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A050408P1 OUBCIKAN/ KAN PROCESS FOR PRODUCTI ON COF DI ALKYL

CARBONATE AND DI O TECHNI CAL FI ELD The present
invention relates to a process for the production of a
dialkyl 5 carbonate and a diol by reacting a cyclic

carbonate and an ali hat| c rmnoh dri al cohol
 FRBOMESS HRRARD PUAFIFL CARBENATEAND DIOL

processes for the productlon of a dial kyl carbonate
and a diol froma 10 reaction between a cyclic
carbonate and an aliphatic nonohydric al cohol have

been proposed, wth TEOHNIGAERELRBVI ng been proposed
hitherto as reaction systens. These four reaction

Sysg e%bﬁt AtibR rélaf&sol‘éeé rcfdérsstfbﬁtl'\%f [rddeiction obh dialkyl

di met arpbonat e and ethyl ene glycol from ethylene

cafbﬁfié@%sgié‘meﬁ% B35 o et S g o

| '?’é ch react| on systemin whi ch et hyl ene car bonate
aico land a catalyst are put into an autoclave to

proceed the reaction, which is a batch reaction
vessel (see, for exanple, Patent Docunent 1. U S.
Patent No. 3,642,858, Patent Docunent 2: Japanese
Pat ent Appl i cPESERIBTHONIOR THE RELATED ART
(corresponding to U. S. Patent No. 4, 181,676), Patent
DocSenmrhl procefsdafiniths @rotuction dﬁ@dlaﬂeyt carbdnaitel aodendiol from a
No. 54-63023, Patent Docunent 6: Japanese Patent -

reacﬁ@rﬁ’ bbeﬁéema dydii€l caiimaty andanldiphdbic iensiidridcaiooisithave been
7: Japanese Patent Application Laid-OQpen No.

prop§p @4\5'&9 fou.Pras‘Lﬁ%dnEb)gggmagﬁe& pr é HefitheRdl & feaction systems.

cation 55-6 Pat ent Documen

oo RRSEIGH e R B AP APt
cart gl S B o et B i I i the
most typical reaction example.

Afirst systemis a cofnpletely batch reaction system in which ethylene
carbonate, methanol and a catalyst are put into an autoclave to proceed the reaction,
which is a bateh reaction vessel (see, for example, Patent Document 1: U.S. Patent
No. 3,642,858, Patent Document 2; Japanese Patent Application Laid-Open No.
54-48715 (correspondinQ to U.S. Patent No. 4,181,676), Patent Document 5:
Japanese Patent Application Laid-Open No. 54-63023, Patent Document 6:
Japanese Patent Application Laid-Open No. 54-148726, Patent Document 7:
Japanese Patent Application Laid-Open No. 55-64550, Patent Document 8:
Japanese Patent Application Laid-Open No. 5§5-64551, Patent Document 8.
Japanese Patent Application Laid-Open No. 56-10144). |

A second system is a batch reaction system having a distillation column,

which uses an apparatus in which a distillation column is provided on a top ofa
1
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AQSG0 P 9BLIKBC KAN reaction vessel, and in which
et hyl ene carbonate, nethanol and a catal yst are fed
into the reaction vessel, and reaction is nade to
proceed by heating to a predeterm ned tenperature
(see, for exanple, Patent Docunent 3: Japanese Patent
reacfipp vesseli and imwhictpethylene carbopate: methanokand adiatalystare fed
U. S. Patent No. 4,062,884), 5 Patent Docunent 4:
into thepmaetion Patsell add peactidn ismade to Proveddcby hdatidly iba
(corresponding to U S. Patent No. 4,307,032), Patent
predeRHiTREd tdipetdtire (38kCRir dHamplé, BRant Dbcurerit!y: \E,{hﬁfagﬂe%e Patent

systemis a continuous flow reaction systemin

ApphBatisfl Lsa%-g:f;%/é?frgg%ﬁé?ﬂz%@gﬁg@g@@g 3@%!3'%%@-[{%}43062,334),

cont'| nuou Into a t 1 al ned

PatePl DRCRREATA b BREas PR PRpERTES EoiOpefi o et
(corBapaRRange LR P RtemNE ORI gt Boctiment T4: U.S. Patent No.

continuously withdrawn in a liquid form from an
3.8084073t on the other side (see, for exanple, Patent
Docunent 10: Japanese Patent Application Laid-Open
No.A HBrdigystem(is@ centiruadisifipw eddtien systemiin Whichld mixed solution
4,661, 609), Patent Docunent 11: Japanese Patent
of etiyiphexztrbomate drdt fetharidl is cotiridddiFedintcca tubwisurittor
12: Japanese Patent Application Laid-Qpen No.

mairfi4indd &t & predetétiiingd rélktion timpersitiré€ ind\q redetiihlmbdive
Pat ent Docunent 13: U S. Patent No. 4, 734,518). A

conté:ﬂtﬁ%n?m@é%{éﬂ%fpg@er @é}ﬁﬁhg% S:hf‘ééc!té@fﬁé)cﬂwaqﬁ%ls bgcﬁquyc{egﬁ%imethy!

I nuous ction Focess I n h

0 ol . ar ch ntinuously fed into.
carbGAtes AR PeBies plfike. fivEaE snfiRCoL Wit in plialid form
carri out in the presence of a catalyst in a
fromiaf puiehia the' Apa s Resor exampie. fratsht Dopument 48; dapanese
t he separation of roduced di nethyl carbonate and
Pategt Appligatiog haidiOpen Nex 6341432 (corespendiagdo U.S. Patent No.
distillation colum simultaneously (see, for exanple,
4,66 PH0&) Pateot Bectument 11 apapanssePateat Application lcaidiQpen No.
Lai d- Open No. 4-198141, Patent Docunent 16: Japanese
63-288043\t Patépp Docatriemt 1Raldpdimsse Patent Applicatibn Baiti<Dpen No.

Docunent 17: Japanese Patent
64-31737 (corresponding to U.S. Patent No. 4,691,041), Patent Document 13: U.S.
Patent No. 4,734,518).

A fourth system is a reactive distillation system, i.e. a continucus production
process in which ethylene carbonate and methanol are each continuously fed into a
mutti-stage distillation column, and reaction is carried out in the presence of a
catalyst in a plurality of stages in the distillation column, while the separation of
produced dimethyl carbonate and ethylene glycol is carried out in the same
distillation column simultaneously (see, for exampie, Patent Document 15: Japanese

Patent Application Laid-Open No. 4-198141, Patent Document 16: Japanese Patent

Application Laid-Open No. 4-230243, Patent Document 17: Japanese Patent
2
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28 - GC/ KAN Application Laid-Open No. 5-213830
Aosoackgrﬁrg;%gn ing to German Patent No. 4,129, 316),

Pat ent Docunent 18: Japanese Patent Application

Lai d- Open No. 6-9507 (corresponding to German Patent

No. 4,216,121)). In this way, the processes proposed
Applicatitve Laid-OpeniNo.os«2 188 30 ortiespbnding to dB¢raran Patent Ndie

diol fromthe cyclic carbonate and the aliphatic

4,129&9&671%&& Pbeaf@nt 18! SapaifedePateny Abpligatidnlilait®pen No.
conpletely batch reaction system (2) the batch

6-95F EbirBUpSHTRE T (Rl PEITRNG. Ieppedatl having the

I on rovi de eto hereof; 10

3 1 owi liquid.r [ on, S: ' .
o s v, B plgbhsiet BRGRoSHOL Ao Hrpducibg she iy
However robl ens have peen pointed t for these as. .
carbgAte s R P HEOR 108 C&Pﬁ? gartignats 3nd the eilalé@%rr mepfydric alcohol
of the cyclic carbonate conversion is detern ned by
are the fowmystaMsi on put in and the tenperature, and hence
the reaction 15 cannot be carried out to conpletion,

(1) thencornpletelybmtclo mastionmsystam| ow, because this reaction
idequilibriumreaction with | ow equilibrium constant.

(2) tHdbarKebaclith bYstefiRGsing the (dactidnovesslet havingthis Idistiliation column
carbonate conversion high, a very |arge anount of the

Q:h?fHeoﬁ R ric alcohol nmust be used. In the case
provfgkeh(dr , togqrggégtil on can be mnade to proceed with a
i . Ver S ' and hence
() 2o 1665 EREH skl Uping thoublias reicibrand ™l ToTC
1 in Patent.Dacunent 15 (Japanese Patent Application
(4) the,fen Eﬁ%‘%ﬁoﬂ%}fM‘), the ethyl ene carbonat e
conversion is 100% and the ethyl ene glycol .reaction
yi dieWaYRf. PEQRiems\have painte OwiE  ag fpliosa | e
1 in Patent Docunment 16 (Japanese Patent Application L
Lailo-tmp easef (1uand (P4the upper linoi f theecydliciearaerate conversion is
conversion is 100% and the ethylene glycol 25 _
determineti bpynthel edrdpaesitios putint and the tensperaiureg and hehics thewyeaction
with the reactive distillation
cannot be carried out to completion, and thus the conversion is low, because this

reaction id equitibrium reaction with low equilibrium constant. Moreover, in the case
of (2), to make the cyclic carbonate conversion high, a very large amount of the
aliphatic monchydric alcohol must be used. Inrthe case of (4), the reaction can be
made to proceed with a higher conversion than with (1), (2) or (3), and hence this is
the best reaction. For example, in Example 1 in Patent Document 15 (Japanese
Patent Application Laid-Open No. 4-188141), the ethylene carbonate conversion is
100%, and the ethylene glycol reaction yield and selectivity are 99.5%. Moreover, in
Example 1 in Patent Document 16 (Japanese Patent Application Laid-Open No.
4-230243), the ethylene carbonate conversion is 100%, and the ethylene glycol
reaction yield and selectivity are 99.4%. In this way, with the reactive distiliation

system (4), a high conversion and a high selectivity are exhibited. Furthermore, to
3
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AO5GY BP-GEYKaa hi gh conversion and a high selectivity
are exhibited. Furthernore, to 3 A0501 UP19- GC/ KAN w

cope with the case that a snmall anmpunt of unreacted
cyclic carbonate remains in the produced diol, there
have al so been proposed a process in which the
copewwitk the case thatla smalhahwount of usregaled icyclimicgrbonate temains in the
exanpl e, Patent Docunment 19: Internationa

prodtoed dicd! there have al6oX3eetbpropuseda provess in whisththehunreacted
unreacted cyclic carbonate is 5 converted into an

cych@bﬁf’%ortdié W EYdroRZel! (88e Wor Exéﬁfblé’ | Pateh %cufrférnt 19: International

| e, Patent Docunment 20: I nternati onal

Publﬁ:%% 93’72@5’1&})0?65 ﬁ%&?sm}ﬁﬂh thg'"lwr?ﬁéfeydéﬂ)cﬁ@ cEPrf‘onate is

reac ron'’s em propose

conﬁgégan ohﬁ" %mb%?iﬁmugﬁ‘ér%% Ehih with tha ot 55?}95” %ﬁm% f%&"t
DocurBptefuniamatonsl dagaten oo ORETSRAR regard o thi s

problen1 there has been proposed a process in which a
hi doweven while studying the eeastive dlatlllahgmusﬁm&p@ad hitherto, a

| ow al dehyde content is obtained by feeding specified
new peoblem inasbeen digcodersd inlthat the diplpicducedihas s lowpultra violet light
(see, for exanple, Patent Docunent 21: Japanese Patent

(hereipaftécatibreviated tb thimsmiarce3 268 ¢értalfpivavéleRgEN) @t contains
22: Japanese Patent 15 Application Laid-Qpen No.

an a@@ﬂgdé %ﬁﬁf&éjr}d;?‘gﬁiﬂﬁ ge%gvgltta éﬁﬁ'p?r?ﬂéﬁﬁ etHbré’ﬁé?b&Sn proposed a

ris istillati'on purification
procSE R whith &nigh: Syl SRFEMDES £ hWPMﬁ@?@“%%
sy ﬁsﬁtgﬁfﬁ@&sﬁ tav"feeﬁfwﬁ' i AR tsaEPM'\auon
PuifGalaR SIS (s FRrcararaplB ﬁ&éﬁ‘ﬁﬁo&@é@%%ﬁ%&mﬁi atnt
cyclic carbonate conversion being high, the

Applg:an@athasdﬂm Nor200%-308804.Patent umerﬁﬁa dapanese Batent
produced being high, and a high-purity diol having a

Application Udid-OpesniNot 2004 131394). | dlowéevkrhwith thissysterh, because
bei ng obtai ned without carrying out conplicated

watet iscfedninty theudibl distilfation pgrification step, there is a problem that the

process becomes complicated. Further improvement is thus required.

For the case of producing the dialkyl carbonate and the diol from the cyclic
carbonate and the aliphatic monohydric alcohol, up to now there has not been
proposed a process that simultaneously satisfies the cyclic carbonate conversion
being high, the selectivities for the dialkyl carbonate and diol to be produced being
high, and a high-purity diol having a high UV transmittance and a low aldehyde

content being obtained without carrying out complicated treatment such as feeding

‘water into a diol distillation purification step.

DISCLOSURE OF INVENTION
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Aosotiprolaaka diol distillation purification step. 25
DI SCLOSURE OF | NVENTI ON 4 A0501 UP19- GC/ KAN Probl em

to be solved by the invention It is an object of the
present invention to provide, for a case of producing
a dialkyl carbonate and a diol froma cyclic
carRroblem tahe soived bythe inventiobhydri ¢  al cohol, a
process that simultaneously satisfies the cyclic

canpigni sbjeenutihel frasont ingedtidn whprovide, $6f # case iof pesducing a
for the dial kyl carbonate and diol to be produced

dialkPeddiBoRailand Qrﬁi%ﬁgd?r@cﬁ%iddb&iﬂb arvar dlighaticiokhydric

ransmttance an ow “al dehyde content being

t ai ' ryi ' : :
aloot] § PRECe rak imyiBiebL 40 Risnee B G arbofgie Btiversion being
. . purification step. ,1 ans for sqlvi t he pro .
nigh Hhe ssieiies By Bk dpllonBabonsts add ditidd peliaBhSd Boing high.
studi es focusing on the nechanismof a, reacti [
and a/mginpHelvediphhaving A kigh MV Hepsmittancerapd Adaaidehyde enptent
transmttance of a diol is produced, and as a result .
being abtained without canryiegout somplicatedoineatmentsush as feeding water into
di scovering that the reaction conditions (residence
a diol distillatienparifitation)stép. i n a transesterification reactor
conprising a tray column type continuous nulti-stage

distillation colum play an inportant influence on the
reacti on producing UV transmttance-reducing

rratmé'éﬁé ga@é&iviﬂartﬁé’}ﬁf‘dbiéﬁat this influence differs

bet ween tray“portion and a colunm bottom porti on.

That, the. t__j nvensi ' : :

or s et BeRGHR e BRie B RSYHGG TS st delsih on the

arbonate and. a .diql.,. b conti nuousl edi fir

mecBaT sl Aeacionn itk Hatefil SucBiAs Bn Bl oRaHaladcas the UV

mai n  conponent thereof and a second starti r% maher i al
transrittanrceioh@ dial igiprpdused; angam3 desuit haye magheddodhapresent

conmponent thereof into a tray colum type continuous
inventicn after digeovering that the reaction conditions (residence time, temperature)
in a transesterification reactor comprising a tray column type continuous multi-stage
distillation column play an important influence on the reaction producing UV
transmittance-reducing material, and moreover that this influence differs between a
tray portion and a column bottom portion.

That is, the present invention provides:

1. In a process for continuous production of a dialkyl carbonate and a diol, by
continuously feeding a first starting material containing a cyclic carbonate as a main
component thereof and a second starting material containing an aliphatic monohydric
alcohol as a main component thereof into a tray column type continuous multi-stage

distillation column, bringing the starting materials into contact with a catalyst present

in said distillation column so as to bring about reaction in a tray portion and a column

. bottom portion, continuously withdrawing a low boiling point component containing a
5
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A0501 gPOL@CYIA  col um, bringing the starting materials
into contact with a catal yst present 25 in said
distillation colum so as to bring about reaction in a
tray portion and a colum bottom portion,
continuously withdrawing a | ow boiling point conponent

y |_point .
produced dialkyhgarboritadism aorppecportion ofsajid distillatipalcejumn, and

carbonate from an upper portion of said distillation

continabusly withttawirgna ihigho beiling \wicirtdoomponerd dontginingia praguced diol
poi nt conmponent containing a produced diol froma

from|zPiVer pRIrfiorP Bf Saidshstiliatiohtdolumh] Whefsin e imﬁﬂfweﬁiéhttobﬂmrises:
i mprovenent conprises: the fol | owi ng formula (1)

o108 OMiRp YR (T YrE sfeled 0. 10012 o1
o . . . £t h .

qui o TeER Y G248 5a00n of sai d distillGhon
colum in which the catalyst is present; T1 (C) is a

whereitmer ature at a (n/2)th stage (a ((n+1)/2)th stage in

t he case.t hat n isuodd) fromthe top of the tray

por@ Fdh < ¢hi tH200e",catal yst is present wherein n is
a total nunber of stages therein; e2 (hours) is an
avep agk Tes(Tend0fe of the reaction liquid in the
colum 15 bottom portion of said distillation colum;

and3,Ttholifs) is ancaverage residence timiehof thelreactidmliduidin the tray
portion, 2. the process for continuous production of

porti?ﬁ%\}‘\ﬁhﬁ‘i dxtillatdnOGdIaim inwhith ehelcalalystisprediehg to item

erein the catalyst is a hompbgeneous catal yst, 3.

A PTEREI S PRI AR SR (02 el tho caso ha
i S50 58 95 o e b BRRAH A Gt R BHiGpt brein s
tomlm;ffé%oG%&g?gls production of the dialkyl

8, (hours) is an average residence time of the reaction liquid in the column
bottom portion of said distillation column; and
" T2(°C)isa temperature.in the column bottom portion,

2. the process for continuous production of the dialkyl carbonate and the diol
according to item 1, wherein the catalyst is a homogeneous catalyst,
3. the process for continuous production of the dialky! carbonate and the diol
according to item 1 or 2, wherein 8, is in a range of from 0.3 to 20 hours, and 8; is in
a range of from 0.3 to 25 hours,
4. the process for continuous production of the dialkyl carbonate and the diol
according to any one of items 1 to 3, wherein each of T; and T; is in a range of from

-20 °C to 350 °C.

Advantageous Effects of the invention
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AQ5CCUPI@-BE/KA" 'any one of itens 1 to 3, wherein each of
Tl and T2 is in a range of from -20 Cto 350 C. 25
Advant ageous Effects of the Invention 6 A0501
UP19- GC/ KAN According to the process of the present
i nvention, when producing the dialkyl carbonate and )
t hé\enosdingtehe REOGSsS| ofctge Hrepantiavention; whea pregueing the dialkyl
nonohydri ¢ al cohol, there can be sinultaneously
carbepatesdnc:thet diol frgmi the ayalit cadionaie andtbé atipbaticmanohydric aicohol,
the selectivities for the dialkyl. carbonate and di ol

there cabbeiradisnsously sgtisfieghtheatydiie carbborgite ponvénsiah being high, the

having a high UV transnmttance and a | ow al dehyde

sele@RiticdYor B Bfalky? BaAidHate W thdlito B peoidiiged Wein Iaigg. and a

conplicated treatnment such as feeding water in

: i O . I i
high 5.8y i Felingit b 7 iterisfita i 3hd% oW Riishyde content being
dr aw J f _an.a ratus. used. in, Ex | es cordin 0. .
obtafned Wit caRiBEAR GimBlcried nearme U RiqH af 1elitd Watdfinto a diol
_..continugus nulti-stage distillation colum; 3, 6:
distillptiopauirdicatian stap. 42 72: top of colum; 7, 19, 45,
75:. condenser, 10, 26, 43, 73: columm bottom 12, 28,
50, 80: reboiler; 17: low boiling point conponent
separating colum; 22: carbon 15 di oxide-elimnating

colum; 41. E@BRIEF DESQRUSTION OF DRAWMINGSpar at i ng
colum; 2, 2', 5, 8, 9, 11, 13, 14, 16, 20, 21, 23,

24,FiZo1 i8 & sohematie dratving of ad ?éﬁatUElxseEZn Examplés according to
77, 78, 79, 81, 82: conduit BE MODE FOR CARRYI NG QUT

the pE?&ﬁtWM|ﬂ\hn@@ drani@ Exampleglet ai | ed description

the present 1nvention. The reaction of the present

10 RRLEIolipr<Tag URHIAMT e, B iRnentes 4 1p, 42, 72 top o
colufff 78 467 Brtefeer 1kabs samt Sylureh Bt 24 . o0
rebc.afellgr?I 17: low boiling point component separating column; 22: carbon
dioxide-eliminating column; 41: EG purifying column; 71: DMC separating column; 2,
2, 5,8,9, 11,13, 14, 16, 20, 21, 23, 24, 25, 27, 29, 30, 46, 47, 48, 49, 51, 52, 56, 76,
77,78, 79, 81, 82: conduit

BEST MODE FOR CARRYING OUT THE INVENTION
Following is a detailed description of the present invention.
The reaction of the present invention is a reversible equilibrium
transesterification reaction represented by foliowing general formula (1) in which
dialkyl carbonates (C) and diols (D) are produced from cyclic carbonates (A) and

aliphatic monohydric alcohols (B).
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/| pPR\O+ 2 RROHR20\ /OR2 R ~ + HO \OH (Il ) 0O
(A (B (© (D) [wherein Rl represents a bival ent
group -(CH2)m(mis an integer from2 to 6), one or
nore of the hydrogens thereof being optionally
substituted with an al kyl group or aryl group having
1 to 10 carbon atons. Mreover, R2 represents a
non@val ent 5 aliphatic gro having 1 to 12 carbon
ahoNs}q one, 0p g € gi—the Hiylet\ é’gﬁsﬁhergcﬁ%\ bei ng 1,
opticohal | y substituted with anfal kyl gH8up oPHaryl
gro| having 1 to 10 carbon aPons.] In the present
invention, UV transmttance-reducing material in the

di olayis a tragp conponent thak has not bggp fully
identified, but it is thought 't'hat al dehyde (E) 10 is

produced fromthe diol (D) through an irreversible
dehydration reaction represented by foll owi ng general

. H2O (L )
one ! gt g3 S5 ik b g o Bt 0, e
CH3- r- is ap i.nteger from.2 to 6 one_,or
or mies gt e HyRrongts sndl beibo SrenalyusHtsrvity 3Rk group or
substituted with an al kyl 15 group or .,aryl grou
aryl geouPriAving d toci .eaTbeR Ao . Mareover, Rasepiesonisa monQualent
al dehyde (E) and material produced through further
aliphatie groum havinghttal 2caykin atoms, cme emryeore/of the hydrogens thereof
transm ttance-reducing material. The reason why, in
being loptipnalhe stbstitvied withn anidlkyl grous st ahg graup having 1 to 10 carbon
si mul t aneousl y
atoms.]
In the present invention, UV transmittance-reducing material in the diol is a
trace component that has not been fully identified, but it is thought that aldehyde (E)
is produced from the diol (D) through an irreversible dehydration reaction
represented by following general formula (ll).
R‘\

~——  RL.CHO H 11
Ho' oM + HO (r

(D) (E)

[whereih, R® represents a monovalent group CHz~(CHz)m.2— (m is an integer from 2 to
8), one or more of the hydrogens thereof being optionally substituted with an alkyl
group or aryl group having 1 to 10 carbon atoms.]

It is thought that this aldehyde (E) and material produced through further
reaction of the aldehyde (E) form the UV transmittance-reducing material. |

The reason why, in the present invention, it is possible to simultaneously
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A050% UPPOGEIKA- GO KAN satisfy the cyclic carbonate
conversion being high, the selectivities for the

di al kyl carbonate and di ol to be produced bei ng high,

and the high-purity diol having the high W

transm ttance and the | ow al dehyde content being
satisfglthaioyelic catbomate canversion being highythe selectivities domihet dialkyl

such as feeding water into the diol distillation

carbdh#’té fdnﬁadlbpt& Be pctiuced HEM\? Bighe anditHé high Fbﬂwgdﬂbl haviRg the
| ows. The above reaction (Il) is a tirst-order

high Wﬁ}‘é’ﬁﬂ'@lt&%&?@f? fh%ﬁo@falagﬁyd%%nteﬁf‘ge P obt8inkd ut carrying

resi e tine an e tenperalure great

out %&gﬁﬁéﬁd{‘ﬁ%&ﬁ%ﬁeﬁﬁa@s“fﬁefn@%%ﬁg ‘ht@&ﬁé?iq‘*@i%ﬂ@ﬁﬁﬁ Sifaton
step [rigtcieay; bits thoighl ik as F-dfwsyner ' 10 ¢ han ¢ hat ?or
the residence tine for each of a and Rin fornula

thecabnvesieaction (i3 Bst-osdentdahydrationiaastion @f éhe dlol, and it

dependence of above reaction (I1) is greater than the
is thaught thatdbe treésidedes tirnteamathe\ﬁammratureigteaﬂwaﬁect the reaction, the
transesterification reactor conprising the tray

reaction proteeding mord ths greatenthii residegee dinsg of thet teiperature.  In
columm, the diol in the high boiling point conponent

partlét.ﬁar"\’ittlé‘ ﬂ‘d!ghtftﬁéﬁhé rog¥EH tiithe erdelfol e tephpaTaturdds higher
and hence i's thought that the d| ol concentration is

o BHAGE iR UL S PP il 1) e

e contrlbu

454 o e AR T A e )& roer v

rtion hence the coefficiept for P.in. formula
the r¢aiglence time' cenv MRregHer & the eansastemiGatipg regetor
20 In the present invention, .if the value of a +
comprising the tray colunum fyregontinugus snulti-stage distiiation eelumn, tae diol in
produced diol has a |low WV transm ttance and a high
the highdebilidg pointreoenponentds withtdrawmfroitt & lewer portioo of e ealumn,
If the value of a + 1.24x$ is less than 780, then

and ered it nthoughtities the ticb conesstrativndis vigieer i itiee epltinie bottom
carbonate conversion and the dial kyl carbonate and

portuSh fHarﬁi?\' tﬁéttfew ISéI%ndSﬁdl SRECthe STTRABRN 16 alééh?d@pfci&iﬂ:ﬁon from
formuld (1), the reaction condition 780

the réac.gcfo’ﬁ theSharishh bfatid\S factiBh §il isdftbter for the column bottom
portion, and hence the coefficient for B in formula (1) in the present invention is
greater than for a.

In the present invention, if the value of a + 1.24x@ in formula (1) is greater
than 5150, then the produced diol has a low UV transmittance and a high aldehyde
content, i.e. a Iow-purity diol is obtained. if the value of a + 1.24x is less than 780,
then reaction () does not proceed, and hence the cyelic carbonate conversion and
the dialkyt carbonate and diol selectivities decrease. Accordingly, as the range in
formula (1), the reaction condition 780 < a + 1.24xB < 5150 is chosen, preferably

1200 < a + 1.24xB < 4300, more preferably 1600 < a + 1.24x[ < 3700.
9
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A050120P19-GCMAKA". 24x4 < 4300, nore preferably 1600:5 a +
1.24x4 < 3700. 9 A0501 UP19-GC/KAN If the average
residence time of the reaction liquid 81 (hours) in
the tray portion of said distillation colum in which
the catalyst is present is too long, then reaction
(1 ithpravesage residengetimpd the rpa@tmmwd Ehéhewrs) iy theqtray
is too short, then reaction (I) does not proceed and

portlcireof:saldhhstdbahbnmohnnbmMmmmwmtalyshlsepresehblsaoo long, then
di al kyl carbonate and diol selectivities decrease; el

reactioh gl) WroGsEs ahd Yidehyde'is pasdied, Wereds  8;0s B6b Sisertshen

preféerably from0.5 to 10 hours, nore preferably from

rea\c:’tﬂm8 I} ?rgﬁs PPWQ%eeH rifNeddePthe tSUdﬂb c&ﬂ%ﬁmﬁ r@hb@&ldrﬁand the

In the tray portion in

d'a'k@ate?%éﬁét%ﬁﬁ%?%@?ﬁﬂéﬁ B, SRy s o

from B, 6529 hohgs.EafsrRBl Trom 02 1930 @2%@%% RTRizBR 0.8 to &
bott om porti on of sald distillation colum is

hourg;e nl@lrggci) ition.fial eancgatragion is gxtremely lgwoit the tray portion in which the
preferably fromO0.5 to 16 hours, nore preferably from

'catalnstdsmt pnasammwausaereaetm(laldoee nof praeest.  tlierefore, reaction

(n/2)"" stage (the ((n+1)/2)"' stage in the case 15
(I!)ahbaiogsmamddéed_romthe top of the tray p_ortion in
whi ch the catalyst is present wherein n is a total

numrsurﬁﬂa%aﬁstthewei*a%@?éhna&%é fimaesfahe réadtibn(quid ©;

in the columm bottom portion vary depending on the

(houfsé é’f:olhh‘ﬁ'\ ﬁéﬁéﬁ'p{gﬂ%&éﬁbﬁéﬁl dl%%ﬁ%ﬁlﬁ@ eﬁél‘ﬁll&rﬂﬁ a range

on pressure, iIs generally inar ng

of fra D% i a5 oy Rrlerall Ficgh &% X%%%@"?% Hafpisteral figp 1.0 to

a range of from-20 to 350 C, preferably from10 to
11 houys. C, nore preferably from50 to 220 C. If these

tenperatures are tog hngﬂ reaction (| If%‘ wmPr oceeds
and hertempgratieds (7G) at " sipge &he ((r+1)fdsstage in the case
tenperatures are too low, then reaction (1) does not
that piscodd)framdhedop of theetray portiorcinrwbichitbe catalystds presany wherein
the dial kyl carbonate and diol selectivities ‘
n is altotalenmaber of stages therein, and the temperature T2 (°C) in the column
bottom portion vary depending on the types of the starting material compounds used
and the reaction pressure, but T, is generally in a range of from -20 to 350 °C,
preferably from 0 to 200 °C, more preferably from 30 to 170 °C, and T; is generally in
a range of from -20 to 350 °C, preferably from 10 to 250 °C, more preferably from 50
to 220 °C. If these temperatures are too high, then reaction (ll) proceeds and the
aldehyde is produced, whereas if these temperatures are t00 low, then reaction (I}
does not proceed and hence the cyclic carbonate conversion and the dialkyl
carbonate and diol selectivities decrease.

Moreover, the operating pressure of said distillation column may be any of a

reduced pressure, normal pressure, or an applied pressure, and in terms of absolute
10
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AOS@P UPIre@ogKs the operating pressure of said
distillation colum may be any of a reduced pressure,

normal pressure, or an applied pressure, and in terns
of absolute 10 A0501 UP19- GC/ KAN pressure is
generally in a range of from1l Pa to 2x106 Pa,
prespuref isrgerieyally iona fanigesof from1k Pado Rx10ffa; ppefefablytiiom 1x10° to
from 1x104 to 5x105 Pa. The operating pressure is

1x10fP&mabte/ prgbRIb froth 1x10M tblBk 105 A0S | TheBpératingi pressure is

distillation colum such that the reaction _

genérﬁW 86| fédbﬁgngﬂﬁ ﬂn 8sifiéh th Qéiatdtl?'tlilﬁtlbﬁ H'Eﬂlch that the

becone sui tenpe atures. The form of

reacf:&ﬁ iﬁ»é?a{tp;ésoﬂ I‘PJ‘TE ﬁ'? érﬂrm%ﬁ%gohrbo J}ﬁn We%ﬁﬁ{g suitable

continuous
¢ { st age dlstlllatlon columm. The term "conti nuous
emqﬁquregtage distillation colum" refers to a
atiopn colum th has a uraI| of, i.e, k6 at
| ea G%QAB" otfthertransesterficabigpsea hHS@Q’]H{ the-eresest invention is a
continuous distillation to be carried 10 out. The term
tray celumyetypei ¢ontinuops erutitstagey distillation eslumn. t o henteracicoatinuous
nunber of stages of trays. As the tray columm type
multestage distiliation columt’apferdi tota distilation calummthatihas @nslurality of, i.e.
generally used as a continuous type tray colum type

at lesdt tWo, gistillatioh stddelsahhg th@t@rdbles 6amtirRusEstillstion to be carried
exanple one using trays such as bubble-cap trays,

out. S W‘Pn\éetehha“%&ﬁe@ :ﬁ’@ﬂe‘é@re%?ﬁb’nﬁveﬁﬁor? Féf? the‘g&uélﬁgnber of stages

Mor eover the ca using a so cat
ofﬁ%{ay col um type continuous nultl-stage dlstlllatlon
'urm in which this solid catalyst is fixed in the

M a%%@é‘ﬂe Bl st oS i eas, §BRReh ehiuiic eny one

‘ sed in the present invention, a distillatiaon

genq,ra MHﬁe FsaeRntinueusiype Yay colume tyrs myltistags dwﬁyﬂaﬂon column
such distillation 20 colums may be used in

can ke wsed afar exagwie soedsingyays euch as dubblescap traysasieve trays,
The cyclic carbonate used as a starting material in

valve traypr erseounterilowantrays) i Moreovesipdoe dase pf asingt 2 doliy catalyst, a
(A) in above reaction formula (1). Exanples of the

tray 2?‘&5}’2‘#5933?%'222?2 mmhg;gﬁegﬁigﬂum sauhmatmcﬁ lﬂﬁib s¥id catalyst
is fixed in the tray stages and the column bottom portion can be used. Moreover, as
the continuous multi-stage distillation column used in the present invention, a
distillation column as above may be used alone, or a plurality of such distillation
columns may be used in combination connected together in series or parallel.

The cyclic carbonate used as a starting material in the present invention is a
compound represented by (A) in above reaction formula (I). Examples of the cyclic
carbonate include alkylene carbonates such as ethylene carbonate, propylene
carbonate, 1,3-dioxacyclohexa-2-one, 1,3-dioxacyclohepta-2-one, or the like, which

are preferably used in the present invention, ethylene carbonate or propylene

carbonate being more preferably used due to ease of procurement and so on, and
11
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A0S0 RUPTREE/KE, 3- di oxacycl ohexa- 2- one,
1, 3-di oxacycl ohepta-2-one, or the |like, which 25 are

preferably used in the present invention, ethylene
carbonate or propylene carbonate being nore
referably used due to ease of procurenent and so on,
ethy&m carbonateOheing partElilar\prafasdbnasedr bonat e bei ng
particularly preferably used. Mrreover, the aliphatic

noridbysbver, thiecaliphatio peshaeteydriecaledhit usebas ’dhé@bther starting

material is a conpound represented by (B) |n above

matdrii & h dnipBuRd R gﬁ'f%entéﬂ b {ﬂﬂgbbﬁi@&(}& o ogucg)gh%n

havi ng a | ower I ng poin i's

R T @é@@@nﬁ%@ﬁﬁ%&@gﬁ%p@ frocuosds
e SO o Rt 5 BLATIS cgonse oo

yt | cohol hexyl
exa"élP'sa %ﬂ’% a&em%%rﬁbyﬂ 0 aMQﬁ@%?qﬂ%s@(ﬁﬁ%ﬁ re&aapoie )f(nropanol
al cohol (isoners), nonyl alcohol (isoners), decy
(isoraersarally! alooheh hutanali(isemersh| buten- tmamwglwmmqmmers) hexyl

al cohol 10 (isomers), cyclopentanol, cycl ohexanol,

alcohyiqisoinegrs) reptylalcohsl (isaners), ot h}cbotwt (isomiers)) abn yl alcohol

(i soners), ethylcycl opentanol (isoners),

(isomerishydeyt bitadish 19bmefs)s 0RBES)! a|csﬂmvk|§dmle?§)eaaaééy| aicohol

(i soners), dlnethylcycfohexanol (i soners),

(lson%I:rg?)M s), enzyFﬁl' )Eé?'[ﬂ? a%e%%f Xfé@%ﬁ&o'

ki FE%?%W%%E @ﬁﬂ%éléﬁ%iﬁhéhwﬂ%si “gBhpreioneran

(orfé) JindtR bS8 e er3L et o rabimetfsomers)

dietngleyPichs ?«éﬁg troarm) PhemiespchanoLisa e abepAdsicohol,
nmonohydri c al cohols, ones preferably used are al cohols

phenesiw ragcqhqf disemess b phenyipnepants (isomess) antisp en.c oRartsermore,
having 1 to 4 carbon atons, i.e. 20 nethano

these aliphatic monohydri¢ a[mmy,beasubdumted aitH smtm@)ts sugh as
t he case of using ethylene carbonate or propyl ene

ha[o%?‘fsb%\ﬁéﬁaik&xv Eﬁowps: |cy§n§ E‘M}i'ﬁtaﬁco &ﬁ?o@iﬁpbl%ups
phati ¢ nonohydric al co o s are nethano and
arylofyarbehy! GroupaatyleR} §rbupR! hhd Withs bYoups.

Of such aliphatic monohydric alcohols, ones preferably used are alcohols
having 1 to 6 carbon atoms, more preferably alcohols having 1 to 4 carbon atoms, i.e.
methanol, ethanol, propanol (isomers), and butanol (isomers). In the case of using
ethylene carbonate or propylene carbonate as the cyclfc carbénate, preferable
aliphatic monohydric alcohols are methanol and ethanol, methanol being partié.ulariy
preferable.

In the process of the present invention, a catalyst is made to be present in

the transesterification reactor. The method of making the catalyst be present may

be any method, but in the case, for example, of a homogeneous catalyst that
12



10

15

20

25

A0sOariepeoabbmcein the process of the present invention, a
catalyst is nmade to be present in 25 the

transesterification reactor. The nethod of mnaking the

catal yst be present may be any nethod, but in the

case, for exanple, of a honpbgeneous catalyst that 12
dissohN&sOih thelre8ctigiel Heflid dirgleo thee seactionheonditions, thre tatalyisti can be

under the reaction conditions, the catal yst can be

maddTisiBe (predntiih #5¢€ NjuidrpHidie ihithe ttngBaterificatiér feactor by feeding the
transesterification reactor by feeding the catalyst

catal?énttiﬁ%&t'i‘n% tFér"f&%} 3 kibh r@htmer cbﬁﬁﬁﬁ&iﬁb&?ﬂtiﬁ %)E%éé/ of 8"

_ e case eterogeneous catalyst that does not
netegREBbE s e 584 0k HaABN o HEFadkEn 1GPRL ferine resction
condiife Rt 15h BE b o BB oRER L FoSfELoRie by

. nmethods ma al so be used in conbjnation. In the case

dispasipg the mﬁg&ag @ splidindhe dransestesification rracior, dhpsemethods may
the mnmulti-stage distillation colum constituting the

also be aiseddn eonthinatioron reactor, the 10 honogeneous

catalyst may be fed in together with the cyclic

cai tieatase thita hdiogentopsd ahtatystis obntinuoushy fedninto ther
may be fed in at a different position to the starting

multifShges dtiflatidh Bolun@n e88stRULING B traRséstbaficdtionTuck, thed

in at any position at |east one stage fromthe bottom

et > J
homderiedfisT TRt ATt o in et 7 Wit e kitE Lpib deRs BREor the
. Lt . ' t | t, i f ' ses .
alipnBRE ridr i Blip At o1t 2.768 o oy ety phSiBR dg i tarting
mategglsc {erapsasteiticaonaaiast Sy be-ted I Bt gy sAlon #tjeast one
t he case of using a heterogeneous solid catalyst, said .
stage: frpE) they bottomm of ¢he seluamn.c dHpwevek the (radtion actvaliv progeeds in
any chosen position in the reactor, the nunber of
said distiliation colunircin 3 egion below the pesition o mhidiethegcatalyst is fed in,

| east one stage, 20 preferably at |east two stages. In
and hdreecitisepreferablentp feedeaizid ogtatysiuntostegior betwee the top of the

degradation and / or
column and the position at which the starting materials are fed in.

Moreover, in the case of using a heterogeneous solid catalyst, said catalyst
can be installed in the required amount in any chosen position in the reactor, the
number of stages in which said catalyst is present being at least one stage,
preferably at least two stages.

In the case of using a heterogeneous solid catalyst, degradation and / or
degeneration of the catalyst may occur under prolonged continuous operation, and in
such a case it is necessary to replace new solid catalyst. It is thus more preferable
to use a homogeneous catalyst.

As the catalyst used in the present invention, any of various catalysts known

from hitherto can be used. Examples that can be used include;
13
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ADSOegPreoc@Cka  of the catal yst may occur under prol onged
conti nuous operation, and in such a case it is

necessary to replace new solid catalyst. It is thus
nore preferable to use a honpbgeneous catal yst. 25 As
the catalyst used in the present invention, any of .
vardkalsmetala lapdtalkalinewarth metalsi suchrasolitbium beodidreg potassium,
Exanpl es that can be used include; 13 A0501

rubidilith O e€Siu\hagnesiumirealeium astrbrtiuea| barium ar the likke;al s
such as lithium sodium potassium rubidium cesium

M@K oinpbahds siith akYdrdes) hyibxidasOhlkoRkiries! Kfjloxides,
basi ¢ conmpounds such as "hydri des, hydroxi des,

; i i ' iike of alkali

amld%éiﬂgl)ﬁs'nggﬁg Og%gﬁ ﬁgﬁ&??ﬁﬁn@ QFga'@F@'adg Ig' conpounds

su icar St :

or a5t ofipatRt Shich A RpSREbE bicgf i MR Bdd satts or the
. e . tertiar . ne ch .as triethyl am ne,
like t?ﬁ%‘&%ﬁxﬁ?'ﬁé“&/ﬁﬁﬂ%%ﬁﬁﬁ@m ad ben)z/yl di et hyl ami ne

or the |like; nitrogen-containing heteroaromatic |

coripdiany amines sueh as driethylamipe| Gibutylamipey tihexylaming and

oxazol es, N-al kyli m dazol es, N al kyl pyrazol es,
benzyldiethylaphioe orgheilidene, al kyl pyri di nes, qui noli ne,

al kyl qui nol i nes, isoquinoline, alkylisoquinolines,.

acrriidogen-contdinihg tetelicaesmatib eompounds isueh as N-alkylpyrroles,
al kyi phenant hrol 1 nes, pyrimdine, alkyl pyrim dines,

N-allgihddielC oxardies P ARy InGidazélbs 2R dRypyRiz6lds, oxadia2ers?pyridine,
the |ike; cyclic amdines such as di azabi cycl oundecene

o hos S 3ASINE AETPBIEs 5o Flne ol s, acriane
s B HEE pe 4R B, RSB B pyricines.
oy e ok B s iz i e Py
3: AR gﬁ”&h@g%naﬁnﬁﬁ«%'gﬁ%ﬁé {]I:}BU), diazabicyclononene

(DBN) or the like;

thallium compounds such as thallium oxide, thallium halides, thallium
hydroxide, thallium carbonate, thallium nitrate, thallium sulfate, thallium organic acid
salts or the like;

tin compounds such as tributylmethoxytin, tributylethoxytin,
dibutyldimethoxytin, diethyldiethoxytin, dibutyidiethoxytin.‘ dibutylphenoxytin,
diphenylmethoxytin, dibutyltin acetate, tributyltin chloride, tin 2-ethylhexanoate or the
like;

Zinc compounds such as dimethoxyzinc, diethoxyzinc, ethyienedioxyiinc,
dibutoxyzinc or the like;

aluminum compounds such as aluminum trimethoxide, aluminum

triisopropoxide, aluminum tributoxide or the like;
14
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A050di PReoybaopOoxytin, dibutyltin acetate, tributyltin
chloride, tin 2-ethyl hexanoate or the |Iike; zinc

compounds such as di net hoxyzi nc, diethoxyzinc,

et hyl enedi oxyzi nc, dibutoxyzinc or the |ike; 25

al um num conpounds such as al um num tri nmet hoxi de,

al titariumm compoungs syahx asl tetrarhethaxytitaniurb  tedraetizoxytitariem,
like; 14 A0501 UP19-GC/ KAN c titanium compounds such

tetratfstokytitaniue, dishibrodimethioxytitiriae! tetralsopropoxytitanium, titanium -
tetrabut oxytitani um dichl orodi net hoxytitani um

tfisa ' i i.ani um acetate, titanium
acetdté| ﬁtﬁr\ﬁﬁﬁ "a&@ﬁftfdéétéﬁ‘%tﬁ;ﬁ?}tpﬁ ét?(é,

acetylacetonate or phosphorus conpounds such

as o [ ' ' i ne: . .
2 PhESEhESARTAAAS pic 8 IBGRLSRRine, iethyiphosphine
tributﬂbhggfa 4n§§irﬁ%&%ﬁﬂiﬂ%@@?ﬁ@@&hwphosphonium halides,
. triphenyl net hyl phosphoni um hal i des_or the |ike; )
tnocwlbp&mgﬁﬁm«%mgemmﬁagym Yrhasphenipgchalides or the like;
zirconi um acetyl acetonate, zirconi um al koxi des,
zi Ziroanium compatinds suchas| zitcenium halides, zirconium acetylacetonate,
| ead- cont ai ni ng conpounds, for exanple |l ead oxides

zircosiuah atkoxides, zirdéhibinRcetBlesor2therlikehe |1 ke; | ead
sul fides such as PbS, Pb2S3, PbS2 or the like; |ead

hy (K BHE SeadLEBnRAMI (:QT%%WBE%B?(&QH&&)I& lead oxides such as PbO,
Pb2[ PbO2( OH) 2], Pb20{OH)2 or the |ike; plunbites such

R i 2 _ [ il
PHOZF1aE200 e ke 2 sygs syfen L PBRL PRES| S the like: lead
) , 3, AL e o

nydreXRe 08 B3 PHIOE PoATACRNE PEIFBRAE SR : or the lie;

ca3, 2Pb the I ke, koxyl ead
plum B BHria 28 R B Keb BDacNaHER m HE RSN Shhecfitaopligbates such

(C}BC»Pb(CPEL, Pb(OPh)2 aor the like:; |lead salts of
as NaaFR(s NaeH 289040 KePb@s HGIBRPEIH) 1834 CaghibQy, CaPbO; or the
_thereof, such as Pb(OCOCH3) 2, Pb OCOCH324, '
like; lepd cadmpmatesandhasio saksthereatsuay asiR 2PbGRuRBEOH); or the
such as Bu4Pb, Ph4Pb,

like; alkoxylead compounds and aryloxylead compounds such as Pb{OCHz)2,
(CH30)Pb(OPh), Pb(OPh); or the like; lead salts of organic acids, and carbonates
and basic salts thereof, such as Pb(OCOCH3)2, Pb{OCOCHs3)4,
Pb(OCOCH:3)2-PbO-3H:0 or the like; organolead compounds such as BusPb, PhsPb,
BusPbCl, PhsPbBr, PhsPb (or PhePbz), BuzPbOH, Ph2PbO or the like (wherein Bu
represents a butyl group, and Ph represents a phenyl group); lead alloys such as
Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, Pb-Sb or the like; lead minerals such as galena and
zinc blende; and hydrates of such lead compounds;

ion exchangers such as anion exchange resins having tertiary amino groups,
ion exchange resins having amide groups, ion exchange resins having at least one

type of exchange groups selected from sulfonate groups, carboxylate groups and

phosphate groups, and solid strongly basic anion exchangers having quaternary
‘ 15
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AOSBLBPAGLGOAKRABPLBr, Ph3Pb (or Ph6Pb2), Bu3PbOH, Ph2PbO
or the like (wherein Bu 20 represents a butyl group,
and Ph represents a phenyl group); lead alloys such as
Pb- Na, Pb-Ca, Pb-Ba, Pb-Sn, Pb-Sb or the like; |ead
m neral s such as galena and zinc blende; and hydrates

- ammohiwngroupsds @xchange groups, oetldndikgier s such as ani on

exchange resins having tertiary am no groups, ion

ex @_oﬂiﬂgﬁoﬁg_%@ﬁt:ﬂﬁothéhﬁﬂs 80tk aswilivap silichdiugired) 3iliga-magnesia,
resins having at | east one 25 type of exchange groups

alumirfdsHfcates, [dMim Siifcaba v i g%‘blitééé‘lﬂtéﬁgué fietaléitzhgedteolites,

phosphat € "gr oups, and so strong asi ¢ ani on

and smgﬁ@}ﬂgﬁ{_éxa%\ﬂ'gg%%% nrbgg,;(e ik A0501 UP19- GT/ KAN J

anmoni um group groups, or the like; solid

I nof.gani ¢ ,cogpounds suc s sidica, silica-alumna .
o1 1AL Belig el aheitieady prefatdly uies ohgi & SiEiationgly basic
. various zeolites, various netal -exchanged zeolites,
anion, §CBARIRT hANIRK aHalRsRANyAIBMAnieM grpups as exehange gEoyps.
solid catalyst, a particularly preferably used one is
Exaraplesithereof inglude asitangly hasioanion axchangehresimbaving quaternary
guat er nary anmmoni um groups as exchange groups.
ammisnium|igroups as @xthange gosups, &t calluipse-based staongip basic anion
exchange resin having quaternary amobni um groups as

exch@rgBaRaving 'qudtémady SRimMohioRtgRAPEhsséxchamge dratps, and an

anion exchanger having quaternary anmoni um groups as

inorg?}fugée‘éé‘r?ﬁr QthB@%% Ii\@fé &tfo i)t(:?%f&éﬁbﬁ exehangér Wﬁ@gp}ﬁ/férnary

strong ani on anger havi ng” quat er

R L4 85 SRS, 4B SR ool iy

amoni um gr eups as exchange groups include a styrene

exchale TepiPSiRyig Gusieenany FnMoriim, d56upe &s #XShangR afoyRS include a
The styrene type strongly basic, ani on exchange resin

styreng type tSFTGHQWbeﬁi% ﬁﬂ'%ﬁ’ﬁﬁhﬁ'@ﬂéﬂﬁﬁ@e‘?ﬁt@& ikenaThagptareng type
copol ymer of styrene and divinyl benzene as a parent

strongiyt baslala,m@mexmangagrem&asttanglyd:mmnnmgpagetrqgie having
| or type Il) as exchange groups, and can be

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

quaternary ammonium groups (type | or type |l) as exchange groups, and can be

schematically represented, for example, by following formula (1)

16



A05@pnmq@*_g@qkyy represented, for exanple, by follow ng
formula (I11). 16 A0501 UP19- GC/ KAN ,,,,
/|~ CH CH2- CH-CH2 CHCH2-/1/" (type n . v-CH CH2~~--
XCH2N(CHs)a CH2N(CH3 X_ ,,ebLr-CH CH2- CH CH2- CH %,

(type I1) OO --,~CH CH2-A-- CH2NI—|3)2(C2H48FF—I%
VC@N(‘G@H%&(QH@G'&CHPQHQH CHr+CH la, X
represe ts an anionm; exanples ¢f X generally include
ted fromF', d-, Br,

03 5 Br 03 a”‘{typ I)
¢ of anion sel ected
Or eover,, exanpl es of
@ ¢ At e Nal [ %I ude a
e one Or _a RRELOpaki (2&!"3 e MR
Wi@ﬂﬂg particularly eferabl e dueX the organic
resi stance being high. Exanples of the
cel I ul ose-based strongly basic ani on exchanger havi ng
10 quaternary ammoni um groups as exchange groups
i ncl ude cel | ul ose havi ng CI:HZCHZNRSX exchange groups
obt.ai __C __LI _SQ of e~0OH groups
' uI (;ﬁs‘g mtﬂtrl hloet yI™~gr oups.
’ oup such as nethyl,
y ef erably nethyl or
qdbove. 15 The (e/yp
ongly basic anion

®

in the above formula, X represents an anion; examples of X generally include at least
one type of anion selected from F-, CI', Br’, I, HCO5, COs*, CHsCO5, HCO,, 107,
5 BrOs, and ClOy, preferably at least one type of anion selected from CI', Br, HCOs,
and COs*. Moreover, examples of the structure of the resin parent material include
a gel type one or a macroreticular (MR) type, the MR type being particularly
preferable due fo the organic solvent resistance being high.
Examples of the cellulose-based strongly basic anion exchanger having

10 quaternary ammonium groups as exchange groups include cellulose having
-OCH:CH:NR3X exchange groups obtained by converting some or ali of the -OH
groups in the cellulose into trialkylaminoetﬁyl groups. Herein, R represents an alkyl
group such as methyl, ethyl, propyl, butyl or the like, preferably methyl or ethyl.
Moreover, X is defined as above.

15 The inorganic carrier supported type strongly basic anion exchanger having
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A0507 URHLEQR/RYO:- GO/ KAN 6 quaternary amoni um groups as
exchange groups that can be used in the present
i nvention means an inorganic carrier that has had
-Q(CH2) " NR3X quaternary anmoni um groups introduced
thereto by nodi fying some or all of the -OH surface

quateynary>arhmonium grodps as excloange groups thatcan benssed, infthe present
and X are defined as above, and 5 n is generally an

invehtié® aesar’y @irlorganié. ,caﬁ'iéi'f tﬁhﬂﬁbé’ héd —@(C@)MLﬁauﬁfeﬁ'lEPy

|norgan|c carrler |nc ude silica,

amng?ﬂé gf%bl 9@'@?‘?‘? ca, aI um ?]c?ol]n ﬁglﬂpl ca- a})t?nﬁr?fme ~OH surface
SRR E IR ik e A8 Kt 5 e,
nis 830 S it BT, Bobfon s 2ot ases s Feunaroanic

are made to undergo a dehydration reaction in the
carrigr iedygasiiea aluming silicasalymina ditania; geoliterasdhe dike, preferably
am noal koxy groups, and then reaction is carried out
silicayialmina, airisjlicarailimina, pdrti¢Mtarly prefesably silieahal ogen, C,
Br, I or the like generally being used) to obtain

(XWMé‘tﬁBd(cag beugsed é@tmnﬁtﬁdkﬁbﬂmd&fgggmé suifaceiydroxyl

carried out, so as to obtain -Q(CH2)' guat er nary

groupsTH? e iﬁdig&#@%a#’ferh aigh %xhhfblé’ etﬁéﬁﬁ&g%ﬂié’&rﬁer and an

reover, I'n the case that n = 2, he ™ nor gani c

eIy ﬁ.ﬂ%ﬁ.ﬁéﬁ%ﬁb&% MBS o v

presBfce b5 e VAL B MBS iy Bk pi s ter

oo g8t S R TR e o 1. o
e, the anion exchanger may al so be used as the

as

the "kremalbf beingdisedh te ablain sO(GHpNRN’ apunsh) Anied exchange is
i on exchange wth a desired ani onic species in advance

thenfurthecardatma so asto ebtaim ~C{Chh)NRXaqaatesnary ammonium groups
conprising a nacroreticular or gel-type organic

havimgp therdesirdthanion Xo.onlotedVesr! intthe t2isethal/s =i Z tHe Mdtganic carrier

. each containing at |east one nitrogen
may be treated with an N,N-dialkylaziridine to obtain —OCH,CH:NR
N,N-dialkylaminoethoxy groups, and then —O(CH.),NR3X groups may be obtained
using the above method.

The solid strongly basic anion exchanger having quaternary ammonium
groups as exchange groups is commercially available. In this case, the anion
exchanger may also be used as the transesterification catalyst after being subjected
to ion exchange with a desired anionic species in advance as pretreatment.
Moreover, a solid catalyst comprising a macroreticular or gel-type organic polymer
having bonded thereto heterocyclic groups each containing at least one hitrogen

atom, or an inorganic carrier having bonded thereto heterocyclic groups each

containing at least one nitrogen atom can also be preferably used as the
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AD504TuRpYoICAKAaN i norganic carrier having bonded thereto
het erocyclic groups each containing at |east one

nitrogen atom can al so be preferably used as the 18
A0501 UP19-GC/ KAN transesterification catalyst.
Furthernore, a solid catalyst in which some or all of
transebesificaiion cgtalystonFaithemgoife; aesalidyczitalysiginowinish same or all of
been converted into a quaternary salt can be
thesés hitfdgahlobritathg RéeradyRle gralips have beeh xohvered irito d dwaternary

pr esent |nvent|on vari'es depending on 5 the type of

Saltc%alﬁeodé:gﬁﬁéf@t _d but in the case of continuously

INg In-a onbgeneous catal yst that dissolves in

Zrhisfr@ﬁﬁbﬁﬂg@@fi“%%&ﬁ@%# A i o
50 % ' 0. 00 25 .%

v 5 P Sl ke VR SR AR SRR,
o et o e 5 i L it

in as the starting materials. Mreover, in the case of
conditionsgthet amosiot Lsed i generally itsa aangei of fromu® 01 to 50 % by weight,
distillation colum, the catalyst is preferably used

preferably drora o0l to 25 36 byrveeighf, nicrenprefdérablydroth 0:0054o0 101% by
preferably fromO0.05 to 50 vol% vyet nore preferably

weugﬁ?, %g‘aa?dﬂodéfmaﬁ of He totd1apaighOor “f? Tyﬁg@bdrwﬁaté@nd ehe' @fiphatic

Il ati on col um. re are no

mon@&giccé’ll:?ﬁoll feldlih %E'tﬂ@% gt i anéBOd MEreBQﬂlt '|r5‘H'%Jé$éé of using

ccllccar t he al'I pha

the sﬁ? é’ ﬁra%ta@%& Lﬁﬁé@oﬁgt{ ﬁfaﬁ%ﬁyrﬁﬁ% Bthihe @tﬁgﬁmbly used in

an aieudL P En9e A TR hﬁ%&%ﬁ’%f pielEtafly m 0.95% 50 vorss

- aliphatic monohydric al cohol can be nade to contaf \
yet more pfafqapbftfrmm Q1@ @boiel%: based eadhe @aptycajmn volume of said
preferably at 20 | east two stages, of said
distilétienidoluminon col um. That is, said cyclic carbonate
and said aliphatic nonohydric al cohol can be

corThere@reino particular fimitations on the askthodiof confinusushefeeding the
in stages of the continuous nulti-stage distillation

oY S S o Wghit TR 1Sl 1T WA et sage
distillation column constituting the transestenf ication reactor; any feeding method
may be used so long as the cyclic carbonate and the aliphatic monohydric alcohol
can be made to contact the catalyst in a region of at least one stage, preferably at
least two stages, of said distillation column. That is, said cyclic carbonate and said
aliphatic monohydric alcohol can be continuously fed in from a required number of
inlets in stages of the continuous multi-stage distillation column satisfying the
conditions described above. Moreover, said cyclic carbonate and said aliphatic
monohydric aicohol may be introduced into the same stage of said distillation column,

or may be introduced into different stages to one another.

The starting materials may be fed continuously into said distillation column in
19
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AD50mUMBGIGECEKAl cohol may be introduced into the sane
stage of said distillation colum, 25 or may be
introduced into different stages to one another. The
starting materials may be fed continuously into sai d
distillation colum in 19 A0501 UP19-GC/ KAN i

a liquid doira, ing gaseousfogs ebas & mixtyreoef aliquidand agesof Qather than
liquid and a gas. Other than feeding the starting

feedingttbeistatingmhatesialsdintd saidl distilladioncmliumn in this way, itdy also
it is also preferable to additionally feed in a

prefaiableOtosaddiioridlipFesd i bigisebs Starting enateyiabintermittently or
continuously fromthe lower portion of said

contﬂhé&él‘g'fﬂim We TRl ﬁﬁro? QRS disARRidieEolamip! ©eraBVEr, another
met ho 1

IS one iIn sai d cyclic carbonate is

prefeidl 'ﬂégﬁi c{needug'dgrtugfgagagqibgcuc ﬁéﬁbﬁéﬁeﬁ%t%?f}n | fed in a liquid
fomaﬁ%vﬁa%/ﬁw TRE e e Seeg of i Bi@hﬁﬁwﬁﬁ?{%ﬁ%\@the

fed: i n,atgaseous formand/or a liquid forminto tr]
stages ilwhiséy the satalystdaingesents and said aliphaticypanohydrigaigohol is
case, the cyclic carbonate nay of course contain the
contmoousﬁy;fadum @ gaseobs dorme aatlfosteoliquid forrn intpithe dower portion of said
invention, the starting nmaterials fed in may contain a
distilatienl colammunin tHis thse,dhelcyslic sarborndte may\tfrcourse contain the
al i phati c nonohydric al cohol used may contain the

aliphdti iemotirieaneditol. the percent age by wei ght of the
-~ dialkyl carbonate in the aliphatic nonohydric al cohol

ﬁ aﬂgghgﬁr?r omk?'yét?g ”*'19 %ﬁa\,@eﬁﬁéﬁ br e eirrg ay%gélﬁ(? small
amofh ohine' el %% fsudtz: Pl f%é\?%ggﬁeb%m‘*@%%@%%% ol usec

may PRI o piaiR cahihatg Hhe e oartags by whicht afiné digfkyl carbonate
and armunt of the transesterlfl cation catal

in thééﬁphﬂféc monchydric alsehel { dialkyl satbanate mixiyre gene'al%emg Ina

the aliphatic nmonohydric alcohol to the cyclic
range f fikama Oordli% by weiahtnprefieraply fiom O. ﬂatnga@ %rby weight, more
to 1000 tinmes. To increase the cyclic carbonate
preferablydramahio 20 % by weight.

The amount ratio between the cyclic carbonate and the aliphatic monohydric
alcohol fed into the transesterification reactor varies according to the type and
amount of the transesterification catalyst and the reaction conditions, but the molar
ratio of the aliphatic monohydric alcohol to the cyclic carbonate fed in is generally in a
range of from 0.01 to 1000 times. To increase the cyclic carbonate conversion, it is
preferable to feed in the aliphatic monchydric alcohol in an excess of at least 2 times
the number of mols of the cyclic carbonate, but if the amount of the aliphatic

monohydric alcohol used is too great, then it is necessary to make the apparatus

larger. For such reasons, it is particularly preferable for the aliphatic monohydric

alcohol to be used in an amount of 2 to 20 times the number of mols of the cyclic
20
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A0S efreradookiro- feed in the aliphatic nonohydric al cohol
“1n an excess of at least 2 tines the nunmber of nols

of the cyclic carbonate, but if the anmount of the

al i phati c nonohydric al cohol used is too great, then

it 1s necessary to make the apparatus 25 |arger. For
carbonefe.reasons, it is particularly preferable for the

al i phatic nonohydric alcohol to be used in an anmount

of 3 the pteséntTRVentith, WuEBon AoXide §adls phssenyin tie 20

A0501 U'P 19-GC KAN carbonate. In"the present
transdBi&ifidation %chb?ﬁr? %rhigh %h&ént@é’tﬁarh I%l-éﬁﬁ fi idactiBn B for the

transesterification reactor in a concentrati on,

a8 TR 8L, 98 LA RO OH BB e o
it 55 5 el i 6 ARG S, s S0, rtertly

not nore_than 200 ppm _nore preferably not nore than

not nogte tan 208 ppaY Enore; preferablyrnalanere thaertGbPPmi f wat er
is present in the reaction liquid in the
t r aMioesaver; inithetpresentdneention, if water ighpreseotin thetrieaation liquid in
then hydrolysis of the cyclic carbonate proceeds at

the travssestenifidation reactohén & rmggs esthearntfation] then hydrolysisnof thedcyclic
hence 10 the dial kyl carbonate selectivity decreases.

carbbhbite SrRIEebES 4t thd BamedRng althe teMsbiRAificatidn réddliohhand hence
O concentration in the reaction liquid at not nore

the ‘?‘?M‘?@@gﬂ?@ SRR el TR (datin IS it Epnerdlly carried
out G e e R Bhfi . i a4 UR st apore tn 309 o

residence ti ig) i ncreases and hence, as descri bed
prefey ?Oﬁmoﬁg?ﬁﬂs QO RPBSsible to obtain a high-purity
diol, the required amunt of the aliphatic nonohydric
al cloHbe presemtdpvertion, iif itjis, atiagsppiedde make the gyglissarbenate
for the conversion to be too |ow, since then an
converpiandn dke transestetificatiorgreaction wibsectool (0% nthemrthexesidence time
cyclic carbonate becones |arge. The

incréasessarni hende, ot destribedcibove, it becbhresdapussibly te obtaired

out with the cyclic 20 carbonate conversion in a range
highQurity @I el reqlited ARt6urit’cttveé aliphatic MEBh8RydRe alcohol becomes too
high. Moreover, it is undesirable for the conversion to be too low, since then an
apparatus for separating out and recovering unreacted cyclic carbonate becomes
large. The transesterification reaction is thus generally carried out with the cyclic
carbonate conversion in a range of from 95 to 99.999%, preferably from 98 to
89.89%, more preferably from 99 to 89.99%.

In the present invention, the dialkyl carbonate as one of the products is

withdrawn from the transesterification reactor, generally being withdrawn from an

~ upper portion of said reactor as a gaseous low boiling point component. The low

boiling point component withdrawn from the upper portion of the reactor may

comprise the dialkyl carbonate alone, or may be a mixture of the aliphatic
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A0589 UHo-groke preferably from99 to 99.99% In the
present invention, the dial kyl carbonate as one of the

products is wthdrawn fromthe transesterification

reactor, generally being withdrawn froman upper

portion of said reactor as a gaseous |ow boiling point
monochygkie altiocholasd Eesvdidio eatbioratecand meg sumsinta small amount of

wi t hdrawn fromthe upper portion of the reactor may

high®ilitg p6int Prodlickd.ky! carbonate al one, or may be a
m xture of the aliphatic 21 A0501 UP19- GC/ KAN '

C ; b A
o ool Sl e Bl o A SR o™
. I n ong i nuo nul 1i-stage distillatjon.
trandsiérfialionsprbloF; 48 oh ratet foftbichihé feu Beding rdft Gmponent
cont%%,iffgr; vy i[’:\@(tyjsgg,l%g” mn\a?ql]éhw't . ra{lvngf@mbmgl,ahq? %@ﬁ%ﬁg&sdistillation column,
wi thdrawn fromsaid nulti-stage distillation colum,
a gagequs materiak-autiet is prafenably provisiest betweiep thestaiog material feeding
between the starting material feeding position and
posititreand thetop betheotalumnoor attthé hep bbtheotolutm, antiugpartioutarly
is particularly preferably provided at the top of the

prefarablyprovidedcat thedop of thexedlamin) \Bo-ehilied Fafluxing fn\ehicB\%ome of

boi I'i ng point conponent withdrawn in this way is

the Iéﬁtbﬁiﬁr@?bﬂ %Hb%n&ﬁ?ﬁith&%vﬁp[ﬁ hwal is f&tgrnedl into the upper

di still7ation colum nmay al so be carrfed out.

Lot OV : this T : o

portbf f id Aelfletch cQuliniARF Bigd BEABiELoR o hefify ratio i

. i.Qt roducts Jdntao the ya phase_is .ncreased, and .

incre3H o s Esiubing, st thE ieBOcy o disuliaiar af Purbeiling poin
t he . 'tthdravvn seoys, conponent can be increased.

prodyigtsdpta the BP0r Dhasgds INCpAREY, @ndrhansa-tberaw haling moint product
ratio too nuch, since then the required anount 15 of

concentratian inthe withdeswmeasenughcomnpenentf ¢ankbe inareasads e dHowever, it
thus generally in a range of fromO to 10, preferably

is unesinalbletto iScrease ¢he refiux ratibytod nuwcH) sircethefitthe required amount
boiling point m xture withdrawn fromthe upper portion

of thefmalrenergy deeories’ highc aThe fefibesitiey usetisRBusé gtéﬂéfm iR a range
o ,

di al kyl carbonate separating apparatus, and

of frc%i'i;n ? nt}k:%ﬂh% ‘igriég?éel}(ﬁfrcﬁﬁ@ {95, AR preferabhyFomd 1 shdr am

The low boiling point mixture withdrawn from the upper portion of the
transesterification reactor can be fed into a dialkyl carbonate separating apparatus,
and the dialkyl carbonate can be obtained by being withdrawn from the dialkyl
carbonate separating apparatus. Examples of the dialkyl carbonate separating
appafatus include a distillation separating apparatus, an extraction separating
apparatus, a liquid-liquid extraction separating apparatus, a crystallization separating
apparatus, an adsorption separating apparatus, a membrane separating apparatus,
or the like. The separating apparatus may also be constituted from a plurality of

such apparatuses of the same type, or a combination of a plurality of types of

separating apparatuses may be used. Of the above separating apparatuses, it is
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A05CPURgRak e separati ng apparatus. Exanpl es of the
di al kyl carbonate separating apparatus include a

distillation separating apparatus, an extraction
separating apparatus, a liquid-liquid extraction
separating apparatus, a crystallization separating
partioiady preferalsie tadserthe idistillation sapargingapparatus, a
menbrane separating apparatus, or the like. The

SeNAAé cSe M RBINY the dIBtIlalion SeparaititPapparatss as saiddialkyl

plurality of 25 such apparatuses of the sane type, or

carbén&%%dl%\géisiﬁ’qigeﬁ%%t@%gﬁ&'l@ﬁoﬁ@g‘%&ﬁﬁmﬂﬁur@ﬁ n%%-l“ﬁom the

appa ove separat |

oppef BEFAGH BF e whreasterticagon Baeter K iedmfi P fifeiidn ¥ophrating
oro G883, i e el 5 W - 5 o it

separat | n% apparatus, the |ow boiling point mxture
monahydrif algahel eontained in sgid reastion dguisk ok mixture can be separated out
transesterification reactor is led into the
as adistillateé at a colsepbotibMmiguid @achrcomprising ene of ke components or a
conmponents such as the dial kyl carbonate and the

mixtarel thepsofc Depealiny o tive Bpesl ofthe sRirting materdalsdan azeotropic
reaction liquid or mxture can be separated out as a

mixt%%b},luat@otarnea £0h Hatiaed bPRe dluinth m yamar. | MY the

one of the conponents or a mxture t Dependi ng

eschliy 5 158 B SN D3P ARt B PRS0 or e
ran B o PRl B

of the transesterification reactor has heen separ.ated
bottam figuidRy Heing; the sistiliafian srpatalingAPPasaUsdminis yAY thg column
using the distillation separating apparatus in this |
bottaga jiquid-er distiliate coptainipgthe @lipbatis menehydrie aicohol can be fed back
contai ning the aliphatic nonohydric al cohol can be fed
into thedkansesterifidationreastest eri fi cati on reactor. 15 As the
distillation separating apparatus, a tray type

nulAs theg digtiliation separating apparatus), d trig tygeemuiti-slagstdisitiation
distillation colum used as the transesterification

columfdikehe riaM -écis;?é@%‘iﬂlaﬁén BoRATK B8ed a5 YRE tranBBsterification reactor

distillation um packed wth any of various

may gb?clgéééﬂ ?}' ?ﬁ%é}%&“@ff@gnﬂé% dstiigfisH Boflin Bﬁclké%e@itﬁla?ﬁeof various
packings may be used; such a column may be used alone, or a plurality may be used
in combination. Here, the case that the aliphatic monohydric alcohol and the dialkyl
carbonate are a combination forming a minimum boiling point azeotropic mixture is
taken as an example in the following, specifically the case that methanol is used as
the aliphatic monohydric alcohol and dimethyl carbonate will be explained. The low
boiling point mixture withdrawn from the upper portion of the transesterification
reactor containing methanol and dimethyl carbonate is continuously fed info the

dimethyl carbonate separating column, a low boiling point component containing a

minimum boiling point azeotropic mixture of methanol and dimethyl carbonate is
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AO501UPABLEG oA ADN. Here, the case that the aliphatic

nmonohydri ¢ al cohol and the dial kyl 20 carbonate are a

conmbi nation formng a mninmm boiling point azeotropic

m xture is taken as an exanple in the follow ng,

specifically the case that nethanol is used as the
continliopsiy withdnawn Ifiscin ian uppesipartion df daidedimethyl sarbonsate separating

will be explained. The Iow boiling point mxture

colurith | &ed GWﬁeﬂ‘?D&rbbﬁat&Ji@QfomubUQIy withdra@n from a lower portion of
transesterification reactor containing nethanol and

said gil e Rgﬁﬁéhﬁfé”é’éﬁarhﬁn es ng%%ﬂg%ﬁ l[lﬁo)e;/ chAforde can be

carbonat'e se boi l'i ng
obtaiﬂgént conponent containing a mninmmboiling point
'otropi c mxture of methanol and dimethyl carbonate

2 1 UP19- KAN c nti nuousl. MAthdra fraom
SH SIMBBH PRt SPRRGIRR TS 4F BERLATEA DERF 7Fiyoed
colunn and di met hyl carbonate is contlnuousl
pressyreriravAPRliashpressuiR the gperatingressure.coneratv peing in a range of
carbonat e separatln col um, mg?reb y di et hyl
from Gl utNA0S 00’ Ra (cbm to 58 dkg/anYdn demmsrof thel absoluterpressure.
separating colum is operated under a reduced
The gorapesition @f the negthaneld dimettsy carbdtate opiamatmrigpiling point
pressure generally being in a range of from 0.5x105

azeotrophbbre rards ddcdr@inglioltbé oprating priselire)fandifence the

absol ute pressure. The conp05|t| on of the nethanol /

opeerl BfBquFé‘bPQé‘iﬁtcﬁ Vi B t Egpéﬂdbtcolﬁﬁﬁ%rs@fé&ed to be an

re varies accor ng to rating pressure

098@%@%%%@% ittt %ﬁf’cfoif%é% ot O ﬁﬁm‘& lower
res such_that ar bonat e can

portigh ok e i +thatiuipresaite Pigher Ham B GR3RH= Saffsponding to

is, a E{r essure hlﬂgher than_ the pres %r e .correspondi n%
the methapaly dimetayisarponatadatio in the Baterial withdrawn fram dhe Upper

material withdrawn fromthe upper portion of the
portion ofithestransasterficationreactosis Se‘%mdact ed. 15 The | ow

boi l i ng poi nt conponent containing the m ninmmboiling

poiTite loszbeiling point coriponent tontditing dhe aninimlineddiliig point

carbonate withdrawn fromthe upper portion of the
azeo?*ﬁﬁﬁi mixtup6hnBEizhot QRd divnetity] eatboiate withdeaws dronitise upper

e
portion of the dimethyl carbonate separating column can be fed into the
transesterification reactor as starting material for the process of the present invention.
The upper portion of the continuous multi-stage distillation column in the

present invention refers to a region from the top of said distillation column to a
position at a height approximately 1/2 of the column height; and includes the top of
the column. Moreover, the lower portion of the continuous multi-stage distillation
column refers to a region from the bottom of said distillation column to a position at a
height approximately 1/2 of the column height, and includes the bottom of the

column.

The diol produced in the transesterification reactor is withdrawn from the
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AOSGE@W%SGQIIKTN cation reactor as starting material for
the process of the present invention. The upper

portion of the continuous multi-stage distillation
colum in the 20 present invention refers to a region
fromthe top of said distillation colum to a

lowep p6Hidroof $did 2edectoshs aﬂmﬁ@higmb@iliu% poihteonipuhent! UThis high
hei ght; and includes the top of the colum. MNbreover,

boiliﬁuq‘g?iinl?wﬁktlﬁé’ bbigfé‘hé’fhé ProdueBl idivi At (frehbted dftdic carbonate, and

l'ation o_'urr_n refers to a region fromthe
. | | . u« .
may id QoRi3in I el mafdrhiicfioetB], of @ Afthatic Hodbnyiric
i ncl udes t.h ottompf the 25 colum. The di ol
almw@&g‘g&? cﬁ'ﬁﬁ(é’ﬁ%a PEOA%:sterification reactor is
w thdrawn fromthe 24 A0501 %P 9-GC/ KAN, 5 | ower, .
porAn eHtigt framy which dae fauidshigh, ngmgopmnbwv%m PoRjajsing the
conponent. This high boiling point mxture contains
produbed dialdsiwithdraven framithentransasterificationdeasion émaravidechin the lower
may al so contain the aliphatic nonohydric al cohol, or

portibh ef shidofeaictar. mSoohey of the reaictionh ohixtune witharaiwva lirk His way may be
carbonate. 5 An outlet fromwhich the |iquid high

heat®@iusiritfa PébdilerEnd thus pi@iﬁté@@éﬁbdd%%rrﬁ@@?ﬁ@l / fig@itd rixed form,

withdrawn fromthe transesterification reactor is

and fHenVietGihed into e IBWRF Poﬂfa’ﬁéﬁrﬁi&’f‘eﬁ&bﬂ reactor. Sone

of the reaction mxtufe wt awn 1n this way nmay be

o9 G inbShofoBole R Siagt it PSSl yBRREER.
rande i Perich b YD Rh o g B 36 yofockY i SO istlation
constituti ngithe transesterification reactor, t

h
columpany dpeepEing,omthe tRe of dbe Jrays usegl bit am gererally made to be

distillation colum vary depending on the type of the
within raafangessuch that flaeding weepingedteneloodair. within a
range such that flooding and weepi ng do not occur.
SorBome dffthe liqgid kigh ibgilingopdinhanixtosenwithdrewen from the lower portion
wi thdrawmn fromthe | ower portion 15 of the
of the triMesterifichticn ré@ftof ALY fetEbadicinte thedRansasiénfidation reactor

transesterification reactor
so as to circulate unreacted cyclic carbonate and / or unreacted aliphatic monohydric
alcohol back into said transesterification reactor.

When the high boiling point mixture containing the diol obtained as described
above is subjected to separation in a diol purification step; generally, (1) in the case
that the low boiling point component such as starting material aliphatic monohydric
alcohol is contained, it is preferable to separate out said aliphatic monohydric alcohol
or the like in advance using the separating apparatus such as a distillation apparatus
and recycle the aliphatic monohydric alcohol back into the transesterification reactor,
or (2) it is preferable for unreacted cyclic carbonate contained in said high boiling

point mixture to be separated out in advance before feeding into the purification step.

As the method of separating out the unreacted cyclic carbonate contained in said
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AD50URIOLGCIK LUl ate unreacted cyclic carbonate and / or
unreacted aliphatic nonohydric al cohol back into said
transesterification reactor. Wen the high boiling
poi nt m xture containing the diol obtained as
descri bed above is subjected to separation in a diol

high poilingi pint mixtures phengesasy bé luged (for exampie;, (adistillationtdeparation,
the | ow boiling point conponent such as starting

(i) améthod af cohverting intodiobthrdugls hebirsels, ¢r(iil) @ ettt of éliminating
is preferable to separate out said aliphatic

the URPEAREE dyelidLadidMate ﬂ{rohﬁﬁ an dtfel Protflicii fodétibA betWeen the

separating apparatus such as a distillatlhon apparatus

cycli@RAridrats ARdthE didll PRAL partitiaiy Frefsrabie f'ale BAFEtHe PPoducing
?e and | eact or, ora_? |?|s

trans errfication’r
ef erabl e for unreacted cyclic carbonate contained in
’ea"@@?-d hi gh boiling 25 point mxture to be separated out
i n_advance before feeding jnto the pur,ification step, ..
ne THL s Breferakip senarationsnetharEarried.aut on Dodigh boiing
. carbonate contained in said 25 A0501 UP19-GC/KAN S
pointmidungovithdrawsoirom thetransesterification spacter befatie feeding into the
exanple, (i) distillation separation, (ii) a nethod
diol mirification step dworfotiowlingl methredsgtarpelusegdsi s, or (iii) a
met hod of elimnating the unreacted cyclic carbonate

t hriougdn eRamiphels @ Ivsthed Y which; beforelthb Waail kigh boiling point
cyclic carbonate and the diol. It is particularly

mixtieSHtidtaA FGMURS tdMBeBidificatibn fadttsis fﬁd gfﬁé%é%kg purification

That is, as a preferable separation nethod carried out

. i il | . DQ: i i f .
st 288981 SOH iR Rrd S HHFBUMLAR 68 1o 4 B g pon
(.0l rificatign ste two follqw ng nethods can he,.
comppaiant Bbbalgtig, Sallint’ inafiiBa i comilfile Rt siaes Bithlgtion column
diquid high boilin Qint 10 m xture withdraw from |

ha"“?Shg S!‘?%ﬁ%%‘!‘&lipﬂ'?‘é‘a?g dmarlawer pertio tﬁetﬁqfn@ oW hoilinggpoint

purification step, said |iquid high boiling point
compenenicentainingrthe dialkyl carbeaateranst thel aliphatic Imenrphysiristalcohol

conmponent separating col unm conprising a continuous
remainihgiin sagkighibtling poinbmixtarel isncortimuboglyawithidiawoufromn an upper

outlet provided in a | ower portion thereof, a |ow
portitao of theglomobailing point component separating column, a distillate containing
the diol and the cyclic carbonate is withdrawn from the side cut outlet, and said low
boiling point component withdrawn from the upper portion of the low boiling point
component separating column is fed into the transesterification reactor and thus
circulated back, while the distillate withdrawn from the side cut outlet of said low
boiling point component separating column is fed into an ether producing reaction
apparatus so as to carry out an ether producing reaction, before feeding into the diol
purification step.

Examples of the low boiling point component separating column in clued a

tray type multi-stage distillation column like the multi-stage distillation column used as

the transesterification reactor, or a packed column type distillation column packed
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A056P IRoReRic/Rent ai ning the dial kyl carbonate and the
gfiphat?%:nnnohydric al cohol 15 remaining in said high

boiling point mxture is continuously w thdrawn from
an upper portion of the |ow boiling point conmponent
separating colum, a distillate containing the diol

with ang of various piagkings! be usedwi t hdrawn from the side
cut outlet, and said low boiling point conponent

W thdr fexhiitie 118 MERBH iR WHiCH betbre i@ Il | n?gﬂt H'%éelﬁng point

poi nt  conporient separating col'um is fe

SRR R IR
step 8t Hgufel B PGl PRt mixilre B eattintiRBRUERLInEs & 1 bofifg point

apparatus so as to carry .out an ether producing
com t ssparaing pRluMLEEMBTIsINGg A Miti-glage digtifationcealugn, a low
.. step. Exanples of the |ow boiling point conponent
boiling: paink companent eantaining thei diallad carbgnate tallipbatige
distillation colum like the nulti-stage distillation
monobydrimalkeehdl esnaihing inrsaid highcboifing pbint mixkae tiv continucusly
packed col umm type distillation colum packed 26 A0501
withd/Biar frmteifNuppeNpariion U the lave biil JiROSoMPYNERt s&pRfatin
2. An exanplgpispa nmet hod in mhigﬁﬁk%efoggathe [iquid 9

o 10 Bl oSS 6 s o conse
with i 6 o Rivertiaifian BF sl i boli BBt ol sBbaatino
R R B RN A R TR —

cont ai ning the dial kyl carbonate and the aliphatic_ . .
of saﬂg i Palling naielrnpeRentisepaiEting calummiage said fow goiling point
point mxture is continuously w thdrawn from-an upper
componentovithdrawndromthe sippen popisinmef therpwriniling ppint compgnent
colum, a high boiling point conponent containing the
sepattating eoldntrnis eontinucuslyrfedirtodhe tratizestertidation réactor and thus

| oner portion of said | ow boiling point conponent

circueted baick Nwhilé she! iy habslling pbitit Sokipthent cohtiing tRe! did| gﬁd a

reaction is carried out 1n the | ower portion of sai

prodggélﬁ% Eﬁt%/{/j \@gljcr}lﬁhgltfﬁgrﬁﬁé GRér SEMRiBhBF Atk fV BBTing Potht component
separating column is fed into the diol purification step.

When carrying out the above ether producing reaction, an ether producing
reaction method described in Patent Document 20 (International Publication No.
00/51954) can be used, that is a method in which the mixture containing the
produced diol and the unrsacted cyclic carbonate is fed into an ether producing
reaction apparatus, and the unreacted cyclic carbonate is subjected to an ether
producing reaction with some of the produced diol, thus converting the unreacted
cyclic carbonate into a straight chain ether represented by the following formula:

HO(R'O)H

wherein R is defined as above, whereby the amount of unreacted cyclic carbonate is
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Aosc@ngqgg(gbwthdravm fromthe upper portion of the | ow
orling point conponent separating colum is

continuously fed into the transesterification reactor

and thus 15 circul ated back, while the high boiling

poi nt conmponent containing the diol and a produced
reducddier withdrawn fromthe | ower portion of said | ow

boi li ng point conponent separating colum is fed into

N Rlachih idbhaftbh8 h BieBtheVRifddiding YeditioPdpddisitus vary

above_ et her produci ng_ reac_tl an et her produclng
accofdifd p WheBF t i GataBREIs s S thEREHEEAN tbpunt of the

used, that is a nethod.,in i,ch the mxture congainin
cataly st $he dase dhak & FoANF s dseihl dhe eALsion et te it Bdneraly
) is fed into an ether producin reacti on_apparat us,
in a rangetaidram 50461359 °@.cﬂ@f§"@b\5‘k§?ﬂfﬁt9@ $0s3QQ, iy cnogR Preferably from
et her producing reaction with some of the produced .
100 i 260 *ChuTheageadtiarn timetvariesraccacding to whether eranetoncatalyst is
into a straight chain ether represented by the

used{ the Biplendnd amoungof thébcatialyst in)the csserthata Batalystds Useddand the
as above, whereby the anount of unreacted cyclic

reactich RAAPERAtIR, bat isAfreral ko Rinde dF fr69d01084 to Blchours in terms of

reaction conditions in the ether producing reaction

the a?%@%téﬁ%é’n@%ym@?é%l‘é%%% frint 0B 351U, e By from
0.02 {8 BB, fiﬁ%gia ; aaﬁ’q%uée%@i%ﬂs%&éw&?cﬁvéSﬁ%%ﬂm
350 C, 80 300 C, A
temperaie 1Bed: bUis geperailn Auargedt fomaxyg? R 167BRYn terms of
to whether or not a catal yst iis usez, the type and_
the absolute psessure, preferabiy from i dadetOnhfla. a catal yst is

used, and the reaction tenperature, but is generally
i n Ehe eyalie carbonais convesion irbthehethes producingeeastiontis generally
average residence tinme, preferably from0.01 to 10

in a ravgesoef from @0oef0% bpreférably MO H 100%, orepreferably from 98
reacti on pressure also varies according to the

to 10oeaction tenperature used, but is generally in a
range of from1l x 103 to 2x 107 Pa in terns of

Moreover, if carbon dioxide is introduced into the transesterification reactor,
then the transesterification reaction is impeded, and hence the reaction rate
decreases. Itis thus preferable to separate out carbon dioxide withdrawn from the
ether producing apparatus.

Furthermore, upon subjecting the reaction liquid containing the diol to
separation using the distiliation separation step as described in Patent Document 21
(Japanese Patent Application Laid-Open No. 2002-308804) or Patent Document 22
(Japanese Patent Application Laid-Open No. 2004-131394), a high-purity diol having
a high UV transmittance and a low aldehyde content can be obtained even if a
method in which water is fed into the distillation separation step is not used, although

this method may of course be used at the same time.
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AOSGPPQF?I] pressure, preferably from1l x10 to 1 x107
he cyclic carbonate conversion in the ether

produci ng reaction is generally in a range of from 90
to 100% preferably from95 to 100% nore preferably
from98 15 to 100% Moreover, if carbon dioxide is

I NtIhQEE Peesartiigvantion itas pes héééésa??tch 08e @estivent, but With an
the transesterification reacti on | s i npeded, and hence

objectie 6E0Y) fadatiih e REHCIRATRralipn; @) SBIIRGIHE i cafbonate
and {PLﬁ#ﬁ%ﬁ?ei‘@%%‘%@@%%Hi#%%ﬂ%é'ﬁg?s&'"éﬁ%8?*4 e isftation,
or thpzlk(ggfutsgﬁgg@“ I a vI Orjgi}e %rggét |pﬁ@?ﬁsp€§p%+p%%% Ialr'}::rnatlc:

Open No. 2002 308804) or Patent Docunent 22 .
hyd f?%[!?&ﬁ‘e‘s@aipgﬁéﬂied@lﬂhaﬁﬁhwfp@éb@ﬂw Malggenated aromatic
2004- 131394 a high-purity diol having a high W
hydrocarhonstmaybe used as aoeactionegnlventcont ent can be
obt ai ned even if a 25 nethod in which water is fed
I ntMotetvedi a8 aIsubsianceshakisdtertin tHecreactionoan ireetigas such as
al though this nmethod may of course be used at the

nitro§@NENEIUFB, ar%%n@ftﬂé ML AayBeMidetol i pisehe i the reactton system,

I nventi on, I'S not necessary to use a sol vent , but
and %ggg:éatl Jeeﬁ\lr%?f %%fedi gﬁé)th%%ﬁégllﬁ ﬁﬁﬂ%gﬁgﬁécﬂdirﬁgamducts

prockPy At &1 e sgwa%eq@&w@?:.%m‘%z@tre%@,%ozrﬁp‘auﬁg et nertin
the rRagior drat he Tnapdiicad B ormifha Ger bomion of She Bortindens

al i phatic hydrocarbons, or hal ogenated aronatic
multw;@ge@asi Higtign eeiurae in,3 aesesus fe@ct i on sol vent .

Moreover, as a substance that is inert in the
reaction, an inert gas such as nitrogen, helium

argon or the .like my be nmade to be present in the
Examplest i on system and with an objective of speeding up
the distilling off of |ow boiling point products 10

Pr RhiRfng 8 etdiled dedcripfion of Exarpiés bf)tHe' présBAat ilvention.
organic conpound that is inert in
However, the present invention is not limited to the following Examples.

In the following Examples, the selectivities for the ethylene glycol and the
dimethyl carbonate are values based on the ethylene carbonate consumed, and the
yields for the ethylene glycol and the dimethyl carbonate are values based on the
ethylene carbonate putin. The position of each stage in the distillation column is
represented by the number of that stage counting from the top of the column as the
first stage. The aldehyde concentration was measured using a colorimetric method
[(1) a suitable amount of the sample and 5 ml of an aqueous solution of 0.2 % by
weight of ferric chloride (FeCl;-6H20) and 0.32 % by weight of sufamic acid were

added to 50 ml of distilled water and uniform mixing was carried out, and then the

mixture was left to stand for 1 hour; (2) 25 mi of the aqueous solution of 0.2 % by
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A0S hU@GC/IKA; ' may be introduced in fromthe | owner
portion of the continuous nulti-stage distillation
colum in a gaseous form Exanples 15 Following is a
det ai | ed descri pti on of Exanples of the present
i nvent er, the present jinvention is not
wetght ﬁf te@ac t:biomg (Fenlaowz@) aRd P02 % by weight of sulfamie gcid was
nples, the selectivities for the ethylene glyco
addeah artirchstllladwaley wasdiunthenaddad do vaakegp bad 60 rok) andd3) the
et hyl ene carbonate consuned, and the vyields for the
abscrbandte ata Wavedength &f 636 reth WS leasareah anticusing avallibeation curve
based on the 20 ethyl ene carbonate put in. The

prodDeéd er‘h'bégtalaéﬁ?dé b3Gereférenee éilb%faﬂdeatﬂé’aoﬁéédtfﬂildnsof aldehyde

represented by the number of that stage counting from

contélfﬁgdtlﬁ é’Ea ?ﬁ&‘ﬁ&eﬁﬁm&ﬁ%s tﬂar us?ﬁgdea Waight concentration

ehy ation was neasure
r|c mathod [(1) a suitable amount of the

convgglﬁa d 5 m of an aqueous solution of 0.2 % by

wei ght of ferric chloride (Fed 3 6H20 and 0. 32 % by

wei ght of sulfamic acid were 25 added to 50 m of

distilled water and uniform m xi ng was carried out,
Example hen the mixture was left to stand for 1 hour;

(2) 25 mM of the aqueous solution of 0.2 %by 29

A0 HitmatRgiccartokats (BNIGHhandfetidene glyciol (Gl were produced

(FeCl13-6H20) and 0.32 % by wei ght of sulfam c acid was
contirddesly frord ethyibhé carbormite r(E@g%nﬂuﬁéﬂﬁhoﬁQdeOI-t)msir@(me

up to 100 m; and (3) the sorbance at a wavel ength

#htfsdh as 3h ialifilid RSt b duit
app praoducgjmwwfﬁ%?eta de yde as a rgqgraenge u%st ance, @ condul

2 i SprfOREES a?%-'efﬁ% R L L
mutEgh5E ﬁﬁsf@tt gﬁ&éﬁé&%«e@%dms%mmwng
an insie; dgnet aniﬁﬁ"g% . SRRy aPe S aRkianrt 48:% by weight
of péngﬁﬁt f?;)dr:'fa;uggo(lﬁ(%lx) (fh%?nclagr]enaeczoltllsqclgtgly;t()) rwrgsf égnrgn%ously fedina
liquid form also into the 3™ stage via a conduit 2' at a flow rate of 0.85 g/ h, and a
mixture of MeOH and DMC (weight ratio: MeOH / DMC = 97 / 3) was continuously
fed in a liquid form into the 20™ stage of the continuous multi-stage distillation column
1 from a conduit 5 via a preheater 6 at a flow rate of 636.4 g /h. The pressure at
the top of the continuous multi-stage distillation column 1 was atmospheric pressure,
and the temperature at the top of the column was 63.8 °C. The temperature T at
the 21* stage (the 19™ stage from the top of the total humber of 38 stages in the tray
portion in which the catalyst was present) was 80.5 °C, the temperature T: in the
column bottom portion was 88 °C, the average residence time of the reaction liquid 8,

in the tray portion in which the catalyst was present was 2.4 hours, and the average

residence time of the reaction liquid 8 in the column bottom portion was 4.3 hours,
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A05(A UPagaceeheater 3 at a flowrate of 200 g/ h into
the 3nd stage of a continuous nulti-stage

distillation colum 1 conprising an O dershow
distillation colum having an inside dianeter 4cm and
40 stages, an ethylene glycol solution of 18 % by
the total gherage resideoicedione thusybkzing i6dZ hoWR) Hrioomtreseamlses, a +
catalyst) was continuously fed in a liquid formalso
124p&tzscme 3'd stage via a conduit 2' at a flowrate of
95 g / h, and a mxture of MeOH and DMC (wei ght
rat
A% %&Qor ml w bbfing ﬂur&@ﬁst %ﬂ'ﬁ‘@ﬁ%& top &of theZolumn

Ilqu stage of the conti nuous

was B3t @fé@&a%gp?. 510 85 05 bR PE e baok o
08 5 e Y B S 55 4 o

the tenperature at the top. qf the col um was Sﬁﬂs o

as a tpkime igrewithdrawn fiquid (containing §¢. % Yo Welght “ofddacH and 32.1 %
fromthe top of the total nunber of 38 stages in the

by weighy of PME) aha flowvate bf 685.403:( hivia a condufiSinte a)pasition 80 cm
80.5 C, the tenperature T2 in the colum bottom

from e topof addMESseparating evlanay?1 complisigpa tpackedcolumn type
reaction liquid 81 25 in the tray portion in which the

distilR@ibal CORIMNRT inkies AimeRs 25 mhand paciifihéight 380 'ca¥Backed with
residence tinme of the reaction liquid 62 i'n the colum

Dimf?ﬁ*tg%?@b ‘F"'éé, \é@ﬁln s3 hours, 30 A0501 UP19- GC/ KAN

ge rési dence time thus being 6.7 hours.

o ToTE S #bfhﬁi?q}@@ &rﬂéﬁﬁfiﬁaﬁ%ﬁoﬁfﬂﬁﬁ“ﬁ#’ bottom

ool e R A ol i .

of the colum via condwt 8 (reflux ratio =0
as tqmmnly energySiearirad rfOK/\B‘@ dl@tﬂlaé@na*he@tgnand the wmwadamf the

uid (containing 67.9 %lﬂ/\% ght of MeOH and 32.1 %
coiump Lwlogmhqwﬂ viagfed:as a ligui ghttmulm point mixtute fcontaining
conduit 9 into a position 80 cm fromthe top of a DMC

70;65%@yaﬂe‘igbt oOEGR9.186 %wawéiym of MgQdkeD08c% byweightef EC,
distillation colum of inside dianeter 2.5 cm and

0.02 (I%‘Eﬂyfiﬂelbﬁt QFDMJ@QJ 0% dykesight b dieftyidne §iycBR@EBYENd other

(p) as packi ngs.
high boiling point impurities, and 0.08 % by weight of KOH] at a flow rate of 200.2 g h

via a conduit 14 into a position 100 cm from the top of a low boeiling point component

separating column 17 comprising a packed column type distillation column of inside
diameter 2.5 cm and packed height 160 cm packed with Dixon packings (3¢) as
packings.

The EC conversion for the transesterification reaction was 89.92%, the DMC
selectivity was 99.9%, and the EG selectivity was 99.9%. |

The DMC separating column 71 was operated at a column top pressure of
1.4x10° Pa, and a column bottom temperature of 205 °C. A gaseous low boiling

point mixture distilled off from the top 72 of the DMC separating column 71 was
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A0SO P 19-GC/AZI"trm bottom | i quid withdrawn via a conduit
11 fromthe bottom 10 of the continuous nulti-stage
distillation colum | was heated in a reboiler 12 so
as to supply energy required for the distillation
thereto, and the renmainder of the columm bottom

m"dﬁf!?@ﬂd-ﬁm afeandeaser 75 andisemerofiibe imixture svas refluxed back into
[containing 15 70.65 % by wei ght of EG 29.16 % by

the tapicflibe columbvia 8 coadoit BY (refluxtratiot= ZCwhile. thé rériaynder was
wei ght of DMC, 0.01 % by wei ght of diethylene glycol

merddoE@a #0ondlibZ8 into the condlit'5g apdifed intéltHe lcbhﬁﬁuo@ ﬁhultn-stage
0.08 % by weight of KOH at a flow rate of 200.

dlstlﬂétﬁbnacdiﬁﬁﬁﬁ Ulallf'\e FP} AedteP8S MR cotBo&itibn bf tRd '(i)tﬁu& ‘?8(11}1 from

a l'ow boi I'ing point conponent separ ating c

the M Sy shehBpuBatialy oG NGGH 2Pl Fibxe Kiffai to MeoH
°"'V§§§5$ﬁ§ﬁv¥8tﬁh?°??5$§% s iBE2 e triosion nig dilafion column

3192% the DMC selectivity was 99.9% and the EG
1 wagdept copptantyias 99. 9% The DMC separating col umn 71

was_operated at a col um topéﬁressure of 25 1.4x106
Pa, Seme of aevlumn beltorn tiquishyithdrawreviafa eoduit 78from the bottom
gaseous low boiling point mxture distilled off from

73 of the DMC sépafatinbecolivin Fdpwas hieated-inl airabollér 80s03ds to su OPply
A0501 U P19- GC/ KAN condensed using a condenser 75,

energﬂ equited fur the distillatisg theretd, @h@qhéﬁﬁhdlﬁﬂér ofttﬁé ch}?nﬁ’bottom

e colum via a conduit 77 (reflux ratio =

liquid %sr\ﬁiﬂﬂirﬁw d&’%z%or{ﬁiﬁt%}.dﬁt’é Ao SRS dF2ba 7."85! ¥ Ht oﬁ@ecolumn

condul t Into the continuous I -Sta
b°“°“‘*ﬁ'%‘a’§. ‘?%%%@o?% HQ%*%{!}. s Pr rom 5 ?he_”éindui ts

' o TR ol ce%néﬁ%%ﬁﬁa”‘%%@%p@%%b%wed ata

to the contl nuous multi-stage distillation colum

colufigdoR SPESTURSf AMNOSERRARC Bressute 1andha seluambpttem femperature of

W thdrawn via a conduit 79 fromthe bottom 73 of the
201 tudhus sarmvinghgutan ather producing ceactidn betweeatethylenegarbonate
and Zt?ly?e;et glygglp:rp: Itlzlr-: column bottom portion of the low boiling point component
separating column 17, so as to convert into diethylene glycol (DEG). The residence
time in the column bottom portion 26 of the low boiling point component separating
column 17 was 1.5 hours. A gaseous component distilled off from the top of the low
boiling point component separating column 17 was condensed using a condenser 19,
and some of this component was refluxed back via a conduit 20, while the remainder
was infroduced via a conduit 21 into the top of a carbon dioxide-eliminating column
22. The reflux ratio was 1. Nitrogen gas was introduced into the column 22 from a
conduit 23 provided at the bottom of the column 22, so as to carry out bubbling.
Carbon dioxide-containing nitrogen gas was discharged from a conduit 24 provided

at the top of the column 22. A carbon dioxide-eliminated liquid was circulated from
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A050110Upﬁg£@¢/|(,eqw red for the distillation thereto, and
he remai nder of the colum bottom Iliquid was

V\/lthdravvn via a conduit 82 at a flowrate of 204.3 g /
h. The columm bottomIliquid was 99.9 % by wei ght DMC.
The | ow boi ling point conponent separating columm 17
the conduib 28rproeidedtatdhe bottormof the qolemalz2ata flewmatpbEsB83 g/ h
pressure, and a colunn bottomtenperature of 15 201
back%totthwo?astbperw tife! coAtindRemult-gtdigei distilkatian tdofumn 1.
bet ween et hyl"'ene carbonate and ethyl ene glycol in the

CO'AJHEHUE'?\‘ B&Erﬂq LicPtro h’ierlS\mJ lﬁlgbbin%o bnt separating

one separa I Ng CO 1 as to vert Into

co'urﬁbwéﬁﬁﬁegéﬁ e 1o 28 MR b Y o 1417

9/ h GRRRBoncuhsR 4D % 2% FEPraRosd racten wiyreflwrhtemmg

| ow 20 boi léfd:g poi nt coghponent separati ng col um
99.74\&s by weighteldE Gsang 014 ¥nby waightof DEGandether bfght lpﬁnbng point

conponent was refluxed back via a conduit 20, while
impuritiesr EGeiot dietectedls i ntroduced via a conduit 21 into
the top of a carbon dioxide-elimnating colum 22.

TheThecéthex-preducedveaiclion Wikture evasofesl viashe odnduiti8@dnto a
into the colum 22 froma conduit 23 provided at the

posﬂﬁﬁ 6@ El'rPfroH‘l?leQSb BranG sitiffifgicIEAR ' QthphsiRg'a pebked

Carbon di oxi de-cont ai ni ng" nr'trogen gas was

CO]Ufﬁhe CO mﬂa&@?%ﬁcar fjfﬁb@ OXI éi%ﬁ ?%m%gg %&Pg\%@t 120 em

ci,rc ted from A0501 UP19- GC/ KAN t he conduit 23
paCkﬁFWﬁ'H@B‘%p?‘%én ASHATHE% 0l urm 22 at a flow rate

info the 20th stage ,0

e e B RUTRInG: G CWaR GreRRIeg At LRI HOD RrespyTe:of 4000

bottomliquid fromthe | ow boilin oi nt conponent
Pa (3:tPagnd @ cqjumﬁo@mmpﬁeﬂuaﬁjogé 8 “&-r dhtqyid distiligte was

and was withdrawn at a flowrate of 141.7 5 g/ h
obtaihedrassa sidedwithdrawmdlicgod at adiove raterof 1384319 ¢ & frema comduit 56

m xture [containing 99.74 % by wei ght of EG and 0.14
provided)in sepesitiorn 506mGramdhe tdye bf thegBGopurkfying qodimnh 41,  Moreover,

impurities; EC not detected]. The ether-produced
somé BfadoRimAItYp istillaasfrémtthe! BG RiffARG blum® 4 1WdLreéfluxed via a
condenser 45 and a conduit 47 back into the top 42 of the EG purifying column 41,
and the remainder was withdrawn from a conduit 48. The reflux ratiowas 2. A
column bottom liquid (containing 45.2 % by weight of EG) was withdrawn from the
botiom 43 of the EG purifying column 41, and some of this column bottom liquid was
passed through a reboiler 50 and a conduit 51 and returned into the bottom 43 of the
EG purifying column 41, while the remainder was withdrawn at 0.7 g / h via a conduit
52.

For the liquid EG withdrawn from the side-cut outlet of the EG purifying

column, the amount of other organic components was below the detection limit (1

ppm for each component) according to gas chromatography, and the aldehyde
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A0SPOEPIOBCHAEM from the top of an EG purifying colum
41 conprising a packed 10 colum type distillation
colum of inside dianmeter 2.5 cm and packed hei ght 120
cm packed with D xon packings (39) as packings. The
EG purifying colum 41 was operated at a colum top
concgntiation wasfmeasoredysing the Gﬂ&)‘lfﬂeiﬂ@ metbed mmbe&ﬁtm
tenperature of 123.5 C. Aliquid distillate was
Morezivesithe UV dransmiittance ohhisasidelwithdrawatliqaid ab22@ arewas 85%. A
139.6 g/ h froma conduit 56 15 provided in a

poly@;ﬂét Wwashrédaded taking this E®and dimethyerephinalate asodtarting

Mor eover, sone of a colum top distillate from

matérié?s & glrgfriggé(hﬂi'goﬁ? hﬂ'ﬁqcéﬁlyﬁgs ﬁ{bﬁﬁ%@téf'o%tﬁned had 3 high

condens a” condul t to the to

o e 1 e AL 1O -
e SRR 5 A LG8 8E  HLEl Wos obiinc

urlf I n coI um 41, and sone of this colum bottom
atayip %. passed through a reboiler 50 and a conduit
51 and returned into the bottom 43 of the EG
purifying columm 41, while the remainder was w t hdrawn
at 0.7 g/ hvia a conduit 52. For the liquid EG
Example@tr awn from the side-cut outlet of the EG purifying
25 columm, the anobunt of other organic conponents was

bel OMC Sd &8 v Qlodiiced aééordmgrfoftﬁé R0 mem) Example 1,
according to gas chromatography, and the a dehyde 33 a

excef st d=The:catifeY, i eac Bt %&“%?}E@eover tephitfigintfan
ui
ethylgh@ e Al éf&ifi%?&@@%%@%e@% Hﬁ%ﬂ%ﬁén alorf Gehange
. di net er epht hal at.e as starti nmateri al s d.
resir, AFYiRO HElSTORD SEMOTIGTEOToUPS armrchange araies ibieined by
had a high 5 gptical transmttance in_ the UV and
subjeeting,a & qv\@qbﬂ@ THdype & ton exchangewithnatdh Nap603 agueous

systemoverall, the DMC yield was 99.8% and very
solutiprytepeatediy washing with pureswater, and then repeatedly washing with dry

methanol, so as to carry out dehydration / drying, approximately 50% of the CI” ions
being exchanged to CO»?" ions), which was fixed to the 3 to 40" stages of the tray
portion (each approximately 5 vol% of the liquid residing portion) and the column
bottom portion (approximately 10 vol% of the liquid residing portion) such as not to
flow out. Here, the temperatures in the column were T4 = 80.4 °C and T, = 98 °C,
and the average residence times of the reaction liquids were 84 = 2.2 hours and 62 =
3.8 hours, the total average residence time being 6.0 hours. From these values, a +
1.24B3 = 2460. The EC conversion for the transesterification reaction was 99.9%,
the DMC selectivity was 99.8%, and the EG selectivity was 99.8%.

Moreover, the amount of other organic components in the liquid EG

withdrawn from the side-cut outlet of the EG purifying column according to gas
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A05@t UPrg-e0ikef 99.1 % Exanple 2: 10 DMC and EG were
produced according to the sane process as in Exanple
1, except that as the catal yst, instead of the
honobgeneous catal yst conprising an ethylene glycol
solution of potassium hydroxide, there was used an
chromatography ivag belonetherdatestionylimit{t opma), fhealdehydenconcentration
groups as exchange groups (obtained by subjecting a

according>to Yré\.cldrimétyib tnéthod Wasd B Hprac ant tthe W\2ilaherftidhce at 220

aqueous 15 sol ution, repeatedly washing wth pure

nm wWaY 88.:5% N dThEPMESHERY fBf the ¥AtEH Gvetall bvéifggj%.tampmlbfe yield

so as to carry out” dehydration / drying, approximte
wasé%o’é f the - ions being exchanged to C032- ions),
ich was fixed to the 3'dto 40th stages of the tray
portion (each approximately 5 vol % of the |iquid
residing portion) and the colum bottom portion
(approximately 10 vol % of the liquid residing portion)
CompasativesExampleb120 f1 ow out. Here, the tenperatures in
the colum were T, = 80.4 Cand T2 = 98 C, and the
avPbifeand EG@avere producedaceardingtacthesame prockssvas in Example 1,
01 = 2.2 hours and 82 = 3.8 hours, the total average

except thatdhe cohtinvole multi-stagedistillationrcolumheb was ahads to bean
1. 24P=2460. The EC conversion for the

Older§IFe\e stiflation €alunih haemglarPinsiitsdiBmétdr 2.5 &R d4A10 stages, and
selectivity was 99.8% and the EG selectivity was

the 53% & ito whidk "tﬁé’ﬁg ?1?% EI'I% 3 %Smwté&e ?é&‘Wag%E@ié‘:qugbe the 1% stage,

onents Int dr awn rom
2 Side: (Ut | A Vi '
whilg it @b 13t floh the refules RNl B3I Ty 5 e e to be
e detection limt (1 , Lhe al dehyd th . o
the 8 Sta0R, ; Hlee e BmaTAEET bt thecol O T+ (5 aael= 792 °C
fas 0.8 ppm and the W transmittance at 220 nmwas
and $3=:93 "Ghandbiite gverageiresidense dnasph thedeastionliguids weye 6, =
and the EGyield was 99.0% 5 Conparative Exanple 1:
0.18 hours and 8; = 0.25 hours, the total average residence time being 0.43 hours.
From these values, a + 1.24p = 615. The EC conversion for the transesterification
reaction was 91%, the DMC selectivity was 85%, and the EG selectivity was 83%.
Moreover, 1.8% of other organic components (mainly EC) was detected
according to the gas chromatography analysis results on the liquid EG withdrawn
from the side-cut outlet of the EG purifying column.
These results show that, because the residence time in the continuous

mutlti-stage distillation column 1 was insufficient, the transesterification reaction

results were poor.

Comparative Example 2:
DMC and EG were produced according to the same process as in Exampie 1,

except that the continuous multi-stage distillation column 1 was made to be an
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AOS5(AMOP49dSEIK er e produced according to t he same process
as in Exanple 1, except that the continuous

mul ti-stage distillation colum 1 was nade to be an
A dershow distillation colunm having an inside
dianmeter 2.5 cmand 10 stages, and 10 the st age into

Olderstioyndistilation celumm baviagan, isidecdienteter .5m and 80tstages, and the
the 1st stage, while the stage into which the m xture

~ stageintdvvBlictathe BCand the eatalyst werd ded wasanatedo &erthetséfbstage,

Here, the tenperatures in the colum were T, (5"

whilesthedtage int8.which tHé thittlre of MeOH M DRIFC Wé%fféanas made to be

reS|dence times of the reaction liquids were el =

the 49:?% ngeﬁte ?@ﬂghég?ﬁ'é’@ 6@5%%@? E Er om t.ﬁe@e vgtﬁggl‘: 808°C
T .
and T lzﬁi%%?‘@r nl e gxﬁ%%%ffif@k@%&“’ el Gpetippdiauids were 6, =
i Vi % E i Vi o
10.8 figuEsnd 62+ §5 ot thé fotl glerage endence e hana 3 Bbpurs.
was detected accordl nﬁgo t he Eas chr omat ogr aphy

Fromifhespoalues sut t1s24h =1553. i dlhaiEEcanvensipafar thertiansesterification

side-cut outlet of the EG purifying colum. 20 These
reactions was 9%96%, tie DMG selactivity mas 831 big and therkeGiseladtivity was

continuous nmulti-stage distillation colum 1 was
99.2%nsufficient, the transesterification reaction

results were poor. Conparative Exanple 2: 25 DMC and

EG M&fe%vél‘ tHE @pfoRRt T clhérdorganid Gripokems 3§ B9 liqsid FG

Exanpl e 1, except that the continuous nulti-stage

wrthcﬁ,é% f@ﬁﬁﬁgﬁ}% H{sﬁ%ﬂv‘\? ?st?ﬁ@gp | Wo umﬁaw ngmgnto gas
chro At 3R IR 25 E@Tﬁ e Aherbp R Eprudhin peforid e
colorfmeg'e thw e V\/nl | e L&e aégﬂ i nt o Chrp})(@[]?s 62%.

40t .h st age. Fbre the tenperatures in the colunn wer e
Ti Thesedestlty show that, becaysa the fresidensce ime in #hejcontinuous
average residence tinmes of the reaction |Iiquids were
multisstage distillation colunamd veas towlongpaldehyde svasopraiduged imgdarge
residence tinme being 31.8 hours.
amount.

Example 3:

DMC and EG were produced according to the same process as in Example 1,
except that the continuous multi-stage distillation column 1 was made to be an
Oldershow distillation column having an inside diameter 4 cm and 80 stages, and the
stage into which the EC and the catalyst were fed was made to be the 5" stage,
while the stage intoc which the mixture of MeOH and DMC was fed was made to be
the 40" stage. Here, the temperatures in the column were T (42" stage) = 80.8 °C
and Tz = 98 °C, and the average residence times of the reaction liquids were 8, =

hours and 6; = 11.2 hours, the total average residence time being 16.2 hours. From
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A0S0 urpideseykyal ues, a + 1. 24k = 5853. The EC conversion
for the transesterification reaction was 99.96% the
DMC selectivity was 99.1 % and the EG selectivity was
99.2% 10 Moreover, the anount of other organic
conmponents in the liquid EG w thdrawn fromthe

theseividues)ta e UL243 =cf126he THa EQr cdnviergiondbrtie tearmsesterification
to gas chromatography was 20 ppm the al dehyde

reactionoead 991059, the MY Selettivify'Was 9918% | 8Rd thé ECsE18Eivity was
was 18 ppm and the UV transSmittance at 220 nm was

00.86% These results show that, because the residence
~ time in the continuous 15 nulti-stage distillation

col t nr C in a.
" ar HEFedvaltihe' ol oflel Byt EBRenBhs fitoa ol £
. according.to.the sa roce as j.n Example 1, 0
with @55 o sie-cul Aet 21168 s Brting Soliut arbardingto ges
colum 1 was made to be an d dershow distillation )
chromatograrinwas 2apmihedidehyda cancentrationrarconding 4g dke colorimetric
and the stage into which the EC and the catal yst were

methadiwasgs!.6ppen,tandcbiher UV tarsmittanee abhBR0 evm wasBA5%.i nfhe DMC
which the m xture of MeCH and DMC was fed was made to

yieldofer thésystétrhovdral) avas-89.9 %, tdrel theBO yiedrwas 00, 1%¢e
colum were Tl (42nd stage) = 80.8 C 25 and T2 = 98
C, and the average residence tinmes of the reaction
liquids were 81 = 5.0 hours and e2 = 11.2 hours, the

Co MiveES esidence tine being 16.2 hours. From
6 A0501 %@%ge%zd KAN t hese val ues, a+ 1.24(3 = 4126.

¢ 00 AR £ 1B sy Bovblf BhESIEBREIETIG 4957uetcmsscay in Example 3,
exce S G EoBTRp IS M e B BIRtAT ol L we qlade tobe 2

wi thdrawn fromthe side-cut outlet of the EG purifyi
presgufizes colupyt @ndhecoliisn top peesause mmaﬂedobq@mcmg ga.

al dehyde concentration according to the colorinetric
Here, the temperature at the top of the column was 120.8 °C, the temperatures in the

column were T, (42™ stage) = 132 °C and T, = 152 °C, and the average residence
times of the reaction liquids were 8, = 5.1 hours and 8, = 11.4 hours, the total
average residence time being 16.5 hours. From these values, o + 1.248 = 5455.
The EC conversion for the transesterification reaction was 99.97%, the DMC
selectivity was 99.2%, and the EG selectivity was 99.1%.

Moreover, the amount of other organic components in the liquid EG
withdrawn from the side-cut outiet of the EG purifying column according to gas
chromatography was 16 ppm, the aldehyde concentration according to the

colorimetric method was 14 ppm, and the UV transmittance at 220 nm was 65%.

Example 4:

DMC and EG were produced according to the same process as in Example 1,
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A0S0 UPI®-GaYKA: 6 ppm and the UV transmittance at 220 nm
was 87.5% The DMC vyield for the systemoverall was
99.7% and the EGyield was 99. 1% 10 Conparative
Exanpl e 3: DMC and EG were produced according to the
sanme process as in Exanple 3, except that the
excepbthat the gontionous mtﬁg&taﬁesdlstﬂladuonmlwvnuhwas made tmbe an
to be a pressurized colum, and the columm top
Oldepshe distillatisn callenn babiageammmfs diameter 2.5 ¢rnaand 30 stages, and
tenperature at the top of the colum was 120.8 C, the

the dﬁg;@ riteWHigls the'EChand e 6athlyatwers fed wasimade 16 Bedhe 2™ stage,

C and T2 = 152 C, and the average residence tines

whiléif{netdr %gé%&twmeh lthé Whistirdek M&8Hand BME Was ﬁﬂ%&@mde to be

urs, the total average residence tine bein

the 157 stalge Brers, P bepRTatiia e wsaﬁqfv%‘gﬁ'?%ﬂbé? %ﬁJQ)Z 80.4 °C

9 70/9 t he sel ectiyvit % and t
and i ?@F' %a‘@aﬂe%"s@@"%:{ﬁ ?H@a‘éﬂm H@Uigﬁ were 8, = 0.5
other or%anlc conponents in the lic UId EG wi t hdrawn
hours ahgh Q27 VG2 Bowrs; hmtqt%ltawagmesz@w timgi brjng di. 1drhours.  From
according to gas chromatography was 16 ppm the
thesavakiegda + d124¢n+ 1822 0on Thedt donyersion for the dtamsesterification
met hod was 14 ppm and the UV transmttance at 220 nm
reactiors was’99.4%5 the NC selectivitl wasi0F.G% e thedBGosalectivity was
according to the sanme process as in Exanple 1, 37
99290501 UP19- GC/ KAN . except that the continuous
mJItl-stage distillation columm 1 was nade to be an

5 dnoiehii tha'smodt et HFanR K RoRhts 1 e liguid EG
withdt R FYrdIng Sidt'eyf At 3"‘% B BGfifiirg Collifh FREring Bans
chrogatdfraphg was e\%&ﬁg&&%@rﬁ% PReY. Hie,ples Bencentration

(16th stag e? = and T2 = 98 C, and the average
accor@ag dathecp Qﬁmetas met@oqd avas 0.5Ppmqand m\)ewrgnsmmnse at 220

hours and 82 = 0.62 hours, the total average residence
nm was89%ei nihel DMC ield for the system overall was 98.7%, and the EG yield

was 97.9%.

Comparative Example 4:

DMC and EG were produced according to the same process as in Example 4,
except that the continuous multi-stage distillation column 1 was made tobe a
reduced pressure column, and the column top pressure was made to be 20,000 Pa
(150 torr).  Here, the temperature at the top of the column was 26.8 °C, the
temperatures in the column were T (16" stage) = 37.1 °C and T = 49.8 °C, and the
average residence times of the reaction liquids were 8, = 0.49 hours and 8, = 0.6
hours, the total average residence time being 1.09 hours. From these values, a +

1.24p3 = 749. The EC conversion for the transesterification reaction was 92%, the
| 38
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AOSOheFeIoaO/R®, " a + 1. 24(3 = 1022. The EC conversion for
the transesterification reaction was 99.4% the DMC
selectivity was 99.3% and the EG selectivity was 10
99. 2% Moreover, the-amobunt of other organic
conmponents in the liquid EG w thdrawn fromthe

DMG: sellectivity was|868% oand the EG srlectivitynwas 86%m accor di ng
to gas chromat ography was bel ow the detection limt
(1 Mpraoveirnt 684 gfbitee organtic conficrents GRaimyEQ) was déected
colorinetric nethod was 0.5 ppm and the W

accoina nBIBithée %%g%r@émaiégéégg EnaRBisSEKund oa tﬁé(fﬁqpidcpt%a \fsvﬂhdrawn

e syste veral | . 7% and the EG yie
t L4 nd EG were produced
from{fe Sidp-EarBatictr the B BRIt ot "E, 2oie 2.7 20
except that the continuous nmulti-stage distillation
colum 1 was nmade to be a reduced pressure colum, and
t he col Lop pressure was made to be 20,000 Pa (150
'"du\.s%\aﬂﬁppﬁgl@fﬁvt he tenperature at the top of the col um
was_26.8 C, the tenperatures in the colum were Tt
( 16Te pregpnt invegition carsbrifavprablysised@s apiocess enabling the
average residence tines of the reaction |iquids were
dialkgllcarbondte andtise divd t@Be-prodteetbstably and corveniently, and enabling
average residence tinme being 1.09 hours. Fromthese
the high4pesity iot to be PHbéduced’ith bbiie tHe highrsomversion add thBahigh
transesterification reaction was 92% the 38 A0501
seledii®- GO/ KAN DMC sel ectivity was 86% and the EG
sel éctivity was 85% Mbreover, 1.6% of other organic
conmponents (mainly EC) was detected according to the
gas chromatography analysis results on the liquid EG
withdrawn fromthe side-cut outlet of the EG
purifying colum. 5 Industrial Applicability The
present invention can be favorably used as a process
enabl i ng the
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A0SOl BPHPLGCAKMONat e and the diol to be produced stably
and conveniently, and enabling the high-purity diol
to be produced with both the high conversion and the
hi gh 10 selectivity. 39 A0501 UP19- GC/ KAN CLAI M5 We
claim 1. In a process for continuous production of a
di al kyl carbonate and a @&lAIMSy continuously feeding
a first starting material containing a cyclic

We glginhonate as 5 a main conponent thereof and a second
starting material containing an aliphatic nonohydric

al cohol  af PpriRiess wmﬂbu‘s heo@@dtionéfa didikyh cafsdnat® and a
type continuous nulti-stage distillation colum,

diol, @g'tcBﬁhHQoﬁé] féécﬁﬁ@ ; Saﬂ%&g’iﬂghﬁtéﬁﬁl Q:o?\ﬁlfuﬁ\gna &Mﬁ c%rbonate as

alyst pr sent atiron co SO as

ol S8 S o e Ay T .
mon@%&éggﬁql niﬂé UE:S)B% W%@g{egf i ga)gl alprrrq typp sontinuous

colum, and continuously w thdraw ng a hi gh boiling .
multisiage distillgtior ﬁplunar@)rhrmgm@%stgmmrmlﬁ intp with a

| oner portion of said distillation colum, wherein
catalystepriespnbinesaid distilation selumn ke afsdblhmg'@bduimc’tmr( in)a tray

bei ng satisfied, 15 780Sa+1.24xf <5150 (1), wherein
portimahﬂ.éémﬁmrﬂﬂ)orﬂmﬁ%c&ﬁmbuulys&iﬂichamgaa dovapeiling point

residence time of the reaction liquid in the tray 20

oommiént%n%mﬁ@ é’pﬂidifdeb'diélgrbérﬁbﬁﬂlé frémVdH @ppérsortion of said

cat al yst 1S present IS a tenperature at a

o6 469 AN Pl M SN B phen
con |ﬁm%| d ﬂ‘odlf‘ce%r &Sﬁ'ﬁ&m\'@ Wérnp&tlbl’? of said distillation column, wherein

the improvement comprises:

the following formula (1) being satisfied,

780 <a+ 1.24xB <5150 (1),

wherein

a=0,% x (T; + 120)',

B=0;"%x (T2 + 120)"?,

81 (hours) is an average residence time of the reaction liquid in the tray
portion of said distillation column in which the catalyst is present;

T+ (°C) is a temperature at a (n/2)™" stage (a ((n+1)/2)"" stage in the case that
n is odd) from the top of the tray portion in which the catalyst is present wherein nis a
total number of stages thersin;

8 (hours) is an average residence time of the reaction liquid in the column
bottom portion of said distillation column; and

T2 (°C) is a temperature in the column bottom portion.
40
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ADSODLUR19RGEIKL *bf stages therein; 82 (hours) is an
average residence tine of the reaction liquid in the
colum 25 bottom portion of said distillation colum;
and T2 (C) is a tenperature in the columm bottom
portion. 40 A0501 UP19-GC/ KAN 2. The process for
conti nuous production of the dialkyl carbonate and
the diol according to daim1l, wherein the catalyst is
a hhnogenHue procsssifgstontinudusPredpctioresfthieadialkyl carbonate and
conti nuous production of the dial kyl carbonate and

the didsfeawoﬁdiin?ctﬁ T8Iy 9, Whefdifithe talilyst is WHIbgerftousScatalydt.
range of fromO0.3 to 20 hours, "and e2 is Tn a range
of fromO0.3 to 25 hours. 4. The process for continuous
production of the dialkyl carbonate and 10 the di ol

accprdin [ tQ.3 erei ach of
g 1o fibba8 TG S hhabich ot BE R EffoRbte anc
the diol according to Claim 1 or 2, wherein 6, is in a range of from 0.3 to 20 hours,

and Bz is in a range of from 0.3 to 25 hours.

4. The process for continuous production of the dialkyl carbonate and
the diol according to any one of Claims 1 to 3, wherein each of T; and T, is in a range

of from —20 °C to 350 °C.
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