AOS@(@% / KAN | NDUSTRI AL PROCESS FOR PRODUCTI ON CF
I C RBONATE AND DI OL Technical Field The

present invention relates to an industrial process for
the 5 production of a dialkyl carbonate and a diol.
More particularly, the present invention relates to a
INDUSTERL PROTESY FOR PRODUCTIONDEDIALKYI CARBONATE
: the dial'kyl carbonate and the diol stably for a
prol onged period of ti FgLng-a cyclic carbonate
and an aliphatic nmonohydric al cohol as starting

mgt eﬁlitFal continuously feeding the starting materials
Techjeahddeld conti nuous nulti-stage distillation col um

in which a catalyst, is present, car,rying, out reacgtiv

di sthe resentiipveptionoreiaies doaéﬂt'adb%ﬁ%lghpé°°ﬂ?§&°’ the

boi ling point reaction mxture having the diol as a
produstion @fpadiatkyl i¢arbesraterand a diokr Mare partisulagly, the

colum and continuously withdraw a |ow boiling point
prede&Cinvantion relatesotd ai piogpssfodind uglrially poadueing darge

15 an upper portion of the colum, continuously
amdafis SPtREAihRY Rirboiatecand theeaidlistably Xoreepivivaged

anot her continudous nmulti-stage distillation colum,

i T ! r l Gali dric
periBfiof Hid S taking 4 SIcifFLaPPoRYtS g sncaligfiafie Morlahy

ever al .processes._f. t ' ‘ j : ;
aleqinanatBrang hotaigls P EMTRBLElY Faalind (il BtiMing materials
. carbonate and an.al.i phat. c. nohydric al cqh :
Int%@@prﬁﬂ%egﬁdﬂugmnsfﬁsst&&?*"ﬂ?&%° B%‘sﬁl ﬁ'%@?@%%‘, 1

a catalyst. As reaction systens, four systens have .
present carmyingsydoraactive distitfatien HnotL}}e coldmnso 85 tQ pbtain a

are used in a process for the production of dinethyl
high arditinat pomtdresidtioremeixguse diavingrthe dogoas wPg@irRgpemponent

thereof from a lower portion of the columﬁ and continuously withdraw a
low boiling point reaction mixture containing the dialkyl carbonate from
15 an upper portion of the column, continuously feeding the low boiling point
reaction mixture into another continuous multi-stage distillation column,

and carrying out purification by distillation so as to obtain the dialky!

carbonate.

20 Background Art
Several processes for the production of a dialkyl carbonate and a
diol from a reaction between a cyclic carbonate and an aliphatic
monohydric alcoho! have been proposed, but most of these proposals
relate to a catalyst. As reaction systems, four systems have been
25 proposed hitherto. These four reaction systems are used in a process

for the production of dimethyl carbonate and ethylene glycol from
1
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car bonate and net hanol, which is the rrbst
Aosq&}?FBéh&g@acti on exanple. Afirst systemis a
conpl etely batch reaction systemin which ethylene

carbonate, nethanol and a catalyst are put into an
autoclave, 5 which is a batch reaction vessel, and

ethy‘iéﬁétémdr?at@aéh'gqﬁe%nsv, WAich g thermeskrgpiialr reaution

reaction time under an applied tenperature at a

tion tenperature above the boiling point of
exa'{i‘r@?%anol (see, for exanple, Patent Docunent 1:

U. S.
Pat ent .,.3642858, - : ;
ParAirshaysTed 1A Gompieialy RattTetagtiod BVHIEH in which
corresponding to,U. S. Patent ...4181676), ,. Pat ent
ethylBBereAbonale) pateaaobanche SRIaIYECe putinte il putociave,
_No. S54-63023, Patent Docunent 6: Japanese _Pten& .
whiglpps iz batoh reactionpuassel, apd-reastio is sagEegneut py: aglding
is a systemthat uses an apparatus in which a
for dipreiddterinminedaleaniiors timewnider an applietl tempataiwe at a
vessel ; ethylene 15 carbonate, nethanol and a catal yst

readti6nRemp et fturbeab 6v6 therb sitirap poinndf metinoin(see, for
made to proceed by heating to a predeterm ned

er - Do¥ hs 1P St PAte AONBRIFB4 858! Patent
exa thén%%tgdﬁslt}?l\éﬁ%b%ﬂl tLﬁrs(S)ugh %zeotropy with tahgn

oo NI SRRSOl patieg, SR er1s
(cofimepariingeta Uasr rafanale “IRTRAST ¥l BpSEETE 5
sapanegn Esiat Siicatuse bai- By RO B BB PRIRM Document
reaction being carried out using a |large  excess of
6: Japanest Ratant AppuqatlpakLagi-&)p@mgm.§§4i-ﬁ4§7r2&%ge of
from3 to over2o-hours (see, for exanple, Patent

Docestodd dpplemds Payshem2thatppsesan appaxatusiarwhich a
No. S51-122025 (corresponding to U S. Patent No.

distl882% Lol TAheR!t pfdhEBENdbn 4oplepanesactian aissel; ethylene
Application Laid-Qpen 2
carbonate, methanol and a catalyst are put into the reaction vessel, and
reaction is made to proceed by heating to a predétermined temperature.
With this system, o make up for methanol distilled off through azeotropy
with the produced dimethyl carbonate, methanol is added to the reaction
vessel continuously or in batches,. but in any event with this system the
reaction proceeds only in the reaction vessel, which is batch type, in
which the catalyst, ethylene carbolnate and methanol are present. The
reaction is thus batch type, the reaction being carried out using a large
excess of methano! under reflux taking a long time in a range of from 3 to
ové'r'zo—h'burs (see, for example, Patent Document 3: Japanese Patent

Application Laid-Open No. §51-122025 (éorresponding to U.S. Patent No.

4062884), Patent Document 4: Japanese Patent Application Laid-Open
2




10

16

20

25

Aosdﬁylgé%@j/ KAN U No. S54-48716 (corresponding to U.S.

4307032), Patent Docunent 11: U.S. Patent
No. 3803201). A third systemis a continuous reaction
systemin which a m xed solution of ethylene
carbonate and nethanol is continuously fed into a 5

No. F%Q%mreegea g%‘n‘@ﬁﬁ negduas. PAREAINS! AB0T0IBaRatent

eratur Ctl on m xture contai ning
unr es b d nethanol and product
Docynah yf‘ yeigb?%[égt é ethylene gl ycol is

cont i huqusl V\/lthdravannall ui o) r e
(cj)n "H\'g 8t tefn 43 a ePpliuQls {aﬂcﬁPf} r%&"mé usgd(!{h hixed
ependi ng on the formof the cat 10,.used
solution ohatBylane £asbebase and e 'ﬁlhmaehayeysw %4 into a
catalyst is wused, and is passed through the tubul ar
tubulanceactopgwintaingd At hpredetermiad.reastion tampeeature, and
carbonate and net hanol, and then after the reaction

a rebleiorahfikiste b&nmmgtmﬂeadteﬂralhyleaermxttdrmie and
m xture (see, for exanple, Patent Docunent 7:

metﬂa%nea%ﬁi ?ﬁbanbt PRItRl cafbbahte @mh etoylete Gy edl4z2
(corresponding to U S. "Patent No. 4661609), Patent

conmﬁ%ﬁ'ﬁnﬁ] w&ﬁd{é{mﬁ lnpé‘tlﬁcgﬁld'\{fbrnff??&\‘ﬁ% oLAlet 8rnthecefiver side.

er ogeneo catal yst fixed inside the

r reactor is.u

Elthsgs oo Bive AR sis i DBHALFEBapHfia T e fordPhf the gatalyst
5 238043, = Patent Docunent an se Pat

useglyp| TRat isnt rl_%ﬁedafﬁ)é'npf\ﬂce§%'§éﬂﬁ§%7 ?'Z‘&Q%E%%‘ﬁ%. alyst is
to U S. Patent No. 4691041) The reactjon produ(%ﬁlge

used nchjs passashiioGhI toe HIbMET SP9ER 1GBeNNAr wih {ie mixed
reacti on between ethyl ene carbonate and nethanol is

solatiopmf ethylene cadmnate anddmetbapelwand thensafter the reaction
continuous flow reaction systemusing a tubul ar

the'@Ralpst ig sephbaigthoutifidm tie maketionemixtureefsee, for example,
carbonate conversion higher than the 25 equilibrium

Pati OGELATACT U s/ttt Lon ke o N

63-49 BA L frebpohdiAh¥Y U.S. Patent No. 4661609), Patent Document
10: U.S. Patent No. 4734518), and a process in which a heterogeneous
catalyst fixed inside the tubular reactor is used (see, for example, Patent
Document 8: Japanese Patent Application Laid-Open No. 563-238043,
Patent Document 8: Japanese Patent Application Laid-Open No.
$64-31737 (corresponding to U.S. Patent No. 4691041)). The reaction
producing dimethyl carbonate and ethylene glycol through reaction
between ethylene carbonate and methanotl is an equilibrium reaction, and
hence with this continuous flow reaction system using a tubular reactor, it
is impossible to make the ethylene carbonate conversion higher than the

equilibrium conversion determined by the composition ratio put in and the

reaction temperature. For example, according to Example 1 in Patent
3
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83/ KAN F Docunent 7 (Japanese Patent
A05°i;}@%i‘%gﬁ¥gn Lai d- Open No. S63-41432 (corresponding to
U S. Patent No. 4661609)), for a flow reaction at.

130C using a starting material put in with a nolar

ratio of nethanol / ethylene carbonate = 4 / 1, the
DocthBik ¢ 5paRBIR! Patp AbpIieatich Latd-OpéhiNomS8s-41432

at a large anount of unreacted ethyl ene carbonate
n ti :

(cor%%%ogﬁ%b%“ﬁ@éﬁe@%sfe D IBF e e ™
Jnto.the reactor, and.j : it g
130 &"aféeg %0010 m AR Y Bth 3 Inolte ratid BF methanol /

Application Laid-Opep No 64- 31737 arr ncki ng;.t
ethylene casbenatiqs 44683639) ?ihﬁenmﬁ’éﬂfﬁc‘&%ﬁﬁeg&g&g‘gbs 25%.

for such separation, purification, recovery, and
Thisrmeamsithal anlargefamountsisuareasted pthyleng.carbonate and

distillation systemfirst disclosed by the present
methanenterminiag infthe mectidre mikiusnmost beeseparated out,

Japanese Patent Application Laid-Opén No. H4-198141,
recd’@rgﬂt 408 veBiFculsted b atkpinte thePrsactor Aapld imaactwal fact, with

Lai d- Gpen No. H4-230243, Patent Docunent 14: Japanese

the pP4EALs AibL L %étﬁhgnﬂge@%né@e ¥, AppReatioh

nment 157 Japanese Pat en plication Laid-Qpen No.

. H9- 183744, P ' T N
Laidsg Treﬁ?oﬁﬁ?%?ﬁlffa?éﬁ%ﬁ%%pé&f’ié@ﬁés,g‘f’%a??#?“&"é%héﬁﬁ1°4”>'
. Internatjonal ,Publicgti . 20 5
much, saHBRFHIH tsqused ol iath sBRatatioR, PUIERIER rpgovery. and
Patent No. 5847189), Patent Docunent 18: International
recipgblatian.i on No. W99/ 64382 (correspondi ng to European

Patent No. 1086940, U.S. Patent Ng. 6346638), Paten
DocArfentrth Systetreisat reactivedisiidatipgrsygtem Jirsb disoipsed by

(correspondi ng to European Patent No. .1174406, U.S. 25

the Eﬁ‘b@&htﬁhveﬁﬁ%@@ée, Foit exanipleyRaterdDoscumentd2: Japanese
atent Application

Patent Application Laid-Open No. H4-198141, Patent Document 13:

Japanese Patent Application Laid-Open No. H4-230243, Patent
Document 14: Japanese Patent Application Laid-Open No. H9-176061,
Patent Document 15: Japanese Patent Application Laid-Open No. _
Ho-183744, Patent Document 16: Japanese Patent Application Laid-Open
No. H9-194435, Patent Document 17: International Publication No.
WO0©7/23445 (corresponding to European Patent No. 0889025, U.S.
Patent No. 5847189), Patent Document 18: International Publication No.
W099/64382 (corresponding to European Patent No. 1086940, U.S.
Patent No. 6346638), Patent Document 19: International Publication No.
WO000/51954 (corresponding to European Patent No. 1174406, U.S.
Patent No. 6479689), Patent Document 20: Japanese Patent Application

Laid-Open No. 2002-308804, Patent Document 21: Japanese Patent
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n No. 2002-308804, Patent Docunent 21:
A0503a$8ﬁ%@\m’atent 4 A0501 VP831KAN Application Laid- Open

No. 2004-131394), that is a continuous production ,
process i n which ethylene carbonate and net hanol are
each continuously fed into a rrulti -stage distillation
eact C t C
Appﬁ?aﬁ%a‘r GGQP%E NSTP0P4F T3 58 hat b @ cpfihasEacproduction
distjll olunn vvhlle h r t
procass i WiEReens @erbanagpeé ﬁ %&Eﬁéﬁ%ﬁ?é&%@?&%&""°"S'v
of f. Patent appli catl ons in reactive
fed wtota multi-stagesdistil lasicn, E81 4R @uﬂgg Glien | paksed out in
filed by other conpanies (see, for exanpl e, Patent
the Preserce cba caiplysisie @plunality\gfistagesdn the shwéﬁtlon
No. H5-213830 (corresponding to European 10 Patent No.
colURROGH e thé. difsehivl dirbonate2dnd ethyleme ghycahwhichzare
Japanese Pat ent Application Laid-Open No. H6-9507
pro:ﬁ) &eaﬁ*éogé Bfafed ofur opatenfapplicationHDapWHizh suéh a
at ent 359118) Patent Docunent 24: Japanese

rea{t@??%g Eltmocﬁagygﬂa-lﬂﬁ'sdu@&rh stPSaglihipp bgen filed by other

nt er nati1 ona Publ i cation

W03/ 006418 Pat ent 15
COMRN *Ca s@f foyf BEla|¢ NS REYT o fainnt 2R 3apaRE Patont
cupent J I
Apitsion 1id)0 p%%: S%g?%ﬁ@"ﬁqéﬁét&ﬁ@d@@a@ EYFpean
itherto r di al k
PatandiNG  05306S Byl § cPEAPBLAR. 4412003, HAtBRLOGCUBPN 23:
nonohydri ¢ al cohol are the four systens: 5;)[7)
Jam@e%tgnbﬁpﬁicmonimdswq HE295/Tc ([cougsponding to
system using a reaction vessel having a distillation

EureP e Rritentded. 056081 2,greoPaten} No f 536Prd 8) Hetant
reacti on systemusing a tubular reactor; and 25 (4) a

Dodé@RritV£4 diabhhledld PatsyEAPPlication Laid-Open No. 2003-119168
(corresponding to International Publication No. WQ0Q03/006418), Patent

Document 25: Japanese Patent Application Laid-Open No. 2003-300936,

2003-342209).

In this way, the processes proposed hitherto for producing the
dialky! carbonate and the diol from the cyclic carbonate and the aliphatic
monohydric alcoho! are the four systems: |
(1) a completely batch reaction system;

(2) a batch reaction system using a reaction vessel having a distillation
column provided on top thereof;
(3) a flowing liquid reaction system using a tubular reactor; and

(4) a reactive distillation system.

However, there have been problems with these as follows.
b
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However there have been problens wth these as
AOSYPEHKANS A0501 VPS3/KAN r In the case of (1) and

(3), the upper Iimt of the cyclic carbonate

conversion is determ ned by the conposition put in and

the tenperature, and hence the reaction cannot be

canr t tdagn ¥FERE Garbbnate

I ovv1 tﬁ%r ggé%r& {:ﬁn?ha Ccﬁsghgppqé%m{mh%ktg@? g cyclic

5 carbaqnat e conversi o 0 [ I
convarsipRdp Astecibed by dnf femrssiBE BYE i st femperature,

anount of the aliphatic rmnoh drjc cohaol and a
and hange therpastian,eangol he castied Sufts °€£B“%H°?v4?“d thus the

the reaction can be made to proceed with a hig
conversiensisdevt.naMatieaverijn the)case ©f)(2), to/Bake, the cyclic

processes of (4) proposed hitherto have related to
carborsteccoavésiomehitgl the peadtuoedt diadkyl cabenate ouskbe

in small amounts or for a short period of tinme, and

distﬂ@é?o’l’f)hsi Ry & 96ry fariss aYh&0nbof theealiphdtict monahydric alcohol,
I ndustrial Scale stably for ‘a prolonged period of

T
ando%j ng Ifé%t tioh H@Pﬁg&geﬁ{ f{?}se%hﬁ\éecé@é ot (49| HRE rection can

( prod carbonate- conti nuously
vo 5gh |F pEBoRERLAN K B sd FigreibTnar PR (M) or ).
Hov:,é\zs;#ﬁ%eé%%%ezgksi pyBh eﬁf@ﬁe“'ﬁﬁﬁ%héd%é??%??@)"goﬁ%d“'"g

exanp t he maxi num val ues of the he|

the @ilaHgtlgparb(qpatgnqnd dhe dighpiiher |g§5@% §>ug1ts ['%efor a short

reactive distillation colum, the produced anount
peridd) of thne, @ndihawehyot calatedace casmtingrutcthe mgaugﬂon on an
20 production time T (hr) in exanples disclosed for
indGEidl ocaKs stiblgffoti anprbjonged (peviod dfftitbe.andhat is, these

et hyl ene glycol (EG from ethylene carbonate and

proBB5Ea8%adé hotSatthinedPtRe lobjEdklof grdducing a dialkyl carbonate
continuously in a large amount (e.g. not less than 2 ton / hr) stably for a
prolonged period of time (e.g. not less than 1000 hours, preferably not
less than 3000 hours, more preferably not less than 5000 hours).

For example, the maximum values of the height (H: cm), diameter
(D: cm),.and nﬁmber of stages (n) of the reactive distillation column, the
produced amount P (kg / hr) of dimethyl carbonate, and the continuous
production time T (hr) in examples disclosed f_or the production of
dimethyl carbonate (DMC) and ethylene glycol (EG) from ethylene

carbonate and methanol are as in Table 1.

Table 1



i»

.

10

 nos6TyPRaRAN

/ KAN TABLE 1 PATENT H :
lhr T : hr

cmD :
DOCUMENT 12 100 2 30 0.106 400

cm NO STAGES

15 160 5 40 0.427 NOTE 5 16 160 5 40 0.473 NOTES 16
200 4 PACKI NG COLUWN (Di xon) 0.932 NOTE 5 19 NOTE 1 5

60 0.275 NOTE 5 20 NOTE |
1 5 60 0.258 NOTE 5

0.392 NOTE 5 23 NOTE
NOTE 3 NOTE 3 42 NOTE

TABLE

5 60 0.258 NOTE 5 21 NOTE
COLUWN (Raschi)

2 0.532 NOTE 5 24
E 3 NOTE 3 30

3750 NOTE 5 26 200 15 PACKI NG COLUWN (BX) 0.313 NOTE

Do | €N amATSABEVER DEFI NONSTAGES t nATI| O O] Tz hr
R=LNTY = == S crrpTilon Y- 400
WHSTSOEVER 168 P D AMDUNT. NAOE 5. NO|DERARPT) (NNOTE 5
VW4T SOE|/ER 1BBGAHDI NG STABLE PROD@ETI ON  FOR FREFINGEDNOTE 5
Pyg U0 P 2obt Fl‘n F’@te[‘ PMN@EGL%QSM%G@%E’&H“NOTH
LA e Moo Bl U T35 ™ UNOTE 5
préftess|fN Ea!s for $he ' vy 9258 | NOTES
5 2fescr | bHOTEDVE, asid h 10@58bj dcNOTE 5
Ofgpper 311 iy  CCOMMET Cl APACKING COLOMR (HasthigH] T 00.392 NOTE 5

N t YNOTE 2 0.532 NOTE §

24 NOTE3 | NOTE3 42 NOTE4 | NOTES

25 NOTE3 | NOTE3 30 3750 NOTE 5

26 200 15 | PACKING COLUMN (BX)|  0.313 NOTE 5
NOTE 1 : OLDERSHAW DISTILLATION COLUMN.

NOTE 2:
NOTE 3:

NOTE 4:
NOTES:

STAGES.

FOR PROLONGED PERIOD OF TIME.

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

: NO DESCRIPTION WHATSOEVER DEFINING DISTILLATION COLUMN.
ONLY DESCRIPTION DEFINING DISTILLATION COLUMN iS NUMBER OF

In Patent Document 25 (Japanese Patent Application Laid-Open

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

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

described above, and was carried out with the object of operating a

commercial scale apparatus for,'producing dimethyl carbonate and

ethylene glycol through transesterification by a catalytic conversion

reaction between ethylene carbonate and methanol.

Note that the

following numerical values in the present example can be adequately

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

stated that 3750 kg / hr of dimethyl carbonate was specifically produced.

The scale described in that example corresponds to an annual production

of 30,000 tons or more, and hence this implies that at the time of the

7
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_ethylene glycol through transesterification by a
ADS0d B8 conversion reaction between ethyl ene

carbonate and nethanol. Note that the follow ng
nuneri cal values in the present exanple can be
adequately 10 used in the operation of an actua

S Fap o EaLER -2 PonesL g ot
r . i u
Applcationoniss ORemiara0as-apBEae tapH. sB8Racopstatign of the

nor e, and hence this inplies that at the tinme of the 7
world's\fisot lampsseale commearsiaiplamisaoHs Hacess f"@ﬁ been

for Patent Document 25 (Japanese Patent Application .
carrieal dufperHdlvevaopavanoatthe tipeiof Blingdd pregenhapgplication,
of the world s first |arge scale commercial plant

therbSis"got the db@Eesachat ateenMoraovierdimthe dxampde of Patent
even at the tinme of filing the present application, 5

Docg)t}géng g%op%aéﬁ’@sé‘@%%rft%pﬁéaﬁbhiéﬂf-@fpﬁ N6.n2008-300936),

tent Docunent 25 (Japanese Patent

exa G240 R ) e bt Wstated for

y ated value is

the ppduRet PEIGITLH! BihprarECathyadle RUEHY yiER! R 8tylene
85.6% and the selectiyi tely 88. 4

) | ty IS approxi. 04
glycgldsreppeoximatalinib-f3 1ﬁi’dba‘%%%&e?hgﬁyd%%r%'@%%‘y 88.4%,
and high selectivity have been attained. In, . L.
andphehicelit aannoterdally bel said that ajhighcyiedd ang highjselectivity

process has a fatal drawback as an industri al
havee' bdunt attaimedceds pariadar, dheolawelpstivity iDslicaten that this
25 (Japanese Patent Application Laid-Open No.

prog88s-1349 Wfitalast alarigid akcahdnd ustdal proddction proceds. (Note
26, 2005 15 due to exam nation not havi ng been

oSty WL, 26 i APt Ao i Oper
No.CQHB%%bb%%G\f%EQt&eoé}n%ﬂet& ﬂa%aﬁéhﬂnwﬂﬂﬁrawn on Ju_ly 26, 2005
due to examination nat having been requested).

With the reactive distillation method, there are very many causes
of fluctuation such as composition variation due td reaction and
composition variation due to distillation in the distillation column, and
temperature variation and pressure variation in the column, and hence
continuing stable operation for a prolonged period of time. is
accompanied by many difficulties, and in particular these difficulties are
further increased in the case of handling large amounts. To continue
mass production of a dialky! carbonate and a diol using the reactive
distillation method stably for a prolonged period of time while maintaining

high vields and high selectivities for the dialkyl carbonate and the diol,

the reactive distillation apparatus must be cleverly devised. However,
8
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osition variation due to distillation in the
AD5Q1 ¥P8YANon col um, and tenperature variation and

pressure vari-ation in the colum, and hence 20
conti nuing stable operation for a prolonged period of
time is acconpanied by many difficulties, and in

e B 8 .S G T A 7 gt
o 38 e AR s v

prol onged period of tine while maintainin '
beepi #1ei20ntp 4OGhhaurednRataniDpshment a#&gwa"esge Patent
carbonate and the diol, the reactive distillation
Applization Laid@peneNol dH4+198 th1) aad Prbert Bocupendsidl
VP83/ KAN t he only description of continuous stable

(JaﬁéﬁéaétPateritoAPPlib_aﬁb@nuaw-cmehcNIoont-tamzna)h t he
reactive distillation nethod proposed hitherto has

bee 4080 liShahiendudtrial reactive
(Jaggtrge}se gttggts ﬁ%ggtéld;%daﬁg;wdbclpen No. Il{|4 1a98141)

458 ¥ B RSl S0 2 o

malf AR AR BT ARS8 o

mass- produced col tlnuousl or,
with iabryjeld i BigbaleRUViLY ARG AL BMP EMUﬁvbﬂ{ establish
selectivity, and at this tinme to further establis
an imdusirial picoess fersepasatingpubthe desited dia .qag onate
di al kyl carbonate efficiently froma |ow boiling
effigtemtly feowt adowrboiling point reactishymixiuredcentinupusly
| arge anount from an upper portion of the reactive

witHdpawnl B h%r?é':ﬂﬁbunﬂf?oﬁf apenppenpartioonoh tse reactive
devised to atfain this object. 15 As shown in Table

dlsﬁllag’luce “ﬁn%ce??éopﬂrégfrﬁﬁh%@nt@fh%%e&ﬁ ,de¥id®d to attain

armunt 0 al kyl carbonate per hour

eactive distillation processes proposed
th'ﬁ tﬂgﬁo has been a small anount of not

As shown in Table 1, with the exception of Patent Document 25,
the produced ambunt of the dialkyl carbonate per hour using reactive
distillat.ion processes proposed hitherto has been a small amount of not
more than 1 kg / hr. Moreover, with the process of Patent Document 25,
a column top component (a mixture of methaﬁol and dimethyl carbonate)
from a first step reactive distiliation column is fed into a second step
distillation column, and extractive distillation is carried out using ethylene
carbonate. After a mixture of ethylene carbonate and dimethyl
c_arbonate has been obtained as a column bottom component from the
second step distillation column, this mixture is then further fed into a
third step distillation column, and separation by distillatioh is carried out

so as to obtain dimethyl carbonate as a column top component and
9
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- nmore than 1 kg / hr. Mreover, wth the process of
ADSO0PMREGYVKADunent 25, a colum top conponent (a mixture

of net hanol and di nethyl carbonate) 20 froma first
step reactive distillation colum is fed into a second
step distillation colum, and extractive distillation

oty b o 8 i, SRR 16 htned st

car bonat e
. .has been obtained as a l,umn_bottom n
distildongaluian ot el & w18 P EGreRR, of PR RpEuifent 25,
then further fed into a 25 third Z'-{ﬁgﬂgﬁiit” atiqn t from
two columns must L usgd thsppadaty the Aimeinys caIponae Ryt 1o
so as to obtain dinmethyl carbonate as a colum taq
the raixtooecst methana avobdimethyl garpenate.casdeneedne as
a colum bottom conponent fromthe third step

equig' i Isbikpenatve/ Fulthermsre yith this process, tour distillation
at ent Docunent 25, two colums nust be used to

Coflt dnother, Bmdrhengesit is
coluéfr?é"neh?t]ﬁ]& bB %ﬁgfﬁatfé%’fogé’m&ﬂﬂitﬁ oné e

anol hyl carbonate, and hence the 5

eaui , . . C
expgREL T piSIOTRET SHE1e SRErPRMBUIELN IRt e
together with one another, and hence it is expected

t hat prol onged stable operation would be difficult.

_. Disclosure of Invention to Problens to be Sol ved by
Disglpsureafnknv@ntieni s an object of the present invention

to provide, for the case of g{oduci ng a dial kyl
car Boobtamario hedbelvadhhysthe Mysntiani ar ge anount s

(e.g. not less than 2 ton / hr for the dialkyl
car hdsadm objedt métthecseesentninvention i mrovide; fier thecase of
through a reactive distillation systemof taking a

proGNéHglaléidm?b@am@naml and aldiph#dastriakyyoriacge amounts (e.g.
al cohol as starting materials, continuously feeding

not {965 A 2T bRl Jt SeMG et sssginan 1.3
ton % +¥He’ 4idh) Wtough a reactive distillation system of taking a cyclic
carbonate and an aliphatic monohydric alco'hql as starting materials,
continuously feeding the starting materials into a continuous multi-stage
distillation column in which a catalyst is present, and carrying out
reaction and distillation simultaneously in the column, a specific process
according to which the dialkyl carbonate and the diol can be produced
with High selectivity and high productivity stably for a prolonged period of
time (e.g. not less than 1000 hours, preferably not less than 3000 hours,
more preferably not less than 5000 hours), and further the produced
dialky! carbonate can be separated out and purified stably for a
prolonged period of time with high efficiency.

Means for Solving the Problems

Since the present inventors first disclosed a process for
10
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' nd distillation sinmultaneously in the
AOS@E\?&WSWM fic process according to which the
di al kyl carbonate and the diol can be produced 20 with

hi gh selectivity and high productivity stably for a
prol onged period of tine (e.g. not |less than 1000

contfi s PhISATENY o lakFEgioRateanc el g conunuous

r ed: .di I
mutfSRARCGist i o g BT Whe iy S bedR M ahiihidoslR
high efficiency,.25 Means fqr_Sol vin I
regaiiing SMROHIBGNS RTGERES: o HPREVE TpRs HIAME bEl.op a smal
for 10 A0501 VP83/ KAN conti nuous roduci,ng a
scalg andyshedrepatating time |ab&raleﬁmgév‘é§eanqc hhu%{% have been no
mul ti-stage distillation colum, there have been many
disclosprss whatsagvedi on a specifingronesspiapparatumenabling mass
t hese have been on a small scale and short operating
prodiitto hadd aeparatiorel puaificatien @mhaveinthestriad scale stably for a
di scl osures what soever on a specific process or

prchP?@‘iicﬁ!‘%‘?'thﬁ& paSEd dif fitdihgSrotainednthrauigbnattual
purification on an industrial scale stably for a

impﬁllﬁle?ﬁﬁﬁgnper'rﬂgi %s@dﬁn%ﬁ?&é’#éﬁé‘ﬂﬂ@%ﬁﬁbﬂi 8@t studies

H ough acfua ' ed enenta;ron. .he presept |nventors
s A fhb s Bt WHeShes L RLIn, § GERT A hate anc

diol to be produyced on _gn industrjal .scale of. for

a digidpgpe progtiqad on aa{ndustdal peale ofy Torgxgmpleynot less than
car bonate and not less than 1.3 ton / aL foi t he q%o¥

2 tony Abinfordhexdjalkyhraskionate gndonot ilags thar hijkon / hr for the
sel ectivity and high - productivity, and further .

diokstablyrfprtaerplenged patied lof tine wittahigh sebectivity and high
separated out and purified stably for a prol onged

progectivdtyofarid fertielr eialsling Shef prod weey didkyd carbanate to be
the present inventors have reached to the present

sedaﬁ\é@@aicﬂﬂ anBputified2Sadyifes d prélohded plerRsdPofttiak with high
t he present I nvent 1 on,

efficiency. As a resuit, the present inventors have reached to the

present invention.

That is, according to the first aspect of the present invention,
there are provided:
1. an industrial process for the production of a dialkyl carbonate and a
diol in which the dialkyl carbonate and the diol are continuously produced
from a cyclic carbonate and an aliphatic monohydric alcohol, comprising
the steps of:

() continuously producing a dialkyl carbonate and a diol through a
reactive distillation system of continuously feeding the cyclic carbonate
and the aliphatic monohydric alcohol into a continuous multi-stage

distillation column A in which a catalyst is present, carryihg out reaction
11
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t provided: 1. an industrial process for the
A°5q5$§é§@ﬁbgﬂ of a dialkyl carbonate and a 20 diol in
whi ch the dial kyl carbonate and the diol are
conti nuously produced froma cyclic carbonate and an
-al i phatic nonohydric al cohol, conprising the steps
fstilthtiohOSn i hi! iR iwitRdrawin
and HistifiptiofrSimataHBpLshy sd i Sehtinaobaty i ]
caontinuouslky, feedi. [ t n
a 10w FON Y Boil LESEIPE hPQuR¥ AT SoftamiAg he roditedifalky
mul ti-stage distillation,.colum A in '
carhonafe3Atinteacted b oRtE AR Rvara HleSHor (Rh Hlpper
and distillation sinultaneously in said cQlum, . .
portiamafrtieusolumnthin 2noageoss FFMoANdngoPEPHPUSE ¥itdrawing
m xture AT containing the produced dial kyl carbonate
a highcboiirerpoént eeagtianirixtune Asicontainiogdher digh fiam a lower
upper portion of the columm A in a gaseous form and
porté@n oM@ ebyumint Adnanilimid ferhi;gndboi | i ng poi nt
reaction mxture AB containing the diol froma | ower

por {lhpeoﬁiin%sqwfé&aiﬁgithealdw ®GgilngPaint aedction mixture Ay
continuously feeding the | ow boiling point reaction

. . : _I_ . . . - . . .
confhifiltaine HisiRl Gefiotatd Bril MERNARIRE S FoRPGE Mcohol

. t [ f [ i 10 .
conkiiXBudl5 ERGrBA 158 4o T5hr SRRROL SaRE pontinpous
mulloptage dRTNAHORFPRITAG R SCRRnARUs G BER.fistination

BT having the aliphatic nonohydric. al cghol as a main
colemmpBaamnd contiurously seraraling id wrtyinm mie agplumn top

havi ng the dial kyl carbonate as a mai n conponent .
compeneat Bwhaving themliphaticionohyidiimatcohek as 4 mpin

distillation colum Ais a tray colum having a

conigbhetitharedf &g aatdiuam wttom eofrpwidnt Bs(ayingnthe dialkyl
an inside dianeter Do (cn) and having thereinside a

carboPaty 4 LnTHifESmplonent thereof, wherein:

(a) said continuous multi-stage distillation column A is a tray
column having a cylindrical trunk portion having a length Lo (cm) and an
inside diameter Dy (cm) and having thereinside a tray with.a number of

stages np, the tray having a plurality of holes therein, and further having

a gas outlet having an inside diameter do¢ (cm) at a top of the column or

in an upper portion of the column near to the top, a liquid outlet having
an inside diameter dp2 (cm) at a bottom of the column or in a lower
portion of the column near to the bottom, at least one first inlet provided
in the upper portion and / or a middle portion of the column Eeiow the
gas outlet, and at least one second inlet provided in the middle portion
and / or the Iower.portion of the column above the liquid outlet, wherein

Lo, Do, no, dos and dgz satisfy the following formulae (1) to (6):
12
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stages no, the tray having a plurality of holes
AOSOANPBSMANING further having  a gas outlet having an
i nside diameter do, (cn) at a top of the colum or 20
in an upper portion of the colum near to the top, a
liquid outlet having an inside dianeter dO02 (cm at a
bott om of, t cpl in a lower porkion of the
col umm né"a?rcnfé '?hgrggﬁpom at | east onéﬁ?i rst inlet
provided jn the u r. portion and / or m ddl e
portion H8Q mePect %Ooel ow the gas o&??et, and at
| east one second inlet provided in the giddle portion
25 and / 4K khé Ro®e#Oportion of the cc(gblrm above the
liquid outlet, wherein Lo, Do, no, do, and doe
satisfy t2@ < nplodRBy fornmulae (1) to ((8): 12 A0501
VP83/ KAN i 2100 5 Lo 5 8000 (1) 180 5 Do 5 2000 (2)
4 5 Lo /| Px By40d§3k 2@05n05120 (4) 5 359 Do / doi <_.
20 (5) 55Do/doe< 30 (6);and (b) said continuous
nul ti -stage g st i) atagn colum B is a @)staind ation
columm conprising a stripping section having a |ength

bﬁ t@%@aid nan"tiﬂ iogfsamlﬂﬁﬁéﬁlgo@diétﬂ!ﬁtiéﬁ%(ﬂﬁrﬂmtﬂﬂggd

a nunber o ges ni t herei nside, and a
. rich t ti . ' . . i si
distifageR Solug chyraras, sfineiy dobfion Whvind'a HAA Lt (om)
t 2 thereinsi wherejn LL. D1, ni
an iasie Zigmetdn D REmicndamartnal Wil fumbé( ofjstages n-
... 500 5 L, < 3000 (7) 15 100 < D .< 1000 (8) Csid
theminsid® <agd am)enrichment section havmg a length Lz (cm), an inside

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

wherein L4, D4, ny, Lz, D2, ahd n. satisfy the following formulae (7) to

(14):

500 < L4 < 3000 (7)

100 < Dy < 1000 (8)
2<Ly/Dy<30 (9)

10 < nqy < 40 (10)

700 < 1, < 5000 | (11)

50 < D, < 800 (12)

10 < L3 / D, < 50 (13); and
35 < ny < 100 (14).

2. the process according to item 1, wherein a produced amount of the
dialkyl carbonate is not less than 2 ton / hr, |

3. the process according to item 1 or 2, wherein a produced amount of
the diol is not less than 1.3 ton / hr.

4. the process according to any one of items 1 to 3, wherein said dp,
13
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A°5°é&5'5'("§@“'§6 40 (10) 700 5 L2 5 5000 (11) 50 5 D2 <_

105L2/ D2< 50 (13); and 35 < n2 <_ 100
(14). 2. the process according to item1, wherein a
produced anount of the dial kyl carbonate is not |ess
than 2 ton / hr, 3. the process according to item1l or

and %a.d\nﬁ, %ﬂl@fmﬂswwﬁi@l{mm@a (%) he diol is not

| ess t an 1 4. the process according to

any one 53, Wwherein said 13 A0501
VP83/ KANOgréld goﬁloe satisfy the foll gWI r)lg formul a

5. gl peshr 6 o shE PG L BH ORI, v Lo
Do, BDS’S‘DPI’I m..%'}?%%{ 9‘%3?9}%%[' i‘f#{jm?'i@ gﬁfﬁﬁ@f%ﬁ@'ﬁb&%@iﬁ@ﬁon

'5 6000, 200 < Do 5 1000, 5 5 30, 305

column@osaﬂs&y/resgeetwemr?@%éow éo§Q095 2@ < Re %ﬂﬁ(g)&sé <lo!
according to any one of itens | to 5, wherein Lo, Do,

Do 4680/, 30Dg, np& 100, 4 dddg / ahwd DAY, a:mt?fersdlCtbz < 25,
continuous nulti-stage distillation colum A satisfy

6. hhepsidesy wucedPding toany<oneoof itehis 4 tds, wiBeosin7Ls, Do, Lo /
Lo |- 10 Do 520, 405 no 590, 55 Do /dot<_ 13, and 95

Do, Rp bodpa ?ZQndboV*h%zFfb‘i’Cﬁﬂ @srundbus maltnstageedistillation
| 5 , mhereln t he tray in said continuous

colﬁbtérsgaétgsqg st ddviliy 2566/ Eg Asiop P ﬂ@\kegt 2808 7 < Lo /

|ng t'o | wheréin sai S|eve

Do %Eﬁﬁ%@ﬁﬁhé 9?& PR s AR 2 A “ evé
rtion thereo 0CEeSS CCOT d ng é

7. st %é%%seﬁwgéngéeﬁ'g\ﬁa"%f’é ems .

said continuous multi-stage distillation column A is a sieve tray,

ere n tl% tray in

8. the process according to item 7, wherein said sieve tray in said
continuous multi-stage distillation column A has 100 to 1000 holes / m? in
a sieve portion thereof,

9. the process according to item 7 or 8, wherein a cfoss—sectional area
per hole of said sieve tray in said continuous multi-stage distillation
column A is in a range of from 0.5 to 5 cm?,

10. the process according to any one of items 7 to 9, wherein an

aperture ratio of said sieve tray in said continuous multi-stage distillation

column Ais in a range of from 1.5 to 15%.

11. the process according to any one of items 1 to 10, wherein L4, Dy,
Ly / D4, ny, Lz, D3, Lz / D2, and n2 for said continuous multi-stage
distillation column B satisfy 800 < L4 < 2500, 120 < D, < 800,5< L4/ Dy
<20, 13 < ny < 25, 1500 < L, < 3500, 70 < D; < 600, 15 < L, / D2 < 30, 40

<n <70, Ly 22 and Dz £ Dy,
14
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' f, said sieve tray in said continuous
AOSOEU%MG distillation colum Ais in a range of
fromO0.5 to 5 cn2, 10. the process according to any

one of itens 7 to 9, wherein an 20 aperture ratio of
said sieve tray in said continuous nulti-stage

12. dird brbabs8NacéeidiAY O afyidha ofdte@msofl tor v Wherein the
15% "11. the process according to any one of itens 1

: , r @i il P , e Bfion of

e 445 he biping beoliofl andlg fGhmagt bl

..colum B sati sy Y N P . ,

said E0qtiRyB3 Tyt esdg8, disttiption St figadray Aty oy o
70 :5 D2 5 600, 155 L2/ D2 <30, 40 < n2:5 70, L,

packing, 2 and D2 5 Di, 14 A0501 VP83/KAN r 12. the
process according to any one of [tenp %gto ill, a\gherei n

13. t the precessaaceardiaghtoitemd 2t whepelythednfesnallp ¢ach of
enrichment section of said continuous nulti-stage

the sirippingasectionoandrthe earishment seetionoef sai¢Lantinyous
13. the process according to item 12, wherein

muifiltaiget éigtillation eadamad B ishthettrawpi ng section and the
enri chment section of said continuous nmulti-stage

14. ditbi bled a%‘ébiv'ﬂi{\s,@tcmtérhﬁ 37 Aheréin said trapdassaid

according to item erein said tray in sald

con@ﬁg@gguﬁmlﬂﬁti%ﬁd&&{tﬂﬁaﬁ&ﬁtéd|hﬁ§ﬁ ®i< Y s@vPiray,

tray, e process according to 1tém 14,

' id_si .t N jd oy . . .
15. iR bG5S aREHd T8 ey Thr vt U peyz oy in said
conbinysiisailfioniags Aisti fafiohrdumi 3 T, 1801t 28, otes / m? in
to 5 cn2, 16. the process according to any one of .
a sievenpoition thereafcand a £rassERRONALATOR RS 'ﬁﬁ& in a range of

di al kyl carbonate in said colum bottom conponent
from 0.5 to 5 cm?,

16. the process according to any one of items 1 to 15, wh_.erein a
concentration of the dialkyl carbonate in said column bottom component
By said the continuous multi-stage distillation column B is not less than
97 % .by weight based on 100 % by weight of said column bottom
COmponent, |

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

concentration of the dialkyl carbonate in said column bottom component

| Bg from said continuous multi-stage distillation column B is not less than

99 % by weight based on 100 % by wéight of said column bottom
component,

18. the process according to any one of items 1 to 17, wherein said
column top component By from said continuous multi-stage distillation

column B is recycled as a starting material for producing a dialkyl
15
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BB sajd the continuous nmulti-stage distillation colum
A0503§(Fs’g$fg<ﬁhless than 97 % by wei ght based on 100 % by

wei ght of said columm bottom conponent, 17. the
process according to any one of itens 1 to 15, wherein
the 20 concentration of the dialkyl carbonate in said

I conponent BB from said continuous
carb%ﬁ?%‘?@\é%ﬁ'ﬁti Ilation colum B is not less than 99

0. 8 Rl G AR e 0 Y G0, S o

according’'to an
one of items | tqQ 17, rein said ,25 col,umm_t

cycligonpthrneiestompnsas et hyiRRe hayBonalp 208 sgepSBylene
distillation colum B is recycled as a startin

carbogxatei, shefalip batigpRghyddiep hakcagmrisapangthano! and / or
carbonate and a diol, .19. the process according to

ethamu), the ditilkylesarbbratel® behpraducedsorpeises dimethyl
carbonate conpri ses ethyl ene carbonate and / or

carbyridte 8Ad / 6pdherail carblomatel, Tl tive diobby dré pratiuced
conprises nethanol and / or 5 ethanol, the dial kyl

com AU Ry EARAY, SOROpSRnS gyt carbona

onate, and the to be
pr oqu " [ : I I ¢ e
o1 y BbAEdit SR ReERTRirY Y (RETS G et oftne FREHM,
sent _invention, there are provided: 10 20. a

) t
'“V“-‘tﬂqgﬁ'ﬂ/ Qe BERARTEVIARTy at ed out by the process

20 25 k30 e T athi TRt bt hePeo O hegorcipato any

21. a dialkyl carbonate separated out by the process
oneactitemnd t@ 18 ywhishecomprisas a halpgen caiitent of not more than
conpri ses a hal ogen content of not nore than 151
0.1 ppm,
21. a dialkyl carbonate separated out by the process according to any
one of items 1 to 19, which comprises a halogen content of not more than
1 ppb,
22. the dialkyl carbonate according to item 20 or 21, which is a_

high-purity dialkyl carbonate having an aliphatic monohydric algohol

content of not more than 0.1 % by weight.

Advantageous Effects bf the Invention

It has been discovered that by implementing the present invention,
a dialkyl carbonate and a diol can be produced each with a high
selectivity of not less Ihan 95%, preferably not less than 97%, more
preferably not less than 99%, on an industrial scale of not less than 2 ton
{ hr, preferably not less than 3 ton / hr, more preferably not less than 4

ton/hr, for the dialkyl carbonate, and not less than 1.3 ton / hr, preferably
16 ‘
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22. t i al kyl carbonate according to item 20 or 21,
AO5%V‘?:§£’%§\CL& hi gh-purity dial kyl carbonate having an

al i phatic nonohydric al cohol content of .not nore than
0.1 % by weight. 20 Advantageous Effects of the
Invention It has been discovered that by inplenenting

not I%%ﬁ @\;ﬁfﬁ%sitB\éePH',oﬁmreangi%!rgEiy ndthesgitpanng & t6hd! hr, for

roduced each wth a h selectivity of not

e 4, 04 otLFERE Holh bF i IS Mgesan, 1000 hours,

rral sca
preferapivanebisss Aranr a0 fichis, dbyB aiete (Y, ff 18 than 5000

ton/ hr, for the dial kyl carbonate nd not .| ess than
houns, Froona/ cyeljc ﬁﬁéb@ﬂagﬁﬂ“"-i@"A@i!Bha%ﬁB@MV ‘ﬁé]f"’hf’" and

| ess than 1.95 ton / hr, nmore preferably not |ess thag
mor@oGet @ndialky! caebonabe ofiligh pusiby (et@r nat lees shgad®7 %,
period of time of not |ess than 1000 hours,

prefer8bRf Abk es8ithhpseothamcieOprafenably mot deps dhana89y8%) can
not l'ess than 5000 hours, froma cyclic carbonate and

[tBR2S i€ aRRNROYifiedC wilH: Algh effiBiedcyror eover a
be |a?‘]kd}PEcar gnatg of hi gh puEtlglt‘y (e.g. not less than
97% preferably not | ess than 99% nore preferably
not |less than 99.9% can be separated out and

) ified with_high efficiency. Brief Description of
B"%ruéﬁﬁﬁb@t'ﬁ? Pf@'%lw'i"@san exanpl e of schematic view

show ng a conti nuou | ti-stage distillation

A LB Mrisseeexampie dhichs Bedfi viw snqging 8 EShtRlous

stages of trays (shown schematically in FlG ng bei nﬂ :
multihstage edstilation: eakumpdh tised imsteri(l) ihthertesentinvention,

an exanpl e of schematic view show E a continuous 15
no Stalgids of dgeysd{shownaschematicatly i Id6d 1)nbeingpinstalled in a

nl and n2 stages of trays (not shown in FIG 2) being
truni Portibpdtidredfsanidopi ng section and an

FIG. 2 is an example of schematic view showing a continuous

multi-stage distiliation column B used in step (I1), ny and n; stages of
trays (not shown in FIG. 2) being installed in a strip_ping section and an
enrichment section respectively as an internal in a trunk portion of the

continuous multi-stage distillation column B.

Description of Reference Numerals

in Fig. 1

1: gas outlet, 2: liquid outlet, 3-a to 3-e: inlet, 4-a and 4-b: inlet, 5:
end plate, 6: internal, 7: trunk portion, 10: continuous mulii-stage
distillation column A, Lo: length (cm) of trunk portion, Do: inside
diameter (cm) of trunk portion, do4: inside diameter (cm) of gas outlet,

do2: inside diameter (cm) of liquid outlet
17
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R section respectively as an internal in a
p0sOF SRR | .

ion of the continuous nulti-stage

distillation colum-B. 20 Description of Reference
Numerals In Fig. 1 1: gas outlet, 2: liquid outlet,
3-ato 3-e: inlet, 4-a and 4-b: inlet, 5 end plate,

In Fiﬁ{l ynternal, 7: trunk portion, 10: conti nuous

Ul'ti-stage distillation colum A, Lo: length (cn) of
o trun ort4.0 : i f U
1: gdf, ‘Eheﬁ O%gﬁquﬁ@oytlégr af‘rse t%gtdj? 2B 4GRle® L{ fehgth (cm)

. o gas out
of st%q%gagy\bgg\éc ﬂn; tegizlﬁgm@g%ﬂ\glﬁ' gfzaogué dZ%ﬁflégtlt){Néﬂﬂnn B,
3- :
L: 1888th dam of Q@rmgﬁﬁfm figin 6 The sintinuBlisi B 138e

colum B, L2: length (cm of enrichment section of .
distitlatiocrooolureouB, miDii insidgediameteri (ara) of StEpping @ctlon of the

Di: inside diameter (cn) of stripping section of the
contfobusunuitirsthge distimtibrs column By cObuimside dameter of

i nside dianeter of enrichnent section of the
enri&ﬁﬂ‘fér?“@ééhﬁbl' &1 tied 20PtHHEdUS htltiostage distiBatiobesblumn B.

Mode tor Carrying Qut the Invention 10 Following is a

detail ed description of the present invention. The -

reacti on of the present invention is a reversible

fii i d
BesfIbik TP RuMIAETERH B8 PGB, °2%ui oyt car bonat e
C dad d i g« .
(Ogallning i a Bafeh fﬁgﬁﬁ onoaﬁﬁ@%a%%gngaageng@n-
R R20 OR= R O\CO+2R’2011CIt_~ HO ~ O—|II
o The reaction of the present invention is a reversible equilibrium

transesterification reaction represented by the foltowing formula in which
a dialkyl carbonate (C) and a diol (D) are produced from a cyclic

carbonate (A) and an aliphatic monohydric alcchol (B):

R R0 OR? gt
VAN —_— " +
~C P + 2 R'OH — % w0’ “ox
1 : 0
0
(a) (B) (c) (D)

wherein R' represents a bivalent group _—(CHz)m- (m is an integer from 2
to 6), one or more of the hydrogens thereof being optionally substituted
with an alkyl group or aryl group having 1 to 10 carbon atoms. Moreover,
R? represents a monovalent alliphatic group having 1 to 12 carbon atoms,
one or more of the hydrogens thereof being optionally substituted with an
alkyl group or aryl group having 1 to 10 carbon atoms.

The cyclic carbonate used as a starting material in the present

18
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\%ﬂéﬁil C (D 15 wherein Rl represents a bival ent
A0504 S‘(&hl'IZ)m (mis an integer from2 to 6), one or
nore of the hydrogens thereof being optionally

substituted wth an alkyl group or aryl group having
1 to 10 car bon atons. Moreover, R2 represents a

invegﬁgﬁ\ég g?ft: o@&%é%%%%ammkggg@%%%f mula. For

el ng
0 onal | bstituted t h
exary B AakATERS B PeH s s, B fhu¥, g4 et ¥ propylene
car bonate used as a starting mat %ré-?éj in thF ﬁrefseat
carbodateATB0L, I/HEBHAGKEIPARX R 2PN Ps pEaGNgionepta “°“e= or

represented by (A) in the above fornula. For exapp
the Hke aldry benpreterabinusesysthylesesarhanate, %ﬁﬁ?BVlﬁ“e
propyl ene carbonate, or 1, 3-di oxacycl ohexa- 2-one,
carbbnatd Bapty chote prafarabilg, used dueetd idesecaf precurement and
preferably used, ethylene carbonate or propylene 5

S0 o‘if?”i’r?@%tﬁx‘l’@h@%a’mbﬁa@éqfﬁh@obmuéemrﬂppréteu@ﬂy used.

procur enent so on, and ethyl ene carbonate being

pafrgﬁﬁ‘gb%'ry RS & H%hhy rﬂ’&ﬁglagdmrﬂ%\b?fol dded als tabither

I'C 'a coho used as t ot her starting materi al

d
starhe TR IS 4 SRS Pntd, B e R/ geBMtormuta
An BiioRatismssaisne aitonhbRatiss ﬁ[@ﬁgﬁﬁ%gﬁgﬁ@&th@ that of
theg:;g'pzos3;28286%&33?2@«43;3&5%:5@3@#Slaqssswsem}%g on the
(i soners), 3-buten-1-ol, anyl alcohol (isomers)

typdofytheatyoliclcarbomates)sedepxamplesdnsiude dbusr @ethanol,
octyl al cohol (isoners), nonyl alcohol (isoners),

ethdﬁ@l" peosanel (:@bﬁ@@wﬁ)alIylk'aIuoﬂert,ybutanoh(:lsomem)eraebuten 1-ol,
odecyl al cohol (isoners), cycl opentanol,

amyl alcohol (isomers), hexyl alcohol (isomers), heptyt alcohol (isomers),
octyl alcohol (isomers), nonyl alcohol (isomers), decyi alcohol (isomers),
undecyl alcoho! (isomers), dodecyl aicohol (isomers), cyclopentanol,
cyclohexanol, cycloheptanol, cyclooctanol, methylcyc!opentanol
(isomers), ethylcyclopentanol (isomers), methylcyclohexanol (isomers),
ethylcyclohexanol (isomers), dimethylcyclohexanol (isom-ers).,
diethylcyclohexanol (isomers), phenylcyclohexanol (isomers), benzyl
alcohol, phenethyl alcohol (isomers), phenylpropanol (isomers), and so
on. Furthermore, these aliphatic monohydric alcohols may be
substitutéd with substituents such as halogens, lower alkbxy groups,
cyano groups, alkoxycarbonyl groups, aryloxycarbonyl groups, acyloxy
groups, and nitro groups.

Of such aliphatic monohydric alcohols, ones preferably used are

alcohols having 1 to 6 carbon atoms, more preferably alcohols having 1
19



cycl ohexanol , cycl oheptanol, cycl ooctanol,
AD5QH€VR§ opentanol (isoners), ethylcycl opentano

(i somers), nethylcycl ohexanol (isoners),

et hyl cycl ohexanol (isoners), dinmethylcycl ohexano

(isomers), diethylcycl ohexanol (isoners),

| c ' | '
to4 %ﬁé&%ﬁ@@%ﬁ*‘??é%ﬁegﬁé‘?‘;"ap“ﬁgﬂﬁf DpERch PRl 30

an o __on., Furthernor j ' '
butaﬁclﬂfm@%@ i Wlﬁgb%#% SR BIRbE o THHE] oF propylene

al ogens, |ower a . : :
carbanaleyes therGYClif sasRonaHs| bryterAbin AIMmae monehydris

groups, and nitro groups. 25 O -such aliphatic
alcohoistarer methaaoh@nd ethanohrwethapp) beiad particularly

al cohols having 1 to 6 carbon atons, nore preferably
preferablel s having 1 19 A0501 VP83/KAN to 4 carbon

atons, i.e. nethanol, ethanol, propanol (isoners), and

but pehe (roeBBESOf tHe presentspventioni agcatalystis made to be
carbonate or propylene carbonate as the cyclic

pre§é‘ﬁpﬂ{‘f‘ﬁ§'reﬁrc?f\%' &Hgﬂlé&héﬂﬁlhthOWHéi methbdadohtaking the
a and et

re met hano anol , nmethanol being particularly

catalyBL B eyt byl BB BhQ TREmGY, DUF IRIREPse ETbkAMple, of

in the reactive _

distillation colu A, [Ihe th [ he
a hamoasngous Satauatina a0 liRr AL RE Y5 Eh lidBig under the
case, for_example, of a honogeneou atal yst _t hat N
reagtionssarditians.be satalysh GAMBEMANELT0 beBigsentin the liquid
conditions, the catalyst can be nmade tq be present in
phasecin theireacpivesdistiilatien médumn/bydﬁeﬁdmsa&h%ﬁat%wﬁﬁnto the
by feeding the catalyst into the reactive
readtivki disatliativre colum ncoontinuouslly, ooin ithet¢ase afa of a
het er ogeneous catal yst that does not dissolve in the

hetePa§EhaBUS! Saialysntieit dbBe nepdissuivedndihie peactiohdiquid under

catal yst can be nade to be present in the 15 reaction
theﬁ%@@/@%oﬂoﬁﬂsﬁw%é heaataly st ¥8h 7S nfad@!tbthé preent in the
reaction system by disposing the catalyst as a solid in the reactive
distillation column; these methods may also be used in combination.

| In the .case that a homogeneous catalyst is continuously fed into

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

stages, more preferably at least 10 stages.
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tion colum; these nethods may al so be used in
A0503 %ém In the case that a honbgeneous cat al yst

is conti nuously fed into the reactive distillation
col um, the honbgeneous catalyst may be fed in
toget her with the cyclic carbonate and/or the

o Mo TR ke LR ooy d séigtarst,the
catafﬁ;%g%g SRR e AT O o
h
mord Sy LTSI b A STy BT 8 1 o

and the position(s) at which the starting materials
effect asfapackingintthe diatiiation pedumit makdéniised. at

| east 5 stages, preferably at least 7 stages, nore

pr A=thel gatalyseasediia ﬂteapeaseat)imwmtmNVPmvaaﬂous

Moreover, in the case of using a heterogeneous solid

cat @ KEbwri om tatidpelcandle bsedl esExaniplestof thscatalyst
ages, preferably at |least 7 stages, nore preferably

mcl@t? | east 10 stages. A solid catalyst that al so has an
?ect as a packing in the distillation colum nmay be

gﬁ;glgp?l\@%tésgaﬁ !,hy qéjt%%g%% Pnérom a5 IlﬂMEH'Q@d|um

ert 0 can

potdin ARLER, Loy o ug{g”‘?%l#ﬂf'nm@tﬁ%ﬁ'ﬁﬁﬁt&"a

potassium rubidium cesium magnesium cal cium
barigfmonti um and 10 barium basic conpounds of al kali
netals and al kaline earth netals such as hydrid
hy dbasicieempouoss afsalkaliymetategn aﬁﬁ(aémajegfﬂba%et?ls such
conmpounds of alkali nmetals and al kaline earth netals
as Isypdiideas hydrbeidsssalkoixide boasylexidesdaodgamidesti d
salts; 15 tertiary am nes such as triethylam ne,
tripubid aBnsouhds hsixalkan nmstals and alkaline earth metals such
as carbonates, bicarbonates, and organic acid salts;
tertiary amines such as triethylamine, tributylamine, trihexylamine,
and benzyldiethylamine;
nitrogen-containing heteroaromatic compounds such as
N-alkylpyrroles, N-alkylindoles, oxazoles, N-alkylimidazoles,
N-alkylpyrazoles, oxadiazoles, pyridine, alkylpyridines, quinoline,
alkylquinolines, isoquinoline, alkylisoquinc_li'nes, acridine, alkylacridines,
phenanthroline, alkylphenanthrolines, pyrimidine, alkylpyrimidines,
pyrazine, alkylpyrazines, triazines, and alkyltriazines;
cyclic amidines such as diazobicycloundecene (DBU) and
diazobicyclononene (DBN);

thallium compounds such as thallium oxide, thallium halides,

thallium hydroxide, thallium carbonate, thallium nitrate, thallium sulfate,
21
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and benzyl di et hyl am ne; nitrogen-contai ni ng
AOS0A AMRBYKANat i c compounds such as N-al kyl pyrrol es,

N-al kyl i ndol es, oxazol es, N-al kyli m dazol es,
N- al kyl pyrazol es, oxadi azol es, pyridi ne,
al kyl pyridi nes, quinoline, 20 alkylquinolines,

sogqui nol i ne,. al kyl i ui nol i nes, acridine,

and I%@\%rqr&armg,améh%%g%t hrol i ne, al kyl phenant hrol i nes,
pyri mdine, alkylpyrimdines [ AZ1:AC 4ri i

o1 ki BorpowRds sudh a8 mbliymelibRptiR; tribytylethoxytin.

am di nes such as di azobi cycl puﬂ c%nﬁ.é%ﬁnd

dibuty'dimietbpxytine siathylgisihoxsin, RIoUtyig! ds such

as thalliumoxide, thalliumhalides, _thallium

dibuttyliteiabeytin hdig hamylme thenatin, dibatyltinasetata dributyltin
thalliumsulfate, 21 A0501 VP83/KAN and thallium
chloPidEnafd e ¢-sehyihexanvatenpounds such as
tributyl methoxytin, tributylethoxytin, :

di | g ' di : e | dieth inc,
d: gilﬂ.l%l %?gﬁlmé stch é@tdm{éihﬂxly@xmt,l diethoxyzinc

oxytin, dibutyi phenoxyti n,

ethﬂhﬁ%ﬁ?&vﬁi‘n@gﬁﬁdﬂ ﬁit_,gtcﬁwﬁ)!h&j n acetate, tributyltin 5

exanoat e; zi nc conpounds

such, as, di met hoxyzi n gt i i i i

ot IR B §OmReu i sHioB FE RIg Ium timethoxide, aluminum

.. conpounds such as a] um num t.ri et hoxi de, al um num

tf"ﬁﬂﬁfPﬂ@B$%90ﬁF9e?“Hﬂﬂ“ﬁpﬂﬁﬁhURﬁﬂs?butoxide; 10 titani um

conpounds such as tetranet hoxytitanium ... .

t et titmnhowyaampoeunds such astelrgmetinxytitanium,

di chi or odi net hoxytitanium tetrai sopropoxytitani um
tetraiethokytitawiena) tetrabdtoxytitanivim cdichletedipiethexytitanium,

phosphorus conpounds such as trinmet hyl phosphi ne,

tetliia:l%@%mﬁ ii0f, fitariuhy apktatei aerd titanium acetylacetonate;
phenyl phosphi ne, 15 tributyl met hyl phosphoni um
hal igffssp iU EY M unds aeRioas tfimethylphosphine,

triethylphosphine, tributylphosphine, triphenylphosphine,
tributylmethylphosphoniﬁm halides, trioctylbutylphosphonium halides,
and triphenylmethylphosphonium halides;

zirconium compounds such as zirconium halides, zirconium
acetylacetonate, zirconium alkoxides, and zirconium acetate;

lead and lead-containing compounds, for example lead oxides
such as PbO, PbO;, and Pb30y4;

lead sulfides such as PbS, Pb2S;, and PbS2; |

lead hydroxides such as Pb(OH)z, Pb302(OH)z, Pbz[PbO2(OH)-],
and Pb,O(OH)3z;

plumbites such as Na,PbOz, K2PbO,, NaHPbO2, and KHPbO:;

plumbates such as NaPbOs, Na;H:PbO , K2PbO3, K2[Pb(OH)sl,

KsPbO,4, CazPb0y4, and CaPbOs;
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- 2Pb PRt Odzob 2, NaHPbOR, and KHPbOR;

and triphenyl met hyl phosphoni um hal i des; zirconi um
AOSOd(MB&M\&QNsuch as zirconium halides, zirconium
acetyl acetonate, zirconium al koxi des, and zirconium
acetate; |ead and | ead-contai ni ng conpounds, for
exanpl e | ead oxi des 20 such as PbO, Pb02, and Pb304;

| ead sul fid h_gs. PbS, 5
ny 4983 CRID AR San diheip salls i 8P stih as PBE0; and
Pb2[ PbO2(OH) 2], and Pb20(OH) 2; plunmbites such as

25 pl unbat es
such as Na2PbO3. Na2H2PbO , K2PbQB, mle(q’&a&,
K4 RdKoxy @adisompatadeandRryloxyess) copg Isigh as

carbonates and basic salts thereof such as PbCO03 and

Pb(GBHBPYCEH)PB{GBkY) and Eb{O&MEs and aryl oxyl ead
conpounds such as Pb(OCH3)2, (CH3O Pb(COPh), and

Pb(192/) 3alts oFafganid aciis candniaxbariates and basic salts thereof,
carbonates and basic salts thereof, such as

ook PR FROCHOIS, BEROLO0H) o 10

b, Ph4Pb, Bu3PbCl,

E’ Gﬁé’f’%mo%%%aﬁ@é%ﬁﬁégﬁ%m?%?ﬁg% PHLPRZBAGPLCI, PhsPbBr,

y oup, an

phsb§Fier PhoPes) " Bibke Oy 4ld PRep g tuldis B epiesprts o
such as gal ena and zi nc bl ende; and %plrat es of such

buW'_eQED'é@nﬂB_dnBB.rqmeﬁﬁé‘tx?%Ehﬁﬁ‘é’t* 4'RYPdonpound used
reataad alluys uoh 38 FHNa oRboG AarFRRA. BP-86, @l PB-5b; lead
i ke, the conpound can be used as a honbgeneous

minezhd gsich abgyalena and zinc blende; and

hydrates of such lead compounds.

In the case that the compound used dissolves in a starting
material of the reaction, the reactidn mixture, a reaction by-product or
the like, the compound can be used as a homogeneous catalyst, whereas
in the case that the compound does not dissolve, the compound can be
used as a solid catalyst. Furthermoré, it is also preferable to use, as a
homogeneous catalyst, a mixture obtained by dissolving a compound as
above in a starting material of the reaction, the reaction mixture, a
reaction by-product or the like, or by reacting to bring about dissolution.

Furthermore, ion exchangers such as anion exchange resins
having tertiary amino groups, ion exchange resins having amide groups,
ion exchange resins having at least one type of exchange groups
selected from sulfonate groups, carboxylate groups and phosphate

groups, and solid strongly basic anion exchangers having quaternary

ammonium groups as exchange groups; solid inorganic compounds such
23
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in the case that the conpound does not dissolve, the
AO5oviPBBMKAN an be wused as a solid catalyst.
Furthernore, it is also preferable to use, as a
honbgeneous catal yst, a m xture obtai ned by dissol ving
a conpound as- above in a starting material of the
- reaction, the reactjon mxture, a 20 re

., acGt :
as sificarsiiga-abiming. ﬁl'!@é*ﬁaﬁg%?sﬁea%'ym'mséhﬁ%?g gailium
di ssolution. Furthernore, ion exchanger sui:.g?as d
silicate ovadptisangelitessi v&rlOHQ\mﬁéai'eP‘Fhaﬂ%%iF REIEPHuPE
i on exchange resins having am de groups, ion exchange
ammesium-dxchanget tecktesorand goconfcan @lsn e ye@shas the
sel ected from sul fonate groups, carboxyl ate groups and
cataqugphate 25 groups, and solid strongly basic anion
exchangers having quaternary anmoni um groups as
exc ' | 4 G4 vprefapablidasedcdne 38 a solid
A0T KRgHRMEIYSE, ¢ partiaay ey
silica- i a ] L ddiRat ' hhidvrRtdroups as
stropgly SRS AT PrCexEndRbT HaWiFg) flatgiery Sorfohlus Group
amoni um exchaI

d ites and .
excsgnggegr%p%gxagm g%;@}e_zr%g#gésgmgggi %%ggé’nggl)?gp’a@gé%mon
ISR EE R R FIE S —

groups as exchange groups, exanples thereof incl UdiHﬁn .

a cellstasengtrpnglyihasici anion¥RhagaerayinggHalernary ammonium
quat er nary anmoni um groups as exchange groups, a

groapk! as eschtngmgryupssianchanomorganis garries\aupported type
quat ernary ammoni um 10 groups as exchange groups, and

stréfgly"BaSRNA AiGRigcharysmhatid guatersanoaghmopigincgroups as
anl on exchanger havi ng quat ernary anmmoni um gr oups as

excﬁ'féés}ﬁé‘ a\glﬂh%lﬂpsAs'%s sﬁoﬁ{ﬁlg%%cbé‘ﬁidi'n aRichane hesigehaving

g quaternar mroni um groups as exchange

o, A R s 14 BN R P B o tyone

y 15

typgzgﬁpnaﬁ ?a{‘s(ele fﬂ{giﬁ\ee%rr\gﬂaleyre%?ﬁ 'St Y AReS¥EHBWY preferably

used. A styrene type strongly basic anion exchange resin is a strongly
basic anion exchange resin having a-cqpolymer of styrene and
divinylbenzene as a parent material, and having quaternary ammonium
groups (type | or type 1l) as exchange groups, and can be schematically

represented, for example, by the fdlloWing formula:
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asi c_ani on exchange resin having a copol yner of
Aoa&“tYP@ﬁMNd di vi nyl benzene as a parent material, and

havi ng quaternary amoni um groups (type | or type 1)
as exchange groups, and can be schematically
represented, for exanple, by the follow ng fornmula: 24

T SPR v vt el
N(CH3) 3 X(r)(r) X
O -, NCH CH2- ~t | -

2N( CH® ’ puoH) Xe Xt Whﬁgﬁé

as X, ally at | east 3 D
S A Br | HCO03, C032
i® used

ﬂﬂg Bla)sl from

e structure

by
> , ang
rably at 1eastl one type of
@ A93 HeeganGHo3 8 |'y|g

Wof &6ver,
0 t resin parent mterial, either a geI type one
or macroreticular (MR) type one can be used, the MR
type being particularly preferable due to the organic
sol vent resistance being high. An exanple of a

cellul ose_strongly basjc ion e ang having 10
q,uét_ea’hm"ﬁﬂ@ﬂ"%m bup&-a2—ext E'Mpsms

the - OH groups

ose i i al kyl At hyl groups. (ype II)
an @l gr oup; §l , ethyl, propyl,
[ike 'Sy @
® cn—CH—CH2—— ° CHzN(CHs)z(szOH)
CHzNg.‘.Ha)z(CzHeIOH) Xe

wherein X represents an anion; as X, generally at least one type of anion
selected from F~, CI', Br,, I, HCO3, COs*, CH3CO;", HCOy', 1057, BrOy',
and ClO3 is used, preferably at least one type of anion selected from CI’,
Br, HCOj3', and CO3*. Moreover, as the structure 01; the resin parent
material, either a gel type one or a macroreticular {MR) type one can be
used, the MR type being particularly prefe'r.able due to the organic
solvent resistance being high.

An example of a cellulose strongly basic anion exchanger having
quaternary ammonium groups as exchange groups is cellulose having
—OCH>CH,NR3X exchange groups obtained by converting some or all of
the —OH groups in the cellulose into trialkylaminoethyl groups. Here, R
represents an alkyl group; methyl, ethyl, propyl, butyl or the Iike is
generally used, preferably methyl or ethyl. Moreover, X represents an

anion as defined above.
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enera used, preferably nmethyl or ethyl. Moreover,
ACS YB%?@Q%“ts an 15 anion as defined above. 25 P A0501
VP83/ KAN An i norganic carrier supported type strongly
basi ¢ ani on exchanger having quaternary anmoni um
groups as exchange groups that can be used in the

had &eﬁ%ﬁ’ %pé%*qua?ﬂf’f?%?*yéd;%%é%"ﬁ?%B?E."%Sr"“‘%%ﬂiid

excﬁ%ﬁé&i& s wx?hiasrﬁﬁ”&rﬁén?'@'reﬁ‘i’ﬁf%$ xgﬂai*ﬂ%%isaps that

X are defi ned as above. n |sz%ene ally, [ % hat h
can peoksedtip the prasephinyentionaneans gp 'PI%QSQHE frier that has
carrier, silica, alumna, silica-alumna, titania,
had (€ Ha),NR:XhguateraariaHE QRIUHN JROURS H&rogusfeérmr@to by
to use silica, alumna, or silica-alum na,

modifyihgsomel or alleébtmI-;DHiOSmfaceahydrquiEgnmrps:mﬁ the
used as the nmethod of nodifying the surface hydroxyl

inor%bﬁi’@%a‘?ﬁe‘rhe Hé&w, CRMsd Seiarbedefifedt e abdvied shrigsngénerally
asli C anl on exchanger havi ng quat ernary anmoni um

an 1ﬂ{é’§;‘&sfr%§ge u@%‘gﬁrﬁb?ﬂB@ na"CZOmTﬁ%Cﬂﬁé ivoyaHicabakier, silica,

sed case e ani on exchanger
oYL o R S g e, e
pref%apb@eszpa@'%é’gaﬁq%ps&rﬁfqé:oﬁ‘%ma@é%uﬁauﬁa @&@#ﬁsﬂmgeferabw'

or gel-type organic polyner haV| bond reto
siliaget eAsOyRIathogr capPesssd asins met Fszgél fying the surface

nitrogen atom or an inorganic carrl er having 20
hydboxylkdreups efdhectrargaydciaargiesups each contai ni ng at

| east one nitrogen atomcan also be preferably used

as Asethe sotidssionbiy basio ardoal gschanger thiaringrqyaternary

solid catalyst in which some or all of these

ammoriGAf r60ps A eRehBdgy eyapsC adtommeltiatlykeesilable one
convertéd into a

may be used. In this case, the anion exchanger may also be used as

the transesterification catalyst after being subjected to ion exchange with

a desiréd anionic species in advance as. pretreatment.

Moreover, a solid catalyst containing a macroreticular or gei-typé
organic polymer having bonded thereto heterocyclic groubs each
containing at.least one nitrogen atom, or an inorganic carrier having
bonded thereto heterocyclic groups each containing at least one nitrogen
atom can also be preferably used as the transesterification catalyst.
Furthermore, a solid catalyst in which some or all of these
nitrogen-containing heteroc;yclic groups have been converted into a

quaternary salt can be similarly used. Note that a solid catalyst such as

an ion exchanger may also act as a packing in the present invention.

An amount of the catalyst used in the present invention varies
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salt can be simil arly used. Note that a
Aos@gﬂ:@%@%él yst such as 25 an ion exchanger nmay al so
act as a packing in the present invention. An anount

of the catalyst used in the present invention varies
26 4% A0501 VP831KAN dependi ng on the type of the

' dep?@éﬂﬁ%‘h H‘?@@\ﬁp@%f e thfaly’t usdd, lﬁ@f‘m etHse of

g I n a honobgeneous catalyst that dissolves in '
A | r [ n [ :
confiifousiffocdl, ¥ Aotiins 0bs S A HcllSe in the
. 0001 tg 50,% wei ght, preferably . from5 0,005 to
reackipniigyiidarge! e, Baftion PaBARioRey g STEuRt g, b
wei ght, as a progortion of the tptgl wej ght of _the
gengaily in éarangaref Hem CHE0QY th a0 % byoNeight: irreferably from
fed in as the starting materials. Mreover, in the .
0.00: e 20 %diynweigbhl mdreapeafesablnfrcan GO 1i to (10% by weight, as
distillation. columm, the catalyst is preferably used
a proportionofithe itotal waigkt of theatydlidtatboratd @ndtiie aliphatic
nore preferably from0.05 to 60 vol % yet nore

moﬁ&i@}&tﬁé@l&oﬁb%‘é@-iﬁ aé Qh@?’st‘é@{i% Paiefiat t Mosdder, in the
col'umm volune of the distillation colum. Wen

casEY¥ hgﬁg@' érfr%ﬁ(?i%‘_%igggétﬁﬁs‘igﬂe#%_thebar.ftilfatiiaﬁ%&lumn', the

contin ge di's ation colum

catfiBEI EIGRAISFTH o ShSbLIa huselaTarta e 75
oG AT et Srdby o, B T RO b€ oAbl from 0.1

cyclic carbonate to be continuously introduced inta

to Gq\;!éol:%mthaﬁﬁﬂ@ﬂnth& emptyeolien yolume picthe distillatippicolumn.
| east one inlet provided between the 3rd stage from
t he Yipeofcarntinwousiynferdinguthe cycligecarhicnatel itooa continuous
colum and the (nl13)th stage fromthe top of the

multiostage @istiBation ¢ohshagorstitutingthe reactivendistilistioa column
important to ensure that high boiling point conpounds

A iPHeé preskehg iA¥ehtioncat o pabreitflelfor thieOtyéli€ cdiBonate to be
contained in a colum top component in stages above

fedliffo &/ SbkCified stage. For example, it is preferable for the starting

material cyclic carbonate to be continuously introduced into the

continuous multi-stage distiltation column from at least one iniet provided

between the 3™ stage from the top of the co'ntinuous multi-stage

distillation column and the (n/3)" stage from the top of the cdntinuous

'multi-stage distillation column. This is important to ensure that high

boiling point compounds such as the cyclic carbonate and the diol are
not contained in a column top component in stagés above the cyclic
carbonate inlet(s). For this reason, there are preferably not less than 3

stages, more preferably 4 to 10 stages, yet more preferably 5 to 8 stages,

above the cyclic carbonate iniet(s).

A cyclic carbonate preferably used in the present invention is one
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car inlet(s). For this reason, there are
-A05q53@P8$@%ﬁ§ not less than 3 stages, nore preferably 4
to 10 stages, yet nore preferably 5 to 8 stages, 256
above the cyclic carbonate inlet(s). A cyclic
carbonate preferably used in the present invention is

not ﬁé‘alzta[i)égn nzjl afaﬂggc%%%/ﬁ ?ﬁ?oug é“ﬂbeﬁoﬁh?d@%@@ th r@ﬁbﬁg@hdﬂﬁﬁ

pr o reaction et ween, for
exanpl e, an _alkyl en ' t oyl i ;

betwmrlby%oernsxampas, BICiEHE G, ach ¥ ARG Hde.
cyclic carbonate containing,smll apnunts of Ror

propyieBp axidgoap FtVERNS Gada Td Satpon JPKIE o A Rifitic ébonate
used as a starting material in the present inventjon..

contannmgesm@lé@mouﬁg%mfimh faw malerial ompeMnAss thgiol, and
in may contain the product dialkyl carbonate and / or

so ofi may Ties deused abea ebarting materiahin the pegsent invention.
carbonate, generally in a range of fromO to 40 % by
veijghthe PWéeéat dhvgntionnthet stadfing matediadé fednior may contain
preferably fromO to 20 % by 10 weight, in terns of

the PESd Aef asatiqITborRitein@l dihaidli al iyé ctriteatdhereof is, for
e ali phati'c nmonohydric al cohol / dial kyl carbonate

e B BBl bl Sar gt D 15 A sp oo

_ y from Ot
i ght r e, proefier YRR 9 LORt~ 4 o
prefefahEy 3o, f3o0af Rk Jee iyt BB, besfarabhy Hiini0'to 20 % by
cyclic carbonate / diol, mxture. .1 Cal Vi u .
weigh |5 taiane alcine PeAcoRtARS bYaviejant, ot thecdiaikur fafbnate in
- cyclic carbonate and / or aljphatic nonohydric al cohgl.
the diphatiamonabydric alephald dialkyl 6ﬁr%9§?§/rfm weg, and is, for
- having the cyclic carbonate and / or the aliphatic
the diobhgenecakly inrwirangeaohfriom dotepdikfé thaé@hgt, preferably from
recovered fromstep (I1) of the present invention and

0 td 70% BYONBRIhtD RGeS prederablydradm DetopSeYcbybvgightedn terms of
for the starting materials. For exanple, a colum top

thewgpe%y%égme@fi Qlighirs eecyidli®Ncarbonate / diol mixture.

ifon’in ep (11) is generally a m xture of

the\dhsRNEAHG IR MM prél&riPbadfion iRAURtrially, besides fresh

cyclilc carbonate and / or aliphatic monohydric alcohol newly introduced
into the reaction system, material havihg the cyclic carbpnate and / or
the aliphatic monohydric alcohol as a main component thereof recovered
from step (I1) of t.he present invention and / or another prbcess can also
be preferably used for the starting materials. For example, a column top
component Bt obtained through separation / purification in step (1) is
generally a mixture of the aliphatic monohydric alcohol as a main
component thereof together with the dialkyl carbonate, and hence it is
preferable to reuse this as some of a starting material in step (l); it is an
excellent characteristic feature of the present invention that this is

possible. An example of another process is a process in which a diaryl
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t hereof together with the dial kyl carbonate,
Aosog(\gpﬁ% is preferable to reuse this as sone of a

starting naterial instep (I); it is an 25 excellent
characteristic feature of the present invention that
this is possible. An exanple of another process is a

carbBhatess u% dﬂtﬁk: tﬂ”ﬂ' l|<al§§| R8N XIE Hre N e aromaic

I'S pro carbonate and an aronatic
ol
mon@&%&*% 3%91&%3@%51“# %Eﬁggéfsﬁ@@ﬂs&gﬁ%f?ﬁ‘éﬁgééﬁéﬁeﬁﬂ
overed produced l'iphatic dr
by-reAOkE in AT BrRE e g LN oo TR Gofd 6 BYpproduced
been di scovered that in the case t hat tn _Hﬁoiﬁelnt (g
aliphatic manefiydricaleahelaenerally cortaing dhe fiatkyl carbonate, but
excel lent effects of the present invention can
it haschieevedisciivenedcthadriadthsy casedthaidtha content of the dialkyl
nmonohydri c al cohol may further contain the aromatic
carbonateyidy rxa r asghdbowe, axcglientyéffectenf thagplesent
anounts of an al kyl aryl carbonate 10 and the diaryl

mve?ﬂfdﬁ’%%tnebeaé@h@e‘ép The fecoverddby-ptddiiedd aliphatic

nonohydri ¢ al cohol may be used as is as a starting

| mor[Eﬂ‘&e\fdl‘lé‘l IthBW‘na Ftﬁ%{g‘t%cgwﬁ:ﬁ'tﬁ% afsmaRE RO HIRFD @y

|ng mat e anount of contai'hed

confBH mgvﬂmg B, oIyt ST B AR ot

distillation or the n contl
andi ey ATRONaE: ABCHSA Adr e PYSRET %%@ Sigpatic
continuous multi-stage distillation colum
monahiydiicalcegiol neay ke used agiistas Pastafﬁlwsomﬂﬁew ipihe
present invention, it is preferable for the aliphatic
presenbiryvention| mhnlaytlme s efdedsi theostadiver matedial aljer the
For 20 exanple, it is preferable for the starting

amdémh £ bf Aorthimddimattepavidgi & higheolbdilitig peint than the
continuously introduced into the. continuous

ahp tid nidAERydAcSalcbhadl iHars B@bebd’uéé@rfh@éubﬁaﬁstmmlon or the
inl et provided between the (n/3

like.

When continuously feeding the a!i-phatf’c mo-ndhydric alcohol into
the continuous muiti-stage distillation column A constituting the reactive
distillation column in the present invention, it is preferable for the
aliphatic monohydric alcohol to be fed into a specified stage. For
example, it is preferable for the starting material aliphatic monohydric
alcohol to be continuously introduced into the continuous multiQstage
distillation column A from at least one inlet provided between the (n/3) th

stage from the top of the continuous multi-stage distillation column A and

~ the (2n/3)'" stage from the top of the continuous muiti-stage distillation

column A. It has been discovered that in the case that the aliphatic

monohydric alcohol used as a starting material in the present invention
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: st the top of the continuous nulti-stage
Aos(y U

on columm A and the (2n/3)th stage fromthe
top of the continuous nulti-stage distillation 25

colum A. It has been discovered that in the case that
the aliphatic nonohydric al cohol used as a starting

L pha t : ! Y
conl’éﬁhgg %be‘cﬁléﬁ‘earﬁlbgg?@f t'H@’&gélk?E gagﬁoﬁﬁf@bs @8s¢HibBd above,

a specl anount i al kyl carbonate

oxo LB U B SHETGPUaf G4 St e

[
. nohydri ¢ aJ cohol jn] et e i.n a ML hEn thig . ce
alipB3He oashifatcanplplintie i £ sTaGerithi is' Spcified
nonohydri c al cohol -i s conti nuousl i,ntroduced.into ..
rangme dbate pratarahly: fha GAphaHG fmeNaRYERCIaRp A8 pinuously
at least one inlet provided between the (2n/5)th
intrsdagedfinbonthbecontinudbushaultiatagsudistillation cedugn A from at
distillation colum A and the (3n/5)th stage from the
leastopnefinidtepasvitiedubetwerhtthes (2n45)d1 stdde framrtheotapnef the
A. The starting materials are fed continuously into

conii'i‘l‘iloqjsshidliiaé{a(ﬁb HsEPALIER ¢olunhiAland e (Bnl8)"astage from

gaseous torm or as a mxture of a liquid and a gas.

the gogfi.ﬁ flﬁ?%ofn?ﬁﬂ% G mﬁltﬁkﬁ%gé\%s{lfﬁhﬁﬂrﬁbéldrﬁh%l he

ion m LNt Y, is also

prefterabl e.to additi - that Tren
e driear ity Ridterliprs! fed ety v RLS thel dlslibftion
portion and, .,/ or a |lower portjion of_ the_ diskLi ted ON: .

colygnuiha havishierm, im& ﬂ@ﬁegslsp*r%’f‘br apAg ‘i&f‘ﬁ@lﬁ% Pt diquid and
in which the cyclic carbonate is caontinugusl f d.in.

a gasl i father tham feedingdhe stagting Wmatedals it }{R% djs“ lation
stage of the distillation colum above the stages in

coluhirtin this waaliy it also preferablesieiadditionallyfgedcin a gaseous
nmonohydri c al cohol is continuously fed into the

stafiagirhbeéfiahinteehiittently er gastinusotisiynfranda/ central portion and
liquid formfromat |east one inlet 20 provided in a

/ o@ﬁg%%vé}f bPBof SH iHd aidtMaGeh Waluasn deMoidmie glzmsther

stafting materials are preferably nade to contact
{ ' | @RicRfthiel oy bShatess continuous!
preggg?élraeaﬁ'}%twgtd egg% e@ g’?’é%@s?h@rrﬂ‘g?%?;g? erably at | east y
fed in a liquid form or a gas / liquid mixed form into a stage of the
distillation column above the stages in which the catalyst is present, and

the aliphatic monohydric alcohol is continuously fed into the distiltation

column in a gaseous form and / or a liquid form from at least one inlet

provided in a stage of the distillation column as described above. The

starting materials are preferably'n"\ade to contact the catalyst in a region
of at least 5 stages, preferably at least 7 stages, more preferably at ieast
10 stages, of the distillation column. | |

In the present invention, a ratio befween the amounts of the cyclic
carbonate and the aliphatic monohydric alcohol fed into the reactive

distillation column varies according to the type and amount of the
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0, ; of the distillation colum. In the present
A0591WE’§33§§'5' a ratio between the anmounts of the cyclic

25 carbonate and the aliphatic nonohydric al cohol fed
into the reactive distillation colum varies
according to the type and anount of the 30 A0501

tran%/gggél%%ﬁ”éﬁl? : %grﬁa’fHé’Pe&éﬁ?hyﬁngﬁﬁpﬁ‘ebﬁ?ﬁcltn'dlar ratio

t 1 ONS rati o at I C
o RARHHE bSO DI e o
sonsfSETin 1505 A RO, o vt

al cohol in an excess of at | east ti, me unber o
carhanateoconnersipn.iit is pipferakle, t%fﬁed ﬂ“tt?’ %Bﬁt'comonohvd“c
the aliphatic nonohydric al cohol used is too great,
alcahdnini aniexces=of atyleast Pakimes thappsmbersof majarof the cyclic
such reasons, the nolar ratio of the aliphatic

carmﬂfé’%upsfadl'@hnioﬁm vheheyaliplvatic mbnohydricsalcohot used is

preferably in arange of from2 to 20, nore preferably

toog Sthéh ﬁPlslﬁecégtsa'i‘?rtS Rakecfid hpplaratd 1afgdr. For such

ernDre much uhreact ed cyc |c car bonat e

rea%\ﬁ]ﬁ ﬂﬁ]ee pr I ?%ﬁg{tﬁﬁcéﬁehﬁl’lﬁ ﬂﬁf@ta‘i’caﬁﬁl F}@Qﬁb cyclic

pro |goners suc
trlner and he

carBafali s drefatAbiyiin a rﬁpg@epﬁﬁf%h?% BT itk prefesaply from 3
of unreacted c | arbo i nj,ng as_nu

to ThobebmoreBraterahly Frame 1021 B UHSIeRo ¢ o dniich, unreacted
even if the above nolar ratio is not nore than 10

cyclinecarpanateceamains cthamthe Jinieactadey chgisarhopata nay react
| ess than 98% preferably not | ess than 99% nore

witipithéesaid yctndio! ltessy-producegooBgoniénsss ush amahdimer or a trimer,
characteristic feature of the present invention. 20

and Rehte i REBRStridlviaip ledne niitider #lik)prederablests feduze the
ton | hr of the dialkyl carbonate is continuously

am?ggg p‘bcf(etf’flxngesﬂ;tﬁ?ﬁéé%g%Iﬁ%&&ﬁ?ﬁ%&ﬁrﬁ?&%‘i%g é‘ﬁ;ég n’lﬂi’éh faePossible.

In thd B%@é&. of the present invention, even if the above molar ratio is
not more than 10, the cyclic carbonate conversion can be made to be not
less than 98%, preferably not less than 99%, more preferably not less
than 99.9%. This is another characteristic feature of the present |
invention.

In the present invention, preferably not less than 2 ton / hr of the
dialkyl carbonate is continuously produced (step (1)) and separated out
and purified (step (I1)); the minimum amount of the cyclic carbonate_
continuously fed in to achieve this is generally 2.2 P ton / hr, preferably
2.1 P ton / hr, more preferably 2.0 P ton / hr, based on the amount P (ton

!/ hr) of the dialkyl carbonate to be produced. In a yet more preferable

case, this amount can be made to be less than 1.9 P ton / hr.
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-of thedistillation fametian ket alsothese ion

continuously fed in to achieve this is generally 2.2 P
AOSHOAPB3MAN preferably 2.1 P ton / hr, nmore preferably

2.0 Pton / hr, based on the amount P (ton 25 / hr) of

the dial kyl carbonate to be produced. In a yet nore

preferable case, this anpbunt can be nmade to be |ess

than., 1.9 P.10o el KAbb edlnstep (1

mul ?ﬁ"-%F&&é“Hf%‘h P'Ihélttf%%éﬁéol%sntxﬁéﬂésed ll-ur?}ﬁl;?gp (r)y in e ()
. the present inventiqn satisfi n | gl t e i
in ther BFE¥RRI Pureer saierier nat Sy afendlldng PRt e perspective

but al so these conditions are conbin W t h e .
Bliofis,Are, compiped with
stably with a high 5 conversion and high Sellgiqti\/iim' iah
conditinnid required sbas make thegeastian prageedstably with 3, hig

colum A nust be a tray colum having a cylindrical .
convésibn andttigh SeMdotivity.| eBpebifically,fheanantinuaus guilti-stage

dianeter Do (cm) and having thereinside a number of
distﬁLﬂ&ﬁ? c%‘?uﬁi} A A By frayacalumialidvingfa dydingsical trunk

erein, and further having a gas outlet having an

LOR HRyidid d iAsi@® dibnidterdd) yom)oand
pord'ﬁﬁarﬂﬁﬂg efgqéﬁpttﬂg'r? @'%h\i %erndcgf.ulnﬁ near to the ;@op,) a

liquid outlet havin i3S i ‘ turality of
navind thireieidna AP SS SAbHS, iy, 874 Bay Ravifa' Blurdiity

col um near Gﬁ?ﬁgt he bottom _at

| east fi LSt ty:
holgs dbetein.iand Aurtheshaying g(ﬂ{asal%ﬁ‘fetolfg\?wgéﬁd:&sgéé diameter
ortion of the colunmn bel ow the gas outl et at
do1 (ot abadopeob e ¢plemn OrgnAN LI Ty SIG %&ﬂ'@ column near
portion and / or the lower portion of the col um

to thieolop,t Adiquidubatietihasing wieinside diametendez (6m) Alga bottom

d02 satisfy the followng formulae (1) to (6);
of tRED8s5IUMA_SOND a( [Hwed portionsf the zotvmepeardodhecbptiom, at
< 40 (3) 20 < no :5 120 (4) 3 < DO/ dog < 20 (5); and
least one first inlet provided in the upper portion and / or the middle
portion of the column below the gas outlet, and at least one second inlet
provided in the middle portion and / or the lower portion of the column
above the liquid outlet, wherein Lo, Do, no, do1 and dp2 satisfy the

following formulae (1) to (6);

2100 < Lo < 8000 (1)
180 < Do < 2000 (2)
4 < Lo/ Do <40 (3)
20 < no < 120 (4)
3<Do/dos <20 (5); and
5 < Do / do2 < 30 ~ (6).

Note that the term “the top of the column or the upper portion of
the column near to the top” used in the present invention means the

portion from the top of the column downward as far as approximately
3z '
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<Do/d02S30 (6). Note that the term"the top of the
A°5Q,10V3ﬁﬁ"@“t he upper portion of 25 the colum near to

the top" used in the present invention neans the
- portion fromthe top of the colunn downward as far as
apprOX|nater 32 A0501 VP83/KAN j 0.25 Lo, and the

0.25 ﬁ%."%gfjmé’?éFrﬂ“‘tﬁétq]m% {)f‘?ﬁe‘%{olh% e RALEE ?%rﬂbn of

near nmeans t he portion from

oSG o TRAINES i o th sotom o e

above. 5 It has been di scov t i ng.t he, .
colUGBRURHBLE A1 ASTARRIORMALEN B #5rkeol HRFEA f—hats defined as

si mul t aneousl y satlsflesthefornulae (1), (2), (3),
aboyée), (5) and (6), the dialkyl carbonate and the diol

can be produced on an industrial scale of preferably

notit!tess bigean dis¢averedhthal by lusidgaihey contiausdrsmultingtage

/| or preferably not less than 1.3 of the diol with a

distniﬂmd%mgmﬁmim simaltafebasly eatisfiesthéifgimulae (1), (2),
productivity stably for a prolonged period of tine

(3), 3f41) T(?L Wéfﬂ%ggdgiaﬁkgﬁéaw&‘ﬁaﬂ@%&%%lopbah%ékﬁmduced |

nore preferably not |ess

on 4 EHFRe g of FERPIITHEL o€ ATy 1, Ot i
ible t d th I
arwﬁégﬂéa%%éi of reffrahf86F 167€ 1848104 of TELIB Gl nigh
conggssian Y aroseiRsthibscAd GBIy STghBafor g prolonged
this is supposed to be due to a conposite effect
pertndm@rttmaboﬁtfqmmmme.aaowes&éhan%ﬂg howrss rgifaeaply not
Preferable ranges for the respective factors are
lessi¢hani 3000debvre, AOréfprefefaimy neot less thanrbPAOMounsefrom the

the conversion decreases and hence it is not possi bl e
cyclie & ffdnafe andetie atippatit aidrmshypdidordicohol. The reason why
it has become possible to produce the dialkyl carbonate and the diol on
an industrial scale .with such excellent effects by implementing the
process according to the present invention is not clear, but this is
supposed to be due to a composite effect brought about when the above
conditions are combined. Preferable ranges for the respective factors
are described below.

If Ly (cm) is less than 2100, then the conversion decreases and
hence it is not possible to attain the desired production amount.
Moreover, to keep down the equipment cost while securing the
conversion enabling the desired production amount to be attained, Lo

must be made to be not more than 8000. A more preferable range for Lo

(cm) is 2300 < Ly < 6000, with 2500 < Lo < 6000 being yet more

preferable. .
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to keep down the equipment cost while
AOSCg/byﬁ’B%ﬁéf«N conversion enabling the desired
production amount to be attained, Lo nust be nade to -

be not nore than 8000. A nore preferable range for Lo
25 (cm) is 2300 5 La <_ 6000, with 2500 5 Lo 5 5000

Deitfithy EomTi6 psB' R T8DS thaR I3 Har EES4IEN! tofaliin the

en i1t 1s not pOSSI

soshi g Sva TGN U SR B4 ggifomont cos

desj.red pr ucti o .Do nust de t t
whilgca taimias Gisaesiar PRoBucnan.apyats 45 iy t&ge’Eﬁ?% o be
200 5 Do 1000, with 210 5 Do :5 800 being.yet
not p‘r@‘feetlmamémﬂﬂ L& mare peefiesable fange tar e 46y is; %ﬁﬂ < Do <
40, then stable operation becones difficult. In
100pamitic @0 < Df < 800 being yetenoee preferatde. t hen t he
pressure difference between the top and bottom of the

col i, b prEtesy tivagdeat greadehthan 40 olhemystableabperation
operation becones difficult. 10 Moreover, it becones

becBftES Hifficdlf. "I‘ﬁrp%‘ﬁ%uwle ﬁ%p/enfatnur ddtet iBaho#@] then the
portion of the colum, and hence side reactions becone

preéélﬁﬂt& ﬁ!ff@{é’ﬁ&%r etmméd”ﬂ?QQongHB %ﬂ&%%ﬁﬁe éblhhﬁﬂ Sb¢=.35comess |

ecti vi more preferabl e range

too e, rndEpane? profohdefiatt8 onafhtiof hetimByfitticut

conver si on decreases and hence it not SSI :
Morapuan i Rechas hacas STy e s aseothe tefifiaBiire f fhe lower

keep down the equi pment cost while securing the
portionvef thecaluam.i agd henceside deastiangk beermerdiahlete occur,
be attained, no nust be nmade to be not nore than 120.

brirfginghabout @ detremse sndheaseleativity. 128, monepreferable range for
pressure difference between the top and bottom of the

Lo £DpUBNS ket e, ko8B0 gt 7 20 ph® e beiog yegariore preferable.
stabl e operation becones difficult. Moreover, it

becqmag |§%§§Wa¥1 40, tHER SR cbRGetSPEaBE S 368 AtE hence it
| ower portion o
is not possible to attain the desired production amount. Moreover, to
keep down the eqﬁipment cost while securing the conversion enabling
the deéired production amount to be attained, no must be made to be not
more than 120. Furthermore, if ng is greater than 120, then the pressure
difference between the top énd bottom of the column becomes too great,
and hence prolonged stable operation becomes difficult. Moreover, it
becomes necessary to increase the temperature in the lower portion of
the column, and hence side reactions become liable to occur, bringing
about a decrease in the selectivity. A more preferable range for ng is 30
<. ng £ 100, with 40 < np < 90 being yet more preferable.

If Do / doy is less than 3, then the eq'uipment cost becomes high.

Moreover, a large amount of a gaseous component is readily released to
34
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the columm, and hence side reactions becone liable to
AOSQHCYBB3MAN ngi ng about a decrease in the selectivity.
A nore preferable range for no is 30 <. no <_ 100,

with 40 <_no 5 90 being yet nore preferable. 25 If Do
/ do, is less than 3, then the equi pnment cost becones

e Sge YFF B, 1AMEE a0t dranonmsamman it
101 S5 RFSoT 68 250 B AU SOyl
o EE oo Byl 5k 35 P Pl B atapaecomes

difficult, and noreover a decrease in the corh\]/’_ersi C{n A
difficulthrendymoreever. a Adecrense i hecanversiofn ds fyought/about.

doi is 4 5 Do/ doi 5 15 wth 5 <_ Do | doi 5 13
moreepraferablapangpr faireD gl dyy isf4 oD der Ks15 ewdth Bas By / dot <

then the equi pnment cost becones high. Mreover, the
13 béfiy Jelinid¥l preferaent becones relatively high, and

hence” st abl e operation becones difficult. If Do | doe

s BB8YSo.! 8 Rs30ndl? 8 e fife Bq@iipfirt ébebgbontes high.

l'i qui et and piping becones excessively fast,

and he [ Sa L u el
Modiyal: d5B TS SR R At b é ol Felabivel g tfigh, and

ran for Do |..do iS 7 <, d <\
herss ftakig aportan hedamesifEul o e/ U, ¥idrdater than 30,
it has been found that ip the esent, invention it |'S
thenstha flomerater Bhidugh ShediayidcofibEt 2 piRiRG-RSEgMes

satisfy the following formula (7); 1sdoi/d0255 (7). . .
excHssivelyfast; @nshbemce: ampsicipbesemers liable tppesdr, bringing

present invention neans that the continuous

aboul tbroisigr ofi e bbparatusol Wrmarenp cefepablgpsangedfor Do / doz
continuously in a steady state based on the operating

is ﬁ%?ﬁtg" G’%fs‘g%g\iuglﬁl fg';?w"i Ndo9k 20dnding yet nowenpreferable.

Furthermore, it has been found that in the present invention it is
further preferable for the do1 and the doz to satisfy the ‘following formula
(7

1<dot/do2<5 (7).

The term “prolonged stable operation” used in the present
invention means that the continuous multi-stage distitllation column can_
be operated continuously in a steady sfate based on the operating
conditions with no flooding or weeping, clogging of piping, or erosion for
not less than 1000 hours, preferably not less than 3000 hours, more
preferably not less than 5000 hours, and predetermined amounts of thé
dialkyl carbonate and the diol can be produced while maintaining a high

conversion, high selectivity, and high productivity.

A characteristic feature of step (l) of the present invention is that
35 :
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t han 1000 hours, preferably not |ess than
ADSO%%BE% nor e preferably not | ess than 5000 hours,

and predeternined anmounts of the dialkyl carbonate
and the diol can be produced while maintaining a high
25 conversion, high selectivity, and high

the GRIRHELAHand SHRFIRETAE, Pt ol PR oD )2 Brolonge
AN B S oy

sel ecti n fer h odugt.i vi for
produrshihales ihe Hlalid cadonase otogt Tass hars ton.} b Aiifd high
productivity for the diol of not |less than 1.
produn%mtwfor the dickiafynotless thamdedda { he dilhe erelkvl
nore preferably produced in an anmount of not |ess
carbidraate3anhdribe Hiokare mord pseferabhy produced in lan amount of not
respectively, yet nore preferably not Iess than 4 ton

less/ thin 3N othrl 864 ndrlesd thamr . 95ton / dsrespiectively, yet more
Mor eover, another characteristic feature of step (1)

preﬁ?abf&?np@ﬂ@%ﬁhdrﬁ!%ﬂ Pﬂr'a?nd h%‘t léﬁstth%rﬁ?.s@ tbhaﬂ htO,

dog, and doe for the

e PR aﬁsm*é'sébéh@%@s@%w%éﬂ‘e oroe
Pre%ﬁra( m\se%bon 'aé%%ﬂaﬁ%enw?@@?*iwaﬁ?% { 889 o 1 oy, ane

ref not | ess tha ton /. h , ,.mor referabl
gﬂqy SRR tUP By i-RIaGH C('ﬁfé ‘GF'QIM}PP Prialisl,
and not less than 1.6 ton / hr, preferably not 15 | ess
respéchivelyoB300n<ILhx 6000 c2pPes SHasl 1000 5 gde £ Bans B} 30 < no
ton I hr of the diol can be produced. Furthernore,
< 1edpdheDehavad 45, Hnd 7f eddgif dopfs 254 emt(lle)ssofhamQ.S ton / hr,
present invention is that in the case that Lo, Do, Lo

preferadly Mot 1688 thalP3 tad NPo Moo préfarabiyg mstniesauthsn 3.5 ton /
mutti-stage distillation colum satisfy respectively

hr cﬁ’m ﬁmlkgl Earggﬂgtezéﬁd?oﬁbs:s ﬁ%’n 7. 65td{PI /hr%réf%%gly not

and

s §1580 195 759 s SR R PO 7207 of e
diol can be produced. Furthermore, another characteristic feature of
step (I) of the present invention is that in the case that Lg, Do, Lo/ D§, Ng,
Do / dg1, and Dy / doz for the continudus muiti-stage distillation colufnn
Satisfy respectively 2500 < Ly < 5000, 210 < Dy <800, 7 < Lo/ Dp < 20,
40 <np <90, 5 <Dg/dp1 <13,and 9 < Do / do2 < 20, not less than 3 ton /
hr, pfeferab|y not less than 3.5 ton / hr, more preferably not less than 4
ton / hr of the dialkyl _carbonate, and ndt Ie.ss than 1.85 ton / hr,
preferably not less than 2.2 ton / hr, more preferably not fess than 2.6
ton / hr of the diol can be produced.

The “selectivity” for each of the dialkyl carbonate and the diol in

the present invention is based on the cyclic carbonate reacted. In the
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ton_ / _hr of the dial kyl carbonate, and not |ess than
AO501 UBBBMAMN hr, preferably not less than 2.2 ton / hr,

nore preferably not |less than 2.6 ton / hr of the
di ol can be produced. 25 The "selectivity" for each of
t he di al kyl carbonate and the diol in the present
Lnyent.ion. | | HCVed | e d
presgnt RygRitgr  Hid8 SHIRElFUTIE! bt Jkp A a5 EgehBrally
el.ect,ivity of not ss. [.han %0
be aliainere pretpEabanet 6 AR 57, TGHHISStaBly M6t tess than
preferably not |ess than L,99% Moreover, the. m
99%: c oMiesiver: the “cRBVEFEIOS N, mPsﬁ"ééﬂé?BF'Pi) generally
i ndi cates the cyclic carbonate conversion, inthe . .
indigatesethe ioycdict carbonate genvgreiedsiipl the prageat {neention it
cyclic carbonate conversion be not |ess than 95%

beiny pbesithleyts piakethetdyolicozarbanate wosfwerainty beonot degs than
than 99% yet nore preferably not |ess than 99.5%

05%t pidfeTRbR; RoEN858Rh1nDY %, apdret prafe9@bB/not tess thaa 99%,
of the excellent characteristic features of the

yet %@%ﬁg?%t%\émf:rg:fil%g@tth%rhbg_t‘S"?&”é’ﬁﬂ%hefb prBférably not less

mai ntal ni ng high selectivity in
t hj y. Jhe Ntk e (4 e St '
than Ao JEEEORR bt D6 EhicBMl et ShaReRHic IeatuiBs of the
distillatjon colunp.having trays as e | .naly. e
presentinyertpRapat & Bigh ofihe 5 sih POmAhGRE wohe
the part in the distillation colum where gas and
maintainingahighaseleativitbin ibist Wak o contact 15 with one
anot her. Exanples of the tray_ include a bubble-cap
trayThe centinsousamuliti-stags distillation eplumrA ueed ingstep (1)
valve tray, a counterflow tray, an Unifrax tray, a
is EoRmMhrgpe distidtion colamn having traysvas the iaternal.
gri plate tray, a turbogrid plate tray, a Kittel

Thd if&’m Ghtd it Used M9 Yeesent ingeatiol ineans. the part in the
mult1-stage distillation colum having both a tray

disfifa}ich"eBllind, wHePd ddPAnBTAAAL] Hrb nReHly BFough B contact
witBlone & RARS "IEADIRbISE FAIRLCFARAHEINEE & WUbAS-Cap tray, a
sieve tray, a ripple tray, a ballast tray, a valve tray, a counterflow tray, an
Unifrax tray, a Superfrac tray, a Maxfrac tray, a dual flow tray, a grid
plate tray, a turbogrid plate tray, a Kittel tray, or the like. _Moreover, in
step (l), a multi-stage distillation column having both a tray portion and a
portion packed with packings in part of the tray stage portion can also be
used. Examples of the packings include random packings such as a
Raschig ring, é Lessing ring, a Pali ring, a Berl saddle, an Intalox saddle,
a bixon packing, a McMahon packing or Heli-Pak, or structured packings
such as Mellapak, Gempak, Techno-pack, Flexipac, a Sulzer packing, a

Goodroll packing or Glitschgrid. Furthermore, the term “number of

stages n (ng, n1, Nz etc.) of the internal” used in the present invention
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Raschig ring, a Lessing ring, a Pall ring, a Berl
A0504 B3/ I ntal ox saddle, a Dixon packing, a MMhon
packi ng or Heli-Pak, or structured packings such as
Mel | apak, Genpak, Techno-pack, Flexipac, a Sul zer

packi ng, a 25 Goodroll|l packing or ditschgrid.

Furthernore, t term’ g ;
meappcthg B PRIV EGHTe Y1 ahFoERg e thafretitd!

37 i A0501 VP83/ KAN neans the nunb of tr i .
numbgsofostagas i thecask of RAsKInGE e mihBEy %ﬁ%@@es nin
in the case of packings. The nunber of, st n.in -
the case mfsa mﬂlta-sﬁﬂlgeid@gﬂgé"lﬂ solyma hawr&ggﬁﬁ a4iay gortion

both a tray portion and a portion packed with
and papbirtigs packéd witheackings ishthusitive sugm ofsthe aysmbag of
the theoretical nunber of stages. For the reaction

tray8ein@eRel the gneticat manbenasfesiagbsd.he aliphatic
nonohydri c al cohol in step (1), it has been di scovered

t hat o} Bge HeQticiP Pt thd icgtizet &t dndteyandrithehatiphatic

productivity can be attained éven if a plate type
o . ;o e St . . ! .
morgily e HiEafHLin stpBifLCH Has b BigrtveTed fhatuiic high
havi n .predet er m.ned nber_ of d ;
conygixdp dyBlae sy B rmnd {6 aiia RABHET s8R be Mafhed even if
distillation colum is used, ,but a.plate type .
a plaite typeaeoptinbeus MUI-siRas, distillatifn &alum I which the
Is preferable. Furthernore, it has been discoyered .
interhal conepasesdyaysaand Kar packingsebhaving & pregatermined
downconmer 15 portion are particularly good as the

numbey ofrsthgessand /t brearpackedcdiupn bypeaantiruods maptid-stage
and equi pnrent cost. It has al so been di scovered that

disR&tiohi S¥RIMA3Y U¥ed enablyphste B@ distititohaodamin id which
In the sieve portion. A nore preferable nunber of

o - beS FurtiBrmstd, TOhEs been
thegﬁg?é}%!bﬂsy{mﬂrﬁ%%e{%gyhoI es | e, Nbfeover, it

disggﬁeﬁ%} EE§F sg%%%qgﬁssgﬁtéjgba\:ﬂ?g d SRV SBHiSHaén&ra?@owncomer
portion are particularly good as the tray in terms of the relationship |
between performance and equipment cost. It has also been discovered
that eaéh sieve tray preferably has 100 to 1000 holes / m? in the sieve
portion. A more preferable number of holes is from 120 to 900 holes /
m?, yet more preferably from 150 to 800 holes / m?. Moreover, it has
been discovered that the cross-sectional area per hole of each sieve tray
is preferably in a range of from 0.5to 5 cm?. .A more preferable
cross-sectional area per hole is from 0.7 to 4 cm?, yet moré preferably
from 0.9 to 3 cm?. ' Furthermore, it has been discovered that it is
particularly preferable if each sieve tray has 100 to 1000 holes / m?in

the sieve portion, and the cross-sectional area per hole is in a range of

from 0.5 to 5 cm2. The number of holes in the sieve portion may be the
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is\élsreferably in arange of fromO0.5 to 5 cn2. A nore
A95Oﬂr B3AN  cross-sectional area per hole is fromO.7

to 4 cn2, yet nore preferably from0.9 to 3 cn®.
Furthernore, it has been discovered that it is
particularly preferable if each sieve tray has 100 to

sam%B%SSQEég?P%n%%fggé@gté@hﬁa?vaifpé‘{ti on, and the

I's. 1n a range of from
0.5.t0,5 cnR. The nunbes, of i i td
may 1 (61D  apeies 1a08s Jfsed tdhe' Prasdntiriyénfigh hetns, for
sieve trays, or npy differ,. The term"aperture. 10"

eachafdhensigwe HravscH thﬁmmi'%HOHﬁdHy?%ngggee‘i@E"[ﬁq“}'ﬁé’m“"‘“ A,
sieve trays in the continyous nulti-stage distil I.ahi on

the ratiamof the totiab areai of opemiegs dpdheatray r%@h igas and
the tray through which gas and 5 liquid can pass (the

liquidotah pass{tieetotainadoss-sactibnadiaren obholeshtedherarea of the
the tray having these openings therein. Note that for

traythavityg fidé bpefiags tarein poNotenthatforaadeaythaviag a

portion in which bubbling substantially occurs, i.e.

' - ’ hoRtioh IntviliRih daibbiig ar e

o B R e o A e B T <

rati f e of. I ' t | il Sak
subffiifaly U2l 4 Sxy§Eg the dqurbortgy portiohistaken as

range g_fhefroml.Sto 15% If the aperture ratio is
the atea eHthe 1a¥%, t(hen the apparatus becomes | arge

relative to the required production anmoynt. .an henc
t helteas hran feysd Hat aﬁpgt,lrl_remtéq,pgrqaqlp]@q the“8ieve trays

residence tinme 15 increases, and hence side react

¢ _ | ons
 in the. gontinuenstmuit siagesdistiliation souewn Arisdratedably in a range

and unreacted cyclic carbonate) becone liable to

of fe6RUN.5 Moresiter | Ifithet Apesaet at indess itbagr 4%y thaarthe
15% then the residence tine in each of the trays

apffetadecomned epecrdiativeursdthie ebquiteatpsodustiomeamount, and
Increased to attarn a high conversion, and thus the 20

he%{?@%%&?ﬁ%ﬁﬁ?%?%‘%rﬁ@& KGR "Mdréovardth@reeRience time
increases, and hence side reactions (e.g. a reaction between the
reaction product diol and unreacted cyclic carbonate) become liable to
occur. Moreover, if the.aperture ratio is greafer than 15%, then the
residence time in each of the trays decreases, and hence the number of
stages must be increased to attain a high conversion, and thus the
problems described above for when ng is large arise. For such reasons,
a more preferable range for the aperture ratio is 1.7 to 8.0%, with 1.9 to
6.0% being yet more preferable.

The aperture ratio may be the same for all of the trays in the
continuous multi-stage distillation column A, or may differ. In the

present invention, it is generally preferable to use a multi-stage

distillation column in which the aperture ratio of trays in the upper portion
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__a nmore preferable range for the aperture ratio is 1.7
A0S0 VIBBIHMAN th 1.9 to 6.0% being yet nmore preferable.
The aperture ratio may be the sane for all of the
trays in the continuous multi-stage distillation
colum A, or may differ. In the 25 present invention,
ite1S f t i i
therbbt |5 pPERTEA R ThE dbethPe BBl irdle I 18bAGRer portion
tr?ys in the upper portion 39 A0501 VP83/KAN t her eof
thereQl.greater than the aperture ratio of trays in the
| ower portion thereof. In step (1), the dialkyl,.
carpoaterelinthe saling caborate anddhe diol i Ebptingpusly
conti nuously feedi n% the starting material cyclic
prodimerh byt conBnucusdy Tpading thersinytmgcmateaﬁi|cwc|lipo°am"ate
continuous nulti-stage distillation colum A in which
and alipiatiy shohohydeieatcohairingo it eocontinaorisomultirgtage
distillation sinmultaneously in the col um,

dist#Ritid i eotgmn A inhdhivh 2ocatalyevid presentpoantyingasut ceaction
m xture AT containing the produced dial kyl carbonate

andfdigﬁllg?idwgﬁhumf édlfhl?figtﬂ%_ €81 HAR, IdbrRimaseonsSwithidrawing a

an continuously w thdraw ng a hi gh boiling point
reaction m.xture. £ont aixni ' ol f

tow i fiharP et A EAT fenfaThin the B bdP UKy
reactign tine for the tran terificatio '

carbahale o aR HRRIPOTOR DTG PAER (oA SEEEUB Jorm, and
average residence tine of the reaction Liquid in the

congionaualyithdrawing yBigh bﬂ'ﬁ'ﬂﬂt?%‘lﬁ‘tcr&lalm&hm% re 59
reaction time varies depending on the formof the |

containéngdhe dioltfrendasiowemnppstionafuthe sohwan Adnradisurd form.
of stages, the anpunts of the starting materials fed

i N, Theeréapeoartimanfumtheofransesterification reactioaccakiied out in
conditions, and so on. The reaction tine is generally

e UPESHASIdrde ofiaid o Memamgeretsiatia frent e
readfidhStiquid in the continuous multi-stage distillation column A.  The
reaction time varies depending on the form of the internals in the
distillation column A and the number of stages, the amounts of the
starting materials fed in, the type and amount of the catalyst, the reaction
conditions, and so on. The reaction time is generally in a range of from
0.1 to 20 hours, preferab_ty from 0.5 to 15 hqurs, more prefe.rably from 1
to'10 hours.

The reaction temperature varies depending on the type of the
starting material compounds used, and the type and amount of the
catalyst. The reaction temperature is generally ih a range of from 30 to
300 °C. It is preferable to increase the reaction temperature sd as to

increase the reaction rate. However, if the reaction temperature is too

high, then side reactions become liable to occur. The reaction
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T ion tenperature varies depending on the type
AMO&WE’%%MH ng material conmpounds used, and the type

and anount of the catalyst. The reaction tenperature
is generally in a range of from30 to 300 C. It is
preferable to increase the reaction tenperature so as

temé%rat ?eiiE%W§5%%ﬁgbf€% iaOFalhgéﬁof fiOWS Y to 250 PE, more

actl ontenpe t oo gh, then side reactions
beco lia t GHI . r [ : . o
prefepasmicars bt 2df S yalfor§IEEBEapl fiom 8BRS 159 C. n
fromd40,to 250 C, nore ,preferapl,y from50 to 20 .
the pigsanh inymahen o Teastiveod ssTiaor c4f, B Arrfpd s with the
i nvention, the reactive distillation caq Z’fzoéarrifd '
colupun battem tempesatie et tematemaresthan 188 °¢ o prgferably not
nmore than 150 C, preferably not 5 nore than 130 C,
morattharpd 80et @bnyorepreferabdyavotimore, than 148, yet more
preferably not nore than 100 C. An excell ent
prefefabRe hotirAbrs thaat 106 “¢. reepcesient éhraractedsticsfeature of
that the high conversion, high selectivity, and high -
the ggggéﬁi iNUENtiIBAM st the ARfh @oriversidn Shih seleetivity, and

um bottom tenperature.” Moreover, the reaction

| higt@bﬁ@ﬁrﬁgiv@ ggﬁaﬁsa@m}\ea QPehGithGs W% Riwd¥umn bottom

conpounds used and the conposition

her eb h ' ' ,
tompafar¥i, " Fhusibas 185 VBl Br Y6 yaRlFY BRpRhaithoon the
typ%&ﬂ?\[ﬂ g{;rﬁfmgﬁi%%@%&oégwq%dq ﬁrsgﬁi%{?g ’théngohsposition

preferably from 103 to 107 Pa, nore pre'ferahbx from,
the e twesn 1 tte peactivnTimpgraturg, and$a o0t i nyheHeaction

continuous nmulti-stage distillation colum A used in
pretsar@mayrie ianyeof irored scexd pressuye a NOENE || Pre Seatre; ioxl an
such as carbon steel or stainless steel. In terns of

appiftal pvabibive OhntNig géhatdlyy isar bangeeoffront Hetali210’oPa,
be produced, stainless steel is preferable.

preferably from 10° to 107 Pa, more preferably from 10 to 5x10° Pa.
The material constituting the continuous multi-stage distillation

column A used in the present invention is generally a metallic material

such as carbon steel or stainless steel. In terms of the quality of the

dialkyl carbonate and the diol to be produced, stainless steel is

preferable.

In the present invention, step (Il) is carried out following on from

step (1), whereby a high-purity dialkyl carbonate of purity not less than

97%, preferably not less than 99%, more preferably not less than 99.9%

is separated out with high effic_iency..
In step (!1), a continuous muiti-stage distillation column B is used
to subject the low boiling point reaction mixture Ar containing the

produced dialky! carbonate and the aliphatic monohydric alcohol
41



Yo

10

15

20

26

20 In the present invention, step (lIl) is carried out
A0501 MREKAN on from step (1), whereby a high-purity
di al kyl carbonate of purity not less than 97%
preferably not |ess than 99% nore preferably not |ess
than 99.9% is separated out with high efficiency. In
Ste |1 contd nuo L= =Y T e
contigydaivpitodrgel frob el PofEn bhkie etiitBious,
reaction nixture AT containing._the r '
multiatagmsletlAHONRO MR & BoRoRJS: T 6 Sesfhn by
A0501 VP83/KAN a continuously,w thdrawn frorp t.he..
distilation indota ealwnn iep compansdt Brhiaving thgaliphatic
distillation colum A in a gaseous formto separation

monbliydeicsalddhli am ai maonacemponentiheresp ancha exlumpibgttom
the aliphatic nonohydric alcohol as a main conmponent

compBAEARB ARG VIng Therdiatiyt catonateaseamaid bempanent thereof.
di al kyl carbonate as a main conponent thereof. The
CORtY : ' ' &tdistiphtion e6lumn B usst inrstep (1)
st gtpﬁ€#%%’ﬂrpuéqé m‘ygtﬁﬁg’%gﬁhdf separating out the P
al Kyl | : ' | ith
musf AV 8 APIARITES st afind pETIhE IAIRARGAE e with 2
a |.arge anount of .the | ow hail i [ i i
preshriiad Sekrration 2810ancS stk BF S RLSIorfEE petfod of time
simul taneously satisfied tQ. achieve this, .
fromsgelargecamapnt; okthe lev hellingoint gagiionupsturgAynand
colum Bis a distillation colum cqn‘grising 2 .
varieusi ppnagicres must bawimgitaneaysly satisipp to aghigve dbis.
dianmeter DL (cm) and internals with a nunber of stages .
nl Sphetfedalty,dbe eodtiamoers imHtiestageedistiintianicpjumn B is a
l ength L2 (cnm), an inside 15 dianmeter D2 (cm and
distlIHtF6 R A umd l&om;msh? aoétrippingsseétiohdvaving adength Ly (cm),
wherein L1, D1, nl, L2, D2, and n2 satisfy the

an QS HiBshd @] 3em)7And Antérdls AR & numbePAIBtages N,

thereinside, and an enrichment section having a length L2 (cm), an inside
diameter D, (cm) and internals with a number of stages n2 thereinside,

wherein Ly, D4, nq, Lo, D2, and n; satisfy the following formuilae (7) to

(14);

500 < Ly < 3000 ' @)

100 < Dy < 1000 | (8)
2<Li/Dy<30 (9)
10<ny <40 (10)

700 < L, < 5000 (11)

50 < D < 80O (12)

10 <Lz / D, < 50 (13); and
35 < np < 100 (14).

It has been discovered that by using such a continuous
42
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100 D1 5 1000 (8) 20 2 < L1/ D1 <_ 30 (9) 10!5n1<_40
AOSOINIB3MMAN 5 L2 < 5000 (11) 50<5D2800 (12) 10 L2 /

D2 < 50 (13); and 25 355n2<_ 100 (14). It has been

di scovered that by using such a continuous 42 A0501
VP83/ KAN nmul ti-stage distillation colum B

si pul t apegysly sat | [ ; ‘ TN |
multfsfaae HiSfliavhe Bhling, Biiftafestzirsatishying tigYormulae
AT roduced throu he reactive disti ' A
(7) torid By @ larae.pmsiroot Ha BRCbbIt g pRIb! HEALADA XGRS Ar
al cohol can be separated with high 5 efficienc sQ
produced wrmghrﬁhgdﬁaﬁﬂ%ﬁwﬂmoeg’%% ﬁﬁﬁg‘%‘%iﬁ gAroonate
concentration of the dial kyl carbonate can be obt ai ﬂed
and dheaalipaiistmbalohysric aleohok eanrhgsgpasated withiyghy
ton / hr stably for a prolonged period of time of,
effidi@hc§xssnthat aeblumsbbttom Laiipbnens Bpcontaiting adigh
| ess” than 3000 hours, nore preferably not |ess than

contglggﬁfsﬁ%‘f'{:ﬁf thR' SaYeyl cdibd iRy 8hndhé abdtalned wroantindustrial

arbonate separated out as the columm bottom

sca%%}ﬁ@é%rﬁ?ﬁ& hl?f?tnlpers%l tRaf 24dH/ ﬁ#réttafbiﬁffof‘@ pk6fhgedperiod

preferably not |ess than 99 % by

wei ght ., can be easily, atl al . p it At |
of t'é‘i'%g)'}eg‘%e?‘@% nekless mﬁgfoqq@oglﬁgl Eg%{:écpgr I nda(tﬁe ess

obt ai ned as the colu ttom conmpgnen
thanlA000 RouFS prs, PETara By ST aaty (YA SOU0:ABHLR, odfgreover.

% by weight, nore preferably not less than 99.99 O%%y |
regardigg theTparityabthavdjaliy! wasbpaatasepiatedLytas the column

produce, and separate out and purify, the dialkyl 0
botianbhsoapenentaBs; generaliyia bigh purniyt of sotness dhancgy % by

effects by inplenmenting the process according to the
weight, preferably not less than 99 % by weight, can be easily attained.
In step (I), it is also easy to make the purity of the dialkyl carbonate
obtained as the column bottom component be an ultra-high purity of
preferably not less than 99.9 % by weig‘ht, more preferably not less than
99.99 % by weight. The reason why it has become possible to produce,
and separate out and purify, the dialkyl carbonate on an industrial scale
with such excellent effects by implementing the process according to the
present invention is not clear, but this is supposed to be due to a
composite effect brought about when the conditions of the formulae (1) fo
(14) are combined. Preferable ranges for the respective factors are
described below.

If Ly {(cm) is less than 500, then the separation efficiency for the

stripping section decreases, and hence the desired separation efficiency

cannot be attained. Moreover, to keep down the equipment cost while

securing the desired separation efficiency, L1 must be made to be not
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present invention is not clear, but this is supposed
A0501 )VB@3/, to a 20 conposite effect brought about when
the conditions of the fornmulae (1) to (14) are

conbi ned. Preferable ranges for the respective factors
are described below. If L, (cm) is |less than 500,

more‘sfifﬁ nGR0adcr dadh Pé“gﬁéi%%?@%"%ﬁ@%ééﬂ ﬁ“‘%i’\%ﬁ:’oﬁ L1 < 2600,
with A6 b & aﬁ@peﬁeﬂiéyp wﬁ%f%‘p&%?%@%‘iéet’x? desi rod
separation_ efficiency,

be ma
208D 1eB) ke As B amAA0a 800N Thisdad Ry ey BT%BPeat#aﬁbihe
for L1 (cm is 800 < Li 5 2500, wth 1000 < L1
desiredaistillagioneamouet. pr Masegives. to keep demn tBe|%%%lpment cost
than 100, then it is not possible to attain the

whildesttaringi e desireahdistillation Mmeunéy Ditmusédye duasie to be not
t he equi pnment cost 5 while attaining the desired

moré'tﬁb'n' hggloon ATRERE preferatsie keﬁqg’@qlarm §a& 120 D, < 800,

nor e preferable range for (cm is 120

w155 By B e FabHiY g yoi o

or great er than

3?%'1“@?? PR f?uﬁ%e%'i?b PEgrBBfSAINAY U HER prolonged stable
opefAuph beFemEs difichl. eégnpﬁ%mrfgérq%#snrqbﬁg 3obdnd Pads 5 <

efficiency for the stri p50| ng section decreases, and
Ly /R2nce20hwithdi £dcr £Ehaf S Beirg ivelinaneo pPreiprablee

attai ned. Mreover, to keep down the.equi pment cost

whi Ifeny setess thanht0 dthen tbie saparation edficienaniyr the
must be made to be not 15 nore than 40. A npre

e T o8 oy e oo oo
canhdd’be Wtaihlan t PR reRaratd Reepf dowretlty dquiphient cost while
securing the desired separation efficien.cy, ns must be made to be not
more than 40. A more preferable range for n; is 13 < nq £ 25, with 15 <
ny < 20 being yet more preferable.

If Lo (cm) is less than 700, then the separation efficiency for the
enrichment section decreases, and hence the desired sep_arétion
efficiency cannot be attained. Moreover, to keep down the equipment |
cost while securing the desired separation efficiency, L, must be made to
be not more than 5000. Furthermore, if Lz_is greater than 5000, then the
pressure difference between the top and bottom of the column becomes
too great, and hence prolonged stable operation becomes difficult.
Moreover, it becomes necessary to increase the tempefature in the lower

portion of the column, and hence side reactions become liable to occur.

A more preferable range for L (cm) is 1500 < L, < 3500, with 2000 < L, <
44
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enri chnent section decreases, and hence the desired
AOS04eyR8MAMN efficiency cannot be attained. Mreover,
to keep down the equi pnent 20 cost while securing the
desired separation efficiency, L2 nust be nade to be
not nore than 5000. Furthernore, if L2 is greater than
5000, then the ressyre difference between the top
3000, &'Betxﬁee)\metlﬂ'gefgé?ﬁ becomes too great, and hence
prol onged stabl e gperajjon becpnes diff.i :
orit Blatcms s fess banabotagh it #5 hal desgillq g attain the
tenperature in the |ower 25 portign of the colum,. and
desinedatistillatiorcamount bMaseovarate kaep dowp the gqiyjpiient cost
preferable range for L2 (cnm) is 1500 < L2 <_ 3500,
whilei a11a10g the desirettdistiitationraponat, Eoomusiibe made to be not
nmore preferable. If D2 (cm) is less than 50, then it
morbSthiafi 8PesSi Alfioke prefardblehrangesor @ (i) iis IZ0 o2 < 600,
~anount. Mreover, to keep down the equi pnent cost
. hl t a4 dt i ' fafelrablét i on anount, D2
w'thﬁggtg‘% %@%'bge%%fﬁgﬁg?e than 800. A nore
pr efeer able 1a i SthéPProlongdd stable
80 Ige‘r?zppi? &O%e?@%n% E’ﬁ@’?*‘%‘?ﬁ?@?ffﬂ‘b e 1f 12/ D
is less than 1Q.ar eater than e ! ed is 15 <
opegatigncbegpries ng'%'g{conésm&r?f?rceig{ ?B%'ﬁhb'?ég RS D2 is
preferable, range for_ L2 2 .is 15 L2 1 D2 < 0,
Lo AiDs ks 00, svith 30 BoLs | R 4 BFEIBE ¥iSh MGTep R IETARIE: o
If n2 is |ess than 35, then the‘separa&#ﬁn.effi?iegﬁg
f or It he is dess dhaend5 s then dhegeepataiian GiHCHAE IPh
desired separation efficiency cannot be attained.
enridhmerersedtiok aezrdasast ard drngenthe desisedgaparation
securing the desired separation efficiency, n2 nust be
effiERsiecy Ganidtieé atRfinedIanMuigoview; to&eepr dowirt the equipment
great'er than 100, then the 15 pressure difference

coﬁ%ﬂﬁ%%é&?ﬂﬁﬂﬁh@“de?%@%ﬁ&réﬁén“éﬁfi@i@nbﬁcﬂﬁwmst be made to
great e

and ce prolonged stable operati on becones

be ?ﬁé%@ﬁ%&p&%éﬁ?xefflﬁ:éthfa(r)nalgﬁ%m?fs nJ§E & eRt¥r tRahMPOB28Ren the

pressure difference between the top and bottom of the column becomes

- too great, and hence prolonged stable operation becomes difficult.

Moreover, it becomes necessary to increase the temperature in the lower
portion of the column, and hence side reactions become liable to occur.
A more preferable range for n; is 40 < np £ 7.0, with 45 < n, < 65 being
yet more preferable.

Moreover, for the continuous multi-stage distillation column B used
in step (1), it is preferable to be Ly < L.2, more preferably Ly < La.
Furthermore, it is preferable to be D> < Dy, more preferably D2 < D4. In
the present invention, the case that L1 <Lz and D2 < D, is thus preferable,
the case that L; < L, and D2 < D4 being more preferable.

The continuous multi-stage distillation column B used in step (1)
45
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portion of the columm, and hence side reactions becone
AOSON NIBUKAN occur. A nore preferable range for n2 is 40

5 n2 < 70, with 45 < n2 < 65 being 20 yet nore
preferable. Mreover, for the continuous nulti-stage
distillation colum B used in step (II), it is

. ef er,abl e,.1 , , I
is prpfgiafuf i Aistialol ool g FRFSHA L packings as the
r ef er abl <D..n th re [ ' :
interBal aniarah of 16 thrining achoB S5¢ the SN fiEbhfht paBHign. A
the case that L, < L2 and D2 EP? bei ng nor.e .
multjstage stillaties solmmbaving bab & Ky RPEoM apd @ portion
colum B used in step (I1) 45 1 A0501 VP831KAN is
packedidtiaipackings stan adso &e ¥sedem having trays and/ or
packi ngs as the internal in each of the striping

seqt i@@a&ﬁduldﬂﬂyqa“rb‘femm forethte omterAal imibathstheystriping
di stillation colum having both a tray portion and a

sectith Wi the reeh et secionuT hncehtinurrisugriti-Stdde

I's particularly preferable for the internal in both

s, EORR, 20604990 EIS B BIVRY. Fupthamr, i s

I nuous nu . ation colum B used

vechiShBUekbblaR U548 R Rt VTG € e Betchesiha o

ing as ,
portion and a downcgne ortion ar rti '
dowigame! porfiom-ateAFlGIIaNE 8999 asonay b sehms A e
performance and equi pment cost. It has al so bet?
relatiosshipriketwesn paifarmaace anawwmeaﬁpysﬁas Eb@st glso been
1200 holes / nm2 in the sieve portion. A nore 2 .
disquvaredathat eachesieve trayepraferablynhascl @ to11200hples / m” in

I n2, yet nore preferably from 250 to 1000 holes | nR.
the Mpse@vRsrtid. hasmieenpdifecabks edmbet of timles is from 200 to
cross-sectional area per hole 15 of each sieve tray is

OB RPN RS Serboly o 250 focrto0 haes
Morfcbve S TBha%ehedR discovered that the cross-sectional area per hole
of each sieve tray is preferably in a range of from 0.5to & cm?. A more
preferable cross-sectional area per hole is from 0.7 to 4 cm?, yet more
preferably from 0.9 to 3 cm?. Furthermore, it has been discovered that
it is particularly preferable if each sieve tray hgs 150 to 1200 holes / m?
in the sieve portion, and the cross-sectional area per hole .is in a range
of from 0.5 to 5 cm?. It has been shown that by adding the above
conditions to the continuous multi-stage distillation column B, the object
of the present invention can be attained more easily.

In the present invention, the dialkyl carbonate produced through
the reactive distiliation in the continuous multi-stage distillation column A

is continuously withdrawn from the upper portion of the column'in a

gaseous form as the low boiling point reaction mixture At together with
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preferably fromO0.9 to 3 cn2. Furthernore, it has been
AD50Ji V28 that it is particularly preferable if each
sieve tray has 150 to 1200 holes / n2 in the sieve
portion, and the cross-sectional area per hole is in a
range 20 of fromO0.5 to 5 cnR2. It has been shown that

o3 RGpN T B AL PRl uGFSAE B fo
presept .i nvent|on can be a.ﬁ.bai ned, noy.e _easi
a

gengralbiReingsRd IR Sxaessa: ol R owh Paaliae SN eashion Mixture

through the reactive distillation in the coptjpuaus

Ar isngontinyeuslydes intoathe ropsinurtsmuli-stags distillgtien cotumn
wi t hdrawn from the upper portion of the colum in a,

B, adawe baslihgrpoimt mbdureB-bbaving thei aliphatistmenahydrig alcohol
AT together with 46 A0501 VP831KAN ali phatic

as dRTHIAYEH ind ol ethie relodtis Fentirgeushdwithdrawre dramean wupper
general ly being used in excess. The | ow boiling point

portiGRJf e EbIUMhCin 4 lgdseG@8FoRWO Wild af RIGH bb@liﬁb?c:)i\?vt mixture

continuous nulti-stdge distillation colum B, a

Be %ibwg}é’giié‘aﬁ(gg‘%r%ﬁa% 2% Ak Bl tithereof is

as a main conponent thereof is

onti ayously w t hdrawn fr : r ¢ I.on P o (ST

configanply Wi gtauBBRD A [oWR B BR ot B et iff BCiiquia

m xture BB having the dial kyl carbonate as.a maipn .
formomyUhen faedingoths lowRalingBalit rezeHior ThituFg dninto the

| oner portion of the colum in a liquid form. Wen,
contisediusgymulti-stage distiliatiopi erluren B, Bie dew: bedingrromt

the 10 continuous nulti-stage distillation colum B,
reattion| mixturel Apgnapibe fed dadni aigaseaus donm, edyinba lfgigd form.

inin a gaseous form or inaliquid form It is

It isPpréRirablie tbochdafbr Woolable Idve Haollingopbimtgeawtian mixture Ar to
reaction mxture AT to a tenperature close to the

a tédgpgiréf)‘*u%{fﬁras% ¥ theNiddid Wmpeiraturd int ke veerHifg of the

e continuous nmulti-stage distillation

4TS U Benk LG IR 4 OIALES 91t bt

I on
feeding the low boiling point reaction mixture Ay into the distillation

column B.

Moreover, the position from which the low boiling point reaction
mixture Ay is fed into the continﬁbus multi-stage distillation column B is
preferably around between the stripping section and the enrichment
section. The continuous multi-stage distillation column B preferably has
a reboiler for heating the distillate, and a refluxing apparatus.

in the present invention, the low boiling'point reaction mixture Ay
is generally withdrawn from the continuous multi-stage distillation column
A in an amount of not less than 2 ton / hr, before being fed into the

continuous mu_lti;stage distillation column B and thus subjected to the

separation by distillation, whereupon the low boiling point mixture By is
' 47




Mor eover, the position fromwhich the [ ow boiling
A050IOVRB3AKAN i on nmixture AT is fed into the continuous

- multi-stage distillation colum B is preferably
around between the stripping section and the
enrichment 20 section. The continuous nulti-stage

condfuibs oWk R ARl ki o8 4B 019 ot
present i nvention, the ow bo act i

and tha ok BaTling poserHki & Berd SontipansRy ithdfih Flem the
multi-stage distillation colum A in an anpunt of not
lowaregertumrogfzmeoﬂwtlllﬁtlmbmiﬂmrb& ng fed into the 25

continuous nulti-stage distillation colum B and thus

sulljnestequ(1i)) theeconepateation dfythe aliphiadic monohydric alcohol
wher eupon the [ ow boiling point mxture BT is 47

5 in thRORW B@W&ﬁﬂuﬂmﬁxmusmam bedmade to dbe niod leppdhan 80 %
portion of the distillation colum B, and the high

|
by \\Pé%grﬁt{‘ é H&tbl?"riﬁtul%%sBﬁ\a*ﬁ &% bwéi;gut vrhbhér;wfergbty not

portion of the distillati'on colum

lessnﬂ}%ﬁ]%r%:b& \.g%E@lﬁ:on ol ﬁzg}érf’gmggcérpfelﬂlrbﬂmtbﬂhe dialkyl

ol nt m xt
carﬁﬁé{‘ﬁ&;%ﬁh} @gﬁﬁq}nﬁht% m)}x{)han 30 #’i e%suybghfnade to be
f bl t | th b
not fass SRABST FatbvIBhtnBrafarAklY ym{@p%anma@ O by weight,
hi gh boiling point m xture BB can easily be nade t
10 morneopreferabihaotdess:than@Pghi’ by weighb: yehmowegge?m%'v not

99 % by weight, 10 nore preferably not less than 99.9

les g 9 9% % jothmghat pr ELiethairingorantthe apwuntinf $becmicohol
% by wei ght. Furthernore, the anmount of the al cohol

sepRfRfEdiRA H/thasnhie compoaenp ofehie iw tbivdlihgvp dinitin ngure Br
point mxture BT is generally not |ess than 500 kg /

! ,
is g'érn rQ'ilzlbﬁBf‘m-é(s :Pﬁén KhARrl p/P%rr.hb% not'TB&8 than 1 ton / hr,

not |l ess than 2 ton e remai nder of

ol ity L R B0 T o

15 bm{nng pomt mlx ure Es?lrjr?gs Ifﬁh di%rfl?gtll I!Boo Oh%drér?d hence the

low boiling point mixture B-r can be reused as aliphatic monohydric
alcohol for reacting with the cyclic carbonate either as is or else after
having been mixed with alcohol recovered from another process. This is
one preferabie embodiment of the present invention. In the case that

20 the amount of recovered alcohol is insufficient, fresh aliphatic
monohydric alcohol may be added.

The high boiling point mixture Bg separated off in step (i} has the
dialkyl carbonate as the main component thereof, and has a content of
unreacted aliphatic monohydric alcohol of not more than 3 % by weight,

256 preferably not more than 1 % by weight, more preferably not more than

0.1 % by weight, yet more preferably not more than 0.01 % by weight.
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I r reacting with the cyclic carbonate either
Aw@t%%&}*& se after having been m xed with al cohol
recovered from anot her process. This is one

pref erabl e enbodi mrent of the present invention. In the
case that 20 the anpbunt of recovered al cohol is

: e ; . ! : _
Morggﬁfgg, dierg beq_t]egeﬁlég%‘ gg'}lw?aaﬁﬁbﬁt df‘ﬁ%%?ééénﬂ%ﬂloﬁ?ghe

( I'ng point mxture BB separate
readin sk b (1R t8cyloFoter B AR L§1 et Mot containing
a nalRaRs 6 PaBE S SRR LiaRy RarbrBhus R BE mage to no

wei ght, nore preferabli/ not nore than , 0.1 %_bf\{ ) .
containgathalpeenat allyr chethe pfesent igvanting, a high-puyjty dialkyl

wei ght. 48 A0501 VP83/ KAN Moreover, in a preferable
carkeomate of dorndentnatipnekeing notdessdhant 8é %rbyoveighti s

carried out using starting materials and catal yst not
preferabdy motdess tharn§en% bydweigite rbee (preferalydnat kass than

carbonate can be made to not contain a hal ogen at

.8l%. by WdightPyEPRbrd Preféiably rothieds fiin 99.992%K bl Weight,
99 ga%b%*atée@g‘fpgoncen{rgti on -beYng not | ess than 97 %yby g

i gy ALY ARESND, bbby g o
e BRIk A 41 e BB oAb lp . oo

not nore, than 1 ppb (outside the detection |imt for
th'—'?ﬁ%e' 'é’h?gﬁ%l

E&¥! aphy), can 10 thus be easily
obtai ned. The distillation conditions for the
confliheudistilbation-canditions far thecoatinupusrmuitistagen
step (I1) vary depending on the formof the internal
disfilatipa cokmhlBtused inistep (Ahdvahedepenetingforthgcorm of the
the type, conposition and anount of the | ow boiling

inten@iatinriecd istiliatioh WoluAin bed five inumbée afwtaigesqfthientype,
di al kyl carbonate to be obtained through the

corﬁ gegietm\ gi]dy%gﬁ'oﬁﬁt o th&New Bloiling Bihe Tobetierl Aiktifre Ay fed
in, the purity of the dialkyl carbonate to be obtained through the
Separation, and so on. The column bottom temperature is generally a
specified temperature in a range of from 150 to 250 °C. A more
preferable temperature range is from 170 to 230 °C, yet more preferably
from 180 to'220 °C. The column bottom pressure varies depending on
the composition in the column and the column bottom temperature used,
but in the present invention the continuous multi-stage distillation column
B is generally operated under an applied pressUre.

Moreover, the reflux ratio for the continuous multi-stage distillation
column B is preferably in a range of from 0.5 to 5, more preferably from

0.8 to 3, yet more preferably from 1 to 2.5.

The material constituting the continuous multi-stage distillation
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speci fied tenperature in a range of from 150 to 250 C
AO50A VIBBYKAN ef er abl e tenperature range is from 170 to

230 C, yet nore preferably from 180 to 220 C. The

col um bottom pressure varies depending on 20 the

conposition in the colum and the col unm bottom

t enper at yr.e d t. . b r il '
colulrTBEBHIR S () 35 oot 4fftis fisferigtibdetPas carbon
eneral |y operated under an I ied.nr [ €4
steelr sotniessratarly | I erms,of SR8 qualfy BF ifig dialkyl carbonate
nul ti-stage distillation colym B.is preferably in a
and fhe gliobto e sepasated DUtysTaINIEss Stasl Js AreisTaklen. 5
to 3, yet nore preferably from1 to 2.5. The materi al
constituting the continuous nulti-stage distillation
49 A0501 VP83/KAN colum B used in step (I1) is"

EXAMPEES |y a netallic material such as carbon steel or

stainless steel. In terns of the quality of the

di 23Fdﬂ}’éwﬁﬁgtiQ'ialai'rﬁ::rt=."J‘Eiétéi'IT€d decriptibn oktivs predenttinvention
stainless Steel Is preferable. 5 EXAMPLES Following is

e | Dty L .
voBgREhSaER, ORI b T R SnBePARS 4 RATIARRA to the
foll not limted to the follow ng exanples. 10 Exanple 1:
ollaying exa i nuous nulti-stage distillation colum

A> A continuous multi-stage distillation colum A as

shown in FIG | having Lo = 3300 cm Do = 300 cm Lo

/ Do = 11, no = 60, Do/ dot = 7.5, 15 and Do / d02 =
Exampigad: used. The trays in the distillation colum were

sieve trays, each having a cross-sectional area per
Stepdle in a sieve portion thereof of approximtely 1.3
cn? and a nunber of holes of approximtely 180 to 320
<CdntiRuoldbenafesstage distillatin eablmaf Abhe trays
A continuous multi-stage distillation column A as shown in FIG. 1
having Lo = 3300 cm, Do = 300 cm, Lo/ Do = 11, np = 80, Do { do1 = 7.5,
and Dy / dg2 = 12 was used. The trays in the distillation column were
sieve trays, each having a cross-sectional area per‘hole'in a sieve
portion thereof of approximately 1.3 cm? and a number of holes of
approximately 180 to 320 / m2. The aperture ratio of éach of the trays
was in a range of from 2.1 to 4.2%.
<Reactive distillation>
3.27 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distillation column A from an inlet (3-a)
provided at the 55!" stage from the bottom. 3.238 Ton / hr of methanol
in a gaseous form (containing 8.96 % by weight of diniethyl carbonate)

and 7.489 ton / hr of methanol in a liquid form (containing 6.66 % by

weight of dimethyi carbonate) were respectively continuously introduced
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wa range of from2.1 to 4.2% 20 <Reactive
A05Q§|\!F3F‘3ﬂﬁ$'|\|on> 3.27 Ton / hr of ethylene carbonate in a

liquid formwas continuously introduced into the
distillation colum A froman inlet (3-a) provided at
the 55th stage fromthe bottom 3.238 Ton I hr of

into JBbfiRtatleh SelfRFA TR UpI8ISSh A 5ef Previtieg aythe 31
stag%frhan%p pﬁglfrlhsuﬁ'gngi ﬁﬁg}co i gtﬁgsﬂg&pgﬁétenals

~ . conti nqousla introduced 50 A0501 VP83/ KAN | nt o P
intrafluced linto she distillatiar colimpl Awas mathapok! gfhylene

provi ded at the 31St stage fromthe bottom The nol ar
carbanate sf813& starting materials introduced into the
distillation colum A was nethanol / ethyl ene
carpraadftaty$t 3Sedwaboisatinedsby aidingad. Sotdrmiofeathiyyene
adding 4.8 ton of ethylene glycol to 2.5 ton of KCH

glycot3o% @’tdﬁ'cﬂmmﬂgﬂe% B?'Wéigcﬂ‘t)aqb&@hb%lh@lon) heating to
approximately 130 gradual | y reduci ng the pressure,

apoBEERLIV. 15026 qEfIal SEUIEM o i BIRAITHE Kafring ou
vl RRARL a0 AT 3 .

_ froman inlet rov .dat e 54t h, st f
as forerofdeee Pﬂré‘%@éﬁpﬁét?%l titign.q 5/11'% %!Y}#?Sg‘ﬁé%{é’g’m&?s |

et hyl ene carbonate fed in). Reactive distillation wa

contiaudusly dotrasured iriesthe distilationdcelwnp Aframcan m’%t (3-e)
bottomterrperature of 98 C, a colum top pressure of

provigedait theeb4! Bmwm the rattoamdKacortentratiom: 00 df % by
0.42. It was possible to attain stable steady state

weigRebHda ol btiyldhe barbonate fouinpi | Reagtiverdistillation was
reaction m xture AT continuously wthdrawn fromthe
carﬁlgﬁ #uﬁ%o@?ﬁ!&ﬂﬁé{mﬁdeﬂeoﬁaﬁlbﬁg of Arcslafimbottbrf 129
temperature of 98 °C, a column top pressure of approximately 1.118x10°
Pa, and a reflux ratio of 0.42.
It was possible to attain stable steady state operation after 24

hours. A low boiling point reaction mixture Ar continuously withdrawn

from the top 1 of the column at 10.678 ton / hr contained 4.129 ton / hr of

" dimethyl carbonate, and 6.549 ton / hr of methanol. A liquid

continuously withdrawn from the bottom 2 of the cotlumn at 3.382 ton / hr
contained 2.356 ton / hr of ethylene glycol, 1.014 ton / hr of methanol,
a-nd 4 kg / hr of unreacted ethylene carbonate. Excluding the dimethyl
carbonate contained in the starting material,.the actual produced am-ount
of dimethyl carbonate was 3.340 ton / hr, and excluding the ethylene
glycol contained in the catalyst solution, the actual produced amount of

éthylene glycol was 2.301 ton/ hr. The ethylene carbonate conversion
51
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- dinpethyl carbonate, and 6.549 ton / hr of nethanol. A

AD5¢1ME§§ conti nuously withdrawn fromthe bottom 2 of
the colum at 3.382 ton / hr contained 2.356 ton / hr
of ethylene glycol, 1.014 ton / hr of nethanol, and 4
kg / hr of unreacted ethylene carbonate. Excluding the

s HTHL, o AAREONA PR R 98ty 00 00
3. 340 ' o
ana SRS kel SRl e R, BEL 099 38, o,

t he actual produced anount of ethylene glycol was
Step (B01 ton / hr. The ethyl ene carbonate conversion: 51
e, A0501 VP831KAN was 99.88% the dinethyl carbonate
<Condirunus inyltivatagedistidatiomaaobompdBs and the
et hyl ene glycol selectivity was not |ess than 99.99%
St ep ddntingastrholtbetagel distidladipn cotumin Bt asshawarin FIG. 2
B> 5 A continuous nmulti-stage distillation colum B as

havﬁngq + M gd@Sen?, Dhay 26D bm, L1808 6. 2D.n=268, to= 700 cm,
1 :6.2,n|:1,L2:2700cm D2 = 160 cm L2 /

D, Y460 %?t?,glyg‘?rﬁ* 024 E.@Sé%tﬁhzug_e% was U¥ed X RhRs example,

Si eve wet e used as e internals in both the
. strippin ectlLqn . i _ Lan . ;
siefe HAR WhiE Grel af Me ibRSuEs B GEMH 158 SHtiBRing pection and
cn2, nunber of,, holes = approxinately 30Q to 44 ;
the SRiGh AT s Ehtioh SETOT SR N laA Rar OB, 2 perimately
AT>_The columm top conmponent AT containing.4, 1 ton /
1.3mmds numkehof hOég's ti‘ogpﬂtpéoaﬂaa@%@&sdﬁ’ ¢ng/ 'E!'r%?-
nmet hanol obtained in step (I) was continuously fed
<Sépamtide boodistillatien rafl coluseadopdsempanantofrzol um B

15 froman inlet (3-b). This inlet was provided

bet rteH cohemin' fyfs compdre By cantainBid 45128 1f f timof dimethyl
the bottom of the continuous nmulti-stage distillation

carbRIn4tB &hd B18490Mn NWPUST Méthianv! astathéd iih| steipo(l) was
col um B was -
continuously fed into the continuous multi-stage distillation column B
from an inlet (3-b). This inlet was provided between the trays in the 18"
and 19" stages from the bottom of the continuous muiti-stage distillation
column B. The continuous multi-stage distillation column B was
operated continuously with a column bottom temperature of
approximately 205 °C, a column bottom pressure of approximately 1.46
MPa, and a reflux ratio of approXimateiy 1.8.

It was possibie to attain stable steady state operation after 24
hours. A column top component By continuously withdrawn from the top
1 of the continuous multi-stage distillation column B at 7.158 ton / hr
containedr 6.549 ton / hr of methanol aﬁd 0.509 ton / hr of dimethy!

carbonate. The methanol concentration in the column top component By

was 91.49 % by weight. Moreover, a column bottom component Bg
b2
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operated conti nuously with a colum bottom tenperature
AD5Qy VP§ imately 205 C, a colum bottom pressure of
approximately 1.46 20 MPa, and a reflux ratio of
approximately 1.8. It was possible to attain stable
steady state operation after 24 hours. A columm top

conHUBRB. TS (R I 18 oA fRERR bl

. (v 158 ton / h i,ned, 6. I o
distiffadion s8buman B, af 367 R cfir, $oRsafthd ndlh1B5s Tighr98.00 % by
_methanol concentration in ghe ol ur{n t‘o conponent ET °
weightsob dimethyboaieerate (Mathanel contest Mt BareRan 0.01 % by

conponent Bs 52 A0501 VP83/KAN Ss continuously
weight)hdrawn from the bottom 2 of the continuous

multi-stage distillation colunmm B at 3.62 ton / hr

conThisarkamws thas sftthand99etityldcanponatiediad itadtheciontinuous
carbonate (nethanol content not nmore than 0.01 % by

mullie @i distilTdlion BE0mH Bt approXienalieiptd w7 % awas uhitained as
fed into the continuous nulti-stage distillation

: , | 87 i
hlglﬁ-ﬂdﬁﬁgucﬁméﬂylﬁ{%ﬁﬂ%. NOte WRat PR d1afhAtop component Br

carbonate. Note that the col umm

t omonent.. BT oS epl '
was 8 B8 B TGH 05 mACElve g iigh or EfAL SREH tiFs used as
start,ing erial for oducing.t he,di C 0
somip @ thg stattinenflatedia o aroditing ing ARbR v Gadikte and
operation was carried out under these conditions.
the gthylem@@lveal-s, 2000 hours, 4000 hours, 5000 hours,
and 6000 hours, the anounts of dinethyl carbonate
obt Frotehged dontinweus opemtiamwas carricdroubupderdhese
3.62 ton, and 3.62 ton, and hence operation 15 was
conditignst abAfter BOD ponirsy 2000 houds n40BY hoars,o5a6006 hours, and

obt ai ned through the separation / purification was
60RPhIUKs | thé A otidis ofadichéiiyl vidre@sate obtained per hour were
3.62 ton, 3.62 ton, 3.62 ton, 3.62 ton, and 3.62 ton, and hence operation
was very stable. The purity of the dimethyl carbonate obtained through

the separation / purification was 99.99% in each case, and the halogen

content was outside the detection limit, i.e. not more than 1 ppb.

Example 2:
Step (1)

Reactive distillation was carried out under the following conditions

using the same continuous multi-stage distillation column A as in

Example 1.

2.61 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distillation column from the inlet (3-a)

provided at the 55" stage from the bottom. 4.233 Ton / hr of methanol
53 |
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outside the detection limt, i.e. not nore
Aos‘fﬂ%%%}%@s Exanple 2: 20 Step (1) Reactive

distillation was carried out under the follow ng
conditions using the same continuous nulti-stage
distillation colum A as in Exanple 1. 2.61 Ton / hr

in 2 Sin BN TBFoF SGRRIG2 41 5 ) SR AEBEEy) rbonate
a4 57 i b i P B 5 6o by

. VP83/ KAN i aseous form (cont aini 2.41 %Db .
weight ghdigrethyhsBupenate bHelecpSRaKI e SOREAUP A ptroduced
. nmethanol in aliquid form (containing 1.46 %by
intovihiegdistiiationsolymie frampiheciniats é3re and 8rgrpyovided at the
continuously introduced into the distillation colum
31 stmpe From thet boftdm. adhesmolaprraticdoll the stastibgamsaterials
stage fromthe bottom The nolar ratio of the starting

introgheetdnto thet ditikaibn rbduinrewdissirdéthainagd etylenevesrbonate
nmet hanol / ethylene carbonate = 8.73. The catal yst

= 8% NTHe &ﬁ';ahyst Was MEdétol e HiaPAmelasdRExYAfle 1, and

cont i nuous ed into the distillation col um.

wasﬁﬁgﬁ{ihﬁ%%l?.tf'bldl ﬁ\ttbqgecéﬁirlmﬁgéﬁ %%iQ’%.Coﬁéﬂ%?@s illation

er conditions o ottom t enper a 0
93 C. coj um,to ressufe of r oxi npat el . 046
waspZartiad 68t EPRURUBLAIT G SandRRE0E SR Solui PRt

attain stable steady state operation after 24 hours. 5
tempargh Bbof |9 ° boith COMURE: 1M PRERBUFR OATARREAX! y-046x10

w thdrawn fromthe top | of the colum at 8.17 ton /.
Pa,mndehreflusdaticsfibA8l hr of 15 dimethyl carbonate,

and 5.33 ton / hr of methanol. A liquid continuously

wi t ldwasnpéssiblete attaimstable stemdy dtate opteratiedizatten 24

/| hr contained 1.865 ton / hr of ethylene glycol,
houks062A 6w bolling@boikt Feaslionaniktdrd A continuously withdrawn
from the top 1 of the column at 8.17 ton / hr contained 2.84 ton / hr of
dimethyl carbonate, and 5.33 ton / hr of methanol. . A liquid continuously
withdrawn from the bottom 2 of the column at 2.937 ton / hr contained
1.865 ton / hr of ethylene glycol, 1.062 ton / hr of methanol, and 0.2 kg /
hr of unreacted ethylene carbonate. Excluding the dimethyl carbonate
contained in the starting material, the actual produced amount of
dimethyl carbonate was 2.669 ton / hr, and excluding the ethylene glycol
contained in the catalyst solution, the actual produced amount of
ethylene glycol was 1.839 ton/ hr. The ethyiene*ca‘rbonate conversion
was 99.99%, the dimethyl carbonate selectivity was not less than 99.99%,
and the ethyiene glycol selectivity was not less than 99.99%.
Step (I1)

Separation by distillation was carried out under the following
54 |



hr of unreacted ethyl ene carbonate. Excluding the
A05Q1 ﬁﬁmr bonate contained in the starting

material, the actual produced amount of 20 di nethyl
carbonate was 2.669 ton / hr, and excluding the

et hyl ene glycol contained in the catal yst .solution,

t,he actual prod d t : WaS
contiiaB i i s5fite EBRNuEe aFbK P St atisR oqlumn B as
. 9. 99% t he di net hyl carbonate selectivity was not ‘
in Bxar0Pi$,dn 99. 99% ~and the ethyl ene glycol selectivi ty
was_not |ess than 99.99% 25 Step (I]) Se aration b%' )
di sifihe aolunniep sampanestATerriaInIG R84 dansghr 64 dimethyl
A0501 VP83/ KAN conditions using the same conti nuous

carbuhate sty 6. 38 tonl 1 hr iofrmethann! pbdginadh irestepi(d) was
The columm top conponent AT containing 2.84 ton / hr

condinubwelyhidd imter thensbatinubus Adultiestdgddistillatiohacsliumn B
obtained in step (1) was 5 continuously fed into the

I |t el bratidey petwernBthd traysaih the 18"
frorﬁﬁ#ﬁtlﬂ%ﬁ{mmizﬁi&ﬁﬁgﬂﬁd gtovid:ﬁlaead betvvegn the@tvr ays ©

and 19"et L fr@fcndbBreeleALAtd BBt NudiY HMiZbtdd¥ distillation

i -stage di

cont inuo mul tj.-stage distillation. cqlum
col{fih Hloq hentohlinfibhs milfstagd HRtE T kaubBE s,

of 10 appy.oxi maiel 205 C a ollgrm ;t:eottom Press;flr-e of
opejied comtinupusiv withpcolymn poltpm, empsrgtyse o

approximately |.B. It was possible to attain stable
approxitnatel w285 pe: a colurantkettom preasyre af appiaximgiely 1.46

conmponent BT continuously withdrawmn fromthe top 1 of -
MPeheaard @ refloxsatiol of appageirdatelyl 18.i on col um B at

5.76 ton I hr 15 contained 5.33 ton / hr of nethanol

and |0 wis possible toatdinaitaple steadynstate dperatismafter 24

concentration in the columm top conponent BT was 92.5
hodPLy WeéSRimn %beé’dﬁlrporfbrﬁobv%rﬁﬂﬁﬁ@ﬂ%ﬁoﬁmaﬁvﬁﬁ'qm the top
1 of the continuous multi-stage distillation column B at 5.76 ton / hr
contained 5.33 ton / hr of methanol and 0.43 ton / hr of dimethyl
carbonate. The methanol concentration in the column top component By
was 92.5 % by weight. Moreover, a column bottom component Bg
continuously withdralwn from the bottom 2 of the continuous multi-stagé
distillation column B at 2.41 ton / hr contained not less than 99.99 % by
weight of dimethyl carbonate (methanol content not more than 0.01 % by
weight).

This means that of the dimethyl carbonate fed into the continuous

multi-stage distillation column B, approximately 84.9% was obtained as
high-purity dimethyl carbonate. Note that the column top component Bt

was fed as is into the reactive distillation column A, and thus used as

some of the starting material for producing the dimethyl carbonate and
55 '
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contiwggglly wi thdrawn fromthe bottom 2 of the
AOS@HMA multi-stage . distillation columm B at 2.41

ton I hr contained not |ess than 99.99 % by 20 wei ght
of di nmethyl carbonate (nethanol content not nore than
0.01 % by weight). This neans that of the dinethyl

f d h [ti-
othy BB IRl col um B, appr ot matel y 84 996 nas
bt d t t
N heﬁ angeq gangm_l.gcgtﬁ]'%rﬁbe%?@bw sCESQ‘?aQ Sut @’ﬁ@@rttﬂétse
t distilla A
congitions. sAlter 90hRPErs ODD hahER A 9{15 Swirssﬁd'ééﬁﬂﬁé’ﬁ‘% and
carbonate and 55 A0501 VP83/ KAN et

600@ boungethe amounts of @m%hhvéﬁamgﬂéég rqetéai'g%é RﬁdePU’ were
these conditions. After 500 hours, 2000 hours, 4000

2.40dons,2.800 M4, tamd2. &0donh@ands 2.4 hdonmanst besce operation
di met hyl carbonate obtai ned per hour were 5 2.41 ton,

wag véty [ 8ble. 4THeopurity4df thendimethyl éarbomateanbtared: through
operatl on  was very stable. The purity of the dinethyl

ﬁé’(ﬁf@n 9ﬁitﬁ4lﬁ€§tlbhr\%§h99tdg%siﬁpéééhlcﬁi’sé and the halogen
®ourt

atio 99% I n each case, and the hal ogen

corﬁ%ﬁﬁ%ﬁ@ﬁs% TSR S5 o] nBLimole hafit pps <
mul ti-stage distillation colum A> A conti nuous

mul ti-stage distillation colum as shown in FIG 1

having Lo = 3300 cm Do = 300 cm Lo | Do = 11, no =
Ex®3WpPl®c3 do, = 7.5, 15 and Do / doe = 12 was used.

The trays in the distillation colunm were sieve trays,
Stegall) having a cross-sectional area per hole in a sieve

portion thereof of approximately 1.3 cnR2 and a nunber
<Cohtimicas afultbstagsidistilation2colums4> / n2. The
aperture ratio of each of the trays
A continuous multi-stage distillation column as shown in FIG. 1
having Lo = 3300 cm, Dy =300 cm, Lo/ Do =11, ng = 60, Do / doy = 7.5,_
and Dy / do2 = 12 was used. The trays in the distillation column were
sieve trays, each having a cross-sectional area per hole in a sieve
portion thereof of approximately 1.3 cm? and a number of holes of
approxim.ately 220 to 340 / m?. The aperture ratio of each of the trays
was in a range of from 2.5 to 4.5%.
<Reactive distillation>
3.773 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distillation column from the inlet (3-a)
provided at the 55" stage from the bottom. 3.736 Ton / hr of methanoi
in a gaseous form (containing 8.97 % by weight of dimethyl carbonate)

and 8.641 ton / hr of methanol in a liquid form (containing 6.65 % by

weight of dimethyl carbonate) were respectively continuously introduced
56




was in a range of from2.5 to 4.5% 20 <Reactive
AO050i VPBBIKANON> 3. 773 Ton / hr of ethylene carbonate in

aliquid formwas continuously introduced into the
distillation colum fromthe inlet (3-a) provided at
the 55th stage fromthe bottom 3.736 Ton hr of

/
] net hanol [ n a aseos t PR
into {Be e tatian Solgm L Lo Thec S Ghip 8763 GRIVided,pt the
tmathanol inaliquid form (containing .
31*\asnget from dhadh ﬂpm:ar Heamol ama@we&ﬁ&ﬁtaéﬂ'% materials
continuously introduced 56 A0501 VP83/KAN into the
intratsted linto dhe odistitiatioro solwrani wiast metbapoddethyiene carbonate
provided at the 319t stage fromthe bottom_ The nolar

= 8.78Li OThE édialpsébwas made ¢oisd sheisamedas éd Exampleel, and
distillation colum was nethanol / ethyl ene carbonate

was c§nt7ﬁuo-ﬁ'%@y ¢alahts theedistiRRidP cofuite SR&active distillation
and 5 was continuously fed into the

was gﬂﬂé%a&d OEOHHbH%SIfWérVSOHHﬁF JIH 6?'&‘360 vRh bottom

contrnuou under conditions O a colum

bot t t f 98 C. I t f
tompaimBile of B 6. #Soflon s olaGEL By b RAARER ¥ 118107
0.42. |It_was ossn%lito attain stable steady state
Pa, cﬂféﬂéﬁ refluxsadio 05 90.48. hours. A | ow boil i ng poi nt

reaction m xture AT continuousl i/ﬁWI thdrawn. fromt hgg
t oplt was peassibde tenattain stable stpady,statmopeatation ager 24

ton / hr of dinethyl carbonate, and 7.556 ton / hr of

hourst hahdow woihrcgJpdnntmachonunixtu\netmﬂcamwummlvmslthdrawn
bottom of the colum at 3.902 ton / hr contained

fror. thEBi6 M bf lthe afolaiy lat 2 B2y text / Hir. ddntained 41764 ton / hr of
met hanol, and 15 4.6 kg / hr of unreacted ethylene

dmﬁﬁh?ﬁﬁ%ﬁ’ﬁon@é@' HAd™, 5569t5h TR Bk mEmHAIRat CAdRidi ned

e starting material, the actual produced anmount

conqxrgf&g?ly"%{w‘ﬂ%gﬂpﬁne ycg%htgg?g{eng u'ﬂﬂt tes'g‘:)2 ton / hr
con gtlr‘?etyszt 731%I P ?%hr opgtﬁﬁtelﬁael gly coq,u(i.eﬁjT 38R ke s methanol, and

4.6 kg / hr of unreacted ethylene carbonate. Excluding the dimethyl
carbonate contained in the starting material, the actual produced amount
of dimethyl carbonate was 3.854 ton / hr, and excluding the éthylene
glycol contained in the catalyst solution, the actual produced amount of
efhylene glycol was 2.655 ton / hr. The ethylene carbonate conversion
was 99.88%, the dimethyl carbonate selectiQity was not less than 99.89%,
and the ethylene glycol selectivity was not less t_han 99.99%.
Step (I)

lSeparation by distillation was carried out under the following
condifions using the same continuous multi-stage distillation column B as

in Example 1.

The column top component At contaihing 4.764 ton / hr of dimethyl
| 57
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th Iene chol was 2.655 ton / hr. The ethyl ene
A05Q:‘a 33&9% conversion 20 was 99.88% the di net hyl

carbonate selectivity was not |ess than 99.99% and
t he ethyl ene glycol selectivity was not |ess than
99.99% Step (11) Separation by distillation was

crfcih 58 6 N SO0 0

|nEx 1. The col umm t op,conpone
confiaupishy 2§H4ﬂ shecontinpoys Bulsiage g'ﬁtﬁtﬁ‘bﬁ" column B
VP83/ KAN car bonate and 7.556 ton / hr of metE th
fromsnainied (3rb)t eamsynlﬁéswaémﬂqvmqedsb@twan theoirays in the 18
continuous multi-stage distillation columm B from an
andi 19'8tstages) frofhithei hbomwat theosonkinupuswaaititstage: disdillation
in the 18tH and 19th stages fromthe bottom of the

colURtBNUGKse Bdiitingdagenditbstagatdistillation coluBn Brwas
continuous multi-stage distillation colum B was

opeggf’éc%%‘i*\trrﬂiﬁuélwﬂlhya\whnﬂa BRIt ferhperafurepef at ure

approxi matel'y 205 C, a columm bottom pressure of
t r

appi%ﬁé*é?&t 2pY L o8 ol Pt phodsuiehbt agkiroximately 1.46

st ead e opgra hours. A columm top
MPEoﬁﬁ‘ E’I"E%ﬁﬂ#ﬁﬂgﬁ#'%?%ﬁy]ﬁﬁ fromthe top 1 of

t he contlnuou mul ti-sta S n colum ., B at

5 > HiwasrPPSRIDISisnaHAR §lablssteady thte Gesietamafter 24

and 0.675 ton / hr of dinethyl car bonate '
hourst hahsiolumi dep rmmpﬁnﬁmttﬂre coptinupusy wﬂhﬁéﬁ\m frgm the top

was 91.8 % by wei ght. Mreover, a colum bottom

1 of @hpcotaitunlﬁiausﬁnum{stagemlsylllattcm:l calmmine Bnat Be2dbitosnd hr
2 of the continuous nmulti-stage distillation colum B

corthife@89556tdn thrcohimsthaskoleind €s676tam Hhr &F dinbgthyl

wei ght of di nmethyl carbonate (nethanol content not
carBonatthanrRe Gheth&¥o! ¥B8heBhiration in the column top component By
was 91.8 % by weight. Moreover, a column bottom component Bg
continuously withdrawn from the bottom 2 of the continuous multi-stage
distillation column B at 4.088 ton / hr contained not less than 99.99 % by
weight of dimethy! carbonate (methanol content not more than 0.01 % by
weight).

This means that of the dimethyl carbonate fed into the continuous‘
multi-stage distillation column B, appro_ximate.l'y 85.8% was obtained as
high-purity dimethyl carbonate. Note that the column top component By
was fed as is into the reactive distillation column A, and thus used as
some of the starting material for producing the -dimethyl carbonate and
the ethylene glycol.

Prolonged continuous operation was carried out under these

conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
- b8
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This nmeans that of the dinmethyl carbonate fed into the
AOSQHLVPEMCAN 20 nulti-stage distillation colum B,

approxi mately 85.8% was obtained as high-purity

di met hyl carbonate. Note that the col unm top conponent

BT was fed as is into the reactive distillation

e TR o g b EMGH AT LBiE SIS R opp .
o oL RN ol 8 DB AR AR SofPAE  Bhy st

2000 hours, 3000 hours, and 5000 hours, 58 ﬁgSOl '
The\padtkaf theedimsthylcarbanaie ablained;thraugh theiseparation /
per hour were 4.089 ton, 4.089 ton, 4.089 ton, and
purificadion avas H998& ir eauh caisen and therhaloges sontgnt was
purity of the dinethyl carbonate obtai ned through the
outsideatind idatectiomulimii,doé.i pot msré®¥haf% ippbeach case,
and the hal ogen content was 5 outside the detection
limt, i.e. not nore than 1 ppb. Exanple 4: Step (I)
<Continuous mnmulti-stage distillation colum A> 10 A
[ puous nul ti-stage distillation colum as shown in
Exa&ﬁq@é A avi ng Lo = 3300 cm Do = 300 cm Lo / Do =
St 11@ no = 60, Do/ dot = 7.5,  and Do / d02 = 12 was
€< )JI The trays in the distillation colum were sieve
trays, each havin . Cl.oss-sectional area per hole in
<Contifiupus mutir s gendistiiaion SQIHE At ely 1.3 cn2 and
a nunber of holes of 15 approximately 240 to 360 / nP,
The Aapontinuousimutiostage Histillatien; gelnn assshawp in FIG. 1
range of from3.0 to 5.0% <Reactive distillation>
havin§46, F08300hemoDeehdd@mamchpbobat=® 1itn ne # i6fli Bof/odom = 7.5,
was continuously introduced into the distillation
and O f =onetRasi wsed. (34 trays in the distillation column were

sieve trays, each having a cross-sectional area per hole in a sieve
portion thereof of apprqximately 1.3 cm? and a number of holes of
approximately 240 to 360 / m2. The aperture ratio of each of the trays
was in a range of from 3.0 to 5.0%.
<Reactive distillation>

7.546 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distillation éolumn from the inlet (3-a)
provided at the 55'" stage from the bottom. 7.742 Ton / hr of methanol
in.a gaseous form (containing 8.95 % by weight of dimethyl carbonate)
and 17.282 ton / hr of methanol in a liquid form (containing 6.66 % by
weight of diméthyl carbonate) were respectively continuously introduced
into the distillation column from the inlets (3-b and 3-¢) provided at the
31% stage from the bottom. The molar ratio of the starting materials

introduced into the distillation column was methanol / ethylene carbonate
59
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20 provided at the 55th stage fromthe bottom 7.742

AOSOLVPBIKAYN et hanol in a gaseous form (containing

8.95 % by wei ght of dinmethyl carbonate) and 17.282
ton / hr of nmethanol in a liquid form (containing 6.66
% by weight of dinmethyl carbonate) were respectively

= 8.380m The Savel pES e 1800 3HE AHDE' a3 ThiiERabRUHTT. and

tage fromthe hott tio of the, start
wasmgoBtindisly fed oot dhe: disgi B mcalv MR | B e disfation

met hanol / ethyl ene carbonate 59 A0501 VP83/ KAN L =
wasscafriedmuicaoafipsoushpsinderecendijions of applumn top
Exanple 1, and was continuously fed into the

temﬁe&btui@bf@ﬁ eQ| wwolReactop eressuie lodtapproximately 1.118x10°
carried out contlnuously under conditions of a colum

Pa, l@&RdtEr@ROR It 6f 0642C a colum top pressure of
approximately 1.118x105 5 Pa, and a reflux ratio of

0.4 Y)atgnﬂgﬁmé St?béﬂaﬁﬁ’ si‘éb L §tSAdP/stafd operation after 24

oper ati ours. ow bot I'i ng poi nt

r eact A k thd t

hoyrg, }A§9-"§é g@eaﬁnﬁ@éﬁ“éﬁ“’? Rt A7 BB AUty Wy rawn
r o i met c

fromy st bpf the Galiin 2 254 fonddtt SantiRelCR 428 on / hr of
_the bottom 2 of the colum at 7.8 n / hr
dimeshyhicashopatesapdnt p- Hi4 69"6&‘?‘15/!38 &) Q‘W'Pon

/ hr of methanol, and 23 kg / hr of unreac ed
corntimybesky waammmrefrcﬂnouhmbngtqrne? of thergolurenatohfQ4 ton / hr

contained in the starting material, the actual anount

comtadnedesl 4 3@ tah Wiirhyd edwlb:meaglwmis 2734adent bhr /ofrmethanol, and
and excluding the ethylene 15 glycol contained in the

23 ‘R@Lﬁh)‘%f @ﬁ&é&dt@ﬂ etrgﬂeﬁ@t satbonaliceExelnding thie dimethyl
yl ene gI ycol 31 ton / hr. The ethyl ene

oa A RPLEnGIFNE R i 873 ot BB amount produced
of tgﬁ%ggéj%&r%em%ééc%ss?!%é Sht Y h¥esndYxdidmg 1R8 ethylene
glycol contained in the catalyst solution, the actual produced amount of
ethylene glycol was 5.31 ton / hr. The ethylene carbonate conversion
was 99.7%, the dimethyl carbonate selectivity Was not less than 99.99%,
and the ethylene glycol selectivity was not less than 99.99%.
Step (l1)
<Continuous multi-stage distillation column B>

A continuous multi-stage distillation column B as shown in FIG. 2
having Ly = 1600 cm, Dy =260 cm, Ly /D1 =6.2, ny = 18, L2 = 2700 cm,
Dz = 160 cm, L, / D2 = 16.9, and n; = 58 was used. In this example,
sieve trays were used as the internal in both the étripping secﬁon and the

enrichment section (cross-sectional area per hole = approximately 1.3

cm?, number of holes = approximately 530 to 800 / m?).
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). 20 <Continuous nulti-stage distillation
A05Siﬁﬁ°ré#/!§él‘ﬁ continuous nulti-stage distillation colum
B as shown in FIG 2 having L, = 1600 cm D, = 260

cm L1/ D =6.2, nl =18, L2 = 2700 cm D2 = 160
cm L2/ D2 = 16.9, and n2 = 58 was used. In this

S| i.nt.e [ in
<SRl by il B I S RorhBBaeHARS .
sectjon ross-sectional ayea per, hole = roxi pately. .
S ThengofiriRtiap 6pritsae LAS Staing. b, 528100 Bo T dimethy!
n2). 60 A0501 VP83/ KAN <Separation by distillation of
carbenatm angh 18e b ten:/ hwfvnet%nghﬁdw%i@@ﬁeﬁt(lwas
containing 9.527 ton / hr of dinethyl carbonate and
contmupusly ded into tte scontimuiusomultiretage distilation calumn B
continuously fed into the continuous nulti-stage

frordian iinledt(3eb) colThis iRlét wvasprovideldebetWebh. thitrays in the 18
inlet was provi ded between the trays in the 18th and

andl90P staras figrAnthieBolbinh UF e EHRtIRRIBIUS HAHS-stage distillation
mul ti-stage distillation colum B. The conti nuous

coliin B: St?ﬂﬁ c%éltihhb%i r%lﬁﬁﬁbt!dg@ @is‘fﬁ&ti&%@bﬁ-ﬂ} B was
cont i nuous Iy with a col um|1 0 tbomtenp;erature gf

opefBfed HtRlifgushywiy 8 Eatiii pitto i dipBeRahErCpr

AP PEHTAtaNae D orser B FOMAR IO PrRFL® AT ARRIATRIely 1.46
conponent BT continuously withdrawm fromthe top 1 of

MPapandatneflie satigl ef appsgsiraataly| 1.8ti on col um B at
16.572 ton / hr contained 15.114 ton / hr of methanol

and ltiwassposaibletto attain redabie sidadyrdiabetoperéition after 24
met hanol concentration in the colum top conponent BT

hourss A .cdlbey tepi givnpovierddBeicontimaugly withdeawn from the top
conponent BB continuously wi thdrawn fromthe bottom 2

oA Ll 8 g 8T on /
contained 15.114 ton / hr of methanol and 1.458 ton / hr of dimethyl
carbonate. The methanol concentration in the column top' component Bt
was 91.2 % by weight. Moreover, a column bottom compoﬁent Bs
continuously withdrawn from the bottom 2 of the continuous multi-stage
distiliation column B at 8.069 ton / hr contained not less than 99.99 % by
weight of dimethy! carbonate (methanol content not more than 0.01 % by
weight). |

This means that of the dimethyl carbonate fed into the continuous
multi-stage distiliation column B, approximately 84.7% was 6btained as
high-purity dimethyl carbonate. Note that the column top component By

was fed as is into the reactive distillation column A, and thus used as

some of the starting material for producing the dimethyl carbonate and

the ethylene glycol.
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.EQEH%Ndi nmet hyl carbonate (nethanol content not

0.01 % by 20 weight). This neans that of
the di nethyl carbonate fed into the continuous

mul ti-stage distillation colum B, approximtely 84.7%
was obtained as high-purity dinethyl carbonate. Note

th
al-"rdlBﬁg@Sie i Stﬁﬁﬁt&"ﬂﬁ@%ﬁénaﬁas\’@érrﬁ@d’ AR iSdéPtRese

reac ation colum A, "and thus used as

con%'-‘*"osff*ﬂel At I02pRal FBEridlnl L iR earbihely
obrafF 23 SR 0B L 40508 58, i 454 By tabe.

amount of di nethyl carbonate opt.ai ne er hour
The ety obihesAme Emtm idepciyRdiatofie "The
purity of the dinet hyI car bonat e obt ai ned through t he
separatipaspunitication wasa39 89 %haargb thehalpgen pentenbyas outside
content was outside the detection limt, i.e. not
the detectibanlithifpbe. hotlusore thampppipdabi | i ty According to
the present invention, it has been discovered that a
10 di al kyl carbonate of high purity (e.g. not |ess
than 97% preferably not |ess than 99% nore

_IndtPsft‘?f r@abn gghggess than 99.9% yet nore preferably

not ess 99% and a di ol can be produced each

oAbl B A S 47 e s o

. an 99%. on .an i strial cal
diatkyF 3arBanate,of Biar Butly (31d: Apt 168 inAn87%, prateraBly not
nor e preJerany not | ess than 4 toné hro -for the
lesithan39%arpenatrrefarablydol lass than 992 /(ooueﬁ mere preferably
preferably not less than 1.95 ton | hr, nor
not pess dhai 999 % )eand tehdivlocan ke produced eachnwtbua:lhlgh
with a high yield stably for a prol onged period of
selédctiwitpfofodt less than95%0prederablypnef tesbliyan@7¥%esnore

t han 3000 hours,
preferably not less than 99%, on an industriai scale of not less than 2 ton
!/ hr, preferably not less than 3 ton / hr, more preferably not less than 4
ton / hr, for the dialkyl carbonate, and not less than 1.3 ton / hr,
preferably nof less than 1.95 ton / hr, more preferably not less than 2.6
ton / hr, for the diol, with a high yield stably for a prolonged period of

time of .not less than 1000 hours, preferably not less than 3000 hours,

more preferably not less than 5000 hours, from a cyclic carbonate and an

aliphatic monohydric alcohol.
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ferably not |ess than 5000 hours, froma
Aoséiﬁéﬁgmonat e and an aliphatic nonohydric al cohol.
62 A0501 VP83/KAN . CLAIMS W claim 1. An

i ndustrial process for the production of a dialkyl
carbonate and a diol in which the dialkyl carbonate

and the diol are 5 conti og produced from a
cyclic carbonate and an ali1phatic nonohydric al cohol,

c? rising the steps of: (1) continuously producing a
—é—gﬁuy carbonate and a diol through a reactive
dlstlllatlon syst.em of contl uoysly f
car Bonat eAM| ‘!‘#&‘%\IW&%% ﬂ%i’&?ﬁ ng'oﬂgﬁ éﬁikyg
continuous multi-stage 10 distillation colum

Carh}hnahe@ﬂfhﬂad&@tlnl\!htﬁrbﬂéﬂtd‘a&'éy rgarRenate ?@ﬁctheoﬂml are
and distillation sinultaneously in said colum,
5 contimiouslyusiodweed dremi agycid oathnatmgnpoantaltmucon
m xture AT containing the produced dial kyl carbonate

moﬁﬁﬁydﬁifceéwcﬂﬂalabbh’ﬂﬁlsmq‘rﬂmefatépiscoﬁl cohol from an
upper portion of the colum A in a gaseous form and

con l)né'SHﬁhYloWsw‘g'iﬁ%Eihd% ﬁlé‘l‘k?h ch‘i’bbhﬂge I%Qid*b diol through a

reacti-on m xtur B contal ning t di ol froma ower

reag;g&%a apstﬂfarﬁ&ﬁ s&%lt ?ﬁco'ﬁtﬁm d 'ydeéHI gbhé carbonate

i NUOUS I ow | ng pol rea

and Hig Alfp %ﬁﬁﬁb%h%”& cfbeliie ff@&ﬁ@\’l@% At ifpoe

fromthe portjion of said continuou
10 dlshumliarspaﬁyna.%ﬂmw%ﬁrbﬁ cralvst s preseq fs cfcﬁwmﬂn?é't reaction
mul ti-stage distillation colum B, and conti nuouslglé
and eliatiation simultanepyshyin ajdcelgimmmceptinugsshy wathdrawing
BT having the aliphatic nonohydric alcohol as a main
a lownpoiling poliet pedctéonl mixtorefor containing thenprodwdsed dialkyi
havi ng t he di al kyl
carbonate and unreacted aliphatic monohydric alcoho! from an upper
portion of the column A in a gaseous form, and continuously withdrawing
15 a high boiling point reaction mixture'Ag containing the diol from a lower
portion of the column A in a liquid form; and
(11) continuously feeding the low boiling point reaction mixture A
'containing the dialkyl carbonate and the aliphatic monohydric aicohol
continuously withdrawn from the upper portion of said continuous
20 multi-stage distillation column A into a continuous multi-stage distiliation
column B, and continuously separating and purifying into a column top
component By having the aliphatic monohydric alcohol as a main
component thereof and a column bottom component Be having the dialkyl
carbonate as a main component thereof, wherein:

25 (a) said continuous multi-stage distillation column A is a tray

column having a cylindrical trunk portion having a length Lo (cm} and an
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10

15

20

s a mai n conponent thereof, wherein: 25 (a)
Agsgiﬁﬁqggﬁgpﬁuous multi-stage distillation colum Ais a
tray colum having a cylindrical trunk portion having
a length Lo (cm and an 63 a A0501 VP83/KAN s
inside dianmeter Do (cn) and having thereinside a tray

InSIMhtdia%QtéFUBB (@i‘n) ahdoRaving thémihsRde Batrayowith a number of
plurality of holées therein, and further having a gas

stagﬁiée 'ngbltﬂﬁ;]ﬂ“d’f %lhgsé Sﬂperﬁ%BFho@é’ﬁ t(\éﬂ%etrﬁt "d [fePtHEr having

rtion of t urm near

q Y
a 3F gufer PRy iy Maog aRefifderiani atATogt the, cotumn or
| ower Jon t he col umm near to. the b 0
In ancuEPesRORion et the ol MRAT 14 Hi¢ 1Py gsaat @hﬁiﬁ# having
and / or a mddle portion of the colum bel ow the
an insidetdiametestdictem) ata bodtam ohthe celemnies inm tlwer
m ddl e portion and / or the |ower portion of the
portiohuoithed codu inre nieiag Ltiodt ey biodtamyiad least phel firstnlebprovided
dol and dO02 satisfy the followng fornmulae (1) to (6):

in tR60ASpEFBBREoN1and VBB Bom3daR) poioA<of thd BolBrh bajow the
20 <_no 5 120 (4) 15 35_Do 7 01520 (5) 55Do/ d0e<_30

gas( @htl@?danﬁbﬂt Rl st 6ABLSSUENS indttproviaga ifli fid Widddleportion

colunmm’' Bis a distilTlation colum conprising a

anﬂ rﬁﬁ' ”%&P@%?ﬂoﬂ%f {We%dl@ﬁ\gf Eb!olv (¢ liguid c%#ﬁéﬂewhereln

dan intern a nu

E%n"&% & Ryl a sty e Fofialhg br%&ﬁié&ﬁé?@%
and an internal with a nunber of stages nf
t her ei nsi @400 < Lo < 8000

180 < Dy < 2000 ' (2)
4 < Lo/ Do <40 | (3)
20 < no < 120 (4)
3 < Do/ dps <20 | (5)
5 < Dg/dp2 <30 (6); and

(b) said continuous multi-stage distillation column B is a
distillation column comprising a stripping section having a length L4 (cm),
an inside diameter D4 (cm) and an internal with a number of stages n;
thereinside, and an enrichment section having a length L, (cm), an inside

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

wherein Ly, Dy, ny, Lz, D2, and n; satisfy the following formulae (7) to

(14):

500 < L4 < 3000 (7)
100 < Dy < 1000 (8)
- 2<L4/Dy<30 (9)
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i D1, nl, L2, D2, and n2 satisfy the
Aosﬂgl‘ilo%a]ﬁg\ ormulae (7) to (14): 500 <_ L1 < 3000 (7)
25 100 5 D1 <_ 1000 (8 25 L1/ DL 530(9 64T
A0501 VP83/KAN a 10:9 n, 5 40 (10) 7005L255000 (11)
50 5 D2 5 800 (12) 105L2/D2550 (13) 5 35 5 n2 5 100
(14). 2. Tee<Hog according to d ainyfgywherein a

pr oduced amount of the dial kyl car bon?t(e |)s not |ess .

than 2 to g The process accorgdipg to Claim
1 or 2, \M?cgroelgnl"aggsrgggced amount of tﬁgmi ol is not

| ess than on r. 4. The process rding to
any one ObeC%a[?ﬁ'bs éopo 3, wherein sai d?gg? and said
doe satisfy the fallow ng fornula (15); 15
do, / d0255 1(°.L§).26%Trﬁgcgrocess accor di né%gb any one of

Clains 1 to 4, wherein Lo, Do, Lo/ Do, no, Do / do,,
and Do / d®sfrz <sB@ continuous mul ti - {14ye
distillation colum A satisfy respectively 2300 5 Lo 5
6000, 200 5 Do 55 20 1000, 55 Lo/ Do <_ 30, 30 5
no 5 100, 4 5 Do | do, < 15, and 7 5 Do / d02 25. 6.

\memr ocesEhé& procdsstadcomibig aeCing i wheteirpaSproduced
ereln

amount of the dialkyl carbonate is not less than 2 ton / hr.

3. The process according to Claim 1 or 2, wherein a produced

amount of the diol is not less than 1.3 ton / hr.

4. | The process according to any one of Claims 1 to 3, wherein
said do1 and said do2 satisfy the following formula (15);

1<dos /doz2s5 (15).

5. The process according to any one of Claims 1 to 4, wherein
Lo, Do, Lo / Do, no, Do / do1, and Dy / do2 for said continuous multi-stage
distillation column A satisfy respectively 2300 < Lo < 6000, 200 < D¢ <
1000, 5 <Lg/ Dp<30,30<no<100,4<Dp/dpy <15, and 7 < Dy /dgz2 <
25.

6. The process according to any one of Claims 1 to 5, wherein
Lo, Do, Lo / Do, ng, Do / do1, and D(, / do2 for said continuous multi-stage
distillation column A satisfy respectively 2500 < L, < 5000, 210 < Dg < |

800,75L01D0$20,40$n0590,SSDoldms13,andQSDgldozs_
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no, Do / dot, and Do / dO2 for said

Aosbgh{wnultl-stage 25 distillation colum A
satisfy respectively 2500 5 Lo 55000, 210 5 Do <_ 800,
75 Lo/ Do 520, 405 no 90, 55 Do /do, 513, and 95Do/ d025
65 1 ‘at AO0501 VP83/KAN 20. 7. The process accordi ng

20.to any one of Cains .1 to 6, wherein the, tray in
said continuous multi-stage distillation columm Ais a
sieve 5 tray. 8. The process according to Claim?7,
vvherei n said sieve tray - in said continuous

-sta distillation golu A has 1

ol s °) e nrace%weccﬁaﬁf'?%ﬁ‘atm B 81 CIgimL to 6, wherein
process accordj ng i m . ] ]

the dF8% 40 ald) epatingpus rﬁ@?ﬂrﬁiaseoﬁls;blm'%m apéumw isna sieve
said continuous nulti-stage distillation colum Ais

tray.n a range of from0.5 to 5 cn2. 15 10. The process
according to any one of Clainms 7 to 9, wherein an
aperture ratio of said sieve tray in said continuous
multi-stage distillation columm Ais in a range of

frog@. 1.5 tThe pfocéds a%rﬂliﬂgQ%SCMWWIWBeF@ina@dm%bve tray

of Clains | to 10, 20 wherein L1, D1, L, / D1, ni,
U
in éagfit(:ﬂ_?lgttlggghgﬁgﬁlﬁ pgn&ic%g IRRish ‘“cgailglmrg rg%s 100 to 1000 holes

9 5 < L-/D,520 13:5n15
/' m ggoigé%peg"ﬁ}@‘ﬁ‘g%"fm 5 D2 !5 600, 15 :5 L2 / D2
< 30, 40 < n2 < 70, L, 5 L2, and D2 5 DI. 25 12.

The process according to any one of Clains 1 to 11,

wherein the internhal in each of the stripping section
and %he enthemregess according to Claim 7 or 8, wherein a

cross-sectional area per hole of said sieve tray in said continuous

multi-stage distillation column A is in a range of from 0.5 to § cm?.

10. The process accbrding to any one of Claims 7 to 9, wherein
an aperture rafio of said sieve tray in said continuous multi-stage

distillation column A is in a range of from 1.5 to 15%.

1. The process according to any one of Claims 1 to 10,
wherein L4, D4, Ly / Dy, n4, Lz, D2, Lz / D2, and n, for said continuous
multi-stage distillation colurhn B satisfy 800 < Ly £ 2500, 120 < Dy £800,
5$L1 1 D4 s20,'13 <ny £25,1500 <L, <3500, 70<D, <600, 15< L,/
D2 <30,40<n;<70,Ly<L; and D2 < D;y.

12. The process according to any one of Claims 1 to 11,

wherein the internal in each of the stripping section and the enrichment
66



' VP83/ KAN section of said continuous
AOS&EMR% distillation colum Bis a tray and /
a packing. 13. The process according to Claim 12,
wherein the internal in 5 each of the stripping
section and the enrichnment section of said continuous
t e
secflbh of §aRf EoffiouS n - SagETBlIBHbRCoNMin s o May and /
salg conti nuous nultl-stage distillation colunn Bis a
or a;pa 5"'1'9 ay. 10 15. The process according to C aim 14,
wherein said sieve tray in said continuous
mul ti-stage distillation colum B has 150 to 1200
holes / n2 in a sieve portion thereof, and . ]
cr 0d8- secilihgnproesss assording to; Glaim é?gé""&?’?'ﬂoﬁhe{)'@emal n
to 5 cn2. 15 16. The process according to any one of
each of the strippifg sedtioriand the reruichment segstiomsof said
di al kyl carbonate in said columm bottom conponent BB
contivbud en GRNEtaYe Wistillationstelandi BtisIthet iray. col um B
is not less than 97 % by wei ght based on 100 % by
wei ght of said columm 20 bottom conponent. 17. The
process according to any one of Clainms 1 to 15,

‘;"gle 4. t%%g‘?@@%.&a&ééﬁ}d@ﬁgttg ?éﬁ'rll kY WwREPERPLSId Fray in

coI u conponen rom sdi d conti nuous

saidLapaFhaER shuatalS ARG Fiwhyrp B4 fE A0,

bottom conmponent. 67 a

or

15, The process according to Claim 14, wherein said sieve tray
in said continuous muiti-stage distillation column B has 150 to 1200
holes / m? in a sieve portion thereof, and a cross-sectional area per hole

in a range of from 0.5 0 5 cm?.

16. The process according to any one of Claims 1 to 15,
wherein a concentration of the dialkyl carbonate in said column bottom
component Bg said the continuous multi-stage distillation column B is not

less than 97 % by weight based on 100 % by weight of said column

bottom component.

17. The process according to any one of Claims 1 to 15,
wherein the concentration of the dialk.yl carbonate in said column bottom
component Bg from said continuous multi-stage distillation column B is

not less than 89 % by weight based on 100 % by weight of said column

" bottom component.
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wherein said colum top conponent BT

_ A@G@%ﬁf KAN 18. The process according to any one of

- 10

16

20

26

fromsaid contlnuous mul ti-stage distillation colum
Bis recycled as a starting material for producing a 5
di al kyl carbonate and a diol. 19. The process
according to any one of Clainms 1 to 18, wherein the
cyclic carbonate conprises ethyl ene carbonate and | or

Comer cos 118 PEOGEEs dXDAING 1B Afy T BYElafmd, oA,
wheift ¥l aé&rﬁ&t%ﬁ%ﬁﬁd%&ﬁﬁﬁr TG Gpl eBp i b fi-stage
iR Cal R & gy A 55 A 1SR BedefaL P EBHbRDEIng o

ocess accor di ng 15 to any one of Clains 1 to 19,
d'aﬁﬂ)’ | carbomatesand 2 BiPlogen content of not nore than

0.1 ppm 21. A dial kyl carbonate separated out by the

process according to any one of Clainms 1 to 19, which
conpri ses a hal ogen content of not 20 nore than 1

ppbAR2. Tire grotkss sccdhingdoaanyrohieoftOlaiha M{2018,
or 21, which is a high-purity dial kyl carbonate

whé‘%ﬁhnﬂ\é‘ﬁyéhb Ri%ﬁa’!ﬁn@@h‘ﬁirié‘e@hfﬁ’@@ne earbSAatefantPy or
nmore than® 0.1 % by wei ght.

propyiene carbonate, the aliphatic monohydric alcohol comprises

methanol and / or ethanol, the dialkyi carbonate to be produced

comprises dimethyl carbonate and / or diethyl carbonate, and the diol to

be produced comprises ethylene glycol and / or propylene glycol.

20. A dialkyl carbonate separated out by the process according

to any one of Claims 1 to 19, which comprises a halogen content of not

more than 0.1 ppm.

21. A dialkyl carbonate separated out by the process according

to any one of Claims 1 to 19, which comprises a halogen content of not

more than 1 ppb.

22, The dialkyl carbonate according to Claim 20 or 21, which is
a high-purity dialkyl carbonate having an aliphatic monohydric alcohol

content of not more than 0.1 % by weight.
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