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PROCESS FOR PRODUCTI ON OF DI ALKYL CARBONATE AND DI OL
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

al i phati c nonohydric al cohol together. DESCRI PTI ON OF

THRBEFIERORPREDECTION OFeaK Y10 CARBORNATEUANDODIOL

of a dialkyl carbonate and a diol froma 10 reaction
between a cyclic carbonate and an aliphatic nonohydric
al cohol have been proposed, with four systens having

been proposed hit hert.?%egl\a@g_tﬁﬁﬁystens These

four reaction systerrs ima process for the

uction of di ar bonat e n e y.C
Ak rgPatlevenii dlrtesine HocHen BT G Rrgatonra Sk

st typi cal reaction exanple, 15 A f| rst s%st emis

carb%raﬁ%swé\dea gioh sy Faasting-a Cyeicsgarbanpteanthat Rlirbalg gipaohydric

carbonate, nethanol and a catalyst are put into an
alcohgitegsthée to proceed the reaction, which is a batch
reacti on vessel (see, for exanple, Patent Docunent 1:
U S Patent No. 3,642,858, Patent Docunent 2:
Japanese Patent Application Laid-Open No. 54-48715

(correspondi n@QESCRIFTICNMCMTHERELATED ARS) , Pat ent
Docunent 5: 20 Japanese Patent Application Laid-Qpen

No Seﬁér@l%ﬂaéesd:’e%tfémhép@d%ﬂén f a diafﬂ%%%?@oﬁeﬂb% a diol from a
Application Laid-Op . 54-148726 at ent Docunent

eacin gﬁ@geaéﬁe%%yem%gﬁﬁ@; 55h Bkl PRy, alconol have beon
pf°p§€é§3a BhioRl e b desh fﬁPﬁ%@ﬁﬁ%ﬁ@ 5%%°§<Hﬁi%y.s?ém3-
ThesTotr F4aP0 SYSE T ATE Use B/ AL S8 o8 f?f’e i&?gtﬁiﬂaﬂhw

a distillation colum is provided on a top 0

carbtmtetar@rﬁtw@@aglycamrom emvleme @arhpnawea%mwc&! hich is the

nmet hanol and a catal yst are fed
most typical reaction example.

A first system is a completely batch reaction system in which ethylene
carbonate, methanol and a catalyst are put into an autoclave to proceed the reaction,
which is a batch 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 (corresponding 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. 55-64551, Patent Document 9:
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 of a
1
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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
Application Laid-Open No. 51-122025 (corresponding to
U S. Patent No. 4,062,884), 5 Patent Docunent 4:

reaciFP AR A1) BrWhiCRRthAahé eBrietate, PAethaNel afd addafdifst are fed
(corresponding to U S. Patent No. 4,307,032), Patent

into tE%‘?HHPﬁHn véssel: éﬁd ROk ié\ﬁradegto%%cg&lb}’ h@alif S\fﬁ? ch a

stemis a continuous flow reaction systemin

preafighithebiotiaPruas o 1t ERPE: PR nSTS HPonkEe Patont
Ao gt PRRFRREDNE Tk eatas Ry <SRPoHRGHR W] LT No. 4.062,884)

carbonat e, unreacted nethanol, produced di et h&/l
PategbPgewnent 4adapanesa Ratantipplicatien kajd-GlpendNo. 54-48716

continuously withdrawn in a liquid form from an
(corresparetingto Uhe. Bateat Noi 4:307s032), Paterd RogsimgntFlak éh8. Patent No.

Docunent 10: Japanese Patent Application Laid-Qpen

3,80MN@015H3- 41432 (corresponding to U. S. Patent No. 15
4,661, 609), Patent Docunent 11: Japanese Patent

Ap iheratdy@terhaé 8-capERudgs floWIeddiiHSystéiatiamhi€launixet solution
12: Japanese Patent Application Laid-Open No.

of etfferdd £3rhdrz9é HREPREWLAEI it LoHtiSuoaY f&Y ik a tdbG@E rédtior
u. S. P , 134,518). A

at ent Docunent 13: at ent . 4

mainkgiHEd Bt SYRLOGI Ay Rl RBEHGY forflbSiehin?bha BBl ko

I nuous p ocess 1 n ene

condHE b ScBRTbESin ERaRE BBl b bdL oy

carried out in t presence.of g catalyst in a -
carbRalpaRtd prosuclealBRBNR Q! i S TinuRus BRI N aHiquid form
t he separation of produced di nethyl carbonate and
from @nigutied @nghg edner side 348, dor examplg, %ﬁ@@&?@cument 10: Japanese
distillation colum simultaneously (see, for exanple,
PaterbApplicabion lasthOpBs: N afidmid 432 2eorraspamdingplsi UdatRatant No.
Lai d- Open No. 4-198141, Patent Docunent 16: Japanese
4,66 PaventPatéppDocaniennLalapatpsse FstentdA@ididatsn LRa:-Open No.
Docunment 17: Japanese Patent 2
63-238043, Patent Document 12: Japanese Patent Application Laid-Open No.
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 continuous production
process in which ethylene carbonate and methanol are each continuously fed into a
multi-stage distillation column, and reaction is carried cut 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 example, Patent Document 15: Japanese
Patent Application Laid-Open No. 4-198141, Patent Document 16: Japanese Patent

Application L.aid-Open No. 4-230243, Patent Document 17: Japanese Patent
2
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Application Laid-Open No. 5-213830 (corresponding to
CGerman Patent No. 4,129, 316), Patent Docunent 18:
Japanese Patent Application Laid-Cpen No. 6-9507
(corresponding to German Patent No. 4,216, 121)). In
this way, the processes proposed hitherto for
Appll@éﬂ@#ﬁbl&gobbﬂ Nb 38-IM3830qabhesssrriing tb Geemadnh®ate nOND.

the cyclic carbonate and the aliphatic nonohydric

4 12%bqeﬂq5ateﬁf Bol¥RehYs: %ﬂ%gﬁg%éﬁt ApilicefsRLalDpen No.

reacti on system atch reaction syst em

60547 (BSrbOoABAGH BRrHERT chPRlA 2ponaypt L 20t on ng

wdreac i on_systemusing,t ct
(4>n%mawaéfabﬁ GioShRAGT pihoReA ibekiteh Bk LU
h b d out fo -
carb&q@tgﬁglrcrjgtgggj\@ffrc?rﬁg gﬁgc tt(%;ar gﬂ:éte m?'%t!ggnqqfﬁ\ﬁydnc alcohol
cyclic carbonate conversion is determ ned by the
are the fpysystafisiput in and the tenperature, and hence the
reaction 15 cannot be carried out to conpletion, and
(1) thehcompledely dbatehr raction syblew); because this reaction id
equilibriumreaction with | ow equilibrium constant.

(2) tHébstor eeaction $yxtemasnsng tife fedkctioh yesadlchaviregy thecdisitllation column
carbonate conversion high, a very |arge anount of the

prov@bbl@r‘ﬂhb%ﬂ‘?ﬂé}%ﬁ” c al cohol nust be used. In the case
, the reaction can be nade to proceed with a

(3) a*?‘g%ﬁg? h&%‘f@ﬁéﬁcgrg )%é?é‘ﬁ‘\ M%uﬁ@tﬁé@buﬁa?r)re% of:3nd and hence

reacti or exanrp In Exanple
5 (Japanese Patent Appl i cation
(4t a.e%‘;goéeﬁ%%@y%% t he et hyI ene carbonate
n er sion | nd the et col. reaction
SR wioblerti Dby Bare aEs Ot Sdnda 88 fﬂ'r'Wé?mm e
1 in Patent Docunent 16 (Japanese Pat ent lica
Lailatepeasaet (1)ansaig)4op, unpee lievieftas &VE&%E%PQP@‘S conversion is
conversion is 100% and the ethyl ene glycol
detemained ibyrihgiconmpasitipnsputdotandi the tamewumandrhermesthﬁd?actlon
with the reactive distillation system (4), a high
cannobbe easiehoainid erhplghios cdmetthusithg caneersidn isi lowdbecause this
Furthernore, to
reaction id equilibrium 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 monohydric alcohol must be used. In the 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. 4-198141), 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 distillation

system (4), a high conversion and a high selectivity are exhibited. Furthermore, to
3
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3 cope with the case that a small anmount of unreacted
cyclic carbonate renmains in the produced diol, there
have al so been proposed a process in which the
unreacted cyclic carbonate is hydrolyzed (see, for
exanpl e, Patent Docunment 19: Internationa

copeRMith tHAEARUHER o SaR8fbRht oPlifreRciIdOEREE chfbdHiité hedh@fs in the

unreacted cyclic car bonate is 5 converted into an

prodﬁ&élz?ﬂp'i nﬁ%at ﬁa\Feeé c R ne‘r{}ﬁl{)ggg&f a%r@beéssfﬁ%hlt:ﬁrthe unreacted

ent nter nat 1 onal

v o8 802 e o P B o
LR 3 A SR w@@szh%gs;%&%gy@e.cfﬁer@anate :

UV') transmttance at a certaln wavel engt h, %
OnVeﬂﬁ@é“tﬁsanl@th&ﬁ”HPHQH;V@%C"W%%B digy (3¢ &Yy @mia}et atent
probl em there has been proposed a rocess in which a
Documgini- #lir nieynatiasial Rabiiegfion NpgBO/GY9b#hnsi tt ance and a

| ow al dehyde content is obtained by feeding specified
wattoweverowhile shidyidigsthiel reattiendisfilatidn systeémrpropesged hitherto, a
(see, for exanple, Patent Docunent 21: Japanese Patent

new Ariblémcidsofedrat Bcoperadhia thatGhe -dis1 §R6ducdbhant I alneviolet light
22: Japanese Patent 15 Application Laid-Qpen No.

(her@%r%@ﬁbted‘l‘b‘"@&?"} trafbiittdrivesSatsy 8é1@ah WRR&Rih, and contains

water 1s fed into the diol distillation purlflcatlon

an a@%ﬁ‘gﬁj? Egﬁ{ggméur t"ﬁ“‘r}@ﬁ}r’ g@@r{% F&fi ﬂus fheqw r edﬁrolgosed a
t he. f d he. di a] k

prochEir hma REMGYERY 870! aTisG & hERE HatBh I REend dow

t { h t .been.20Q.

ool i oee o Rosbe i fadd odd off i
cyclic carbonate conversion _being

purlf@atl@re step (sees for exampde dr atery DOéum%\ﬁ 3? edwwd?atﬁat be
produced being high, and a high- Burlt di ol having a

Applicatipn Uaid-Opesrile t 2002:308804 RaientiDdetpeast 22 olapamese Patent
bei ng obtai ned without carrying out conplicated

Applicatiat teid-OpeatiNa.s200e 83 134 )wa tHoweavar,ovith thissystem, because
distillation purification step. 25

water is fed into the diol distillation purification step, there is a problem that the
process becomes complicated. Further improvement is thus required.

For the case of producing the diatkyl 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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DI SCLOSURE OF | NVENTION 4 Problemto 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 carbonate and an aliphatic
nmonohydric al cohol, a process that sinultaneously

SatPr&EIe‘Pﬁtd be s@%d'b‘yﬁ\%rlh%‘ﬁﬁ@ conversion being 5
h| gh, the selectivities for the dial kyl carbonate and

gq 'Shav&ﬁew SAHE %‘??%t vt to Sﬁd@ f3r Sy ?ﬁ&%ﬁggcgng a

g ahig ransmitta eandalow

. O '

d*a’k@ SfPhaeaiidy sﬁif&@aﬁgdqy?hé 8ttuBRl A # e ronphyaric
diol distil]ation purificat step. 10 ans, for . .

seof @P@%ﬁé‘w%} IRl Salighs ﬁ'thﬁ\Féfﬁf iSpertiele Bapygrsign being

assi duous studies focusing on th mechani sm of, a

hlgh,rtea@@mﬁwmﬁsm the diakkyt %rbog@@r\a@sd@htoab@ efgaiecedikaing high,
reduces the UV transmttance of a diol is produced,

and a highapurity ciel havinge dighe bidhieansroittanee gnd selow aldetyde content
after discovering that the reaction conditions

beind cbwinkhwitho uinegrnirgrpat edmpkgatéd tieatrment such as feeding water into
transesterification reactor conprising a tray col umm

a diol dlisélatn purifiasiomstép.- st age  distillation col um play
an i nportant influence on the reaction produci ng W

transm ttance-reducing material, and noreover that
this influence differs between a tray portion and a

col §8Wr&9 bb‘pﬂat I's, the present invention
prOV| i a process for conti nuous production

car bon te and. a, di,ol

di al k
@fese%‘{ EEFERS e P Hssicifus %‘iv#'ag 16¢5ig gn the

car bongt e as,a nai nt thereof cond
mectTiTGIG 1RRCHPN 11 WRISth AATRTRY SHA 2B AN AIE BBy AR R geces the UV

al cohol as a main conponent thereof into a tray colum
transnyifenedat 2 i ig Praduceds eag @s aresultihayeireackes tihihe present

bringing the starting materials into contact with a
invertmnaafiardigeoavedng that the reactipricenditions (resideote imes demperature)

to bring about reaction in a tray portion and a col um
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 monchydric
alcoho! 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 beiling point component containing a
5
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bottom portion, continuously wthdraw ng a | ow boiling
poi nt conponent containing a 5 produced dial kyl
carbonate from an upper portion of said distillation
colum, and continuously w thdrawi ng a high boiling
poi nt conponent containing a produced diol froma

prodLi¥E Hihe) chfibridte frahflaf iuﬁbbf battioPbfeid! artillakeT edlominhand

i mprovenent conprises: the following fornula (1) being

cor U SR BAITBER el 5y s oo

+

from(aPI%Wé)poirrﬁcErﬁQf ?ﬁr‘lggp‘@%ﬁgﬁ 'cpll%l'grﬁ'? &ﬁ&ginotfh .tiS Irﬁiﬁ%ﬁéhp&mprises:

frquidn por sard di I'on

col i n which th talyst. s, present; T1 (C) is a
teﬁﬁ@%ﬁ%'@gg?”ﬁu'f’gﬂgg?mﬁ @'ﬁ &h(a ((n+1)/2)t’ stage
inthe case that n is odd) fromthe top of the tray
portion i B0 CCch 1144 BcabaPyYst i s pr esent whek®hn n is
a total nunber of stages therein; 02 (hours) is an
whergirer age residence time of the reaction liquid in the
colum 15 bottom paortion of said distillation colum;
andt B:{®)x (B, 1126)igerature in the col um bottom
portion, 2. the process for continuous production of
t hep dieaP#yt (Ta-HQot?e and the diol according to item
1, wherein the catalyst is a honbgeneous catal yst, 3.

t heg,nhearsss Eaﬁrav@ﬁa&tjé Fa&RIEN BT 1Y ©F tireictibAdigdidaihitiie tray
carbonate "'and the diol 20 according to item1 or 2,

pordf €40 latch AN iy Hliyd Srdort 2, ond
P OESEG LPANGRBRAY R ZLBZNCHEEE ({194 3 g goso

nis %q@ﬁ{osrb él\@ebgf {;;P v ?%/ Bf)rti-or% irail rv]v ic-;rhzthiescétgly%t {sapprggeﬁtfwherein nisa
total number of stages therein;

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

T, (°C) is a 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 dialkyl carbonate and the diol
according to item 1 or 2, wherein €, is in a range of from 0.3 to 20 hours, and 6z 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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25 Advant ageous Effects of the Invention 6 According
to the process of the present invention, when
produci ng the dial kyl carbonate and the diol fromthe
cyclic carbonate and the aliphatic nonohydric al cohol,
there can be sinultaneously satisfied the cyclic

carepalif ?c?’{%eﬁl%c%s BetHWp Fé's@ﬁt 1n‘vBﬁtlor$ QA 1REn bkﬁddcﬁﬁ; the dialkyl

for the d carbonate and diol to be produced

carbc?‘%é@ Gl ¢ g rgé(g'?gorﬂ tRe Pg %Bhﬁ%tedarm Hél.ﬁ'ct‘!"p@%tle n‘?ér%h)}dy ic alcohol,

nsm t con
rerCEiTOEEhild R AT B i, o
BRI EF CRI PTI ON 1
Se'ecﬁllﬁ@%'fg? 'tg"egc?'@ M@%Ppea@ra% 3@' 3¢ b%ﬁf%&éﬁ?%g'\%% and a

npl es according to the present invention an
hlgh@aﬁtyacitat hardngerdiah &8 transmgianceangsa Iﬁwalde&wsg@ontent being
distillation colum; 3, 6: preheater; 4, 18, 42, 72:
obtaineg without cbrying out cmmpli¢5ted7t5eatumm ench s feeding@yateeinto a diol
73: colum bottom 12, 28, 50, 80: reboiler; 17: |ow
distillation ipogfipation steprponent separati ng col umtm; 22: carbon
15 di oxi de-elim nating colum; 41: EG purifying
colum; 71: DMC separating colum; 2, 2', 5, 8, 9,
11, 13, 14, 16, 20, 21, 23, 24, 25, 27, 29, 30, 46,

47, 48, 49, 5 'OF BRARANGS, 82:
condui t BEST %E%F%?E@&%gﬁl%% THE | NVENTI ON 20

Folg) gV il sﬁlaﬁm%% % séi{ %]@;Sargfhsou dd'f @Ea@ﬁ@@s agcording to

i nventi on presen I NVEN
oo T BB 2 7 o on
bl TR b e, 7B o
colur%rl'ucc’h% S45 E;)S condenser; 10, 26, 43, 73: column bottom; 12, 28, 50, 80:
reboiler; 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 following general formula (1) in which
dialkyl carbonates (C) and diols (D) are produced from cyclic carbonates {A) and

aliphatic monohydric alcohols (B).



10

15

00 RRO + 2 ROHRO/OR + HB R\OH (I ) OO0 (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 nonovalent 5
al i phatic group having 1 to 12 carbon atonms, one or
nor g, of the hydrogens therg{%u gg; ng optionally
SuybstN f ut ed W an-alkyl &r r aryl gRQup havj 1
t#)\ G(%:arkfony\h{ac{hons.] In the ;5fesen+t i englct}n, L}\/{19
tragsrrittance-reduci ng maiteria in the diol is a
trace conponent that has not been fully identified,
butiai t s thoyght that al dehy&s (E) 10 i(%produced
fromthe diol "('D) through an Yfreversible aehydrati on
reaction represented by followi ng general formula
(11). HOR\OHR3 CHO+ HRO (I I ) (D) (E) [wherein,

R3 _represents a,tmnoval ent u = (CH2). m [ [
whefbin &S 3PBreaEA pag e 4o Pbra b ie eh A BTb K18, one
t hereof being optionglly substitute fth an al k 15
or marreo@fptﬁsmygr e p&'@ﬂeﬁﬁﬁ){%oﬂt"?f&?"f@@émw MtHAD ¥'I"V't9r°“p or
i s thought that this al dehyde (E) and, materi al '
aryl grogghaving htedgearben atams.r eMefedierdR” fepsesgris gyaengglent
formthe UV transnmittance-reducing material. The
aliphetagorumhgyingr toht2 parbearatomsy ene ioomoretofitke pydeigens thereof
to sinmultaneously 8 satisfy the cyclic carbonate
being optieslyagubstitutgd Withhan hitkgl grelupadri aryk gresipflavinde to 10 carbon
di al kyl carbonate and di ol to be produced bei ng high,
ator@nd the high-purity diol having the high W
transm ttance and the | ow al dehyde content being

oby itﬁ@SFéMetrﬁ‘Wen‘fiaﬁf Mmgan%haﬁeéf%&m@ﬁétéﬁﬁtim diol is a
such as teeding water into the diol dist ation
trace’rhbb§&Ht'tRBt 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 (Il).
RI

YRR —— RLCHO + H,;0 11
HO OH 2 (ro

(D) (E)

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

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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5 step is not clear, but is thought to be as foll ows.
The above reaction (Il) is a first-order dehydration
reaction of the diol, and it is thought that the
residence tinme and the tenperature greatly affect the
reaction, the reaction proceeding nore the greater

satlsfwmer@ﬁ:h@ eaffrdtérRofVersitR BERG BigH, YhE scleltivines foraHk dialkyl
is thought that the reason that the order for the

carb{alﬁé‘@ it 4ibPtd Se PF % ang]t%éﬁgF ﬂl@;fhg BaH tﬁé’ 2\ 1%H]Suﬁ i&qmg the

or each o rmul a

high |{E,{;\fa ﬁ'gﬂémlt{d?'l\é%rgﬁooﬁﬁ Iﬁ\jv J‘@é@?cfée?é rﬁgﬁﬁﬁéﬂ'@ t %téi REE .ngﬁ%ﬁ? carrying

ove reaction e resi
in the.tr ation

out R BT g aindping washr b 5 8% Gl i Bncation
| tj- st di stil[at | t he di ol t he high
step oot 189% Bh(s BOHGBRIEHC £ TIoMr awn fL8m 2l ower
portion of the columm, 15 and hence it is thought that

t hl e aboveoreastion 4l) isr first-ardgrelehydration reaction obthe dial, and it

portion than in the tray portion, and thus the
is theught thatuhe oesitencd tisteyaled theotdumpdraturé goeatiyt affect dbe réastion, the
mechani sm of above reaction (I1) is greater for the

reaction proteedirigomore thd gaterathd rbsideacs timecoethkitemperatues. In
(3 1nformula (1) in the present invention is greater

pamélmgn ltf|§|‘th fl‘ﬁ@héﬂhbhéa%rﬁﬂﬁﬂhé BrRSH O Phe tbfnﬂé?ﬁtuY@iéJﬁgher
3informula (1) is greater than

thangﬁﬁﬁghﬂ% I?sﬁ%@%q irfle $or % &T d QHH antféﬁﬁélﬁ‘ )}H Lﬁ’l‘@% &}Bgent

content,

inver s T o ts@&%r%tﬁ*%“??ff%%@% ﬁé?fzaf!%“% “8%0*'%?1@'%%@?93@ than

the r%giﬁgﬁﬁ%k@ea&ar Bo %tcgef \?géﬁgroggt%g Eqrésgégenﬂcai( Xn reactor
Ac_:c;ordlngly, as the range in 25 fornul a o

comprising thray salums iypegeprtinugus muli-siage dis 'i (?ﬂ golumn, the diol in
chosen, preferably 1200 < a + 1.24x(3 _< 4300, nore

the highebelliagippintammnponent is withdsaven froma Boverdartion REthe column,
average residence tine of the reaction liquid 01

and hémee §)s thoughtthat she dipdb concentationds dighestin fhecolomn bottom
colum in which the catalyst is present is too |ong,

portl\bi\ﬂﬂﬂan rrﬁt&@ttra?]pcﬂl’tlbh Mo RN caitthtributiinyig &ald ehyalenghad@dtion from
ereas if Ol is too short, then

the reaction mechanism of above reaction (It) is greater for the column hottom
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 + 1.24xp in formula (1) is greater
than 5150, then the produced diol has a low UV transmittance and a high aldehyde
content, i.e. a low-purity diol is obtained. If the value of a + 1.24xp is less than 780,
then reaction (1) does not proceed, and hence the cyclic carbonate conversion and
the dialkyl 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



10

15

20

25

reaction (1) does not proceed and hence the cyclic
carbonate conversion and the 5 dial kyl carbonate and
di ol selectivities decrease; Si is thus generally in a
range of from0.3 to 20 hours, preferably from0.5 to
10 hours, nore preferably from0.8 to 6 hours. In
ad g thbQUveralhe® e FREHKRMrhaf e FSactishBIRI §; (MUY Inthe tray
tray portion in which the catalyst i's not present,
. . iy . £

portu?r?ﬁf"%’éig ﬁﬁ&?{‘léfa?rquﬂrﬂn H'Pﬁﬁlcﬂ%e%\%g%% fg&‘grﬁ i{do ng?’ then

reacti SO0 does not proce or sim

v ' [ t. ti
reactiEifaroct el SiF aRRFYIE T ORRAGRY Wheltom £ [HTBH SR then
sai istilJation colyum is,generally in a range _of
reaciitfh 808 ot Bigcrf ada iheedndivei < paopais s e SRadng the
. hore preferably from1.0 to 11 hours. The tenperature
dialkyficareynate angediphselestivitiasdecrease §1(1phys genenglly imgdange of
the case 15 that n is odd) fromthe top of the tray
from Bc? ta 20 honrsytmreferatiy from 815/t 10 Boprse seare pratarably from 08 to 6
a total nunber of stages therein, and the tenperature
hour§2 1h@ddition, lbolcmingentratian tsoemtmanely dowrathe ttap eodiorginomhich the
the types of the starting material conpounds used and

catalydtas heeprdsent, eRasE feadtivh (1) dogs B6NE0aked. | Thereferieg eeaction
of from-20 to 350 C, preferably fromO to 200 C,

r r from30 to 170 C, and T2 is generally
(I a?ﬁ @ggaﬁt?ﬁg%%q' from-20 to 350 C, preferably from 10
to : I L.f.
| BB ol 58 Bl (et e 8Ffropklod R
i f these

o e PR SRt i B b R ey = onoe
o g R i A G BRE e BEAEHE o 101

decrease. 25 Moreover, the operating pressure of said

11 hairstillati on colum may be any of a reduced pressure,
normal pressure, or an applied pressure, and . in terns
of Thiestempesatut® Tp ¥3)satrtbei(s/2)B stags (the ((n+4)/2Xhglagefin the case
from1l Pa to 2x106 Pa, preferably from 1x103 to 1x106

that s oddrfeorprtieé es@bf thef traypdrtibBdn whiéhx HiGcaralystTisepresent wherein

operating pressure is |
n is a total number of stages therein, and the temperature T, (°C) in the column
bottom portion vary depending on the types of the starting material compounds used
and the reaction pressure, but T4 is generally in a range of from —20 to 350 °C,

preferably from O 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 (Ii) proceeds and the
aldehyde is produced, whereas if these temperatures are too low, then reaction (l)
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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generally determ ned fromthe conposition in said
distillation colum such that the reaction
tenperatures Tl and T2 in said distillation colum
become suitable 5 tenperatures. The form of the
transesterification reactor used in the present

press@réeietge%raw iA a iR GFAIOMM P RS22 907 PAUSKSerably from 1x10° to
mul ti-stage distillation colum. The term "continuous

110744, I Fea&‘:éfé’r‘aﬁf)) ﬂrcl)rﬂt ><"I'ﬁ)4 L kLN Féef §he c}ﬁé]yétlng pressure is

di st'i atlon COo at has a uralit
cond e B AR D o0 g o

S es resent invention refers, to the ctual
reacH%ﬁ%Pp%r@tgrﬁggh@sfn Rsq/ distlafon SEET e tme Spabie
continuous nulti-stage distillation colum, any one
temRealies | y used as a continuous type tray col um type
mul ti-stage distillation colum can be used, for
exdHs ©revef theitrmsesteyificaiiomreastoissadindhe pressry invention is a
sieve trays, 15 valve trays, or counterflow trays.
tray stlusuviype dontinhieus eedti-sfagesdistijlationdolumoat ahgderm dcontinuous
tray columm type continuous nulti-stage distillation
multiestbgewistilatibn ¢blunm sefark itel acdistillatioh columf ithatchasna pheality of, i.e.
tray stages and the colum bottom portion can be used.

at Ie%trt@@Vﬁrsatllléﬁon 51%295 Ofvid fHiR ehaBldst dortinasas distliblidrtd B8 carried
colum used in the present invention, a distillation

out. Cfﬁh rrﬁsstﬁgeg Cinth¥ §séif(‘?ﬁvé’r{t%ﬂere£éi'§ té trﬁ’é H&l%'a'l hY¥m®Er of stages

suc |st| ation umms nay be used
of tr nmbi nati on connected together in series or paraIIeI
é cyclic carbonate used as a startlng material in
i nven

t he esgent ion dr ented b
(AT R ERY coRERE 8 bordpays T stige dBfi BB cfyrgh, any one
cyclic carbonate include alkylene car bonat es such
geneggﬂwpmag & GUnipUe US fyRshiFay salunyn Mpsalti-stage dlstlllatlon column
1, 3-di oxacycl ohexa- 2-one, 1, 3- dloxacgclohe pt a- 2- one,
can be usgd, for kxampig ohe zslrmtéasm Ul ah bybbleeean thayshgieve trays,
present invention, ethylene carbonate or propyl ene
valve:trapsn,rmtcmmrﬂgwrtmys. pridéreoabl, yn theecashief using assolidfcatalyst, a
procurenent and so on, and 11 ethyl ene carbonate
tray 86luRth Bpetdoptihashy multekeigabdigtillagied.column in which this solid 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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Moreover, the aliphatic nonohydric al cohol used as the
other starting material is a conpound represented by
(B) in above reaction forrmula (I). An aliphatic
nonohydri c al cohol having a | ower boiling point than
the diol produced is 5 used. Although possibly varying

ethyldRB %@bd}%té el panieBiafly préRratiglusedcar bonat e used,

exanpl es of the aliphatic nonohydric al cohol incl ude

”Etl\n@fél% r, %Q %ﬂg*atlcgﬁgﬂgﬂgﬁric él'cﬁﬂgﬁﬁfgd ?é rLe\’r{)th%t' SRIMAg

mate%f;ai%%hi poaaﬁéﬁpaa%'eﬁﬁea"bs( E%)Sﬁga'bé% rﬁsﬁw BB An
aliphgalp g;néﬁgydnagi%gﬁh%}%gglﬁ) stfg%(%“ﬁ{g t;jt%%}/mlth dtoci%%duced is

C clopentanol cycl ohexanol , cycl ohept anol ,
usedcypﬂ tl;@@ggrpgsmblmangggp ing gRdhe tyr® ﬁ{;tl'ga) cyclic carbonate used,
et hyl cycl opent anol (isoners), nethyl cycl ohexanol
exangples vé s aliphatig rogrotydricaaiodhaliingude s)gthanol, ethanol, propanol
di net hyl cycl ohexanol (isoners), diethylcycl ohexanol
(isonfersyrediybalcopble butanpt (istvaees)pB-Hutsmteslsamybealozhbl (isomers), hexyl
al cohol,  phenethyl al cohol (isoners), phenylpropanol

alcor(olsmﬁﬁfeﬁs) h@Pcyl Sfcobd! (iStmbRO! M%Icéﬁolt(mﬁer@b rim§t aleohol

nmonohydri c al cohols may be substituted with

|son$é4§ﬁtdefcyﬁé‘lbéhélu(%n@ér Ahﬂ%d& nacohawon@ér%fmc&wluaéohm

cyaho oups al koxycar bonyl groups, aryl oxycar bonyl

(sonEY R pIoBE Y, oo Sy B ekl tPiooblarbhi .
at ons

mettiGpRinihy "°F°: @3?&% rlidg? 09‘57?‘%5’ °r'é§f>51ﬁﬁs)am?§ﬁfcw'8hfxan0'
('sow¢r§geﬁgﬁ?gcl9he¥a{§ﬂ@ae@%fsg)pagﬁﬁt@y@ﬁ@ﬁ %ﬂ%@n 56 o

| ene carbonate as the cyclic carbonate,
d!etfwlceffséhasa@ol (imomers).iRhamyleyalphiexanal (isomeers), renziealrahel
and et hanol, nethanol being particularly preferable.
phenethyl ia&qhod)(:issmew), phenypepanl {iscreats)oand ao oat alRustherore,
made to be present in 25 the transesterification
thesé alighatic mbhohyaridaldobbdlsmaéy beg substittedvithtsubstitueatesich as

may be any nethod, but in the case, for exanple, of a

halog6HE ISRECaRoSAGAIUES! chded glodips, alkoxycarbonyl groups,
aryloxycarbonyl groups, acyloxy groups, and nitro groups.

Of such aliphatic monochydric 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 cyclic carbonate, preferable
aliphatic monohydric alcohols are methanol and ethanol, methanol being particularly
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 methed, but in the case, for example, of a homogeneous catalyst that
12
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di ssolves in the reaction liquid under the reaction
conditions, the catalyst can be nade to be present in
the liquid phase in the transesterification reactor by
feeding the catalyst into the transesterification
reactor continuously, or in the case of a

dissdieé€irowreneadsors A§@t \Fidel i rei6n tehdiions Olheecatalysthean be
reaction |iquid under the reaction 5 conditions, the

d6 3 BbYTbs&Rt)n i ' 8 REedtBritieioniakid? by feeding the
madg s BexTbsemIn 2o TR difasetn M EaRbeURIRORUTRBEIAEY feeding the
cataly RS Bl hadeiRANBH e by pNFIBLER B FEressEt
hetegqagie[%:eﬁﬁtatc}alfﬂﬁﬁgﬁ%n Oﬁ%@&cji?&l{@&%ﬁ&%acﬁ&r& iiﬁdiatu%r the reaction
fansesterification reactor, the 1Q honbgeneous
conditigng, thg calg SbEa'FB& ma %@E?%@S%tt"ﬁt&f%eaﬂ'eﬂiséﬁtem by
. carbonate and/or the aliphatic nonohydric alcohol, or
dispeging e calglish aata soligi infthe &ansedlerificaion wacky, thegetmatods may
materials. The transesterification catal yst may be fed
also ba usedanycopusnation at | east one stage fromthe bottom
of the columm. However, the reaction actually proceeds
i N Ingae dage thatld Romogenedusvatalyshis egitinoobslyded trite the
position at which the catalyst is fed in, 15 and hence

multi-dtagé dRtRERSRBbRINMIPcOHRRAUTTY theOlpdrdasidrification 2ea&@6i, Me
between the top of the columm and the position at

hom?‘@éﬁébdsh@at?ﬁ/@f Hag@bé%elﬁit &héf fith ‘?Fﬁ? :cgclz:d\@,ﬁ g?éi?fe aﬁd?gr the

e case of "using a heterogeneous so ata sal

. | . I .

aliprfe ot BhwaRE Rl ey BE b4 1 BEp tehe ol 1 el starting
stages_in which said catalyst is present, bein t

matqiglE; i ranseRe T bR e PeR R Badh ot apy BBsfibn atjepst one
the case of using a heterogeneous solid catalyst, ,

stage fgrmuthe befirramd the splurrubgé-ﬁ@wawroth%maphen @&Fﬁﬂ"yﬁomﬂs in
occur under prolonged continuous operation, and in .

said digtillatiore aglamin in & regier bstovy theopositivrmabwhish the|aatalyst is fed in,
catalyst. It is thus nore preferable to use a

and henceyit ieprefeablato/feed s2id datalyst intatzategiin beteaeanrthetep of the
present invention, any of various catal ysts known

colurﬁwﬂgﬁﬂggwﬁtﬂbmmh@huﬁ@@tar@i@mteﬁarsrm fediin.be used

Moreo,ver, 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 sclid 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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13 alkali netals and al kaline earth netals such as
[ithium sodium potassium rubidium cesium
magnesi um cal cium strontium bariumor the |iKke;
basi ¢ conmpounds such as hydri des, hydroxi des,
al koxi des, aryl oxides, amdes or the |ike of alkal

e taidah rABEIShHEbIKAANG datth Bt Suctbad #tHieme e6diar) gdtassium,
such as carbonates, bicarbonates, organic acid salts

rubldﬁ.fmt jurhi }‘r%g‘ﬁfesﬁ}nlfaédtcd]ﬁlt @Lrﬁn@u’m Bbﬁ@r‘n'd’?ﬁlhé@ikéh

al s; tertlary am nes sucn as trlethy am ne,

4 'b?EFCy‘}Oqﬁﬂ’m‘n‘ﬁ HBEY hds, reff D B Sdde! BhAskiges.
ammsﬁ?ﬁ*’”ﬁl a'FﬂCmd%%aazﬁ A §?mw‘£f§}f“'§?'o|ké's' ndo es,
ol BB G RaTOPOUIEES, SUCl s RGP BLES, BIoRyPoaaIgH: QHBRNIGeASid salts or the

acrldlne al kyl acri di nes, phenanthroline,
like anﬂqmqiw@ﬁbaﬁ ﬁnalalkcaé@e q@fth metalsie, al kyl pyri mi di nes,
pyrazi ne, al kyl pyrazines, triazines, alkyltriazines or
t héertinkeaminas sucheas ttietimdaming tilutylaarine; tihekyamiee.carg
(DBU), diazabicyclononene 15 (DBN) or the I|ike;
benzyliEthylamit@opthenkiss; such as thal lium oxide, thallium
hal i des, thallium hydroxide, thallium carbonate,

t hfh'itl'dgéﬁ mﬁtaﬁﬁﬁhéﬁe&éﬂoﬁmtm&d‘rﬁﬁ@nd&@tjdﬁ ATNCAIRAPY Aoles,

acid salts or l'ike; tin conpounds such as

N-alk&h%’?ﬁ%ﬂtﬁ%&é@%w Iﬁlr|]<yﬁ|'é1: %ﬁ?ﬁ%ﬁi\gtﬁﬁgx yfflazno%gs oxadiazoles, pyridine,
alkyl[%f %é(n%)%cﬂg\ %Ikﬂlquﬂ'ﬁ@%%eé‘.: @Eﬁﬂﬂ?ﬁlﬁ% tn.%!kyl isoou l51tolipctes; acridine,

alkyl%ql}l c'fmd(j)getglag}prg émngomatﬂwg%ﬁé gﬁp{g@ylﬁe @ﬁ(}fppynmldmes
et hyl enedi oxyzi n¢, . di byt Zi nc or tpe li ke; 25
PYFa?d'P%'rﬁ'MﬁV@é%uH@sz"&ﬁzﬁ n FipRs o the Ikeret hoxi de,

al um num _ _
cyclic amidines such as diazabicycloundecene (DBU), 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, dibutyldiethoxytin, dibutylphenoxytin,
diphenylmethoxytin, dibutyltin acetate, tributyltin chloride, tin 2-ethylhexanoate or the
like;

zinc compounds such as dimethoxyzinc, diethoxyzinc, ethylenedioxyzinc,
dibutoxyzinc or the like;

aluminum compounds such as aluminum trimethoxide, aluminum

triisopropoxide, aluminum tributoxide or the like;
14




10

15

20

25

triisopropoxide, alumnumtributoxide or the like; 14
titani um conpounds such as tetranethoxytitani um
tetraet hoxytitanium tetrabutoxytitani um

di chl or odi et hoxytitani um tetrai sopropoxytitani um
titanium acetate, titanium acetyl acetonate or the

i “tﬁamﬂﬁpédlﬂﬁgtuﬁdé:@tﬁ@?ﬂé"t’étraﬁHéiho%?tlthhldﬁ?ttBMlaéﬂﬁfb&Wﬂaﬂﬁjm
tri et hyl phosphi ne 5 tributyl phosphi ne

tetra@ﬁi&gﬁl%?ﬂhﬁﬁyﬁeﬁlb nJeEﬁMLQrII‘% WGBS HIEAIEH, Heshium

oni

lid the |ike;
ok A RS AGRRRT LR, oo or e 1 ke
AR TR AL T AN —

| ead- cont ai ni ng conpounds, for exanple | ead oxi des

trlbuwtnmsaalrr%@lphemlm;?ht%y@dtblmqthﬂphpwom'é@d\a"des
sul fides such as PbS, Pb2S3, PbS2 or the |ike; |ead
trioctyitiityRhasshaniem Imidea(m)'lenwmwpmﬁmonium halides or the like;
Pb2[ PbQ2(OH) 2], Pb20(OH)2 or the like; plunbites such
as ZNgdRiuOR cokipBiatds sNahRisGircokidat Balides, Zireohiuke acetylacetonate,
pl unbat es such as Na2Pb(Q3, Na2H2PbO4, K2Pb(3,

zircohRIP (K dds, ziFdEhOHh aderdfdbé?theGrBOCB or the |ike;

| ead car bonates and basic salts thereof such as PbCG3,

ZPDQE ﬁé%&&amﬁﬁg@éd obﬁdsaﬂof%%h%he%W@aMS PbO,

aryl oxyl ead conpound$ such as Pb

o0 BHE, szwggke B SRR Qe hkebnleapysald indlice; fead

robonat es

hvdrés%re"f B OH b GOXREN RER SFEINL P 0Lk prtbe fke:
plumpHigmsash %%35%;? 0, BaBBGo SEPENO2 KL et ke, Bhinbates such

b | d Ph he
as Ngsighigy, Naabahy ﬁyegégﬂrﬁztagtnowﬁl NP EhoPbeuEEaPbOs or the

Pb-Sn, Pb-Sb or the like; |ead m nerals such as gal ena
like; berad carbnnatl&lsmtﬂebasamdalhg/mmeefsstmh asPhCiGaa@dPbbiadeiv(@¥). or the
i on exchangers such as ani on exchange resins havi ng

like; bikokileay compuurgisansaryloxyieaxedrapgendesudisas @o(OGH;).,
am de groups, ion exchange resins having at |east one

(CH3;0)Pb(OPh), Pb(CPh), or the like; lead salts of organic acids, and carbonates
and basic salts thereof, such as Pb(OCOCH;3),, Pb(OCOCHS3)4,
Pb(OCOCH;3),-PbO-3H,0 or the like; organolead compounds such as BusPb, PhsPb,
BuzPbCl, Ph;PbBr, PhiPb (or PhgPbs), BusPbOH, PhaPbQ 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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25 type of exchange groups selected from sul fonate
groups, carboxyl ate groups and phosphate groups, and
solid strongly basic anion exchangers having
quaternary 15 anmoni um groups as exchange groups, or
the like; solid inorganic conpounds such as silica,

amnﬁiri Trﬁ%ﬂ@ﬁﬁ%g@xcﬁéﬁ%&?r ngﬁp,% likeg?l um nosilicates,

cate zeol | tes, various

zeoﬁ%“{d 8@%“%?@0%@@556@%599gl!l@%ﬂcé?gﬁ?/@??@ig@éimagnesia, -
Sl B YA O, B SRR e,

roups as exchange gr.oups Exanpl es thereof include a
andg H-@4d1a0og @%"@&ﬁéﬂb‘é"'ﬁ:m n havi ng quaternary
anmoni um gr oups as exchange grou a cel | ul ose-based ,
st r/%mgwphga@taiy%tna earticak @éeragm/wﬂg:l QR i salig strongly basic
ammoni um groups as exchange groups, and an 10
anion exchanger heaing quatennqryransthoniyoe geeupsas gxtharige gnoups.
exchanger havi ng quaternary ammoni um groups as
Exarapleahgrecfimipde altamglesasit ahloe etohangk resiatiavimnqoaternary
exchange resin having quaternary anmoni um groups as

amnfAIEUSE 8 RXchatdd Bfoups, étdé!léﬂgeibé%%d%tfcﬁ\@w basld@hfon
ani on exchange resin or the like. The styrene type

e R A g Ao PBh A GAR oLRS o8 -2 Bndd St/ gpo an
inorggirfy ﬁ%ﬁ‘iezSQPS#%%M%#@%@Q?%@'T ?5%@91 rRstpmany

, h
amnfa@iﬁrﬁééﬁﬂﬂ%?a%%ﬁ Ssa A, Bt oM heo erQAv  bFpp i

, t -CHCH2-CH CH2-CH-CH2--~/1/" t 3 0 G
excha@geojg@n hayipg\pepierRary Gpmeaiysy grggps a xch nge groups include a

styrene type strongly basic anion exchange resin or the like. The styrene type

strongly basic anion exchange resin is a strongly basic anion exchange resin having
a copolymer of styrene and divinylbenzene as a parent material, and having
quaternary ammonium groups (type | or type 11) as exchange groups, and can be

schematically represented, for example, by following formula (ll1).

16



Xe ,,. ~CHCHR-CHCH-CH /I " (type 11) O

-v-CH CH2' - - CH2N(CH3) 2( C2HAOH)  CH2N( CH3) 2( C2HAOH) Xe

Xe In the above fornula, X represents an anion;

exanpl es of X generally include at | east one type of

ani on selected fromF, d-, Br, I", HCO3 , C032",
CHHE®@H2—+GH—5CHI263— GH—CH2—pref duabl y at

| east ohe type of hnion selectped fromd -, Br, HCO03,

i ncl uff€ gel type one or(tgpe I)
pe, the MRifype being
Rt >he organi c sol vent

i 5 églezNj%ll'llgljlaose based
basi c avi ternary
G &ﬁﬁ Qro‘u’ﬁg;s exch§nge_q§:\ojups i ncife cell ul ose
hav - OCH2CH2NR3X exchange groups obt ai ned by
converting sone or all of the -OH groups in the
cellulose into trial kyl am noet hyl groups. Herein, R
represents an al kyl group such as nethyl, ethyl,
@H;d_ m@%uacHE qb.LWhyl or ethyl.
ef i as above.| 15 The i norganic
pported t a3| c ani on exchanger
quat er g P i Ugf NPS  as exchangﬁ I
i nvent i oftYP€
2 , 3 a¥ had - QO CH2) nNR3X
quat e¥naly  anmoni dced t@ereto by
¥T1@ ng sorre..-qp—alcﬂe#—chg--\.aﬂfsurgrq CH3 HaOH)
9rOHRN(CHI)BEC2MIOBHNI C carrier. Herein, and are
defin as ‘above, and 5 n is generally anlnteger from
1tob, preferably n = 2. Exanples of the inorganic
carrier include silica, alumna, silica-alumna,
titania, zeolite or the |like, preferably

In the above formula, X represents an anion; examples of X generally include at least

OVGI‘
car rier g

havi o/

S’

one type of anion selected from F, CI, Br, I', HCOs", COs*, CH3CO,", HCOy, 1057,
5 BrOy, and ClOj, preferably at least one type of anion selected from CI', Br, HCOj’,
and COz*. 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 to 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
—-0OCH2CH;NR3X exchange groups obtained by converting some or all of the —-OH
groups in the cellulose into trialkylaminoethyl 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 eéxchanger having
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silica, alumna, or silica-alumna, particularly

preferably silica. Any nmethod can be used as the

nmet hod of nodifying the surface hydroxyl groups of

the inorganic carrier. For exanple, the inorganic

carrier and an 10 am noal cohol HO(CH2) nNR2 are nade to
quateiéey amricliaRy gotips Ay é@hahpe Yrotpd that cah eeansErl ipfthe present

basic catal yst so as to introduce am noal koxy groups,

inverﬁf&i“u ?ﬂ%@ﬂs ArSAGide: bé'rri% EHét%sg?ﬂd vh @H@nNﬂgi()dua'Péﬂnhﬂe

represents a a ogen, or “the

amn‘%n on"ﬂr!)éf ?ﬂt%u%é&%‘%ﬂﬁzﬁ% B?bﬂdcﬁfyi g ¢ eé%lg'?[ﬁ%f 119 ob?-fsurface

eXC ange 1S er °c
nyarRay B %UR%F@@P?@@W fleg, REeug LA H“ﬁ”ﬂ?%@ﬁ@%%ﬂi?% fpre. ond

n =2 the inorganic carri e treate .
nis WW@'@[%?RE’“&SPF HF‘nﬁ Qg %ﬁaﬁra%a?z p’%s Ofthe '“°r93”'°
N, N-di al kyl am noet hoxy groups, and then -Q(CH2)n
carrigi mgb@ermgcaa@hﬁnmb ﬁ@@a-ww@ fitania 7epdtener W@dlkeTﬁ@eferably
solid strongly basic ani on exchanger havi ng quaternary
silicaa@wminanor slicagatupinaapadiculartygerefarablyssilica. commerci al |y
avai l able. In this case, the anion exchanger may al so

be Arpemhetisod ban beassdsdsthief methiodat madibfinyg theasurdace hydroxyl
bei ng subjected to ion exchange with a desired

group8 oP HeCinBRGMi€ BafribradrFaneLampled RS Indad Mo carridviireioarer ,
a solid catal yst conprising a macroreticul ar or

ami %ﬁcﬂpﬁgmg'hﬂ%goﬂeyrﬁﬁﬁe t@@ﬁﬂ@%obé’ﬂ@ﬁ Jardi8heEAction in the

eterocy roups each cont ai ng at east one

presBhi A BrdR. i & 58 TGRS AuBale® gl 4nd thep
reac{'wlﬁ%%aof?'?a:@i %‘fﬁ%ﬁ%ﬁ '3#(5@%@ %%E‘R%;réﬁﬁ%ﬂuseg' B lor
solid catal yst in which song or al t hes

the liketgesgea YC'?fHf'ﬁmﬁﬁbt%@@t@ifbtg)@"@n@R@?S&TOHE% peign exchange is

converted into a quaternary salt can be simlarly
thendgdlier carded ouibireo a$ ta pbtaimtQGHe )N Y quatemany aewagrium groups
i nvention varies depending on 5 the type of the
havingtted gesiredsaniondUt Moradver,dadlee chse thetina uiie/inbegahingarrier
maylbrt]a t?eated 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 nitrogen

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

containing at least one nitrogen atom can also be preferably used as the
18
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honobgeneous catal yst that dissolves in the reaction

liquid under the reaction conditions, the anount used

is generally in a range of fromO0.001 to 50 % by

wei ght, preferably fromO0.001 to 25 % by wei ght, nore

preferably fromO0.005 to 10 % by weight, as a
transesRrPichtion cafahidie FaitaérméredBtsolidl cabtystyig Whicte ssinensatal of

and the aliphatic 10 nonohydric al cohol fed in as the

thesefsﬁﬁfédeﬂgcc?méiﬁfrig;fge:te{dr@tbgf’}jggqui Kave e &PednwintdéSintPa quaternary

e soli cata n said distillation

5 Bimi lyst is preferably used in an anount
Saltc’l%(# a r%‘@g@o fromO0.01 to 75 vol % nore preferably

e e S I g 88 hobfng o

distjllation colum. 15 There are no particul.ar.

the tyqq&{@ﬁ %@IV%W%@#J“%M@ SSeIRONHDBRALSlY fereééag Hy2t he
cyclic carbonate and the aliphatic nonohydric al cohol

homeggneausccataliiel thabdissalyesiin Haepactian digvid wndesihe seagton
constituting the transesterification reactor; any

conditiongi the aeplotiusethis genersiiydinsorargegofdfeomie0q1 to 5 % by weight,
carbonate and the aliphatic nonohydric al cohol can be

preferalblg ftom Q001 25 e by ateigiyts tnore preficeaply frood 04008 teatd % by
one stage, preferably at 20 | east two stages, of said

weigHi, Sisid bRipoltibre 6f thetotal haightof thécficlRYdrbenater drniieealiphatic
and saird aliphatic nonohydric al cohol can be

d
mon Sricrkﬂeéi%l)feé ﬁgaé fhd Bﬁ'ﬁirﬁgsﬁ%#"iél&d K}I‘é‘i@@\_ferpiﬁltlﬂé a8k Bf using

[ tages of t cont i nuo ti-stage distillation

the sGfiy SRR SRS 54 o Rfor PO 186 oSt i Beferably used n
nmonohydri c al cohol be_i ntyoduced intq.the s o
an aPUbInG rnda o ram TP 2R ko, TS DecBrabiy gt to 50 voro,
introduced into different stages tg one another. The ,
yet margrrretegabiieam & Licgy vekor kasesopn thit 8Pty CoIHI Wlpene of said
distillation colum in 19 a liquid form in a gaseous
distillapmcodimas a mixture of a liquid and a gas. O her
than feeding the starting materials into said
di Sthidré are oo paoticutar limitatiors ovathe inethad afl cantinuously feeding the
preferable to additionally feed in a gaseous starting
cyclitleadonate kAt enaralipieatid MOﬂthdmﬂélbﬁh@luﬁtoyth%rwntihbeus multi-stage

| oner portion of said distillation colum. Mbreover,
distilRB8h@umn constituting the transesterification 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 monchydric 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 alcohol 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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5 preferable nethod is one in which said cyclic
carbonate is continuously fed in a liquid formor a
gas/liquid mxed forminto a stage of said
distillation colum above the stages in which the
catal yst is present, and said aliphatic nonohydric

a ||qtﬂﬂ q@r’i‘l‘?' inlaSgadetils! BHAUSE ¥s BHixtute Df SARRMY BNd %rgasanob%r than
Itquid forminto the | ower portion of said

feedﬁilgsthél él‘hhgrgné‘t@l;ﬁmnto' hidi iEl'is?tllﬁl"i‘éfr‘?;\;,olh‘ljrg'l t?lt%\ﬁay it is also

onat course contaln t
prefefRORS Al '@?“VE?%C’ g opsall S%M%F{%Yeiﬁ% A@?rm“%ﬁ%ﬁ{

of t di ol a product I £0) aI ip
ContigATY SIS the RuFRSIPALSIIO! s Liebion colsi SMgjeover, another

car bonate, the percentage by wei ght of the di al kP/
prefergblsgnathed is @nere vellietp Raldi @/che ﬁa?am\m% issGQiingously fed in a liquid

di al kyl carbonate m xture generally being in a 15
formcaraggassliquid onixed forma intomtstage iof haid distiladpatsiolurnn @hoge the

to 30 % by weight, nore preferably from1l to 20 % by
stageeirgihichThe catalysttis pessent,aidisaid dipbatiy mdnohgdrib altahel is

and the aliphatic nonohydric alcohol fed into the

contihLa0sIgFe&Tn higerbbos farfRah@br waiquesioreciptdiinedover bbetion of said
type and anount of the transesterification catalyst

d|st|I%ﬂ9ntc%ﬁJrhﬁ act ¢is Eﬂﬂ%'tlﬁé ePslic &Hboﬁé‘t% By ¥F c8lrseddritaififthe

al'i phatic nono ric coho to the cyclic

ai,w%(f;}{;%ﬁ}@&,g%%# 1S generally in a _range of fromO0.01

i ncrease the cyclic carbonate
le to fe

co I sion i S i,n.the L.phati
Haﬁ%%ﬂe&t inseBtiof {Re- Ao bAerial; e ln s, BondliEh shail
nunber of nols of the c Qnat e, . h
amoawncemheaiﬂo ¥R arqd;mgt i Morﬁmyawbﬁ.a@pbﬁ% mﬂnouhyaac ?LCO?\&EUSGC’
great, then it is necessary to nmake the apparatu
may |cgm§3¢m therdialkyi earbosatey ABe percantagm by waighirafyhe dlalkyi carbonate
preferable for the aliphatic nonohydric alcohol to be
in theiatiphatic monahypdnie alsbhal Adialkgl ¢carbresatehwixtunetganeasallywbeisg in a
of the cyclic 20 carbonate. |In the present
rangé o & 0no 4i0f %day Wweightli prefatablydsom ©. pte3ent biyrweibkt, more

transesterification reactor in a high concentration,

prefdrBBIy ffdif 179320 %PPy Wlightf or the

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 monchydric 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 monohydric 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 monchydric

alcohol to be used in an amount of 2 to 20 times the number of mols of the cyclic
20
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transesterification reaction decreases. The reaction
is thus generally carried out 5 with the CO2
concentration in the reaction liquid at not nore than
500 ppm preferably not nore than 200 ppm nore
preferably not nore than 100 ppm Moreover, in the
carbOk&eent invention, if water is present in the reaction
liquid in the transesterification reactor in a high
CONARRE pRéddHT ’ian?ﬁBnhW@ﬁFBdfﬁdiéxi% l%d?‘ﬁis%‘ééérﬂ in the
carbonate proceeds at the same ti as the
Lr 0
transekfITRRNGN ol IR ploFEircetraBOR. HERhe 1Eactlh tididhthe

e se Creases.
A R R T
NS EERIE M GNP I pp—

carbonate conversion in the transesterification
not merecthpe 20 pRyB. Mere eeeteratiy Aot mere thantdR ePM-ne 15
i ncreases and hence, as descri bed above, it becones
i mpdersidver in thepresient invientjor pliniater islipodsent fire theerpaictien liquid in
anount of the aliphatic nonohydric al cohol becones too

the tharglstevificatiore readtdr insa bigtesincahtratibrgrthéh éydasysis of the cyclic
to be too low, since then an apparatus for separating

carb@NAte3ie cESED HEIHeNEh S HARCAS theC i Shd S5t &ANIANBA reabIRA 88 hence
| arge. The transesterification reaction is thus

the AR rﬁrb&né&é@élé‘tﬂivﬂggeg‘% e%he'grgétcrgégté&g gtoﬁ/gxé’@ﬁﬁéﬁal!y carried

conversion 1n a ran rom

r . Y ,
out iP5/ 1883 onkeifaiest Bunk el RIS 2P bELFGRE gy 265 b
fcaélbon te as onelogf the products is wthdrawn from
PrETqrRRIY M fU&: Q?pfi &tHBn react or, general |l y bei ng
wi t hdrawn from an . upper, portion of said reactor as a
gadBdLR Pressnd wquﬁanpgﬂtr\i" aEgmped it ma%ﬁgh? GMP'EBca'%O“ate
boi ling point conponent wi thdrawn fromthe upper ,
convgesien dhthst tramsesterifivadion ragctictbelpse @ 100%, dhen Eya residence time
carbonate al one, or may be a m xture of the aliphatic
increzsesandrheahcec asldestritvechabovendt bikeirkgs impodsiviatte obtaid a
may contain a small anount of high boiling point
highipueitiudios .the required amount of the aliphatic monohydric 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
99.99%, more preferably from 99 to 99.99%.

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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In the continuous nulti-stage distillation colum
constituting the transesterification reactor, as an
outl et fromwhich the | ow boiling point conponent 5
contai ning the dial kyl carbonate is w thdrawn from
said nulti-stage distillation colum, a gaseous

mondRydid alcoR&itArR] thesdiBIkgf €arBbhiieD bAY Irﬁlﬂd cHSaes Bridifamount of
starti ng material feeding position and the top of the

high W@b top of the columm, and is
9 (gg’}tlc ﬁ/) LlEfr%'eferably provi ded at the top of the

col R s n@édseﬁ,umeéﬂapé'd*@”gﬂo%bﬁnnﬁgagst@gty.ng, e ! ow

b0| i'ng pol onen rawn

r into the orti.gn, of said. .

tfanSaaSifewf ob SrARIBr A haytetR Wi gRH i beling peing ggmponent

flux ratio is |ncreasedthr h this refl uxi

CO”t@'ﬁEPSJ theclialkyl Garbaesteds withgrawn irtq%e) ﬁa@fmv[sw tBge |d sg'djat'on column,
point products into the vapor phase is increased, and

a gapeousMeterial ewlibisi praterablymroyded letween thestarting satenal feeding
the wi thdrawn gaseous conponent can be increased.

posititowene the tap ofi thewollenn oalak the topi afdhe asturhecandckis pacticularly
ratio too nmuch, since then the required anmount 15 of

preférablymrbvieledragthd espottheniddiimnThSor&dlledxreflaxing imsedch some of
thus generally in a range of fromO to 10, preferably

the Iéﬁv%ﬂﬂ@ SoifAt coMpBnehthBidRW ihteidviay B r3turhBg int8Whe upper

ling point mxture withdrawn fromthe upper portion

portlgﬁ oﬁ‘ Eﬁ‘d dist %ﬁtc%rlurﬁh?ﬁ‘éy( %Ort?é‘&&n%d‘iﬁﬂ bg tﬁ@?x?]ﬂedict (Ati8 is

car nate separ at ' ng appar at us,

mcre%ﬁ%ﬂﬁ%‘ﬁa%ﬁrtﬁ%z%‘ﬂuyﬁﬁ " R QS ARl 6 B poim

Exa es of the d car bonat se rating .. .
prodiE3abies e amer atasa iGrsasesh AOH MeBpa s g gawaarpmsomduct
an extraction separating apparat us aliquid-liquid
concepiratien ."bweswﬂlawé*wm@as&ﬁ%@rm@on@t@lapsneaunpr%@ﬂon However, it
separating apparatus, an adsorption separating
is urdppisableds mqemﬂvemﬂtggpta@ 400 mychppcaitben theyrequired amount
i ke. The separating apparatus nay al so be constituted
of thérmah engrgy bakomesdfiglie5 The hefappatiatusedds tius peneraliein a range
type, or a conbination of a plurality of types of

of frérf [Tetoat 0, e Rpatsly doms 6o Myndre prefatablffrarh @ taldve
separating apparatuses, it is 22 particularly

g;ggﬁtﬁﬁ}ssomeg %hth‘ﬂﬁtﬁé Hithdkrah fns BRAGFBEEMSbrtion 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 dialky!
carbonate separating apparatus. Examples of the dialkyl carbonate separating
apparatus 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,
orthe 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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In the case of using the distillation separating
apparatus as said dial kyl carbonate separating
apparatus, the |low boiling point mxture w thdrawn
fromthe upper portion of the transesterification
reactor is led into the distillation separating 5
parti@RPRF piciSrablfy Bsé fie GiShMARAYepa? agparagugdi al kyl
carbonate and the aliphatic nonohydric al cohol
con fhdeskd Br 5 11985 5&84r8tiRY aBbXtdiis as 3BidGalky
1405854 B g Q) i by it st daid s

separate ate or a'c

[ C risi.n o

carbopdlé sPeSRitolareise e R R0 Bofif PSR WindFaiih from the
startin terials,..an.azeotropi m, xture. . be ,

uppe BOAIcY R ENSPSETICAUaH Gractotas des Ui b0 UM GerRRrating
After the 10 reaction liquid or the | ow boili ng ﬁoi nt. ..

appamtysuvBern thedompeneissteR aghe dialsy camkenate @pa the aliphatic
transesterification reactor has been separated into

monahysirigi aleohal goataimer trheaid seaetion lisnid erMixiyie gampersipagated out
the distillation separating apparatus in this way, the

as a distillabe ortzocolomn baftord liguiddéath torapesiogranai ofithg cohwponents or a
al i phati c nonohydric al cohol can be fed back into the

mixture ansrest.er Dépsadihgonrthaaysss ofltheAtalting mateviald, ahi axeotropic
separating apparatus, a tray type nulti-stage

mixtute Thay balobMined as W Bisliidts or MSe Bbluin BORGRA IjuRd. | ARdrithe
colunn used as the transesterification reactor may be

reactébz'ﬁﬁ%ude lor T R Egigiﬁg 'gpﬂ:ﬁ rhiRfre gﬂﬁﬁgé\lvﬁtﬂio‘?ﬁ‘ P LEEY portipn of the

W th any I ous " pa S may be used; 'suc

a_gcol-um ng e used al gne | i
transBafeiERadS: i hedh ReSwalie Puoity fistiahe B B cbREfn
nopohydri c .al cohql .and the di al kyl 20 cayhbonate e a
bottof it 61 SHe PG IAOR SRR HPPAGL A B P splumn
m xture is taken as_an exanple in the follow ng,
bottogp bayidicr slistilate eortaining Hi alihetia fopnghydiisaicelvl capde fed back
al i phati c nonohydric al cohol and di met hyl carbonate
into thelttansestexificaiimedact®re | ow boiling point mxture
wi t hdrawn fromthe upper portion of the
t r dssthetdistilftion tseparatingeayiparaitena drayi type madltistede distillation
di met hyl carbonate is continuously fed into the 25

colurfih MRé fiyé nfiati-ReiRt disHiRRRhaidlanaledEs the thansdktdrification reactor
poi nt component containing a mninmum boiling point
may iﬁé%tzeg%} § pAcKES EBIURAN TR @EMlatBREOHIMR patked WithOAIR) 6F 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 dialky!
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 into 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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conti nuously withdrawn from an upper portion of said

di met hyl carbonate separating colum, and di nethyl

carbonate is continuously withdrawn froma | ower

portion of said dinmethyl carbonate separating col um,

wher eby di net hyl carbonate can be obtained. 5 Said
contn@hUHﬁél?WtH&ﬁé\bﬁﬁﬂ#ﬁ apasteripofitore 6f $4T8 dirfetiyecaiRMatedgparating

a reduced pressure or an applied pressure, the

colurRREAAY idibe it §§ ﬁa&efgﬁdﬂ?ﬁlhﬁoﬁﬁ tHd?a»@ FRNYE 1Sver f.)?ﬂi@ih of
0.5x105 to 50x105 Pa (0.51 to 5 in terns

s G ABF Y SR STy RiRTRD T Bt

bt ﬁture vari es according to the operating pressure,
° a@ﬁ hence t he 10 operating pressure of said dimethyl
r gnat e se ?ho columm is selected to

alg q'fge $@PARYDO GPIIM A oa%ratﬁsﬂa’a@er@arﬁ%ed

obt ai ned frpmthe | ower portion of the colum. That
pressure of ait aprliadepnesgute; theaperatiagpresyire generalyshriRgimg range of
to the nethanol / dinethyl carbonate ratio in the
fromitabet0°to 50100 1Paxd.51 tor51 ikg/amién terpar ofitbe abisoluie pressure.
transesterification reactor is selected. 15 The | ow
The bomnbbsitiop@f the amthandrtdirmetiyhtatbomatdmimhunmbilingi gdimig
poi nt azeotropic m xture of nethanol and di net hyl

azeo@r@bktomtﬁre%rmy@dm&hg%&m oBBRfINg preséurenand hehee the

di met hyl carbonate separating colum can be fed into

oper%hﬁ‘g PLés%ﬂ?@%? 84l u‘f%%ﬂgﬂ’ Raftititfaté Ee@érm | g%hﬁtﬁn RRESELRM to be an

e process o present e upper

|
operfifid hf¥hefie hliEh SERBERI cHobials b Berlotihey Hohfthe igwer
fromthe top of_said distill
pomglagﬂheoﬁo'anﬁh TR b aara'assw%?usEﬁyﬁ@%ﬁgfpr?ﬁ%ﬂeaom?ﬁpond'ng to
hei g and includes the top of the colum. Mre %
the mﬂ@anebwmshylm@ﬁbwateweh% Uhthermatﬁlam'thﬂr%wra&em the upper
distillation colum refers to a region fromthe
portipp ©f the Bansegterifitationireactosis selected. t o a position at a
hei ght approxi mately 1/2 of the colum hei ght, and
i ncThedlesv bditing potntcoofpaneat 26ntadlingithe fﬁim‘n‘dirmboiling point
produced in the transesterification reactor is
azeotopitindword dfomethzmol and dimethyl carbonate withdrawn from the upper
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 columnto 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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24 | ower portion of said reactor as a |iquid high
boi I i ng point conponent. This high boiling point

m xture contains the produced diol and unreacted
cyclic carbonate, and may also contain the aliphatic
nmonohydri c al cohol, or the aliphatic nonohydric

Iowe@h@ﬂﬂﬁi oﬁﬂﬁd tscsh 8k EMiunﬁﬁ@ﬁrtiﬁllmg Boifficémbbaént r ARis high

the |qU|d hi'gh boiling point" m xture containing

boulu’@éom’? Eoﬂ'ﬂtams the eﬂ}bpﬂgéc?%l bhg 'Hnwdé‘cted cyglig carbonate, and

nses er| rcatron r rOV|de
rtion of,,sai act or

may 3i5q o el 1A Rrafe sy Bgfa'ff?&gﬁ €3 a?%tl'% @8@2%‘5"0
alcolﬁq“@ﬁj#\grcﬁ?lkyll b 8?!’1%'%61?2?3?%? imn?cr) flhgalsovverI gglrti on

of said reactor. 10 For the continuous nulti-stage
di SAD pPHtet feemarhichithe g iigh Paijng peint mixture containing the
transesterification reactor, the liquid velocity and

produped gind is/witbdiawn framsthiedratisestarifigation reagionigrprovded in the lower
dependi ng on the type of the trays used, but are

portigaoésald neagkate  Somizeof thvetrbaction mintges wilbdiratmin this way may be
fl oodi ng and weepi ng do not occur. Sone of the liquid

heatBt RirRPa rélitsliep @anbtthid Pltingo widdsdbaviomi aratgdas /iRjued mixed form,
portion 15 of the transesterification reactor may be

and fH’e‘i'\ r*éﬁ?f'ﬁehr?ﬁt% th@%\kéﬁﬁéﬁéh%'sﬁaioc@dcﬁﬂ reactor so as

to circulate unreacted cyclic carbonate and / or

nrEAShELoRlh AR hTRRAILh Gyiof ERIAN cBRStLff Sy ¢

transes eri 1 on rea
xture CO t ai.ni Obt ai n

I, nt he d| T
tranrRieHeBish et e ety 318! LA R seigiiation
urification ste ener al | 1) in the case 0 that
co'UEﬁ\eva%wesenmne@rB & VP%&%HQ%EF& ISHNER: SFPPFﬂj'Y made to be
_material aliphatic nonohydric al cohol is contained, it
withinga Fangeesushl tgat focdipa eadwverping QDCﬂQiIQCEWét ic
nmonohydri c al cohol or the like in advance using the
seBomateiaidhe igaiddtigis beiliog préntamiiwreivithatrawn feasp dnentayeer portion
and recycle the aliphatic nonohydric al cohol back into

of the hearisestesifisaivn feaadn may bedfeti ack into thé)trarisesterification reactor
preferable for unreacted cyclic carbonate contained in

so a§ % dirbigf heebche c%%h@%bfﬁorfﬁtébhﬂ? dranPGacted aliph&st @idhohydric
i n advance before feeding into the purification step.
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

peoint 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
25
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As the nethod of separating out the unreacted cyclic
carbonate contained in said 25 high boiling point

m xture, there can be used, for exanple, (i)
distillation separation, (ii) a nmethod of converting
into diol through hydrolysis, or (iii) a nmethod of

high ®JoiilfgNadih@ixttiee thstearml sl used, | foE eg@hpR) & T[) gistinagorgBegaration,
et her producing reaction bet ween t he cyc i c carbonate

(ii) afiﬂﬁthbﬁ%f ﬁbertr'nbr Eacﬁi@fﬂw'r&&ﬁlf"%droﬁfsg %rr 5 rﬁé’t %btehﬁunatmg

produci ng reacti on pre era

t
the %Sﬁﬁét@%c&?ﬁéﬂk%ﬁﬁ?mﬁﬁb et é”ﬁﬁﬁ@b@?g? jor Btvisen the
rea bef into rificati
cycli BBy 5nd) oy ok RBHCUIAY mretetank o seife @iﬁﬁw@ducmg
i,S a method in mhlch before the liquid high boiling
reachifint 10 mi xture wi t hdrawn from t he
transesterification reactor is fed into the diol .
pur T Hatdsitason prefeegble separatiogunethedgrartied puhgn g Righ boiling
m xture is continuously fed into a | ow boiling point
pointimimtoreenithdrapar momrthe dansesterifioptions reagter afate feeding into the
mul ti-stage distillation colum having a side cut
diol purifloationrstep,ded followinganethopeicandie Lses.eof, a | ow
boi I i ng poi nt conponent containing the dlalkyl

carpongh examld 2% AldtRbdin whidhNBEIRE itise AGGEMGh BSiling point

remaining in said high boiling point mxture 1s

mixt?r‘évr}/kl ﬁB’r‘@%‘ fYor‘ﬁ"tﬁQ“I’rra"fH‘é‘,’Bstfehﬂ@étﬁiﬁ FIAREdr is Y fdt%\?é’g iol B6rification

I ng poi nf conponent separating co

step S ’?sﬁ‘%'ﬁﬁﬂ#@&m@@ﬁ%%&nﬂﬁﬁ%ﬁﬁﬁ@ ik &low ojing point

comBhant SRR TR RIS ARRBLPHE M iseciptilEion column

separating colum is fed into the transesterl fication
having asidg culRutiel psovided in a dpwereotiap khergef. &low,aoiling point

distillate withdrawn fromthe side cut outlet of said
compengntiesntainggpbe gialky maskhenate segdhataliphatieo menehydri¢ atgohol

into an ether producing reaction apparatus so as to
remaiaingyin atd kighdidilerg pointmixto iseactinoousip efithideave édimMmgn upper

into the diol purification step. Exanples of the |ow
portioe iof tHeloebsiling PERA RSAIpcIRPRESHAMRENG Tolmin, A distiNge cdntaining
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
circutated 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 muiti-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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25 tray type multi-stage distillation columm |ike the
nmulti-stage distillation colum used as the
transesterification reactor, or a packed colum type
distillation colum packed 26 with any of various
packings may be used. 2. An exanple is a nmethod in
withwhkz@lwah@ﬁ@bacltihﬁs haubslube@h boiling point mxture
withdrawn fromthe transesterification reactor is fed
| N0t odhple A FdiRbd FiwhRhEBefo8 ikl lidtliigh bsfing point
boﬁ)! ng So?ntp m&xtureﬁ(lss c‘gnt&?‘hugysﬁyﬁﬁe irlf% a _Pogvp
. 1] | . . | :
mixt Q2! Witk ﬁémgpéﬁﬁﬁgggﬁhﬂéﬁﬁo u%tna',cﬂgr |§2%\(/HFE% 'ft?éi I I'Hn%)I plffication

a mul'ti-stage atl _
seo 8 5 RTRER MG L PR BBl AL 687G Ming o
hi gh boilin oint mxture is continuously .w thdrawn
compqrgqﬁtéepaﬁ;&gp%pmn&pmnqlm argytisiage ﬁb%tlﬁ%ﬁl(m column, a low
co

_.conponent separating colum, a high boiling point,
boiling ppioh epmpesankbeentaming thediaikyberrbonategnd the aliphadisat e
is 10 wwthdrawn froma | ower portion of said | ow
monbbydricalcpbolrentainipg rie saidskigh bailinggpoinbimixturedia coatinudisly
time an ether producing reaction is carried out in the

withdrawer frevardr epperqiortian df thanobobdilimg ppivt cbmpomeah esbarating
separating colum, and said | ow boiling point

coluﬁ]ﬂ?ﬁ?‘l@i‘bom‘h? hdirmdnpctant kentdtifg theBidl @Rd Yhe thElid itbonate is
boi I i ng poi nt conponent separating colum is

_ : " torid i . i
with 80 FOIR o HorticH 8 S8 IoW AR RN Lrbb R Pt ing
[ t. C LI ng.: bl : e ;
colufi i SRR ey AHRT PRI Rt PPt £ R ST Hffwer portion
boj | i pg..poi nt__.conponen separ at i colum is fed.into.
of sqi o, ARG Bt DIIENL SEpa AN oI Ry AR SBGaCRPING Boint
above et her produci ng reaction, .an ether produci gn
compaagAtwihdrawhJepTadag HBeLPeTHOR:Y & low beiiBapoins commponent
(International Publication No. 20 00/51954) can be
sepaigiéng celbn iscoatinveusly fed inkp ithentransestesificationceacter @ndghus
the produced diol and the unreacted cyclic carbonate
circulaged dack nvhilatheshigbrbgilingdpoinhgompenent amtaiprey thieudiol and a
and the unreacted cyclic carbonate is subjected to an
prodatée etheprithaeawe fropa tite DWer gortic oesait! bW ailimdpsiaticomponent

diol, thus converting the unreacted
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 unreacted 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'0).H

wherein R is defined as above, whereby the amount of unreacted cyclic carbonate is
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cyclic carbonate into a straight chain ether
represented by the following formula: 25 HQ(R O nH
wherein Rl is defined as above, whereby the anount of
unreacted cyclic carbonate is 27 reduced. The
reaction conditions in the ether producing reaction
redugg@ar at us vary according to whether or not a catal yst
is used, and the type and anount of the catalyst in

t herr?@Fe%ctiaﬁ_tcoﬁdﬁsehehme el PRSHUCHY rddifioh At Als vary

tenperature is genera a range o 50 to

A y r
accopdiglq yfiefhet At 4 SAEELis dhesh Spitand Bk BAE oI LY e
to, whether or not a catalyst i used,. the t angd
catalyRfiifo foe fhath balpef ¢y ol tud o BBy &' generaly
, used, and the reaction terrgerature, but%(gsrﬂgener?l lé
in a fanog qfdirge SOrtordalino rigferaklySwmeaite 30V e merepreieraily from
average residence time, preferably from0.01 to 10 _
100 19026Q ' Crod be geactiontimg variggmaceording o whethei et agatalyst is
reaction pressure also varies according to the
used, ¢ tyipernandameuat of theusatalystintthe cageteata catalyst is usedyand the
of from 1x103 to 2x107 Pa in terns of the absolute

reaclié® ssrtiperatures bat Bldandralgninlx idhgel of flord @0PRto Fd@ours in terms of
cyclic carbonate conversion in the ether producing

the dveREdd RILidenCRANIRE abl‘e‘ferabg( Pormnange t&h o HoUM, HoFLprfédbly from
preferably from95 to 100% nore preferably from 98

¢ 0% : g D7
00218 S8 PO SEUH rosy24 RS b S8y ppeadiendh
transesterifi.cation reaction IS.i

npeded.s .
tomgeBUFE BR80T geBRElER = Bop &1L TR T} BRI R i s of
eparate out carbon dioxi de wyt hgr fromthe ether

the SHRBRIE PRSI BO VI RN trar 30 BBon Subj ecti ng

the reaction |liquid containing the diol, to separation

usi i eyrdicsashonatgcopresigninthesniher férﬁ’db@'”&é?@ﬂ'%t? ggperally
_ Pat ent Docunent 21 (Japanese Patent Application
in a ragge-ahien 96. to 21805 JueByablydrorrodet 108e umene preferably from 98
tc 100%.

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

Furthermore, upon subjecting the reaction liguid containing the diol to
separation using the distillation 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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(Japanese Patent Application Laid-COpen No.
2004-131394), a high-purity diol having a high U
transmttance and a | ow al dehyde content can be
obtained even if a 25 nmethod in which water is fed
into the distillation separation step is not used,

al tihang preddht nveritibadit IBiotriedeBasAtonsels 66iveht, b with an
same tinme. 28 In the present invention, it is not

e RRSEITS oA AT 18, SREAEAcpofHorhi2 omBm el eonate
a5 35Ty oa0fchopl B Okt st
tillati bl e

di n,. r the like, a.,suit inert solvent .
or tng &fy 2 60he B iner? 3o VAL bty Bty DB RFbladRo aromatic
hydr ocar bgns, hal ogepat e | i phati c hydyocarpons, or,.
hyor AT BadaaosnalRd A Bhat rdospias. Rhpelogeated Siontati
reaction solvent. Mreover, as a substance that is
hydregarpens may,ee vsgd @ischreastion $@Mentas such as nitrogen,
helium argon or the |ike may be nade to be present in
t hdMorenyer, @s a gubstance thal isvnent iarthebpactidn,@ndnert gas such as
speeding up the distilling off of |ow boiling point

nitrogem,cheliusn, Idkgpn od tiee dikesnai bermadetd bggeresent in th@weaction system,
boi Il i ng point organic conpound that is inert in the

and WRRGN shectiRYoftspdediiPdy &esldiskillihg O dflew! suikig P@iht peitiucts
of the continuous multi-stage distillation colum in

prodgc@&%_saﬁ 91%?1‘ %&?% lswot%o#ﬁ@%bgg’reﬁné éoﬁﬁg_@ﬁé‘tﬁaﬁqs inert in

escription o anpl es . . I nvention.
ver . . [ : e
the rpeRYfimay BE ALY i REFR Y Ay dsflon) b beStork U8
selectjivitjies for the ethylen | ycol and the
multstads GistilatioR salimn U SsfoRR R L on the et hyl ene
carbonat e consunmed, and the yields for the ethylene
gl ycol and the dinmethyl carbonate are val ues based on
the 20 et hyl ene carbonate put in. The position of each
Exargplgge in the distillation colum is represented by
the nunmber of that stage counting fromthe top of the
colRotiowarsg isha defdiledtdescepiion ThExaimgtasyafdehe pnesentinvdrdion.
was neasured using a colorinmetric method
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 distiliation 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 chioride (FeCl;-6H20) and 0.32 % by weight of sulfamic acid were
added to 50 ml of distilled water and uniforrn mixing was carried out, and then the

mixture was left to stand for 1 hour; (2) 25 ml of the aqueous solution of 0.2 % by
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[(1) a suitable amount of the sanple and 5 ml of an
aqueous solution of 0.2 %by weight of ferric

chl oride (FeCl3-6H20) and 0.32 % by wei ght of sulfamc
acid were 25 added to 50 ml of distilled water and

uni formm xing was carried out, and then the mxture

weighesf fepid chierigé gFé!Cfg E}WO 362, bRPwEIghP6f §llRirdieUrRM dvas

A e R AT
absoffarch: &t vileiebih oreas “ﬁwﬁgiﬁ%ﬁ@&@ Ao, fsBE e on curve

prodﬁ%ddwﬁﬁ@a“e@a@%ﬁ & SaplreRyd s %Sﬁ?eé?ﬁéﬁoﬁﬁgﬁt%wn of aldenyde

npl.e was determ ned as the acetal deh de wei g

Cont%ﬁﬂé dnthessample wandetaratinedasée aestaldshyde wqug?tqmentratlon

carbonate (DMC) and et hyl ene glycol (EG were produced
convegded yatualuous! y from ethyl ene carbonate (EC) and

nmet hanol (MeOH) using the apparatus shown in FIG 1.

EC was continuously fed in a liquid formfroma

conduit 2 via a preheater 3 at a flowrate of 200 g /
Examiplent:o the 3°d stage of a continuous nulti-stage

distillation colum 1 conprising an O dershow

di ﬁlHétI%FI icafberity '(’DM@)Véﬁthtr@[érier@%&ﬂ (E@fWér@rprE’s&Uté’d‘d

stages, an ethylene glycol solution of 18 %
corstfy iy 5 SR By (ariahyme
appa&%% spoprin (810 El Rel cRBRbRsredly SlindiBfafriierts condu
2 viajg amﬁ?@af{%%( ARG Rl 95490 tfﬁ'ﬁiﬂqi 3 #'Qu%sét?ﬁrﬁfsﬁ@tmuous

Iti-stage distillation colu froma conduit
mu!tlﬁtgg% distidatien eelupmi camnrising an Qlféﬁrsbgw CMST{;]W'OH CO’NTB” having
pressure at 20 the top of the continuous nulti-st ag{ _
an inglast dinmeterodcro @ndrdD stages, an etiviene glycplrsedutioneof 1&tigby weight
the tenperature at the top of the colum was 63.8 C
of potdssiurarhyeraiide ¢KOH)dhomohgen2dss catahygt) waseohlinloustytee in a
fromthe top of the total nunber of 38 stages in the
liquid fotdn also into the 3™ stage via a conduit 2' at a flow rate of 0.95 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 number 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 98 °C, the average residence time of the reaction liquid 84

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

residence time of the reaction liguid 8; in the column bottom portion was 4.3 hours,
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portion in which the catal yst was present) was 80.5 C

the tenperature T2 in the colum bottom portion was

98 C, the average residence tine of the reaction

liquid 91 25 in the tray portion in which the catal yst

was present was 2.4 hours, and the average residence
the tbidlBvefage Y@ sidenekitiphe WiudUaing .7 Rokize FbthcbevbR®s, o +

portion was 4.3 hours, 30 the total average resi dence
124§ ®ghpus being 6.7 hours. Fromthese values, a +

? = 2607 A gaseous | ow boiling point m xtur e

corthaneSel <o SO bAft HaRite sthG8 ofitoting K85 4,01 the golumn
was {3 rechita A candeiefe 7 ot Spmeghihe kLS Wi reflufed back into

was fed as a columm top_ w thdrawn || qui I_wécontal nin

the tgp of thg B?'UWHI YAt %qnc}w@(rgﬂgx #atio = 4’%4)@)\/\! taﬁtre@pl was fed
at a flowrate of 695.4 g/ h via a conduit 9 into a

as agedinn &ep vithdrawn liguid {eentaning 6749 YoNuy wejaht of MePH and 32.1 %
columm 71 conprising a packed columm type

by weight iof DAMCpat & fbwmate df 695.4de/ bivienacondait 9 intm apdsition 80 cm
packed hei ght 160 cm packed with 10 D xon packi ngs

from(tB€ pop a6 a K sepmrathayreo|afmra? € cbmprisingt 4 packediopldmn type
withdrawn via a conduit 11 fromthe bottom 10 of the

d.smm@hlmﬁ dTikdide Siam86tef S bl AHd Sacked KETGhtL1 6@ 8m packed with
heated in a reboiler 12 so as to supply energy

D'XOB?%.%?@ (58] 2 RECREB i hot tom |1 qui @ was Ted as a
o6 3 ie e clme ol k@ﬁl&}%‘#éﬁahﬁ%@ﬁ@w%%éqwgﬁomm
10 om" {E\Loﬁé érenﬁghs@&e éqsﬁz%?é) ‘ESE'%’T aﬁwag%ed Iy %ﬁebélller 12 so

b0|I|ng point inppuritie 8 % by wei ght of KOH|
as tosunply EBRIQyFeauised serthe cgstﬂlatlon éh%regbrﬁm Hﬂef@mwdﬁrapf the
position 100 cmfromthe top of a | ow boiling point

columbrissiosn tiquidepas tad a@adlquwmgmbodmgpmllt mixtareplgoRtaining
colum type distillation colum of inside 20 di aneter
70.68 .% byrweight plletseB9 Néi %Hiy wéight of peckd,d.GBt% byiweight of EC,
packi ngs (3(P) as packings.
0.02 % by weight of DMC, 0.01 % by weight of diethylene glycol (DEG) and other
high boiling point impurities, and 0.08 % by weight of KOH] at a flow rate 0f 200.2 g h
via a conduit 14 into a position 100 cm from the top of a low boiling 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 99.92%, 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
31



10

15

20

25

The EC conversion for the transesterification reaction
was 99.92% the DMC selectivity was 99.9% and the EG
selectivity was 99.9% The DMC separating colum 71
was operated at a columm top pressure of 25 1.4x106
Pa, and a columm bottom tenperature of 205 C. A

condeASea UsingPaVcBAdendt 750 @ndtsofm& bR kixdlrel Wasl réffuxetrisank into
the top 72 of the DMC separating colum 71 was 31

the tﬁ? Bf GRS ESluHR \FI c‘ffgﬁ A k&éﬂ&)@ rati%:ﬂ’ﬁ| QRRilthel fefnainder was

xture was re |nto the 'op of the col um

mer@’éoé\nﬁ LMt 76 %té b bSies | Shd ml}%m 'n{‘orﬁ%]ﬁous multi-stage

ndér was - mer ged vi a a condu
dlst"%?@f'm%Paﬁﬂgaﬁﬁﬁﬁé@# ¢ hERE cbfpaioRr the J60dTed in from
e SO 58 S o e AT BRI P e

initi aIIK to MOH only such that the conposition fed

only sHely thatdhe eampesiios fediinto-the sgatinueys multi-segecdstiliation column
was kept constant. Sone of a colum bottom i quid

1 wagikeipticamstant.a a conduit 79 fromthe bottom 73 of the
DMC separating colum 71 was heated in a reboiler 80

S0 Sumé of suridlimnn Xdtiene igyid vathdrawd viaa donduit 79 from the bottom
distillation thereto, and the remi nder of the col um

73 oP®let OMIC éé;ﬂ#bﬂng\@éldhhrﬁ v hedtad an aGeddildr Si2s@tisao supply
flowrate of 204.3 g / h. The colum bottomliquid

ener@%?ecgﬁre% f6r 'We Hﬁ.‘tlﬂ@ﬁo%retghégﬂ % Rhhinger gPtal'{ét %olumn bottom

ent separating columm was operate

- a
"qu'f% WesBeed ﬁ%é#%@sﬁ[ PG 2EY Ein. 2ot glymn

ou th y,oduci n tion between ethyl ene
botto&r&ﬁlgwﬁa\yz&s Qﬁt?oé‘t%}‘y t&ﬁ@@ in the colum bottom

portion of the |ow b0| [in oi nt _conponent aratin

col ifignlow/boiling peint 80615%%6?'% g@?ﬁrét'ﬂg %WI‘%HZ V{)@£€B‘Pra edata

(DEG. The residence tinme in the colum bottom
colupartep presssIre f atraospherisopresadrep 8ndta ealkpvrizattom temperature of

separating colum 17 was 1.5 hours. A gaseous
201 Worthaseatrytigsout! dreethef prdduming reactiop betweéie ethodergdcarbonate

boi l i ng poi nt conponent separating colum 17 was
and 6ibiiEsRSgiflcalSh fge BolufrTdedissh pbition of the low boiling point component
separating column 17, so as to convert into diethylene glycol (DEG). The residence
time in the celumn 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 introduced 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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and sonme of this conponent was refluxed back via a

conduit 20, while the remai nder was introduced via a

conduit 21 into the top of a carbon

di oxi de-elim nating colum 22. The reflux ratio was

1. Nitrogen gas was introduced into the colum 22 from
the cdndaR2BYbvidddRItaNe BBtoRt of the deRirhAMR0At d fiew ¢aleldFB828 g / h

so as to carry out bubbling. 25 Carbon

0 : : i a

back bRz HeDe i e Bofi AR AOR-YHSe MISRIRERER PR

car [ oxlde-el | m [Laui & i .

52 A FRH b igupl BBinite o oo L ETHpOhEE <esifasno

22 a flo ate of 58,3 / _h, back into the 20th
colurg s healed. Grifo A D01k 25 arkt whs Winfa i 2 oW rate of 141.7

colum 1. A columm bottomliquid fromthe |ow boilin
g/ hjwme cneuimipr 38asanethegpreducasrearstion mikiese &P"lﬁ%‘ﬂ%@

a reboiler 28, and was withdrawn at a flow rate of
99.74 4 by waight of BGf antD4d 4 %nloweight o DEG @andanther high boiling point

et her - produced reaction m xture [containing 99.74 % by
impwitieghE Cafot Bétected]. 0. 14 % by wei ght of DEG and ot her

high boiling point inpurities; EC not detected]. The

et Mite pthetlpeedlidetiahicion mixture &agded fidthe coridugt 30 into a

conduit 30 into a position 90 cmfromthe top of an

posith QUEhT bRONBALLH o EC PERiAG 8IunPAS keFoHRikoh Waked

type distillation colum of 1 nSide dianeter cm and

coluBAH5E el St calafTr ASREHaolct 2h e aRE DELRAT nbighh 20 om
at, a,cplum top pressure of. 4000 Pa (30 torr), and a
packEt) Wit Dpor RArkhaR Bl A ReCsINE23. 5 ¢ A 1 qui d
distilLate s obtained as a sid i thdrawn |iquid at
o TinsEPemurtiino e g waS oPertad ebachimt don pressuré of 4000
rovided in a position 50cmfromthe top of the EG,
Pa (&mrf)yang acenlump Lettomtprapgrature ofdés. 57 Ca  Adiquimdistjlate was
distillate fromthe EG purifying colum 41 was
obtainetl|lasxa dide withdraworitpid et a dlowanate af 1396w { h4rom actonduit 56
into the top 42 of the EG purifying colum 41, and

providied in enpogititet 50ers frorh hie sopof therk @ pupifiying colknn Fhe Moreover,
reflux ratio was 2. A colum bottomliquid

somf ﬁgﬁto@ill%ﬁ GoHdistilldtetyomehe BG elrifsing v@lamit 4 hdaawefilixedvia 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
bottom 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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20 bottom 43 of the EG purifying colum 41, and sone
of this colum bottom|liquid was passed through a
reboil er 50 and a conduit 51 and returned into the
bottom 43 of the EG purifying columm 41, while the
remai nder was withdrawn at 0.7 g / h via a conduit

conc%%tr g@%ﬁnééﬂﬂeﬁuﬁ%%@@é@%d @meiﬂtﬁi f B oBbpm,

out et e EGp ng 25 colum, the anount of

Mor ?rth8 'EPaﬁs fﬁ%%ec?fttﬁu VQ& e Withd Wﬁﬁg&ﬁta?@zb%'w& 89%. A

or ea onent accor
DO'V%ﬂéé’ﬂ?ta%%@aﬁ’e%! R i e AU

Mpr eov t he UVtransmttance f t side, W
matarigd? WEINGATMOMLES Aetalxst pd| &?st%ebfa.wﬂ'a%@%gh
taking this EG and di nmethyl terephthalate as starting
opticahtransmittangadn the Ky and visthls regioas.c aT g pbeve w\%ﬂts show that for

pol yester obtained had a high 5 optical transmttance
the syatarhevehallatie DME pledd wagi99h8%, ahd vaby highrpugity t£6 stesvobtained
that for the systemoverall, the DMC yield was 99. 8%
at a el ofc®9.1%%.gh-purity EG was obtained at a yield of
99.1 % Exanple 2: 10 DMC and EG were produced
according to the sanme process as in Exanple 1, except
that as the catalyst, instead of the honbgeneous
Exarﬁﬁﬂeai .yst conprising an ethylene glycol solution of
potassi um hydroxi de, there was used an ani on exchange

re
o LS B4 SRR iy SRR oo
to,.i e W t ZCGSaueous 550Iut|on
excep il Asdfie Cattvatnt Sttt OTnP SomarasEt S atali Somp ity an
repeat e washi ng with n so as to carr
ethylgg %&ﬁﬁégﬁ'{t@ fP%Eﬁ%ﬁ'%?‘YHWn& ﬁﬁiee‘f@s L§GE G0 HEN @X(ghange
ions being exchanged to CO32- ions), which was fixed
resin RAViNg qeAtErNayAMMOSILY GE0\WPS 8% @xch@@ge @eUPB dablainachby
approximately 5 vol % of the liquid residing portion)
subjectiungt & PowvexUMSA-b &l type {moiohiexchéaage mithi arBNdNg.Q0; aqueous
of the liquid residing portion) such as not to
solution, repeatedly washing with pure water, and then repeatedly washing with dry
methanol, so as to carry out dehydration / drying, approximately 50% of the CI” ions
being exchanged to COs% 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 9, =
3.8 hours, the total average residence time being 6.0 hours. From these values, a +
1.24B = 2460. The EC conversion for the transesterification reaction was 99.9%,
the DMC selectivity was 99.8%, and the EG selectivity was 89.8%.

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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20 flow out. Here, the tenperatures in the colum were
Tt = 80.4 Cand T2 = 98 C, and the average resi dence
times of the reaction liquids were 8t = 2.2 hours and
62 = 3.8 hours, the total average residence tine
being 6.0 hours. Fromthese values, a + 1.240 = 2460.

chrorhago 6P QAR 15108 the detdttioh! e ftheidéydecgstidedtration
was gggp the DMC sel ecti vi ty@mg@h% 8% ﬂ}yd the EG

accoicﬁhg% itrYé Edloﬂﬁ%tﬁ@n%%o@@aw ﬁ g\ﬁfd arjd e Yinskittance at 220

r organi c conponents int urd EG w thdrawn

nm w488 g I‘Plee DME y%jalf th8lsyE E@efﬁi’lﬁh&%b?@"f%ﬁ%e EG yield

accor 0 gas romatrograp hy “was

ti on limt (1 ppm), the al dehyde concentration
Wasgﬁbcffidi ng to the colorimetric nethod was 0.8 ppm and

the UV transmttance at 220 nm was 88.5% The DMC

yield for the systemoverall was 99.7% and the EG

yield was 99.0% 5 Conparative Exanple 1: DMC and EG
Comparadiveriowimrlg iccording to the same process as in

Exanple 1, except that the continuous nulti-stage

di 9MCiand ES welraiprodlicgdsaacadiing do tee same@rdeeshasiin Example 1,

di stillation colum having an inside dianeter 2.5 cm

excephthat the tagiruouanrlultiosthge distidlgtion odlanwhi elad mededo dedan
the catal yst were fed was nade to be the 15t stage,

0|devéndv¢dtshﬁat$dra&ﬂuhﬁ Ravihd 6h ihd18e Wiarhete? 203 civeaNd ao%tégj\@ and

was nmade to be "the 5th stage. Here, the

the sk?d?ﬁﬁ d&‘%ﬁcﬁ%’%& bWl r\ﬁer-gtfe&%é(},eﬁ{aﬂ%% be t?l% P! stage,

the a erage resi nce tines

whi{#5.SFGE " By ?%%8?%@“@@“@%%93 jade to be

L 0
the 6% stagsty oFBie A 6F MBREtyas 0 408 Solfh e 11 (7o e%n 2sc
was 91 % the DMC selectivity was 85% and th
and -E%F@@t iGuiang V\)&@‘@S@Ge regidensgsimes Oém%fea&t'ﬁ@ﬂlqe emer@ 01 =
nponents (mainly L was detected according to the
0. 18@@yrs:and>ﬂat=o@,25mwarart ¢ etabaveragetresidance éme bring 03 hours.
wi t hdrawn
From these values, a + 1.243 = 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
multi-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 Example 1,

except that the continuous multi-stage distillation column 1 was made to be an
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fromthe side-cut outlet of the EG purifying col um.
20 These results show that, because the residence tine
in the continuous multi-stage distillation colum |
was insufficient, the transesterification reaction
results were poor. Conparative Exanple 2: 25 DMC and

OldréhoVe OfstinAB6Y eSRINRT RAVIAG 26 ihSideltBamete PEPCARFS@ Stddes, and the
Exanpl e 1, except that "the continuous nulti-stage

stagg!ir%!»%i@ﬁ [y E@%t@%h%cé!@ﬁg%?el t]égll v&és FakPtdbé gﬁé B9Wiage,

istillation co avi di aneter cm an

whi e 3895 e et e, kARG o PRt AP wey 1T ek fipdg o be

i n i ch i .xtur f

the 4538 Hlste oe epetaltingh i the Sglimaiiete (42568 = s0.8 °c
temperatures in the colum were Tt (42nd st age? = 80.8

and &2 5 9Yne “F2and dhe gveraggygsideaca igresef thedeaetiinliqyidg were 6, =
of the reaction liquids were 91 = 10.8 hours and e2 =

10.8hpunv and B2th21 hotel, the tatakpvarage fesidengs timeging 338 lgours.
hours. Fromthese values, a + 1.24(3 = 5853. The EC

Front theseraloes, foor 1t 24P Er585S8e s fTdwei EC caniversion adhé dnanseasterification
99.96% the DMC selectivity was 99.1 % and the EG

reactien ecisi 99.96%\ise DAC 3¥iectiVipMaae ©LL1%, Bhd the B G beleltivity was
ot her organic conponents in the liquid EG w thdrawn

09.2b4 om the side-cut outlet of the EG purifying col um
according to gas chromatography was 20 ppm the

et MOt R AR BT ARl s FRARI IR B
W“h‘i“ééﬁnﬁ‘lﬁﬁ’@é@ %?Fﬁe-fﬁtséﬁi@? & ﬂfﬁ“‘ﬁ?ﬂ@éﬁfﬂ?‘é%ﬁfrf@a@d@g to gas
chrofaleaaBAY Mas:2F RPGe the ARhy e ERRRGHEALSN Sierdhg tedhe

wer e produced according to the sane _Process as in
colonipgifis method was 18 ppm, and the UV transmittance at 220 nm was 62%.

These results show that, because the residence time in the continuous
multi-stage distillation column 1 was too long, aldehyde was produced in a large

amount.

Example 3:

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
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 into which the mixture of MeOH and DMC was fed was made to be
the 40" stage. Here, the temperatures in the column were T4 (42" stage) = 80.8 °C
and T, = 98 °C, and the average residence times of the reaction liquids were 8, = 5.0

hours and 6; = 11.2 hours, the total average residence time being 16.2 hours. From
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20 except that the continuous nulti-stage distillation
colum 1 was nmade to be an O dershow distillation

col um having an inside dianeter 4 cmand 80 stages,
and the stage into which the EC and the catal yst were
fed was nade to be the 5th stage, while the stage into

thesewb%st fer m2qpus 6126, MeRE EdomMpsirsol Bk MBRsdBRéIEfidation
be the 40th stage. Here, the tenperatures in the

feaCféé’”' WS 9R06%, e BRC SEIATky mefboeth ofl (RS Selochily was
99.8 iquids were Si = 5.0 hours and e2 = 11.2 hours, the
t/ btal average resi dence tinme being 16.2 hours From
36 these values, at 1.24(3 = 4126. The nver s
F orMBTRoeF 318 etufht of ofir sroan G comRaS TGS GHe Eﬁ;e
DMC sel ectivity was 99.8% and the EG sel ectlvrc}r\{
wﬂh@@%bifornﬁh@mcutt%l%%mﬁ E&x pwifiieg calyaniaccording to gas
conmponents in the liquid EG5 withdrawn fromthe ) .
chrogiafiegrephy sas 2ppot, thealdeBygeacongenigatian aeserdingde dhagolorimetric
to gas chromatography was 2 ppm the al dehyde
methodhwas tltGippov aaddbe dhtransmittencedt @20men vvas 87dfkhodThe DMC
was 1.6 ppm and the UV transmittance at 220 nm was
yielddér s sytemideraly wak @ 1%, bhe thy B el aa8!d9. 19s
99.7% and the EGyield was 99.1 % 10 Conparati ve
Exanpl e 3: DMC and EG were produced according to the
same process as in Exanple 3, except that the

Com?g[?%ﬂvgl,@*h?mﬂlélél -stage distillation colum 1 was nade

a pressurized columm, and the columm top

p
PR Sl B PR o et e R S 1%838%88 i Example 3,
ratures in the 5 co 42nd sta
excefgﬁ%it%aoa%\uo%u@ “i3a3 SRRy ket e
of the reaction |iquids were 01 = 5.1 hours and 62
presgurizedherlvain, gnd the calumnien pressysvVas Made tOnlae @é’m%@ Pa.
16.5 hours. Fromthese values, a + 1. 24(3 = 5455. The
Herecthe tamperature dtdhe tomof thensdsmervas 20 i80°ﬁ3.rtha¢¢mgﬁram§s in the
99.97% the DMC selectivity was 99.2% and the EG
columelveerel T4 (2" Wetag8P=13%°C and T, = 152 °C, and the average residence
times of the reaction liquids were 81 = 5.1 hours and 8; = 11.4 hours, the total
average residence time being 16.5 hours. From these values, a + 1.243 = 5435.
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 outlet 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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20 Moreover, the anpbunt of other organic conponents in
the liquid EG withdrawn fromthe side-cut outlet of
the EG purifying colum according to gas

chromat ography was 16 ppm the al dehyde concentration
according to the <colorinetric nmethod was 14 ppm and

excegk\]/g}dﬂ%é béﬁﬁmddsamgﬁi-ﬁbgg%F?stﬂlﬁti@ﬁ%o@.@ﬁﬁ 1 wWas eRietb edan

and EG were produced according to the sane process

Olde’f‘§hdv9 d@ﬁﬁé‘f%r?célurrfrfﬁa\ﬁﬁ %’P\tl §|B@tdlé|’ﬂ§té3r@5 'cPrPSH%gOasrt]ages, and

mul ti-stage di st atlo urm was rrade

o LTINS ECHAERSOLATR V8 g S g s

2 wWhich the EC and.the . catal
Wh"%“ﬂbe Qﬁaeéretgg*éhlc s ke ol el g Ml s %@Wﬁ?mﬁ%to be
was fed was nmade to be 5 the 1bth .
the@aﬁagemﬁsre ttH@ teppEtHiag IBdhe gofuman mr%%(m stage) = 80.4 °C
16t h stage 80.4 C and T2 = 98 C, and the average
and fe5i%eHean Hr@sawagﬁeeﬁléame timesiof thel seaation liguids wer 6, =
hours and 02 = 0.62 hours, the total average residence
hours iamg thet Ad32lhdirshther total Bverage tesidencal tineg beingH1.1204018s. From
= 1022. The EC conversion for the transesterification

these @altidspa MWh248% 40221 hEh®OBT sehwsrsion foy theasadssstdfification
the EG selectivity was 10 99.2% Moreover, the anount

reacBdn WalRey0 %0 DMO FBRIEVRP wa8 J918%), AYitHe ES selectivity was
w thdrawn fromthe side-cut outlet of the EG purifying

gg_z%ql um according to gas chromat ography was bel ow t he
detection limt (1 ppm, the al dehyde concentration

, Lo c .
£ naefe e B okl o G b SRR s I e £

withdfggromdae §esdit Sleb o i o Rpoes urﬁ%%éﬂ?ﬂdﬂ%@ gas
wer e produced according to the sane process as i

chromaiegrpehy washelawdbedefertion:lifait ChRPMLbER! %mtde %Q%@@tratlon

distillation colum 1 was nade to be a )
according to the colorimetric method was 0.5 ppm, and the UV transmittance at 220

nm was 89%. The DMC vield 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 to be 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 T2 = 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 +

1.24B3 =749. The EC conversion for the transesterification reaction was 92%, the
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reduced pressure columm, and the columm top pressure
was made to be 20,000 Pa (150 torr). Here, the
tenperature at the top of the colum was 26.8 C, the
tenperatures in the colum were T, (16th stage) = 37.1
Cand T2 = 49.8 C, and the average residence tinmes of

DMG $6cERAGIWAS 869 UrkdSthe B G slectivily #asBB%s and 62 = 0.6
25 hours, the total average residence tine being 1.09

hoWrSredveP M. 62EG O tHE Hl?%nicacdmpén@ﬁtgﬁfb%ly BTS) s detected

conversion for the trafsesterification reacti'on was

accofiil s o5 SRR AR Tedliie o Bis Aty B witharawn
rom GBS B oF 2Einp ERpYRTCERATIES on the 11 qui EG

wi thdrawmn fromthe side-cut outlet of the EG
purifying colum. 5 Industrial Applicability The
present invention can be favorably used as a process
Indugtrighfpplipabilisy di al kyl carbonate and the diol to be
produced stably and conveniently, and enabling the
hi gFheppreisent tfivention cae berfasareddy usedabatprocess Bngbling the
conversion and the high 10 selectivity. 39 CLAIMS W
dialkgl earbbnate dnd thepdiobisise prrducedtstablg éhdmsomvenlenty, arid anabling
di al kyl carbonate and a diol, by continuously feeding
the rﬁgﬁ-guafy GibPiot he Broficediviith 5@vhttﬁernigg cangdt§loncand the high
carbonate as 5 a main conponent thereof and a secon
Sde&b@gﬁing material containing an aliphatic nonohydric
al cohol as a nmain conponent thereof into a tray col umm
type continuous nulti-stage distillation colum,
bringing the starting materials into contact with a
catal yst present in said distillation colum so as to
bri ng about reaction in a tray
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portion and a col umm bottom portion, continuously
W thdrawi ng a | ow boiling point 10 conponent
cont ai ni ng a produced di al kyl carbonate from an upper
portion of said distillation colum, and continuously
wi t hdrawi ng a high boiling point conponent containing
a produced diol froma | owrapetion of said
distillation colum, wherein the inprovenent

We d9prises: the following formula (1) being satisfied,

80<_a+1. 24x13_5150 (1) wherein a= e 0.52 x (Ti +

120y 1.2 o
av(e)e'age rlgsal %r%ﬁggéfo r>n%tso(n-{?I U?H&% eac t'lgér?(f I |%1é|ﬁ<gl d:asrb? ﬁate and a
. ray ..20 p atlon col.um in
diol, by BboiflipYa eeind adih starbing tmnlaeh BBp Gt 3 yfd gﬁr%gnate as
n/2 m stage (a ((np+1l)/2)1h stage in the case that
a mq 13 CQ nﬁF‘BﬁW #ef angpa seceme SWWJ ptenid) cantaipiean @'I'R!"at'c
catalyst is present wherein nis a total nunber of
monghygdyigsalcabelana ngin camposient theseokinta adryresdimaiyre continuous
time of the reaction liquid in the colum 25 bottom
multigstagé distitétisacdludirg thiringartg the startingrmatenialsTidtg Gpntast with a
tenperature in the colum bottom portion. 40 2. The

catalpsopresent idrsaid distiNagers coluathiss he o efing R®dodt Addetibn in a tray
carbonate and the diol according to Claim1l, wherein

portibh@anaa 8blufin b&t@n%ﬁ&?%ﬁﬂﬁu@@él?hﬁtﬁﬁrevﬁné 2 I'Ek}ﬁbomng point

process for continuous production of the dral

comm%%hgﬁﬂg g%%uggﬁgéﬁgﬁ%?%&%éégm% %EBUF# o?tlon of said
distfigh C%‘ﬂPﬁré@‘g%?“‘ﬁ{}bc{??W@%@f@ﬂﬁgﬁ o ??@"'&3&1‘125% component

car bonat e, an

contailinérd Prodies d M&@.ﬁ'ﬁ"&é%&%ﬂ% it S Bolirn, wperein
the improvement comprises:

the following formula (1) being satisfied,

780 < 0 + 1.24xP < 5150 (1),

wherein

a =6, x (T +120)'%,

B =6."% x (T, +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;

T1(°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 therein;

82 (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.
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of from-20 Cto 350 C. 41

2. The process for continuous production of the dialkyl carbonate and

the diol according to Claim 1, wherein the catalyst is a homogeneous catalyst.

3. The process for continuous production of the dialkyl carbonate and
the diol according to Claim 1 or 2, wherein 9, is in a range of from 0.3 to 20 hours,

and 6 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 T4 and T, is in a range

of from —-20 °C to 350 °C.
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