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1 TITLE OF THE I NVENTI ON Process for producing

di al kyl carbonate and diol Field of the Invention 5
[ 00011 The present invention relates to a nethod for
produci ng a dial kyl carbonate and a diol. Mre par-
ticularly, the present invention is concerned with a
met hod for producing a dial kyl éarbonate and a diol,
conprising: (a) effecting a transesterification reac
10 tion_between a %%pllc carbonate and an aliphatic
nonoX LRYEr PF ZHEQR e presence of a

transesterification . catal y.st ereb obta|m
cac R g eREx Eore CEORPELHS PRg U 6 % Ry diol

carbonate and a product diol, (b) mnthdramnng a
di al kyl carbonate-containing liquid from15 the

reacti.on ,m foII%med by separation of the
di al M@%@&w di al kyl

C."’“b%%acoﬂ{ a qwcﬁ :from 36}9 r(ecj? %é*@éaﬂ“rﬁ‘@tﬁod for

di ol -"contai ni'ng € reaction mxture

foll eparsati of, 20l m -
| BB SR oL MBI A vore o
carb ta C

corboges Ayt a3 RS SRR 10 WD o ol i
di al kxkp gar?eeabeoe %E%b”% @1%@&9@”%%%U®H%%é'dhémé lel
amount of not nore t , 000 ppm by weight. In

di al kyly 9§%Q9§atQa9r%¢¥%%@1Q§ %h%rﬁ%%@%@éylﬂﬂﬂétlon reac-

present 25 i nvention, the content of a carbonate ether

(whi eRohSbBtween a cyclic carbonate and an aliphatic mono-
hydric alcohol in the presence of a transesterification
catalyst, thereby obtaining a reaction mixture contain-
ing a product dialkyl carbonate and a product diol, (b)
withdrawing a dialkyl carbonate-containing liquid from
the reaction mixture, followed by separation of the
dialkyl carbonate from the dialkyl carbonate-containing
ligquid, and {c¢) withdrawing a diol-containing liquid
from the reaction mixture, followed by separation of
the diol from the diol-containing liguid, wherein the
cyclic carbonate contains a cyclic ether in an amount
of from 0.1 to 3,000 ppm by weight, and the product
dialkyl carbonate contains a carbonate ether in an
amount of not more than 10,000 ppm by weight. In the
dialkyl carbonate produced by the method of the present

invention, the content of a carbonate ether (which is a
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2 conventionally unknown inpurity) is reduced to a

spe- cific |low range. The dial kyl carbonate obtained

by the method of the present invention can be used to
produce a transesterification aromatic carbonate. The
trans 5 esterification aromatic carbonate produced can

be very advantageously used to produce a col orless,

hi gh no- | ecul ar wei ght aromatic pol ycarbonat e.

Background of the Invention 10 [0002] Wth respect to

t he wEPﬁa&nﬁépnﬁ#&auaqﬁyqyn($MBqaﬂtx%u%ﬁnﬁ949q9ﬁj a spe-

di ol reacting a cyclic car- _bonate with an
a|iph&5F&Cn&ﬁ&h @rige a|Eaﬁoﬂlaégw#oeerbepeﬁes3P§aﬁeee by the

been ma Most of those proposals re- late to th

dovel BanEaa 68 e:gleawasenf o RR LIS, #3% bes Usad i Produce
Ex I f h_cat t | ud | kal t- al

basi %o SFABERIS S gt s ?ﬁé é&%ﬁ%i%ﬁgf%fhﬁﬁégi? PIPEnttrans-

d.2 h
ooy enEo Sk R Rk ZaBlaine HeliRad 365 ve very
Do | k Pat ent
S kIR e W
DOCU"EQEuELr %eqhﬁkur%o% ch%ngé%&hBoateh a nitrogen

-contalning organic base see SEUTTENt 7),
phosphi ne conpounds (see Patent Docunent 8),
guat ernary phosphonium salts (see Patent Docunent 9),

cycl i ga2RpBLHlnGE 8ee1R3egRloRocUMeNt 10), compounds

of ziTTO
[0002] With respect to the method for producing a

dialkyl carbonate and a diol by reacting a cyclic car-
bonate with an aliphatic monohydric alcohol, wvarious
proposals have been made. Most of those proposals re-
late to the development of catalysts for the above re-
action. Examples of such catalysts include alkali met-
als or basic compounds containing alkali metals (see
Patent Documents 1 and 2), tertiary aliphatic amines
(see Patent Document 3), thallium compounds (see Patent
Document 4), tin alkoxides (see Patent Document 5),
alkoxides of zinc, aluminum and titanium (see Patent
Document 6), a mixture of a Lewis acid with a nitrogen
-containing organic base (see Patent Document 7},
phosphine compounds (see Patent Document 8), guaternary
phosphonium salts (see Patent Document 9), cyclic

amidines (see Patent Document 10), compounds of zirco-
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3 nium titaniumand tin (see Patent Docunment 11), a

solid, strongly basic ani on-exchanger containing a

gqua- ternary anmoni um group (see Patent Docunent 12),

a solid catalyst selected fromthe group consisting

of a 5 tertiary amne- or quaternary anmoni um

group-containing ion-exchange resin, a strongly

acidic or a weakly acidic ion-exchange resin, a

silica inpregnated with a silicate of an alkali netal

or an T4l itidadEiamh aRd din IRP Pant tkoeweshgbl) . a

W th ammoni um.ion (Patent Docu 10 ment 13), and a

honmog&fdoly SREQAELY s apiqum*shangghgentaining a qua-

consi sting of tertiary phosphine, tertiary arsine,

Cor t1 Ay TS BRI U I WA (3t RRRIIRRE 2Lk, o

I eni um caonpound .(see Patent Docunent 14). [0003] Wth

respeéf 95 et o S FGC ' &sh ™ ridre HEFou; consisting of a

above-weQLioned reacti on between a cyclic carbonate L

and - ERGREY, REISE R A ST o AR TR TRt aining

(1) &on(4 ?Fve conventiona“#é)b%af roposed.

Her ei NBET SHE8ES T8 on 9 S HIE W AF I EH & 2 eaithy

nmet hods, ; . 4) . taking as an exanpl e the ,

produ%t%ﬁgié)co%'%&-%gcﬁlﬁn% I%frlﬁldnaﬂ glglﬁocaetlﬁﬁﬁre‘:‘i‘ﬁ?ated with a

gl ycol r [ t.wee et hyl ene gar-haonat e d

et hasarieRhEC R e, Sl aite N SR AR e metar,

react LQRS 50 c [ r e . dials. 04

Fi ot hat Rod o rRare) SarrartAd iR Sl dl Yok (AREHle pocu-
ment 13), and a homogeneous catalyst selected from the

group consisting of tertiary phosphine, tertiary arsine,
tertiary stibine, a divalent sulfur compound and a se-
lenium compound (see Patent Document 14).

[0003] With respect to the method for conducting the
above-mentioned reaction between a cyclic carbonate and
a diol, the below-mentioned four types of methods (1)
to (4) have conventionally been proposed. Hereinbelow,
explanation is made with respect to such methods (1) to
(4). taking as an example the production of dimethyl
carbonate and ethylene glycol by the reaction between
ethylene carbonate and methanol, which is a representa-
tive example of reactions between cyclic carbonates and
diols.

[0004] First method (hereinafter referred to as

"method (1)") is a completely batchwise method in which
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25 "method (i)") is a conpletely batchw se nethod in

which 4 ethyl ene carbonate, nethanol and a catal yst

are fed to an autoclave as a batchw se reaction

vessel, and a re- action is perfornmed at a reaction
tenperature higher than the boiling point of nethano

under pressure for a 5 predeterm4ned period of tine

(see Patent Docunents 1, 2 and 5 to 9). [0005] Second

met hod (hereinafter referred to as "nmethod (2)") is a

bat chfi'$¥ le@eh & rheniats amedppmodt o d corptisivift eare fed to
reaction vessel provided at an upper por 10 tion

t her e8! @utRcd agies @9 BatiadPhosisemyeadt vl ciessel, and a re-
yl ene carbonate, nethanol and a catalyst are fed to_

the PEAdPPoASYESIECTMEY & Fed@AGH s Ysaesidtatr pyhigher
heatingFl the contents of the reaction vessel to a

pr edefEFRi ABE Prdid@datidt of matdapahdstpdam RfeRsure for a

to conpensate 15 for the nethanol distilled as an
azeot POBABCATRIGES. LT 1000 ofurtidiol (S8R RNt SRfampnts 1, 2

dinethél ga%bo te, the continuous or batchw se
addi t P8R 3t ngsrenental nmet ha- nol to the reaction

L PR TSRk AR s SRYENE, oL ERAEH U

T gl 3 §2951 55, oL WS RS MR, 384 o, goparats

I
tion thereof with a distillation column, in which eth-
ylene carbonate, methanol and a catalyst are fed to the
reaction vessel, and a reaction is performed by heating
the contents of the reaction vessel to a predetermined
temperature. In this method, in order to compensate
for the methanol distilled as an azeotropic mixture of
the methanol and the produced dimethyl carbonate, the
continuous or batchwise addition of supplemental metha-
nol to the reaction vessel is optionally conducted.
However, irrespective of whether or not such an addi-
tion of supplemental methanol is conducted, the reac-
tion per se is performed only in a batch-type reaction
vessel., That is, in this method, the reaction is
batchwise performed under reflux for a prolonged period

of time as long as 3 to 20 odd hours. (Patent Docu-

ments 15, 3 and 4).
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of time as long as 3 to 20 odd hours. (Patent Docu 25

ments 15, 3 and 4). 5 [0006] Third nethod

(hereinafter referred to as "method (3)") is aliquid

flow nethod in which a solu- tion of ethylene

carbonate in nmethanol is continuously fed to a

tubul ar reactor to performa reaction at a 5

predeterm ned reaction tenperature in the tubul ar

reac- tor, and the resultant reaction mxture in a

li qui 49908 m EBRELi RetgotnbharréaatearnaeErrard tp. as,

et hyl gne cgr?onqte_and nethano%) and the reaction
producl& PP (3)7di ddt Ry 1o fdor Aidhadhjirefdich a solu-
glycolé i S on%hn#ously 1%)mﬁthdnamn t hrough an outl et

of ~ t h&1PBalEoPTRYIRe FErReRatEs 1o MPdhenGHalsy doddriinuously

CONUEL gyl Voadh BT S NS A 20O, o
T ST R CTE -
2ol U8R, oLy PARPUEBRIS E SUSl by 30N 0 110t
1" YA BLPRR: Rl €5 LABCADILA R 20,3900 2L nene

Paten&aPBSHQEQt?n&lmagﬂ?é%hj EB%.%%%?&eg%@qgﬁlﬁgqggﬁﬁs (i.e.,

consists In perrormn e reaction in atu

tor h@iﬁ@ﬁhﬁlh@&fBQHS@EOHﬁdC@Eﬁ%ﬁ%ﬁgs%%?ﬁggx Rgagﬁgtinuously

therein (see Patent Docunents 1 ince

withdrawn through an outlet of the reactor. This
method has conventionally been conducted in two differ-
ent manners in accordance with the two types of cata-
lyst used. That is, one of the manners consists in
passing a mixture of a solution of ethylene carbonate
in methanol and a solution of a homogenous catalyst in
a solvent through a tubular reactor to perform a reac-
tion, thereby obtaining a reaction mixture, and sepa-
rating the catalyst from the obtained reaction mixture
(see Patent Documents 11 and 14). The other manner
consists in performing the reaction in a tubular reac-
tor having a heterogeneous catalyst securely placed
therein (see Patent Documents 12 and 13). Since the
reaction between ethylene carbonate and methanol to

produce dimethyl carbonate and ethylene glycol is an

equilibrium reaction, the flow method using a tubular




reacti on between ethyl ene carbonate and nethanol to

produce di net hyl carbonate and et hyl ene glycol is an

25 equilibriumreaction, the flow nethod using a

tubular 6 reactor cannot achieve a higher conversion

of ethylene carbonate than the conversion of ethylene
carbonate at the equilibriumstdte of reaction (the

| atter conver- sion depends on the conposition ratio

of the feedstocks 5 fed to the reactor and the

r eact FERCtEApELANIe RCIHGVe exdHsIRer iIpTaRfpiQn ohbfethylene
Pat ent Docunent 11 which is directed to a continuous

flow FEAEOPEFemdtIied st Fprwensiian Af rfdutlanayprbonate at
mhereln the flow reaction is con- ducted at 130 C

usi ng tRef EAYIIOF Iy St e &f Fpactipn (the latter conver-
nethanol/eth | ene carbhonate nolar ratio of 4/1,

th
conveP$PBnd QpﬁyP@n&hfaﬂ&mﬂﬂ%9§¥9Qnﬂ%F%ﬁiQ% tﬁﬁsfeedStOCks
5 means tga% ggge nts of unr eact ed et hyl ene carb 4&3
Ao aRGOunPelbPed CRETHEN AR HAC it af Bh (CHTRET 4 tHA
15 ahPBATP RS UAR EFENPASy dT 88 PR BERmART 11 wilch is
Act h th d di scl d t.ent t .
1% u\alllei\#%ﬁgeﬁatﬁp:r g?‘l?gesnéllros% %é‘g’v? Ig‘reaicﬁ:éL%gle Dotgijcﬁﬁlﬂng a

pur'ficﬁgaigg[ 585%%8 o a%e%%o‘%c W9 Aff Ne Jreacted o

compounds erelnafter réf%rred

to as eaemﬁ EBBA‘) " u re%%te'd\éet Q:']{SH:Ll)Jt%El O'?laVJ.ng a
netho I n each of e hyl ene carbonat e and
10 Methagetnhfo§PBthylene carbonate molar ratio of 4/1, the
conversion of ethylene carbonate is only 25 %. This
means that large amounts of unreacted ethylene carbon-
ate and unreacted methanol, which are contained in the
reaction mixture, need to be separated and recovered,
which in turn are recycled to the reactor. Actually,
in the method disclosed in Patent Document 13, various
apparatuses are used for the separation, purification,
recovery and recycling of the unreacted compounds.
{0007] Fourth method (hereinafter referred to as
"method (4)") is a reactive distillation methed in
which each of ethylene carbonate and methanol is con-
tinuously fed to a multi-stage distillation column to
perform a reaction in a plurality of stages of the dis-

tillation column in the presence of a catalyst, while

continuously effecting separation between the produced
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tinuously fed to a nulti-stage distillation colum to
performa reaction in a plurality of stages of the

dis- tillation colum in the presence of a catal yst,
whil e 25 continuously effecting separati on between the
produced 7 dinethyl carbonate and the produced

et hyl ene glycol (Patent Docunent®s 16 to 19). [0008]
Thus, the conventional nethods for producing a

di al kyl carbonate and a diol by reacting a cyclic car-

5 bondd@ekiyd gerdonstst iag drdiwhyradncsd tdiy leran dlevcol
classified into the follow ng four nethods: (1) A

conpl éP&teniatempmea teettfod:o (19) -A bat chwi se net hod

using a reaction vessel pro- vided at an upper portion

t her edP0RBIh Bh@sst theacPBHentdopalupathedy Aok gyoducing a
flow nmethod using a tubular reactor; and (4) A )
reactpéél§ﬁétFPF%PP@EBW@Pﬁb@;Q%ﬂ&ahﬁ,rQﬁﬁilng a cyclic car-
above- nenti oned conventional, nethods . (1) to (4). have

t hei r PPBESECHFLFE BrRopildRbadd qavnohydric) slsghss . can be
[0009] .In t%e ase of each of the conpletely batchw se
met hod+@gft ﬁ&gtﬁgtPl5ﬁen§PH&@wP§ﬂ Fourg me ar re-
act or he, maxi num conversion. of a cyclic carbonate
depen&%sonAtﬂ%mﬁgﬁﬁ%£¥tP6ﬁch%F8 BFggﬂg‘feedstocks f ed

%geﬁg{%?:,ieg§£crwfgg égghégaSEESS gegggéggg£GVessel pro-
vided at an upper portion thereof with a distillation
column ;

(3) A liguid flow method using a tubular reactor; and
(4) A reactive distillation method.

However, the above-mentioned conventional methods
(1) to (4) have their respective problems as described
below.
[0009] 1In the case of each of the completely batchwise
method (1) and the flow method (3) using a tubular re-
actor, the maximum conversion ¢f a cyclic carbonate
depends on the composition ratio of the feedstocks fed
to the reactor and the reaction temperature. Therefore,
it is impossible to convert all of the feedstocks into
the products and the conversion of the cyclic carbonate
becomes low. Further, in the batchwise method (2), for

improving the conversion of a cyclic carbonate, the

produced dialkyl carbonate must be removed using a
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it is inpossible to convert all of the feedstocks into

the products and the conversion of the cyclic

carbonate becones |low. Further, in the batchw se

met hod (2), for inproving the conversion of a cyclic
carbonate, the 25 produced dial kyl carbonate nust be

renmoved using a 8 |largely exces® anount of an

al i phatic nonohydric alco- hol, and a I ong reaction

time is needed. [0010] In the case of the reactive
dlst|M@ﬁSQ%YlﬁﬁQﬁﬁF %mgunﬁtoﬁs?ﬁxi%ﬂﬂﬂ%i%Q)WRﬂQQY¢ﬁ%F alco-
reaction with h 5 conversion, as conpared_to the
convelhé’ilone?miqw sH ST eqem oy Nimend g Heedashever

needl ess to say, even in the case of nethod (4),
produéppéﬁ]oflﬁ HP&IE?FecﬁbeHE ge8ciiiea ddissililgtion method
perforned by a reversible, equilib- riumreaction.

Accor ditdgl -t dfeaffdibla o QEIfam & meack i igh
substantially 100 % conversion of a cyclic carbonate

by _mefRBeERton 1 A% GRbe (5 Wﬁrsawr}sfaieemethods
t te f

Amrantidy (35 B dcq BPNEvescRBraiacs! 55”8 a g o

a hig

diol
necesgggyr%"t sé’lrfg %ﬁé%yefﬂ@é’% ene:afa % o‘ﬁ"‘lﬂ‘é’l carbon-
vl BEPEREE IR ¥ BB L ol e Sl 00-

troll €d~con ons "8 ‘at -

tenpt Egukor%%'c‘ﬁ‘ibhh' SaB {:895?%9% hydLg! YAk ﬁg ‘thr‘i UBbEsible

acted cyclic car SOriat e to convert It into
to achieve a substantially 100 % conversion of a cyclic
carbonate by method (4), it is impossible to prevent a
trace amount of the cyclic carbonate from remaining
unreacted in a produced diol. Therefore, for obtaining
a high purity diol by method (4), in general, it is
necessary to separate the cyclic carbonate from the
diol by performing a distillation under strictly con-
trolled conditions. In Patent Document 20, it is at-
tempted to solve this problem by hydrolyzing the unre-
acted cyclic carbonate to convert it into a diol.
Further, in Patent Document 21, it is attempted to
soclve this problem by reacting the unreacted cyclic
carbonate with a diol to convert it into an ether.
[0011] In addition, there have been proposed methods

in which water or water having an oxygen content of not

more than 100 ppm is introduced into the process for
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solve this problemby reacting the unreacted cyclic
carbonate with a diol to convert it into an ether.

[0011] In addition, there have been proposed nethods

in which water or water having an oxygen content of

not 25 nore than 100 ppmis intr@&duced into the

process for 9 distillation purification of a diol, to
thereby obtain a high purity diol having high W

t r ans AL§§idAagionroRury e @it éntdicdee toattdreby obtain
Docunents 22 and 23). [0012] In the nethod for

produli R&98 BUERLY! dielnbeai@ds hdel FVditaranspission o low

a cyclic carbonate with an ali- phatic nonohydric

al cohBftdehKEepreBERTE dFeg EAtSOtaleCHBERdS des dided) -

inth resent invention was not known in the_art.

The praBadd | HoeHiorBehiod FoF PRRdWFieg ar fhalkgingarbonate

t hat aﬂglalgﬁ car bonat e obtai ned_hy the 10

above2REnti 8hed R@tHS&CG&HﬁaPn§Y§l&§rBﬁﬂﬁﬂgqgﬁh@Pﬁﬁan ali-
a di al car bqQnate .co ins a carbo

ttne PRRRSE BhBaiVarigiadinloatonhd preteiis %?ﬁeﬁﬁgbonate

actlon S|n such d al carbon € _as a.ra £ Kk

mat er PEISE pAeBETIREA, 4D E%sbpgﬁgen oR YRR WA pgs known

becong, ap, 15 B2 ek LBt HUen PoiLRnses BLULI 3L Blle eirst

arona IC car pon- rom suc

Convegiggnﬁbughakhgk %ahlagﬂ t?a@ﬂ@n&@%ngbtégﬁad E; the

produce aronmat1 ¢ car bonat taln I npurl
above-mentioned method contains a carbonate ether and

that when a dialkyl carbonate containé a carbonate
ether in an amount exceeding a specific level, the re-
action using such a dialkyl carbonate as a raw material
poses various problems. For example, it has become ap-
parent that when a transesterification aromatic carbon-
ate is produced from such a conventional dialkyl car-
bonate and phencol, the produced aromatic carbonate will
contain impurities.

[0013] As can be understood from the above, no method
has heretofore been proposed for producing a dialkyl
carbonate and a diol from a cyclic carbonate and an
aliphatic monohydric alcohol, wherein the produced
dialkyl carbonate contains a carbonate ether only in a

content which is reduced to a specific low range.
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[0013] As can be understood fromthe above, no nethod

20 has heretof ore been proposed for producing a

di al kyl carbonate and a diol froma cyclic carbonate

and an aliphatic nonohydric al cohol, wherein the

produced dial kyl carbonate contains a carbonate ether
only in a content which is reducd to a specific |ow
range. 25 10 [0014] Patent Docunent 1: U.S. Patent

No. 3,642,858 Patent Docunment 2: Unexam ned Japanese

Pat entl 0834 Ip| PasensnPpaimeased :Spdeffi Batebh No: 3h642.858
54-48715_ (corresponding to U S. Patent No. 4,181,676%

5 Pat entP®beiihePecomenhe® ani VReraabaed stagenese Pptent Ap-
plication Laid-Open Specification No. Sho 51-122025

( cor r ®dFEREAG tlﬁlt‘l‘g%qﬂat%cmcaﬁw,W)s%t%ﬁm15
Docunent 4: Unexam ned Japanese Patent QP- l'ication

Lai d- OFEFTEFOAN A% itoh NG - Sis-emt Neraet . 1. 676)
(corresponding to U.S. Patent No. 4,307,032) Patent
Docurent? Bt R R BAFRASRt 13patinexamined JepansseArtent Ap-
Lai d- Open Speci fication Ng, Sho 54-63023 Patent

Docun Bt S8 1oe ARG T SRREIE IR Al pEa:] b 22025

Do ureHD 7 SRRt £8 Vasun et Bk SR AvOH 1Rt or
o & PRG0N0 FUSRIP TS rocenc 2o-
plication Laid-Open Specification No. Sho 54-48716
(corresponding to U.S. Patent No. 4,307,032)
Patent Document 5: Unexamined Japanese Patent Ap-
Plication Laid-Open Specification No. Sho 54-63023
Patent Document 6: Unexamined Japanese Patent Ap-
plication Laid-Open Specification No. Sho 54-148726
Patent Document 7: Unexamined Japanese Patent Ap-
plication Laid-Open Specification No. Sho 55-64550
Patent Document 8: Unexamined Japanese Patent Ap-~
plication Laid-Open Specification No. Sho 55-64551
Patent Document 9: Unexamined Japanese Patent Ap-
plication Laid-Open Specification No. Sho 56-10144
Patent Document 10: Unexamined Japanese Patent Ap-
plication Laid-Open Specification No. Sho 59-106436
Patent Document 11: Unexamined Japanese Patent Ap-

plication Laid-Open Specification No. Sho 63-41432

(corresponding to U.S. Patent No. 4,661,609)
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plication Laid-Open Specification No. Sho 55-64551

Pat ent Docunent 9: Unexam ned Japanese Patent Ap 20
plication Laid-Qpen Specification No. Sho 56-10144

Pat ent Docunent 10: Unexam ned Japanese Patent Ap-
plication Laid-Open Specification No. Sho 59-106436

Pat ent Docunent 11: Unexami ned Japhnese Patent Ap-

plication Laid-QOpen Specification No. Sho 63-41432 25
(correspgnding to U.S. Patent._No. 4,661, 609) 11

Pat ent DB@EﬁBgtDT?umﬁﬁéxéﬁ1ne@n9§$%ﬁ%§@ papeppsapFfatent Ap-
pllcatlon Laj d- Cpen Specification No, Sho 63-238043

Pat entP DSt Lrst RRSAILGAREE ¥t oSO A3 - 238043
oo soBabeng el %3%325éﬁ?ﬁﬁégaml%gihgagéngééféﬁPent Ap-
PocunlicEiay da Jﬁgiog]ﬁt %»1 Gabign Ny coo 64-31737
DocuT I i eadieial o0 gop Ste%lpfi“ Tar ﬁ%ﬁ "
ES?E”EEL%&%W. BUB5H 18P°1E08, PEAEDh s Wi Ph n?ﬂ St
DocLment pdPont g é@mngsg javanese, Fal £08: Ao P! 5 5865 2801

Lai d- Open Speci |cat|on

(correspending HQ-GRLARN, Pat emlne&2§a§&§%5%\5patent Ap-
at en p-

Pat ent Docunent 19: Unexam ned Japanese

pl i caphrakdiot: D8R-SR Tl N0 oo 619907 (£98141

Patent Document 17: Unexamined Japanese Patent Ap-
plication Laid-Open Specification No. Hei 4-230243

Patent Document 18: Unexamined Japanese Patent Ap-
plication Laid-Open Specification No; Hei 5-213830
(corresponding to German Patent No. 4,129,316}

Patent Document 19: Unexamined Japanese Patent Ap-
Plication Laid-Open Specification No. Hel 6-9507 (cor-
responding to German Patent No. 4,216,121)

Patent Document 20: International Publication No.
WO 97/23445

Patent Document 21: International Publication No.
WO 00/51954

Patent Document 22: Unexamined Japanese Patent Ap-
plication Laid-Open Specification No. 2002-308804

Patent Document 23: Unexamined Japanese Patent Ap-

plication Laid-Open Specification No. 2004-131394
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respondi ng to German Patent No. 4,216, 121) Patent
Docunent 20: International Publication No. WO

97/ 23445 20 Patent Docunent 21: Internationa
Publ i cati on No. WD 00/51954 Patent Docunent 22:
Unexam ned Japanese Patent Ap- plication Laid-Open
Speci fication No. 2002-308804 Palt2nt Docunent 23:
Unexam ned Japanese Patent Ap 25 plication Laid-Qpen
Specification No. 2004-131394 12 Disclosure of the
I nvention Problens to Be Solved by the Invention

[ 0015] _An object of the present inventionis to pro- 5
vi de %EﬁEEﬁﬁﬂﬁﬁbéﬁbﬂﬁﬁhdﬁﬁﬁﬂﬁédEhIkyI car bonate con-
ta|n|no carbonate eth§; (mhlch |§[a conventlonally
C ¢ | ow range, mhereln t he di al kyl
carboﬂ§5§5éanA“b8b9§88 p5 phedBEesgnt invention is to pro-
transesterlflc aromatic car 10 bonate which can
be. vory CBarafe 3&9&35% et gu e ogrosse con

hi gh nnlecular wei 0 |c poI rbon- ate. Means
to Solddithé Igr&?l’% a%oe (% Jt 5@ GanvERtpally

| h - d bl e h
?gvgkpgﬁé'ﬁéaque ﬁgp&gpgﬁj?ngﬂéﬁggpifﬁgﬁg?duced to

As a EegﬂgEifE%e&ow range, wherein the dialkyl carbonate can

be used to produce a transesterification aromatic car-
bonate which can be very advantageously used to produce
a colorless, high molecular weight aromatic polycarbon-

ate.

Means to Solve the Problems

[0016] In this situation, for solving the above
-mentioned problems, the present inventors have made
extensive and intensive studies. As a resﬁlt, they
have unexpectedly found that, in a method for producing
a dialkyl carbonate and a diol, comprising effecting a
transesterification reaction between a cyclic carbonate
and an aliphatic monohydric alceohol in the presence of
a transesterification catalyst, thereby producing a
product dialkyl carbonate and a product diol, when the

cyclic carbonate as a raw material contains a cyclic

ether, a carbonate ether is by-produced and enters the




have unexpectedly found that, in a nethod for

produci ng a dial kyl carbonate and a diol, conprising
effecting a 20 transesterification reaction between a
cyclic carbonate and an aliphatic nonohydric al coho

in the presence of a transesterification catalyst,

t hereby producing a product dial¥3| carbonate and a

product diol, when the «cyclic carbonate as a raw

mat er i al contains a cyclic 25 ether, a carbonate ether

i s byJdeddvde Famhenatiemyadnces  dhavkpaveardseattound that,
produced. They have also found that, Dby reducing the

cycl i OYelsducing dhe svalde @fdiak qanteornd dhe eyclic car-
raw material, the carbonate ether content of the

di al k{PP&%eEnGiFatie r@”’o&lﬂ:t@dﬂ@éln gde shrepatgpether content

C|f|callﬁ%¥;he prese inventors have found that the
above e JoIARODAT HPTUIURSS (AT BRetTRAPGRA-  Spe-
5 prodUC|ggF |aI carbonate and a diql, caonprising:

(a) eff&dftdYa t ?Eﬁsé’t"ltf .%ﬁn&ﬁse&aveoﬁ%a%@ﬁfa the

fxcaaapﬁégaz&gixgﬁez%%f SRRt T S o oyt noa or
o BrogBR AL S B AECk °smazé AR G prizns
MAthdr zﬁggfgctQB%IQYEr%% %%Q rl f%¥E¥JH'¥% (¥gﬁjb%tween a

from t eaction~ m xture, Yy separ a

the d%gk&!h Eg%ggﬂa%% %5%. %Oggggﬁfg?ﬁaﬁﬁhﬁp%ﬁﬁififlcohol in

carbonate-containing 1i

10 diol - EﬂetakEbEQck'B%'% &E%EEEE%eEQ§&bation catalyst, thereby
obtaining a reaction mixture containing a product dial-
kyl carbonate and a product diol, (b) withdrawing a
dialkyl carbonate-containing liquid from the reaction
mixture, followed by separation of the dialkyl carbon-

15 ate from the dialkyl carbonate-containing liquid, and
(¢) withdrawing a diol-containing liquid from the reac-
tion mixture, followed by separation of the diol from
the diol-containing liquid, wherein the cyclic carbon-
ate contains a cyclic ether in an amount of from 0.1 to

20 3,000 ppm by weight, and the product dialkyl carbonate
contains a carbonate ether in an amount of not more
than 10,000 ppm by weight. Based on these findings,
the present invention has been completed.
[0017] The foregoing and other objects, features and

25 advantages of the present invention will be apparent
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tion mxture, followed by separation of the diol from

the diol-containing liquid, wherein the cyclic carbon-

ate contains a cyclic ether in an amount of fromO0.1

to 20 3,000 ppm by wei ght, and the product dialkyl

carbonate contains a carbonate ether in an anmount of

not nore than 10,000 ppm by wei ght. Based on these

findings, the present invention has been conpl et ed.

[0017] The foregoing and ot her objects, features and

25 ad¥aemdes é@hlwim@ﬂai%ﬁerﬂﬁﬁﬂrmﬂﬂometaken in con-

apparent 14 fromthe follow ng detail ed description

t akeneftdeoR Widdt ithe WaaemaRnYadkh faning dand e appended

and the appended clains. 5 Effects of the Invention

[ 0018FPiMshe di al kyl carbonate produced by the nethod

of the present invention, the content of a carbonate

ether (which is a conventionally unknown i npurity) is

reduced to a speC|f|c | ow range. The dial kyl carbonate

10 obEZEREESHPE: ARendIWER IO he present invention can
produce a.transesterification_aronati

carboiggéﬁj

*ﬂetP?aﬁ§@%F¥F|FPEHPPBﬁeaPGH&PFEd bY the method
car bonat ro- duced .can bhe ver advanta ous
fukk ol oAl

a caéLonate

to pré8 aPESFELNG FOYED
?;gaftkﬁe%ok%%ﬁE oq%te conveﬂ%fgka Scrl FAéﬁh(imSJ}ltY) is

reduced to a specific low range. The dialkyl carbonate
obtained by the method of the present invention can be
used to produce a transesterification aromatic carbon-
ate. The transesterification aromatic carbonate pro-

duced can be very advantageously used to produce a col-

orless, high molecular weight aromatic polycarbonate.

Brief Description of the Drawing

[0019] [Fig. 1] A diagram showing the system which
was used for practicing the Examples and Comparative

Example of the present application.

Description of Reference Numerals

[0020] 1 continuous multi-stage distillation
column
3, 6 preheater

4, 18, 42, 72 top of column
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[0019] [Fig. 1] A diagram showi ng the system which
was used for practicing the Exanples and Conparative
Exanpl e of the present application. 20 Description of
Ref erence Nunmerals [0020] 1 continuous nulti-stage
distillation colum 3, 6 preheater 25 4, 18, 42, 72
top of colum 15 7, 19, 45, 75 ddndenser 10, 26, 43,
73 bottomof colum 12, 28, 50, 80 reboiler 17 | ow
boi ling point m xture separation colum 5 22 carbon
di oxi de E@pan“&tri dR col uFRT4engied] (et hyl ene gl ycol
(EGQ) Buri fication colum 71 DMC separation colum 2,
2', 5108, 28, #8. 73 14, begtoppofocolpmn o4 o5 27,
29, 32 46, 47, 48, 49, 51, 52, 56, 76, 77, 78, 79,
81, 16-828coRdui €%Best WEBOILEE Carrying Qut the
Inveniiyon [Og\%fl\) Accor di ng,to the present invention,
theret?s pro@PdB8a1R8t RBA oM iFtydGeiShgas afiank o lumn
car bopate and 5 a_diol, conmprising:. (a) effecting a

82t or 11 PembPpn dieRiproRoperatitn LBl

41

trans
dicl (ethylene glycol (EG)) purification column
71 DMC separation column
2, 2', 5,8, 9, 11, 13, 14, le6, 20, 21, 23, 24, 25, 27,
2%, 30, 46, 47, 48, 49, 51, 52, 56, 76, 77, 78, 79, 81,

82 conduit

Best Mode for Carrying Out the Invention

[0021] According to the present invention, there is
provided a method for producing a dialkyl carbonate and
a diol, comprising:

(a) effecting a transesterification reaction be-
tween a cyclic carbonate and an aliphatic monohydric
alcohol in the presence of a transesterification cata-
lyst, thereby obtaining a reaction mixture containing a
product dialkyl carbonate and a product diol,

(b) withdrawing a dialkyl carbonate-containing
liguid from the reaction mixture, followed by separa-
tion of the dialkyl carbonate from the dialkyl carbon-

ate-containing ligquid, and

(c¢) withdrawing a diol-containing liquid from the
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tween a cyclic carbonate and an aliphatic nonohydric

al cohol in the presence of a transesterification cata-

| yst, thereby obtaining a reaction m xture contai ni ng

a 20 product dial kyl carbonate and a product diol, (b)

wi t hdrawi ng a di al kyl carbonate-containing |iquid
fromthe reaction mxture, followed by separa- tion of

the dial kyl carbonate fromthe dial kyl carbon-
ate-containing liquid, and 25 (c) withdraw ng a _

di ol - EFERCHIMMM GRS homawed Ty seRatabirhiod ie diol
foll owed by separation of the diol fromthe

di ol - E&FRMaitRiendioiqaartaimeng iduid- and (c) being
performed in either order or sinultaneously, 5 .
wherei n: t k8ecPdEPE & hamst  PoMeding ReTiRImed dihéither
rep- resented (1) below in an anount of

by the fornul.a
from 9F9f% G’rs,%@b‘lﬁﬁrﬂww'ght, and the product

di al kyl carbonate contains a carbonate 10 ether
represent ed6y e formula (2) below in an anount of

\r/]\ﬁter g}) Leéqggp%ggﬁgs%@&%ﬂ\%%}%m t looﬁggprcé’?c]glech?eé:gll t Tep-
by th%eE%%Q%%?by?Q%E?%bﬁhﬁﬂ%?%?)”ﬂ@ﬂé% in an amoﬁnt of from
0.1 to 3,000 ppm by weight, and
the product dialkyl carbonate contains a carbonate
ether represented by the formula (2) below in an amount
of not more than 10,000 ppm by weight,

[0022]

Rl O (1)
N
wherein R?! represents a divalent group repre-
sented by the formula: -(CH,),- wherein m is
an integer of from 2 to 6, and at least one
hydrogen atom of R' is optionally replaced by
at least one substituent group selected from
the group consisting of a C;.1p alkyl group

and a Cg.190 aryl group, and

[0023] RZ0OR'0COOR? (2)
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an integer of from2 to 6, and at |east one 20
hydrogen atomof Rl is optionally replaced by at

| east one substituent group selected from the group
consisting of a C1_10 al kyl group and a 06.10 aryl
group, and 25 [0023] R2OR QOOOR2 (2) 17 wherein Rl is
as defined above for formula (1}l7 R2 represents a

Cl 12 nonoval ent ali- phatic group, and at Ieast one
hydr ogen at om of R2 is optionally replaced b

| east one ®Bh&gpiRj Ruek® 3 dipfteedcieeve rbedt r‘g‘ﬁb@p
consisting of a 0 10 alkyl group and a C6-lo ary
group. [0084) - FBr ERRTFeRY et stamdiMRP B2 kRt pﬂflés‘ent
inven- 10 tion, the essential features and various
preferred BRRthEdPREAPs BRA: AE EiPé%nPnPnPé(ﬁFPSﬁnaF‘éOm

enuner at ed bel pw. 0025] 1. A nethod_ for groduc ng

di al kyl caPboRatks Bl%ii%llrJoY  TeRhpredi by 2l sleasgt one
effecting a transesterlflcatlon reaction be- tween a
cyclic car%BH%Fét‘éﬁBtaHrQPPpﬁS?‘PStﬁBnSWB‘r the QFE’BHOI
in the presence of a transegsteri tion cata; yés .

t her eby obt&FATRAG 2% Bhcfi birihi }EPF TR AR A

product dialk }f carbonate and a product diol, 20 (b)
wi t hdr awi ng" 2~ dPaPRYr car bonat e- cont ai ni ng

[0024] For easier understanding of the present inven-
tion, the essential features and various preferred em-

bodiments of the present invention are enumerated below.

[0025] 1. A method for producing a dialkyl carbonate
and a diol, comprising:

(a) effecting a transesterification reaction be-
tween a cyclic carbonate and an aliphatic monohydric
alcohol in the presence of a transesterification cata-
lyst, thereby obtaining a reaction mixture containing a
product dialkyl carbonate and a product diol,

(b) withdrawing a dialkyl carbonate-containing
ligquid from the reaction mixture, followed by separa-
tion of the dialkyl carbonate from the dialkyl carbon-
ate-containing liquid, and

(c) withdrawing a diol-containing liquid from the

reaction mixture, followed by separation of the diol
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liquid fromthe reaction m xture, foll owed by separa-

tion of the dialkyl carbonate fromthe dial kyl carbon-
ate-containing liquid, and (c) withdrawi ng a
diol-containing liquid fromthe 25 reaction m xture,

foll owed by separation of the diol 18 fromthe
diol-containing liquid, the stepsgb) and (c) being
performed in either order or sinmultaneously, wherein:

5 the cyclic carbonate contains a cyclic ether rep-

r esentt@g@mbyhiehdifodrewind ainingelgwuid.an anount of from
0.1 to 3,000 ppm by wei ght, and the product dialkyl
carbonat e &bat gtepsa (ddr badat(e) deiag peprfesmadkedrbpither
the formula (2) belowin an anobunt 10 of not nore

t han 2096880 oFpAmimptlkangious Iy0026] RL 0 (1) 15 [0027]
wherein Rl represents a dival ent group represented by
the formul #Rere&P2)m wherein mis an integer of from

2 to 6, and at |east one hydrogen atomof Rl is

optional | ythe sycpiscearbprate £eatadme suisiGlifemther rep-

group se- lected fromthe group consisting of a CL 1
resented by the formula (1) below in an amount of from

0.1 to 3,000 ppm by weight, and

the product dialkyl carbonate contains a carbonate
ether represented by the formula (2) below in an amount
of not more than 10,000 ppm by weight,

[0026]

Rl O (1)
N

[0027] wherein R' represents a divalent group
represented by the formula: -(CH;},- wherein
m is an integer of from 2 to 6, and ét least
one hydrogen atom of R! is optionally re-
placed by at least one substituent group se-
lected from the group consisting of a Ci.1o

alkyl group and an aryl group, and

[0028] R2?0OR'OCOOR? (2)

wherein R! is as defined above for formula
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al kyl group and an aryl group, and [0028] R2OR1OCOCR2
(2) 25 wherein R1 is as defined above for fornula 19
(1), R2 represents a Cl_12 nonovalent ali- phatic
group, and at | east one hydrogen atom of R2 is
optionally replaced by at |east one substituent group
sel ected fromthe group 5 consistlieng of a Cl-10 al kyl
group and an aryl group. [0029] 2. The nethod
according to item 1 above, wherein the anmount of the
cyclic ethéd)inRf heepyesénts 1@ Catbomnaevakert o B- t o
1,500 ppm by weight. [0030] 3. The nethod according to
item 2 abopbhatigherein.t hedambufeast tone dydriogest lagom
in the cyclic _carbonate is from 10 to 1,000 ppm

by' wei ght . o£5Rf 0bs19pHiomnblyertplaaedobyi af Leaahyone
one of itens 1 to 3 above, wherein the cyclic

car bonat e FUPEthyIERE gEapBorglected foosplths grgep
met hod according to any one of itens 1 to 4 above,
wher ei n t hECRPAREEEBePES Pchtiiom HE¥Et FBAUPsANR e oRREY
in a reactive distillation colum. [0033] 6. A dialkyl
carbonate PF88Hced by the method 25 of any one of
items 1 to 5 above, which contains a car

[0029] 2. The method according to item 1 above,
wherein the amount of the cyclic ether in the cyclic

carbonate is from 3 to 1,500 ppm by weight.

[0030] 3. The method according to item 2 above,
wherein the amount of the cyclic ether in the cyclic

carbonate is from 10 to 1,000 ppm by weight.

[0031] 4. The method according to any one of items 1
to 3 above, wherein the cyclic carbonate is ethylene

carbonate.

[0032] 5. The method according to any one of items 1
to 4 above, wherein the transesterification reacticon is

performed in a reactive distillation column.

[0033] 6. A dialkyl carbonate produced by the method

of any one of items 1 to 5 above, which contains a car-



10

15

20

25

20 bonate ether represented by the fornula (2) of

item1 above in an anobunt of from1l to 10, 000 ppm by

wei ght. [0034] 7. The dial kyl carbonate according to
item6 5 above, wherein the anmount of the carbonate

ether in the dialkyl carbonate is from3 to 5,000 ppm

by weight. [0035] 8. The dial kyl20car bonat e accordi ng
toitem?7 above, wherein the anount of the carbonate
ether in the 10 dial kyl carbonate is from 10 to 3, 000

ppm byoneéitghetheroaeer erendietb divowrhe Homprudger(t2) of item 1
invention wll be ex- plained in detail. The reaction

per f oRREYE| ANt F@ PrEsBAt ofnFaem dn tios 101904 ppm by weight.
reversible, equilibriumtransesterification reaction
represented by the follow ng reaction schene (1), in

whi ch a di al kil carbonate (C) and a diol (D)_are pro-
yC

duced!PPathla EyciThe Hiridtigh eqonmiee Ar@IdHg o item 6
m)noh dric alcohol (B): 20 [0037]. OH Rl /C=0 + 2R OH

- Re0BBRIS+ ROCXELR1 tEPOAEAURES AT REBLAFEPRAP HhPT in the

21
dialkyl carbonate is from 3 to 5,000 ppm by weight.

[0035] 8. The dialkyl carbonate according to item 7
above, wherein the amount of the carbonate ether in the

dialkyl carbonate is from 10 to 3,000 ppm by weight.

[0036] Hereinbelow, the present invention will be ex-
Plained in detail.

The reaction performed in the present invention is
a reversible, equilibrium transesterification reaction
represented by the following reaction scheme (I), in
which a dialkyl carbonate (C) and a diel (D) are pro-
duced from a cyclic carbonate (A) and an aliphatic

monohydric alcohol (B):

[0037]
OH
/O\ .
R1 C—0O + 2R*0OH —= R?OCOR? + R!
V4 -_—
© o OH
(A) (B) (©) (D)

D
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[0038] wherein RL and R2 are as defined above. [0039]
In the present invention, the reason why the 5
carbonate ether content of the product dial kyl carbon-
ate is reduced to a specific | ow range has not yet
been fully elucidated. However, it is considered that
a carbonate ether is generated Eh the reaction system
by the reaction between a cyclic ether and an

al i phatic 10 nonohydric al cohol or a carbonate and,
therefore, the anount of generated carbonate ether
can be reduced by |owering the cyclic ether content
of the cyclic carbon- ate. [0040] In the present
|nvent|on the transesterifica- 15 tion reaction can

be pet?®#td “H&P%ch‘brﬁleﬁﬂdoﬁal afpafs. A&l BPAf PRV FON

reactor. Wth respect to the trans- esterification

reactgqoﬁ%kd;qw?4%3QﬁﬁﬁﬁﬂfcﬁnY?EFlﬁ?esE%? TERAMR gy the

th t I I t d.th

used GFGPORabar PHASE CORDERREoGI TPepBEosyCs SagEYyr garbon-

such a a, reac o] r|S|n a conbi nati on f a fixed

bed rae &t b7 5%%1156 i 1 ﬁPgSﬁ ofe] ﬁ-ﬁ TRR9C GPFaPPEnYEL been
t at t {

vooschyy By hALER0E P PLIED, WERL 5h Bl gereq mat o

di S“éé@é%&&&" PDy $ﬁ n&QE’B%Ha&ho@hgf rEQSthBVE gRem by

-mentioned reactors. ed8"Feactors can be used In gl

Izzforrfﬂ?é PoLAL £OW SELWBORCL 8%c?1E0BEhAYOYFaMBANG  iphatic

monohydric alcohol or a carbonate and, therefore, the
amount of generated carbonate ether can be reduced by
lowering the cyclic ether content of the cyclic carbon-
ate.

[0040] In the present invention, the transesterifica-
tion reaction can be pexrformed by a conventional trans-
esterification reactor. With respect to the trans-
esterification reactor used in the method of the
present invention, there is no particular limitation,
and there can be used any of various conventional types
of reactors, such as a reactor comprising a combination
of a fikxed bed reactor and a distillation column, an
agitation vessel, a multi-stage agitation type reactor
comprising multiple agitation vessels, a multi-stage
distillation column, and a combination of the above

-mentioned reactors. These reactors can be used in ei-
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t he vi ewpoi nt of displacing the equilibriumof the re-
action toward the product system a nulti-stage

distil- lation colum is preferred, and a conti nuous

multi 5 -stage distillation colum is nore preferred.

Wth re- spect to the nulti-stage distillation colum,

there is no particular limtati®@2 as long as it is a
distilla- tion colum which has two or nore stages of
distilla- tion and which is capabl e of continuous

di sti Ehgtri en bat@hwi sehmapnege®r ignvaamtigmoushearmayen. From
"stages" is intended to include theoretical stages

(t heottBgi ¥vaewpodndspf [displifeigsdhsf egudiliiniun iafh the re-
col uimm having no substantive stages, such as a packed

col unACtipe %@W@édoﬁpﬁ BEPIHFET ﬁYﬁQﬁmKJQIﬂF%ﬁ%jﬁﬁﬂﬂe distil-
hei ght by the hei ght per theoreti 15 cal stage (plat )

(H. E. ¥aPipn( RelyAp dquibrairerred #0d Resianttidmoys aw;u

is considered as .the nunber of stages. [0041]

Exanpr&§2ge Sd&itiddAtinto G Lmmmt |1Sstmé>d-”@ dl’%etflqrrqdatl Yith re-
columms include_ plate type columms using a tray,

such 5BegtpiBhithec J itiay tage |Q%ﬂ§%%%%F1QQ\ﬁQRH?QIwﬁﬁere is

LR e SRR AT Bl
Ber | ddl | t |

T2, 40, Sl 10

a 25 E%%eanﬁa%ﬁlc andcg%ghi%aof c é%%dgﬂé\gléilllatlon
gen 2

In the present invention, the term "gtages” is intended
to include theoretical stages (theoretical plates). In
the case of a distillation column having no substantive
stages, such as a packed column, the value obtained by
dividing the packing height by the height per theoreti-
cal stage (plate) (H.E.T.P.) (height equivalent to a
theoretical plate) is considered as the number of
stages.

[0041] Examples of such continuous multi-stage distil-
lation columns include plate type columns using a tray,
such as a bubble-cap tray, a sieve tray, a valve tray
or a counterflow tray, and packed type ceclumns packed
with various packings, such as a Raschig ring, a Less-
ing ring, a Pall ring, a Berl saddle, an Interlox sad-
dle, a Dixon packing, a McMahon packing, a Heli pack, a

Sulzer packing and Mellapak. Any column which is gen-
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erally used as a continuous nmulti-stage distillation

columm can be utilized. Further, a m xed type of plate

col um and packed col umm, which conprises both a plate
portion and a portion packed wi th packings, can al so

be 5 preferably used. Wien a solid catal yst which is

in- soluble in the liquid phase 23 a distillation

colum is wused, a packed colum type distillation

colum, in which the solid catalyst is used in

subst eralilgnused agalt contdinuofs myd tiackiaggs distillation
preferably enployed. 10 As the continuous nulti-stage

di sti FP&tmBncasl ienutd lie&eduseBurhheRe AemhBgdotypPReof plate
pr esent |nvent|on the above -nentioned distillation

col unfi€18®n BBdyBaEKeRdICALMIN oMb chr GOMDEGMsishA1dtdn a plate
When used in conbination, a plurali of distillation
coIunﬁgrﬁéynbénéoﬁnEQFééqup@E?Q@eW¥§§ &acking-alq3® also be
[ 0042 ¥C|IC carbonate used as _a raw material in, .

t he FﬁS& 6P1YhBSSFeSéWPePn9eﬁ?ibﬂ ratplpFEsWhich By 1in-

formul a in reactiqQn schepe (1), nentioned _abaove.
shpe

ExanpPBSUBFecyBI FBecAtHots: 8baskciiue Shsfiddatdampgelumn is
20 B g e s AR AR S T R o, 1
cyol i KRSERTES BB123. Rt lyad  da, U5ek AT opromyiane or
o PBREE, B o FHFLLEE, pRERAUSE Ol pEretatly enprovea.
prefeﬁgeghe continuous multi-stage distillation column to be
used in the method of the present invention, the above
-mentioned distillation columns can be used individu-
ally or in combination. When used in combination, a
plurality of distillation columns may be connected in
series or in parallel.
[0042] A cyclic carbonate used as a raw material in
the method of the present invention is represented by
formula (A) in reaction scheme (I) mentioned above.
Examples of cyclic carbonates include alkylene carbon-
ates, such as ethylene carbonate and propylene carbon-
ate, 1,3-dioxacyclohexa-2-one, 1,3~dioxacyclohepta-2-
one, and the like. Of these cyclic carbonates, ethyl-
ene carbonate and propylene carbonate are preferred

because of their good availability. Ethylene carbonate

is most preferred.
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24 [0043] In the cyclic carbonate used in the present
in- vention, the content of a cyclic ether represented
by the fornmula (1) above is preferably 3,000 ppm or
| ess. The lower the cyclic ether content of the
cyclic car 5 bonate, the | ower the carbonate ether
content of the dialkyl carbonat&4produced. However,
for producing a cyclic carbonate having extrenely | ow
cyclic ether con- tent, the cyclic carbonate nust be _
produ¢B84By alBetrRdoyehpFogrrgonaspeusad porthecREpsant in-
met hod. Therefore, in 10 the present invention, the
cycl i ¥eBLtREP - c5ReeRPRELNENOT @ GVicd iCaeibiedt &SRFegented by
the range of fromO0.1 to 3,000 ppm preferably from1l

5 6B 99

to 3,88 Ruddr &1 pr @Pevsbiy PrESRrSPLyY B- FEm or less.

nost éeferably from1Q to 1,000 ngn1 15f[0044] Wt h

r espettet 6OFRE E?EIchéﬂﬁePtbﬁﬁtg tepty ooy Cyclic car-

carbogate obt?%neg in the prior art, attention is £ th

drawn°PB2tfRe FBFI GRFRY. eﬁaéﬁﬁyPéﬁee5 offgdent o e

(mhicg.i a.cycljc carbonate) is produced from .

et hyl ShBL 8% HETPRRRER PLOSUESH i CHEVREFS,; For|groducing a

generglgx.knogn 89 %Qaﬁ tg% conversion gfwg%h hgneether con-

oxi deCTSIEE. GROPORKS PREIEE) SRIEITES Yt dPVelMyTiate

carbogg@ [ h%Q i S . ﬁ. . Pa% .

2 166798, | §n85efolitaBErmaRate plls? vETRERNUILE oy 2 metnoa

pf'Ofeﬂ%ioxiﬂg StF LEDS1 BAKRRIRLE16GYhblhiode PeRBLE ore, in

produced Ihevrtab con
the present invention, the cyclic ether content of the
¢yclic carbonate is in the range of from 0.1 to 3,000
ppm, preferably from 1 to 3,000 ppm, more preferably
from 3 to 1,500 ppm, most preferably from 10 to 1,000
ppm.
[0044] With respect to the cyclic ether content of a
cyclic carbonate obtained in the prior art, attention
is drawn to the following. When ethylene carbonate
{which is a c¢yclic carbonate) is produced from ethylene
oxide (which is a cyclic ether), it is generally known
that the conversion of ethylene oxide is 99.0 %, and
the selectivity for ethylene carbonate is 99.2 % (see,
e.g., U.S5. Patent Nos. 4,166,773, 4,786,741 and
4,314,945). That is, in the prior art, the ethylene

carbonate (cyclic carbonate) produced inevitably con-

tains about 5,000 ppm of ethylene oxide (cyclic ether)
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25 tains about 5,000 ppm of ethylene oxide (cyclic

ether) 25 which remains unreacted. Therefore, in the

prior art, it is inmpossible to obtain the cyclic

carbonate used in the nethod of the present

i nvention, the cyclic carbon- ate having the cyclic

et her content reduced to the 5 al2dve-nenti oned

specific range (i.e., 0.1 to 3,000 ppm. [0045] In

the present invention, when ethylene carbon- ate is_

used ¥Bighcyempdngavbpseacséed-heTherpfere capbbhe Rraor art,

can be produced by reacting ethylene oxide (which is )

a cyclhfciét AEPyPsaibhecirboRtdiokithe. cAslde erghsmatey used in

of a nethod for producing ethylene carbonate which has

t he c§EPi@eépﬁérOéoﬁpénprﬁé&HGe&nW@nﬁ%@nr the cyclic carbon-

above-nenti oned specific rangg, there can be

ment i BhEdREVABEhSHRE FY ML K LRERY CORE €0t BEAMCEG Lo the

produced by reacting ethyl- ene oxide with carbon

di oxi AROVRABPBEACPRE EPRVEEAE FBNGE dd -Cont Ot J° thd00 ppm).

et hyl rbonate produced (s reduced any. of the

Fol | ofP s fer Faste cBTessRs) Liven L4 novhén FRnghpbA garbon-

so-cal%ed.finisger (which_i.s a §na|| re% to%) ii b

addi t PoRaf Fy"fPBvAfed FECLAE SRGRIEA R0 Y"& yfgpne carbon-

et hyl r bpnat e, .and .et hyl ene oxide 20.i s reacted .

o th oEbah aBE P RRalrea by Brer s S thrg L EX¢ES (hion

or nojge ' TRi inikng.the tiqvi f or

ethyleneggg#g%ggtgnggéggék&)gﬁghggeﬁ_P%%dg'ne%ﬁoan!ﬁxample

whi chog | IMRELALE! ¥oRf bbafcl RRCLEAD1THE! WhereRtd Wlen has
the cyclic ether content reduced to the above-mentioned
specific range, there can be mentioned a method in
which ethylene carbonate is produced by reacting ethyl-
ene oxide with carbon dioxide, wherein the ethylene
oxide content of the ethylene carbonate produced is
reduced by any of the following methods (a) to (8): ()
a method in which a so-called finisher (which is a
small reactor) is additionally provided in the produc-
tion plant for ethylene carbonate, and ethylene oxide
is reacted with carbon dioxide at a conversion as high
as 99.5 % or more while maintaining the selectivity for
ethylene carbonate at 99.0 % or more; (f) a method in
which, immediately after a reaction mixture containing
ethylene carbonate is taken out from the reactor, a

portion of the reaction mixture is distilled off to the
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et hyl ene carbonate is taken out fromthe reactor, a 25
portion of the reaction mxture is distilled off to

the 26 outside of the reaction system sinultaneously

with evaporation-off of carbon dioxide gas; (y) a

method in which, before performng the purification

of a reaction mxture containingéethyl ene carbonat e,
unreacted ethyl 5 ene oxide is distilled off fromthe
reaction mxture by wusing a flash tank or the like;

and (8ytaidet Rédthe TREcHIOR Forsttesh sgmud tERaaus iprith
conposition (containing unreacted ethyl ene oxide)

obt ai AE@praratientoffofota cgirdon iqijoaiiden 9as ;urky)f gr method in
perform ng the purification of 10 ethyl ene carbonate _
'S taWQﬁcgutb@FOFﬁePFé§@FWHﬁ¢%§§FeMUIIﬁﬁ§atl°n of a reaction
above-nenti oned nethqods (a) to (6) may be used in-

di vi dHAKEPIeh GREVEL PP Htd SRS SGionnade e i qarted ethyl-

duci ng_the cycli.c ether, _content. of a cyclic car.bonate

't i OBPePELPEd FoTSE HITE Bt HRM iHifed SR TS Miture by

15 to (6) in conbination. [0046] Specific gxanples of .

cycl i BSERAePs filAghudenst RT ibend 166489y (@dy Pemethod in

oxi de, . oxacycl obutane and oxacy- ¢l opentane.. .[.0047] ‘o

o prpEER dnBRT PR acn ot ey e S 13 (gfitatning

naterhggemgtgﬁee &H%geo%xégg)p%%%%QBan% ”Qﬂg“éo & a ais-

conmpoun I'Ch I's"represented by formul"a (B) 1h Teac-

Lg?ﬂtﬁﬁﬁligﬁigm cBEAh028Y RP¥S AR NRe? Rl iMhtion of
ethylene carbonate is taken out of the reaction system.
The above-mentioned methods (a) to () may be used in-
dividually: however, from the viewpoint of ease in re-
ducing the cyclic ether content of a cyclic carbonate,
it is preferred to use the above-mentioned methods ()
to (&) in combination.
[0046] Specific examples of cyclic ethers include eth-
vlene oxide, propylene oxide, oxacyclobutane and oxacy-
clopentane.
[0047] An aliphatic monohydric alcohol used as another
raw material in the method of the present invention is
a compound which is represented by formula (B} in reac-
tion scheme {I) mentioned above and has a boiling point
lower than that of the diol. The type of an aliphatic

monohydric alcohol which can be used in the method of

the present invention wvaries depending on the type of
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| oner than that of the diol. The type of an aliphatic

nmonohydri ¢ al cohol which can be used in the nethod of

25 the present invention varies depending on the type

of 27 the cyclic carbonate used. Exanples of

al i phatic nono- hydric al cohols include nethanol,

et hanol, propanol (isoners), allyl al cohol, butano

(i somers), 3-butene- 1-01, anyl al cohol (isoners),

hexyl al cohol (isoners), 5 heptyl alcohol (isoners),

octyltbﬁcéméﬂleu§@ﬁbp§ﬁte HERW - aﬁéémaﬂe§|§6néisyhatlc mono -

decyl al cohol (isoners), unde- cyl alcohol (isoners),

dodec?Yd§P§oﬁéPOPP§§néP§}UdecW@¢ @tlangithanol, propanol

cycl ohexanol , cycl oheptanol, ¢ cIooctano

met hy( E5emepent aRdlLydi sdrehey. 9m°ﬂo (dpomegsntafoibutene-

(i soners met hyl cycl ohexanol (i sone

ethyI%y% ohé%gﬁoﬁlEP§8&eKéfom&FﬁéPhFFéygiéﬂéﬁﬁﬁ&l(1S°mer5)
(iso- ners dleth %Clohexanol I SOmers

phenyP%?EY he}SOhﬁ (EFeBRERY, © ﬁ}y@lgp%gﬁoﬂlsomerS)
phenet

(1 SontpyLanbepReLl (RaontRe) 15 BE3do AeRRCndd comers) . unde-

2 Togd aﬂ‘éoﬁa%?kh%a%’a%g‘fius”ﬁés@ ait 3&@% JeomeTs )

ot kT

e aenat LR 6 c&%%sg%é'oﬁzﬁgg%@%%a@y%;th%l—

prefeé§890p@@£§nol (isomers), methylcyclohexanol (isomers),
ethylcyclohexanol (isomers), dimethylcyclohexanol (iso-
mers), diethylecyclohexanol (isomers), phenylcyclohexa-
nol (isomers), benzyl alcohol, phenethyl alcohol (iso-
mers}, phenylpropanol (isomers) and the like. The
above-mentioned aliphatic monohydric alcohol may be
substituted with at least one substituent, such as a
halogen atom, a lower alkoxy group, a cyano group, an
alkoxycarbonyl group, an aryloxycarbonyl group, an
acyloxy group or a nitro group.
[0048] Of these aliphatic monohydric alcohols, an al-
cohol having 1 to 6 carbon atoms is preferred. More
preferred are monohydric alcohols having 1 to 4 carbon
atoms, i.e., methanol, ethanol, propancl (isomers) and

butanol (isomers). When ethylene carbonate or propyl-

ene carbonate is used as a cyclic carbonate, methanol
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preferred are nonohydric al cohols having 1 to 4 carbon

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

but anol (isonmers). Wen ethyl ene carbonate or propyl

25 ene carbonate is used as a cyclic carbonate,

met hanol 28 and ethanol are preferred, and especially

preferred is nethanol. [0049] |28 he nmethod of the

present invention, the transesterification reaction

is performed in the pres- 5 ence of a _ _

t r ans é8tepithpagli a4 ec MraifpredrhantefRedisrl loapsafprred is

transesterification catalyst to be present in the

react BEtP8nR4t- particularly limted. For exanple, a

honogeneous catalgst which is soluble in the reaction

syst edPQAddr ThetPeaerBadcohdibPoREeEsRthANYENEdQy othe

10 be Eresent in the transesterification reactor by

con- trANGESEFTiEdFRidOoPh& SRGTDGEN dSuPEEHRAMEG Ip e PTes-

transesterification reactar.. Alternativegy, a hetero-h £

geneofi8CaPil §strasesteddtdopdirnvradiri¥st nsdhfpmgthod for

in thg rgaction S steqlun%er %he rea thnthpd%}ions, £ in

can 157B&BHuSetTPESHE HFeSSFAL R F@Lalyst to be present 1

transesterification re- actor. by packing.th so#id

catal JBE FROPRET: fan88k: SAF L LFTEatidn kst e example,

aboves MEOLLANRANOMRARNSOUS AR NSLLIRARAAS L the reaction

cat al ysts c¢an be "Used T n-conbi'nati on. en a

honoggggggﬁ ﬁﬁhgky%he'%e%%@&bﬂuggihXEE%%sz%éEPbkh%aused to

transesterification reactor, it nmay be Ted to
be present in the transesterification reactor by con-
tinuously feeding thé homogeneous catalyst to the
transesterification reactor. Alternmatively, a hetero-
geneous catalyst (solid catalyst) which is insoluble in
the reaction system under the reaction conditions, can
be caused to be present in the transesterification re-
actor by packing the solid catalyst in the transesteri-
fication reactor. The above-mentioned homogeneous and
heterogeneous catalysts can be used in combination.
[0050] When a homogeneous catalyst is continuously fed
to the transesterification reactor, it may be fed to
the reactor together with a feedstock cyclic carbonate
and/or a feedstock aliphatic monohydric alcohol. Al-
ternatively, the homogeneous catalyst may be fed to the

reactor at a position different from that at which the

feedstock is fed. Further, when a multi-stage distil-
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the reactor together with a feedstock cyclic carbonate

and/ or a feedstock aliphatic nonohydric al cohol. Al-
ternatively, the honbgeneous catal yst may be fed to

the reactor at a position different fromthat at

whi ch the 25 feedstock is fed. Further, when a

mul ti-stage distil 29 lation col2dm is used as a
transesterification reactor, the honpbgeneous catal yst

can be fed to the distillation colum at any position

as | ohgtaent helposi tisonsed as al daensesd eprliddiogttiioal reactor,
stage (plate) above the colum 5 bottom [0051]

HowevEhe Bpmegenpeusecghénliwiwér €anhder dg6t iton thecddmtil lation
takes place in the continuous nulti-sta%F dis- )

till afPéumBoREMANYSPEEAERRN RShdrad @Fe thesPoisditigm is at
whi ch_t he honpgeneous catalyst is fed, it is preferred

10 t hataFheORBbYEREBGICRAL Sfpge (Pladg)t @Poye the column
distilla- tion colum at a position between the top of

the cBPLRA™-and the position at which the feedstock is

f ed. OOSZ% Wen a.Peterogeneous go[ig cgtalyste:se ction

used hE05L1cHOWGERT  HEPcat HRG sTEQAA pERBREKERe| Fea

oo gt FuR B b Th BB R Sty st sease ass-

used 28} BaLI3AS o PRAS, LS EHRASE Rl HiR, BT e

corT eaRONs g AbalSBRLoL8"EALISOLE Leecd! 20] 15 prererres
that the homogeneous catalyst is fed to the distilla-
tion column at a position between the top of the column
and the position at which the feedstock is fed.
[0652] When a heterogeneous solid catalyst is used as
a catalyst, the catalyst can be packed in a desired
amount at a desired position of the reactor. When a
multi-stage distillation column is used as a trans-
esterification reactor, the catalyst layer present in
the column has a height which corresponds to at least
one theoretical stage (plate), preferably two or more
theoretical stages (plates). A catalyst which can
serve as a packing for the multi-stage distillation
column can also be used.
[0053] As a transesterification catalyst used in the

present invention, various types of known catalysts can

be used. Examples of such catalysts include alkali
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20 theoretical stages (plates). A catalyst which can

serve as a packing for the nmulti-stage distillation

colum can al so be used. [0053] As a

transesterification catalyst used in the present

i nvention, various types of known catal ysts can 25 be

used. Exanpl es of such catal ysts 3tncl ude al kali 30

netals or alkaline earth netals, such as lithium so-

di um potassium rubidium cesium magnesium cal cium

st r ontiaddlendhalikahinsasar domsoimids, siwdh ag lithium, so-
hydri des, hydroxi des, al koxi des, aryl oxi des and

am desligim .a|bedlas sgurst fubiskium k fid sidmpamagnas ym; calcium,
basi ¢ conpounds, such as carbonates and ]
hydr o §&FeatIcTaeds SrRrdumy jPafshal eompauniiskal $Weh o2 tpydrides,
metals and alkali nmetal or alkaline earth metal salts .
of or §FYrexddeds; al&oxiglas afmeexidag gk amides of alkali
triethylamne, tributylam ne, trihexylamne and 10

benzy F&t&UFy CFniddéa e Sqei-tt ARt@LS infafeie rcRiRRdS, such
conpounds, such as N-al kyl pyrrol e, N-alkylindole, oxa-

zol e, 3R SAEPORRLES, GE Wﬂ%%ﬂ%a&eso%i%% metals
pyridine, .al kyl pyri dine, quinoline, alkylquinoline, .

P PRor e LR sty et ot e e Hafiady | OF talkal ine

acridine henant hrql.i ne,. al kyl phenanthrol.i n

py_rim_"*&f""%é‘?"‘at | § jtlrﬁn_c?ifné’,r Adive, 054 SR HAH Aines

o0 R AR AR AR S o onine ana
benzyldiethylamine; nitrogen-containing hetercaromatic
compounds, such as N-alkylpyrrole, N-alkylindole, oxa-
zole, N-alkylimidazole, N-alkylpyrazole, oxadiazole,
pyridine, alkylpyridine, guinoline, alkylguinoline,
isoquinoline, alkylisoquinoline, acridine, alkyl-
acridine, phenanthre¢line, alkylphenanthroline,
pyrimidine, alkylpyrimidine, pyradine, alkylpyradine,
triazine and alkyltriazine; cyclic amidines, such as
diazabicycloundecene (DBU) and diazabicyclononene
(DBN); thallium compounds, such as thallium oxide,
thallium halides, thallium hydroxide, thallium carbon-
ate, thallium nitrate, thallium sulfate and thallium
salts of organic acids; tin compounds, such as tri-
butylmethoxytin, tributylethoxytin, dibutyldimethoxytin,
diethyldiethoxytin, dibutyldiethoxytin, dibutylphenoxy-

tin, diphenylmethoxytin, dibutyltin acetate, tributyl-



(DBN); thallium conpounds, such as thallium oxide, 20
thal lium halides, thallium hydroxide, thallium carbon-
ate, thalliumnitrate, thalliumsulfate and thallium
salts of organic acids; tin conpounds, such as tri-
but yl met hoxytin, tributyl ethoxytin,
di but yl di met hoxytin, diethyldiet®xytin,
di butyl di et hoxytin, dibutyl phenoxy- 25 tin,
di phenyl met hoxytin, dibutyltin acetate, tributyl 31
tin chilor ctidoamidet iandtdinhytedhlandwxancaties oo dirpounds ,
such as di met hoxyzi nc, diethoxyzinc, ethylenedi oxyzinc
and digghoRgz iddae thloxyizdme .c sHsdirey 2z ifisoh eddvalangdmiyzinc
trimethoxide, alum numtriisopropoxide and alumnum5
tri bufBgi déPutioRFFime:c SHHTUNTR cORPuds etSushetdf @luminum
titanium tetraethoxytitanium tetrabutoxytitanjum
di chl S5FSREFBOFRR um didisopgicansdfe ead ihuminum
titanium acetate and titani um acety| acetonat e;
> phosphdiPHEe*dERs o fdder i3 woFP aidfet AP AspHigieamethoxy-
trieth

| 1Q phosphi ne, tributyl phosphi ne, . .
11 phEiy RPRBEDh RS 2SO REUA pHIFIRoEaY £ i tanium,
AT G cansn
acet yl BEBEST: 883 rF o tin A RO o doatd AeALo R 2 Phospho-
acetaLSé.lgggoﬁﬂgﬁte%%s O%%akggﬂgﬁggg%%%%gﬁﬁggagfriethylu

| ead " oOXi such "as O "Pb
[ fi ; PhS2: .1 .
10 ﬁ;drggﬁgggﬁﬁggéh%gégggyéﬁgééihﬁgg, Q%%phéﬁyiphosphlne,

tributylmethylphosphonium halides, trioctylbutylphos-
phonium halides and triphenylmethylphosphonium halides:
zirconium compounds, such as zirconium halides, Zzirco-
nium acetylacetonate, zirconium alkoxides and zirconium

15 acetate; lead and lead-containing compounds, e.g., lead
oxides, such as Pb0O, Pb0O, and Pbi04;: lead sulfides, such
as PbS, Pb,S: and PbS,; lead hydroxides, such as Pb(OH),,
Pb3:0;(CH)3, Pb,[PbO,(0OH)»]1 and Pb,O(OH).; plumbites, such
as Na,Pb0,, K,;Pb0O,, NaHPbO; and KHPbO,;; plumbates, such

20 as Na,Pb0O;, Na,H,Pb0O,, K,Pb0O3;, K,[Pb(OH}¢], K;PbO4, Ca,Pb0Qy
and CaPb0O;; lead carbonates and basic salts thereof,
such as PbC0O; and 2PbCO;"Pb{OH),; alkoxylead compounds
and aryloxylead compounds, such as Pb(OCH;).,
(CH30)Pb(OPh) and Pb{(OPh},; lead salts of organic acids,

25 and carbonates and basic salts thereof, such as
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Pb302( OH) 2, Pb2[ PbQ2( OH) 2] and Pb20(CH) 2; pl unbites,

such as Na2Pb(2, K2Pb(2, NaHPb(2 and KHPbQZ;

pl unbat es, such 20 as Na2Pb03, Na2H2PbO4, K2Pb(3, K2 [

Po (OH) 6 1 , K4PbO4, Ca2PbO4 and CaPb(3; | ead
carbonates and basic salts thereof, such as PbCO3 and
2PbCBPb( OH) 2; al koxyl ead conpourds and aryl oxyl ead
compounds, such as Pb(OCH3)2, (CH30O) Pb(OPh) and

Pb( CPhgﬁ | ead salts of or%anlc acids, 25 and

car boRB{8§O05H) baditd QGAGH: JuhapdoPb (9GERHak: ‘FPO* 3H:0;

Pb( OCOCH3) 2, Ph( OCOCH3) 4 and Pb( OCOCH3) 2PbQO. 3H2G,

or ganB8FEaA°48RF0GREBOUSGSN FYCH A4Sy Bup HPbPhBﬂgPﬁﬂthC1
Ph3PbBr, Ph3Pb_(aor Ph6Pbh2), Bu3PbOH and Ph2PbO where

Bu rEBP%‘%%Ets BoBRut (AT sz AndB R R r 2R PR2FPO wheTein Bu
phenyl grou% | ead al .l oys, such as Pb-Na, Ph-Ca

Pb- BarePB 8RNtSng PHIZY: Jrelp ARterR Lenfgaends @alpé}?é“—’l

d X dr at th | ead
o 2Lttt SO DIGLS, 0 LhESs R oMU, oo
tert h h
LT PR AT AR BB R A0
t t f th
T Rrgh R e e N

grouDSexcﬁgg?gEEongLthgglgnighlgx%%ﬁggee§%gq eﬁ%v1ng

havi n nmoni um S as i on-exc
grouDSte?E a}g §8F Hgghggnlgoﬁogggﬂggge %%%qngﬁhav1ng am-
silica, a, Silica-mgnesi

alu”‘ﬂ@é'bfﬁﬁb@; QahLEQEhange resins having at least one
type of ion-exchange group selected from the group con-
sisting of sulfonate, carboxylate and phosphate droups,
and strongly basic solid anion-exchangers having qua-
ternary ammonium groups as ion-exchange groups; and
solid inorganic compounds, such as silica, silica-
alumina, silica-magnesia, aluminosilicate, gallium
silicate, wvarious types of zeolites, various types of
metal
-exchanged zeolites and ammonium-exchanged zeolites.
[0054] Among the above-mentioned solid catalysts,
strongly basic anion-exchangers having quaternary ammo-
nium groups as anion-exchange groups are preferred.
Examples of such anion-exchangers include strongly ba-

sic anion-exchange resins having quaternary ammonium

groups as anion-exchange groups, cellulose type




silicate, various types of zeolites, various types of

nmet al -exchanged zeolites and amoni um exchanged

zeolites. 20 [0054] Anmong the above-nentioned solid

catal ysts, strongly basic ani on-exchangers having

guat ernary ammp- ni um groups as ani on-exchange groups

are preferred. Exanples of such3ani on-exchangers

i nclude strongly ba- sic ani on-exchange resins having

quat er nary anmmoni um 25 groups as ani on- exchange

groupStreaplyl besicypails -egchengleysbgiving quaternary ammo-

ani on- exchangers havi ng quat ernary ammb- ni um groups

as anMbHNe9ERUBgeagr 8OPpON -gHGhaNOENGPUPS-, sind strongly ba-

ani on-exchangers carried on an inorganic carrier

whi chS h@venoar exrhApI&RA FREMI§Ho@Ps 3@s inorganic carrier

ani on-exchange 5 groups. [0055] O these strongly

basi c"ahFBnheXehgngeerearys aMRSPiNg JEeL@snasy anion-exchange

ammoni um groups as ion-exchange groups, styrene type

st rongF9UBasi c ani on-exchange res- ins and the |ike

are p[efer ed. A st%éene type 10 stron [g basi c .

ani ont 8%eh nd%frERﬁ i $t% YsRysHf gnion-exchange resins

styrene/ di vi nyl - benzene copol yner as a base resin, and

quat ePREFYI aABHERRRGY o APEORL e 9FOBPS: FFe PP exChange

i on- exchange oups xanples of which.are |, h

i agr SRRBET: REYF5oPeby BSoREBARHIYt RESHE| FBkoRg Sxchange res-

fornulgg éﬂé)théslgggsgLe preferred. A styrene type

10 strongly basic anion-exchange resin is comprised of a
styrene/divinyl-benzene copolymer as a base resin, and
guaternary ammonium groups (type I or type II) as an-
ion-exchange groups, examples of which are diagrammati-

cally represented by the following formulae (II).

15 [0056]
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34 -CHCH2--CHCH2 CHCH2" V1 1 I (type I)
CH2N(CH3)3 o0 "-CH -CH2- | /WCH2N(CH3)3 X e X (I1)
T-CHCH2-CH CH2-CH---- ,vW10 N\ | | | (type Il)

1" CH CHZ~nnr CH2N( CH3) 2( C2H40H) CH2N( CH3) 2( C2H4CH) X
15 X e [0057] In above formulae (11), X represents an
anion. Cenerally, X is at |east ¥he type of anion
selected fromthe group consisting of F-, C-, Br,
-, HCO3-, 20 C032-, CH3CO2-, HCO2-, 103-, Br03_ and
Cl03-. It jsg. pre- rred.tha I S.Sele d f mthg
group con8i'sting _&Zﬁb% -ﬁénd 32 éﬁWth
respect to the stqucture of |the base rgsin of the

ani on- exchange r eithe ' a
macroreticul ar
because of th

&
CH,N(CH
nwAnn—— CH—CHy—wne 2 (e s
CHZN(CH;;);, X

X

(L)
wwnr—— CH—CH,—CH— CH,— CH——vw»»

Q-
CHQN(CHs)z(C2H40H)

CHzN(CHaJ 2(C2H4OH) X
X

[0057] In above formulae (II), X represents an anion.
Generally, X is at least one type of anion selected
from the group consisting of F°, Cl°, Br , I, HCO; ,
CO3%*", CHa,CO,”, HCO,”, I0;", Br0O;  and Cl0,". It is pre-
ferred that X is selected from the group consisting of
Cl™, Br , HCO;  and CO0,*". With respect to the structure
of the base resin of the anion-exchange resin, either a

gel type or a macroreticular type (MR type) can be used.

However, because of the high resistance to organic sol-
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35 vents, the MRtype is preferred. [0058] Exanples

of cellulose type strongly basic anion -exchangers

havi ng quaternary ammoni um groups as ion -exchange

groups include cellul ose type strongly basic 5

ani on- exchangers havi ng i on-exchange groups of the
structure represented by the formfl a: - OCH2CH2NR3X,

whi ch exchangers are obtai ned by trial kyl am noet hy-

lation of a part or all of the hydroxyl groups of cel-

| ul os¥eNts .t fBSaMBy &YP6r gl ®refemamsents an al kyl 10
group, for exanple, a nethyl group, an ethyl grou

oropyl Bpédp,Eﬁa%Bi9F @FoﬁﬁllBFEFérﬁﬁP9 ﬁtﬁﬁPE}V EPQ&E anion
or an eth roup; and X is as defined above. [0059]

The iﬁSF‘{jéﬁP e&"&r PP@F“@aﬂPﬁé&rWJnW%"b 9’-'0‘195 as ion
anion-excE usabl e in_the present invention, ch

15 has®gtat ﬁaP;?OHRﬁoﬁPﬁﬂwu&PoGﬁsUé’squ@n P&]éﬁé’ngw basic
groups, i s an gnlon ex&hangg havi n uat er nar

ammnPBﬁPar'atiﬁ AngerseBaNiEg ByirR groups of the
X wh i R d f d
S ﬁiﬁgf??vrsngﬁeﬁ%gasp%sg By, 3?5%%@(}"6%&9%@;}9@‘
whi ch h b
modi (VAR or SERaRB8ER, 558 SRradpBnEY RraRbyi® oG-
on thf §HB£a8% gf Q% QOBQQ”'% %ﬁrr S%ongﬁa@@6§%s of cel-~

i nor gani c carri er i nclude™si l'ica,

sili Cf‘u%&% ”a%nttﬁé‘”é@o@é‘dfgfr%iée Rq: £P§§§nt§' hC81ky1

al um na an I ca-alumna are preferre‘a Il11rca IS
group, for example, a methyl group, an ethyl group, a
propyl group, a butyl group, preferably a methyl group
or an ethyl group; and X is as defined above.
[0059] The inorganic carrier-carried strongly basic
anion-exchanger usable in the present invention, which
has quaternary ammonium groups as ion-exchange groups,
is an anion-exchanger having quaternary ammonium groups
represented by the formula -0O(CH;).NR3;X wherein R and X
are as defined above and n is usually an integer of
from 1 to 6, preferably 2, which anion-exchanger can be
prepared by the modification of a part or all of the
hydroxyl groups on the surface of the inorganic carrier.
Examples of inorganic carriers include silica, alumina,

silica-alumina, titania and zeolite. Of these, silica,

alumina and silica-alumina are preferred. Silica is

most preferred.




25 nost preferred. 36 [0060] There is no limtation
Wth respect to the nethod for the nodification of
hydr oxyl groups on the surface of the inorganic
carrier. For exanple, such a strongly basic
ani on- exchanger carried on an inorganic 5 carrier can
be obtained by subjecting an inorg&nic car- rier and
an aninoalcohol represented by the fornula

NNR2 to a dehydration reaction between themin
the pr b ghegepdsi aratimitsat iian tHdite mespgeictto the
am - noal koxyl ation, followed by the reaction of the
resul MEERatht e Hrl Ro%yE ieatil¢mopfahy@rewyti gFOWPEhon the
an al kyl halide represented by the fornmula RX ,
Mereﬁvrﬁacwﬁe@m%ﬂarwwe?@ﬁw pESFeraApg , such a
Br or £ to _ thereby convert the am noal koxy grou
|ntoz§ LRGP ?ﬂ@%ﬁca%&?ﬁmﬁxqméﬁg%fC$E§ﬁﬁﬁéxpngﬁﬁubn°rganlc
is further, 15 converted to a_- %nNRSX group_ havin
the dESTEET FAHPX %?/t%%-f“%fh‘b% X %%ﬂbb“?e%’&t?"&ﬁrga ic car-

Wen n is 2, n _inorganjc carrier is treated wt

N, N- oS98y 1304 13 e TRy F9RR L P TSR DRI & obe "gmura
:geoht %ﬂg ]!garrlerﬁaere hlhkdlal glﬁn%gog% %egna£hem in

d R3X
above: ninﬁrgenseeac%%nﬁéﬂwrm% B pagapy pgect ami-
SOl | A Al Vo 351 © £ BT SIEENEP RS S LEVUEY of the resul-

quaternary ni‘um ‘groups” as
tant aminocalkoxylated inorganic carrier with an alkyl

halide represented by the formula RX', wherein X'
represents a halogen atom, preferably Cl, Br or I, to
thereby convert the aminoalkoxy group into a
-O(CH;},NR3X' group. The -O(CH:),NR3X' group is further
converted to a ~0O(CH;),NR3X group having the desired
anion X by an anion exchange reaction. When n is 2, an
inorganic carrier is treated with N,N-dialkylaziridine
so that the hydroxyl groups on the inorganic carrier
are N,N-dialkylaminoethoxylated to obtain a -OCH,CH,;NR,
group, which is then converted to a -0O(CH;),NR:X group
by the above-mentioned method.

[0061] Commercially available solid, strongly basic
anion-exchangers having quaternary ammonium groups as
ion-exchange groups can be used in the present inven-

tion. When a commercially available solid, strongly
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i on- exchange groups can be used in the present inven

25 tion. Wien a commercially available solid, strongly

37 basic ani on-exchanger is used, it can be treated

for anion-exchange with a desired ani on species

before it 1is used as a transesterification catalyst.

[0062] A solid catalyst conprised?f a nmacroreticular

5 or gel type organic polymer or an inorganic carrier,

each having bonded thereto a heterocyclic group con-

t ai ni RGSAC lagdHm -ERChEngegydis atsmd, iist meaf draliineatsal for
as a transesterification catalyst. Further, the above

- ment POACR -$HACh@ngst aiydy acslearad antian fspeahisg defigre it
narizing a part or all of the nitrogen-containing het-

er ocyéBi &s§do@ss shdfrans st exd fisat iqroeedlalmsd -anount

of the transesterification catalyst to be used in the
presehPOfenti 8Alidr ratadgpengrmgréfedt g€ aypacroreticular
t hereof . The honobgeneous catal yst, which is 15 soluble

i n t h8Tr 85¢t tgRes PRIGRH I BSL ¥YIIEE ga@n dog@ignic carrier,
ditions, is fed continuously in an_anmount of from

0. 000%2F8 BaVPgy bpddge: thsTed® &n heteTosyal ifeighipurpicon-
the raw.materi al _.cyclic carhonate and the raw materi a

al | phEEE 8Bty RS talPBEn B ERGER FHHOMGof ] PEATATFiLY used
20 is_used, it is used.generally in_an anpunt. of from

10 t8°98 YFBYSEStame: 1%?&%8?“&161'%;?3313’8&1-50 PBI‘BSr% [393 above
6@Lﬁn?ﬂ%n9§%g%dogo&g% EQE%EQ%% %%Bu%% %&e%@%dr%%%l%&ater—

narizing a part or all of the nitrogen-containing het-
erocyclic groups before it is used.

[0063] The amount of the transesterification catalyst
to be used in the present invention varies depending on
the type thereof. The homogeneous catalyst, which is
soluble in the reaction system under the reaction con-
ditions, is fed continuously in an amount of from
0.0001 to 50 % by weight, based on the total weight of
the raw material cyclic carbonate and the raw material
aliphatic monohydric alcohol. When the solid catalyst
is used, it is used generally in an amount of from 10
to 95 & by volume, preferably from 50 to 90 % by volume,
based on the internal volume of the reactor. When the
solid catalyst is packed in a distillation column, it
is packed preferably in an amount of from 0.01 to 75 %

by volume, based on the internal volume of the empty
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solid catalyst is packed in a distillation columm, it

is packed preferably in an anbunt of from0.01 to 75 %

25 by vol une, based on the internal volunme of the

enpty 38 distillation colum. [0064] When a

mul ti-stage distillation colum is used as a
transesterification reactor, ther3 is no particu- |ar
restriction with respect to the nmethod for continu 5

ously feeding a cyclic carbonate and an aliphatic

mono- dipddild aglie@shslolumn.he conti nuous nul ti-stage
distillation colum. Any feeding nethod can be used as

| ong 4906Kd fWheBtackyleansbadeofistiédakiirn cedupat 4s used
lyst in a region of the distillation colum which cor

10 r e@foAdd s sas iegddil caté oft Fgactpref dhadey il negarticu-
two stages. That is, the cyclic carbonate and the .

al i - pAAt FESTHEAGHON ¥idihcslsPecin tse enmeatinek fpy gpntinu-
to one or nore stages of the continuous multi-stage .

di s- PPPLYt F6/9dH0u R SHRA Gy IF2X PRESi Hee @B 2 igPhatic mono-

feedigg 15 pipes, at one or nore desired locations as
dF

| ong RE aa6eheYr dQuithenErPtiouoys S3ldd - sfiage

cyclig.carbonate and the nohydri.¢ al cohol .may be

Tod cftfiiigtine Zodme: agaY of ceHing: SpFRPG: FoR Do used as

o TRl 58 RSk BT B B 0 caa-

a 935?98% Egrﬁ‘%agéo%a%f'Eﬂ%i%igkﬁﬁﬂ%%i%%T@of&ﬁn which cor-
responds to at least one stage, preferably at least two
stages. That is, the cyclic carbonate and the ali-
phatic monchydric alcohol can be continuously fed to
one or more stages of the continuous multi-stage dis-
tillation column through a desired number of feeding
pipes at one or more desired locations as long as the
above requirement is satisfied. The cyclic carbonate
and the monohydric alcohol may be fed either to the
same stage of the distillation column or to separate
stages individually.
[0065] The feedstocks are continuously fed in a liguid
form, a gaseous form or a gas-liquid mixture form. In
addition to the feeding of the feedstocks to the con-
tinuous multi-stage distillation column as described
above, additional feedstocks can be fed in a gaseous

form to the lower portion of the distillation column




addition to the feeding of the feedstocks to the con-

tinuous nmulti-stage distillation colum as descri bed

above, additional feedstocks can be fed in a gaseous

25 formto the lower portion of the distillation

colum 39 intermttently or continuously. Also

preferred is a nethod wherein th® cyclic carbonate is
continuously fed in aliquid formor a gas-liquid

m xture formto a stage at a | evel higher than the

st age imH@mnittterndain & |gantimgqussent Algd [prefiigred is a

al i phati c nonohydric al cohol is continuously fed to

t he | swdhqsbrhiegieigr thee airaskic -cazhomrte ol aneerinuously fed
gaseous formor a gas-liquid mxture form or in a

gaseodd Porm@BHE iHPTM 195 FForkdqwot -mix ke | §ormpnto a

this case, sonme of the aliphatic nmono 10 hydric

al coh&tagsy Ae g hedighed Hhay cdihe TR igtere the cata-
[0066]. In the present invention, a small_ anount of a

di ol 3¥5% d&siFEFProditti ¥yt abiitha hed mepeedsigy alcohol
materi,als. Further, the aliphatic nonohydric al cohao

may coit ﬁoﬁt&n&?ﬁ’@&rﬂ _tfﬁﬂ Rl a’m&/ll%’b EOW%_Y% distil-
a7 al kPGP GRAVER (b S HATROT ST (S o LAt LB o mixore
kyl carbonate in the algfhat'c monohydric al cohol . is . ..
gener APEJi (15 HE AP SIT C6HTD T8 46 o8 b bt e

preferably.fromQ.1. to _30_% by_wei ght, re.preferabl _
D0t r SACTAIdY20 S5 gRES- bEEBA 85 (e PoRET-idrgMPno

10 of hydric alcohol may be contained in the cyclic carbonate.

15

20

25

{0066] In the present invention, a small amount of a
diol as a desired product may be contained in the raw
materials. Further, the aliphatic monohydric alcohol
may contain a concomitant dialkyl carbonate. When the
aliphatic monohydric alcohol contains a concomitant
dialkyl carbonate, the amount of the concomitant dial-
kyl carbonate in the aliphatic monohydric alcohol is
generally in the range of from 0 to 40 % by weight,
preferably from 0.1 to 30 % by weight, more preferably
from 1 to 20 % by weight, based on the total weight of
the aliphatic monohydric alcohol and the concomitant
dialkyl carbonate.

[0067] The ratio of the aliphatic monohydric alcohol
to the cyclic carbonate to be fed to the transesterifi-

cation reactor may vary depending on the type and quan-
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the aliphatic nonohydric al cohol and the concom tant

di al kyl carbonate. [0067] The ratio of the aliphatic
nonohydri c al cohol to the cyclic carbonate to be fed

to the transesterifi- 25 cation reactor may vary
depending on the type and quan 40 tity of the
transesterification catal yst and4fhe reac- tion
conditions, but, in general, the nolar ratio of the

al i phatic nDnohydrlc al cohol to the cyclic carbon- ate
may beLtwn ?ﬁet¥9n§éa%$e$F@ﬁiﬁlGEtF@nlc@©@1Yﬁérapﬁ the reac-
creasing the conversion of the cyclic carbonate, it is
pref et}ey ¢endibiorfe QPthhﬂlaeﬁﬁﬁéﬁdehé ﬁpééﬁoFatﬁo of
an excess anopunt which is_2 tines or_nore nol e t he

nol e B#et %%129%F¥% PARBRRAFEC pbGehel, tPoBhﬁlﬁﬁcéléoﬁﬁrbon‘
centration of the aliphatic nonohy drlc al cohol is unde

10 si?bpIBapebaute the E?%%eontFEOWe909Foﬁ°e&upﬁﬂentF°r in-
needs to be | ar Therefore, it js es eci al

forr CF P IRE. Pﬁe PR Bat e rpfoh)A P ClfcorpfbPRatR. 1t 1s
anmount |ch O tine e the .
cycl REEEFTRRG: EO é%e%ob%%] %%ﬁaggf:b'aﬂnah%ﬁras p1cofior 1n
present in a ratlgn Ln

transesté????%agm%%n é%%%? Ry tEﬁWengthoﬁﬁthdeFe the
the oefeené%h %oficthe gaction Hc%%aéx?exbecoge%lﬂva con-
e

Ther ore EONCeRTT At on: of feac

syst %Edﬁ‘ragl.e{]&{ aJnJ:‘ ytﬂgtafi&qgﬁiéhﬁgnglquric alcohol is unde-
sirable because the size of the reaction equipment
needs to be large. Therefore, it is especially pre-
ferred to use the aliphatic monohydric alcohol in an
amount which is 2 to 20 times by mole the mole of the
cyclic carbonate.
[0068] When carbon dioxide is present in a high con-
centration in the transesterification reaction system
of the method of the present invention, the reaction
rate becomes low. Therefore, the CO; concentration of
the reaction system is generally not higher than 500
ppm by weight, preferably not higher than 200 ppm by
weight, more preferably not higher than 100 ppm by
weight.
[0069] Also when water is present in a high concentra-
tion in the transesterification reaction system of the

method of the present invention, hvdrolysis of a cyclic



20 ppm by wei ght, preferably not higher than 200 ppm

by weight, nore preferably not higher than 100 ppm by

wei ght. [0069] Al so when water is present in a high
concentra- tion in the transesterification reaction
systemof the 25 nethod of the present invention,
hydrolysis of a cyclic 41 carborfte takes place
simultaneously with the trans- esterification,

resulting in a decrease in the selec- tivity for

di al k;ﬂarg@rn@ct@att@kem@ﬁ% SimHe apaars 1t oriciant the i orans -
of the reaction systemis generally not 5 higher than

200 pFRtsFikdictionpr s iphdn i drgreasmnin ddhepiglec-
by mei%ht. [0070]. In the nethod of the present

i nventtiddtywker idlaliky laqaainrddao FBfIeLofRe the water
conversion of the cycli¢ carbonate close to 100 %

the rERECEORTAMOMOddS e H5ACTE- By AYsHASY, 1 @enafally not

aliphgtig nonohydri c al cohol needs to be used in ]
| ar ge "ER0ESs FhAR 208 S PYh AT INMhe P TGIRF AR 1 Jhrgher

appar SPab 100 B0 HosEghton removal of the

o 25 L LR REPERE PSSRl GeBBeh i ShunkRacp, vhen 1+
oener 8! gk Aebe T 0% Sl IMOTAS LG9 I pe e

99 toca%goﬁgt%’close te 100 2, the reaction time needs to be

10 prolonged, and the aliphatic monohydric alcohol needs
to be used in large excess. On the other hand, when
the conversion of the c¢yclic carbonate is too low, the
size of the apparatus used for separation removal of
the unreacted cyclic carbonate needs to be large.

15 Therefore, the conversion of the cyclic carbonate is
generally in the range of from 95 to 99.999 %, prefera-
bly from 98 to 99.99 %, more preferably from 99 to
99.99 %.

[0071] In the present invention, the dialkyl carbonate

20 which is one of the products of the present invention
is withdrawn from the trénsesterification reactor. Imn
general, the dialkyl carbonate is withdrawn from the

upper portion of the transesterification reactor as a

low boiling point mixture in a gaseous form. The low

25 boiling point mixture withdrawn from the upper portion
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[0071] In the present invention, the dialkyl carbonate

20 which is one of the products of the present

invention is withdrawn fromthe transesterification
reactor. In general, the dialkyl carbonate is

wi t hdrawn fromthe upper portion of the
transesterification reactor as a 43 ow boiling point

m xture in a gaseous form The | ow 25 boiling point

m xture withdrawn fromthe upper portion 42 of the

react @F g Feadterdimak e ddrechialdknl omrkynate alone or a
m xture of the dialkyl carbonate and the aliphatic )
nonohYaritars edhdine Birlker, qarbanatriranth s eptiphatic

m xture may al so contain a_high boiling point product

5 in Fo8RRVdTdo@dcodor2f uv\%éﬁra firer Widbggawn gaseous
distillation colum is used as a transesterification

react BAETATNR MRdr AtE° SOt & He-RbRddis point product

mul ti-stage distillation colum for wthdraw ng the
gaseotd PowGdill @RPUSFint ni xture con 10 taining the

di al kyl b te | f bl ovi.ded  at .

oo Laa%BIL RS  hemBLEhhERsE, BiRkiEAehe Fogpmn 10 used
stopks are_ fed an% t@&,to%.of ;he istiIIaLu:n col um t of
or in2fh8 CEFUSESERE T SATCR TSR UMP Wit st PoTt ©

prefe d tag,provide t W _thdr awnal rt_.f.or the | ow
D5 borTEng CHORAROREx PR TS 138 o e on cotunl” sox

051 PR Y il od IS e con-

retur@gqn&gthﬁe dialkyl carbonate is preferably provided at
a position between the position from which the feed-
stocks are fed and the top of the distillation column,
or in the top of the distillation column. It is more
preferred to provide the withdrawal port for the low
boiling point mixture in the top of the distillation
column. A part of the low boiling point mixture with-
drawn from the withdrawal port may be returned to the
upper portion of the distillation column to thereby
effect the so-called reflux operation. When the reflux
ratio is increased by conducting this reflux operation,
the distillation efficiency of a low boiling product
into a vapor phase is increased, thereby advantageously
increasing the concentration of a low boiling point
product in the withdrawn gaseous component. However,

too much of an increase in the reflux ratio disadvanta-
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upper portion of the distillation colum to thereby

effect the so-called reflux operation. Wien the refl ux

20 ratio is increased by conducting this ref |ux

operation, the distillation efficiency of a | ow

boi ling product into a vapor phase is increased,

t her eby advant ageously increasid§ the concentration

of a low boiling point product in the w thdrawn

gaseous conponent. However, 25 too much of an increase

in t hgePupiLix Leafeo t@i & @d@@ﬂr&a@@ ige s hegapd emexigy re-
increase in the thermal energy re- quired. Thus, the

ref | ugutgefo |'§h‘¢%neF%Pl’§eE{1|B§eﬁth° ifegeRRgeldy chemen in

Oto 10 greferabl fromO tgo 5, nore referably from

0 to 5hestRBESIPERFTEBNC, FGoddly PREEETAR 1ohd 1ogW0 to 5. more
b0|I|n 0|nh n1xture w t hdrawn fromthe upper

port|8 Fr? &Yt FERR. 9e&Peri-fi cation reactor,

cont a 9 dlalﬁy carbon- ate, to a dlalkg_ ] .
carbohgbz depBF A9V ARPRF LY Eeeding cBhei haBuBPyLling point
recov%rl t he, ? arbon te fromt

separafl 210 ég §°Br5gﬁcPPBF§IP?Ftégpb8ﬁaﬁge trans-

f h di.al k
Sepa ??%ﬁl%gga?atuses%?ﬁg|a§§ 41§18 ¥hs: BalRjge carbon-
fepargf elipg ?pﬁﬁéik $ ?QbSéBEﬁCEeﬁgrgki%h" 39 tus ana
ype separa | ONn ar a s

etha&+ﬁan£¥@§1 5r§889€§&h Utﬁepaiéikgl Barbonate from the

crystallization type separation  apparaftus, an

adsor@éb&ﬁafﬂ@ﬁ S5PAFaLLAN 8RBALALHECR"Hialkyl carbonate can
be obtained. Examples of such dialkyl carbonate sepa-
ration apparatuses include a distillation type separa-
tion apparatus, an extractive distillation type separa-
tion apparatus, a liquid-liquid extraction type
separation apparatus, a crystallization type separation
apparatus, an adsorption type separation apparatus and
a membrane type separation apparatus. A combination of
a plurality of different or identical separation appa-
ratuses may be used. Among these separation appara-
tuses, a distillation type separation apparatus is es-
pecially preferred.
[0074] When the low boiling point mixture (containing
the dialkyl carbonate and the unreacted aliphatic mono-

hydric alcohol) withdrawn from the upper portion of the

multi-stage distillation column is subjected to separa-
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a menbrane type separation apparatus. A conbi nation of

a plurality of different or identical separation appa-
ratuses may be used. Anobng these separation appara 20

tuses, a distillation type separation apparatus is es-
pecially preferred. [0074] Wen the | ow boiling point

m xture (containing the dialkyl 4darbonate and the
unreacted aliphatic nono- hydric al cohol) w thdrawn
fromthe upper portion of the 25 nulti-stage )

di sti FE&Pi 8¥ B8R Ofs as ¥jsdddd@ tiens dpmea sepangtgiphypppara-
means of a distillation type separation appara- tus,

t he | 5#ShoithPendovpErat 1Rk Pl tc Fi X1 rSe FANa RS SERATG Led
vari ous conponents, such as the dial kyl carbonate and

the uhP&8cVeFLiPSpRAMPODRB Ghy e AScdks didddydi (Fagbonate

sone of _the segarated conponent.s are obtained_in_the

f or m BPohBEoPIRERETES GdrPRGY 16 BOmOEYE T A GRhy - Wherein
i ngl t Lurality of d sq
of |tna°EepRFarDE SSRABAGAFS CAMBoBEREeETS ANRARe (P the

of afgolu botton1|i%uid. As t he a%ove-nentione .

col unh®18 PEpCPPalti BRTCafCAYES: M8 STRCHGPS My e ning a
obtain ependi n n _the types.of feedstocks. After

he. chnnaLonBRpEoPRotrek) 8, BRRn T SEECRERp e Sna some

“‘thd??ﬁ?hérSghﬁ%g%erB%EpBﬂghkgng%%b§%%ggﬁé%gp%gﬂ%% form of

di sti I on um are-separ at

di st 4! 8b1an! KBE:3API1HA16A 1R EREALALYS-mERE18hea cotumn

nore fractions contal ni
top fraction, an azeotropic mixture may be obtained

depending on the types of feedstocks. After the compo-
nents in the low boiling point mixture withdrawn from
the upper portion of the multi-stage distillation col-
umn are separated by means of a distillation type sepa-
ration apparatus, one or more fractions containing the
unreacted aliphatic monohydric alcohol and/or a column
bottom ligquid containing the unreacted aliphatic mono-
hydric alcohol is then fed to the transesterification
reactor.

[0075] As the distillation type separation apparatus,
a single continuous multi-stage distillation column or
a plurality of continuous multi-stage distillation col-
umns can be used, wherein each continuous multi-stage

distillation column may be of the same type as used as

the transesterification reactor. Explained hereinbelow
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unreacted aliphatic nonohydric al cohol and/or a colum
bottomliquid containing the unreacted aliphatic nono-
hydric al cohol is then fed to the transesterification
reactor. 20 {0075] As the distillation type separation
apparatus, a single continuous nulti-stage
distillation colum or a pluralig4sy of continuous
mul ti-stage distillation col- ums can be used,
wherei n each continuous nulti-stage distillation
col unmi smay modeofoft Hdes avelopeofasthes qgiresseridS ideention in
transesterification reactor. Explained hereinbel ow 45
i s a Wbdehofant lad ipbteidd: ofontchey dories eritcdhmlerdridore idialkyl
whi ch an al i phatic nonohydric al cohol and a di al kyl
car bofar&ongite & ommianivhndoiun i idding pavigdt ragset mpdc mix-
ture, and wherein dinethyl carbonate is produced by 5
u3|ngtH€?haﬁGﬂ yhemed ng|dipedhyd werdiopdtiec i aotwlucesl by
| ow boiling point mxture (containing nmethanol and di-

met hyPSéagbBgibancdi asdithen alliphatic aapabysoriid enlaghol. A

the transesterification reactor is continuously fed to

a di mPHyPoéiiBgnked ndepdritiren (contmining aetidwinalhgnd di-
10 point. m xture containing a m ninmum boiling point
azeotPSBFX nF?FBP@aGP)nﬁFﬁgﬁaaWQnér upPSh@eRtdon of
IS cogé%ngousl MAthdramn from an upper portion of the

di met LPB8Ra itsr§£f;&ﬁ§tlp&n regekes, ivhiqoetdamayfly fed to

ousl y_wi.t hd n met hyl carbonate fraom a Iomer
ya Eme%ﬁ%ﬁ garbonat% separation column. A 3 boiling

point mixture containing a minimum boiling point
azeotropic mixture of methanol and dimethyl carbonate
is continuously withdrawn from an upper portion of the
dimethyl carbonate separation column, while continu-
ously wifhdrawing dimethyl carbonate from a lower por-
tion of the dimethyl carbonate separation column,
thereby obtaining dimethyl carbonate.

[0076] As the dimethyl carbonate separation column, a
single continuous multi-stage distillation column or a
Plurality of continuous multi-stage distillation col-
umns can be used, wherein each continuous multi-stage
distillation column may be of the same type as used as
the transesterification reactor. The dimethyl carbon-
ate separation column is generally operated under re-
duced pressure, atmospheric pressure or superatmos-

bPheric pressure, specifically in the range of from 0.5
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15 tion of the dinmethyl carbonate separation col um,

t her eby obtai ni ng di nethyl carbonate. [0076] As the

di met hyl carbonate separation colunm, a single

continuous multi-stage distillation colum or a

plurality of continuous nulti-stage distillation co

20 ums can be used, wherein eacléconti nuous

multi-stage distillation colum nay be of the sane

type as used as the transesterification reactor. The

di methylocardb @D »atl®’s@pal at 5an toolsankg/endeneénatbyms of the
operated under re- duced pressure, atnospheric
press¥peobateupteasuds - 25 pheric pressure,

specifically in the range of from0.5 46 x 105 to 50

x 1050 @71 D. sthe cEwegi i) ¢h nerpanel/dheethplorgreonate
pressure., [0077] The conposition of nethanol/di nethyl

car bokrEnumi e FLNBoPPinG parAtrapdéet MABIUTH RaYr be varied
may be varied 5 depending on the operating pressure

of t HEREMEIRG| O aFBBNAPRTIEHRTAPTEBRSEERU the dimethyl
Therefore, the operating pressure of the dlneth I

car bcfffaa’iléo%%'b%r 2EPBRAEBPRNROL UMD ¢ h gERET %%OJE%att‘?‘he"Peratmg
dlnehgxﬁfcarbonate is_obtained from the |lower portion

of t ?&E%y? cEP%oﬂ%T%tE%baFEFPBHaEG gPaRALtion column is

Specifically, atl ure tha

oper & HTD r%%s @%B%ﬁl ?ﬂrFﬂgaﬁﬁtﬁ tained from

T xt R v T o f%*?n tRet BppetnibreForsoPobrEet paReration
column. Specifically, an operating pressure higher
than an operating pressure corresponding to the metha-
nol/dimethyl carbonate ratio of the low boiling point
mixture withdrawn from the upper portion of the trans-
esterification reactor is chosen for the dimethyl car-
bonate separation column.
[0078] The dialkyl carbonate obtained by the method of
the present invention contains a carbonate ether repre-
sented by the above-mentioned formula (2). The lower
the cyclic ether content of the cyclic carbonate, the
lower the carbonate ether content of the dialkyl car-
bonate produced. However, for producing a cyclic car-
bonate having extremely low cyclic ether content, the
cyclic carbonate must be produced by a complicated
method which is not practical for commercial production.

Therefore, in the present invention, the cyclic ether
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esterification reactor is chosen for the dinmethyl car-

15 bonate separation colum. [0078] The di al kyl

carbonat e obtai ned by the method of the present

i nvention contains a carbonate ether repre- sented by

t he above-nentioned formula (2). The lower the cyclic

et her content of the cyclic carbdfdate, the 20 | ower

t he carbonate ether content of the dial kyl car- bonate
produced. However, for producing a cyclic car-_ bonate

havi n§oBkeRrénefy thewddipdkivd &prREPPESS deduass 18 @at more
carbonate nust be produced by a conplicated- nethod

whi chthanndp . BPecPPRal PESE eCahiyr dRalthsy J@Rds & trem 1 to
Therefore, in the present .inventiaon, the cyclic ether .
47 chhe BRP BP™: hBOFLAPRPESEAPEEN TS0 dicd 400 ppm. still
nore than 10, 000 m_ preferably in the range of from

1 to ™IBS0BESERACHY ETBRer 48 7 -P08mEP -0 5, 000 ppm

till f bly f 10 to, 3,00 5 [0079
The | LOPEET| PREE TR Yol LEMy oop Lok aPREREBa cRph ARl RRY
boilin oi nt.az otr&gic m xture of .net

h |
ai et Ror DR B AL P o PR R B A SPE S TP o B ep 2. Me R0
of 't he abaye: pRut i aned ooy hyl £arhonAe GeRALATLON 1oy

col unmi” may e transesterification Teac

tor i f d%ﬂgcﬁb %%bh Egohgﬁ Eﬁ%%%% f E%E%Q e separa-

[0088f ?% ?ﬁe net og of ?He presen% I'nvention, e up-

per pPi&ﬁogofﬁmhhﬁaﬁoﬂgi@Hﬁu%onﬂhgit%%ﬁ%%é#é?ﬂéﬂdﬁﬂfyﬁ reac-
tor as a feedstock usable in the present invention.
[0080] In the method of the present invention, the up-
per portion of the continuous multi-stage distillation
column means a portion between the top of the distilla-
tion column and a position at approximately half the
height of the distillation column, and the upper por-
tion includes the top of the column. The lower portion
of the continuous multi-stage distillation column means
a portion between the bottom of the distillation column
and a position at approximately half the height of the
distillation column, and the lower portion includes the
bottom of the column.
{0081] Further, in the method of the present invention,
the diol produced in the transesterification reactor is

obtained as the high boiling point mixture withdrawn in

a liguid form from the lower portion of the trans-
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col um neans a portion between the top of the

distilla- tion columm and a position at approxi mately

hal f the 15 height of the distillation colum, and the
upper por- tion includes the top of the columm. The

| ower portion of the continuous nulti-stage

distillation colum neans a port#8n between the
bottom of the distillation colunm and a position at

approxi mately half the height of the 20 distillation
oIunﬁstﬁﬁ&fﬂﬁétPSREFESGFPan The| Bde’ Prélipgt PeARSf mixture

t he colunn 0081 Further, in _the nmethod of the

pr esefPEAVER i B‘ﬁ PrPﬂé‘C&Floldl;S’rlod‘l‘j‘@e&hnen “t”FF@aCted CY°1l°

transestgrlflcatlon r eact is obtained as the hi

boi 1| FEEBBPREST 20 BaRi PHAPaRIEE 118, Rty iy 8 fnceacted
f t t ft terjf
' ooct or kRS, BRnEhoRrTE pltehol Sl bette gribants dthdhe un-

d d I d.th d t d
oy s B BB R b LR e o
nnnoh ?&accghc botﬁ ag%art of the un 5 reacted
allphé ono yar ale5R8 eafa a part of the

produaadialil sachengis) o§$9§2;ogp§ $hADLSNE! LRE" hign

for mnng

(contgy ﬂiﬂﬂ BEOHE%EQF gkbnkﬁ%g ET%U? JaiBa giel) in

fromt etr eri reac sitione

at a £ﬂ&ei1ﬁ8£ﬁ'98rﬂffkgﬁ Eﬁ@ckgﬁnﬁgg%g%ﬁ%iéyﬁiéﬂ defi®tor 1is

bottom of the reactor part
positioned at a lower portion of the reactor, prefera-

bly at the bottom ¢of the reactor. A part of the with-
drawn ligquid mixture may be recycled to the lower por-
tion of the transesterification reactor in a gaseous
form or a gas-liquid mixture form by heating by means
of a reboiler.

[0083] When a multi-stage distillation column is used
as a transesterification reactor, the rate at which a
liquid flows down inside the continuous multi-stage
distillation column and the rate at which a vapor as-
cends inside the distillation column may be varied de-
pending on the type of the distillation column, and on
the type of the packing in the case of a packed column.
However, the distillation column is generally operated

so that no flooding or weeping occurs.

[0084] 1In the method of the present invention, the av-
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drawn liquid mxture my be recycled to the | ower por-
tion of the transesterification reactor in a gaseous
formor a gas-liquid mxture form by heating by neans
15 of a reboiler. [0083] When a multi-stage
distillation colum is used as a transesterification

reactor, the rate at which a licftfd flows down inside
the continuous nulti - st age distillation colum and
the rate at which a va as_20 cends jnside the

di St | ISEAIROT SRR S5 Qv HETU L R4S ofP (e trans-

type of .the distillation colum, and on the type. o
the. pAAEETG 1AL AE R Gk q%%sw condi-

tnge]c :Jll&_stl | I ati %u g ﬁ:g(n [ safgﬁneral ly Efeéﬁa"trf?‘-’?h %t%@nple
f th t t th d
i me ﬁse” st g At? e s DR 't'rsfi‘%g‘inrrc%hsesterl'

react %r g:& %Qldsi‘ %%ttor:]re R Ctl on ecﬁ.mdllltI onn dan e of from
type and i mmer ruct Ureu( or° X4 er’Te Y e ypes o1

the phatyg,and %%lel'o J:Ierkeetl;rt]gbal:lgetsxto% lo 'goatoi(gg-iours ,

reactor but IS genera nge of from

to 50, ggr§ 8%&3}3 Ofg{ Iy g§ ]%:urs nor e

prefera rom hour's. 0 e reaction

t enperabeig V@EﬁeéeQSQEBH' 'EEmBEra‘tﬂ%et y,aeiegf d%B%nrd@L‘P{g on

materials and e reaction pres- 10 sure,

gener%hEYt9B@%e%f'Qhkh%ahaﬁ$%é¥15ﬂ§”3ndﬂ%he reaction pres-
sure, but is generally chosen in the range of from -20
to 350 °C, preferably from 0 to 200 °C. The reaction
pressure in the transesterification reactor can be se-
lected from reduced pressure, atmospheric pressure and
superatomospheric pressure. The reaction pressure is
generally in the range of from 1 Pa to 2 x 10° Pa,
preferably from 1 x 10° Pa to 1 x 10° Pa, more prefera-
bly from 1 x 10* Pa to 5 x 10° Pa, in terms of the ab-
solute pressure.
[0086] It is also possible to supply a part of the
high boiling point mixture withdrawn in a liguid form
from the lower portion of the transesterification reac-
tor to the transesterification reactor, so that a part

of the unreacted cyclic carbonate and/or a part of the

unreacted aliphatic monohydric alcohol can be recycled

to the transesterification reactor.




10

15

20

25

to 350 C, preferably fromO to 200 C. The reaction

pressure in the transesterification reactor can be se-

| ected fromreduced pressure, atnospheric pressure and
super at onospheric pressure. The reaction pressure is

15 generally in the range of from1 Pa to 2 x 106 Pa,
preferably from1l x 103 Pa to 1 %0106 Pa, nore

prefera- bly from1l x 104 Pa to 5 x 105 Pa, in terns

of the ab- solute pressure. [0086] It is also possible =
to suppP$7a d%??no h?hﬁlghobﬁthnﬁoPPFﬁﬁ Pbrhvrai kFgpéaining
wWthdrawn in _a |i d form fromthe |ower portion of

t he tFHﬁsE§P€PPPpCQFPéﬂ wéibdrgyn fgyophdhe lower portion of
transgsterlflcatlon reactqor, so that a part  of th

unr ea FSdtE?EF’FEt@ﬁ%ﬁ&ﬁ%é"&n&ﬁ&f’tﬁr &5t syplepded o sépara-
d al oh hol b
b tothi SPaRBEsRLelr P %%&ﬁ%ﬁiagfaﬁtepéé%r%@é%}hymﬂmg
t he hi 0 plngaF€0|nt xture %go t ai ni n% _ mponent
produEga O hSF‘B et FERAE o\?vé‘rt"p Fﬁlé’r‘r‘s {components.
the t t f hj ted t.
oot S BFRRERA" IO PR o LA B eore
boi | t t
oi Iggn?aggsnioa1é&gﬁﬁng(PfQ%t ﬁra tﬁné% %%F' u%n ali-

conponent’s In genera whelt I'ng

p°|ntpﬂb¥£8r§ cSRQ aFE % Fguse ggqglﬁonﬁgnqgtireferred

(such™as an a

natertﬂé% béfb§epEﬁEeﬁFsgthggklcg%ggﬁeSEQ%,dEw aliphatic

purification sftep, an a
alcohol and the like are separated from the high boil-

ing point mixture by distillation or the 1like and, then,
the separated aliphatic alcohol and the like are recy-
cled to the transesterification reactor, and (ii) it is
also preferred that, before the diol purification step,
the unreacted cyclic carbonate contained in the high
boiling point mixture is separated therefrom and, then,
the remaining part of high boiling point mixture is
introduced into the diol purification step. As methods
for separating unreacted cyclic carbconate from the high
boiling point mixture, there can be mentioned {(ii-1)
separation by distillation, (ii-2) hydrolysis to con-
vert unreacted cyclic carbonate to a diol, and (ii-3)
elimination of unreacted cyclic carbonate by the eth-
erification of the cyclic carbonate with a diecl. The

etherification is especially preferred in the present
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10 al cohol and the Iike are separated fromthe high

boil- ing point mxture by distillation or the like

and, then, the separated aliphatic al cohol and the

like are recy- cled to the transesterification

reactor, and (ii) it is also preferred that, before

the diol purification step, 15 tHel unreacted cyclic
carbonate contained in the high boiling point mxture

IS separated therefrom and, then, the remaining part

of hi gRVSEHYLAMy point mixture is introduced into the

diol purification step. As nethods for separatln
unreaé@@@a@ycﬁPécé§ﬂﬁéﬁéﬂe PﬁoﬁFﬁﬁgrﬁeﬁhe% q%lﬂf manners
poi nt m xture, there can be nmentioned (ii-1

separ af 61’5116?3?1 dihg i ik 1ing %HhSIdT‘Jo’FVH% "(’otfb%awn £rom
vert u eacted cyclic carbonate to a djol, and g

el imfr qﬁ%%ﬁ&ﬁ A% ikeash Honkt L HRAY ?P e sub-

& LT, I TR O SR e 2o
t 0 S fi [

Dt of R PG A SO Fth it PNEARIE ¢ he i gh

bo"'g%oggﬁnt nlﬁiure ggigd&ﬁmm? é ?e%lgﬁ b0111ng goint mix-

trans sterlflcatlon efore su

Jfg:E elqgvgsvl%ngl?/\o%r?o es canp%rxln{rr)e fﬂgged’mrtgéd%h? %@Alower pot-
nmae :59.]90r r%(f ﬁ%%ﬁ%%@éfl%dﬁl@n @é%cgdi[ ecéﬂfhnt.ﬁ@ the

i qui mt ower por -
low boiling point mixture (including a part of the un-

reacted aliphatic monohydric alcohol and dialkyl car-
bonate), and wherein the high boiling point mixture is
continuously introduced, prior to the feeding thereof
to the continuocus etherification reactor, to a low
boiling point mixture separation column which is com-
prised of a continuous multi-stage distillation column,
and wherein a low boiling point mixture containing the
part of the unreacted aliphatic monohydric alcohol and
dialkyl carbonate which is contained in the high boil-
ing point mixture is continucusly withdrawn from an
upper portion of the low boiling point mixture separa-
tion column, while continuously withdrawing a high
boiling point mixture containing the diol and the unre-
acted cyclic carbonate from the low boiling peoint mix-

ture separation column through one or more side-cut




tion of the transesterification reactor contains the

10 I ow boiling point mxture (including a part of the

un- reacted aliphatic nonohydric al cohol and dial kyl

car- bonate), and wherein the high boiling point

m xture is continuously introduced, prior to the

feeding thereof to the continuoB3 etherification

reactor, to a low 15 boiling point m xture separation
colum, which is com prised of a continuous

mul t i ¥5tREEaWRLt PPFLEI BROVSARAN 1D andidReraild 2f) dRe column
boilin oint mxture containing the_ part of the

unr ealted™ @l PpHAPTE HBﬁ&ﬁ&BPFctgFESHélc&ﬁaeSQPRPﬂﬁﬂ to one
car bonat e mhicF i s con&aine i_n thg high boil 20.in £
poi nt °hi RPTF S FRIRBNELABGLSFY THPPh GRS rPP8n98H51&688P °
portion _of the |ow boilin oint m xture separa- .tion

o untbearmeatat b Raggs 9ol PnaPRRIRG=E REBAC B hRg Lov
poi nt g}fiure cog%aini?ﬁ theediog gng thi unre- act ed
cycl i ROTEFBIRT N rBAERES 3RPBERFERE B8R x 25

ture separation, co hr .one [.de-
e e s R

at ong.gf HPéeu€§§t2%§g§;5H65$°Eh8°i5%5BBEQEB %gig?emixture

or nore stages romthe group consis

| nter gl A8; 51 ag5$uaRd 8 EBHEEHHBEFEEﬁQEC £16RC thOoWhe

boiling point mxture separation co erein the

| ow b b 00 POF NF 1 Bh ki Hher¥hbPErawgn i 1 EOBLLRS nUBARLY feeding
portion of the Iow boiling point mxture

the high boiling point mixture withdrawn through the
side-cut withdrawal port of the low boiling point mix-
ture separation column to the diol separation apparatus.
[0090] As the low boiling point mixture separation
column, a continuous multi-stage distillation column
can be used, and the continuous multi-stage distilla-
tion column may be of the same type as used as the
transesterification reactor.

[0091] 2. A mode in which the high boiling point mix-
ture withdrawn from the lower portion of the trans-
esterification reactor contains a part of the unreacted
aliphatic monohydric alcohol and dialkyl carbonate, and
wherein the high boiling point mixture is continuously
introduced, prior to the feeding thereof to the etheri-

fication reactor, to a low boiling peint mixture sepa-

ration column which is comprised of a continuous multi
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separation colum is continuously recycled to the
transesterification reactor, while continuously

feeding 10 the high boiling point mxture w thdrawn
through the side-cut wthdrawal port of the |ow

boiling point m x- ture separation colum to the dio
separation apparatus. [0090] As5the | ow boiling point

m xture separation columm, a continuous multi-stage
distillation colum 15 can be used, and the continuous _.
nul ti -§tage §F§FFPP§t19Poﬁ°éﬁﬂﬁnnaﬁ@&“@@r@ﬂntﬁe¥ﬂ¥n901lln9
type as _used as the transesterification react

[ 0091P°30t AMEEGUTENCRRLRANLRG hihGh PAGY iOfg 1H6i MPﬁﬁ%Pted ali-
ture wthdrawn fromthe |ower portiaon of the trans

20
est er PRRELE BRVPBZELLF EéﬁPQP&sagdpQF@l5Hltﬁ@rbonate which
ted hat l.cohol d di.al k
onr bohit GonERURSancRe TR, RGO GrIBORS Ry 185 MiXRRe s con-
[ ti ly . d d, to the f
her obPMUBSF e WLHBRF P EXPrORny BRERS, PoFsign g the low
b0|I|Qg o I nt ni ure %H a 25 ration_col ym whi

conpr|se 36t 46 € §eparas1or ng \mn’, ﬁﬁlle continu-
distibha o?éggd% %Hang hebg iln bgangﬁﬂ%%e contain-

m xture C I'Arn of t

phat'fn gyﬂib ﬁ??ﬂh H?egb% ¥%§£%°%%E%6M¥€Q“from a

IS cont m Xt ure

5 t'”ﬂ&#ékyp$kkhgﬁa$@ EEQ”EBQ BBR&& En%E&BQ'ﬁEXE%%é P¥para-
boi ling poiht m xture separation coP , while
contifsn column, followed by the etherification of the cy-
clic carbonate in the withdrawn high boiling point mix-
ture at the bottom portion of the low boiling point
mixture separation column,

wherein the low boiling point mixture withdrawn
from the upper portion of the low boiling point mixture
separation column is continuocusly recycled to the
transesterification reactor, while continuously feeding
the high boiling point mixture containing the diel and
the ether to the diol separation apparatus.
[0092] The above-mentioned etherification can be per-
formed in acceordance with the etherification method
described in Patent Document 21. Specifically, the
high boiling point mixture containing the produced diocl

and the unreacted cyclic carbonate is fed to an etheri-

fication reactor, to thereby effect an etherification
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ously wi thdrawi ng a high boiling point mxture

contain- ing the diol and the unreacted cyclic

carbonate froma |ower portion of the |ow boiling

poi nt m xture separa 10 tion columm, followed by the
etherification of the cy- clic carbonate in the

wi t hdrawn hi gh boiling point nix34ure at the bottom
portion of the Iow boiling point mxture separation
colum, wherein the | ow boiling point mxture

wi t hdF&RA tienf PeHvERE [HSeNNEEAGTER STYHHE IGWwhsRdieqgnd a
point m xture separation columm is continuously .
recycPaqtt 8ft fbe PrRRdesle dioilc andPHaGord Glifdne ether
continuously feeding .the hi%P_boiIin oint mxture

cont aFAPRGSERESd BY &Re foddoMing: ‘di ol

separation apparatus. 20 [0092] The above-nenti oned
etherification can be per- formed in accordance with

the etherificatio ady ydescri bed in Patent
Docunment 21. Spec&iCﬁgﬁig?) hi gh boiling point
m xture contai ni.ng_the prod

d_di d th
nr eact ed BYRFPARCE! bHRATE TE FRER EORNCEFNELR 43) above.
fi cat | gRoseachor, LocLher ey, sl ect anoet beri bl gatiedcation
22eRdn i & p 4

54 r etween € unreac Cycl1 Cc Carpona

and areBéEEoBfibggh%;ggﬁ%%ggﬁbgki%gp i %&qufﬂﬁﬁ'%aried

et her represen [fown rmmul a:

;g)s;@agh%ﬁbebﬂ %llei i,:_@%eﬂ%@ '&%d afb%renfc%r rgfl %n( Jta)therifica—
tion catalyst. When an etherification catalyst is used,
the etherification reaction conditions may be varied
depending on the type and amount of the etherification
catalyst. However, in general, the reaction tempera-
ture is from 50 to 350 °C, preferably from 80 to 300 °C,
more preferably from 100 to 250 °C. The reaction time
may be varied depending on the presence or absence of
an etherification catalyst. When an etherification
catalyst is used, the reaction time may be varied de-
pending on the type and amount of the etherification
catalyst and the reaction temperature. However, in
general, the reaction time is from 0.001 to 50 hours,
preferably from 0.01 to 10 hours, more preferably from

0.02 to 5 hours, in terms of the average residence time.

The reaction pressure may be varied depending on the

reaction temperature. However, in general, the reac-
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[0093] The reaction conditions for the etherification
reaction in the etherification reactor nmay be varied
dependi ng on the presence or absence of an etherifica

10 tion catalyst. Wien an etherification catalyst is
used, the etherification reaction conditions may be
varied depending on the type andSanount of the
etherification catalyst. However, in general, the
reaction tenpera- ture is from50.to 350 C, referablg
from %Opopmserelasnérr@nprleﬁ%rl&m ffof ot 100 Ra. ameferably
C. The reaction tinme may be varied depending on the
presefi&8Mol ¥bd@ncko ol Xaho etffer i 7 ceainesh hattdrg sabsolute
When an etherlflcatlon catalyst is used, the reaction
time R&YSE8 Fari ed de- pending on the type and anmpunt

?LWLQTg?%?S“%%2%‘%3%%%&82%% he "Pirel ?Eaéﬁ?ﬁh'n%”ﬁem the
preferabl fro

f 0.0
hour <2%h Fégpfs?épgbr‘f%a#&%n §Sgena s Prom’bd dqrdoo s,
of thérg¥gtggiaép2|%?g%e 'Q%o fgh%mkga%%%&nr%ﬁ%Slgfom 98 to

varie ndi ng on the reac
tenpeigbuge However, in general, the reac 55 tion

pressure 'S from1 x 103 to 2 x 107 Pa, preferably

fromi ?Oo‘gh%n %J-Pgoﬁ’ 31 bR GE ?ﬁ%ﬁéﬁ% iagf:‘QhHESterifica—

pr essure e conversion o

carbopagg k@ahtgr 5tﬁEh%Eth%§Ebgﬁf 1624108 deSiction is ad-

generally from 90
versely affected, [:1e] that the reaction rate becomes low.
Therefore, when the etherification reaction mixture
withdrawn from the etherification reactor contains car-
bon dioxide, it is preferred that the carbon dioxide is
separated from the etherification reaction mixture by
means of a carbon dioxide separatioh apparatus.
[0096] In addition, there can be used the distillation
separation method described in Patent Documents 22 and
23. 1In this method, water is fed to the distillation
separation apparatus in which a reaction mixture con-
taining diol is subjected to distillation separation.
[0097] In the method of the present invention, it is
not necessary to use a solvent. However, for the pur-

poses of, e.g., (1) facilitating the reaction operation

and (2) separating a dialkyl carbonate and a diol effi-

ciently by performing azeotropic distillation or ex-
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preferably from95 to 100 % nore preferably from 98

to 100 % [00951 When carbon di oxide enters the
transesterifica- tion reactor, the transesterification
reaction is ad 10 versely affected, so that the

reaction rate becones |low. Therefore, when the
etherification reaction mxture 5& thdrawn fromthe
etherification reactor contains car- bon dioxide, it

is preferred that the carbon dioxide is separated

fr om tRECELNSr Piistdtilet odac Blo R PABARF @ 18y irenfeflvent may
of a carbon di oxi de separation apparatus. [0096] In

addi t PEnUSEHeRE Gafele tis®d s editst | ExafpdRs of inert sol-
separati on nethod described in Patent Docunments 22 and

23. | FePhPs1RELHAE, AMattdhaTs B8d 31d Pk i f¥dqagarden. an

separation_ apparatus in which a reaction mxtuyre
t&EoSY

20 t aPhiPRg oCaTLot o PG LPGENA YR iphatic’ hydrocar-
ti ) 009 | th th of _t t
e nBpBnana, b Ba ket Tt ¥ (G RLEIEN.
Ho he, - f .0..,.(1) facilitati
ThecYEhuobdl ADCIREEE BOS Ys8on SoninrPhsha’ heatiln "drgon
b a diol_effi 25 cientl f Qr.ni
cotorPa: B8l iRell Rt bl pERsUhi"n dhe BB Lystem.

di stiphathgp, 2BrARBECRLIBLEL 02 braflotdhly e idtil1ing

used as a reaction solve anptes of
vents_pgl y eaageEEE%Eedﬁﬂow bBHng% ExﬂﬁﬂPﬁkﬁﬁﬂgxﬁﬁgroduct,
aromati c hy rocaroon, a alogenate al'l phat1 c hydrocar
the above-mentioned inert gas or a gaseous form of an
inert low boiling point organic compound may be intro-

duced to the reaction system from a lower portion of a

continuous multi-stage distillation column.
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5 bon and a hal ogenated aronmati c hydrocarbon. [0098]

An inert gas, such as nitrogen, helium argon or the

i ke, may be present in the reaction system Further,

for the purpose of pronoting the distilling -off of a
generated | ow boiling point reaction product, 10 the
above-nentioned inert gas or a g&eous form of an

inert | ow boiling point organic conmpound may be intro-
duced to the reaction systemfroma | ower portion of a

cont i B¥GI®L®F ti-stage distillation colum. 57

Exanpl es %0099] Her ei nbel ow, the present invention

will B89381 sHpFeiRbehONer EhgePRPFERtt ANVEPEAOR ¥1idd De de-
the foll owi ng Exanples and Conparative Exanple, which ]
shoul 8°HAPeB0 18 BRE: P ds iR MGG e S Coph Aeiowing
presepnt inven- tion. [010Q], In the follown anpl es

G COHBIPLER, aney Bmate Divieh BRI § ogr TRy bie pot be
glycol is.determ ned, . .10 bgsed on_the unt of the .

Shar B8P EERYPENESC AT UTANE Wite SERRE (AR Ty (BFYYL 1nven-
ethyl%ggnglycol is determ ned, based on the anmount of

t he consurred et hyl ene carbonate; the yield (% of

di met hyl carbonate is determ ned, based on the anount
of the charged ethylene carbonate; 15 and the

o) erhaYObY A 462, FRTELD s CRRBRRTLS ieEgmoararive Bran-

methapgel. the yield (%) of ethylene glycol is determined,
based on the amount of the charged ethylene carbonate:
the selectivity (%) for ethylene glycol is determined,
based on the amount of the consumed ethylene carbonate;
the yield (%) of dimethyl carbonate is determined,
based on the amount of the charged ethylene carbonate;
and the selectivity (%) for dimethyl carbonate is de-
termined, based on the amount of the consumed methanol.
The positions of respective stages of a distillation
column are represented by the ordinal numbers for the

respective stages as counted from the top stage of the

distillation column.

[0101] Example 1
Using a production system as shown in Fig. 1, di-
methyl carbonate (DMC) and ethylene glycol (EG) were

continuously produced from ethylene carbonate (EC) and
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The positions of respective stages of a distillation
columm are represented by the ordinal nunbers for the
respective stages as counted fromthe top stage of the
20 distillation colum. [0101] Exanple 1 Using a
production systemas shown in Fig. 1, di- nethyl
carbonate (DMC) and ethylene glyed (EG were 25
conti nuously produced from et hyl ene carbonate (EC) and

58 net hanol .. Continuous nulti-stage o .

di sti Meifagel éB’Ie 1 ﬁﬁgtéBHBPFs@b‘lé'fL‘& G@esldéﬁélllatlon
A dershaw distil- lation colum which has anlnn

di ameCerUBR 3 ¥RS E@mp(r&éﬁtdalorﬁ g &I@tﬁ&ﬁ ”?ﬁ}?aéﬁéilStll‘

s L R S
t hrou h c ndui,t 2 %:;’d reh 31 at a f eg)fwrate of .

231 g RiRATARIL4 W gﬁt e 9 tifuously
hyd . t.al yst I I

i a5, 5 S0 NS S £ the
001 UMB kil o gl bl g e T hf%g e
feed' a9 87%§&9E‘8t8f o'}?bgglagf}m o an qD:ggtb‘QF NMoht solu-

ratio = Yon

CO'U”ElénantEStgggﬁuﬁt %rb@grgoﬁﬁ %?%%ﬁ?é%¥“¥ﬂtethylene

5 and preheat at a ow rate o

ther egyy€bli eghs2ah68Ne67 8 hubusdY #d 83CH A1qus¥ Form to
distillation column 1 at the fifth stage thereof
through conduit 2" at a flow rate of 1.1 g/h, while
continuously feeding a mixture of MeOH and DMC
(MeOH/DMC weight ratio = 97/3) in a liquid form to dis-
tillation column 1 at the 30th stage thereof through
conduit 5 and preheater 6 at a flow rate of 735.0 g/h,
to thereby effect a transesterification reaction. Con-
tinuous multi-stage distillation column 1 was operated
under conditions wherein the reaction pressure and re-
action temperature, each as measured at column top 4
thereof, were atmospheric pressure and 63.8 °C, respec-
tively.
f{0102] A low boiling point mixture in a gaseous form
distilled from column top 4 of distillation column 1

was condensed by condenser 7. A part of the resultant

condensate was refluxed to column top 4 of distillation
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tinuous nulti-stage distillation colum 1 was operated

under conditions wherein the reaction pressure and re-
action tenperature, each as nmeasured at colum top 4

20 thereof, were atnospheric pressure and 63.8 C

respec- tively. [0102] A low boiling point mxture in

a gaseous form distilled fromcd%um top 4 of

distillation colum 1 was condensed by condenser 7. A

part of the resultant 25 condensate was refluxed to _

col unFoddf4 lofthgiosdhy (comidi 5P ([Eefdiy ratroudh-4) . while
conduit 8 (ref lux ratio: 0.4), while the remai nder

of th§h€oﬁG@ﬁ§§P€I(ﬁ@réPﬁb&Qﬂ@eQQQ¥Qxﬁ¥eFﬁ%ﬂ9ﬁ¥PWs the con-
referred to sinply as "colum top condensate from

col unfi®EEptiad Sf E§EEETBNC te FAMRtliYo RS ol MR TRP soopdensate

iti 80 bel the t f | 71 th h
ConduF o8 GELATRY dur 388 oFSad PN eRmASIGn corime 71 at

Col ok R B 80l BALAHeEF ks O GIAHE o 1 trroush
D1 xonCRBARLE0 D] RS %3 LA Fo e Le GO EOB o ORIFETER @oLamn
f I 1 tai Ve [ o .
concentr ARPoRE P Le P05 EF, i, PR Cohp s vpay it ation

i gh Lvel . .
ol GOMRERRRKEH ko AR Gty 7 dha & packing

diStihbﬁgh%”o%OEHBnc% Egﬁpﬂ%@%ﬁy*'éyiéﬁﬂﬂhékkin Dixon pack-

(hereinbélow, the liquidis re rFed to st mply
ings (3 mm¢). The column top condensate from column 1
contained MeOH and DMC in concentrations of 67.9 % by
weight and 32.1 % by weight, respectively.
[0103] On the other hand, a liquid was withdrawn from
column bottom 10 of distillation column 1 through con-
duit 11 (hereinbelow, the ligquid is referred to simply
as "bottom liquid of column 1"), and a part of the bot-
tom ligquid of column 1 was heated by reboiler 12 to
provide the energy required for distillation and re-
turned to column bottom 10 of distillation column 1
through conduit 13, while the remainder of the bottom
ligquid of column 1 was withdrawn as a high boiling
point mixture in a liquid form, and fed to low boiling

point mixture separation column 17 at a position 100 cm

below the top of column 17 through conduit 14 at a flow

rate of 231.3 g/h, wherein column 17 was comprised of a
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as "bottomliquid of colum 1"), and a part of the

bot- tomliquid of colum 1 was heated by reboiler 12

to provide the energy required for distillation and

re- turned to colum bottom 10 of distillation columm

1 20 through conduit 13, while the remainder of the

bottom liquid of colum 1 was w&thdrawn as a high

boiling point mxture inaliquid form and fed to

| ow boiling point mxture separation colum 17 at a

posi t P&FKEG0 cohumpe|toipe e tdpl 6t et el unm thasiph an inner

conduit 14 at a flow 25 rate of 231.3 %h_, wher ei n

col umdigmelesr Sdnpris & ondh BPagede et yf? cm and

distillation colum having an inner dianeter of 2.5 '

cm an@ayipgc Paskeitdiarem Deampaakingsyi Yy WeldkedThe high

therein Di.xon packings (3 mmf). The high boilin

poi nt PRLHRGe POIRtaitHeH 1S adddiained MeRH 5 ]%CH DNC and

concentrations of 70.7 _%b% weight, 29.1 %b wej hlt,% b

0. 099 by PGRRREN G GRS PRt Y "Ry 31 % bY

wei ght, .respectively. .The conversjion of EC in the

transggngF‘i%f'i atoiggn%ré)é’ct“ie&rg%s YdH BPY d‘fﬁﬁﬁhwd 0.086 %

separ gti on.c Itunn 71e S 2 er at &g und%% 1Q cor&%i51 icoris the

wher el® PHéIes &GOS 51 t8F T2 VERE &6r 1%

X 106t$§n§@%}%&§6&? %&QE%%?ciié%ﬂﬁgn]9&¥gtoﬁ]73

t her eof "was : ow boi 11 Ng polnt mMX- ture in a

gaseoys1ngnm Gl LLLESaLIOM 681 HAR 19Pwh3 BherdbdMina

71 vvag con&ense% %ybcoﬁ1 enser E A pa}ﬂt o?’fpteﬁe © naer
conditions wherein the pressure of column top 72
thereof was 1.4 x 10° Pa and the temperature of column
bottom 73 thereof was 205 °C. A low boiling point mix-
ture in a gaseous form distilled from column top 72 of
column 71 was condensed by condenser 75. A part of the
resultant condensate was refluxed to column top 72 of
column 71 through conduit 77 (reflux ratio: 2), while
feeding the remainder of the condensate to continuous
multi-stage distillation column 1 through conduit 78
(which is connected to conduit 5), conduit 5 and pre-
heater 6. For stabilizing the composition of the lig-
uid fed to continuous multi-stage distillation column 1
through conduit 5, the composition of the liguid fed to
continuous multi-stage distillation column 1 through

conduit 5 was gradually changed from MeOH/DMC to only

MeCOH.
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15 resultant condensate was refluxed to colum top 72

of colum 71 through conduit 77 (ref lux ratio: 2),

while feeding the renmai nder of the condensate to

continuous nmulti-stage distillation colum 1 through
conduit 78 (which is connected to conduit 5), conduit

5 and pre 20 heater 6. For stabiléilzi ng the conposition

of the lig- uid fed to continuous nulti-stage

distillation colum 1 through conduit 5, the

conpo$PiPEA ob 1Heuidqurs véBhdsaweoArPRuSRIumn bottom 73 of
mul ti-stage distillation colum 1 through conduit 5

was gP¥BudrPyrekifgedolimm NEotpmedo comdpit g ddgreinbe-
61 [0105] A liquid was wthdrawn from col um hottom

73 of OEWCtQQpéFQPFSnl§oF9§ﬁI?fdtﬁPoEdH@éﬁh&ﬁt bﬂitom liquid

(hereinbe- _low ,the liquid is referred to si - as,
Dot t B EPRRE 7413 coPfin &7 BRFt S0 thep Rt tlr’réluld of col-

bottom | d of col heat ed by reboi
80 touﬁaPLthaaﬁhaesﬁsﬁg§Y rebaties Bor & SrOMAAR ghe eneray

d d 3 of |
col urfe ERfongh BOAAATLE S 0n A e FeEHE NP dErL s bottom
t hd t f 235._g/h f th
br odubti OF 8y8Es ?ﬁ?%agﬁg&gﬁ‘&u.ﬁ WO Hhitomt, white

and. 17380 SRa AR o B % £l o e DS g/m

17[0199$mLQMékaBhHQtRBh”EyEEéh“Eﬁr%%@%r%Bh%%l%OM%W” The

bottom liquid of column 71 contained 99.9 % by weight
of DMC and 1,150 ppm of carbonate ether
(CH;0CH,CH,0COOCH;) .

[0106] Low boiling point mixture separation column 17
was operated under conditions wherein the pressure of
column top 18 thereof was atmospheric pressure and the
temperature of column bottom 26 thereof was 201 °C. At
the column bottom 26 of low boiling point mixture sepa-
ration column 17, an etherification reaction between EC
and EG was effected, thereby forming diethylene glycol
(DEG). The residence time at column bottom 26 of low
boiling point mixture separation column 17 was 1.5
hours. A low boiling point mixture in a gaseous form
distilled from column top 18 of column 17 was condensed
by condenser 19. A part of the resultant condensate

was refluxed to column top 18 of column 17 through con-




was operated under conditions wherein the pressure of

15 colum top 18 thereof was atnospheric pressure and

the tenperature of colum bottom 26 thereof was 201 C

At the colum bottom 26 of |ow boiling point mxture

sepa- ration colum 17, an etherification reaction

between EC and EG was effected, 6£2hereby form ng

di et hyl ene glycol 20 (DEG . The residence tine at

col um bottom 26 of |low boiling point mxture

separ 8Bi6n28o(gEAL1EE Wasip:51)houihd leafieggdipg |they remainder

point mxture in a gaseous form distilled fromcolum

top 18fofheorarAerralgs teonBeiPEST BPIidivdepfecarponsdioxide

part of the resultant condensate 25 was refluxed to _

col unfePBpaEBOBf COIPHAN 227 thEPYGHh codE 2dui t Fppm conduit

(ref lux ratio: 1 whi l e feedin% t he _remai nder
n

A ) ) > of .
the coAdBReuEEefoakn thpBRtEEM Pon DO B *did6x Sg@arat ion

separation colum 22 through conduit 21. From conduit

> 23 proeitey 5Frtﬂét58€1?8w9%? ¥aPp IR tEPGRCEE JO5Qr depFonden-
5 I 22 it i nt d int h _
condedite a; EneFREPeBILHATBe, Rpet FEPCoRaATEabe h Hhe Aitrogen
i ox S ey AL VaPuth 90 TR AT 185 C PR BiPxsce was
the t 5 22. h | t ant.
i oxi SEefhabpd Biino Fond Uy BLbE RV R A g, op of co-

ith ' - Wi . .a | . .
W t dlﬁrﬁf{m%ﬁroni‘ﬁ:é)rg%&%ﬁ%n?;(g%%l?f&ge?%g&l&e—9}9@8 %J_QUld ob-

portion of colum e continuou

10 nU|tif§iﬁQ& ghsEbhhﬁBiQQ Qgguwﬂtﬁd§5w5h%rom conduit 25 pro-
vided at a lower portion of column 22, and recycled to
continuous multi-stage distillation ceclumn 1 at the
30th stage thereof at a flow rate of 70.2 g/h.

[0107] A 1liquid was withdrawn from the bottom of low

15 boiling point mixture separation column 17 (hereinbelow,
the liquid is referred to simply as "bottom liquid of
column 17")}. The bottom ligquid of column 17 contained
EG and DEG in concentrations of 67.6 % by weight and
17.3 % by weight, respectively. The bottom ligquid of

20 column 17 was withdrawn at a flow rate of 163.9 g/h
through conduit 30 as an etherification reaction mix-
ture, while the remainder of the bottom liquid of col-
umn 17 was heated by reboiler 28 and returned to column
bottom 26 of column 17 through conduit 29. The etheri-

25 fication reaction mixture contained EG and DEG in con-




i0

15

20

25

30th stage thereof at a flowrate of 70.2 g/h. [0107]
Aliquid was withdrawn fromthe bottom of |ow 15
boiling point m xture separation colum 17
(hereinbelow, the liquid is referred to sinply as
"bottomliquid of colum 17"). The bottom i quid of
colum 17 contained EG and DEG 8 concentrations of
67.6 % by weight and 17.3 % by wei ght, respectively.
The bottom liquid of 20 colum 17 was withdrawn at a
fl ow FaREratieps. 9fgPR - 7tﬁr8UgW366ﬁ&u@Pds@ -dd &n by weight,
etherification reactlon m x- ture, while the remainder
of thEEEBFFEﬁVFﬂauﬂEcowaéoPOtuﬁﬁtfftﬁQQ -heat ed by

reboi 28 and retur to colum bottom 26 of
col unLSHB?hr%‘“ghe?b Jcc%lo%hﬁe%‘?ﬁé?f‘ BEXEpEG: ¥gH fed to

' d E DEG
cont rEG! BRELEEC85T R0 RSB git 3dnd @°f[]}‘t<%‘ooﬂ?y%§3«si°§htb,el°w the
t C wa det o )
thor FPPoRE SRIMmACE1oRhRPRED: SORMULEd OrpWhEgetn column 41
ficat t t 9Q
Bt o a8 e8MerRedt ph soprekBiasor Sy 9@?&@1 dandgon col-
41 e oLl 860481 1 ApRacked,LOLUML A YPS distild 8l Ring
avi n nner I aneter

paCk'ﬂglgﬁf'gEtlg% éﬁnaﬁg]§%9ﬁg%og?ggé Kﬁg Eaﬁr%f}on pack-

Di xon pa I ngs purification
colu S rated under conditions wherein the
pressuré r@ mﬁﬁﬁn top 42

[0109] EG purification column 41 was operated under
conditions wherein the pressure of column top 42
thereof was 4,000 Pa (30 torr) and the temperature of
column bottom 43 thereof was 123.5 °C. A distillate
was withdrawn in a liquid form through conduit 56 pro-
vided at a position 50 cm below the top of column 41 at
a flow rate of 160.9 g/h, to thereby cobtain a side-cut
distillate. A mixture distilled from column top 42 of
column 41 was condensed by condenser 45. A part of the
resultant condensate was refluxed to column top 42 of
column 41 through conduit 47 (reflux ratio: 2), while
withdrawing the remainder of the condensate through
conduit 48. A liquid was withdrawn from the bottom of
EG purification column 41 through conduit 49 (hereinbe-
low, the liquid is referred to simply as "bottom liguid

of column 41”}. The bottom liquid of column 41 con-
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thereof was 4,000 Pa (30 torr) and the tenperature of

columm bottom 43 thereof was 123.5 C. A distillate

was Withdrawn in a liquid formthrough conduit 56 pro

15 vided at a position 50 cm below the top of colum

41 at a flowrate of 160.9 g/h, to thereby obtain a

side-cut distillate. A mixture @#stilled from col um

top 42 of colum 41 was condensed by condenser 45. A

part of the _resultant condensate was refluxed to .

col unhaiBpd4BGopndoDES din CRRCERISAGH C@Sn @t 0247 * DY weight
(reflux_ratio: W t hdrawi_ng .t he repmai nd

t he 06ﬂ8e39a9e%Ehﬁbgghgﬁ$onﬁﬁﬁpeg§;v %ﬁ‘qu?dsmﬁsogrtﬁg bot-
41 tnFOloh UONAUPE 9 CREr tnBES POWROEREN ey (e hours
41"y ERm B5F: BRPRrRYaRor YRS PR L oBn SR g MatLe
20. 3 G By BERGREC T BEpRE: Doy ona 13 Aty e o dgwas
from R 5HBd.EE: ShLR, Bk a, St cha e 3T hreyap we-

t he rgggiggegOognhhgogﬁhggnéhiquid of colum 41 was
e 4

return 0 colum bottom of colum 41 through re-

boi | erogmn%f&E%é 2Bové 0%&9; F{P%%Hebébggéndf‘ﬁat the

it can be seen thaf the yield of DMC (contal ning
1’150¥P@ﬂa08fCBM%&E@BEtSEH%BP 1195%88p89 0% Yarbi®ate ether)
selectivity for was not lower than

was 99.8 %, the selectivity for DMC was not lower than
99 %, and EG was obtained in a yield of 99.8 %.

[0111] The above-obtained DMC and phenol were sub-
jected to a transesterification reaction, thereby ob-
taining diphenyl carbonate (DPC}. 235 g of the ob-
tained DPC and 228 g of bisphenol A were charged into a
vacuum reactor equipped with a stirrer. The atmosphere
in the vacuum reactor was purged with nitrogen gas, and
the temperature was gradually elevated from 180 °C to
220 °C while stirring. Thereafter, the vacuum reactor
was hermetically closed. Then, polymerization was per-
formed while stirring at 100 rpm under a pressure of
8,000 Pa for 30 minutes and, then, under a pressure of
4,000 Pa for 90 minutes. Subseguently, the temperature

was elevated to 270 °C, and further polymerization was

performed under a pressure of 70 Pa for 1 hour, thereby
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99 % and EG was obtained in a yield of 99.8 % [0111]

The above-obtai ned DMC and phenol were sub- jected to

a transesterification reaction, thereby ob- taining

di phenyl carbonate (DPC). 235 g of the ob 15 tained

DPC and 228 g of bisphenol A were charged into a
vacuum r eactor equi pped with a s®Hidrrer. The atnosphere

in the vacuumreactor was purged with nitrogen gas,

and the tenperature was gradually elevated from 180 C

to 29BtelRAPPeaBt prPPAGLCTROATSPIOO At ERGuRPtalned aro-
reactor 20 was hernetically cl osed.. Then
polyn@?F%ﬁtPSHYﬁé§bBBPtefUﬁﬁe&°%ﬁﬂk§%&|%Wquﬁféﬂ?Rﬂﬁ?nt
rpmunder_ a_pressyre of 8,000 Pa for n&nut s_and

t hen, ¥hhgBr 1§ fPE Sur%h%fnumb@50a¥%r§g? ¥BlRFHIpEsWeioht was
Subsegﬁ Héb , the tenperature was elevated to 270 C

and fuart pol ymeri zati on was 25 performed under a

pressure of 70 Pa for 1 hour, thereby 65 obtaining an
aromati c pol ycarbonate. The obtained aro- matic

pol yc te.was col orl ess_and transparent, which is
good.?qgggi ﬁ%%@gﬁg%i%%%fgﬁigggiai wei ght was 10, 500.

5 [0112] LXS gga an- dpﬁﬁs%%%eggr%f s agdsubstan—

EG was per orne N s same manner

LP Eéfggggy1tﬁé0§§&FL§?BnggeaseanybﬁgﬁpQé'qee&Q%@&nEhat the
ethylene oxide content of EC used as a raw material was
changed to 5,000 ppm. As a result, there were obtained
DMC (containing 15,300 ppm of carbonate ether) and EG,
wherein the yield of DMC was 96.4 %, the selectivity
for DMC was 95.2 %, and the yield of EG was 94.3 %.
From the obtained DMC, DPC was produced in the same
manner as in Example 1. From the obtained DPC, an aro-
matic polycarbonate was produced in the same manner as
in Example 1. The obtained aromatic polycarbonate was
discolored to assume a yvellow color and had a number
average molecular weight of 6,300. A comparison be-
tween the results of Example 1 and the results of this
Comparative Example 1 shows that, from a cyclic carbon-
ate containing a large amount of a cyclic ether, a
dialkyl carbonate containing a high concentration of a
carbonate ether is obtained, and thét, from such a

dialkyl carbonate containing a high concentration of a



10 changed to 5,000 ppm As a result, there were

obtai ned DMC (containing 15,300 ppm of carbonate

ether) and EG wherein the yield of DMC was 96.4 %

the selectivity for DMC was 95.2 % and the yield of

EG was 94.3 % From the obtained DMC, DPC was

produced in the sane 15 manner a&% n Exanple 1. From

the obtained DPC, an aro- matic polycarbonate mas

produced in the sane manner as in Example 1.

obtalﬁéﬁ ﬁPﬁﬁﬁtPEhESPyéﬁrBSnéPEOﬁééblﬁl§80P&F€&nt819hly re-

ow col or and had a nunber avera

ol ecaFg%gae%m‘ewlﬁceééonﬁteonﬁaﬁeesmbéozfo%m@éwing a
the resuljts Eﬁ ﬁg nd t he resuhﬁs of _
Conpal A7 VEC ERSHHRE ‘.'(%ﬁ arpEatie, g XCE%’PP@ e.

carbon- ate containing a | arge anmount of a cyclic
ether, a dialkyl carbonat e contai ning a high

f b t th [ bt ai ned, d
COOeTfL ) Bl O bonet o S hEr 15 obtauned, e
hi gh f b t the
R T TN —
bo f d I
azrgh?%esﬁﬁé%yc@% BESUS' 06 Byolpil, TOLGEAG® chac che

Pr odu&%l‘lfe IQé %éngoggeﬂ@s E)e(ﬁaopggﬁ hg §u935vaﬂlateﬁ1al was

tially t same nmanner as in except that t

et hyl @ien §xd deo CP”&@W pBih. Eg\éjsc-?dr JBL &héAL obtained

was changed to 1,200 ppm As a resu t t ere were
obt ai hed (contalnlng 3,400 ppm of carbonate ether) and EG,

.L

L

wherein the yield of DMC was 99.6 %, the selectivity
for DMC was not lower than 99 %, and the yield of EG
was 99.6 %. From the obtained DMC, DPC was produced in
the same manner as in Example 1. From the obtained DPC,
an aromatic polycarbonate was produced in the same man-
ner as in Example 1. The cobtained aromatic polycarbon-
ate was colorless and had a number average molecular

weight of 10,200.

[0114] Example 3

Production of DMC and EG was'performed in substan-
tially the same manner as in Example 1 except that the
ethylene oxide content of EC used as a raw material was
changed to 2,000 ppm. As a result, there were obtained

DMC (containing 5,600 ppm of carbonate ether) and EG,




10 DMC (contai ning 3,400 ppm of carbonate ether) and
EG wherein the yield of DMC was 99.6 % the
selectivity for DMC was not |ower than 99 % and the
yield of EG was 99.6 % Fromthe obtained DMC, DPC
was produced in the sanme manner as in Exanple 1. From
t he obtai ned DPC, 15 an aronaticGHoncarbonate was
produced in the sane man- ner as in Exanple 1. The

had %ﬁ%é?lrgbsra sgﬁﬁ?%? 2 “%ﬁt;‘:%'foﬁ_t'&eei%@ Givity
0114 Ex 3 p

Lerfo?f%dgpiﬁ R ?f'&‘f%?;%ﬁw?@ 3 ﬁgﬁnﬁﬁfaﬁ%i of EG
Ex 1 |

e ueuieagSatr R nien i HFe ShEXLRAR BYC: oBECHE S pRPanced 1n

As a u t here were abtai_ned ;&pont ni
5, GOOEE%m oF‘ecar Bgr?gt (glsetlﬁ1 % d12 e?}‘éa no alned DPC,

1 d,Q
i LR Bl g e e
=
om0 S8 SRS 92168 SRRSOt ftycorvon
ar omag i g QQEVGBEBQTQES lé’ﬂﬁ REAAYUC G ! NG SATR 'Hiﬁecular

ner as I n Exanple 1. alned aromati c pol'ycarbon-
ate maélggkogkegslgﬁd had a nunber average nol ecul ar
wei ght o 100. 68
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| NDUSTRI AL APPLI CABI LI TY [0115] In the dial kyl
carbonate produced by the nethod of the present

i nvention, the content of a carbonate ether (which is
a conventionally unknown inpurity) is 5 reduced to a
specific | ow range. The dial kyl carbonate obtained by
the nethod of the present inventi®n can be used to
produce a transesterification aromatic carbon- ate.

The t an & rification aromatic carbonate pro- duced

can bé~9§§§—§&&a&Egéé&@§ﬁﬁlﬁgéd to produce a col 10

26 “Cine e TR B Bhe 8l 2 baRheraS - oBPaLERH BY e mechod
bonat d di ol, ising: 5 ffecti

Cranc8bt SPEf PEREPBS rBYBRIaR e RWEEN BTty O & Chrbonate

b csonthSs CanEPat ot oroPr BRI gh At TGRS By 1s
bt ai nj i I, %t t ai ni f

ai ol IGPREERE E80E' SReBuERt A oRy e " oflp [8TKEL carponate
}Mthdéﬁi‘é’éﬁlﬁea g#(althgl m%@h%ﬁn?fe't%%nk@e@eﬂq ilnlv%wttq.on can be
romsaid reaction m xture, Toll owed by separa- tion

of thﬁsg&.altgybrgaﬁegngt %réfx?@)stt@i‘l i'%lai@iloncg:ﬁ%%'tic carbon-
a c) wt a

ate-containing lrquid, an raw ng

di ol - gpgt aifid gtféﬁé’é&é%fﬁ%@%?%? 12rbRE€1E0BaPhEHHEE: pro-

foll owed by separation o
duced can be very advantageously used to produce a col-

orless, high molecular weight aromatic polycarbonate.
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fromthe diol-containing liquid, said steps (b) and
(c) being perforned in either order or

si mul t aneously, wherein: 20 said cyclic carbonate
contains a cyclic ether rep- resented by the formula
(1) below in an anmount of from 0.1 to 3,000 ppm by

wei ght, and sai d product dialkylfﬁbrbonate contains a
carbon- ate ether represented by the fornula (2) bel ow

in an nount of not nore than 10, 000 ppm by
?L—%‘%é‘gmou) i

wei gh \J 5 wherein Rl represents a
di val ent group repre- sented by the formula: -(CH2) m
wherein mis an integer of from2 to 6, and at | east

one hydrggen of R1 tionally.r plac by 10

ol et BoEeLARalEBreRFouR R o & BeellRr SAEpRAte and a
gr oup C%ESI%&%P%~Of a Cl_10 al kyl group and a C6.10

aryl group JOOOR2 (2) 15 wherein Rl is as

defined ab
onoval en ?gs e% atlgﬁg%bﬁg%H§€§%%£% (§¥E%%E%e n be-

nonoval ent
hydro@%@eﬁtgnhyclic carbonate and an aliphatic monohydric

alcohol in the presence of a tramnsesterification cata-
lyst, thereby obtaining a reaction mixture containing a
product dialkyl carbonate and a product diol,

(b) withdrawing a dialkyl carbonate-containing
liquid from said reaction mixture, followed by separa-
tion of the dialkyl carbonate from the dialkyl carbon-
ate-containing liguid, and

(c) withdrawing a diol-containing liquid from said
reaction mixture, followed by separation of the diol
from the diocl-containing liquid,

said steps (b) and (c) being performed in either
order or simultaneously,

wherein:

said c¢yclic carbonate contains a cyclic ether rep-
resented by the formula (1) below in an amount of from
0.1 to 3,000 ppm by weight, and

said product dialkyl carbonate contains a carbon-

ate ether represented by the formula (2) below in an

amount of not more than 10,000 ppm by weight,
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of R2 is optionally replaced by at |east one
substituent group selected fromthe group 20
consisting of a Cl-l1o al kyl group and a C6.10 aryl
group. 2. The nmethod according to claim1, wherein the
anmount of said cyclic ether in said cyclic carbonate
is from3 25 to 1,500 ppmby wei’§ht. 71 3. The

nmet hod according to claim2, wherein the anount of
said cyclic ether in said cyclic carbonate is from 10
to 1,000 ppm by weight. 5 4. The nethod according to
any one of clains 1 to 3, wherein said cyclic
carbonate is ethylene carbongte. 5. The nethod
according to any one of cl# ns to 4, 10 wherein said
transesterification reacr%@n IS rf ormed inﬁg
reactive distillation colFamrm. 6 di al kyl cdribonat e

produced by the nethod of \q%gf)dhe of clains 1 to 5,
whi ch contains a carbonate etfler 15 represented by
the formula (2) of claim1 in an amount of from1l to

10, 000 ppm,by+ ﬁgﬁt-rV&Fé;Ehfgf%kaivgféﬁgn gg?drepre—

according to claim®é, erein e anount o

carbonat e £ieLqai Byt PRedEaLEMLaCAL 1 cRD) RONMS-d 15 ff 4B
3 to 5 000 ppm by weight. 8. The dlalﬁjT car bonat e

according 49 £hes§erF oPEEBN2 to 6, and at least one
hydrogen atom of R' is optionally replaced by
at least one substituent group selected from
the group consisting of a C;.10 alkyl group

and a Cg.10 aryl group, and

R*0OR'OCOOR* (2)
wherein R! is as defined above for formula
(1), R? represents a C;.;; monovalent ali-
phatic group, and at least one hydrogen atom
of R* is optionally replaced by at least one
substituent group selected from the group
consisting of a Ci.10 alkyl group and a Ce-10

aryl group.

2. The method according to claim 1, wherein the amount
of said cyclic ether in said cyclic carbonate is from 3

to 1,500 ppm by weight.
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t he anobunt of said carbonate ether in the dial kyl car-
bonate is from 10 to 3,000 ppm by wei ght.

71

3. The method according to claim 2, wherein the amount
of sald cyclic ether in said cyclic carbonate is from

10 to 1,000 ppm by weight.

4. The method according to any one of claims 1 to 3,

wherein said cyclic carbonate is ethylene carbonate.

5. The method according to any one of claims 1 to 4,
wherein said transesterification reaction is performed

in a reactive distillation column.

6. A dialkyl carbonate produced by the method of any
one of claims 1 to 5, which contains a carbonate ether
represented by the formula (2) of claim 1 in an amount

of from 1 to 10,000 ppm by weight.

7. The dialkyl carbonate according to claim 6, wherein
the amount of said carbonate ether in the dialkyl car-

bonate is from 3 to 5,000 ppm by weight.

8. The dialkyl carbonate according to claim 7, wherein
the amount of said carbonate ether in the dialkyl car-

bonate is from 10 to 3,000 ppm by weight.



