DESCRI PTION Title of Invention METHOD FOR PRODUCI NG ETHYLENE
CARBONATE AND ETHYLENE GLYCOL Field of the Invention: [0001] The
present invention relates to a nethod for producing ethyl ene
carbonat e and/ or ethylene glycol. Description of the Related Art:
[ 0002] Et hyl ene carbonate is used, for exanple, as a solvent for
vari ous high nol ecul ar wei ght conpounds, a reaction solvent for
various, chem cal reactions, a solvent for an electrolyte solution

(el ectrolytic solution) for lithiunb#%@ ndary batteries, an
eaRsie

extractant, a foam ng agent, and a ng oil stabilizer.
Usual Iy, ethylene carbonate is synthesized by reacting ethyl ene oxide
and carbon dioxide at a high tenperature and a hi gh pressure.

Therefore, diehs.osMiehcidicl ude, for exanple, ethylene glycol and
di et hyl ene glycol originating fromthe materials for the synthesis,
are contai ned i nMeIHhY | FERePROAGDGAT B LI CARBOIATE. ANVCh BTHLEND GRCObf
water is also contained in ethylene cArbonate together with the
inmpurities as descri bed above. The water reacts with ethyl ene

carbonate to_furthe oduce ethylene glycol. [0003]It is preferable
t hat ethyleﬂgﬁg?ﬁjnéﬁgﬁnﬁﬁﬁaﬁ“is used

[0001] The present invention relates to a method for producing

ethylene carbonate and/or ethylene glycol.

Description of the Related Art:
[0002] Ethylene carbonate is used, for example, as a solvent for
various high molecular weight compounds, a reaction solvent for
various chemical reactions, a solvent for an electrolyte solution
(electrolytic solution) for lithium ion secondary batteries, an
extractant, a foaming agent, and a lubricating oil stabilizer.
Usually, ethylene carbonate is synthesized by reacting ethylene oxide
and carbon dioxide at a high temperature and a'high pressure,
Therefore, diols, which include, for example, cthylene glycol and
diethylene glycol originating from the materials for the synthesis,
are contained in ethylene carbonate. Further, a minute amount of
water iz also contained in ethylene carbonate together with the
impurities as described above. The water reacts with ethylene
carbonate to further produce ethylene glycol.
[0003] It is preferable that ethylene carbonate, which 1s used
as various types of solvents, does not contain any impurity to the

- utmost extent. Various metheods, which include, for example, the

distillation method and the crystallization method, have been



as various types of solvents, does not contain any inpurity to the

ut nost extent. Various nethods, which include, for exanple, the
distillation nmethod and the crystallization nethod, have been
suggested as nmethods for purifying ethylene carbonate. The
distillation nethod is the purification nmethod, which is industrially
carried out nost w dely. However, ethylene carbonate has a boiling
poi nt of 246C (atnospheric pressure) which is high. Therefore, when
et hyl ene carbwmgested a5 pathcisetbri puratvowdetihydens cdhrbohaedi still ati on
met hod, even if the distillation is perfornmed at a reduced pressure,

then any ther mal Wegligdhtissionredivrets sharrbH iratiogueshod ghtFieihyl ene
carbonate tends ta act wth diols and.water to form.high | ecul ar
wei ght - compotiFEC ALED FEFH (B ORsEIGAYT oferesars SHNaa By=t rasce
present inveptok Suii1igy Holdoyt PastathmbapebeeBredsaiaalitty atgH.S,

t he bonds of the high nol ecul ar wei ght ethylene .glycol conmpounds are
partial |y cuthdrefdre} ufant echgleleScarbbedtel Of puridied inheizotdi®ce with the
distillation is performed, diols consequently renmain in an amount of
about 100 pp#astiallethyn anehadardsnalie thegliistidlatiphelsdpentpitegt #oa met hod
requires the ener correspondin o the | atent heat of vaporization
or evaporati W“G?géﬁ%ss’%ﬁtgg?ﬁ ﬁags‘:&]‘ﬁﬂa&n‘?&m l%&“t‘?{%ﬁrﬁ%gw&r? it
is al so nece i S€ f r.at j : h
conouned enecael 2 RERERRS AL ddile 18!t IR THE1P onk Weter to
crystal | i zat @ BRhRs et athirilint teonSo®AOUIRcdRdRRY {0 iivamh yart hes

cooling by neans of the renoval of the sensible heat.
performed by the present inventors, the following fact has been
revealed. That is, the bonds of the high molecular welight ethylene
. glycal ccxrpounds are partially cut to return to dicls. Therefore,
even when the distillation is performed, diols consequently remain in
an amount of about 100 ppm in ethylene carbonate. Further, the
distillation method requires the energy corresponding to the latent
heat of vaporization or evaporation of the concerning substance, in
addition to which it is also necessary to increase the reflux ratio.
‘I’hefeforc;z, the consumed energy is extremsely large as compared with
the crystallization method in which it is enough to perform only the
cooling by means of the removal of the sensible heat.
[G004] The crystallization method is the purification method
which utilizes the fact that impurity components, which are not
crystallized at a certain temperature when the cbjective component is
crystallized, are not mixed into crystals, The crystallization
method makes iﬁ possible to perform the purification by means of only
the operation including the crystallization by cooling and the

dissclution by slight waming. Therefore, the degradation is hardly




[ 0004] The crystallization nmethod is the purification nethod which
utilizes the fact that inpurity conponents, which are not
crystallized at a certain tenperature when the objective conponent is
crystallized, are not mxed into crystals. The crystallization nethod
makes it possible to performthe purification by nmeans of only the
operation including the crystallization by cooling and the

di ssolution by slight warm ng. Therefore, the degradation is hardly 2
caused by t hguséd®yreacsidenresanibrt, hend ons cnedimed engyyyl $s small. . '
Further, Patent Docunent |discloses that ethylene carbonate having a
hi gh purity Bfrtiwy Patest itDegmmeyd. bHggkasan that shhyriene Fafhetrte having a
crystallization nmethod described in s patent docu t is applied.
[ 0005] Homevé?%ghvmjéﬁtféﬂqﬂ%néeﬁ?ag%“ngé'gm?g% CB’&??"T PREGE %F,Bl%‘?nnﬁ t he
crystallization, | i aapunt; . Qpponent s
present in p%l?/?ff‘ﬁg%%;%ﬁ?%g#é&gg%%onat e?n%ég?g?%rr&ceiascorrpo%gna %l;&ées
any probl em grBsri al | YoldvebNeheas@hpfent hrbeiatefisUperiEodd B using the

el ectrolyte solution for a lithiumion secondary battery or the like
i n which t heclysghllpuatiiby meshodqaiglédht amount Aet gpliirag dogponent 1s

i nvestigations performed by the present inventors, the follow ng fact

has been pr defieeeR vB|R BiFdafidlenth 83 reRater heMEgPIPERY! ETMIBHENEAUSES

descri bed above is.not removed,. for e : f _such a

met hod ( Pat Tt %%&%W%%gy Pat efit C‘%%g%rrgﬁ? %’ ‘iﬁ'fa‘yg‘”ﬁgﬁ of a
reaction sol Ud-0R,1GP0tRh ke ArCaAtIaty S ich AbNGdLit=BF derthkeOlike
recover the catalyst, to Wiich water is added so that the solution is
circul ated tin wWhestptiee @sgh abhtay tecewenredg t he catal yst. The col ored
conponent remains in the catalyst solution to be circulated to the
process, and the Asepwted twohpasetiatiens peideradabe fha Prematopratden

is continuously perforned. [0006] On the ot her hand, a t.hod for
produci ng et A gﬂ]emlﬂ%ng?cq 9?(%8 PIW%Fﬁjrvﬁi%trﬁWagﬁg‘ 0 %Fel'%'nég%ar bon
di oxi de are %c@q 3! Egﬁ%ﬂ%%@ RANG12 r&HRBq PSS SR £ O b
obtain an et %%g%cg C n%gtag?%%so uci ng reacti onrsol ut']ioon to whi chy
water is furgdee sddech bondaus e patdiy dhody&its2 rdctatan: SocivBat 3) that
ethyl ene glycol is produced thereby (Patent Docunent 4, Patent
Docunent 5, PagtaenhtofDecwashionéseintideateipibogumeatalppl IPhebtpinssets

descri bed above causes such a probl em that ,
order to recover the catalyst, to which water is added so that the

solution is circuiated to the process after recovering Lhe catalyst.
The colored camponent remains in the catalyst solution to be
eirculated to the process, and the colored component is concentrated
as the operation is continuously performed.

{000€] On the other hand, a method for producing ethylene glycol
is known, wherein ethylene oxide and carbon dioxide are reacted at a
high temperaturc and a high pressure to obtain an ethylene carbonate-
producing reaction solution to which water is further added to cause
a hydrolysis reaction so that ethylene glycol is produced thereby
(Patent Document 4, Patent Document 5, Patent Document 6 and Patent

Documment 7)., The process described above causes such a problem that



3 an outlet control valve or the like is clogged up or blocked in a
hydrol ysis reaction vessel (reaction tank) when the continuous
operation is perforned while circulating and using a catal yst. [0007]
Pat ent Docunent 1: Japanese Patent Application Laid-open No. 2007-
284427 Patent Docunent 2: United Kingdom Patent No-. 2098985 Patent
Docunent 3: Japanese Patent Application Laid-open No. 2004- 262767
Pat ent Docunent 4: Japanese Patent Publication No. 55-47617 Patent
Docunent 5: alapatiesecdiat@nialAppdr ¢heiloRe Lai diogpeh ubloor Bck87 44 Pat ent
Docunment 6: Japanese Patent Application Laid-open No. 2000- 128814
Pat ent Docurhsdrolysig ajeanicion mEsseht(TRBHLR &8RN Wil HoodFeptiREOUS2004-

196722 SUM\/I%%EI:%OIHJFS E@hll}/olj\:!rrnéd while circulating and using a catalyst.

[0007]
Patent Document 1: Japanese Patent Application i.aid—opan No. 2007-
284427

. Patent Document 2: United Kingdom Patent No. 2088985
Patent Document 3: Japanese Patent Application ILaid-open No. 2004-
262787
Patent CDocument 43 Jai::anese Patent Publication No. 55-47617
Patent Document 5: Japanese Patént Application Iaid-open No. 59-13741
Patent Document 6: Japanese Patent Application Laid-open No. 2000-
128814
Patent LDocument 7: Japanese Patent Application Laid-cpen No. 2004-
196722

SUMMARY OF THE INVENTION

[0008]  An object of the present invention is to provide a method
for producing ethylene carbonate in which a colored component
contained in ethylene carbonate as described above is removed, and
provide a method for producing ethylene glycol which makes it
possible to perform the operation stably for a long period of time
while avoiding the clog-up or blockade in an ethylene glycol
production process as described above.

[G009] As a result of diligent investigations performed by the
present inventors in order to achieve the foregoing object, the

following fact has been found out. That is, ethylene carbonate, from




[ 0008] An obj ect of the present invention is to provide a nethod for
pr duci ng et hyl ene carbonate in which a col ored conponent contai ned
in ethyl ene carbonate as descri bed above is renoved, and provide a
met hod for producing ethylene glycol which makes it possible to
performthe operation stably for a long period of tinme while avoiding
the cl og-up or bl ockade in an ethyl ene glycol production process as
descri bed above. [0009] As a resul-t of diligent investigations
perfornmed bwhidie afy esebted SxeOh@EtSis raarwe) isopsdhial én taoeoddan@goi ng
object, the follow ng fact has been found out. That is, ethylene
carbonat e, fwitma metihol Eoryproshieinsdedohpsn eatooNate BaTPPeen 2 RrOpRHduced
in accordance with a nethod for_producing ethyl gne carbonat e based on

|
a process - (Feferrddo BPIfr&ash HsP Gﬁcgﬁﬁfﬁcigﬁ% b?osggiscas?sﬁ sone
cases) conprising.the st f injn t Sl Ubion, s
cont ai ni ng ectoﬁtﬁj’]fl fes %Q% bsgc%é %Eb%g}g%?i%ﬁgﬁggnéog?%%?d%&g% Hé(% hyl ene
oxi de in thepiRsENGAHhatd BRkahotshy dAdodUaIdbOGnpraatyed Gifyliane
carbonate by neans of crystallization, the nethod conprising
extracting ahpapteseficet he setimdlente aodrhohaties prodwed refhyegst faghonate
solution (referred to herein as "carbonation. reacgtion sol ution

(car bonat e- prorrssnet cEEERLbzAEH Ut Fisnfethod CBRELSLAS SEFF2CEHM APakAt er

to the extracted solution in an amount. of nat. | e han i by
wei ght an arﬁﬁjﬁ © 8f9'h¥liﬁ eccgfgcfrﬁ?g?_p&f’g%cﬁ Veq a%llobh%ﬁg%t%r a&%gﬁﬁfggﬁ%t i on
to deposit updissolved GRS red@BY isB0utiBe depeshiegramdigsol ved
matters fromthe extracted solution, and then circul ating the

resul tant soldabtn sQuthen)priceats: chaus) hewditdheaipresenbe ieavectet s
have found out the fact that any clog-up or any bl ockade is not
caused at arsddutiast iwentFehny sfvectoless FRARcP darefebY arightear EPgHL

tank) i hydr ol ysi tep wh th t N ti I
bor fbr mad G §05 SarapAt dboRT A hhe ARt seltrt 5P ket
hyl I . i-ng: . : i i
ethylene g y&g&%@%@% &@%@g{@%@ﬁt@ GAH:RONFLH ABLELACHIAN

solution (her referf ysis step” in some
cases), the PlOERSScERITBSIELAY axd HB6l chignAapiakt thef rédietamr fxinatdnon
reaction solution, adding water to the extracted solution in an
anount of noto ltes protyas. 2CFurtives the pessghit iavergmouheveofourdeowatld yst

di ssolved in the extracted solution to depqsit undi (saéol ved matters,
renovi ng t hefafEpH@tt @ GHA 88 IvEW REIFErs 1F h EES 8L Ht Padet

solution, and th circulLating.the resuyl tant, sol ution t €ss.
Thus, the pr %‘ﬁéﬁ‘?ﬁ v?%‘(?eﬁ iaoﬁe%a% é’%%s%ag)’fﬁae_ <. %8%6‘) %h ?lg%P%he
present i nvegtd 0 diaghdnend ObdAM &Y 15 @RhH{RBusly performed for 1 year in

accordance with a process of producing ethylene glycel by further

adding water to the carbonation reaction solution (hereinafter
réﬁer::ed to as "hydrolysis step" in some cases), the process
comprising extracting a part of the carbonation reaction solution,
adding water to the extracted solution in an amount of not less than
20 times by weight an amount of the catalyst dissolwéd in the
extracted selution to deposit wdissolved matters, removing the
deposited undissolved matters from the extracted solution, and then

circulating the resultant solution to the process. Thus, the present




(1) A nmethod for producing ethyl ene carbonate conprising obtaining a
reaction sol ution containing ethylene carbonate by reacting carbon
di oxi de and ethylene oxide in the presence of a catal yst and
purifying produced ethyl ene carbonate by neans of crystallization,
the nethod conprising extracting a solution containing the catal yst
fromthe reaction solution, adding water to the extracted solution in
an anount of not |less than 20 tines by wei ght an anount of the
cat al yst di sigebvednitast enexdmbadstead sol ution to deposit undissol ved
matters, renoving the deposited undissolved matters fromthe

extract ed sol0gi®lon, aficktt hen tbhé meebatti byehtieonr sulbarftliseing i on to
the reaction solution., (2) The method according to (1),
wher ei n t he ®8t#=Fon containing the catalyst is a part of an outl et

sol uti on obtaine tor [ea carl i oxi de.and

et hyl ene oxi de t I) g]dr&?k%fl 91:@588%0&}:‘%0%&{’{1&9 {9‘3‘:)@@!:1 SH hod
for produci %tsmsa!;ee[]%egﬂsl@'so@@%mﬁl SInB&iARY AR Meaca&safaké %R

sol ution contal ning ethylene nat e and et hyl ene gl ycol by
reacting carhastidigoxdrében Rbhideennl axiydene anibionah eheigrebdieepsfeaence of
a catal yst, and converting ethylene carbonate to ethyl ene .glycol by
further addlwgamtem putifgingbpridiee eehtiend raglingte d, meahe ofet hod

conpri sing ext rac ng.a solution containjng the catal fromthe
reaction sol‘fﬂyﬁw %?gdP?vg%t“?F ?%CWIWr%Féﬂt@gﬁl\éP PHh an

t of t
i ssol ved | reorhe gt AR, Gl Pron P R8T BTG B lEat el

renovi ng thedepashted sNPbssOhiN et MMIHESE hdtonkid enexbo ashedby
solution, and then circulating the resultant solution to the reaction

sol ution.  weight @A)anibhet rmétlt’r@dc«améw’rdiﬂh@s@mq 3y, thehesttedgied trelution
sol ution containing the cat‘aﬁl)cg "EIS a part of an out]et solution
B

obt ai ned fr off éGEPC@aEtUé‘Fi”fS@F Gesgr @%ﬁﬁgdﬁhﬁx‘i’@d’@ﬂt@m%l‘fﬁﬁ de,
and water to odugg 5% g%atcge(%esgg?tl%na Q%{ 1%H'C0Jch and/ or a

part of an Fom & T eac of “Eonverting

et hyl ene car@gﬂﬁtt&ﬁgml ehendl MeoliRYsaddidg water to the Obtained
reaction sol ution. (5) The nmethod according to any one of (1)

to (4), wherein t{2¢ unhé seohidedcamatiirer so ale, mwaesaiadtHeysoimahs of
static separation, filtrating separation, or adsorptive renmoval wth
an adsor pt | veonsalsnaride. catalyst :L*q @) Pﬂlﬁeoﬁémh@ﬂlla‘é@@ihéﬁlﬁ@ Pbrigay Bee

of (1) to( wherejin the cata ate 0 oni um i odi de
or bronide. rea‘:tor(éﬂr pEtiT e i’)#eaf‘ﬂ aoégg KB AR Moer

of not nore éﬁgg %08‘%#65& QAtion to a col or and V\:hl ch has a purity of

not |less tha 9 (8) A non-aqueous el ectrolyte solution

whi ch contains t hg)et hyheRhed Rk haratengsetieidraeg jobl (clhprising
obtaining a reaction solution containing ethylene carbonate and
ethylene glycol by reacting carbon dioxide, ethylene oxide, and water
in the presence of a catalyst, and converting ethylene carbonate to |
ethylene glycol by further adding water to the obtained reaction
solution, the method coarprising extracting a golution containing the
catalyst from the reaction solution, adding water to the extracted

solution in an amount of not less than 20 times by weight an amount

of the catalyst dissolved in the extracted solution to deposit




MOWMAccording to the present i-nvention, the method for producing

et hyl ene carbonate is provided, wherein ethyl ene carbonate has the
hi gh purity, fromwhich the col ored conponent is renoved. FUrther,

t he nethod for producing ethylene glycol is provided, wherein the
operation can be perfornmed stably w thout causing any cl og-up or any
bl ockade even when the operation is performed 7 continuously for a
| ong term DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0012] (1) About
col ored conpasRiRblved mattéhe cahwiag the njepoeited conishobest! mnkteth\firame
carbonate, which is intended to be renoved in the nmethod for
produci ng etthy|eheactgt yoditigpe oindi Hhgnt elrchlating SEATPRVEHT iSOHtPR g
subst ance which emts . the fl uorescence when tho substance is

i |1 um nat ed i the WW@P&}H%P& light. Wen the origin of the
presence of the %h’)b_St'ﬂ{écﬁ?tg%dta(c%gﬁﬁnbntc?Qﬂr),r gﬁ&%?n%g@oﬁﬂﬁon

fluoranetric anal'ysis™in process “for produci ng ethylene carbonate

of the presephtdiAYENthOkatAGlHdiNg ddre & apueletPEoichngotiihyd Ehen
carbonate by reacting carbon di oxi de and ethyl ene oxide in the

presence of & beadtat aloy steaatihgpoarioby i digxisiep deidwiknet twidenend aicbehdte by
means of the crystallization, then the substance al ready exists in a

drain of an Fegdicet egudenshcartReats PRCRRYISRE dRFTIN 2PHRE 1D PAFOPE an

produci ng the_raw erial, of ethylene oxi t

t hereaft er ﬁggi%ssmé%ﬁtﬁaﬁn%&h#%naer%% Sg%gﬁs%ﬁﬁ#gﬁé.%?ﬁ SF€and an
ethyl ene oxigdepSikl R 8GN 1 @10y} BEIHDSHARGR Hife BbSOn&ORERINEH
in ethylene oxide as the'raw material for 'the EC production process
of the presemhutiventi on. I n the EC production process, the col ored
oaRoonent is circulated or cycled to the process together with the
catal yst, and thdStol Bheetethvipementingste oRE ameralt &4, Tp oGl eritit i s
i ntended to recover C@&g&uced et hyl ene Cﬁl’ bonat e

hi gh Lty i
accor dance vﬁhﬁh‘“ﬂ‘rés ; frﬁFﬁrfa FohRERSY m?aﬂancafi ﬁ‘gat&%%@%é\%%? édI "
col ored Can%ﬂ@fgtlh& %@i&rﬂt 8r adsorptive removal with an adsorptive

substance.
(6) The method according to any one of (1} to (b}, wherein
the catalyst is quaternary phosphonium icdide or bromidé.

(7 An ethylene carbonate which has a Hazen mmber of not
more than 10 in relaiion to a color and which has a purity of not
less than 99.999%,

{8) A non—aguecus electrolyte solution which containg the
ethylene carbonate as defined in (7).
[0o11] According to the present invention, the method for
producing ethylene carbonate is provided, wherein ethylene carbonate
has the high purity, from which the colored component is removed.
Further, the method for producing ethjlene glycol is provided,
wherein the operation can be performed stably without causing any

clog—up or any blockade even when the operation is performed



et hyl ene carbonate as the product, and a reddi sh color is brought
about. As a result of the structural analysis, the colored carponent.
is conposed of conponents consisting of polyethylene glycol,

pol yet hyl ene, and aromati c conpound. The col ored conponent is soluble
in a polar solvent such as nethanol or the |ike. However, the
solubility in water is low Therefore, the substance can be deposited
(precipitated) and renoved when a certain anount of water is added.

[0014] (2) Nelbadchery peoduULidcetdlyl ene carbonate The net hod
for producing ethyl ene carbonate of the present invention.i s based on
the process including the steps of obtaining a reaction solution
contai ning ethyl ene cArbonate b reactl%%ggarbon d|0X|de and et hyl ene

oxide in the presence ofPESHEIETEMS Y StHE PRRFERRFRDGMEDRENT? n as

"carbonation reaction (carbonate-producing reaction)” in sone cases)
and purifying produced ethyl ene carbonate by neans of the

crystal lizat j@3fs (@pl%&&h:békgggkg aLe that the catalyst, which is
usable in the e %YTEHE_CHTUU aré“ﬁ&%%utTng reaction descri bed above,
i's appropri at eI y el e@abest baguhelktn amitadadd iy sithylanebearbgede, which is
including, for exanple, brom des or iodides of alkali nmetals (those
described, fortensehpdde reogepincde wp@ﬁtfwmwﬁscﬁ#hmmﬁm@lm

hal i des of al kaline earth netals.(those descri for %ggkgthén
United Stat e3P twle?rg%ef‘t4§£7’)e“ EkyHad GG é hary - amroni um

ga';?g ggg?sefﬂ%%ééeﬂsg winb® S XA e 143 Pﬂ&a%téé%ﬁﬁ {RatiaRtadB1et

light. When the origin of the presence of the substance is traced in
accordance with the flucrometric analysis in the process for
producing ethylene carbonate of the present invention including the
gteps of producing ethylene carbonate by reacting carbon dioxide and
ethylene oxide in the presence of the catalyst and purifying produced
ethylene carbonate by means of the crystallization, then the
substance already exists in a drain of an ocutlet gas obtained from an
oxidation reactor for producing the raw material of ethylene oxide,
the substance thereafter passes through an ethylene oxide absorption
‘tower and an etﬁylene oxide stripping tower, and the substance is
also contained in ethylene oxide as the raw materlal for the EC
production process of the present invention. In the EC production
process, the colored component is circulated or cycled to the process
together with the catalyst, and the colored compeonent is
concentrated,

{0013] When it is intended to recover produced ethylene
carbonate at a high purity in accordance with the crystallization

method, then the concentrated colored camponent is mixed into



organi ¢ stannum germani um or tellurium conpounds (those descri bed,
for exanple, in Japanese Patent Application Laid-open No. 57-183784),
and hal ogenat ed organi ¢ phosphonium salts (those described, for .9
exanpl e, in Japanese Patent Application Laid-open No. 58-126884). In
particular, it is preferable to use brom des or iodides of alkali
metal s or phosphoniumsalts. Preferred exanples include, for exanple,
pot assi um i odi des, potassi um brom des, quaternary phosphoni nm i odi des
or quat er naraehphas pheBbETebi D The gsoxe NS & edddfsnr casansl leroubiyt

tri phenyl met hyl phosphoni um i odi de, tri phenyl propyl phosphoni um i odi de,
t ri phenyl bersbphiphoBp koneawit i afdtike stiuctbealy basdyays p Rigs SRR roisaede,
and brom des thereof. A conpound, whjch forns _al kali rreiﬂal car bonat e,
may be al so iFsEeroeRed SRFFBYIHRS \FCRF-SHHE SR FMLIRTYAFIE 9ARY i net al

carbonat e suppresses production. of y- t et hyl ene
gl ycol and é%ﬁy?%wgerfegr%bcﬁﬁ%‘a. n ca&boﬁ%?oiq‘g%&rfgact{ on, 1EEI\I}Ir?i chis
preferred. Rohassl wnasablarnavivag: dubdhganstabidl bi tite i1SKPr efiGivd as
the alkali metal. A preferred exanple, which is adoptable when the
cat al yst i s tmesbliupiepbimatticanis ilswas Thesfoid)ethd auddiparsesan Pat ent
Application Laid-open No. 2000-128814. [0016]1t in also all owable
that et hyl erdepositgd trreringtatash gindprrmorgd Wil Ghopadn aieE off pater
avail able, is used as ethylene oxide to be used as the raw materi al
for the car b’o%é%%@n reaction of the present invention. However, as

descri bed, f | fetridd K & e%@leﬂee%mté ndustri al

Chem stry, Sﬁ?mﬁié_.a(,ﬁp ﬁt’ﬂoﬁ ; 1 L T U possi ble to use,
after the purificabiant® fbe mealdngrthyl-e exbopite, ofashdesernbed

bel ow, a product which is synthesized by performng a reaction such
that a gas, Wwhieoticnoir hbes! thdhaainecessoppydNenss ted stedsyPeREtAHRIRg paw
material, oxygen, and nethane as,a dilution gas, is allowed to, pass
through a nuFRaeT1QibEPAT1PE SERTGH T EMa PHEE ST FRTERaFs \??Krreéﬁ?]&?y‘?t@g“

Usual Iy, the,select|yi f e €.t . e 1RXl i 0%
About 20% oqutoﬁ%ge? gsﬁ\( t&éyféing %:%)r%g?‘ t tehda Pﬁ%n%%ﬁ)gon d#%)%ll}é% g%gg%/\%atﬁer
in accordancg, Wakdint he "9 St i@n0XdaeetdnO fedrbasdtre Ofrodiditg ehaich PN in
reacti on gas, which flows out fromthe reactor, is conposed of, for
exanpl e, pr osktieedaseshydnengirdky-iohg, prodnessic eiddletch phdweatec by beasc ohdihd
gas, oxygen, and dilution gas. Produced ethyl ene oxide is absorbed
into the |iqoFwtphidsetion. an absorption tower to use water as an

absorption liguid. Ethylene oxide ich.is absorbed in the .
absorption | i[%g, i s di §% F‘P?@é’rbe}te\é\%%p%?dc%]aﬁﬁ% ’e?lﬁly ehe ol de”
Stripping toygr, gngtcgﬂxﬁﬂﬁe%b&%ih& Jo8CAVAT R cEiRM dhee, L oxer top
as an aqueous SO Ion of ethyl'ene oxide having a high concentration.
Further, theagabyei-ablpretntet Neopunbin catilgatane pensal, rdliding,
distillation tower. The aqueous sol ution of high concentration

et hyl ene oxi dle; ewirdh, itsoobieai eredodides dfhalladharetelsp (Hesesseriibed

above, can be also directly used as the raw naterial.. 71T
carbonati on EEREKFEBHECAR RPAPETS BrtRR BPHSGHER ﬁlﬁyajgr—%‘llltqgér baﬂ%ﬁs of
apparatus. FQ xaml e b -Whi C %?&Ern% ; iat e
position, a Ia"irué?uill(’:]ie CGFIF%hu at%}lignh%g%\%\gig%crp%%'i %335 W t Eéqﬁe%dtlttgﬁﬁhr%er

for removi ng phhighgit 2,%6,@97@;!@1%%&&@ gidteuhli Sfonite s8e6 (rhose
control the reaction tenperature by circulating the reaction solution
cont ai ned i ndeferib@ietow iegancie, linqunided itetdsabatent dondii/f3, OThe
reaction can be perfornmed continuously by continuously supplying the
raw mat eri al Srgfiet Hgnue Wuamprc}é?%ﬁlw Sméndénﬁtfioﬁ% e3¢t t

f the t bot t It I f ble.t t
pr ovi ded wi t RORPFBIRCY ol PIRE=TO 28 o PRI ST 8t P Tapanese. PAF Ui
Appl i cat | O”L%hgaﬁ%‘? ed %ﬁga%tﬁﬁ LHQepnbeud S2Ak! Pthobe REEABAY,E fiS

usually 70 to Wever, € reaction tenperature is



preferably 100C to 170C. [0018] The reaction pressure is usually 0.6
to 5.0 MPa. However, the reaction pressure is preferably 1,0 to 3.0
MPa. Water may be added to the carbonation reaction of the present
invention. In the presence of water, ethylene oxide is converted into
not only . ethylene carbonate but al so ethylene glycol. Therefore,
the reaction is easily advanced even in the case of a supply anount
of carbon di oxide of not nore than an equi nol ar anbunt with respect
to ethyl ene oxirle, ibheasues Yat@ianppl dddtton flatdrcbom Ndi. 038-UBEERM t.h In
respect to ethylene neide is usually not nore than 5 and preferably
0.5 to 3.0. thfGit9)Fheils ippprefapide foatio bodmiges ar igdides 68 pdéalit o

et hyl ene oxide is usually not nore than 10 and prefer $H .5 to 5.0.
It is ineffimstakft O FheghonEiepyttse a et ryE Fd’éw? ‘%/ hebubbl e

tower. Therefore, it .is.also preferable that bg! @Ezggﬁgctor is
arranged af B R fe %’&B%ﬁlémtlc)o\?%ri?s’a%%%(%%hu&l eng&%%(#d Int sol ution
or liquid i $nbsHonSin E6aek8br &iktbRlaSyiHReAMI G Hr-bf dagsatplotied,
addi tion of%:théeg catal yst Is f/ 000 toyrlli/; 20 and preferably 1/200 to
1150 i n nol &orradainslam b ti-gtpaginetbylpbbdppbene todide, Pkrert of the
reaction solution Obtained in the carbonation reaction may be fed to

the purifi cdwiprengirgsrptohpsphoniym dodidhy |tEhe s HpeREiRbogRhogbEL L ey
| ater on, and.,the:.renmnjning may he ef erablyv.circul ated to

car bonati on trrégﬁyé?‘erg\?fi%@?wﬁd@ftﬁ%' o’ﬁgrag"f%ﬁe %ﬁeﬁeé’%bv%’nog&%d’
col ored conpgnant: as. dessyiked: | 3iesn-00, Akl e REIS Q5dH MY hhiSination

operation for recovering the catalyst as described |ater on.
Al t er nat i velyith tghesgrenial isar:.f orlkeec ewedl ngrijdnetes atigryssesapebdbdie on

operation for oving the col ored conponent may be performed as

di stinct operfatmphs-profectopeieat tan ¢dwlenscolusol g HavéeReary PP ch

's perf or madinI Qhé) I;:g%ongl&o}lzreaction, which is preferred. Potassium salt
having a large solubility is preferred as the alkali metal. A
preferred exanple, which is adoptable when the catalyst is used in
cabination, is as described in Japanese Patent Application Laid-open
No. 2000-128814.
[o016] | It is also allowable that ethylene oxide having a high
purity, which is comnercially available, is used as ethylene oxide to
be used as the raw material lor the carbonation reaction of the
present invention. However, as described, for example, in Ullmanns
Encyclopecdia of Industrial Chemistry, 3th Ed., vol. al0, fram p. 117,
it is also possible to use, after the purification to be performed,
for exanple, as described below, a preduct which is synthesized by
performing a reaction such that a gas, which contains the main
conponents of ethylene as a raw material, oxygen, and methane as a

dilution gas, is allowed to pass through a multitubular reactor

charged with a silver catalyst. Usually, the selectivity of ethylene
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avoi d the degradation or deterioration of the catalyst, is
exenplified, for exanple, by methods described, for exanple, in
-Japanese Patent Application Laid-open Nos. 2004-262767, 2004-284976,
and 2004-292384. [0020]In general, a nethod for separating ethyl ene
carbonate fromthe carbonation reaction solution by. neans of the
crystallization is available, in which crude ethylene rArbonate
crystals are produced by cooling the carbonation reaction solution.
As for the gophimjgerebhod, i4 RBo@0eb Nonse B perhermeihdan @ccor dance
with a known net hod. Specifically, for exanple, it is possible to use
a met hod as desertedcohto athpadésddPandmatAppin satordimcearidhoghen No.
7-89905, wherein the crystals are deposited on cold perpendicul ar
spaci ng wal | el avddtiop mr'ﬁédoﬁéa*%mtreﬁ&ﬂ@ B15 YRS HEVSr e

nmelted, which are allowed to f.low do d t subj e
separ at i on, %ﬁaﬁ%@:%ﬁ& lﬁa‘?ﬁ“ﬁ%&\‘gg%i g%%l e%%"%l‘i?y%aﬂ?%fc%ggegbglreég.
On the Ot Ner1AN0 unAeaOLN LENAUNE L BInEAINL At LN QMlybdri, AhreOakiiensh as 2
continuous crystallization thod (described,” for exanple, in
Japanese Patgqpt, Apphiceatdtbnldrai ckigpeis NosorB&D InRB4U@ N ighini pleseKingadom
Patent No. 1086028, and "Separation Technol ogy" (The Society of

Separ at i on RiwougsoErigivere dpsiseleen)as volabsgpriop lequigy. EgBylege
(2005)). The countercurrent contact nmethod is such . a nethod that the
purity of etPiFFanenedy b Azeerhed hree B?zrpﬁb%il%th h& @&%&E@p or

bet ween crystals of . Y. a s A b AUty JRORLL Ik kdhggEC
producti on psr'tg%é%ega %)Ifgph%t%g?%]s%e%?%lgﬁ%/%ﬁ@o%, C!twh!e' sol ution contal nisng
the catal yst rdivdha ARCERStdWereddy a€aadadueoms bERIti 6ACE ey kakUdiicn
and then water is added to the extracted solution in an anmpbunt of not
| ess than 20hdvings bighwedrgeitmetien 1Birthemubie debhydnationt anidythe

di ssolved in the extracted solution to deposit undi ssolved matters.

By renovi ng PYrEEHabsY PERl PERERTESE 1Py diattidrsion: Fetol SR dTSHBonent

is removed (this,.operation is herein red. . ;
conponent r eﬁ‘g\'ﬁ%hﬁPS%Z?g? icﬁ’ﬂce(nécﬁ%?gfli%ﬁpﬁ%? %@%V%ﬁﬁ%%gg%ﬁg rom
conponent )" ﬁ‘fb SR €35 85 )aesdi®el|Aofe, 8in BRI ARotdi@eslyUidedNas the
containing the catal yst is extracted, nay be any place at which the
sol uti on contai astdrhgl.cat al yst to be circul ated. However, for
exanple, it is preferable to extract a part of the outlet solution or
| i qui d obt ai BRTht t h&heutaeenagion peactiehGARtHcORRHEHCORY UTHY ay

component | SARILTEBERERaPed R PSSy beuRe st hd Sorfatn
or liquid is,circul. ' 0 . 1S | fliek
renovi ng t heug%ﬁnggdég%gﬁpg%%gﬁi ta ll' %‘%%ﬁ%@?ﬁ%{ g?r&oaﬁ% Q%i?&ﬁli/ego& t oal 1/5

and pref er abhyatl1£1@8nd 24 Qaffvihdanetdaetantioh wing Fophinai viedulaitidhe
outlet of the carbonation reactor. [0022] As for the amount of
addi ti on of wateedtto ¢tdrereXthaceedtion temperature by circulating the

reaction solution contained in the tower via the liguid circulation
conduit. The reaction can be performed continuously by continuously
supplying the raw materials of ethylene oxide and carbon dioxide and
the catalyst from the tower bottom. It is also preferable to use a
reactor provided with an ejector type nozzle as qisclosed in Japanese
Patent Application Laid-open No. 11-269110. The reaction temperature

is usually 70 to 200°C. However, the reaction terperature is
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solution containing the catalyst, it is necessary to add an anmount of
water required to deposit the col ored conponent. The anmpbunt of
addition of Water is not |ess than 20 tines by weight, preferably not
| ess than 50 tines by weight, and nost preferably not |ess than 60
times by weight with respect to the contained catalyst. As for the
maxi mum anount, if a.large anmount of water is contained in the
process, an extrenely |arge anmount of energy is finally required to
remove wat erpref&@HEY QOEC td 176°cappropri ate that the maxi mum anmount is
not nore than 100 tines by weight and preferably not nore than 200

ti mes by wei (fi8L8lni t h 1es peettion rrheswroimtswilly Ke6conbdl MBa- cat al yst .
[ 0023] The operation for recovering the catal yst and the 14 operation

for renovi ndiWRER oFY ERRCED ERRTHIR dF BELeradYY peft 6t Ael MEdnt PafSus! y
f th | uti t aini t_h t al d i
bove. At :Jr?a[gfﬂ'e t%ﬁcgeaﬁgngi%g Satbortt Yc%éctgé}é roafCEh%C P?egseegt? 3%%&9.?

I'S recovere s de ove from

the extracteg, sQl WhiQncs U fdd-NGchiiRngataky stk coieriaconer &8 only
catal yst may be used as it is, or the recovered catal yst may be

di ssol ved, fahybxanpimonate eithylenetigiiyeslgl y@lobttakrefarsolthe ireactibn ch
may be used as the solution containing the catalyst. Water may be
added t her et easilgmsivanceseedl &0 CHAD SHeR tSUBRLYAETIUNT _OfTRRCbaRpuNnt

of addition of ter, 0)(_\/ni ch i.s adogte.d in this Pr.Q e_éjure S _*)sl%néhe
sane as or e‘%’tﬂ’%\% eht™ d“qrﬁeﬂ'ﬁﬂo%.q‘fﬁﬁ%ﬁ AL/ Jtﬁe er’?@?%o%iofeg ¥
addi ng wat er..;a0y ?R@%h?é]]yam_%é‘af&ﬁoic% BYhoh RAHLI RO MR Redhe: €8t al yst
concentration 1s thin 0O OoWw. or
ethylene exide is usually not more than 5 and preferably 0.5 to 3.0.
[0019] The supply molar ratio of water with respect to ethylene
oxide is usually not more than 10 and preferably 0.5 to 5.0. It is
inefficient to camiletely react ethylene oxide in the bubble tower.
Therefore, it is also preferable that a tubular reactor is arranged
after the bubble tower, and ethylene oxide in the solution or liquid
is further reacted. 1In this procedure, the amount of addition of the
catalyst is 1/1000 to 1/20 and preferably 1/200 o 1/50 in molar
ratio with respect to ethylene oxide. A part of the reaction
solution obtained in the carbonation reaction may be fed to the
purification step of purifying ethylene carbonate as described later
on, .and the remaining may be preferably circulated to the carbonation
reactor by performing the operation for removing the colored
camponent as described later on after performing the operation for
recovering the catalyst as described later on. Alternatively, the
operation for recovering the catalyst and the cperation for removing
the colorsd component may be performed as distinct cperations. The

operation .for recovering the catalyst, which is performed in order to
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exanple, a piping for water may be connected to the sol ution
containing the catalyst to cause the mxing in the piping. On the

ot her hand, when the catalyst concentration is, for exanple, 40% by
wei ght which is high, the catalyst is tenporarily deposited when
water is added. Therefore, it is preferable to performthe operation
In a dissolving vessel or tank equi pped with an agitator. The
col ored conponent is deposited after addi ng waLer. Therefore, the
deposi t ed colwsedheonpereitton SrSsRftataireti candf thewwesihy, means of any
appropriate nethod. Specifically, the separating and renoving net hod
may be any netehpbified| for egaceflor hyxmahbbds desrribedt Fer sep@iat iidn, the
filtration, and the adsorptive renpval. In the_cas Q]f the static
separ at i on, JaranesenBrEEs PG THE P haPdpNoR 8?1046564 PhuiddOtEPIZ 6
period of tine uj to precipitate the col ored component. A
super nat ant @Eiéﬁgogéggé'as the catal yst solution after static-tally

placing the gqbbii on of genbkl, da REEAR 8 YehRbt MR edtfSncl Barbonate
from the carbonation reaction solution by means of the
crystallization 'is available, in which crude ethylene carbonate
crystals are produced by cooling the carbonation reaction selution.
As for the cooling method, the cooling can be performed in accordance
with a known method. Specifically, for example, 1t is possible to
use a method as described in Japanese Patent Application Laid-open
No. 7-89905, wherein the crystals are deposited on cold perpendicular
spacing walls, followed by being wamed so that parts of crystals are
nmelted, which are allowed to flow downwardly to be subjected to the
separation, and thus crystals having a raised purity are recovered.
On the other hand, a countercurrent contact method is also known as a
continuous crystallization method (descrz'bed,- for example, in
Japanese Patent Application Laid-open No. 2007-284427, United Kingdom
Patent No. 1086028, and “"Separatien Technology” (The Society of
Separation Process Enginecrs, Japan), Vol. 35, No. 6, pp. 45-49
{(2005)). The countercurrsnt contact method is such a method that the
purity of ethylene carbonate is raised by means of the contact
between crystals of ethylene carbonate and a liquid.
[0021] " In the EC production process of the present J'_n;.rention,
the solution containing the catalyst in the process is extracted frem
the reaction solution and then water is added to the extracted

solution in an amount of not less than 20 times by weight of an
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than 0.5 hour and nore preferably for not less than 1 hour. As for
the apparatus to be used when the static separation is perforned, for
exanpl e, an apparatus nmay be used as a precipitation vessel or tank,
wherein an ordinary vessel is provided with an inlet piping and an
outl et piping which are installed at opposite positions to decrease
the flow velocity at the inside. (0025]1n the case of the filtrating
separation, the separation

amount. of the catalyst dissolved in the extracted solution to deposit
undissolved matters. By removirng the deposited undissolved matters,
the colored cemponent is removed (this operation is herein referred
to as "colored camponent removing operation (operation for removing
the colored camponent)™ in scme cases). The place, at which the
solution containing the catalyst is extracted, may be any place at
which the solution contains the catalyst to be circnlated. However,
for example, it is preferable to extract a part of the outlet
solution or licuid chtained at the outlet of the carbonaticn reactor,
‘The extracting amount is appropriately to such an extent that the
colored camponent is not concentrated in this process, because the
solution or liquid is eirculated again to the EC production process
after removing the colored component. The extracting amount is 1/500
to 1/5 and preferably 1/100 to 1/10 of the ocutlet solution obtained
at the cutlet of the carbonation reactor.

[0022] As for the amount of addition of water to the extracted
solution containing the catalyst, it is necessary to add an amount of
water required to deposit the colored component. The amount of
addit.:ion of water is not less than 20 times by weight, preferably not
less than 50 times by weight, and most preferably not less than 60
times by weighl with respect to the contained catalyst. BAs for the
maximum amount, if a large amount of water is contained in the
process, an extremely lérge amount of energy is finally required to
remove water., Thexefore, it is appropriate that the meximum amount
4is not more than 100 times by weight and preferably not more than 200
times by weight with respect to the amount of the contained catalyst.

[0023] The operation for recovering the catalyst and the
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may be perforned by using an ordinary filtrati on apparatus or
strainer. However, the colored conmponent is gradually aggregated or
coagul ated after the addition of water, and the filtration is
performed with ease. Therefore, it is preferable that the filtration
is perforned after holding the solution or liquid preferably for not
| ess than 5 m nutes and nore preferably for not Mess than 30 m nutes,
in view of the filtration performance of the col ored conponent. As
for the appatatassiohOfort Relidd tRd b@Threl tednSorRRRI@RN Ak Esd Belfdemd
commercially available ordinary filtration apparatus or strainer.

I n the adsorguhtireceepatat itha,soltitios @hsaindhdg ahablaealyet usérarted as
adsor bent includi.ng, for exanple, ordinary activated carbon and

zeol i te. Howeseribedtatiogepr AF diasl-ethe cabdyat dot ¥esayenedt &y pagcribed

i ncluding, for exanple, glass wool,. polypropylene woal otton, and
metal wool , FEEQIEET es%@ﬁa%teﬁr%’ﬂr@fjto? %@?&?g(}%ﬁah‘éﬁ%ﬁvﬁ hal?‘et he
col ored conp 1S .C red:.or  adsogbe 1 :

Speci fical | y]?&ggéxfegr t %ﬂéppa\)ré?ﬂlggc?ggb:é@ﬁg'eg? t%r'geeeggén%dg?&?%%ﬁ

sol ution or fddyaud Gii GQNLEANIERE ekl 8Atial ¥giylatddglyos tid Wedeh =S
descri bed above is allowed to pass through an adsorption vessel or

t ank char gedsodiitipngiiaiss mayobe uaedl aphithe sdigtiwl ord@impgt descaahydie
renoved satisfactorily. 16 [0026] The period of time, for which the
sol ution or WatgaiTayi ke AFHBWEPFE FasEIOTS tABCCsPRE: FTBaTY 79 Hetled.

When the dengity of t t is.thin.,or_| Iyt i e to
allow the s onﬁ'[?t %%n{;oor}??%\%%gérg\?\f y""'T.a\:rlg—%vxlg'f\}li}ri’jk , EE\’Aﬁe tte emaglé%r Ig%ﬁtééﬁgr)sé'
Char ged densg) yied B 2050TR! b:0BqlvaBTFERS thaMHBge per formed in a short
period of time. It is also allowable that a period of tine is

provi ded to bmgdakgat e akhisrctieonsrhod oiypoarieiby heter, eanyhepsiipblappdmatahe
adsorption vessel. However, the two effects are achi eved by providing
a period of 14 et freaukied AEB PPt FHALGT GPsePteE5ion AatiEIn 1% Hhodi®S in
order to sinultapeously,performthe t of the ads ti .and the
aggr egat i on ‘f"’f‘?ﬁ?ﬁ% & F-‘Bil it8h “gt%%g?y\(b\%h?@B%fl?%on%%%ﬁ?g& g the
catal yst, whj i éb%@i nad; af hd Gh col SRYTP i's
circul ated t%&{ﬂﬁierﬁg rbonat i oﬂgttr E%étglﬁ%gg%?g?‘%{g%E%?E%gﬁgti onqﬁfg%eess.
The positi ongtrak mhids Whbhehsoddthign corbaintng Lie fontahyst, i49% by
returned, may be any place provided that the catalyst is circul ated
at the pl aceweifhe whosh tisom.ghndhadetalistr iexamsireri vhdeppaitet wknt he
carbonation reactor, the outlet of the carbonation reactor, and the
catal yst sep®#t&Fi oh=ddsh. Trettrre H‘il“é*‘n@recf&Fﬂ?}ﬁa'E%Pe’t}ﬁ??F%ﬁ LHFYdTRed
by the EC production.proces f.t P i nvent i S no

col ori ng, and” it Sasgl‘gmﬁi %?E%ﬁroﬁ:t%%k@%ggr%ﬁﬁe%ﬁgghﬁé:g%ar bonate is
preferably usabl epasciideed JKPRESY 113 dephOite8XHHBE &caf@f wiike,

non- aqueous el ectrolyte solution (electrolytic solution). The term
"no col ori ngthexpearid, i el tgpastier soloved kemfamett tikatepbiazed andniwepvids
not .nore than 10. Ethyl ene carbonate havi ng Hazen nunber of not nore
than 10 and by peais pf onyns®rrRigate ey, Firscd Faelivh shRotrratridba $d

ety e Soting efRl fyhd Gnf PRI NGB! BN LRGP S RLic

separation, the filtration, and the adsorptive removal. In the case
of the static separation, it is necessary to hold the solution or
liquid for a period of time required to precipitate the colored
component. A supernatant 18 recovered as the catalyst solution after

statically placing the solution or liquid preferably for not less
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in the present invention. The non-aqueous el ectrolyte solution of the
present invention contains an electrolyte and a non-aqueous sol vent
for dissolving the sane in the sanme manner as any ordi nary
non- aqueous el ectrol yte solution. The non-aqueous el ectrol yte
solution of the present invention usually Contains these conponents
as main ingredients, which is produced in accordance with a nethod to
be ordinarily enployed. [0028] (3) Method for producing ethylene
gl ycol AR NG 1 ASPEES e LA BLASCAL: LAY 30hd @ ISAdlES 18 B

pro y 0 ased

met hod for uci ng et ene glyc on a process (referred to
herein as "E@ePsgaustdsofo BEOGRSSWhehNtHROSRI LA SREIraC D Ll Sl forbe, Sbeps
of obtaining a reaction solution containing ethylene carbonate and
et hyl ene gl yeotpby seappingueanpde déeikasie, pechyltehtoroxestel amtRnkat er
in the presence of a catal yst and converting ethylepne carbonate to

et hyl ene gl yesrely ap i YaRfenl ifaperidys fHe #bdatsed B edrah

solution (hydrolysis,step), the,ne ISk T i .ngl

sol ution con?‘ﬁ‘gﬁ\yr%pﬂ?ew Vst T cjﬁ'-%i %ﬁeié e%‘é?%ggéé‘lg %Hoo%&ga(ﬁi ng
wat er to-thegext{actedcsal UbiQR ifyiap. amount of not |ess than 20
times by weight an anount” of the catal yst dissolved in the extracted

solution to dmpepit qudigsotasedofrahe et raténp separatie, dépositeation
undi ssolved matters fromthe extracted solution and then circul ating
t he resul t anh2ysbé rerbemed Dyhesipg oie SELLNTFE FEHITGEED SRASBHENPT of

et hyl ene carbonate, which is to be renoved in.the t.hod_f

produci ng et ﬁ‘fﬁaé?‘@*cd?b%ﬁ%ﬁ'e“lfe%fqrﬁ‘gf%o nga%%agga % \ea_lgg?é%a-tﬁ% Gr
bl'ockade in E{a@b&’&ﬁ%ﬁ&&%@%&eﬁé% hoghd ore RERdUEiRgiSt hyl ene
gl ycol in anotfhier viewpoint. Therefore, en the col ored ccaponent is
renoved in agSFHERRCRILN &dbel Nernsadiore, i€Ois padfentbleetizadihe Cilitsatlisn
possi bl e to produce ethylene glycol stably for a long term (0029] The
step of obt ainipegfamedacten hoblingtihensadubian o Agaadhpredareidyrips e
and et hyl ene gl'ycol by reacting carbon_di oxi de, ethylene oxjde, and
wat er in thelpifeshaice HPUEGRS f“ﬁ?e;/ﬁeﬁeﬁa?]i%g%?ﬂ%gg?%?gﬂ? éhﬁ‘&f“ﬁ@es'
et hyl ene gl ycol .0‘1‘J c}fh&eo%l e j
to the prpdu&?i%ﬁ_ process descr _ e. onat1 on reaction
solution is sypphieflphQthbercRydiokysi-srivheRr ¥ WBMebridtepal isob

et hyl ene carbonate can be separated and purified therefromin
accordance Wetincatiappraaptizate areideog. fillardths appomsdsiog, strhgearet hod
for purifying ethylene carbonate is not limted to only the

crystal lization nitlkbe adegidtive geppravion, | it 18 el Bl 5 He,
for exanple, a kpown distillation nethod, O caourse en t he

puri fi cati on2pOmheRt dPAREI% %’%Wﬁlﬁ’e ORHREY ﬁgi%vrdﬁﬁgqa??ozn 2%

met hod descri bo L ig shfl o0 phtai N stdawl eReeGal bonat e
whi ch has noz(g%]ﬂgfgi ngguéen Ei/vhl"l C %as a high purity. [O 30]?t IS

advant ageous iheLRekRd, Ok Ehannepcilhes wabl,apdliyphodydamEe kadlyr eotiton,t hed
hydrol ysis step, in view of the reaction velocity. However, if the
t enper at ur e irstaixvesls | heslaysdioghsuchta psodesty egstaaed therahyaihiet yehef
et hyl ene glycol may be deteriorated.. Therefore, jt i us| al |
preferabl e t GOHEEAGFHPPIET B PYHREHY ABETED °1 oL e%?c'%i on

pressure ‘i s bitrary w.thi ikl 8):398 t t he
sol ution or gpﬁfﬁ%@%ﬁ\@\%#& ??é %gg%gggﬁ ftg IL;perg?ée&fr'?aifr)c}lg to ![L)% Pgér m t he
reaction at a,puessWre1igma @heRsRRehe RELESUrRidke Wt Wha: aFUr t her,
it is also preferable to facilitate the hydrolysis by raising the
reacti on tenpReatibed sbodd as dldwesxd hg rhbe theaghi anagsospbionevessel vg
hydrol ysis proceeds. Specifically, it is possible to use nethods
descri bed, fdenkxchapied, with glasariesd, patdips Abg| slarshpatters can be

removed gatisfactorily.
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19 Laid-open Nos. 59-13741 and 2000-128814 in relation to, for
exanple, - the raw material and the anmount of addition of water.
(0031] Et hyl ene gl ycol can be Obtained in accordance with a known
met hod fromthe preparation of ethylene glycol produced by the
hydrol ysis. Usually, water is separated by performng the
distillation, preferably the distillation under reduced pressure to
bt ai n crude ethyl ene glycol conposed of, for exanple, ethylene

gl ycol , diet e gl h&f BN £001hi GO+ROLPILEAReNERLS: i8Nnd
t he car bonat ongjgat al %g'tpbpgﬁde&tthat in order to suepar ate ?ﬁﬁe *

catal yst fromigldykenasg) ¥eokot Spedtieical hylenitegl y@ntn ke skppltyest t o
an evaporation apparatus. A greater part of ethylene glycol and parts
of the high #ei hbsgbguai bt chimponem sitaie revegrerattedaldnd hecebkdd to
obtain a residual liquid conposed of, for exanple, the catal yst,

remai ni ng ety Iféee sgpRlyel HougHert bR §R %PF“?%%E o PR 9ES T t $M8The
residual liquid is supplied as the "cat S ion t.h

car bonat i on ?‘%535?*'11 ﬁqﬁgé%‘reﬁ%e"é‘np%eo%? e&lgltétaa%st %kgg%%Fyﬁg?ép s
al so perfor ned ;ab, 211 GAUEE IR BSSHE i0F OREels bRoviasd tbl@iy8edshe the
evaporation or vaporization of ethylene glycol and the high boiling
poi nt conpongslicsed AdmEpEEt BEfsepthey sehedy vic thea adstrpticar vésselised as

t he evaporati on apparatus, wherein the energy required for the
evapor at i on HeweempFeansn® ed fectndarteh achieuprd PEATOHL HAS hPpefigd of time

controlled. [0032]Also in th aﬁfc); roductjon, _process of %e resent

i nvention, tH¥F 5B Gfi??ﬁﬁ’t?:%f’gi wglgﬁ%mgfa Sangi‘tﬁ‘? SeXt PaCted from t he

reaction sol gﬂu&ﬁ?m}éﬁégf r%ér%oﬁﬁ@ﬁg B G RMRHSroWACBnd $1d @bgbeBEBidhhan

20 times by werg an unt of the dissolved catalyst to renpve

deposit ed ungh 356! AteErdrabh esselAf te ddiationt becadlingithe daalst,

circulated again to the process. In this procedure, the solution
which is obtained after removing the colored component, is circulated
to the carbonation reaction of the EC production process. The
position, at which the solution containing the catalyst is returned,
may be any place provided that the catalyst is circulated at the
place, The position includes, for example, the inlet of the
carbonation reactor, the outlet of the carbonation reactor, and the
catalyst separation step.
[0027] Ethylene carbonate, which is produced by the EC
production procegs of the present invention, has no coloring, and it
has a high purity. Tﬁerefore, ethylene carbonate is preferably
usable as the raw material, for example, for the non-agueous
electrolyte solution (electrolytic sclution). The term "no coloring®
specifically refers to the fact that Hazen mumber is not-moxe than
10. Ethylene carbonate having Hazen mumber of not more than 10 and a
purity of not less than 99.999% and the non-aqueous electrolyte

solution containing concerning ethylene carbonate are also included
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containing the catal yst may be any solution or |iquid provided that
the catalyst in the EG production process is contained.' However, for
exanpl e, the outlet solution obtained at the outlet of the
carbonation reactor or the reaction solution of the hydrolysis step-
is preferably used. [0033]Also in this EG production process, the
catal yst recovery operation may be perforned in order to avoid any
further degradation of the catalyst in relation to the catal yst
recovered in;fhg, &%‘@Any_ SinvERGANET Ynd tr@xﬁva@@&‘ast bfocs phihe QR WBh &F 1S
obt ai ned by dissofving the recovered catalyst, for exanple, in

et hyl ene gl yg@l pravaybanustdonsotifiins Gnuéleedbralqbé andiangoi-hguaatal yst .
Al'so in this procedure, the position, at which the circul ation

sol ution or $algeitd £bs dissalrired the et dasthef eamecramnpt @s arlyeordinary
carbonation reactor and the_hydrol ysis reactor. [0034] Exanple 1:

Product i on OFOMERMRPPEH SLeSTBbTSt oYU onea r BEnaA 8HFR% S rdte e

carbonation reaction lution.c [Nin |- .car,

et hyl ene gl y%og‘l"'&(ci?G?f %g% pgggée}i}tng@}e%ﬂ?u%%ﬂ%wgcg %ﬁgfttgg%%aﬁ‘“@%g%?tf Hr
of tributyl ngt byl PhAsRROGIEM Qe d8, piaficddPid aBYordsh@hir dif a Gethod to
pot assi um car bonate, and 78 parts by weight/H of raw materi al

et hyl ene oxiise ordiguetiys aggdbwd.on (60% by weight) to a first reactor

at 100C having a residence tinme of 1 hour pressurized with carbon
di oxi de at 2[992RPa(3) THIEtheH epduetn: FEyleRg giveeh was extracted at 3

ts by weight/H. to whi ' s _added i.n a t ot 60
P e by el ot Boste febegh ok pfeanfaRsehoits A o fithod B3 0

prociucing ethylene glycol based on a process (referred to herein as

"FG production process" in same cases) comprising the steps of
obtaining a reaction solution containing ethylene carbonate and
e‘ﬁhylene glycol by reacting carbon _dioxide, ethylene oxide, and water
in the presence of a catalyst and converting ethylene carbonate to
ethylene glycol by further adding water to the obtained reaction
solution (hydrolysis step), the method comprising extracting a
solution containing the catalyst from the reaction solution, adding
water to the extracted solution in an amount of not less than 20
times by weight an amount of the catalyst dissolved in the extracted
solulion to deposit undissclved matters, removing the deposited
undissolved matters fram the extracted solution and then circulating
the resultaent solution to the process. The colored component of
ethylene carbonate, which is to be removed in the method for
producing ethylene carbonate described above, causes the clog-up or
blockade in the hydrolysis step of the method for producing ethylene
glycol in another viewpoint. Therefore, when the colored component

is removed in accordance with the same or equivalent method, it is
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was allowed to pass through an adsorption vessel charged wth wool
made of pol ypropyl ene (produced by DOH Japan Co., Ltd.) at SV.= 1.
The catal yst solution allowed to pass therethrough had a pale yell ow
color. The solution was used and circulated to the nnrbonation
reactor. (2) Purification of ethylene carbonate The operation
was continued, for 1 nonth, and then ethyl ene carbonate was
crystallized and purified fromthe carbonation reaction solution in
accordance \Ff}gc;sgi } MBS @9%@%5&&1?%1@ O =204/ 208213 ngSReri fically, a
vertical type nelting purification apparatus.” described in Japanese
Patent Appli gabbpn Laird: Ghen diosbtBifihd 08 reasius edla@sof containing
crystallization apparatus. The purification apparatus is provided

W th an agi tetthgteneArarighatat auh etihdbne Javioighbw rearting eedbonagdiceadd.on
rod was used as_an agitation inpeller equipped to the agitator. A
slit-shaped $Hype poiRehdite Y3365 ey ERS BFPSY'?B b thgi %h&%‘h&ﬁw ,

whi ch was provid in_aorder to.confi |_at.i N
sedi nent at | or_ﬁétlg?ggfj §SPRT ‘é?m%ae%h}”ﬁegl i(%%%fgrfla%%%g&gﬂur aeglél% 1 _Fltge
crystal lizatign a0paraftsakae b8 Uses: pkOi3%ld pAddesdldebbgnb®aBéieQn
solution obtained in, the carbonation reaction was cooled to 17C by
means of a cThsstatbohatiieg @mppaicat st et ppedppliibh t@ dwohydrglysickstepas
descri bed in Japanese Patent Application |aid-open No. 6-91103. A
slurry cont ailoverer -cpyerhl of gEhBens carhongts 8t bRagergratsdrad, PWAF T was
supplied froma crystal supply tube of the crystallizatiqn.apparatus
descri bed abbif&E® Efﬁ‘e”btaﬁg?xgia%é/%’r R IPREREETS lﬁeaﬁhﬁ%‘ c&?%&zﬁl i zation
appar at us. S MR AMBHAtER T AREARY dehflk MASLRE0MCHS 188 1Ba
overflow li é%ggé rom an upper gor'ti onﬁ%? the crystallizer, which was
circul ated tg chive thy dirobian Szatea¢ method] @R36]vEHeatewy st at Seweirse

sedi mented, and the crystals were progressively accunul ated at the

t ower bot t onposEhiele ky sisal sforegxampieat @ dnpyn disidadatiopgefiped- tHe
crystals, and a nelted solution was forned. TcPe melted sol uti op was
initially noY@¥stpiEpYHe iFHe BEI Ry HP A TPREPCT ihth the

count ercur renf s‘é%iﬂzéﬁgancrg(%%&'d%%&ﬁﬂéé'%&q féiag@s&%ﬂe% bitgypd, and

the nelted SOt on“Was extract e roman upper tracting tube. The
sol uti on wasefil i edriicRatd @hitidnad ¥isi16agt drdnupiicd Hal€a high purity.
crystallizing apparatus.

[Q0301 It is advantageous to perform the reaclion at a high

temperature in the hydrolysis step, in view of the reaction velocity.
However, if the temperature is excessively high, it is feared that
tﬁe guality of ethylene glycol may be deteriorated. Therefore, it is
usually preferable to perform the reaction at 100 to 180°C. The
reaction pressure is arbitrary within a range up to the boiling point
of the solution or liquid. However, it is usually preferable to
perform the reaction at a pressure from atmospheric pressure to 2.1
MPa. Further, it is also preferable to facilitate the hydrolysis by
raising the reaction temperature and/or lowering the reaction
pressure as the hydrolysis proceeds. Specifically, it is possible to

use methods described, for example, in Japanese Patent Application
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Et hyl ene glycol was not extracted froma product extracting tube at
this point in time, and an accunul ated | ayer of crystals was forned
on the nelted solution. The thickness of the accunul ated | ayer of
crystals was observed fromthe inspection hole, and the extracting
anount fromthe product extracting tube was adjusted so that the

t hi ckness of the accunul ated | ayer of crystals had a height of 95% of
the crystallization apparatus. [0037] The operati on was conti nued for

3 days, and ms_ﬂg@'masy 21508 Sl¥hene pak %néél%t%rp%'c'[foﬂ\@%armle, :

eval uated by using a gas chromat ograph and a Karl Fischer nvoisture
neter. As a fiRsHhi matdiearhyltbneanghyc of wiobcientsftaesx.in t he product
was 1 ppm and the noisture content or water content was 2 ppm In
ot her words, [Q08&] pur i Eyhydene lpéyerlhgdrehe @é@mﬁmam% ot

| ess than 99 999% Ps for the hue, Hazen_nunhe 2t han
10. [ 00381 CHifWarEChece TEra st é’rﬁpﬂaﬁ%ﬁ’%ﬁéﬁgﬁ @?Q‘?ﬁa ?‘gg%g% in
t he sane mann S Eé?[m ;Q £ tracting
the reaction %C{SP&I on o alk (“f; ?B(g%%e %%1?1%% ti o%m% a%ltél on and
addi ng wat er 3{0: {RRRME FRIFREI1§0chaBLtET TatNGS uR@r P&ICEd MReksuAd to

et hyl ene carbonate pr oduct whi ch was obtained after the operation

for 1 year, dsl:&ﬁmn:recﬂehyatmﬁen@lg}gml cowoewt pht ifon exadble, mehgianee
content which were unchanged_ as corrgared with Exanple 1. However, the

hue was sl i g@tiepls SgefinylencagtiyPhe 4 @pﬁé@%b%ll%lp@ﬂ-mﬁv&?@oéﬁ? (S e d
by Hazen Tl Ut er og H%:Lon catg:Pys%t %’éter L:}QAQ:Bgln %%gép !l:g ega}].;a%e Qhe

catalyst from ethylene glycol, crude ethylene glycol is supplied to
an evaporation apparatus. A greater part of ethylene glycol and
parts of the high bmllng point oonqaonents are evaporated and
recovered to obtain a res:Ldual llquld conpoged of, for example, the
catalyst, remaining ethylene glycol, and the high boiling point
components, The residual liquid is supplied as the "catalyat
solution" to the carbonation reaction described above. The catalyst
recovery step is also performed at a reduced pressure in order to
facilitate the .evaparation or vaporizaticn of ethylene glycol and the
high boiling point components. An apparatus provided with a reboiler
is used as the evaporation apparatus, wherein the energy required for
the evaporation is supplement;ad, and the evaporation amount is
controlled.

[0032] Also in the EG production process of the present
invention, the solution containing the catalyst is extracted from the
reaction solution. Water is added in an amount which is not less
than 20 times by weight an amount of the dissolved catalyst to remove

deposited undissolved matters. After that, the solution is
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The step of renoving deposited undissolved natters was perforned in
the sane Renner as in Exanple 1 except that the anmount of water to be
added and the nethod for renoving undi ssolved matters were changed in
the step. of extracting the reaction solution obtained fromthe
carbonation reaction and adding water to renove deposited natters.
Obt ai ned results are showmn in Table 1. As clarified from Table 1, any
col oring was not observed for the solution obtained after renoving

undi ssol ved Jat.i16kSa G G0 P URE NMirchss0M N ehSObtiice@ike; OfHeabdlinaghnt he
cat al yst when the anount of water added to the solution containing

t he cat al ysteonesin2fly ttharathlysvatayhbe ohp sodtt@oy sir atmpuid tprof@gdofhat
Table 1 Aropunt of addition of water (tines by weight/catalyst
anount) the catalyst in the EG production process is contained. Howevér, for
exarple, the cutlet solution cbtained at the cutlet of the
. carbonation reactor or the reaction solution of the hydrolysis step
is preferably used,
[0033] Also in this EG production process, the catalyst recovery
operation may be performed in order to avoid any further degradation
of the catalyst in relation to the catalyst recovered in the catalyst
recovery step, and the solution, which is obtained by dissolving the
recovered catalyst, for example, in ethylene glyccol, may be used as
the solution containing the catalyst. Alse in thiglprocedure, the
position, at which the circulation solution or liquid is returned,

includes, for example, the carbonation reactor and the hydrolysis

reactor.

[0034] Example 1: Production ef Ethylene Carbonate

(1) Carbonation reaction

A carbonation reaction solution containing ethylene carbonate and
ethylene glycol (EG) was obtained by supplying 5 parts by weight/Hr
of tributylmethylphosphonium iodide, 0.8 part by weight/Hr of
potagsium carbonate, and 78 parts by weight/Hr of raw material
ethylene oxide aquecus solution (60% by weight) to a first reactor at
100°C having a residence time of 1 hour pressurized with carbon
dioxide at 2.0 MPa. The obtained reaction solution was extracted at
3 parts by weight/Hr, to which water was added in an amount that was

60 times by weight an amount of the contained catalyst. The solution
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Net hod for renoving undi ssolved natters or exponents State after
renoval of undissolved matters Exanple 2 200, static plant for 3
hours decantati on of supernatant no col oring Pxanple 3 80

was allowed to pass through an adsorption vessel charged with wool
made of polypropylene (produced by DM Japan Co., Ltd.) at SV = 1.
The catalyst éolution allowed to pass therethrough had 2 pale yellow
color., The solution was used and circulated to the carbonation
reactor.

{2) Purification of ethylene carbonate

3

The operation was continued. for 1 month, and then ethylene
carbonate was crystallized and purified from the carbonation reaction
solution in accordance with a method described in WO 2007/108213.
Speci.fically, a vertical type melting purification apparatus -
described in Japanese Patent Application Laid-open No. 6-91103 was
used as a crystallization apparatus. The purification apparatus is
provided with an agitator. An agitatioﬁ shaft having a horizontal
agitation rod was used as an agitation impeller equipped to the
agitator. A slit-shaped inspection hole (cbservation hole or viewing
window), which was provided in order to confirm the accumulation or
sedimentation of crystals, was installed on a side surface of-the
crystallization apparatus to be used.

{0035] A part of the reaction solution obtained in the
carbonation reaction was cooled to 17°C by means of a crystallizing
apparatus equipped with a cooling jacket as described in Japanese
Patent Application Laid-open No. 6-91103. A slurry containing
crystals of ethylene glycol was prepared, which was supplied from a
crystal supply tube of the crystallization apparatus described above,
The crystals were sedimented in the crystallization apparatus. An
excessive amount of mother licquor was recovered as a overflow liquid

from an upper portion of the crystallizer, which was circulated to
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filtration with 5C filter paper no coloring Exasvlie 4 60 flow at SW=
8 through adsorption vessel charged with wool nade of pol ypropyl ene
no coloring Exanple 5 60 flow at SU = 8 through adsorption vessel
charged with glass wool no coloring

the hydrolysis reactor.

[0036] The crystals were sedimented, and the crystals were
pregressively accumulated at the tower bottom. The crystals were
heated by a heater to melt the crystals, and a melted solution was
formed. The melted solution was initially moved upwardly while being
brought in contact in countercurrernt with the crystals sedimented as
the reflux liquid, and the melted solution was extracted from an
upper extracting tube. The solution was returned to the hydrolysis
reaction via the crystallizing apparatus,

Ethylene glycol was not extracted from a product extracting
tube at this point in Lime, and an accumilated layer of crystals was
formed on the mélted solution. The thickness of the accumulated
layer of crystals was observed from the inspection hole, and the
extracting amount from the product extracting tube was adjusted so
that the thickness of the accmulated layer of crystals had a height
of 95% of the crystallization apparatus.

[0037]1 The operation was continued for 3 days, and the quality
of the ethylene carbonate product was evaluated by using a gas
chromatograph and a Karl Fischer moisture meter. BAs a result, the
ethylene glycol concentration in the product was 1 ppm, and the
moisture c:ontenf or water content was 2 ppm. In other words, the
purity of the ethylene carbonate product was not less than 92.999%.
s for the hue, Hazen number (APHA) was nok more than 10.

[Q038]

Comparative Example 1

.Ethylene carbonate was produced in the same manmer as in Example 1

except. that the step of extracting the reaction solution obtained
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Exanple 6 40 filtration with 5C filter paper substantially no
coloring Conp. Ex. 2 10 filtration with 5Cfilter paper coloring in
extent equivalent to that before filtration

from the carbonation reaction and adding water to remove deposited.
matters was not performed. 7n ethylene carbonate product, which was
obtained after the operation for 1 year, had an ethylene glycol
concentration and a moisture content which were unchanged as compared
with Example 1. However, the hue was slightly reddish, and the
deepness of color was represented by Hazen number (APHA) of about 25..
[00309]

Examples 2 to 6

The step of removing deposited undissolved matters was performed in
the same manner as in Example 1 except that the amount of water to be
added and the method for removing undissolved matters were changed in
the step. of extracting the reaction solution cbtained from the
carbonation reacticn and adding water to remove deposited matters.
Obtained results are shown in Table 1. BAs clarified from Table 1,
any coloring was not observed for the solution obtained after
removing undizggolved matters or components fram the solution
containing the catalyst when the amount of water added to the
gsolution containing the catalyst was 20 times by weight the catalyst
amount .

[0040]
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[ 0041] Conparative Exanple 2 The step of renoving deposited

undi ssol ved matters or conponents was performed in the sanme manner as
in Exanple 1 except that the anbunt of water to be added was 10 tines
by wei ght the catal yst amount and the nethod for

matters was changed to the filtration in the step of extracting the
reaction solution obtained fromthe carbonation reaction and addi ng

wat er to renove deposited matters.

Table 1. As clarified fromaable 1, t
after renoving the undi ssolved matters fromthe sol ution containing

t he catal yst,

col ored co

Ohtained results are shown in

f@1sal uti on, which was obtai ned

was unchanged fromthat before the filtration, and the

renovi ng undi ssol ved

car bonati on
which the rg

Onent  was] RehntldErHyetdn whdn tmﬁm&ﬂﬂMQ&mQEQWﬁtka§QQﬁﬂ to
t he solution containijng tdter gakakbyst |wasndotvdgitdy otvei (ghatovting
catal yst anpunt. 25 [ [@fd2]catalipsanplie 7: Nb@h@ﬂtior Pr odudikspgred
Et hyl ene dj)cal The procedigentias car farene
in Exanpl e [[=@m®ii % arfrival at®the car Wm?%@éé@t?ws
reaction-sol ut i on—was—traiFst b‘lﬁmﬂﬁ mﬁlﬁol eac
F‘éc?naben% e filtration with 5C filter o coloring
paper
Example 4 60 flow at SV = B through no coloring
adsorption vessol charged
with wool made of
polypropylerse
Exarpie 5 60 flow akt 5v = 8 through no coloring
adsorption vessel charged
with glass wool _
Example 6 40 filtration with 5C filter substartially no
paper caloring
Comp. 1. 2 10 Filtration with 5C filter coloring in
paper : extant,
equivalent to
that before
filtration
[0041]

Comparative Example 2

The step of removing deposited undissolved matters or components was
performed in the same manncr as in Example 1 except that the amount
of water to be added was 10 times by weight the'catalyst amount and
the method for removing undissolved matters was changed to the
filtration in the step of extracting the reaction sclution obtained
frem the carbonation reaction and adding water to remove deposited
matters. Obtained results are shown in Table 1. As clarified from
Table 1, the soluticn, which was obtained after removing the
undissolved matters from the solution containing the catalyst, was
unchanged fram that before the filtration, and the colored component

was not remewved when the amount of water added to the solution

containing the catalyst was 10 times by weight the catalyst amount.
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time was 2 hours and the pressure was 0.5 MPa-at 150C, and contai ned
et hyl ene carbonate was hydrol yzed to obtain 66.5 parts by wei ght/Hr
of an aqueous solution of ethylene glycol containing the catalyst. In
this procedure, a part of the carbonation reaction solution was
-extracted by 3 parts by weight/H fromthe first reactor. An anopunt
of water, which was 60 tines by wei ght the anount of the catal yst
contained in the solution, was added. The solution was allowed to
pass throughjeagerpdsor pti on vessel which was charged with wool nade of
pol ypr opyl ene (produced by DOM Japan Co., Ltd.) at SV = 1. The
solution allowed to passplehér dehnaglghr Rasdtugsey Ebindent Giwntodt ed to t he
carbonation reaction step. [0043] The obtained reaction sol ution of

t he hydr ol ysit§ PrOgefirsnwasaSgied it dtethe PoFe BRERE| 3 IBW*ABRIAS! of t he

distillation_under reduced pressure.of 80.tort at 140C at the_ tower
bot om0 oBTI Bl o STeC ERPREITh i hel Fofap iioh feadeids

Further, a offAatfh R trflrollylens Ghyeol-Na3-SvaRoLated thessieom
by neans of a reduced pressure evaporator operated at 140C and 60

tort. A cat aligetwss0 tocuts andl theiprebsureewzad & yBE anaE080 naen Eorattitbd
was recovered by 13 parts by weight/H froma bottom portion of the
evapor at or . <thglenecearspeareciasahydrolyastduts ohtaiasouSerbrandycraioit/dted

as the catalyst to the first reactor. The catalyst solution had a
col or of vi r%fgﬁ? BN ﬁ%lugi'%{’r Pg(?%gi’]‘r‘?@eo%é’i"g]t 8 ,alﬂﬂgrg?%‘:%tr?gy%reat
change was ahsa d,i |.0 . Of | yst
sol u'? i on af '?Jg}r tlt%%epcont lﬁ%ﬁoﬁéﬂ %?rf:ﬁeoga%%ﬁ%r%ﬁ;%la%lrﬁlB%nglroﬁa‘%%yy
cl og-up or aayrhbeekade wass et waSgHces fitm AR EDREr Macked v eandifpased

at. the outlet of the hydrolysis reactor, and the operation was
successf ul | yohwater; nedctvabl 60 t{@e4ia weight the amount of the catalyst

contained in the solution, was added. The solutlion was allowed to
pass through an adsorption vessel which was charged with wool made of
polypropylene (produced by DCM Japan Co., Ltd.) at SV =1, The
solution allowed to pass therethrough was used and circulated to the
carbonation reaction step.

[0043] The obtained reaction solution of the hyd;olysis reaction
was distiliated, for example, by means of the distillaticn under
reduced pressure of 80 torr at 140°C at the tower bottom to obkain a
dehydrated solution from the tower bottom. Further, a greater part
of ethylene glycol was evaporated therefrom by means of a reduced
pressure evaporator operated at 140°C and 60 torr. A catalyst
solution, in which the catalyst was concentrated, was recovered by 13
parts by weight/Hr from a bottom portion of the evaporator. The
recovered catalyst solution was used and circulated as the catalyst
to the first reactor. The catalyst sclution-had a color of vinegar

upon the start of the operation, wherein any great éhange was nhot
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Conpar ati ve Exanple 3 The operation was perfornmed for 1 year in the
same manner as in |l e 7 except that the step of extracting the
carbonation reaction solution to add water thereto and circul ating

t he sol ution after renoving deposited undi ssol ved conponents was not
performed. The catal yst solution had a col or of vinegar upon the
start of the operation, wherein the color of the catalyst solution
was changed to a wine color after the continuous operation perforned
for 1 year. Jhereddén Welarichleckadeowasof als eththlysthelabitinr eftey alhwe
di sposed at the outlet of the hydrolysis reactor, and it was
difficult tocpéifunum epeyaiionipasfomedaiidroh. yep0045}y Ekedrph eorgarfhe
procedure, was rarried out in the same manner. as in Exanple 7 until
arrival at tR¥PFHIN 5pFEPE PHERY LB e TR H l"%]tves%’isﬁ’f’?‘%’n%ge é&"?fe&ct ed

fromthe hydrolysi.s .t r i I d J nount of
60 tines by a%té thﬁ/ %%g%%tfﬁ?é%f: %ght(:h\a@taé\‘%ﬁ&%on algﬁcggg?%ﬂ%)ﬁe

sol ution, angetheRidenesited undi ssol ved conponents were filtrated
with 5C filter paper. As a result, the turbidity was renoved, and the
cat al yst sol geodah havi ng no col ori ng was successfully recovered.

Camparative Edample 3

The operation was performed for 1 year in the same manner as in
Bxample 7 except that £he step of extracting the carbonation reaction
solution to add water thereto and circulating the solution after
removing deposited undissclved components was not performed. The
catalyst solution had a color of vinegar upon the start of the
operation, wherein the color of the catalyst solution was changed to
a wine color after the continuous operation performed for 1 year.
The clog-up or bleockade was caused in the control valve disposed at
the outlet of the hydrolysis reactor, and it was difficult to perform
any stable cperation.
[0045]

Example 8
The procedure was carried out in the same manner as in Example 7
until arrival at the hydrelysis reaction. The cutlet solution was
extracted from the hydrolysis reactor, to which water was added in an
amount of 60 times by weight the amount of the catalyst contained in
the solution, and then deposited undissolved components were
filtrated with 5C filter paper. As a result, the turbidity was
removed, and the catalyst solution having no coloring was

successfully recovered.
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27 Exanple 9 The procedure was carried out in the same manner
as in Exanple 7 until a greater part of ethylene glycol was
evaporated fromthe hydrolysis reaction solution and the catal yst
solution, in which the catal yst was concentrated, was recovered by 13
parts by weight/M fromthe bottom portion of the evaporator. An
amount of water, which was 180 tinmes by weight the anmobunt of the
catal yst contained in the obtained catal yst solution, was added. As a
result, the solution, which originally had a wi ne col or, was turbid.
Deposi ted undi ssol ved . conponents were filtrated with 5C filter

paper. As a result, the turbidity wagxaedevlkd, and the catal yst

sol ution having no coloring was successfully recovered. The
precipitate, whi CHeWERCSHHE &P FRFERAR 1| e b FH% mampes I dh&gathilen

wat er, and thep [ ecipi h 1 hanol .

Fasul 1, “met hARBELh o BEERRP ek B By R Gt s SEpaAREed chin B
cont ai ned i np{die) GRAkatdseti@Obsituicdsh WAS tBERALALRE. so1l#n! MR which thel
Pk met hod for producing ethylene carbonate conprising obtaining a
reacti on sol cdtiadpstc @as aoncantjrately |venerecardendie 1bparentyiveggaaHbon
di oxi de and ethyl ene oxide in'the presence of a catalyst and

purifying et B¥AteRe PAFSHNRATEIYY ORddRsSBPROEYEL afl isFaEitoRl wakRE, netikbd
conprising extr i.ng a,sol ution containi the catal yst frqm.the
reaction sol Uit gﬁtt) AR R ‘(ﬁé?%tr S af“ﬂ@te?fr%gﬁtc Bgﬁ’é‘?ﬁg{%‘?ﬂﬁﬁeﬁ %n&e
amount of nog,.855 1B y20 dhiiESnPYavelabl. i amRunL: Obnd 81 Gakal yst
di ssol ved in the ext ractyed solution to deposit undissolved matters,
renovi ng t hewliepostikeh1ap diagiso wies coBit, ekss Lot heeposital Al ssolved

solution, and then circulating the resultant solution to the reaction
sol ution.  cawpongntsTwerengilhoriedceidhdithliterabapbm 12s wheemilh, tthe
solution containing the catalyst is a part of an, outlet solution

obt ai ned fr obPRAHERC UET TROee 208 G CARRBT SRSk e DAY Pn g SRS
oxide to pro %qsgte (s A f ci ng
et hyl ene gl yg%%cgg‘gct’r?%#@? gr%%% al ﬁi nah%prrg%l&l?%tﬁ_’so EIFiQ%ﬁ aé%%?] g!o%jng
et hyl ene car benat eeeaNghpRbhYag ResBLY Goth RYtdreasid AEnCeHDBREb ot demg
et hyl ene oxide, and water in the presence of a catalyst, and
converting ewdmhedndthawbbmatle ths a resilt, emmthgioicBd v darktviee wdidi,ng
water to the obtained reaction solution, the nmethod conprising
extracting aZ@bthe iCHOEENEHAPAING FImEaEstalry §he FrEMhYEhEOLEdeR YO8

sol uti on, adgi %V\éa%er to the extracted solution in an anmbunt of not
| ess than 20°¥FB¥Yy wei ght an anount 29
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of the catalyst dissolved i.n the extracted solution to deposit

undi ssol ved matters, renoving the deposited undi ssolved matters from
the extracted solution, and then circulating the resultant solution
to the reaction solution. 4. The method according to claim 3,
wherein the solution containing the catalyst is a part of an outlet
solution Qotained froma reactor for reacting. carbon dioxide,

et hyl ene oxi de, and water to produce ethyl ene carbonate and et hyl ene
glycol and/or a part of an outlet sol gta®® obtai ned froma reactor
for converting ethylene carbonate to ethyl ene glycol by adding water
to the obtained reaction solution. 5. The method according to
any one of claing 1 tq 4, &%eoein t he undjssol ved, matters are renoved

by means of stati seﬁdﬁ%ﬁ * fREPHYE DY §H%§r%¥?@ﬁ¢edFm§ﬁ§%?%tiye
removal Wt %ﬁ@;ﬁ%ﬁg& Fi?:%%é!ﬂgﬁ %\%%E@i%ﬁeconﬁamm ﬁ@h%geﬁs &%B&ﬁge% cording
to any one of clal 0 3, erein the cataly I'sS quaternary _
phosphoni um tadt g e4rBhfibdRie and ethyléne MideLiRWhengecaidBas@be Wi ch
has a Hazen nunber of not nore than 10 in relation to a color and
whi ch has a @ueiyst afd potifiyass etindrnd eagig@ede by means & A non- aqueous
el ectrol yte sol ution which contains the ethyl ene carbonate as defined
in claim7. Srystallization, the method comprising éxtracting a solution

containing the catalyst from the reaction solution, adding water to

the extracted solution in an ampunt of not less than 20 times by

weight an amount of the catalyst dissolved in the extracted solution

to deposit undissclved matters, removing the deposited undissolved

matters from the extracted solution, and then circulatiné the

resultant solution to the reaction solutien.

2. The method according to ¢laim 1, wherein the solution
containing the catalyst is a part of an outlet solution obtained from
a reactor for reacting carbon diodide and ethylene oxide to produce

ethylene carbonate.

3. A method for producing ethylene glycol comprising
obtaining a reaction solution containing ethylene carbonate and
ethylene glycol by reacting carbon dioride, ethylene oxide, and water
in the presence of a catalyst, and converting ethylene carbonate to
ethylene glycol by further adding water Lo the obtained reaction
solution, the method comprising extracting a solution ceontaining the
catalyst from the reaction soluticon, adding water to the extracted

solution in an amount of not less than 20 times by weight an arount
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of the catalyst dissolved in the extracted sclution to deposit
undissolved matters, removing the depogited undissolved matters from
the extracted solution, and then circulating the resultant solution

to the reaction solution.

4. The method according to claim 3, wherein the solution
containing the catalyst is a part of an outlet solution obtained fram
a reactor for reacting carbon dioxide, ethylene oxide, and water to
produce ethylene carbonate and ethylene glycol and/or a part of an
outlet solution obtained fram a reacter for converting ethylene
carbonate to ethylene glycol by adding water to the cbtained reaction

solution.

5. The method according to any one of claims 1 to 4, wherein
the undissolved matters are remowved by means of static separation,
filtrating sepératim, or adsorptive removal with an adsorptive

substance.

6. The method according to any one of claims 1 to 5, wherein

the catalyst i3 cquaternary phosphoniwm iodide or bromide,
7. Ihn ethylens carbonate which has a Hazen nurber of not
mere than 10 in relation to a color and which has a purity of not

less than 99.999%.

8. A non—aqueous electrolyte solution which contains the

ethylene carbonate as defined in claim 7.

30




