous nulti-stage 75
from AGSDto 28077 BAN A anere Ipraferablestalmmic bolte@otamperature
. the present invention, the content of the diol in the
rangeiisiéramt 1 £0po2e0t° Csyehmaenprefdrabdadiom 180tad2105C.
be not nore than 0.5% preferably not nore than 0.4%

The dBLMRBHtESMOPYe SNiredWaficlshd8pbndirdorrthé R mpokitied in the
into the continuous nulti-stage distillation colum C

colurﬁuﬁléﬁ‘@ tﬁ@'%ﬁi&nﬂ??ﬂ&%ﬁﬁ&ﬁﬁ%ﬁét&% hsed b!nﬁliscgéﬁ@muﬁm a

ti-stag Istillation colum C, the diol can be

rana§ Y1 B SOPRY A PRI FRA 4R 0009 to 0000 P,

9 pre mor'e t

moref O 1Y TP TE e 72" " o

di al kyl ene gl ycol) and, a_smal|l ampunt of cafal yst et
coMssRever. e raflyx Biafoeihe Saninuns MuGstage distillation
conponent CB is generally not |ess than 99.5%

colupnef dsapreferably ux @ range 94.7604n Aol &0 Hrapspdpeferably from
| ess than 99.7% of the diol fed into the continuous

0.5 toB,t yestrage preferably fromddButm2C. It is a
characteristic feature of the 15 present invention

t hi thdgréiseint danehtiodh ttaiencon e rithof thed diohirgbhe column top
recovery. Note that, generally, with an objective of

comp?cglﬁjﬁﬂgg gfggfhe éltﬂégc%cﬂ‘ghmlgﬁggﬁ?gg}’—s%gé diaYillegioh tofumer C is
generally not more than 100 ppm, preferably not more than 50 ppm, more
preferably not more than 10 ppm, yet more preferably not more than 5
ppm. In the present invention, it is even possible to make the content of
the diol in the column top component Ct be zero.

The side cut component Cs from the continuous muiti-stage
distiilation column C generally comprises the aliphatic monohydric
alcohol, by-products having a lower boiling point than that of the diol
(2-alkoxyethanol etc.), the diol, and a small amount of impurities having
a higher boiling point than that of the diol (e.g., dialkylene glycol). The
amount of the side cut component Cs is generally not more than 4%,

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

high boiling point reaction mixture Ag fed into the continuous muiti-stage
75 |
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may be contained in the diol in trace amount, or
A0501¥H°37{¥I4Na hi gh-purity diol having a high W

transmssivity, it is also preferable 20 to feed a
smal | anmount of water into the |ower portion of the
continuous nulti-stage distillation colum E and / or

continuoys nulti-stage distillation colum Cin
dmt'”éi'@& th‘b@ V\#th the process described in Patent

Docunent 9 (Japanese Patent licati
2ddorepwen4p the Prasent 'm@&ﬁt the QOJQ Qﬁég *%aa@b in the
Application Laid-Qpen No. 25 2004-131394)
side cukcompanent Esncaniganeraly easilyde m%@ast%'aﬁtnofsﬂlég’é than
76 A0501 VPB71KAN vy distillation columm E used in the
0.5%sbeefdriadly natr modepdyaci 0gd %y mbee froeferdblyt met more than
internals in the distillation colum and the nunber of

0.3%SbRaRs, didiFedyipto theosdatihubas mudtisstaget distiltateon column C.
col um bottom conponent CB fed in, the purity of the

di QL thBAAH ILAEM W’Hﬁ’oﬁpcéﬁ't Jﬁlﬁ'\l‘?e'auﬂmn'bﬂﬁé%ntmuous

terrperature 5 is generall y preferably a specified

multltset GL#II%}E) u%ﬂ&l@ﬁ'ﬁfd’f thie” 8181%c4h b cgﬁgngou%IWtﬂamed

era nperature range is f
: 120 to 190 f I 7 o
contarﬂm?a%wmaﬁyo%‘ﬁf; mrecu f’ea?’fég%iﬁ‘é ?Iﬂﬂn'&%é : Qﬁ'?‘ 1.5%,
t th I I
more; SiRer8 bl Bobdubr 4ien e HiSpusifpolied Rt Riapg poiting
10 8000 to 40000 Pa, preferabl y from 10000 to 33000

pointrthamthe diek{embidjaliviens olyon!) and msmah ampHed afcatalyst
the reflux ratio for the continuous nulti-stage .

compbrst.| aThendiod aibhiaingd ias thefcelaminy bbtiom reargposent Ce is
from6 to 50, nore preferably from8 to 45, yet nore

genebaRy etatbles sf tham 9@, 5% ,3Prefébably hbt lessthan 99.\6%1 inore
a colum top conmponent ET fromthe continuous

prefdg#'gmrﬁ%qg@soi'h%td bbat %o iclel aTo et iAtol 965 contimidus
multi-stage distillation column C. Itis a charactenstlc feature of the
present invention that the diol can be obtained with such a high recovery.

Note that, generally, with an objective of obtaining an
ultra-high-purity diol having a further reduced content of an aldehyde
which may be contained in the diol in trace amount, or an
ultra-high-purity diol having a high UV transmissivity, it is also preferable
to feed a small amount of water into the lower portion of the continuocus
multi-stage distillation column E and / or the continuous multi-stage
distillation column C in accordance with the process described in Patent
Document 9 (Japanese Patent Application Laid-Open No. 2002-308804)
or Patent Document 10 (Japanese Patent Applicatio'n Laid-Open No.

2004-131394).

The distillation conditions for the continuous multi-stage
' 76
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e diql (generally not nore than 10 % by wei ght of
A0501W§7W fed in); yrmreover in the caseyt hat gvvater i's
fed into the continuous rrulti-stage distillation
colum E, alnost all of the water fed in is w thdrawn

in the 20 colum top conponent ET. The columm top

s SRR s SSTEIGNor L ) BBRG anne g o

the ingaale 1 bio bafion hal °“ﬁ@”m”ﬁh BiRAhS ha“ “the type,

: and thus recovered as hi purity diol Mor eoyer

compesitiom ansd esmedohpedibatc Bn‘ﬂfr\ &ﬁt{‘h@ éamnqﬂmfscﬁed in, the
mul ti-stage distillation colum E conprises high

puritybof ktheglipbirequinedyranid stsonandT batcalysin dbotisondemperature
containing a small anount of the diol. 77 A0501

is geNVEBAhKpheidrabiy & specified cempevarttréinfa oangeeof from 110 to
continuous multi-stage distillation colum E

210 °@eneh%'o¥e Br&Bfe emuhﬂSﬁoitBﬁn t8ffpertaierange isHfrom
' ess than 99.9% nore preferably not | ess than 99. 99%

f
120 184 %Qf'lcdn'“w{]ﬁf&i?oé{ef%'rgb ﬂ%@%;l:g% {3”1 hecor eypet column

ent cut conponent Es

dial
ottt FREL VA 4F A 158 s B R Sl anc
the cRfana; belig ThdemRR 8T vfnﬁgﬁasgr@be)etfa{%aas%sr{%w e 88hge of from
preferably not nore than 0.01 % ‘Mor eover
8000{ta 400gBeber EpEor@RILdr oEni BP0 K 3H0RkLRE IMoEh Praferably

the reaction is carried 10 out using starting

from RA0E0 & L7000 Faat al yst not contai ni ng a hal ogen, and
hence the produced diol can be made to not contain a
hallogeovert, #ie reflox dato foretencontirmamiomuldi-diage distiliation
havi ng a hal ogen content of not nore than 0.1 ppm

colurBh & §§ G}iﬂeifef%iynﬁfé ﬁa'h@i;e &f Pdm &ab Shumdre pestiergbly from 8
produced. That e present i nvention, a

hi t 18 fooagontent of inpurities
to 45 lﬂHFéﬁreﬁg?é%lgﬁ('Ib% po?ozt than that of the diol

In the present invention, a column top component Et from the
continuous multi-stage distitiation column E comprises a small amount of
the diol (generally not more than 10 % by weight of the diol fed in);
moreover, in thé case that water is fed into the continuous muiti-stage
distillation column E, almost all of the water fed in is withdrawn in the
column top component Ex. The column top component Er is generally
recycled into the continuous multi-stage distillation column C, and then
fed back into the continuous muiti-stage distillation column E as some of
the column bottom component Cg, and thus recovered as high-purity diol.
Moreover, a column bottom component Eg from the continuous
multi-stage distillation column E comprises high boiling point by-products

and catalyst component containing a small amount of the diol.
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ch as a dial kyl ene glycol of not nore than 200 ppm
A0501§#@7Q3§%h ogen content of not nore 0.1 ppm can be

easily produced, preferably a high-purity diol having
a content of inpurities having a higher boiling point
than that of the diol such as a dial kyl ene glycol of

n .a _than p t
m“‘f@g"é@sb% st ot A FHIL A8 Ll Slads
e_reaction yield and rifi i on
distil m c&ﬁ"émﬁsgﬁpsha"aé fﬂBHéést'P]%‘t Fﬁsgéﬁﬂm diPspferably
be produced wth g el d of genera % not
not |¢~°e%§h@ﬁa919 Sy Mprer Bf%ﬁﬂfﬁb Y)tnqte'§§5t 888
preferably not |ess than 99% based on the cyclic
high-parityndicd. udduat isThe thet presantciswventian. g eqokent in e side
continuous nulti-stage 78 A0501 VP871KAN distillation
cut coaipomeniE soRimpEridieed (dimtkylens ghadl étovehaivimg isshigher
generally -a metallic material such as carbon steel or

boulu‘&j piothessas ttAat of ltRet @idTcaN gefigallyadasiyy e ifude to be not
I al kyl carbonate and diol to be produced, stainless

moreSiH 11 % gg%@f | n O?@ﬁﬂgpﬁ&smd:r@ {Ham 091 i 9% I§‘¥'Wé|%ht

detail ed SCr I present 1 nvention hr ough

e I£S6,
moreSFATRCEE . WBHSH8fs, B, G590y, BEFORL7IM g, m =

t ent nmeasur ed, us

Pf”%ﬁ&"ﬁ%ﬁ%éPQHﬂ?"‘@iﬁﬁ 8ras St vty f'i%@ﬁectm" is carried

mul ti-stage distillation colu msA a continuou
out mee.stgf%\ga matefialsaengna cAta taréofsﬁemﬁwn@uaahaiogen and

having Lo = 33000 cm 15 Do = 300 cm Lo / Do = no
hence $® producadgdiol zam bannags to med &orlt@lmhamen Bieall. In
_ trays in the distillation colum were sieve trays,
the presknbdmivagtion, a diol having a halogen content of not more than
0.1 ppm, preferably not more than 1 ppb, can thus be easily produced.

That is, in the present invention, a high-purity diol having a
content of impurities having a higher boiling point than that of the diol
such as a dialkylene glycol of not more than 200 ppm, and a halogen
content of not more 0.1 ppm can be easily produced, preferably a
high-purity dio! having a content of impurities having a higher boiling
point than that of the diol such as a dialkylene glycol of not more than
100 ppm, and a halogen content of not more 1 ppb can be easily
produced.
In the present invention, the reaction yield and the purification

yield are thus high, and hence the high-purity diol can be produced with
a high yield of generally not less than 97%, preferably not less than 98%,

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

The material constituting each of the continuocus multi-stage
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I -sectional area per hole in the sieve portion
AO&HSH%V of approximately 1.3 cn2 and a nunber of
hol es of approximately 180 to 320/ nR2. The weir height
of each of the trays in stages above a stage 20 where
the cyclic carbonate was fed in (the 55th stage from

dlstlﬂtagﬁbrfgéilz%ﬁ A aggg‘fﬂi @é‘&dﬁﬂ%@%f §@ﬁ @ﬁ‘??tqgnerally

and” bel ow age
a me%@ptma@ﬁ% 3§%Efa“’€}és%an siaeh g §§a'm”sb%% &1 it P of
t he contjnuous nul ti

the quraéltty |qfath|eoﬁladbvhﬁﬁr@nat%@m AiRjue bwrmﬂsttqefgt%ﬂg?én'ess

distillation colum as shown in FIG 2 having Lci =
steelisqurefarabldcl = 110 cm Lcl / Dect = 10, nc, = 10, Lc2
= 3000 cm Dc2 = 110 cm Lc2 79 AO0501 VP87/KAN r /
Dc2 = 27.3, and nc2 = 60 was used. The inside dianeter
(Dc3) was increased to 200 cm over approxi mately 500
EXAMPLIEOM t he bottom of the colum, and in this portion
there were installed 8 stages of baffle trays K

haﬁbﬂﬁw‘i‘qgQ%%Fe B%"téil@ﬂac?éf’éljcrfﬁﬁo%fcfhé‘ ‘ﬁSSént invention

(her ght was the 5 b was devi sed such

o SR, LW S e B ngh 1B 1o e
Y R e e e

this stage. Moreover, in the enrichnent section,
ion CDﬁ‘BG\atBSF?PBH was packed with Mellapak with a
t heoretical nunmber of 10 stages of 52, one chi mey
tray stage was installed bel ow the Ml |l apak, and 8
stages of trays were provided bel ow the chi nmey tray.
Examplet his exanple, sieve trays were used as internals
in the stripping section, and sieve trays were used

asAkhtd camnsinuaushdgtics iy gistieationrcollihas, sicevtinuous
trays had a cross-sectional area per hole of

RO R RANoR FIGHR) SZahout TG BPha0IEFeS 08300 o,
Do=300cm, Lo/ Do =11, ng =60, Dg/ do1 = 7.5, and Dy f dg2 = 12 was
used. The trays in the distillation column were sieve tray-s, each having
a cross-sectional area per hole in the sieve portion thereof of
approximately 1.3 cm? and a number of holes of approximately 180_ to
320/m*. The weir height of each of the trays in stages above a stage
where the cyclic carbonate was fed in (the 55" stage from the bottom)
was 5 cm, and the weir height of each of the trays in stages at and below
the stage where the cyclic carbonate was fed in was 6 cm. Moreover,
the aperture ratio of each of the trays was in a range of from 2.1 to 4.2%.
As the continuous multi-stage distiliation column C, a continuous

multi-stage distiliation column as shown in FIG. 2 having L¢ct = 1100 cm,

D¢y = 110 cm, Leci1 / Deq = 10, netr = 10, Le2 = 3000 cm, Dec2 = 110 cm, Leo
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was approximately 250 to 300 / n2, and the aperture
AO501,VRE7, sinarange of from3 to 4% Moreover, in
the enrichnent section, the nunber of holes in each
of the sieve trays was approximately 150 to 300 / n2,
and the aperture ratio was in a range of from2.8 to

Do 3 AT LRkl 0l o RO LD wes

. cn2 and_he = 25 cm and the ape re ratio bei.ng.in a

increaggget, 200 o eyt @m%'mﬁéeghéhﬁmtffsw 28 bpttom of the
downconer portion, the weir height being 10 cm '

columnr eéngein this pedienibereoverennsiallech§estanas of bafila trays K
colum E, a 25 continuous nulti-stage distillation

havirmy kudowasccshemvp artioRl EndFonavhioh aBteir=(fssHght M0 Dm) was the
160 cm LEI / DEl = 5.3, nEl = 8, Lee = 1000 cm DE2 =

baffl80 AORRE NBGHed \Nu2POtivat sdime liqhiR wa S coathudtisly withdrawn
and having one chimmey tray stage installed at the

from Y [bwbAPRriioA b h‘?etﬁbé’lfmbﬁﬁs?ﬁfﬁé ST RR bafté ithdys K, the

stages 'was used. In this exanple, sieve trays

witht%r $it Btﬂélﬁﬁ! géégf%%ar}%'b%ﬂ:er AR B aba! Badk ?’ntosan

Wer e use e stripplng section and the

enrichmen ection as |.nter. L.udi -
uppeE AT B 457 blidne MbFapthdhabd, EfcHMEf SiBuon, n
hol es. in each of the,sieve trays .was ,.apprqxi nat el
uppesRATPE RS PAEkeshwith Mallarak with 2 nPqatigal nimbeg of
of from4 to 5% Mreover, in the enrichnment section,
stages®f hidbenedthinmey tray, stags wasinstalieq balew thedellapak,
approximately 300 to 450 / n2, and the 10 aperture ]
and 8attagesasf tnays wangepraividedaiom thecchimnentiaey tn Hyis
had twelve chi meys therein, each of the chi meys

exanhole, 'KleBE trayemwe exiuseicchy iDOOrmalt ianthehBtrippha sectiod, and
the aperture ratio being in a range of from15 to

siev@Pays RoreN§88Yad taY thags andpensamehnisxit sebtiont heThese
wei r’ height being 40 cm 15 A starting nateri al

siev& WU AaPa’ird%seh8ch8hapRrbs p&ChofdGf approximately 1.3 cm?.
In the stripping section, tlhe 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 eéch of the sieve trays was approximatety 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 the continuous multi-stage distillation column E, a

continuous multi-stage distillation column as shown in FIG. 3 having Lg+

= 850 cm, DE1 = 160 cm, LE1 { Dgy = 5.3, Ngqr = _8, ng = 1000 cm, Dgz =
80
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_ met hanal (MeOH) (nolar ratio MeOH / EC = 8.4) and a
A0501 ¥EBAKAN (KOH in  ethyl ene glycol subjected to thermal
dehydration treatnment; K concentration 0.1 % by

wei ght based on EC) was continuously fed into a
continuous multi-stage distillation colum A and

200 cFSELL 1) 25 BAURL ¥R Bn0 HENEH, SH8 HGI6P Yy stace
ota 8 4 LB o e TR YR AR A ey fages

bottom tenperature of 98 C, a col um toP ressure of -
was ugad.oxindhis gxample, mievedrayndcroseragstional areaper hole =
0.42. 25 The ethyl ene carbonate conversion was 100%
approxithdtedy dt Bydrefpwegeyesed 3ol keth the siiipping sextiomand the
col umm bottom conponent AB, which 81 A0501 VP87/KAN
enricBAEriti ection Us tiha intdrnals ewtlbditog the. ciiimnewy trayr bi the
di met hyl carbonate, 0.009 ton / hr of

strippﬁngﬁié‘@%’ﬁ,t ReelumBet &7 hidtes iMheach 6f the eileveltyepd was
an 0.019 ton / hr of diethylene glycol and catal yst

t &4[0) [+ of i '
appr%ﬁﬁ?ﬂé@? 30095 ?’tﬂ)r% NugHd true ﬁﬁeftfdr@ r%th’Wdé‘lwaSrange of

age dis ation colum C from5 an inlet 1 as
sh in E . Thi SNl et ' all
from 2 8"S2h 2, Motedhar Thnenafiriphnl6ilt 532L8p, dHe iR, of hotes
i of t continyous multi-stage disti [ col
in eagh; dlothg iRyl s WaS approR Aty 400 3p) 4R Tyl B tne
conponent ET_(0.137 ton / hr _of yl ene col ., 0.019
apertugg ratiqwas i eange rqirﬁrt)ﬂb?’cf&qﬁ%uoﬁg‘%gwmngyaﬁey ad
distillation colum E was 10 continuously fed into the
twelveonhimoeys therein,seagh ofi the chimpeyschaving 8evFa a
reboiler at the bottom of the continuous nmulti-stage
approxishale!gt300 cpef amad he.= SBecoorardtibesapedture yatigebeing in a
distillation colum C was operated continuously with
rang@ dToirBif 180td Q0% endigichimnely erayr sl rmdewn@OM et portion,

15 a columm top pressure of approximately 11000 Pa,

the vA&iY Height loBing3d 6 &ef |

A starting material containing ethylene carbonate (EC) and
methanol (MeOH) (molar ratio MeOH / EC = 8.4) and a catalyst (KOH in
ethylene glycol subjected to thermal dehydration treatment; K
concentration 0.1 % by weight based on EC) was continuously fed into a
continuous multi-stage distillation column A, and reactive distillation was
carried out, whereby 3.205 ton / hr of a column bottom component Ag
was continuously withdrawn. Reactive distillation was carried out
continuously under conditions of a column bottom temperature of 98 °C,
a column top pressure of approximately 1.118x10° Pa, and a reflux ratio
of 0.42.

The ethylene carbonate conversion was 100%, and the ethylene

glycol selectivity was 99.8%. The column bottom component Ag, which
81
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Mor eover, the colum bottomliquid | evel was kept
A0501lya88ﬁf4ﬂe | ower nost one of the trays K. A col um top

conmponent CT containing 0.968 ton / hr of nethanol,
0.001 ton / hr of dimethyl carbonate, and 0.019 ton /
hr of water, a side 20 cut conponent Cs cont ai ni ng

coma B S8t Tt APl o008 PRy bty cerbonate
ocod C‘%Lmnar%hmegshsgn@haa@f SPYTS ﬁ&w G T ol ano

i et hyl ene gl ycol, catalyst conponent and hi
0.015i0mi/ly Oheh oA PnE GE! AN Fatadnt ATIRENE NN WA aun

fromthe continuous 25 multi-stage distillation columm
contifuolisty feddate racootinobust myltirstage, distitiationcadgmmé from
bottom 82 A0501 VP87/ KAN conponent CB was 99.1 % by

an inV&ti ghds shomapire RGO B.82Thid inlled tweas émstaligd/beltwked the
into the continuous nulti-stage distillation colum C

trays"i’ﬂsthé qoYvahed1 5 dtBgesofroi thett sttd APBPenedortiihuous
339 Ton / hr of the colum bottom conponent CB was 5

mult:d&%yelnp?é{ﬁ'lé(tuéﬁ%dluhgw e A%n&éff wStHTel O, 1556&% / hr of a

ation colum froman in et 1 i nstal
t,ween the n f 0 f
colurﬁﬁ to coh': rgé%ﬁTd(qiﬁggstto?rg ?\r fg%‘ﬂl r}gsg% %IQ%@I Qofé“i’onl
concentrat i of .not nore 10
hr of whatara At iR otiaB s F%‘Q HE0h483R, 'L‘@%C‘% was
reboiler 7 froman inlet 5 in the bottg ?L'% i .
contipsiowaty fednéertheneRENHaKsi Maldgiagesdisti tish oMM C via
E was operated continuously with a colum bottom
a rehwdtgreahithe dadtomppt the mandinuaus roylti-stage whatibatiogneotumn
pressure of approximately 14600 Pa, and a reflux ratio
C. -of 11. It was possible to attain stable steady state
operation after 24 15 hours. A columm top conponent ET
COoThieng@rEhyowst M Bvdtabeodistiikatiom column C was operated
continuously with a column bottom temperature of approximately 200 °C,
a column top pressure of approximately 11000 Pa, and a refiux ratio of
0.9. Moreover, the column bottom liquid level was kept below the
lowermost one of the trays K.
A column top component Ct containing 0.968 ton / hr of methanol,
0.001 ton / hr of dimethyl carbonate, and 0.019 ton / hr of water, a side
cut component Cs containing 0.022 ton / hr of methanol, 0.0093 ton / hr
of 2-methoxyethanol, and 0.003 ton / hr of ethylene glycol, and a column
bottom component Cg containing 2.32 ton / hr of ethylene glycol, and
0.019 ton / hr of diethylene glycol, catalyst component and high boiling
point by-products were continuously withdrawn from the continuous

multi-stage distillation column C.

The concentration of ethylene glycol in the column bottom
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2 of[@gg continuous nmulti-stage distillation colum E
A0501 P&/ ton / hr contained 0.136 ton / hr of

et hyl ene glycol and 0.019 ton / hr of water. This
colum top conponent ET was recycled back into the
continuous nulti-stage distillation colum C. A

b Ao A T
vl 58 AR GERUNTRLE Atk TR 6T ode

di et hyl ene gl P/col catal yst co nt and high
recovgser a§ thei ¢e freftaey gompen utr EtBy of ethylene

glycol in a side cut conponent Es conti nuously

wi2.B@&Sailinnat he of dheteniumnbatiom aomRrRNeN GatWasof

the continuous nulti-stage distillation colum E was
continabubbs $edtinto 188.AANinubes anoltérstage distillabion cofumn E

point inpurities such as 83 A0501 VP87/KAN di et hyl ene

from @nVifbt Bejiyaned vorweéhanels " namd Hhdtages fadmgtie bottom
cont ent bel ng outside the detection limt, i.e. not

of th%‘&ro‘?ld i ﬁ PY- To HE h'?'tﬂ‘hwﬁ't'éf hléﬁﬁ@ﬁrgﬁﬁygbhcébnﬁbﬁlr@tion

e et hy ene carbonate was

o ot A3 08 B Sonm -
distill5Hi cotgmn, §{a§ﬁerae3qd%,g:q§rf93é$%éﬁ;' sRRIMEE B8 stom of the

2.162 ton, 2.162 ton, 162 t and 2. F to
columanc e hegantineausdsitiejage et fakimp BiwaRpperated

et hyl ene glycol was not 10 |ess than 99.99% in each .
contiousaislyiwith i columgehotiom samprratdre Sf @ppiaximately 149 °C,

detection limt, i.e. not nore than 1 ppb. Moreover, ]
a coluhen aiaibdmydpresmnteenf appasxiradtalyi hgaﬂﬁePaeam@Uadfeflux ratio

Pat ent Docunent 15 (Japanese Patent Application
of 11Lai d- OQpen No. 2003-342209) was not nore than 0.2 ppm

and the UV transmttance at 220 nmwas 90% 15

It was possible to attain stable steady state operation after 24

hours. A column top component Er continuously withdrawn from the top
2 of the continuous multi-stage distillation column E at 0.155 ton / hr
contained 0.136 ton / hr of ethylene glycol and 0.019 ton / hr of water.
This column top component Ey was recycled back into the continuous
multi-stage distillation column C. A column bottom component Eg
continuously withdrawn from the bottom 3 of the continuous multi-stage
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 giycol in a side
cut component Es continuously withdrawn at 2.164 ton / hr from a side

cut 4 of the continuous multi-stage distillation column E was not less

than 99.99%, the content of high beoiling point impurities such as
83
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Exa 2: H gh-purity ethylene glycol was produced
A0501 yhgy Ltﬁﬂe sane continuous nulti -s%/age di st !OI [ ation
colum A, continuous nulti-stage distillation columm
C and continuous nulti-stage distillation colum E as
20 in Exanple 1 and a sim/lar process. A starting

: ial | i I 1 a /
ciotnf[R¥ oI OB neP Y68, O g7 oA o fid e content
. catal.yst, (KOH in. ethylene glycaol sufjecte o thermal
beingBifxitia: it SeteSlinBri i & e EMaR A 9°5ebS by
wei ght based on EC). was conti nu ly fed into 2
coh® MighsPuity eiRylafne @iveol Yild hidsed @mihe Fhirene
reactive distillation was carried out, whereby
carbanatet was 88/8%nat e and et hyl ene gl ycol were 84 A0501
VP87/ KAN produced with simlar reaction results to in
Exdarglbeged eontihuousbopeoaiionosps marriekBoudinder these
et hyl ene glycol as a main conponent thereof being
conditdHd . NUAEE ry5 QO Rk @R 0 0 dhcliisy 0 0® hows| SOCY Abure, and
was 93 C, the colum top pressure was approxi mately

t : -hdde
B000 P AR Fiodeed Sifiolils e FEMeRE dlFeelpeRndmewere
I Ag At i L~S ies3 kb L atian
2162 3pI02" 162,387, 2882 454 1B toncaRry e ton Zohahance
col um_bottom c onent . j [ s| '
opergfioH At Ay cHERE cotte muisity G, e 4ER,GaTE Gl Was not
distillation colym C at 2,472 tqon / hr, contained . .
less than§9.85% ineash sase: i the faeaen shntanloWas; eutside the
hr of diethylene glycol, catalyst conponent and hidqh
detegtipnilinitpbentnalymeredhars1 apR. cMMeeseyar ithe akdehyde
et hyl ene glycol in the colum bottom conponent CB was
conte&rst meddsyredwesigtg thatmethvad of RastoDochenenh)bed@panese
glycol fed into the continuous nulti-stage
Patedt Apipliicziticm Leddudpefs Mos 200334220 Fswhlsenobmone than 0.2
bottom 15 conponent CB.

ppm, and the UV transmittance at 220 nm was 90%.

Example 2:

High-purity ethylene glycol was produced using the same
continuous multi-stage distillation column A, continuous multi-stage
distillation column C and continuous multi-stage distillation column E as
in Example 1 and a similar process. |

A starting material containing ethylene carSonate (3.565 ton / hr)
and methanol (molar ratio MeQOH / EC = 8) and a catalyst (KOH in
ethylene glycol subjected to thermal dehydration treatment; K |
concentration 0.1 % by weight based on EC) was continuousiy fed into a
continuous multi-stage distillation column A, and reactive distillation was

carried out, whereby dimethyl carbonate and ethylene glycol were
84 '
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.prodLPé’e 'inﬂﬂlr’%'iﬁ)il

Ign / hr of the colum bottom conponent CB
AD"’Olsg%t;ﬁMusl y wthdrawn fromthe continuous

mul ti-stage distillation colum C (2.439 ton / hr of
et hyl ene glycol, and 0.033 ton / hr of diethyl ene
gl ycol, catalyst conponent and hi gh boiling point

agrthHﬁ ?glg ftgytozigm f’:'?gn‘i tE golumn bottom

age |IIat|onc rom-t

Fl 022 _Ton / .
compﬁmmﬁ#wgeﬂ'ﬁa&mrﬂq‘m 35 8300 Bl ot being
mwas fed into the continuoys, multi % o
contiRBguSIY i awio) e colaMiBOH R EEIPS HHEWAS 93 °C, the
inlet 5in the bottomof the colum. 25 The continuous
columm|top- prespurei wais approxintatalyml .04k GpRra@nd the reflux
continuously with a colum bottom tenperature of
ratio apps Ox48nt ltye Bibyl@ne ghycolDdes separated aut dyudistillation
bottom pressure of approximately 17300 Pa, and a

using fié wamatdohtimiods muttiwaageadistiblatidrocelumnnCsaslihe
steady state operation after 24 hours. The colum top

Exanﬁ?@pi)w adinsi0at Ipweésby vvﬁéld:roauﬁﬁ bemdrhezorﬁpbmrﬁ Cs,

the continuous nulti-stage distillation colum E at

whicl waé ctu?H é‘%ﬂgc\{]ﬁﬂhﬁﬁrﬁ)gﬂﬁn ttﬂB éoﬁ gbus! Mlﬁ rﬁage

gl'ycol |s col umm

onent ET \wa d c
aistilffET SBlge & 8 2 AL LB hanERei2 e ALt
conponent EB , cont.i nuous) i hdrawn fromthe tt m 3
othylgna B S epe a1 ahdlisipte; sl ofa waﬂn £
at 0.055 ton / hr_contained 0.015 ton / hr of ethylene
compgnesst andriaigh beiling point byrpeedeels. enEhgi gREeNtration of
cat al yst conponent and high boiling point
ethyleynepghauwdtin. thiEheopumnt lyotibme cloyt pore nt Laowasn98ht %itke
cut conmponent Es continuously withdrawn at 2.29 ton /
weight. f Munddversiodes % off theodttyleneoglyicolidad imid tthestaginuous
distillation colum E was not |ess 15 than 99.99% the
multiCOHRNHi 11 8ii6R CBIUNMACT RPAS rebBVYFéd isgstiseIEdlamn bottom

conti1 nuous ITU

component Ce.

2.472 Ton / hr of the column bottom component Cg continuously
withdrawn from the continuous multi-stage distillation column C (2.439
ton / hr of ethylene glycol, a.nld 0.033 ton / hr of diethylenve glycol,
catalyst component and high boiling point by-products) was continuously
fed into the continuous multi-stage distillation column E from the inlet 1
as shown in FIG. 3.

0.022 Ton / hr of water having an oxygen concentration of not
more than 10 ppm was fed into the continuous multi-stage distillation
column E via the reboiler 7 from the inlet 5 in the bottom of the column.
The continuous multi-stage distillation column E was opérated

continuously with a column bottom temperature of approximately 162 °C,
85
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ne gl ycol being not nore than 10 ppm and the
AOSOIS};ﬂ%agéﬁcont ent being outside the detection limt,

i.e. not nore than 1 ppb. The high-purity ethyl ene
egcoI yi el d based on the ethylene carbonate was
.5% 20 Prol onged conti nuous operatlon mas carried

o coy BB A AR 1708 Pt £9R v

anmounts of ethylene glycol per hour were 2.29 ton,
of 125 29 ton, 2.29 ton, and 2.29 ton, and hence operation
was very stabl e, The puri t of the et hyl ene

wdt Was Possiblentm aébalgg%au e sieady stat eamae'ia#g)%@?ter 24

hal ogen content was outside the detection limt, i.

hoursot Tier eoluran tnmpompm@bﬁerqonﬂn@uauabhwdmdf@wréfﬁtom the
was not nore than 0.2 ppm and the UV 86 AO0501

top 2\6BH&KANNtimassTMulkinstage diglilationasolkdit E BiabqlIS2 Bon / hr
As the continuous nmulti-stage distillation colum A a

conteﬂhéH' d) &t tom /hicet efh %I\éﬁfé’gﬁyd'ﬁ“ &hd iR oRRatorus et ohwater.
Exanpl e | was used. wever, each of the sieve trays

ThIS EBFLlrﬂnCtrocbS ﬁg&%h@ﬁﬁb&r%% Ry Iel SHadk iR ﬂ'i@‘é%ntlnuous

ort on of appr oxi mately 1.3 cmZ and a nunbe

conhwswfs i @r%%ﬁaﬁé‘ %oéféam %aﬁ‘ e égrf nH@fugh%tL@ﬁ-stage

. .each of the trays in_stages at . and | gw_t he
distiliaiian conamey B b 0:88 JRa LhREOTaN ae Qa4 51N AhT BF ethylene

Moreover, the aperture ratio of each of the trays was
glycdinandr @itk ton /naf diethylens. @W&OAscat@yébﬁpme@n@nt and

mul ti-stage distillation colum C, a distillation 15
high baolilimy pany bei-productso t The pusty iof dehybehe glyeakin the side

used. However, the nunber of holes in each of the
cut cOnfYEnéhBES tontiRGodisly Rthdraentatod. 2don / hr from the side
cut 4 of the continuous multi-stage distillation column E was not less
than 99.99%, the content of high boiling point impurities such as
diethylene glycol being not more than 10 ppm, and the halogen content
being outside the detection limit, i.e. not more than 1 ppb.

The high-purity ethylene glyco! yield based on the ethylene
carbonate was 98.5%.

Prolonged continuous operation was carried out under these
conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
the produced amounts of ethylene glycol per hour were 2.29 ton, 2.29 ton,
2.29 ton, and 2.29 ton, and hence operation was very stable. The purity
of the ethylene glycol was not iess 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
86
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the epnrichment section was approximately 550 to 650 /
A0501 MP8TAHANt he aperture ratio was in a range of from6.5

to 8.5% Moreover, as the continuous nulti-stage

distillation colum E, a distillation colum very 20

simlar to that used in Exanple 1 was used. However,

in . the strisp N sechin@n, the nunber of holes in each
transﬂ}'tt?ﬁé;esﬁt\?%ﬂ Pgl/gl%?b ’g'pproxi mately 650 to 750 / n2,

and the aperture ratio was in a range of from8 to

10% and in the enrichnment section, the nunber of

holes in each of the sieve trays was approxi mately
Exanmgge 30 650 / n2, and the 25 aperture ratio was in a

range of from6 to 8% A starting material containing

et Ayltheecontibupasemudti 2tagendistiliatios coAason AvredistiRation

and nethanol (nolar ratio MOMOH/ EC = 9) and a
colungBtvadryssint#&Ht o thatuldeire Egdample duwpsciiseldt o Howewelr, each

dehydration treatnent; K concentration 0.1 % by

of th&'&ighé tP§§§CI’1afH‘aE&)o§’sa§eEﬁ6hia'l‘l§?_é%| pef &bikNhothe gieve portion

continuous nulti-stage distillation colum A, an

therega?%ft %éﬁr@iiﬂét‘él?t‘ﬂ.@% etS%y %aﬁ[xgﬁg%lglfif 'hd4€§rcﬁ‘b¥ppr0)g mately

carbonat e ‘an ene were produce
W sj mel ar+reacti resuldt ' e. .
240 B8R B ¢ oFS iRt Sabf S g sbove
a mai n_ conponent t hereof bein ont.i nuousl Min ,
the sfpgRarasFe theeslic FRFROBRIR Wasded 1 iRe 25" tagg,from the
distillation using the continuous nulti-stage
bottomkwas &temn sl the veismeight efseach f thetays npstages at
Exanpl e 1. The col utmm bottom conponent CB, which was
and belaw tbhewstiagenvhededhe tyolic arbonatenvaadeduin was 4gecm.
distillation colum C at 5.852 ton / hr, contained
Moreovérdtherapettur@iratihyf eaehgdfytied traysavals 09@& tamgé dirfrom
of diethylene glycol, catalyst conmponent and hi gh

3.0 t8%% loepg poi nt by-products. The concentration of
et hyl ene glycol in the 15 columm bottom conponent CB

RS R O R B A BH St € i anon
CO|UI‘innS\EéJ'3} ghjnﬂgr to that used in Example 1 was used. However, the
number of holes in each of the sieve trays in the stripping section and
the enrichment section was approximately 550 to 650 / m?2, and the
aperture ratio was in a range of from 6.5 to 8.5%. Moreover, as the
continuous multi-stage distillation column E, a distillation column very
similar to that used in Exémp!e 1 was used. However, in the stripping
section, the number of holes in each of the sieve trays was
approximately 650 to 750 / m?, and the aperture ratio was in a range of
from 8 to 10%, and in the enrichment section, the number of holes in
each of the sieve trays was approximately 500 to 650 / m?, and the

aperture ratio was in a range of from 6 to 8%.

A starting material containing ethylene carbonate (8.20 ton / hr)
87
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&%Ju was recovered as the columm bottom conponent
AD501¥'87 et hyl ene glycol yield based on the ethyl ene
carbonate was 99.6%5.852 Ton / hr of the col umm
bott om conponent CB continuously 20 withdrawn from

the continuous nulti-stage distillation colum C

ans et AR EIEIMBLIY VR i0cabe AR NN
o6 88T bl S 5 TR a1

the inlet as shown in FIG 3. 25 0.05 Ton

fo.
.conce\mr@.thmomg{odw wajgbh basaday 6ﬁ)owa§f09fbtﬂﬂwawalv ?%rﬂnto a

10 ppmwas fed into the continuous nulti-stage

contidusus| matiicstagel distil@ti@s cadgon Apsndrerotivetdistiiation was
reboiler 7 fromthe inlet 5 in the bottomof the

carried loutn whHére by dimietiwlusarbt nates aagee thiydenel glyicoh were
colum E was operated continuously wth a colum

prod@é\é@ itk STRATA rEFtidn RBBURKI tBRire ExakhpPleCl, @ 66luHN bottom
bottom pressure of approxi mately 21300 Pa, and a

comﬁo‘?‘fér‘ai; AL HdvAn fe Ieﬁe'%y%?a%oé B8§i% clotn Tﬁxghéhf‘tﬁé?@b?bemg‘

steady State tron after 24 ours col umm top

I f fr
contififgRRIFH aﬁé% R MBI, MY P GrafeRh ot B
optained 0.4 ton / _ hr.of . ethyle
'st"%tmw%na eoeSRBREPUR mopiloaiBle diftiBuGhERIRRG and a
onponent ET_was rec cled back into the continuou c;1;}[{;) .
snmllﬁnwpcgﬁag}@ Bxampleali o R CohMA b bolio e GAMROBEN dns Which
conmponent EB continuously withdrawn fromthe bottom 3
was oentingosshy iwithdeawo fromsthgyeondirgious muBhStGw%rmSEllatlon
at 0.2 ton / hr contained O 1 ton / hr of ethylene
colurghyCadt 5862 @or /tlon doritainéd b.¢6Hytamé hyl gtethylene glycol,
cat al yst conpanent and high boiling point
and ©Y98 e6n gt of eethylens gliycel hyarilgstcyenponent badshith
cut 15 conponent ES conti nuously w t hdrawn at 5.202

bmhﬁrg'bdm{‘bgf-ﬁ%ﬂlﬁé‘l% 3"ﬁﬁe%ﬂncé‘nﬁétlbli‘\eoﬁQﬂﬁylwglycol in the
- st distillation colum E was not™ | ess t .
column bottom component Cg was 98.3 % by weight. Moreover, 99.86%

of the ethylene glycol! fed into the continuous multi-stage distillation

column C was recovered as the column bottom component Cs. The

~ethylene glycol yield based on the ethylene carbonate was 99.6%

5.852 Ton / hr of the column bottom component Cg continuously
withdrawn from the continuous multi-stage distillation column C (5.754
ton / hr of ethylene glycol, and 0.098 ton / hr of diethylene giycol,
catalyst component and high boiling point by-products) was continuously
fed into the continuous multi-stage distillation column E from the inlet 1
as shown in FIG. 3.

0.05 Ton / hr of water having an oxygen concentration of not more

than 10 ppm was fed into the continuous multi-stage distillation column E
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% _the content of high boiling point inpurities
A05013’L9f&% di et hyl ene gl ycol being not nore than 10 ppm

and the hal ogen content being outside the detection
limt, i.e. not nore than | ppb. 20 The high-purity
et hyl ene glycol yield based on the ethyl ene carbonate

v e, (A RRTRACS eBR 9,F e

hours and.1500 hour duce amount s_.of et
cont'@weamaﬁv stage Gistaion Bopint ¢ o33 S, Eanbpittsy
, and hence operation was very stable E"a
with @mlumboﬁmet@mm@ur@%eppm' (61 &0 ¢ farp column
99.99% i n each case, and the hal ogen content 89 A0501
bottowPpresstreas approximatily 24386 Pen andria refiux ratier of 13.
nore than | ppb. Mreover, the aldehyde content was
noit was @ddsbledt@ attain sahabler&ieWyt stateroperatien adter 24
220 nmwas 90% 5 Industrial Applicability According

hourd.O iR BHRFARItdPXERIpEHeni Erheenimeeousiys aatadretvi frdm the
fromout of a dialkyl carbonate and a .diol produced

top 2t5f féo@-.tnﬁgﬁ \&ﬁrlltrigfsé@'a%t.nat.ﬁh%@mnﬁﬁcsnaa eME tén / hr

car atea phatTc nonohydric al cohol

t f t 0

cont%béﬁe% to (081 ERUBRS g B8 tolf éif‘gb‘fm B This

ess than 99. 90/ a cont ent ihin int
co*umﬁpteﬁ FPE@%%”%E. 898 et LR Bane o Bitiaus, |

no rmre than 200 ppm pore, preferabl not nor e than
mU“'l@*@% St}/‘é@t'o'ﬁtﬁcéuﬂ}rbic‘eraﬂ_lw gelump Rottaan comppnent Es

and a hal ogen content of preferably not nore than Q0.1
contippmusiy vethdeswndbem the battemt Baf t %epggntlmgoyaqwéh -stage

obtai ned on an industrial scale of not less than 1 ton

distillathon coiuafreEabt P.2donl £be comdairied én1/tonr/, hnwfesthylene
preferably not less than 3 ton / hr, with a high

glycclweggﬂit E;’ﬁl@bu ffior of dvethydsaedgiyeol odatélyst cermponent 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
4 of the continuoué muiti-stage distiliation column E was not less than
99.99%, the content of high boiling point impuritie_s__such as diethylene
glycol being not more than 10 ppm, and the halogen content being
outside the detaction limit, i.e. not more than 1 ppb.

The high-purity ethylene glycol yield based on the ethylene
carbonate was 97.6%.

Prolonged continuous operation was carried out under these
conditions. After 500 hours, 1000 hours and 1500 hours the produced
amounts of ethylene glycol per hour were 5.202 ton, 5.202 ton, and 5.202

ton, and hence operation was very stable. The purity of the ethylene

glycol was not less than 99.99% in each case, and the halogen content
89
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1000 hours, preferably not |ess than 3000 hours, nore
A0S0 YEKTEAN| v not  1ess than 5000 hours. This high-purity
diol (e.g. high-purity ethylene 20 glycol) has a
hi gher purity than such a diol industrially produced

using an existing production process (e.g. an

was GUBHAF oAb U RIS TR RPEATHRES, oreover e

ol yester (e.g. PET fiber or JPET resin). 9 501 .
aldetlelg FRaRe et Wassnobanerathan D2 otk Shdube Y TERsittance
for the production of a high-purity diol in which a
at 220i gm- wasi 890%i ol i s produced by taking a cyclic
carbonate 5 and an aliphatic nonohydric al cohol as
starting materials, the process conprising the steps
of: (lI) continuously feeding the starting materials
Industritad Apsieedbinitpus mul ti-stage distillation colum A
in which a catalyst is present, carrying out reactive
di REELFANGOMd tHe Fired et ShvbhelonOnt salsubBer discovered that,
continuously 10 withdrawing a | ow boiling point
r i oy Nt Al i I i
from 'otA%f Q%H\Iﬁgbﬁsﬂibﬁmﬁg %ﬁﬂ% El%la%%cgt?dl:@cégmolﬁghg reactive

carbonate a al 1 phati c non rom

i GRS a O Bl ESAREA BB A M Hponveric

atcotfyl i A it ST He o o B ol 48 o7 o mipforanly
colum Ain aliquid 15 for (1), continuousl
not lesedhag AA%d MPER m&fefwyw&{es% R &9 9% aréontgpt of

_into a continuous nulti-stage distillation colum C,
high beilingumeist ymparithels anchiingt 2 dialkylenerglysol efqreferably
: boiling point than that of the diol contained in said
not o igh tihan | 20@ ppon nmoreapteferanl x noatemaBe dhaa t0wpmt, oret

20 conponent CT and / or a side cut conponent Cs, and

moreCHréfetdBUS vt 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 / b,
preferably not less than 2 ton / hr, more preferably not less than 3 ton /
hr, with a high yield stably for a prolonged period of time of not less than
1000 hours, preferably not less than 3000 hours, more preferably not
less than 5000 hours. This high-purity diol (e.g. high-purity ethylene
glycol) has a higher purity than such a diol industrially produced using an
existing production process (e.g. an ethylene oxide hydration process),

and hence is useful as a starting material for a high-quality polyester (e.g.

PET fiber or PET resin).
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wi t hdrawi ng a col utm bottom conponent CB having the
ADBO01 BT KAN main  conponent thereof froma |ower portion
of the distillation colum C, and (111) conti nuously
feedi ng said col unm bottom conmponent CB into a
continuous multi-stage distillation colum E, and

conti nuously 25 w t hdraw igh-purity diol as a
si de cut component Es fmggiégde cut outlet of said
continuous nulti-stage distillation colum E;, wherein -
We clainmios501 VP87/ KAN i nprovenent conprises: (a) said
continuous multi-stage distillation columm A . .
cohpri si igaa indit@ttria?atrp@ﬁswpuﬁhermndtgc*aom @ higg-purity
(cm, an inside diameter Do (cm and an internal
diol ihawhigh a higitbeuridy diohgeproducest by tekig aanycliaradiponate
5 having a gas outlet having an inside di aneter dog

and 4§ BlipHatic neenohylfie alcohomaostanira mateeialppthe pronkess
the columm near to the top, a liquid outlet having an

comdrﬂﬁhge'rfg 3BHEfd02 (cm at a bottom of the colum or
I'n ﬂovver portion of the colum near to the bottom

at | e : : oy . . . i uous
oL s oEBafiGeUSI o4y Ing g g REra continuon
bel ow sai as outlet. ,and at. |e W] :
multioFl 250 S0 L S ish L5051 UL Berring
portion of the colum ahove said |]jquid outl.et
out rBAgH¥RAIRYIIahan Ho SardisHHatpemcaliiarh. BRBURYAUS ng
formulae (1) to (6): 21005Lo 58000 (1 15 180 < Do 5
withdresgngy lowsbeilimg: peint sgaction Mbdure Anponiaiing a produced
dog <_ 20 (5) and 5:5 Do /doe<_30 (6); 20 (b) said
dialkybcarbanase mrid sayd ajiphsitic monohydricalgehotfrom an upper
conprising a
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 muiti-stage distillation column C, continuously
withdrawing material having a lower boiling point than that of the diol
contained in said high boiling point reaction mixture Ag as a column 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 distiliation column C; and
{I11) continuously feeding said column bottom component Cg into
a continuous multi-stage distillation column E, and continuously

withdrawing a high-purity diol as a side cut component Es from a side cut

outlet of said continuous multi-stage distillation column E; wherein
91
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continuous nulti-stage distillation colum conpri sing
AOS01VBIKANi ng section having a length Lci (cn), an

i nside diameter Dc, (cn) and an internal wth a

nunber of stages nc, thereinside, and an enri chnent

section having a length Lc2 (cm, an inside dianeter

\ Dc2 %crr) and .an internal 25 with a nunber of stages
Improy&mppt CAMRINEES: wherein Lci, Dci, nci, Lc2, Dc2, and

nc2 satisfy the follow,ng fornul 7) t 15).: 92 . .
A0 15 3IAs7P RURVUSYE m_uihcﬁglaaf S“mﬁfqt%% CéﬁU&_ﬂ BcFo@psgng a
(8 3 :5Lci / Dci 530 (9) 3<nci 530 (10) 5 '
distilteatms cobumrebaging 8 leraphsLoéosgoan irmideidiameter Do (cm

Dc2 5 50 (13) 20 < ncz 5 100 (14) and Dc2 5 Dci
and 4d terh@l (vihgea enurhbenmitstageisi g tbéraiaiside oandriustizer
multi-stage distillation colunmm C has at | east one
havirqul_bn@ﬂi dutfet hasirg edirdidealiansstertde (crhprata topafdhe
chinmey tray having installed therein one or nore
A € i ' a liquid
coluififl S an Qﬁﬁgr‘%‘ﬁrﬂ%nggf ?gﬁg!)dwnh@he%_t% the top, q

Cross-sectio area satisfying the fornmula

outefinbeq e SToidP o KRy TR STEM e o

ool o8 SN 4 18 B8 n Lo e o irst i

provyzgi(%q( ﬂ{gﬁ&&&ﬁﬁpgﬁﬁggﬁéc‘ﬂ ora qupdqcﬁ%t ggrttlgn aén‘lt'h%ut':c(illumn

below said gas outlet, and at least one second inlet provided in the
middle portion and / or the lower portion of the column above said liquid

outlet, wherein Lo, Do, no, dos, and dgz satisfy the following formulae (1)

to (6):
2100 < Lo < 8000 1)
180 < Do < 2000 (2)
4<Lo/Dp<40 (3)
20 < np < 120 | (4)
3 < Do / dot < 20 (5) and
5 < Do/ do2 <30 (6);

(b) said continuous muiti-stage distillation column C comprising a
continuous multi-stage distillation column comprising a stripping section
having a length L¢y (cm), an inside diameter D¢1 (cm) and an internal
with a number of stages nc4 thereinside, and an enrichment section
having a length L¢o (cm), an inside diameter D¢z (cm) and an internal
with a number of stages n¢2 thereinside, wherein Lc1, De1, ner, Loz, Dea2,

and nc: satisfy the following formulae (7) to (15):
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said chimey tray of said continuous nulti-stage
AOS01IWRATKAMt i on colum C; (e) said continuous nulti-stage
distillation colum E conprising a continuous
mul ti-stage distillation colum conprising a stripping
section having a length LEI (cm, an inside dianeter
DEi (cm d an infernal 25 with a nu r of stages
nEl ‘ther%‘sﬁsﬁ gé,‘ %tr’lﬁo n enri chment seg?ﬁon havi ng a
length LE2 (cm, an inside dianeter (cm and an
~internal 5098 Dr059¥0@P87/ KAN with a nur®dr of stages
nE2 thereinside, wherein LEI, DEl, nE, LE2, DE2, and
nE2 sati3fyLlchd Dol Ko3Ong formul ae (18P)to (26): 400 5
LEl < 3000 (18) 50 5 DEl 5 700 (19) 5 2 <_ LHE /
DEi <_ 58 £3Q) 339 nEl 5 30 (21) 600 ®@QE2 4000 (22)
100 5 DE2 5 1000 (23) 2 5 LE2 / DE2 <_ 30 (24) 10 5 <

nE2 5 50168b)<and <Bebdbo< DE2 (26); (f)(1tihe enrichnent
section of said continuous nulti-stage distillation

col um EgRas mit, Leggg one chimey trayinstall ed
t herein gg “{he¢ Tnternal, said chi rmey( tzpay havi ng

i nstal |l ed.t her ei p~at st two 15 chi s each having
an openi 38 %Z\ﬁz gnazcgrggs-secti onal area 'SE (cnR)

sati sfyi the formya (27): 50 5 SE <, 2000.,(27), and
each of Eﬁesd?ﬁ?i?n%éﬁﬂ bei ng such that aHh‘éi %ﬁ? hE (cm
fromsaid opening of said chimey to (a%gs out | et of
sai d chi Beey=fatisfies the 20 formul al{2k):

(c) the enrichment section of said continuous multi-stage
distillation column C has at least one chimney tray installed therein as

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

| chimneys each having an opening having a cross-sectionai area Sc {cm?)

satisfying the formula (16):
200 < Sc <1000 (16),
and each of the chimneys being such that a height h¢ (cm) from said
opening of said chimney to a gas outiet of said chimney satisfies the
formula (17): | |
10 < hc < 80 (17);
{d) the side cut outlet is connected to a liquid collecting portion of
said chimney tray of said continuous multi-stage distiliation column C;
(e) said continuous muiti-stage distillation column E comprising a
continuous multi-stage distillation column comprising a stripping section
having a length Lg: (cm), an inside diameter Deg( (cm) and an internal
with a number of stages ng¢ thereinside, and an enrichment section

having a length Le2 {(cm), an inside diameter Dez (cm) and an internal
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20 5 hE 5 100 (28); and (g) the side cut outlet is

A0501 YESREAMd to a liquid collecting portion of said
chimey tray of said continuous nulti-stage
distillation colum E. 25 2. The process according to
Caim1, wherein an anount produced of the

... high-purity diol is pot l.ess, thap |l ton / Rr. 94 501
with &/an REK 03 st8a8s e Hikreif BBy RBer albllat . De1 oy, P22 ez
wherei n dog and d02 satisfg tgs fo%l.a (29), 1 < dog
and nezgeatisfysthe fgllowing fonmulae dd8ado Fding to any one

of Clainms 1 to 3, wherein Lo, Do, Lo | Do, no, Do I
dot, and40® < Ldo= BQ00sai d conti nuous (#A8)ti-stage
distillation colum A satisfy respectively 2300 5 Lo

<_ 6000,5@0Dss DFOO 1000, 55 Lo/ D§18)30, 30< no
: 5100, 4< Doldo, <15, and 7 <_ Do /doe<_ 10 25. 5.

The procgss|are@di agdo any one of C(aoys 1 to 4,
wherein the Internal of said continuous nulti-stage
distillafi C Ais a sieve trayz435 6. The
processa:gacngFHi ng to Caimb5, wherei n)(sai%d sieve tray

in said t i nuou ti-stage distill@abyon colunm A
has 100 ‘feigal%gézhéof‘ggb /| m2 in a si eveétg rtion
t her eof . 7.. The ess according t aim5 or 6,
wher ei n 116807 E@é-%é@{qctgnal area per ho(%g of said sieve
tray in said continuous multi-stage dj séi ['lation
col um AisLen/Peasg@Oof fromo0.5 to @Hnp. 8. The
process accordi ng to any one of Clainms 5 to 7, wherein
25 an apéreoee $80io (a ratio of a tot(®@5) and
cross-sectional area of the holes in ,

De1 < De2 (28);

(f) the enrichment section of said continuous multi-stage
distillation column E has at least one chimney tray installed therein as
the internal, said chimney tray having installed therein at least two
chimneys each having an opening having a cross-sectional area Se (cm?)
satisfying the formula (27):

50 < SE < 2000 (27),
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 (28):

20 < hg £ 100 (28); and

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

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

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

produced of the high-purity diol is not less than 1 ton / hr.
94
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stage to an area of the tray) of said sieve
A05013’E’§§ sai d continuous 95 r A0501 VP87I KAN nul ti
-stage distillation colum Ais in a range of from1.5
to 15% 9. The process according to any one of C ains
1to 8, wherein a plurality (nc3 stages) of trays K
are further provided in a |ower portion 5 of the
internal in a | ower nost portion of the stripping

tion ich is rt:o of .sai .

coht 1 nuotie mipepss; ageotfib! i it LB FmiBergin dgy,and do:

is continuously withdrawn from an upper nost stage of
satistyathe feepyla( 25?1 after heat is given to require for

distillation in a reboiler, the heated Ilqwd IS

returned! isnder { a2k 5til | ation col um (9%rom a feeding

port provided 10 between the uppernost stage of said

trays K and the internal in the |owernost portion of

the stripping section, while a remai nder of the |iquid

i s4fed iThe prdcasy ateerding o dey. oA of Draipi®deRs 3, wherein
according to Caim9, wherein each of the 15 trays K

Lo, D SL%hﬁsfhs b%3Vdeilland 15 PHRSE6E sé?&%’iﬁ'ﬂtﬁmd@s Ghaitimsfage

enan| nsi de ~ di anet er DcBo sai d

|
aistiiE}{Br RAPUmAH, St 00U Y el 3860 £ 2 TBgOATHG < Do <
0ol SF 55 0. IRL2 B0) £330, %45 S iy e
nc2, and nca for the continuous nulti-stage
25. distillation colum C satisfy respectively 500 <_ Lc,
< 2000, 70 s Dc, 5 500, 5 S Lc, | Dc, < 20, 5 < nc,
< 20, 1500 s Lc2 5 25 4000, 70 < Dc2 <_ 400, 15 S

Lc2 | Dc2 < 40, 30 5 nc2 5 90, and 3 <_nc3 S 20. 96
5. The process according to any one of Claims 1 to 4, wherein

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

tray.

6. The process according to Claim 5, wherein said sieve tray
in said continuous muiti-stage distillation column A has 100 to 1000 holes

{ m? in a sieve portion thereof.

7. The process according to Claim 5 or 6, wherein a
cross-sectional area per hole of said sieve tray in said continuous

multi-stage distillation column A is in a range of from 0.5t0 5 cm?.

8. The process according to any one of Claims 5 to 7, wherein
an aperture ratio (a ratio of a total cross-sectional area of the holes in

one tray stage to an area of the tray) of said sieve tray in said continuous
96
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A0501 VP87/ KAN 13. The process according to any one of
AOS01 ¥PEYRAN t0 12, wherein the internal in the stripping

section of said continuous nulti-stage distillation
colum C. and an internal excluding the chimey 5 tray
in the enrichment section are trays and / or packings.

ot oa RIS GERTEATH 0o FhRGR 4Pt 800 185

mul ti-stage distillation colum C is the tray, and
the internal excluding the chimey tray in the
enri chment 1o section is the tray and /_or. a _- .
st®-uct urbe PAOKRESS. aacerding ter 65&%‘%@5&&'@ dotaBaiwherein
13 or 14, wherein said tray is a sieve tray. 15 16. .
a plufBEiitypiragestagesyostitnay st § aleafunther pravided isA PwpeRortion
tray has 100 to 1000 holes/n2 in a sieve portion o
of the hetezakl inrlewermass -porticroftharsteippéngheg ation which is in a
range of fromO0.5 to 5 cnR2. 17. The process according

lower BoHidhBfl&aief caftinveriseulitsid@erdmstiltattonatolam(ra C, a liquid
ratio of a total cross-sectional area of the holes in

is coﬁ{r?gvopﬁﬂ{ uﬁfl‘?&%v@ﬁ.f?@maéﬁ%%eﬁﬁ]@si s d@]eQ:ff §3iditrgyevk, and

he 'stripping section of said continuous

after ,r”\‘je'éh'.fé@%fgﬁg FEQULR AR LA 2 FEbdilbAMR hgfa(t)%% liquid

€ process accor di ng to an

s retpiney ore 4B datiTtined oL, Rofro . taa Rl PBgt Browiged
VP871KAN holes in one tray. taeg?a rea .of tre
betweenytheoHppar mosteitags a?slaié trays Knpnariasinteseal oy the

said continuous nmulti-stage distillation colum Cjis . .
loweimoat pamtienodf themtlipping sextiors whileradepainday of the liquid
according to any one of Clains 1 to 18, wherein an
is fediperd ariewet tray(im oatién of a total cross-sectional
area of the '
10. The process according to Claim 9, wherein each of the

trays K is a baffle tray.

11. The process according to Claim 9 or 10, wherein an inside
diameter D¢s3 of said cohtinuous multi-stage distiflation column C where

the trays K are present satisfies Dc1 < Des.

12. - The process according to any one of Claims 9 to 11,
wherein Lc1, Dci, Le1 / Deq, ner, Loz, Dea, Lez/ D.c.z, Nc2, and ngs for the
continuous multi-stage distillation column C satisfy respectively 500 < L¢y
< 2000, 70 < Deq <500, 5 < Lg1/ D £20, 5 < neq <20, 1500 < Lez2 <
4000, 70 < D¢z < 400, 15 < L¢o / De2 < 40, 30 s ncz < 90, and 3 < nea <

20.
g6
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eni in the chimeys to an area of the chi mey
A0501t luding said total cross-sectional area of the
openl ngs) of said chimey tray of said continuous
mul ti-stage distillation colum Cis in a range of
from10 to 10 40% 20. The process according to any
one of Clainms 1 to 19, wherein said continuous
rrulti-stage di stiIIation coI um C has a colum bottom

eratyure in a ran m 150 to 1
b ocLS RrBcEsE ALCeHinR, AT ame § G712,
V\herel n sai d continuous mJItl -stage _dis CLI Il ation
whereig) the interaal indbeusiiiPRIGS §ee§§or%f FAIKCPBNGMAES £ r om
50000 to 300000 Pa. 20 22. The process accordin
multisatagendisdillatien molamo C2and andntemnal excluding ﬁggu@hlmney
multi-stage distillation colum C has a reflux ratio
tray innthee eanghimént sextidnSate thayandrherpackiagsaccor di ng
to any one of Clainms 1 to 22, 25 wherein a content of
the diol in said colum top conponent CT is not nore
than 100 ppm 98 A0501 VP871KAN 24. The process

acgpr di Wpét @%s‘énﬁc%r@n? ]Iairﬁ 23, whiltBi®itRednternal in

content o ol In sai e cut conponent Cs is

the SErEéPWi%ag"ﬁzﬁ”ﬁs?(%%forﬁ"ﬁf&m?@ﬁs%gé%ﬂ@*'“a"f’&@'um ¢

o LS 8 TR A i P o edrcrmens
and nE2 for said contjnuous pnul t| -stage distillation

sectipp|ignihectray aady/ e0@ strueturedeeskingo 10 <- DEI < 500,

35 LElI /DEI 520, 55nEl s20, 700sLE2<_3000, 120<-DE2 5 800,
35 LE2/ DE2 5 20, 7 5 nE2 < 30, and DEl < DE2.

15. The process according to Claim 13 or 14, wherein said tray

is a sieve tray.

16. The process according to Claim 15, wherein said sieve tray
has 100 to 1000 holes/m? in a sieve portion thereof, and a

cross-sectional area per hole in a range of from0.5to 5 em?,

17. The process according to Claim 15 or 16, wherein an
aperture ratio (a ratio of a total cross-sectional area of the holes in one
tray stage to an area of the tray) of said sieve t.ray in the stripping
saction of said continuous multi-stage distillation column C is in a range

of from 2 to 15%.

18. The process according to any one of Claims 15 to 17,

wherein an aperture ratio (a ratio of a total cross-sectional area of the
97
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%%j !ae process according to any one of Clains 1 to
A0501H5°87 rein the internal in each of the stripping

section and the enrichnent 15 section of said
continuous nulti-stage distillation colum E excl uding
the chimey tray is the tray and/or the packing. 27.

notes, i aReCHS9 s SEEC1S BPel 8o SRy RIS s trey in e
orvioE e FElon Gt s SR TR LM Byl mn 1

) the tray. 28. The process according to Caim 27,

in a rgn@ecPhfrom 1510 1£%. sieve tray. 25 29. The process
according to Claim28, wherein said sieve tray 99
A0501 VP871KAN X has 150 to 1200 holes / nR2 in a
sieve portion thereof, and a cross-sectional area per
hol®. i n Bheamwgeesfs coording te afiycafe GOC!gimes dr ta 85
according to Claim-28 or 29, wherein an 5 aperture

wherbai a® &pefireorfo fatlraltid) of ORstat esbsorsactiomal afea iuf the
holes in one tray stage to an area of the tray) of

openir‘g;;?1 5 thECchinieyd tbén E’fbia!o@f e c?ﬁﬁﬁ‘ié}ﬁtl%fl):{ Freldding said

i nuous nulti=stage stillation colum isin a

ot 845 s G0 BB phgflos B A ATEP R 50 s

contipgoud Miifretaegidilgide SAURME R IR Hadoghr et 90 to
said sieve tray in the enrichnent section of said

40% conti nuous multi-stage distillation colum Eis in a
range of from2 to 20% 15

20. The process according to any one of Claims 1 to 19,
wherein said continuous multi-stage distillation column C has a column

bottom temperature in a range of from 150 to 250 °C.

21. The process according to any one of Claims 1 to 20,
wherein said continuous multi-stage distitlation column C has a column

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

22. The process according to any one of Claims 1 to 21,
wherein said continuous multi-stage distillation column C has a reflux

ratio in a range of from 0.3 to 5.

23. The process according to any one of Claims 1 to 22,
wherein a content of the diol in said column top component Ct is not

more than 100 ppm.
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process according to any one of Clainms 1 to
AD501§%%7 rein an aperture ratio (a ratio of a total
cross-sectional area of the openings in the chi mey
to an area of the chimmey tray including said total
cross-sectional area of the openings) of said chi mey
tray of said 20 continuous nulti-stage distillation
colunn Eis in arange of from5 to 40% 33. The

di f d
e b oS BRI bR o 2o
lum E has a colum, 26, t mte erat ur
whereuhgecomtantoh the die) im said WWM@ i natore

process according to any one of Clalns lto
than GhB%edh tba.diotasagnntmls@lﬂmqnn@mgé rav ki |srl$a9 fbﬁ““atlon
columm E has a reflux ratio in a range of from®6 to
colurdAC@C. 5 35. The process according to any one of dains
1 to 34, wherein a purity of the diol in said side
cut conponent Es is not less than 99% 36. The
process according to any one of Claims 1 to 35, 10

wheg ei n ?h%éﬁr‘&dés%f abB8rdingy td % ﬁesmdemtmﬁs 1 to 24,

conponent i'sS not ess than 9/o
- a9
wherglif 18 Dy 6 2iR8r 2fe s %?i gé?ﬁﬁgzﬁﬁgm
[
contl&#&%mﬁ@ il Asfllath nﬁa%ﬁiazﬁgﬁﬂs@ SrkE1,s 2000, 100
hal ogen content _of not re t ha
DEhﬁgﬁggu?’i £\-edi oPepriodle Stﬂﬂtﬁgug %@@éﬂl&écﬁ)?’ﬁm@g 120 < De2
any one of Clains | to 36, which conprises a content
< 80Qf 3 dle2boDER Kg2Bone me £ Alrand LesEdieas a
di al kyl ene gl ycol of not nore than 100 ppm and a
hal ogen content of not nore than 1 ppb.
26. The process according to any one of Claims 1 to 25,
wherein the internal in each of the stripping section and the enrichment
section of said continuous multi-stage distillation column E excluding the

chimney tray is the tray and/or the packing.

27. The process according to Claim 26, wherein the internal in
each of the stripping section and the enrichment section of said

continuous multi-stage distillation column E excluding the chimney tray is

the tray.

28. The process according to Claim 27, wherein the tray is a
sieve tray.

29. The process according to Claim 28, wherein said sieve tray
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pparatus conprising a continuous nulti-stage
A05013&§7m§ti on columm A, a continuous nulti-stage

distillation colum C, and 25 a conti nuous
mul ti-stage distillation colum E, for carrying out a
process for producing a high-purity diol by taking a

has 150 é]cl Rgias 9 '%aé‘ suéf&ﬁﬁ%@wet\f@ryd@@nﬂ pphat i ¢

r1c aI coh as sta al's,” the process

crossg ﬁ%?['m&?%&%@??%f B87al o e L G htol 832 "

distillation colum A in which a catalyst is present,
carrying 5 out reactive distillation in said
distillation colum A, continugusly wthdrawing a_|ow
bo0.i ng Poe mrocesst aeaordiroutce CAaira g8 frrdPgwaerein an
produced dial kyl carbonate and the aliphatic
apertwwadiajilr {@ ratioobbl fotahcems siseationair afes offtheholes in one
distillation colum A in a gaseous form and
tray $teld faansavea \Uftthér ey dfesdidosievel triaydinpthentstripping
reaction m xture AB containing a 10 produced diol from
sect|§n|6’f\’\§éld0@6ht|ﬁﬂ|ons irliAtidé idd HAstiingti6R!daThnh i 'E‘ts?lln a range
l'iquid form (I1) continuously feeding said high
of frot?ﬂﬁt't@ g¥gint reaction mxture AB into the continuous
multi-stage distillation colum C, continuously
wi t hdrawi ng material having a | ower boiling point than
that of the diol 15 contained in said high boiling

point re ctlon m xture A colum t CO n
C3hnal oThg RIARE S ACERRIBRLIA 207, OBRPTCBIRTRTGILTG 30.
Wi t hdravvl ng a col unm bottom conponent CB havi nlg t he
wheraubnnagparmprfatw&edﬁém of Retatal cressnsectinal ampaiafthe
of the distillation colum C, and (Ill) continuously
holes bedineytrayi stags mmarbareamfcthm tofCRaithsievetrayhen the
continuous multi-stage distillation colum E, and
enrichoménnseuotiby ofvstidicantirgcudnyhtipstade distillatisnacsiuten E is
cut conponent Es froma side cut outlet of said

in a Ye BFTEHSmRItbi 26%a9e distillation colum E wherein

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

40%.

33. The process according to any one of Claims 1 to 32,
wherein said continuous multi-stage distillation column E has a column

bottom temperature in a range of from 110 to 210 °C.

100



10

15

20

25

\ [ nt conprises: (a) said continuous nulti-stage
A0591(Yi[%{7% tion colum A conprising a 25 distillation
colum having a length Lo (cm, an inside dianeter Do
(cm and an internal having a nunber of stages no
t herei nside, and further 102 A0501 VP87/KAN having a

9 e WA B i o
whorBFCRal e i Pk ¥l BTSRRI £ FRCE rg

| ower portion of the colum near to the bottom at

ratio jreastange afifrem Bnlaed 08. provi ded in the upper portion
and / or a mddle portion of the colum below the gas
outlet, and at |east one second inlet provided in the
m ddle portion and / or the |ower portion of the
cBam dbles eridvesisi gocordingl &t anyvwore @ fnClaim$d, tan84,
do,, and doe satisfy the following fornulae (1) to

wheréf® a é’d-ﬂ%oﬁf Ltﬁeﬂn%@@ﬁ dalid side d80chbniporrenfBQ0is(Adt less than

4gLo/ Do5 < no <_ 120 (4) Do / do, s 20
gg9, (5) and 5 5 Eb / d02 30 (6); 15 (b) said continuous
multi-stage distillation colum C conprising a
continuous multi-stage distillation colum conpri sing
a strlpplng section having a length Lci (cm, an
and, an intern

[ nmet er i a

niber of Aeripeedn.ACERL DSt Aey 4 B ciird i 5.

section  having a length Lc2 (cm, an insi dE dj ane Ejr
wherep a pwyity el the ¢“ﬁ7t|éF'n%ﬂ'd2$)‘d\ﬁi EHt sompPReNbEssisaget less than

nc2 thereinside, wherein Lcl, Dci, nci, Lc2, Dc2, and
99.9%c2 satisfy the follow ng f or mul ae (7) to (15): 300 S

Lci S 3000 (7)

37. A high-purity diol produced by the process according to any

one of Claims 1 to 36, which comprises a content of high boiling point
impurities such as a dialkylene glycol of not more than 200 ppm, and a

halogen content of not more than 0.1 ppm.

38. A high-purity dio! produced by the process according to any
one of Claims 1 to 36, which comprises a content of high boiling point
impurities such as a dialkyiene glycol of not more than 100 ppm, and a

halogen content of not more than 1 ppb.

39. An apparatus comprising a continuous multi-stage
distillation column A, a continuous multi-stage distillation column C, and
a continuous multi-stage distillation column E, for carrying out a process

for producing a high-purity diol by taking a cyclic carbonate and an
101



10

15

20

2b

50 < Dc, < 700 (8) 3 <- Lci / Dc, < 30 (9 25 3!5
A0501 YEBTARAN 10)~ 1000 < Lc2 s 5000 (11) 103 AO(50)1

VP87/ KAN 50SDc25500 (12) 105Lc2IDc2<_50 (13) 20 S

nc2 < 100 (14) and Dc2 5 Dci (15); 5 (c) the

enrichnment section of said continuous nulti-stage

. ,stillatign colu C has_agt [

aliphati€ monBhYERis; 81dPRR a1 Riafiipe Figlerte, dREPREd Y oy
having installed therein one or nore chimeys each

compRiinadhansi@RenPhg having a cross-sectional area Sc
(cn2) satisfying the fornula 116) 10 200 5 Sc 5 1000
(16) , emmmthstwfetamnghﬁhméw i ngatﬁﬁtahtlﬁéﬁ gcontinuous
hei ght he (cm) fromsaid opening of said chimey to a

multi-gaageudistillatfors zotumini Ariaywhich sf catalystis poesend carrying
(17): 105hc<_80 (17); 15 (d) the side cut outlet is

out réERRHeS tdstitiation irnsamt destikationcalonn ®) odntinaddsly
chimey tray of said continuous nulti-stage

wuthd?éﬁ)i h{; 'é‘ié@rb&‘i’ilnmoﬁlt (SActféh SnBQOFé MHOESNBIhing 3 pesduced

Istitlation col conprising a conti nuous

dfalk@%&b«% ot PR IO AR EbG) R ger
porie {6 i BCAR o 8T S By

| ength LE2 an inside dianeter and an
W'thdi"ﬁ%'ﬂﬁaﬂ h'thth'Hnﬂu%@t & t%é&'xﬁ@e &@PH&S

wherei n LEI nE7, LE2,
produced diol from a Iower portion of the d|st|t!at|on column A in a liquid

form;

(1) continuously feeding said high beiling point reaction mixture
Ag into the continuous multi-stage distillation column C, continuously
withdrawing material having a lower boiling point than that of the diol
contained in said high boiling point reaction mixture Ag as a column top
component Ct and/or a side cut component Cs, and continuously
withdrawing a column bottom component Cg having the diol as a main
component thereof from a lower p.ortion of the distillation column C,; and

(I1) continuously feeding said column bottom component Cg into
the continuous multi-stage distillation column E, and continuously
withdrawing a high-purity diol as a side cut component Es from a side cut
outlet of said continuous multi-stage distillation column E; wherein
improvement comprises:

(a) said continuous multi-stage distillation column A comprising a
distillation column having a length Ly {cm), an inéide diameter Dg (cm)

and an internal having a number of stages ng thereinside, and further
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satlsfy the followng fornulae (18) to (26):

Aosoﬁﬁ’@'? <

3000 (18) 25 50 <_ DEI 5 700 (19) 2 <_
LEl | DEI <~ 50 (20) 104 A0O501 VP87IKAN 3 5 nEl s 30
(21) 600 <_ LE2 <_ 4000 (22) 100 5 DE2 5 1000 (23)

25; LE2/ DE2530 (24) 5 5 s nE2 50 (25) and DE1 < DE2

havir\%g gaéfo)éxégletﬁm 'gfpﬁe ctflbﬂ{bt 3'(} eas HpI2f the

hi h
colurgaaf myﬂa oot Rtlin oyt o r&‘hns%ét e.ewe Ef?r?@%'gf’dwe

hi meys each, havi ng an openln havi .
outieth@ygngeaﬂ inside diameter doz ko) <3k Q‘i}"‘i’r@' Pohthe Eqimn or in
(27): 50 s SE <_ 2000 (27), and each of the chi meys
a lowesi payrtian lofithet c@lummgmamm @hﬂ)bﬁtmm Hli leasdpne rﬁgstuﬂnlet
said chimmey to a gas outlet of said chimey satisfies
provitied inlthd appdrapd@iyn a2 5 drka midide p@djan afidhégyoluimen
side cut outlet is connected to a liquid collecting

beIovPth' §8s Yutisighd bt MBa%t by setoAd it 60PFbVidedsin the middle
mul ti-stage distillation colum E. 20 40. The

port@i%cﬁ‘& ﬁféﬂf\ﬁéf‘goﬁ'goﬁ' 8t m@%oit’iﬁﬁf ﬁb%v@oih@ﬁétﬁ@%uﬂet

tl ythefornu dot / doe 5 5
wherég-’n LEPRFY o m?%ﬂrddbnzgsﬁ?sﬂ/ thg'fa?lo%nﬁoform %' (‘1)'-fb (6):

2100 < Lo < 8000 (1)
180 < Dp < 2000 (2)
4 <lo/ Do <40 (3)
20 < np < 120 . (4)
3 < Do/ doy <20 (5) and
5 < Do / doz2 < 30 (6);

(b) said continuous multi-stage distillation column C comprising a
continuous multi-stage distillation column comprising a stripping section
having a length L¢q (cm), an inside diameter D¢ (cm) and an internal
with a number of stages n¢4 thereinside, and an enrichment section
having a length Lcz2 (cm), an inside diameter D¢z (cm) and an internal
with a number of stages n¢2 thereinside, wherein L¢1, D¢, Net, Loz, Doz,

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

300 < L¢t < 3000 (7)
50 < D¢t < 700 (8)
3 < Let / Der <30 )
3 < n¢y < 30 (10}
1000 < L¢2 < 5000 (11)

103



10

15

20

26

Lo | Do, no, Do / dot, and Do | d0O2 for said
A0501§%§i7‘|%ﬂ%us mul ti-stage distillation colum A satisfy

respectively 2300 5 Lo <_ 6000, 200 5 Do 5 105 A0501
VP87/ KAN 1000, 55 Lo /Do 530, 305n0<_100, 45Do/ do,
< 15, and7<_Do/ d025 25. 42. The apparatus according to

any one ai to 41, 5 wherein i nternal of
sai d corﬁq fu ﬁ%%ﬁ?i -stage distillat i(gg?col um Ais

a sieve tray, 43..The par at us accor di to Caim42,
wher ei n 15‘%%‘-%? Z\’%"z Fri@ in said cont Rhggus

mul ti-stage distillation colum A has J[gg to, 1000 10
hol es / S pcassi@0e portion thereof { ane
apparatus according to Claim42 or 43, wherein a
cross-sdd¢i snBkrarea per hole of said(3Pdve tray in
said continuous nulti-stage distillation colum Ais
i n(cd thengeriohnferisdctionoofbsaid conlifiuglls Thdtiapiaget us
according to any one of Clainms 42 to 44, wherein an

distilRRRI ebfumat Coh&8 dtalelast Wne chiindectregsirsstaliedntierein as
area of the holes in one tray stage to an area of the

the iﬁnt%ﬁiéi,Oéaiaa& inﬁhsyﬁréyQVaJiHPSms@an_éarthieménv%ne or more

I 'stage distiflation cofum Ais in a range of

cnim§BFdagh hayudd g i PepaFoss.secqbrarks s om

._are further proyjded in a lower portion of the
sat'sﬁfﬁf‘grt & fqrpula ﬁ/\g)r'm)st portion of the stripping
section which is in a |lower 25 portion, qf said
cont i nuotR0 Al SST%% distillation cdi C aliquid
is continuously w thdrawn from an uppernost stage of .
and eachl ofthgscimaays heipgrsach thata kasght he (cm) from said

opening of said chimney to a gas outlet of said chimney satisfies the
formuia (17):

10 < he < 80 (17);

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

said chimney tray of said continuous multi-stage distillation column C;
(e) said continuous multi-stage distillation column E cbmprising a
continuous muiti-stage distillation column comprising a stripping section
having a length Lg¢ (cm), an inside diameter Dgs (cm) and an internal
with a number of stages ng¢ thereinside, and an enrichment section
having a length Lg2 (cm), an inside diameter De2 (cm) and an internal
with a number of stages ng2 thereinside, wherein Leq, Dg1, Ne1, Le2, Dez,

and ng2 satisfy the following formulae (18) to (26):

400 < Lgy < 3000 (18)
50 < Dgy < 700 (19)
2 < Lgy / Dgy <50 (20)
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at is.given to require for distillation in a
A05013%}l§§h‘g§, the heated liquid is returned into the

distillation colum C froma feeding port provided
bet ween the uppernost stage of said trays K and the
internal in the |owernost portion of the stripping
secti on, ile emai nder of the |iqui 5is fed
into a ﬁ%&grE1§g§6in order. 47. The aggg)atus

accordi 0 aim wherei n each of,,,,he trays Kis
a baffl ggqcﬁéy E3 § ﬁéBDThe appar at us ac,(ggr)di ng to daim
46 or 47, wherein an _ inside dianeter B(éinOf said
cont i nuolRO mPez-s{18Q0 distillation cd C where

the trays K are present satisfies Dci <- Dc3. 49. The
appar at ud <aten’ @ewst30 any one of O ai(@¥)46 to 48, 15
wherein Lci, Dci, Lci | Dcl, ncl, Lc2, Dcz, Lcz / Dc2,
nc2, andonrcBef @ 58aid continuous nul t(263tand
distillation colum C satisfy respectively 500 s Lc,
<_ 2000,DfP<<pRs, < 500, 5 Lcl / Dci 42630, 5 < nc, <
20, 1500 5 Lc2 5 4000, 70 <_ Dcz :5 400, 15 5 L02 /

Dei2y %é%n&&ﬁdﬂﬂ%é&i&@,ow@&céﬂtinfa%glé mati-Adge0.

The” apparatus according to any one o aims 39 to 49,
ot [ N I yaldst (A MaToY ' f '
distiltiiF RInEh FhER ", Iosbt e THLRRY G iifistalled uheth
i nternal_excludin he chj ] ' n
amongd 1% JAterriis, Sl shifrey, 3R el (R indiaiipts flereih B Hoast
Ci'g aratus accordjng to Claim ?%,d,v\herei n the internal S
two ciiinngso 2aoPshaKIRG AR PRENING NAYING & Cresdmastivlgiarea Se
,continuous nulti-stage distillation colum Cis the
(cm®} palisfying the:fermuladR7dxcl udi ng the chimey tray in
the enrichnent section is the tray and / or a
st ruct ur2d &k rRNO0 (27),
and each of the chimneys being such that a height hg (cm) from said
opening of said chimney to a gas outlet of said chimney satisfies the
formuia (28):
20 < hg <100 (28); and
(g) the side cut outlet is connected to a liquid collecting portion of

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

40. The apparatus according to Claim 39, wherein dogs and doz
satisfy the formula (29),

1 <dgy/dp2<5 (29).

41. The apparatus according to Claim 39 or 40, wherein Lo, Do,
Lo / Do, no, Do / do1, and Do / doz for said continuocus rhulti—stage

distillation column A satisfy respectively 2300 < Ly < 6000, 200 < Dg <
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The apparatus according to Caimb50 or 51,
AO‘:’OIm?Msai d tray is a sieve tray. 53. The apparat us

according to Caimb52, wherein said sieve trays has

100 to 1000 holes / n2 in a sieve portion thereof, and

a 1o cross-sectional area per hole in a range of from

05 %0 C atu di { i
1000583 (REE A0 20 Lo A PO07AE BOF Ry 415 Brid 7 B0 doz <
o5 cross-sectional area of t he holes in one tray st age

to an area of the tray) of said sieve tray in the

stripping 15 section of said continuous nulti-stage

distillation colum Cis in a range of from?2 to 15@6

55. The apparatus according to any one of ( ains

542. whetke @rparaigstanconding do(any ane offClaims: aa to 41

cross-sectional area of the 20 holes in one tray
whersimatie internairodsaifl cortinuayp wlikstags dmntataqn ioplumn A is

the enrichnment section of said continuous nulti-stage
a siedefaylation colum Cis in a range of from1l.5 to

12% 56. The apparatus according to any one of C ains

39 to 55, 25 wherein an aperture ratio (a ratio of a

total cross-sectional area of the openings in the

@neygﬁﬁgpﬁ%%ﬁ?o %tf&}%fﬁg t'ﬁ”@l’altrﬁ TRakrdi Eaﬁf's?’eve

"A05 CrosSs-sectl o area o

tray *ﬁu%e%d“%?éaﬁﬁ&ﬁé% L g, o i AhgE°t0 to 1000

f 10 to 40% 5 57, The,apparatus according to an
holes,h 1o @ Bieke Bort B"é@efe%efgu n LEI, DEl, LB DEly
nel, LE2, DE2, LE2 / DE2, and nE2 for said continuous
mJItl-stage distillation colum E satisfy 500 5 LEI < -
2000, 100 s DEl < 500, 3 < LEI | DEI < 20, 5 < nE
< 44,0 mbe@_pmtasmrdmg to ChaEm 42 o818, whereima
/| DE2 20, 7 <_nE2 <_ 30, and DEl < DE2.
cross-sectional area per hole of said sieve tray in said continuous

multi-stage distillation column A is in a range of from 0.5 to 5 cm?.

45. The apparatus according to any one of Claims 42 to 44,
wherein an aperture ratio (a ratio cf. a total cross-sectional area of the
holes in one tray stage to an area of the tray) of said sieve tray in said
continuous multi-stage distillation column A is in a range of from 1.5 to

15%.

46. The apparatus according to Claim 39, wherein a _piurality
(nca stages) of trays K are further provided in a lower portion of the
internal in a lowermost portion of the stripping section which is in a lower
portion of said continuous multi-stage distillation column C, a liquid is

continuously withdrawn from an uppermost stage of said trays K, and
106



10

15

20

25

he apparatus according to any one of C ains 39
A%Oléb%sg%gv\herei n the internal in each of the stri pping

section and the enrichnent section of said continuous
mul ti-stage distillation colum E excluding the
chimmey tray is the tray and / or the packing. 15 59,

after E%%ta}gg%%n eacﬁ@lrg'fﬁg dlg itlafidA APa ISR tb@eheated .I|qu|d

the s rippl ng section an

s o 54T 5 e S8 DS by et Froa

he tray. 20 60. The appara sacord to.Cla
betwwérteenuwermpép $ta0g Oosaihlr ey K 81d the n&ﬁﬂ&?'atmﬁﬁ
according to Caim&60, wherein sai d sieve 25 tra
lowernsost po12on ofothes stripRing sgcion cvbile:d 6ﬁm18ﬂ@6f°f mﬁjllqwd
a cross-sectional area per hole in a range of from
is feddiritot @ |bwartragdn av@iErl VP87/ KAN 62. The apparat us
according to Claim&60 or 61, wherein an aperture
ratio (a ratio of a total cross-sectional area of the
holes in one tray stage to an area of the tray) of

sadfl si evﬁetdﬁdaﬂdiukf@cééﬁduﬁgltwc%ﬁﬁwe oRhefefbéch of the
continuous mil'ti-stage distillation columm Eis in a

r Iy 3 to 25% 63. The apparatus according
trays mgea b%&]fe;go ims 60 to 62, wherein an aperture

ratlo (aratio of a total cross-sectional area of the
10 holes in one tray stage to an area of the tray) of
said sieye tray in the enr chrrenbésect

coh®i nuotiBerApPRRraiLs ACREING 19 ﬂ"@ i \glherﬁlrhan

range of from2 to 20%
inside diameter D¢3 of said contlnuous multi-stage distillation column C

where the trays K are present satisfies Dc1 < Dea.

49, The apparatus according to any one of Claims 46 to 48,
wherein Lcy, Dect, Les f Des, Net, Loz, Doz, Lez / Doz, Nz, and nea for said
continuous multi-stage distillation column C satisfy respectively 500 < L¢;
< 2000, 70 < D¢ £ 500, 5 < Let / Deq <€ 20, 5 < ney < 20, 1500 <lLcz2<
4000, 70 < Dc2 400, 15 < L2/ Dc2<40, 30 <nc2<90, and 3 < nca <
20.

50. The apparatus according to any one of Claims 39 to 49,
wherein the internal in the stripping section of said continuous
multi-stage distillation column C and an internal excluding the chimney

tray in the enrichment section are trays and / or packings.

51. The apparatus according to Claim 50, wherein the internal
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. apparatus according to any one of Clains 39 to
Aosmg%?’?%\/\herei n an aperture ratio (a ratio of a total

cross-sectional area of the openings in the chi meys
to an area of the chimmey tray including said total
cross-sectional area of the openings) of said chi mey

i e g BBk O SR UEn g n-die Yk gton column

C is the tray, and the internal excluding the chimney tray in the

enrichment section is the tray and / or a structured packing.

52. The apparatus according to Claim 50 or 51, wherein said

tray is a sieve tray.

53. . The‘ apparatus according to Claim 52, wherein said sieve
trays has 100 to 1000 hotes / m? in a sieve portion thereof, and a

cross-sectional area per hole in a range of from 0.5 to & cm?,

54, The apparatus according to Claim 52 or 53, wherein an
aperture ratio (a ratio of a total cross-sectional area of the holes in one
tray stage to an area of the tray) of said sieve tray in the stripping
section of said continuous multi-stage distiliation column C is in a range

of from 2 to 15%.

55. The apparatus according to any one of Claims 52 to 54,
wherein an aperture ratio (a ratio of a total cross-sectional area of the
holes in one tray stage to an area of the tray) of said sieve tray in the
enrichment section of said continuous multi-stage distillation column C is

in a range of from 1.5 to 12%.

56. The apparatus according to any one of Claims 39 to 55,
wherein an aperture ratio (a ratio of a total cross-sectional area of the

openings in the chimneys to an area of the chimney tray including said
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total cross-sectional area of the openings) of said chimney tray of said

continuous multi-stage distiliation column C is in a range of from 10 to

40%.

57. The apparatus according to any one of Claims 39 to 56,
wherein Lgq, Des, Le1 / De1, Nes, Lez, De2, Le2 / De2, and ng2 for said
continuous multi-stage distillation column E satisfy 500 < Lgy < 2000, 100
< De1 < 500, 3 < Lgq/ Dg1 €20, 5<ngs <20, 700 < Lgz < 3000, 120 < De2

< 800, 3 < Lega/ Dg2 < 20, 7 < ngz £ 30, and Dgq < Dgs.

58. The apparatus according to any one of Claims 39 to 57,
wherein the internal in each of the stripping section and the enrichment
section of said continuous multi-stage distillation column E excluding the

chimney tray is the tray and / or the packing.

59. The apparatus according to Claim 58, wherein the internal
in each of the stripping section and the enrichment section of said

continuous multi-stage distillation column E excluding the chimney tray is

the tray.

60. The apparatus according to Claim 59, wherein the tray is a
sieve tray.

61. The apparatus according to Claim 60, wherein said sieve

tray has 150 to 1200 holes / m? in a sieve portion thereof, and a

cross-sectional area per hole in a range of from 0.5to0 5 cm?.
109



bi

10

15

20

A0501 VP8T/KAN

62. The apparatus according to Claim 60 or 61, wherein' an
aperture ratio (a ratio of a total cross-sectional area of the holes in one
tray stage to an area of the tray) of said sieve tray in the stripping
section of said continuous multi-stage distillation coiumn E is in a range

of from 3 to 25%.

. B3. The apparatus according to any one of Claims SO to 62,
Qherein an aperture raiio (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%.

64. The 'apparatus according to any one of Claims 39 to 63,
wherein an aperture ratio (a ratio of a total cross-sectional area of the
openings in the chimneys to an area of the chimney tray including said
total cross-sectional area of the openings) of said chimney tray of said
continuous multi-stage distiliation column E is in a range of from 5 to

40%.
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