-1 SPECI FI CATI ON PROCESS FOR PRODUCI NG ALKYLENE CARBONATE FIELD OF ART
The present invention relates to a process for producing al kyl ene

- carbonate. Mre particularly, it relates to a process for producing
hi gh-qual ity al kyl ene carbonate by using as a starting material carbon
di oxide gas in the oxidation reaction_gas formed by gas-phase oxidation
of ethylene. BACKGROUND ART Al kyl ene darbonate is a compound useful as an
organic solvent or a reaction reagent. Especially, it is used as a
sol vent for secondary |ithium baSPEBCLEICARAON material for formng
al kyl carbonate. For the production of alkylene carbonate, it is a
conventional process in the art to react al kylene oxide with carbon
di oxi de gas, and many reports have been nade on the catalysts and
pr ocesseBROOESSUEDRAPRODUCING. ATRELENEDORRBOMAITEE gas general |y used
industrially as a starting material for the production of alkylene
carbonate is provided from by-product carbon di oxi de gas produced in a
hydrogen form ng process for the production of ammonia or 2 from carbon
di oxi de gaprpregugge in a fermentation process,

The present invention relates to a process for
producing alkylene carbonate. More particularly, it relates
to a process for producing high-quality alkylene carbonate
by using as a starting material carbon dioxide gas in the
oxidation reaction gas formed by gas-phase oxidation of

ethylene.

BACKGROUND ART

Alkylene carbonate is a compound useful as an organic
solvent or a reaction reagent. Especially, it is used as a
solvent for secondary lithium batteries and a material for
forming alkylcarbonate.

For the production of alkylene carbonate, it is a
conventional process in the art to react alkylene oxide with
carbon dioxide gas, and many reports have been made on the
catalysts and processes for such a reaction.

The carbon dioxide gas generally used industrially as
a starting material for the production of alkylene carbonate
is provided from by-product carbon dioxide gas produced in a

hydrogen forming process for the production of ammonia or



and such carbon dioxide gas usually has a purity of not less than 99.5
vol % as it is passed through the steps of recovery and refining. Al so,

- carbon di oxi de gas further enhanced in purity as required is commercially
avai l abl e. Carbon di oxide gas is also produced as a by-product in an

et hyl ene oxi de production process. For_the production of ethylene oxide,
usual ly there is used such a net hod t Wt ethylene is partially oxidized
by using a silver catalyst, and in this process a conplete oxidation
reacti onfodm eahhdrnéionkée phacpraduaedi e acfetrmonttoipnoguoeesarbon

di oxi de gas. Carbon dioxide gas is generally elimnated as it is harnfu

to the pamdishcbhx¢cadebonndiertdeogasf uetbylensas angutheyebempat edsgar bon
dioxide gas is usually released into the atnosphere. If such rel eased
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the production of alkylene carbonate, it would be not only of grea
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terms as this c on di oxi de gas,  whi 'S war mng gas, ‘can be
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can be obtained, froma,. sang plant, it becone ossible to greatly
sinplify the fagiqqqiHOFSle 1978 tDralReP eﬁﬁ?qsur‘%fip?ﬁta RY 1PN erials. 3

in an ethylene oxide production process. For the production
of ethylene oxide, usually there is used such a method that
ethylene is partially oxidized by using a silver catalyst,
and in this process a complete oxidation reaction of
ethylene takes place as a side reaction to produce carbon
dioxide gas. Carbon dioxide gas is generally eliminated as
it is harmful to the partial oxidation reaction of ethylene,
and the eliminated carbon dioxide gas is usually released
into the atmosphere.

If such released by-product carbon dioxide gas can be
utilized as a starting material for the production of
alkylene carbonate, it would be not only of great advantage
economically but would also be beneficial in environmental
terms as this carbon dioxide gas, which is an earth-warming
gas, can be fixed and won’'t be released into the atmosphere.
Especially in case where the objective product is ethylene
carbonate, as both starting materials can be obtained from a
same plant, it becomes possible to greatly simplify the

facilities for the storage and transport of the materials.



- Therefore, this is of great econom cal benefit. Use of carbon di oxi de gas
produced as a by-product in the ethylene oxide production process as a
-starting material for the production of al kyl ene carbonate is per se

di sclosed in, for instance, Japanese Patent Application Laid-Open (KOKAI)
No. 9-67365. Also, the nethod of separating and recovering carbon dioxide
gas produced as a by-product in the et%ylene oxi de production process is
di sclosed in, for instance, Japanese Patent Application Laid-Open (KOKAI)
No. 50- 4058 fdteis, thuis|igabf ogredt cardoomikaki dengast produced as a

by- product and recovered in the ethyl ene oxide production process for the

production of aldeylEheasdioniitexhRs Joprafldsd agesa BRVEMEduct M $
recovered carbon dioxide gas is wusually notably lowin purity as conpared

to the said edmplsid i gklde UsPSuERE DOR ShQxi dle g@saaeéaﬂefﬁ%%éxewmgi ns

a large amount, usually not I ess than 1 vol% of hydrocarbons. In a _
al kyl ?”gfc’r‘@rtt}%' LodIEAHG | OF QI}ng e cf-éﬂ?oé‘%@%tié‘%&?@%’r‘%ﬂ%éggdgas 'S
supplied 1 n an cess anount to react or and the reacted carbon

di oxi de S 4 used lical l sa, t hat e of tge sajd.lo urity carbon
di oxi de %g's ﬁ%ﬁ S ?e%arg%%ée‘f%%%%%? %?%%n%ﬁ%&%% Jr‘B’b?\]lsa}%_&i)%é reaction
system i (%!&(‘a sg\i]d c%argfys i oxi de gas circulation process, inducing a
reducti o th Partl Y essure of carbon dioxide gas in the reactor.
Thi s does .

Also, the method of separating and recovering carbon
dioxide gas produced as a by-product in the ethylene oxide
production process is disclosed in, for instance, Japanese
Patent Application Laid-Open {(KOKAI) No. 50-40508.

Thus, utilization of carbon dioxide gas produced as a
by-product and recovered in the ethylene oxide production
process for the production of alkylene carbonate has many
advantages. However, this recovered carbon dioxide gas is
usually notably low in purity as compared to the said
industrially used carbon dioxide gas and generally contains
a large amount, usually not less than 1 vol%, of
hydrocarbons. In an alkylene carbonate production process,
the starting carbon dioxide gas is supplied in an excess
amount to a reactor and the unreacted carbon dioxide gas is
used cyclically, so that use of the said low-purity carbon
dioxide gas tends to cause accumulation of hydrocarbons in
the reaction system in the said carbon dioxide gas

circulation process, inducing a reduction of the partial

pressure of carbon dioxide gas in the reactor. This does



-4 harmto the al kyl ene carbonate form ng reaction and pronotes the
undesirabl e side reactions to affect the quality of the product ethylene

- carbonate. For avoiding such a problem it usually needs to purge a
greater anmount of carbon di oxi de gas containing the starting al kyl ene
oxide, but this leads to a loss of the starting carbon di oxide gas as
well as a loss of the starting alkylé%e oxi de and al so necessitates
enl argenment of the purged gas di sposing equi prment to provide econonica
di sadvaritagesto Ashereahisy Iene prarbynage céohoindi oxadeignasah@ prbingbes
degree, there is known, for instance, a nethod called cryogenic

di stil| atheonnid sidtabeit s idé sra@t HDsh$ eewli 4€6eét Bhe3§udedtyobrepgegy and
can hardly be an appropriate nmethod for obtaining a [arge anount of

carbon dhfdte: GashyPee casehifglustrially as a starting materi al
Accordi ngly, the object of present invention is to provide a process for

produci ng hi ghygyalddos &y S8, %ﬁﬂ ) | s a starting materi al
car bon di oxi de gasé%ﬁ%éaﬁqs pro ugg a§5§'%§ig§% uggqu%éﬁaﬁﬁoduction of

t hyl jde, b i dat i t] .ethylene. DI SCLOSURE OF THE
INVENTI GRALS 2 (T Y or R Testt STTITeR PR Jihy STREREBIES Hhobl ens,

t he present .inventqr has fou that it was
P starting afky{gne oxigk, ut this leads to a loss of the

starting carbon dioxide gas as well as a loss of the
starting alkylene oxide and also necessitates enlargement of
the purged gas disposing equipment to provide economical
disadvantages.

As means for purifying carbon dioxide gas to a high
degree, there is known, for instance, a method called
cryogenic distillation method, but this method requires a
great deal of energy and can hardly be an appropriate method
for obtaining a large amount of carbon dioxide gas to be
used industrially as a starting material.

Accordingly, the object of present invention is to
provide a process for producing high-quality alkylene
carbonate by using as a starting material carbon dioxide gas
which is produced as a by-product in the production of

ethylene oxide by an oxidation reaction of ethylene.

DISCLOSURE OF THE INVENTION

As a result of earnest studies for solving the above

problems, the present inventor has found that it was




-5 possible to produce ethyl ene carbonate efficiently with avoiding the
said problens by limting the inpurity concentration in the carbon

- di oxi de gas recovered fromthe ethylene oxide production process to a
certain level or below Thus, in an aspect of the present invention,
there is provided a process for produci ng al kyl ene carbonate by reacting
al kyl ene oxi de and carbon di oxi de gas,5said process conprising using as
starting carbon di oxide gas, the carbon dioxide gas which has been
recover egbssidmattd epsedecpaethpiend heaoxonate oaf f baténdhy wastk gas | eft
after recovery of ethylene oxide fromthe oxidation reaction gas in gas

phase cwaliadion fiie esdyd emeolblehsvhehl hast tnpuehé Yimpupotyl ess than 99.5
volt. BRI EF DESCRI PTION OF THE DRAWNG FIG 1 is a flow chart illustrating

an examidnddnt SPEIGH | DR tﬂﬁ@c_@éjﬁﬁ&l(ﬁléﬁﬁié’r% CEe OBy EPPAT PEYR +g€d in the
process of the present I nventi on. BEST MODE FOR CARRYING OUT THE | NVENTI ON

The preS@{H 1 o#ﬂﬂ:f Fﬁ%ﬁ%ﬁﬂ?# a{é) Qeé%(\ﬁ ])é:ﬁ ‘rfgieéfnce to the

enbodlnents t ere ene oXI ene oxide is
usual 'y progduced by catalytic gas 6

Thus, in an aspect of the present invention, there is
provided a process for producing alkylene carbonate by
reacting alkylene oxide and carbon dioxide gas, said process
comprising using as starting carbon dioxide gas, the carbon
dioxide gas which has been recovered from at least a part of
the oxidation reaction waste gas left after recovery of
ethylene oxide from the oxidation reaction gas in gas phase
oxidation of ethylene and which has a purity of not less

than 99.5 volg.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a flow chart illustrating an example of
operation procedure of the production apparatus used in the

process of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention is explained in detail below
with reference to the embodiments thereof.
[Production of ethylene oxide]

Ethylene oxide is usually produced by catalytic gas-



- phase oxi dation of ethylene using a silver catalyst. In this nethod, as
described in Ul manns Encycl opedia of Industrial Chem stry, 5th Ed., Vol.
- A10, p. 117 ff., starting gas nminly conprising ethylene, oxygen and

nmet hane as a diluent gas, are passed through a nultiple tube reactor
packed with a silver catalyst to carry out their reaction. Selectivity of
ethylene into ethylene oxide is approx@nately 80% wi th remaining

approxi mately 20% of ethyl ene being nade into carbon di oxi de gas and

wat er byphéee conpilat onxeflagtonleneagsing. a Thelverdastabhyseaction gas

di scharged fromthe reactor conprises produced ethyl ene oxide, unreacted
et hyl enethrarhethod pxasledgssripaygen, Utihaens Basyctbpedilroduced et hyl ene
oxide is absorbed into the Iiquid phase in an absorber using water as

absor bi npn@@stitiD. clémyseng, Sxhdedapsesbedaint opt heiabger bi ng sol ution
is stripped in an ethylene oxide stripper, then recovered fromthe colum

over heads ggr8i il gafag%&fﬂw %%gﬁﬁg%ﬁﬁ&aé p%xéggn fHgt Hs&gfwi ect ed

to dehydration refining in a ion “tower to becone a product. The
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or Selectivity of ethylene into ethylene oxide is approximately

80%, with remaining approximately 20% of ethylene being made

into carbon dioxide gas and water by the complete oxidation

reaction. The oxidation reaction gas discharged from the

reactor comprises produced ethylene oxide, unreacted

ethylene, carbon dioxide gas, oxygén, diluent gas, etc.

Produced ethylene oxide is absorbed into the liquid phase in

an absorber using water as absorbing solution. Ethylene

oxide absorbed into the absorbing solution is stripped in an

ethylene oxide stripper, then recovered from the column

overhead as a high-concentration aqueous solution, and

further subjected to dehydration refining in a distillation

tower to become a product. The product ethylene oxide can

be used as a starting material for the production of

ethylene carbonate according to the process of the present

invention.

[Recovery of carbon dioxide gas]

The oxidation reaction waste gas produced after

absorption of ethylene oxide is sent in its entirety or



7 partly to a carbon dioxide gas renoval system (carbon dioxi de gas
recovery equi pnent). According to U Il mnns Encycl opedi a of Industri al

- Chem stry, 5th Ed., Vol. A10, p. 124 ff., the oxidation reaction waste
gas conprises about 15 to 40 vol % of ethylene, 1 to 60 vol % of nethane
and 5 to 15 vol % of carbon di oxide gas although the gas conposition is
somewhat variable depending on the plfant operating conditions. The carbon
di oxi de gas renoval system (carbon di oxide gas recovery equi pnent)
conpri sesamEt artmr darbae diasxiddsgaderemav ) esystemr ycsthdmpi ng
apparatus and a carbon dioxide gas stripper. The oxidation reaction waste

gas sentdigxide g8 harcowhoxidgen Patesenpval systemis first introduced to
the bottom of the carbon di oxi de gas absorber and cl eaned by a carbon

di oxi de gas abg@idyiRE 3Pl AN neQIY FHJE 1FPARAUL YIS TR cont ai ni ng
a carbon di oxi de gas art%(s)orbent, V\/nerebyd?'g:tﬁ% nost partﬁg‘i calr on di oxi de

gas in td}%ﬁgaﬁ’g@tﬂ S 'rg;(?‘%fdﬁlg@ tsé]e Jx_‘,za‘{bf)f\ di&a% dgx%%%ﬁcgﬁg,rbent, for

i nstance, ne netal on such™“as potassium tar
o kanol LSRGl A0 1S OBLABRISL ST ey, o0 RLial 0, (el csglisel |
Preleral Go  dh i 0¥ e SA ha 'Y 8 T o B e e st AT N
gas although the gas composition is somewhat variable
depending on the plant operating conditions.

The carbon dioxide gas removal system (carbon dioxide
gas recovery equipment) comprises a carbon dioxide gas
absorber, a preliminary stripping apparatus and a carbon
dioxide gas stripper.

The oxidation reaction waste gas sent to the carbon
dioxide gas removal system is first introduced to the bottom
of the carbon dioxide gas absorber and cleaned by a carbon
dioxide gas absorbing solution comprising an aqueous
solution containing a carbon dioxide gas absorbent, whereby
the most part of carbon dioxide gas in the waste gas is
removed. As the carbon dioxide gas absorbent, for instance,
alkaline metal carbonates such as potassium carbonate,
alkanolamines such as diisopropanolamine, and alkaline metal
salts of amino acids can be mentioned, of which potassium
carbonate is especially preferable. In the above cleaning -
treatment, ethylene used as a starting material and methane

used as a diluent gas are also dissolved in slight amount,



-used as a diluent gas are also dissolved in slight amount, 8 in the
absorbi ng solution along with carbon di oxi de gas. The oxidation reaction
-waste gas reduced in content of carbon dioxide gas is discharged fromthe
col um overhead and joined with the portion of oxidation reaction waste
gas which was not sent to the carbon di oxi de gas renoval system and
after supplied with the consumed anpurts of oxygen and ethylene, it is
again sent to the oxidation reactor as a starting oxidation reaction

mat er i alin Tte cardmrbitioxd sl giasn abbaiideritls e edh awiles gas hi gh
pressure of usually 1.0 to 2.5 MPa, preferably 1.5 to 2.2 MPa and at a

t enper atrHee fidiadd Yredt 4o S te RIS Fedlide0id . drdht THe type of the

carbon di oxi de gas absorber used in the present invention is not

speci {1 alion @G Uhs | s 165 RIS QL 4Gl SHEI IORIT dypeghum or a

packed col um. The carbon di oxi de gas” concentration i he ‘carbon di oxi de
gas abs | : ¥ ai fro he . bottom of the carbon di oxi de gas
absorbe%[@aﬂ%oltﬁ%deju%g’e% ele'gdb%fj%nle%nuirgv%coa}fll@atalsorf T PPt B 1 heIESpe of
the absqr.bing solution gnd t operating. tenperature of the absorber,
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whi ch has , absorbed carbon dioxide gas is sent to a prelimnary stripping
appar at f9 Afeh SHMRLHES ikt dhe Grnaured rapqunts of oxygen “and

ethylene, it is again sent to the oxidation reactor as a
starting oxidation reaction material.

The carbon dioxide gas absorber is operated under a
high pressure of usually 1.0 to 2.5 MPa, preferably 1.5 to
2.2 MPa and at a temperature of usually 30 to 150°C,
preferably 60 to 120°C. The type of the carbon dioxide gas
absorber used in the present invention is not specifically
restricted; it is possible to use either a tray column or a
packed column. The carbon dioxide gas concentration in the
carbon dioxide gas absorbing solution obtained from the
bottom of the carbon dioxide gas absorber cannot be
specified unequivocally as it depends on the type of the
absorbing solution and the operating temperature of the
absorber, but usually it is 3 to 20 wt%.

The carbon dioxide gas absorbing solution which has
absorbed carbon dioxide gas is sent to a preliminary
stripping apparatus. The absorbing sclution contains trace
amounts of ethylene and methane as mentioned above, so that

if the sclution is subjected directly to a carbon dioxide



-anounts of ethylene and nethane as nentioned above, so that if the
solution is subjected directly to a carbon dioxide 9 gas stripping
-treatnent, ethylene and nmethane may be mxed in the recovered carbon

di oxide gas to reduce its purity. In the prelimnary stripping apparatus,
a part of the gases absorbed in the 3§rbon di oxi de gas absorbi ng sol ution
Is stripped before stripping of the ol e anbunt of the gases to thereby
reduce the concentration of the lowboiling point inpurity gases such as
hydr ocar pessssr agphgg dtseatment nethglesar bod devkade mag hbsmikedg
solution. As for the structure of the prelimnary stripping apparatus,

al thoughintthe reposseébéé tarbse dipridedgss| uonredueetidy gakuep, there is
no need of installing a specific distillation colum, and it is usually

sufficienh £86 phelpHipase g@rygﬁiagssﬁ?amaspum hlkeshrvegselasgince
solubility of methane and ethylene is ar | ower tﬂan t hat of carbon

di oxi de. ggsorPed PRI {RE Hgi‘boged;%?i’éigegaéOébgéfﬁﬁéngofﬁﬂigﬂ%?ha% the

gas stripped by prelinminary stripping ¢ontalns ethylene an ne, it
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preferabl%b&é%ty gases such as hydrocarbons staying dissolved in the
carbon dioxide gas absorbing solution. As for the structure
of the preliminary stripping apparatus, although it is
possible to use a packed column or a tray column, there is
no need of installing a specific distillation column, and it
is usually sufficient for the purpose to use a simple vacuum
flash vessel, since solubility of methane and ethylene is
far lower than that of carbon dioxide gas. A reboiler may
be provided for promoting stripping. As the gas stripped by
preliminary stripping contains ethylene and methane, it is
preferably recycled to the ethylene oxide recovery system
(absorber) or to the step for gas phase oxidation of
ethylene.
The preliminary stripping apparatus is operated at a
temperature of usually 50 to 150°C, preferably 95 to 120°C,
under a pressure of usually 0.1 to 1.0 MPa, preferably 0.1
to 0.5 MPa. If, in this operation, the amount of gas
stripped is insufficient, removal of hydrocarbons is not

effected sufficiently, with the result that the purity of



-to 0.5 MPa. If, in this operation, the ambunt of gas stripped is

I nsufficient, renoval of hydrocarbons is not effected sufficiently, with
-the result that the purity of 10 carbon dioxi de gas recovered fromthe
carbon di oxi de gas stripper becones insufficient for the production of

al kyl ene carbonate. Sinple increase of the stripping rate is also
unfavorable as it leads to IOM/efficiéHcy of the process. In the present
invention, it is necessary that the purity of carbon dioxide gas finally
recover eclafbom dhexidar pas decavelcegasromrthpetabbonotiibrsdet Hag 99. 5
vol % preferably not less than 99.6 volt, nore preferably not |ess than

99.7 volstrippet hipesainds pinstyriciPhacibeathy pecddedioRYot hg1R¢gERE Of
renoval of hydrocarbons by the stripping treatnment in the prelimnary

stri ppi Nga APERE B¢ US s idpial | dhctre 200G ¢ 6SHY tstqaifbr%%}gg%%@% when, the

stripping operation is controlled so that the t he amount of

Phe PRLTSnddVortiie hes PLE 1088 Vo Db POL L RORE) bk b2 bDSSLE (B) of

the said anmount of stripping 1n the prélTmmnar i pp

t he amount of rhgn dioxid as_recovered fromthe to f the carbon

di oxi de gas st ?ﬁlp%ce’hre (Efrﬁeesesnﬁtmgj( enetbjecfl}fg upst a{}ﬁq%ﬁﬁvgqﬁﬂt ttgi"l he anount
of gas absorbed %n the carbon. dioxi de, gas_ absorber) (the ratio, B/ A
being MR MArPErCRERR retP¥ eIt r Y rE2 YL eRel BPBI FAF nary

strippiqg aQ?aratus) wi |l becone usually not |ess than 2%
arbon dioxide gas stripper be not less than 99.5 volg,

preferably not less than 99.6 vol%®, more preferably not less
than 99.7 vol%, but the said purity is practically decided
by the degree of removal of hydrocarbons by the stripping
treatment in the preliminary stripping apparatus. Usually a
good result can be obtained when the stripping operation is
controlled so that the ratio of the amount of stripping (A)
in the preliminary stripping apparatus to the sum (B) of the
said amount of stripping in the preliminary stripping
apparatus and the amount of carbon dioxide gas recovered
from the top of the carbon dioxide gas stripper (the sum (B)
being substantially equal to the amount of gas absorbed in
the carbon dioxide gas absorber) (the ratio, B/A, being
hereinafter referred to as stripping rate in the preliminary
stripping apparatus) will become usually not less than 2%,
preferably not less than 2.5%, more preferably not less than
3%. However, if the stripping rate is increased excessively,
although purity of carbon dioxide gas is enhanced,

efficiency of the carbon dioxide gas recovery process lowers




-preferably not less than 2.5% nore preferably not | ess than 3% However,
If the stripping rate is increased excessively, although purity of carbon
- di oxi de gas is enhanced, efficiency of the carbon di oxide gas recovery
process lowers 11 as a whole. Therefore, the upper limt of the stripping
rate is usually set at 10% The carbon _di oxi de gas absorbi ng sol ution

di scharged fromthe prelimnary stripping apparatus is sent to the

carbon di oxi de gas stripper. This carbon dioxide gas stripper is schened
for strippiagvkobst ahietdfonche e | uwppeanoluim i tofo arhm ns i ipgp ey gas
staying dissolved in the carbon dioxide gas absorbing solution. The
structuradtéype obubbey setbat Up®xi de gas stripper used in the present
invention is preferably a packed colum or a tray colum in view of

stripping effi offefCyars | @b Sgdd A InPfsS1SySdRMNA dhabieh a
reboiler is provided at the bottom of the carbon dioxide gas sttipper or

st eam i s¢ BbAWEhe NbPe i DR1 AOWET ot PLHpPRENa0bLhESE SYSLERE @herfigbined to
f P 2

conduct heat stripping. The stripping treatnent in the carbon di oxi de gas
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amount of carbon dioxide gas staying dissolved in the carbon
dioxide gas absorbing solution. The structural type of the
carbon dioxide gas stripper used in the present invention is
preferably a packed column or a tray column in view of
stripping efficiency. Stripping is preferably of a system
in which a reboiler is provided at the bottom of the carbon
dioxide gas stripper or steam is blown into the tower, or
both of these systems are combined to conduct heat stripping.
The stripping treatment in the carbon dioxide gas
stripper is usually carried out under a pressure equal to or
lower than that used for the preliminary stripping,
preferably not more than 0.3 MPa, and at a temperature of
usually 50 to 150°C, preferably 80 to 120°C. The carbon
dioxide gas absorbing solution is introduced into the carbon
dioxide gas stripper from its top and desorbs the absorbed
carbon dioxide gas as the bottom portion of the column is
heated by a heat exchanger or other means. If necessary,
steam may be blown through the solution to conduct stripping

so as to promote stripping.



-dioxide gas stripper fromits top and desorbs the absorbed carbon dioxide
gas as the bottom portion of the colum is heated by a heat exchanger or
-other means. If necessary, steam may be bl own through the solution to
conduct stripping so as to pronote stripping. 12 The carbon di oxi de gas
absorbing solution is subjected to the stripping treatnent in the carbon
di oxi de gas stripper, and the absor béd carbon di oxi de gas is released in
t he col unm, whereby the solution is regenerated and returned to the
carbon di oxi de Hag ebshrhediaside caaboabsdibingdesghstabsotbi ng sol ution.
The high-purity carbon di oxi de gas recovered fromthe ethylene oxide

product i sabpjeotedstonthbesteippindesecebpgntabavenbasazboul Giiekeae purity
for use as a starting material for the production of alkylene carbonate

and can pesapptipferf aupnabhy bBsbhBelintarHed HE6xilEr gductison of al kylene
carbonate] The carbon di oxi de gas recovered fromthe efhylene oxide

producti9@195983$§niBréheoﬂaﬁ ?waS§E§gb§ﬂgaQBYStEBP Fgagkﬁgng%égﬁﬁlkylene

oxi de to produce al kyl ene carbonate. _ catalys r ene
For  oxeunter ohianelees LA pbubs B28R) Bbrab8 HBEpEoEsApansEarBaten:
Publ i cat 00, { SOKOKLY 1o, 35,2345, ;13! i des  of
The high-purity carbon dioxide gas recovered from the
ethylene oxide production process in the manner described
above has a sufficient purity for use as a starting material

for the production of alkylene carbonate and can be applied

favorably to the intended use.

[Production of alkylene carbonate]

The carbon dioxide gas recovered from the ethylene
oxide production process in the manner described above is
reacted with alkylene oxide to produce alkylene carbonate.

As the catalyst for the alkylene carbonate forming
reaction, it is possible to use the known catalysts, for
example, bromides or iodides of alkaline metals (Japanese
Patent Publication (KOKOKU) No. 38-23175), halides of
alkaline earth metals (U.S. Patent No. 2,667,497),
alkylamines, quaternary ammonium salt (U.S. Patent No.
2,773,070), organotin, organogermanium or tellurium
compounds (Japanese Patent Application Laid-Open (KOKAI) No.

57-183784), and halogenated organophosphonium salts



-al kaline earth netals (U. S. Patent No. 2,667,497), al kyl am nes,
quaternary amoniumsalt (U S. Patent No. 2,773,070), organotin,

. organogermani um or tellurium conpounds (Japanese Patent Application
Lai d- Open (KOKAI) No. 57-183784), and hal ogenat ed organophosphoni um salts
13 (Japanese Patent Application Laid-Qpen (KOKAI) No. 58- 126884). Anpbng
t hese conpounds, halides of al kaline als such as potassium brom de and
pot assi um i odi de, and hal ogenat ed or ganophosphoni um salts are preferred
in view ¢Fapavesei Patentt dpbédtihtibpn LASdt-bpened&oBAIfoNot.he8pr oducti on of
al kyl ene carbonate, there have been proposed a series-arranged

conbi nat 126861 ) pl Ambng Ublik s ¢ ERSSONGs ANFaTOAEENSEr 1 k& BPhé NgaBAN: Fette
Seifen Anstrichemttl, Vol. 73, pp. 396 399, 1971), a |oop type reactor

(Peppel : shpHUSEN Bt a8BdumERGLACEE! Bdd gekaséQumpaodZﬁé 748q 1958), and a
bubbl e colum reactor (Japanese Pat ent Application Lai’'d-Open (KCKAI) No.

6- 345699%&13@¥nﬁ%eﬁh8r§§h9 Eﬁoﬁ%ﬂmbga %@darebg%eﬁeg Rl §,cQl;unn reactor

Pf
with an extefnal circu atl particu arIy prefeéera e because i T "excel s

in dlfoQEQQYlégthM 8&18@%99” 9|0X|de gas to the liquid phase and in

preventi on o naway reactlons by cooling. Since the above reaction is

exot herm c, the re ctlon e rature is controlled by the heat renoval.
The reaction ahe reacto£n¥%r %5e proguction o kalene

carbonate, there have been proposed a series-arranged
combination of plural tubular reactors and condensers
(Springmann: Fette Seifen Anstrichemittl, Vol. 73, pp. 396-
399, 1971), a loop type reactor (Peppel: Industrial and
Engineering, Vol. 50, pp. 767-770, 1958), and a bubble
column reactor (Japanese Patent Application Laid-Open
(KOKAT) No. 6-345699%). Any of the said means can be used,
but a bubble column reactor with an external circulation is
particularly preferable because it excels in diffusion
supply of carbon dioxide gas to the liquid phase and in
prevention of runaway reactions by cooling.

Since the above reaction is exothermic, the reaction
temperature is controlled by the heat removal. The reaction
temperature, although variable depending on the catalyst
used, is usually 80 to 200°C, preferably 100 to 180°C.

The alkylene carbonate forming reaction rate is
controlled by the partial pressure of carbon dioxide gas
used as a starting material, so that the pressure under

which the reaction is to be carried out is preferably as



-tenperature, although variabl e depending on the catalyst wused, is usually
80 to 200C, preferably 100 to 180C. The al kyl ene carbonate form ng
.reaction rate is controlled by the partial pressure of carbon dioxi de gas
used as a starting material, so that the pressure under which the
reaction is to be carried out is preferably as 14 high as it can be. Rise
of reaction pressure, however, entai M4 a correspondi ng enhancenent of the
required pressure resistance of the reactor and associ ated equi prent,
which |keogls 49 Btn ¢acriease Rifseequfi preeit icostpreBminay efteywentbsr ange  of
reaction pressure is usually 1 to 10 MPa, preferably 1 to 5 MPa. Carbon

di oxi de @@sails saippdt Bespond ey reAci B edn BNof R NFegstiPbl YpletSur® tines
by nol e the amobunt of ethylene oxide supplied to the reactor. Carbon

di oxi de G985 JOASCNBE RS St dasEEVCaRd AsSOALEdd QL Lhhéht PUWnidnal so
functions to prevent the side reactions fromtaking place due to

di stribufd ofy ofo t41e LOMPOSIL %%‘h&{i@ggipn e q:%%tfeqyre]dlséllc?rﬂ’ 19 the

solution Iin the reactor, so that on di oxi de "gas ‘I's supp "7 excess

of the ecessar r. th [e lon., Th eact ed_ an ur pl us

porti ongg?é%%%lo(%? |%§<é|‘%ée glasg %Sr%g%iaYtfyt%uf%g’g‘g?brpﬁ%%%ff%gf to

accunul at i of the by-product | ow boiling substances and inpurities in
tﬁgh'

the st carbon di oxi de gas and circul ated back to the

Carbon dioxide gas is supplied to the reactor in an
amount usually 1 to 20 times by mole the amount of ethylene
oxide supplied to the reactor. Carbon dioxide gas does not
merely serve as a starting material but it also functions to
prevent the side reactions from taking place due to
distribution of the composition and distribution of heat by
stirring the solution in the reactor, so that carbon dioxide
gas is supplied in excess of the amount necessary for the
reaction. The unreacted and surplus portions of carbon
dioxide gas are partly purged for preventing accumulation of
the by-product low-boiling substances and impurities in the
starting carbon dioxide gas and circulated back to the
reactor for reuse. Purging is controlled while monitoring
the amount of accumulation of impurities. The amount of gas
purged is usually 0.1 to 8%, preferably 0.2 to 5%, based on
the flow rate of the recycled carbon dioxide gas.

If the amount of impurities brought to the alkylene
carbonate production process is large, such impurities are

accumulated to cause troubles to the reaction. While the



-reactor for reuse. Purging is controlled while nonitoring the anmount of
accunul ation of inpurities. The anount of gas purged is usually 0.1 to
.8% preferably 0.2 to 5% based on the flowrate of the recycled carbon
di oxi de gas. If the amount of inpurities brought to the al kyl ene
carbonate production process is large, such inpurities are accunulated to
cause troubles to the reaction. WilelPhe 15 influence of the

accurrul ation of inpurities itself to the reaction is unignorable, it is
nore serinfitu¢hae ohetpar&caimupatssorefoimparbbnedi bxsdéfgas thaers
relatively by the inpurity accunulation to cause a drop of main reaction
rate. Theésctestlis uniqnoesbhgat ioniofmbhe segibusedthatether pareagti on
and a drop of productivity and product quality. Regarding the drop of

partial pressure 6f €arboR ddbRxadegd3SiokbrsSrevasibbeyt Bynehatain the
partial pressure by increasing the said rate of purge, but this leads to

| y q | . art
a 10ss %px‘}g{gfnaéé%ﬁﬂét%ﬁ 20 c%{;géj §”S¥8%S'hgﬁ Mg ed f"‘éact?igﬁ kBde

mat eri al's an so necessitates scale-up o e ‘purged gas disposal

2aul PIenin 1§ fesu i ESULLI BY L0070, E6RTOFT AL PhITFNAN' 20Re Jhe calalys!
can be uséd in a ~proper concenfration accordrhn 0 the activity of the
catal yst _used.in consid ratioP of éhe desgred grodu t!vitg within the
al | onabl E5#AhHR1 0P oft uBF PPt §F BRRILGHAYIEY 78 EﬁﬁéF?Edq Byet¥er with a

solvent to the reactor, separated i
Regarding the drop of partial pressure of carbon

dioxide gas, it is possible to maintain the partial pressure
by increasing the said rate of purge, but this leads to a
loss of carbon dioxide gas and alkylene oxide used as
starting materials and also necessitates scale-up of the
purged gas disposal equipment, etc., resulting in an
economical disadvantage. The catalyst can be used in a
proper concentration according to the activity of the
catalyst used in consideration of the desired productivity
within the allowable range of solubility. The catalyst is
supplied together with a solvent to the reactor, separated
from alkylene carbonate produced after the reaction, and
after supplemented with a fresh supply for the deficiency as
required, circulated back to the reactor for reuse. As the
solvent, it is convenient and preferable to use the
objective product alkylene carbonate.

The alkylene carbonate separated from the catalyst
already has a sufficiently high purity, but if necessary it

can be further refined to a higher purity by ordinary vacuum



-from al kyl ene carbonate produced after the reaction, and after

suppl enented with a fresh supply for the deficiency as required,

.circul ated back to the reactor for reuse. As the solvent, it is

conveni ent and preferable to use the objective product alkyl ene
carbonate. The al kyl ene carbonate separated fromthe catal yst already has
a sufficiently high purity, but if neééssary it can be further refined to
a higher purity by ordinary vacuum 16 distillation system etc. The nodes

of practdietvilabbopreperdém) nenti on will be described in further detai
with reference to the exanples thereof, but it should be understood that
the follow ng exanples are nerely intended to be illustrative and not to

be construed as limting the scope of the invention. Exanple 1 The

reaction was caffd ehdilf dSig¥hG OB tH: AR Ushhaw ih thep pperation
procedure shown in FIG 1. (1) Recovery of CO2 from ethyl ene oxide (EO

produci ng, si&d:r1Ped hfnff’&i%\%ﬁsgd%féﬂiﬂs{kgnrefé‘le%ﬁé%"“cé%ﬁé of the

materials are expressed 1 n part y wel ght based on the weight
velocity of the oxidation reactjion wa as_.introduced into the CO2
2bsor bere e e ERERIS BT HEECHS PhBR o Fraq b R0 PR bt Bsi dat on
reaction St e, . . .
following examples are merely intended to be illustrative

and not to be construed as limiting the scope of the

invention.

Example 1

The reaction was carried out using a producing
apparatus having the operation procedure shown in FIG. 1.
(1) Recovery of CO, from ethylene oxide (EO)} producing step:

In the following description, the flow rates of the
materials are expressed in terms of parts by weight based on
the weight velocity of the oxidation reaction waste gas
introduced into the CO, absorber 1 as one part by weight.

One part by weight of the oxidation reaction waste
gas (CO, concentration: 6 vol%, CH, concentration: 57 vols%,
C,H, concentration: 24 vol%) left after recovery of ethylene
oxide from the oxidation reaction gas of ethylene obtained
in the step of catalytic gas phase oxidation of ethylene
using a silver catalyst was introduced through line L1 into
the bottom of a carbon dioxide gas (CO,) absorber 1 having a

number of theoretical plates of 3 and operated at a



-gas (CO2 concentration: 6 vol% CH4 concentration: 57 volt, C2H4
concentration: 24 volt) left after recovery of ethylene oxide fromthe

- oxi dation reaction gas of ethylene obtained in the step of catalytic gas
phase oxidation of ethylene wusing a silver catalyst was introduced
through line L1 into the bottom of a_carbon dioxide gas (C02) absorber 1
having a nunber of theoretical plate§7of 3 and operated at a 17
tenperature of 110C under a pressure of 1.7 MPa. Fromthe top of the CO2
absor bertempear pautes df WeitYhtursferarr goqescusre sof Ut DMERE. pErass it
carbonate (K2CO3) was introduced as an absorbing solution through |ine
L4. The wedysasdi trige sobutabemrbkirch ,has paiter had weGynAaDE il rafliseads t hr ough
line L3 into a prelimnary stripping apparatus (flasher) 2 operated at

107C undes 1k ilén M. po P & &1 umh esdiesshabe hwdzrc@carbag QQEESHE&@H' g8 By the

strippi ng treatrrent t he sol uti on was supplled through line L7 into the
top of ;ggh &%&&ﬁstﬂfzﬁéhs aPPes . 3 having a nunber of
theoretlc pl ates o 5 and oper ted{at 110C wunder 0.1 MPa, and CO2 was

stripped and r %vea I']T.Il rée@fglutl%q{ %}ch %15 mu%%;cfschzas rel eased

fromfl asher roug was equi va I pSl ng rate:

09 f.t t ot f t | d f flash 2 dth
amount ot *azszdwcg% e %%%m%%iarér% PBYRFFY | Her 185 Ricover ed CCp

was conpressed by a conpressor (no
apparatus (flasher) 2 operated at 107°C under 0.15 MPa. -

After reduced in hydrocarbon concentration by the stripping
treatment, the solution was supplied through line L7 into
the top of a carbon dioxide gas (CO,) stripper 3 having a
number of theoretical plates of 5 and operated at 110°C
under 0.1 MPa, and CO, was stripped and recovered. In this
operation, the amount of gas released from flasher 2 through
line L6 was eguivalent to 5.0% (stripping rate: 5.0%) of the
total of the amount of gas released from flasher 2 and the
amount of CO, recovered from CO, stripper 3 through line LS.

Recovered CO, was compressed by a compressor (not
shown) and supplied to carbonate forming reactor 4 through
line L8.

Determining the concentrations of hydrocarbons
contained in recovered CO,, it was found that CH, was present
in an amcunt of 0.03 vol® and C,H, in an amount cf 0.06 vol%
(both being calculated by excluding water). From this
result, CO, purity was determined to be 99.91 vols%.

(2) Ethylene carbonate (EC) forming reaction:



-shown) and supplied to carbonate formng reactor 4 through |I|ine L8.
Determ ning the concentrations of hydrocarbons contained in recovered
.C2, it was found that CH4 was present in an anmount of 0.03 volt and C2H4
in an anount of 0.06 volt (both being cal cul ated by excluding water).
Fromthis result, CO2 purity was determned to be 99.91 volt. (2)

Et hyl ene carbonate (EC) forming reacti8n: 18 1In the follow ng
description, the flowrates of the materials are expressed in terns of
parts by wei ghtIrbased farl losdinghtdesadrdgittivrof tetehyi lene matiale S e part by
wei ght. An EC formi ng reaction was carried out using the said recovered

CO2. Onengtrzidlys etd)ixpife sidy | eneraxmgleof froms | hpesdSihobbass@doh r om
t he oxidation reaction of ethylene and 8.2 parts by weight of recovered

c2 (fr q.milgprte YSloMBE$ of NEEIRALGR 6;91&@%@061{@%‘-9}% 61%,54}9“%%,99' urm

carbonate- Tormng reactor 4. "A solution of 0.01 ‘par ht of

pot assi um i odi de, gk (}o]rnaq{gt z_%xcw&h%a@c & yj_letqilﬁ%uccarubscig%tsc h8s, .Sdep| I ed

(fromline L10) as catalys e reaction 'solutlon was ar ged "al ong

N DS RAANde L8R olerd ey WBDLE.Col L PEGLOL. g3t Leg ko @

19U 0 o s ahele, plod e, Sepraler pas Yoo, purged, o the
and 8.2 parts by weight of recovered CO, (from line L8) were
introduced to the bottom of a bubble column carbonate-
forming reactor 4. A solution of 0.01 part by weight of
potassium iodide in 0.1 part by weight of ethylene carbonate
was supplied (from line L10) as catalyst. The reaction
sclution was discharged along with the gas from the top of
the bubble column reactor 4 and led into a gas-liquid
separator 5 through line L11 for separation into gas and
liquid. 0.5% of the whole of the separated gas was purged
out of the system through line L13 while the remainder was
passed through line L12, joined with the said stripped CO,
(from line 8) via a compressor (not shown) and recycled to
the EC forming reactor 4. Part of the separated ligquid
(line L15) was taken out as the product from line L14 and
the remainder, after deprived of heat by a heat exchanger 6,
was recycled to the bottom of the EC forming reactor 4. The
reactor was controlled to a condition of 180°C and 2 MPa.

When the operation was carried out continuously under

the above conditions, the hydrocarbon concentration in the



-passed through line L12, joined with the said stripped CO2 (fromline 8)
via a conpressor (not shown) and recycled to the EC form ng reactor 4.
.Part of the separated liquid (line L15) was taken out as the product from
line L14 and the renmainder, after deprived of heat by a heat exchanger 6,
was recycled to the bottomof the EC form ng reactor 4. The reactor was
controlled to a condition of 180C andl2 MPa. Wen the operati on was
carried out continuously under the above conditions, the hydrocarbon
concent nrdaod M trhemdihed eswtorant remmabedt chnst Bhtarad @botsbXe vol % and a
stable operation was possible. Fromthe reaction solution recovered from

| i ne Llbpeatdtyildmnavaargsamilel s\as Fevapehat e@actli och3@61widen 4 kPa, thereby
separating the catalyst to obtain ethylene carbonate. Conparative Exanple

1 CO2 haMdis,exdd!Ifidom Of 1188191 #/0| SeH Kl dUFShtatd Wl %v B te@nd 0. 74
vol % of C2H4 as inpurities) was prepared as starting gas. The EC form ng

[ eact | ory s 1 Ghed Oyl yipl [ BRSNS JWAKAS () BRAMLG h xoqRy for use

of the above prepare ntinuous aoperation nt- on, the

hydr ocar . CQ tration.in the circulating gas arose, causing a
reIativé&§?3ﬁl5gﬁ§%fékné§§ﬁ%%ﬁﬁ%m, wi th the hydrocarbon concentration

finally reaching 24 vol % Since a drop of EO

Comparative Example 1
CO, having a purity of 98.9 vol% (containing 0.37 vol%

of CH, and 0.74 vol® of C,H, as impurities) was prepared as
starting gas.

The EC forming reaction was carried out in the same
way as in Example 1 except for use of the above prepared CO,.
As the continuous operation went on, the hydrocarbon
concentration in the circulating gas arose, causing a
relative drop of CO, concentration, with the hydrocarbon
concentration finally reaching 24 vol%. Since a drop of EO
conversion was observed, the material feed rate was
controlled so that the conversion became constant. The
ethylene carbonate cobtained by separating the catalyst from
the reaction solution had a tint which was considered
attributable to the presence of the by-product aldehyde

compound.

Comparative Example 2

The same procedure as defined in Comparative Example



-conversi on was observed, the material feed rate was controlled so that
t he conversi on becane constant. The ethylene carbonate obtai ned by
.separating the catalyst from the reaction solution had a tint which was
considered attributable to the presence of the by-product al dehyde
conpound. Conparative Exanple 2 The sane procedure as defined in
Conpar ative Exanple 20 1 was conduct & except that the circul ating gas
purging rate was changed fromO0.5%to 10%to maintain the partial
pr essur eloWa€CRonduthedcerteptiotitaapehet cancuThe 1062 gagopoetinagt rdkenas
mai nt ai ned at 96% and the product EC quality was substantially equal to
that in &xanphangedbttomt besameunt oef tEOnREREEENI REEEASRE1@DPT OXi Mat el y
ten tinmes. | NDUSTRI AL APPLI CABI LI TY According to the process of the
present ppugBhirenor EHEr#n Cafk ke biMidied %ﬁl@:é@if&w agey idp which it is
possible to make effettive use of carbon di oxi de gas, to réduce
d'SChargeoHEeQEEQQTOH'Qébdﬁa9ﬁ§a§9 daggyPEQeaBé'gﬁeuéggdaét %%artlng

e high-

materials, and to produc qualTty "arkyl ene ~“carponare. WHAT |'S
CLAIVED 923166 BL8°8E8sLOheRE0TYCLATaY! Ky BRG C2HPRYS1RY " eBGL! N0

the amount of EO purged increased approximately ten times.

INDUSTRIAL APPLICABILITY

According to the process of the present invention,
there can be obtained the advantages in which it is possible
to make effective use of carbon dioxide gas, to reduce
discharge of carbon dioxide gas and alkylene oxide used as
starting materials, and to produce high-quality alkylene

carbonate.



-al kyl ene oxi de and carbon di oxi de gas, said process conprising using as
starting carbon di oxi de gas, the carbon dioxide gas which has been
.recovered fromat |least a part of the oxidation reaction waste gas |eft
after recovery of ethylene oxide fromthe oxidation reaction gas in gas
phase oxidation of ethylene and which has a purity of not less than 99.5
volt. 2. The process according to clai?h 1, wherein the recovery of carbon
di oxide gas is carried out by introducing the reaction waste gas into a
carbon di oxi de gas recoveri ngWHAQUIISMELAIMBDPITSSI Ng a car bon di oxi de gas
absorber, a prelimnary stripping apparatus and a carbon di oxi de gas

stripperl.3a ghecesecess pecatding hokghaha darvbakebnpyhecaathbag di oxide
gas recovered fromthe carbon di oxi de gas recovering equiprment was

obt ai neda Piy SHEE 8x1ENSHAt BatboR*EE8kE Q8 §§§9tEQEd“§§BEe§§$ I's absorbed
in a carbon dioxide gas absorbing solution in the carbon di oxi de gas
absor ber ‘ | £} absor bi sl Ut ] I §: L0t KQd d pLpto

ool i mi reehPEETaY] atfaCa8 Ok BaPRLRG, LheBln BibRABRCHEES bBeoeakB®heq i1
sai d abs@rbing. sol ution erejn the stri d as_[s,recycled_to the

ot hyl enctbaride; daf ubfen REa b aeh Eelbhe Pl crrpR ah 1 RREca Baraabhon o
ethylenethgngxidation reaction waste gas left after recovery of

ethylene oxide from the oxidation reaction gas in gas phase
oxidation of ethylene and which has a purity of not less

than 99.5 vol%.

2. The process according to claim 1, wherein the recovery of
carbon dioxide gas is carried out by introducing the
reaction waste gas into a carbon dioxide gas recovering
egquipment comprising a carbon dioxide gas absorber, a
preliminary stripping apparatus and a carbon dioxide gas

stripper.

3. The process according to claim 2, wherein the carbon
dioxide gas recovered from the carbon dioxide gas recovering
equipment was obtained by such a manner that:

oxidation reaction waste gas is absorbed in a carbon
dioxide gas absorbing solution in the carbon dioxide gas
absorber,

the resulting abscorbing solution is introduced into

the preliminary stripping apparatus to strip part of the gas



-the absorbing solution is introduced after the stripping treatnment in the
prelimnary stripping apparatus to the carbon dioxide gas stripper for
*stripping carbon dioxide gas, wherein the stripping rate in the
prelimnary stripping apparatus is not |ess than 2%

22

absorbed in said absorbing solution, wherein the stripped
gas is recycled to the ethylene oxide recovery system or to
the step for gas phase oxidation of ethylene, and

the absorbing solution is introduced after the
stripping treatment in the preliminary stripping apparatus
to the carbon dioxide gas stripper for stripping carbon
dioxide gas, wherein the stripping rate in the preliminary

stripping apparatus is not less than 2%.




