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DESCRI PTI ON PROCESS FOR PRODUCI NG PROPYLENE OXI DE
TECHNI CAL FI ELD The present invention relates to a

WORAeRRSe7HOr produci ng propyl ene oxide . BACKGREHYR0Mis791

For exanple, it is publiclyiknown to continuously
produce propyl ene oxi de through epoxidation reaction
by suppl yi ng an organi c peroxi de and propylene to an
epoxi dation reactor in which a solid catal yst such as
titanium containing silicon oxide is packed (e.g. EP
0345856 A). However, therREGEREPEBLION| ens that a
pressure |l oss of a solid catalyst |ayer increased with
a continuous operation tine and the catal yst was

Sest 10120 Mgt BESRHAERA BoBYEiNET oo

resi stant streng he catalyst,

production anount had to be decreased through

suppression of the amount to be supplied of the raw

mat eri al for avoi di ng ttecaRsCADYFRELDhe cat al yst.

DI SCLOSURE OF THE | NVENTI ON Under such situations, an

obj efheoprebsentniementdionsredapesyvitdeaappooeessfbor producing
conti nuously producing propyl ene oxide through

R TEERVNC¥+E8t i on by suppl yi ng an organi c peroxide

and propyl ene to an epoxidation reactor in which a

solid catalyst is packed, the process being able to

avoi d the destroy of th j st generated by
PatRarbuil A

increase of a pressure _ al yst layer and
the sbrugkamp1éhadc radyeiy0e6f Kotk ed86ht 2ABBRYAY produce

I;?rg;}rrfsr?é oxide through epoxidation reaction by supplying an
organic peroxide and propylene to an epoxidation reactor in
whichasolidcatalyst suchas titanium-containingsiliconoxide
is packed (e.g. EP 0345856 A). However, there were problems
that a pressure loss of a solid catalyst layer increased with
a continuous operation time and the catalyst was destroyed when
the pressure loss was over the pressure resistant strength of
the catalyst ,' and that the production amount had to be decreased

through suppression of the amount to be supplied of the raw

material for avoiding the destroy of the catalyst.

DISCLOSURE OF THE INVENTION
Under such situations, an object of the invention is to
provide a process for continuously producing propylene oxide
through epoxidation reaction by supplying an organic peroxide
and propylene to an epoxidation reactor inwhichasolidcatalyst
is packed, the process being able to avoid the destroy of the
solid catalyst generated by increase of a pressure loss of the

catalyst layer and the situation that reduction of the production
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Nanmely, the present invention relates to a process for
produci ng propyl ene oxi de, which conprises supplying

weno@iagnyc peroxi de and propylene to an epoxi gariyPios/316791
reactor in which a solid catal yst is packed thereby

conti nuously produci ng propyl ene oxi de through

epoxi dation reaction, wherein said process conprises
cooling at least a part of the propylene thereby
separating and renovi ng water contained in the

ey enés, fargedubsequent |y supplylng t he propyl ene
to the GDOXId%Fnon reactaor. FOR CARRYI NG OUT

THE NRUERTI-Of Ptrr?é te§1§’ﬁ’teqtri‘xﬂ§htlf f 47 ofg| @nrocess for
rea&fu%:?}nﬁg)l}t leil%lﬁ (yxfé Hy?ﬁ% @Jngéﬁgls% hg_a&'l%% an organic

ng an organic p
BORYE £HE éﬁ’daﬁr é‘tten ah €85625 ahPi¥h! £8a8+80! il which a

catal yst is packe As a sol |d epoxi dati1on catal yst,

t$d Bid UBa EQDY 8t NLB0patkb@0BhEXEBY IcHNHIRG SUAR tﬂiﬁbducing
vi ewpoi nt of obtaining propyl ene oxi de under high

Wdply 1éwse t bridat bhysughsepoalibad idn- rejaddtdancatwdlerstin said
containing titaniumchem cally_bonded to silicon
cBé?QféeS%\r‘éOfﬂPE%%fP%b%olFeg ekakpPEL & pardl pft the propylene

epar.ed b ort a Ti ound on a,s
Y o BbaR A PG e BN G SO o F e R AP mFopY Lene

%@ﬁi%%&%& %’ééh%%%@eﬁ%‘ > hESpRLShkaLs Chh e eppryaation
Theacwsl-the i ke, can be listed. Specific exanples of
the present invention include a process for
conti nuously produci ng propyl ene oxi de through
epoxi dati on
BEST MODE FOR CARRYING OUT THE INVENTION

In the present invention, propyléne oxide is continuously
produced through epoxidation reaction by supplying an organic
peroxide and propylene to an epoxidation reactor in which a
solid catalyst is packed

As a so0lid epoxidation cat{:tlyst, titanium-containing
silicon oxide is used from the viewpoint of obtaining propylene
oxide under high yield. As the catalyst, so-called Ti-silica
catalysts containing titanium chemically bonded to silicon
oxide, are preferable. For example, a catalyst prepared by
-supportinga Ti compoundon asilicacarrier, acatalyst prepared
by combining a titanium compound with silicon oxide by a
co-precipitation method or sol-gel method, zeolite compounds
containing Ti, and the like, can be listed.

Specific examples of the present invention include a process
‘for continuously producing propylene oxide through epoxidation

reaction by supplying an organic peroxide to a fixed bed reactor

inwhichatitanium-containing siliconoxide catalyst is packed.
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reacti on by supplying an organic peroxide to a fixed
bed reactor in which a titanium containing silicon

woxb@R2eatal yst i s packed . Exanpl es of the orgaoirQpr2006/316791

per oxi de i ncl ude cunene hydgoperoxi de, ethyl benzene
hydr operoxi de and tert -butyl hydroperoxide. The
organi c peroxide to be supplied to the epoxidation
react or can be synthesi zed by oxidation of a

hydr ocar bon corresponding to the peroxide . An organic
aci dEgeRRLafeati APPhOTERNdS POF XIS dnekidhcyieny

RGBS DR R ol P
?{gggz{HO;feP&gﬁ&édeTle QE ? #890&9 Eh‘i‘:oe%%x's%ﬁgé‘l%d to the

an a ueou I on o an al ka

£BH'ﬂ&aéﬁgfoéaﬁfbérs&ﬁ@h@éh@@ﬁ!%& A3 df8on of a

conmpound containing the alkall netal, sodium

hyyﬂm@a:ina;ozsodmmgpobdnﬁgetopahesgenmmdm@.omnd@,rganlc acid

pot assi um carbonate and the like are listed. Further,

gerapatrd iocthe pyddeft iany gdecrdas e ddecyhpbdodsepoxibdation.

m xture thereof can be used. The concentration of the

aheneters a|f1%9m VHEVRGdBG§s 08 oF ePBAL| F fihe @F@@F‘ylc acid, it
the cqncentrat.i.on

sl e b ke e, ﬂEgPé‘r’rﬁ’vBPrWlfiﬁetSrB%n?‘&PPlled
mg %&mé&%&%&%% Qﬂda%lg@noé%%&qb @ﬁgn alkali

concentration Is

tntee i Qicﬁnﬁuﬁ@ed@fﬂ@?"én@%.@xaﬂﬁeﬂfﬁ‘théeo&&@ﬁ%&@nby As the
whi ch deconposition of the forned organi c peroxide is

prompaivedi cAhtterindongt tice alikial it het afjy esoadsiwo hydrokide, sodium
contai ning the alkali netal conpound, the resulting
rahanatie, Rpaesun idranidt| prbeesivd earhopebesand the

phase, the oil ghase IS contacted with ,
like are liste Further, an aqueous solution of anyone of

these compounds or a mixture thereof can be used. The
concentration of the alkali metal of the aqueous solution is
preferably 0.05 to 10 % by weight.

When the concentrationis lower than 0.05 % byweight, the removal
of the organic acid may become insufficient, and, on the other
hand, when the concentration is higher than 10 % by weight,
the yield of the organic peroxide may be reduced by which
decomposition of the formed organic peroxide is promoted.
After contact with the agqueous solution containing the alkali
metal compound, the resulting mixture is separated into an oil
phase and an aqueous phase, the oil phase is contacted with
water for removing the alkali metal compound remained in the
oil phase, and then the resulted mixture is separated into an
oil phase and an aqueous phase. These operations may be repeated
if necessary.

The oil phase separated often contains a traced amount of
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water for renoving the alkali netal conpound remnai ned
in the oil phase, and then the resulted mxture is

wéeparaied into an oil phase and an aqueous phaseupr2006/316791

These operations may be repgeated if necessary. The oi

phase separated often contains a traced anount

ofwater. This water is preferably renoved as nmuch as
possi bl e because the water al so deteriorates the yield

of epoxidati on. Methods for renoving water include )
pitE Tt yIRbRDWR FRT hbtisPEeEarakly Fenevedgaseniel asi pgssible

R iR B SCoRGAh oLt 8 LAY aulth 8 et pRow daton.
[« i " f
AR e R A o MRl Bfad plIB TS 1R knowp methods such

Rieferadheving rREPN8aVaLE hgbY BBRARSa®k odl HldnUrdePuch as a
A sol ution containing the organi c peroxide thus

ofise Nesk é1s, sUpEted tford emepdnigddyi conseadhe’ watbe through
epoxi dation reaction is carried out in a liquid phase-
Wirgpetisen veand . gheethodefiorsheubudibe Wadieird bynadeans of
tenperature and a pressure during the reaction, and

a3 98- | Fram fherimdusifia hivdeppodadt.sit ifepreferable
| vent may .be subst ance.present .in a hydroperoxide, . .
35 LEROvE R 5 SeRgenepe iR IAk R8RSR eohtatning
RHE SPSARXE Be ros iR ; Lgh i dati
PSR p BB ror ARG bR A h Qs R I G Ro'th e aation
stedtidmit e of a solvent without particularly adding a
sol vent. The epoxi dation tenperature is usually fromO
to 200heg epocigadfiemabepctiom 265 daar G Couthen pi adgutid phase

may be a pressure sufficient to keep the reaction
MSdng @ sicd vent .qThe sediveniti ghreuld be 1iquid under a temperature

and a pressure during the reaction, and substantially inert
to reactants and products. The solvent may be a substance
present in a hydroperoxide solution to be used. For example,
when cumene hydroperoxide is a mixture with cumene which is
a raw material thereof, the cumene can be used as a substitute
of a solvent without particularly adding a solvent.
The epoxidation temperature is usually from 0 to 200C, and
preferably from 25 to 200C. The pressure may be a pressure
sufficient to keep the reaction mixture in a liquid condition.
In general, the pressure is advantageously from 0.1 to 10 MPa.
A molar ratio of propylene to the organic peroxide compound
to be supplied to the epoxidation reactor is preferably 2/1
to 50/1. When the ratio is lower than 2/1, the efficiency may
be low because the reaction velocity decreases. In contrast,
when the ratio is over 50/1, large energy may be required in
a step for separating and recovering propylene £from a reaction

mixture obtained in the epoxidation step for recycling excess
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In general, the pressure is advantageously fromO.1 to
10 MPa. A nolar ratio of propylene to the organic

woei®x28ke7conpound to be supplied to the epoxi @airisPioe/316791

reactor is preferably 2/1 te 50/1. Wien the ratio is
| ower than 2/ 1, the efficiency may be | ow because the
reaction velocity decreases. In contrast, when the

ratio is over 50/1, large energy may be required in a

step for separating_and recovering propylene froma
raRQ4n o refi YR R RC BB SPReBYLARBhe epoxi dation step for
recy?%in ex ess mount . of _unreact ed

u

f ] . o .
it TipgRe el 561 B P18 gttt on mixture

genet BI9SRET . | .
TALIL R GERLLE TE 1 20  Se LB Mifbrororaoiy

rAsse0fy Gek drtrih&diSEEne PaAgENEFaPPL OfY i3kh/sec since the
vel ocity varies depending on conditions such as a

cAppashti e Gfe 1@l ty Xt st ee@ndepepaihgcor sbzdibtfiohbesuch as
solid catalyst. The unreacted propyl ene contained in
tehcompaetiitgronriott the mixturehand poxaddticle sdxst ofnthe solid
is recycled to the epoxidation reactor after

f$tn and recovery. As a nethod for the

SR AR GRS IO B ARt pp mixvure
| i . i i = =
B0 S8 o SO el P U b aation

dhsdd # 4t d OFe 3§ dpaeRENEhNEnaNrtbeveeRenat W medibd for the
conposition of the reaction mxture supplied to a

Begpartadiat omramst epcoverypoEsanreacsedsprbpyléneo Siahilllation
preferably O to 3 MPa as a gauge pressure, the
Al Headisedpekat the distildpbjons0itoisspreferaide @ use
bcogéé)in%:{oelgrg %El%telil:r %hiighuzsnlrjgll){&ene is easily evaporated. Though
the conditionsof distillationvarydependingon the temperature
and composition of the reaction mixture supplied to a
distillation step, the pressure is usually 0 to 5 and preferably
0 to 3 MPa as a gauge pressure, the overhead temperature is
usually -50 to 150C, and the bottom temperature is usually
50 to 200 C, and preferably 80 to 200 C.

Further, a method for distilling pro”pylene stepwise using
a plurality of distillation éolumns, may be used.

Unreacted propylene thus separated and récovered can be
supplied to the epoxidation reactor after mixing with fresh
propylene.

However, in a case of which propylene to be supplied to
the epoxidation reactor contains unreacted propylene after
epoxidation reaction, a problem that a pressure loss of the

solid catalyst layer increases with an operation time, occurs.

Inusual, oxygen-containing organic compounds as impurities
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50 to 200 C, and preferably 80 to 200 C . Further, a
nmet hod for distilling propylene stepw se using a

wolbg7ahidsy of distillation colums, may be use@ct/gr2006/316791

Unr eact ed propyl ene thus separated and recovered can
be supplied to the epoxidation reactor after m xing
with fresh propyl ene . However, in a case of which
propyl ene to be supplied to the epoxidation reactor

contai ns unreacted propyl ene after_epoxidation o
AR CPBRa1RePidhF RmUPASacE 95t REQRY LB s S NSFOXgeR pFPRtaining
cat al yst Iqﬁ§%%+gcreases W t h an o eraﬁion tine,

SIS | 75 S o3h GeHePRERER R S gam ¢ o FRsFation
ﬁéé@éﬁf.’ U IESSHAY &P B!Eatﬂlg%:i 4 etrp—%dfﬂ{a% 'trf‘ggo Plﬁ.lce{;&apounds
. The oxygen-cont al ni ng organic conpounds are dgenerate

M gl ydd NEdHfa POy da! | 8BetaaabRydeEX &dRINME @lcild@nd methyl
oxygen-cont ai ni ng organi c conmpounds i ncl ude

farashakehytiee sacexpydrhgdataliningc oagad iandomplduylds are

al cohol . These oxygen-cont ai ni ng organi ¢ conpounds are
comtained iin tthe unreactted propylene separated and recovered
recovered fromthe reaction m xture after epoxidation

FHP™S 95 @t om BUESSEe AEeR PRAXLSA TP PRAyERPRY1eA to

f. the unr fed pr | ene.thereto. .However ..t hese
SRR B ST T LB rpBiR L R LE rpnfiteactea

I RARE O T H1® tR] ©S b eSS t HBERNGxfgbRPEoht BB ning organic
P

conti'nuous operation. From facts that deposition o
R nypeRIn € E sl i arofindrdeiyyles @het peesguird loss during a

catal yst in which the pressure | oss increased, is

siany fiigentcontingops ebpeadbtiono reduce the

concentration of the al dehydes in propylene to be

SuppFF@@ facts that deposition of polymerized products of
aldehydes on the solid catalyst in which the pressure loss
increased, is significant, it is preferable to reduce the
concentration of the aldehydes in propylene to be supplied to
the epoxidation reactor.

In the present invention, the before-mentioned object can
be attained by cooling at least part of propylene to be supplied
to an epoxidation reactor thereby separating and removing water
contained in the propylene, then supplying the propylene in
which oxygen-containing organic compounds has been removed,
to the epoxidation reactor.

Specificexample of a coolingmethod of propylene is as follows:
Usually, the unreacted propylene contains water generated in
the epoxidation step, and the contained water is separated
by cooling the propylene.

Propylene to be cooled may be unreacted.propylene.alone or

a mixture of the unreacted propylene with propylene newly

supplied. When the mixture with propylene newly supplied is
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t he epoxidation reactor. In the present invention, the
bef ore- nenti oned obj ect can be attained by cooling at

wbesstopart of propylene to be supplied to an pcr/gp2006/316791

epoxi dati on reactor thereby7separating and renoving
wat er contai ned in the propyl ene, then supplying the
propyl ene in which oxygen- containing organic
conmpounds has been renoved, to the epoxidation

reactor. Specific exanple of a cooling nethod of
pﬁ%’;ﬁ%né}’i@ Bethed dsPreferaliy sinee gnraaeury of a cooling

h d
BT E0L S R e MBS B e
P
%@f@%g B e e ORI BN e s

fgﬁbthh propyl ene newly supplied. Wen the

n1xture with propylene newly supplied iscooled, this

nmet hwdtes pfehabball € .9ilnde aboatoWNts A wzszioghmgis usually
medi um required for cooling can be reduced by m xing
wart kg | EhebreRy erappbi bd buohdecitrdt dopcomtling .
than_t he unreacted propylene . Water of about 0.01 to :
aboufs @ E%JB;"“II%F%HPO% ARG Wa s ARt Pﬁcbﬁ'@}s;‘?lrenQOOllng

£Q be subj ect %}COO

e S A 2080 B 1% BePRRathy S Rrycapiing by a
a 4 thet | %foa %%rtﬁ%ﬁh v%?grqg ltllr(l.)gl ¥ %&ﬁgfied gas

heat tal ne vapori zatffon o [ que ie
dr H:h% like Eﬁf@ e&éﬁiﬁllﬁléiﬂ, aﬁadc6@1’ih?9ﬂﬂ:ﬂ FY ﬁeEQaéxchanger

exchanger is generally used industrially. Though
proomemserally besedoledushyibklygas or liquid, it is

Though propylene to be cooled may be gas or liquid, it is
required to be liquid in a step of separating generated water
from propylene. As a specific example, gaseous propylene
distilled from the overhead of a distillation column is cooled
by a heat exchanger to liquefy it, an aqueous phase generated
at this time is separated. If necessary, liquefied propylene
is further cooled to generate the aqueous phase and then separate
it.

The temperature of propylene after cooled is usually -10
to 100C, preferably 0 to 50C. Therefore, the operation of a
distillation column for recovery of unreacted propylene, should
be conducted so that a overhead temperature of the column is
higher than a temperature of propylene after cooled. When the
cooled temperature is too low, the aqueous phase separated
freezes to cause a trouble against a stable operation, and
further it is required to use additional equipment such as a
heat exchanger because energy for heating propylene at the time

of supply of the propylene to the epoxidation step, becomes
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required to be liquid in a step of separating
generated water from propylene. As a specific exanpl e,

woaseadsy7pr opyl ene distilled fromthe over headpet/yp2o06/316791

distillation colum is coolgd by a heat exchanger to

liquefy it, an aqueous phase generated at this tine is

separated. |If necessary, liquefied propylene is

further cooled to generate the aqueous phase and then

separate it. The tenperature of propylene after cooled

RCRRIRATY- -BlexefavecC, 1pr épafablty ynegogomgcal.

Therefore, the eratipn of a distillation col for .

r ecovely WP ac 88 pPBBSFant eshd i g’é'gg’cngggt ggparation
t

?;?Lﬂgé QUSLDEA I SRELAIL o Bl LBeCPOh LS DEGRET 1t 1o

ehper a of propylene after coo
%&éf%%&ﬁf@LEfbmstEQOVEQW?ORHQ BEUGRPARRAYR of oxygen

separated freezes to cause a trouble against a stable

aEArtadining ardaniid bempbunids .r Mauebe8rt, othis ressure added at

addi ti onal equi pnent such as a heat exchanger because

averlging cis et ipariprapldehle eesthéctedeidf thapprgssfire is a

t he propylene to_the ﬁg@gidation steg, o _

cder whihe PEonYene §8ofs digddfonitcal cooling

I,Ln_ contrast, the tenperature is too high, the

sﬁﬁﬂﬁ%ﬁ??ﬁ?%f the aqueous phase becones insufficient,

ther ef'lq{§’a%l.§e61§s adl eéé’r?é?é‘éeﬁr ﬁH‘XIt BE \é'i%‘é‘,‘l%‘ilg;étd Yhrough

separation oxygden contarning organi ¢ conpoun

VinRBmer td RBePh@ESUAE Bldesy dtehOUF NF h&cBRsary, reused in
particularly restricted if the pressure is a pressure

wmcterh eahs € bp ohreape Opyt preocelsews Thewateat caneenkiingpropylene
tenperature . The aqueous phase separated may be
@ﬁﬁﬁy(ﬁiﬁmiﬂqﬁgﬂp of water is not particularly limited, but

is preferably 300 ppm by weight or less, more preferably 100

ppm by weight or less.

The concentration of oxygen-containing organic compounds
in propylene to be supplied to the epoxidation reactor is also
reduced by removing the aqueous phase separated outside the
system since the oxygen-containing organic compounds are
dissolved in the aqueous phase separated.

As, in propylene to be subjected to cooling, the
oxygen-containing organic compounds of 0.01 to 0.1 % by weight
is usually contained, aldehydes contained in propylene to be
supplied to the epoxidation reactor is reduced to 100 ppm by
weight or less, more preferably 50 ppm by weight or less.
According to the above-described method, not only removal of
water but also removal of water soluble aldehydes such as
formaldehyde and acetaldehyde are possible.

Furthermore, as an effective removing method of

oxygen-containing compounds in propylene to be supplied to the
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renoval to the outside the system or if necessary,
reused in another step or another process . The water

wo69h/7nke7h N propyl ene after elimnation of “ﬂtﬁbTbﬁﬂﬁQ§NW91

particularly limted, but ig preferably 300 ppmb

wei ght or less, nore preferably 100 ppm by MEIght or

| ess. The concentration of oxygen-contai ning organic
conmpounds in propylene to be supplied to the

epoxi dation reactor is also reduced by renoving the
Rpevidapher teseparatiddi sprssd®letio vgsharopyicaehithwater,
ox en- containing organic co ounds are dissolved in

%qE%o%%P%ﬁ%E% qRpAARLEHS REASP L0 FARGTE R he
SUbjgﬁﬁggfﬁg %% ﬁ%so%%e 4%%?@wb Qﬂ9'nb€ °F§€fé§e are as

conp y wel
ced ghyied, al dehydes contained in propylene to be

supplied to the epoxidation reactor is reduced to 100

PPM BY¥ ARia@hiind mbeRSd, MBHEr&feegaklen SGdiHBDYE contacting
wei ght or | ess. Accordlng to the above -described

rga seolys nutopyl gne enbiial 1 bduirdt bikbudbragasevesowatenf liquid
wat er sol ubl e al dehydes such as fornal dehyde and
IR LR e thr &1gusdrbike Vatehamibe, 1ikeanlt is preferable

f - tainin
effectlve rﬁFDV|n pgﬁ%g_drgh 0X gegg@&?gnailaugd form taking

tan?ce %%t ltﬁﬁtvgfcgéyie?htsﬁ]f%f g&'LbA { et gﬁ\;’)\gisuggtlon reactor

propyl ene w Sépar a

w§§u591¥§ﬁﬁﬁﬁﬂt Ik coReaEL IeE ﬁ’iﬁ.@{cﬁﬁaﬂ& t‘ﬂ@tv%lume required
washi ng of propyl’ene are as fol : a washi ng

nidih @dn tialedr. eTRE 6L ghuiad p&dmufmé Qfs ﬁ@snh@ﬁtwl@om&%@i&g with
propylene with liquid-Ilike or gaseous water, |iquid

water in liquid form in a part or whole of the propylene prior
to supply to the epoxidation reactor. As an example of a method
of contacting propylene with water, a method of contacting
tthrough mixing of them in a pipeline by simply injecting water
into the pipeline of propylene, or a method of using a mixer
or the like for improvement of contact efficiency can be
applied.

As examples of the mixer, an agitation mixer composed of
agitation means and container, can be listed, and if sufficient
contact efficiency can be attained, a pipeline scaled mixer
such as a static mixer can be used.

As contact conditions, any conditions can be used if
sufficient washing is attained, and as preferable examples,
the weight ratio of propylene to water of£ 0.1 to 200, the contact
temperature of 4 to 120C, and contact time of 1 to 1,800 seconds
(excluding still standing time for separation) are illustrated.
Propylene mixed with water is separated into an o0il phase and

an aqueous phase through still standing. As preferable
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propylene with liquid-like water or the like. It is
preferable to contact |liquid propylene with water in

woOi2000d3d79r m t aki ng account of that propylene pgppbioaslsico

to the epoxidation reactor 1ps usually liquid ,the
contact efficiency and the volunme required for contact
The I'iquid propylene is washed by contacting with
water in liquid formin a part or whole of the
propyl ene prior to supply to the epoxidation reactor.
POt EXaMBICE 61t id InEERDA1SE EORITRRATE: bPBpyA 6d Ll shanding
water, a method of contacting thrqu m xi ng of them .
ELEE o G HoRAAE Lot b DR Ao L1 standing

ma”| Cene! _ ! .
Pafp RS ole ROEPY 0ot BBl 1 e a8 IrAC ol phase
aghd £l e 'S sCXPEPL £8e 8o dtE d8 ¥BE ,sy@t&gbéeahgabﬂgiéséparated

conposed of agitation nmeans and contai ner, can

| agli@slus phdsief contf 4166 ehle soPGEEt cehtathengbrafhiecompounds,
attained, a pipeline scaled mxer such as a static

xerif podsibbed. régsednimcancbnei-t $bep, oangnother process.

conditions can be used if sufficient washing is

at FATEST afdPast pihg e b maeRenpeeEClefcandiufnd far washing

of .propylene to water of 0 .1 to 200 , the contact
t%ﬁnﬁﬁéﬁ&i&?%faﬂafﬂ‘1200, and contact time of 1 to

L 803s~°’ﬁ889§8n88?‘%}08%”ggcg;%i_ Ebc%gggi 8¢ ﬁ:.hre(ep&mg%ﬁure loss of

separation) are illustra ropylene mxed

Ve €501 $3TARANIY AN 41 £ cal Hil duphPsss88€ ﬁﬂlé%@ ropylene
phase through still g%anding. As pref erabl econ |tio%s pY

afn ghiikh v teed i 80s d pir sepd bald temove & taifilerst B8 Gidter washing
time for separation of 1 to 300 mnutes and a stil
stanthe epenipdabionereficiore 120C are illustrated. The

aqueous phase . . . .
As above-mentioned, according to the present invention,

propylene oxide can be efficiently produced from an organic
peroxide and propylene.

The present invention is described in detail below.

EXAMPLE

Example 1

A titanium-containing silicon oxide catalyst prepared
according to Example 1 of WO2004/056476 A was sieved to obtain
the catalyst of 1 to2mmin particle size. Thus obtained catalyst
was packed to a tubular epoxidation reactor made of SUS having
an inner diameter of 2.5 cm, in which an inner tube having an
outer diameter of 1 cm was concentrically placed to form a solid
catalyst layer of about 140 cm in length.

To the reactor, anorganichydroperoxide and propylene shown
below were continuously fed at a weight ratio of the organic

hydroperoxide to propylene of 1:1 and a f£flow rate of 10 kg/hr
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separated is discarded outside the system because the
separ at ed aqueous phase contai ns the oxygen-

wOQnd7aksY7AY Or gani ¢ conpounds , or, if possibl ecTiPLSEGH6791

i n another step or another fprocess. Further, a part

thereof may be recycled and used for washi ng of

propyl ene again . As nentioned above, the increase of

the pressure |l oss of the solid catal yst |ayer can be
suppressed by supplying propylene in which water is

slep Sramrat oartd eperdad iam aeadid ORatdr theshrkglysd dager. The

epoxi dati on reactor. As above-nmentioned ccording to
IRACH LB REGTRIETE | O EBP RYFLAB BHiGcOt ahhporeactor was 5.4

Fﬁﬁéé i g%ﬁe&gﬁ_%ggggggeﬁ r ppu?:'@ag%%a?égaggg ;EI ieg%elaan%q:ion, the

propyl pr esent "i nven

gﬁ@ééumdmfe@éﬂ@-%m €hd hié&%&&@mwﬁé@fide of

i con oxi de catal yst prepared according to Exanple
i h NDRRRHA/RE 6 H 76 sAuwas 1658Y efla s melHtdd | M oirfriahyist reaction
of 1 to 2 mmin particle size .Thus obtai ned catal yst
WSS gaokdauousd vt abuirdedepok ifttat rbnute?s® droumsle thble pressure
SUS having an inner dianeter of 2 .5 cm in which an
i¥rEs antherhdBrrgaas oftidre MRARTUSTe JoSF dwni@y the reaction

concentri cal | aced to forma solid catal yst |ayer
(ﬁeﬁﬂxﬁﬁaﬁ%%i%ﬁg?ﬁe¥%ﬁ th. To the reactor ,an organic

hydr %%&é{csw%t AW ghe shown bel ow were

contin a welght ratio of the organic

hydr operexl siegdRi 8 TP Hiide 1 a@isheéhd kBWudloh @bntaining
10 kg/hrto carry out epoxidation reaction in the

B albys weligher of Thbamene hydroperoxide obtained by separating
an oxidation ligquid obtained by (1) oxidizing cumene with air
in the presence of an aqueous sodium carbonate solution into
an aqueous phase and an oil phase, (2)after contacting andmixing
thus obtained oil phase with water, separating again into an
aqueous phase and an oil phase, and further (3) removing water
in a trace amount remained in the oil phase obtained in (2)
through distillation, was used.

* Propylene:

As propylene, propylene obtained by adding fresh purified
propylene in an amount corresponding to the amount consumed
by the epoxidation reaction to propylene obtained by cooling
the unreacted propylene of 100}°C recovered by distillation of
the reaction mixture to 20T thereby separating and removing

water from the propylene, was used. In addition, the water

separated and removed, contained 14 % by weight of formaldehyde.

INDUSTRIAL APPLICABILITY

According to the present invention, there can be provided



reaction pressure of the outlet side of the reactor

was 5.4 MPaG (gauge pressure). Further, during the
woesli®ry the pressure difference between thepihlyeions/316791

side and outlet side of theareactor (pressure |o0ss)

was mneasured. Though the reaction was continuously

carried out for about 350 hours, the pressure | oss and

an increase of the pressure |loss during the reaction

were scarcely observed. * Organic hydroperoxide : As

tSh @ TOFHA @Oﬁyépéﬁéﬂﬁﬁuééy'Qr@§#§ﬁ@QSBFQPVéﬁne oxide through

contalnln 25% b t of cunene hydroper oxi de
Wt o et SR 0Pk SBRP YRR G AE0E"IR Hararigp ane

;5'3_) e[g%jéglg%d:nuan e on}g%‘i:luj.oﬁ r Egtgp Ervﬁ%.eé}%% %oﬁ% catalyst

m ca esoIU|on|noanaqueo

pf@%%é]@d an:o{ bn PbasCavolid) af B +EeY Bl thQ & id catalyst

m xing thus obtained ol phase wth Water, separating
afgidrd ted b3ningueass Phasprarduae mbbsp@ﬂ&me eadalyst layer
further (3) renoving water in a trace anount renai ned

iand he situptibor Obati neduchiff) ofhtbegprdidsictiloat iammunt is
was used. * Propylene: As propylene, propylene

dn%geed by adding fresh purified propylene in an

anount corresponding to the anount consuned by the

epoxi dation reaction to propyl ene obtained by cooling

t he unreacted propyl ene of 100C recovered by

distillation of the reaction m xture to 20C t hereby
separating and renoving water fromthe propyl ene, was

used. In addition, the water separated and renoved,
cont ai ned 14 % by wei ght of fornal dehyde.
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| NDUSTRI AL APPLI CABI LI TY According to the present
i nvention, there can be provi deda process for

woend7ioasawsl y produci ng propyl ene oxi de throughct/sp2006/316791

epoxi dation reaction by supplying an organi c peroxide
and propyl ene to an epoxidation reactor in which a
solid catalyst is packed, which can avoid a destroy of
the solid catal yst generated by increase of a pressure
| oss of the catal yst layer and a situation that
reduction of the producti onChRd¥® is forced. CLAI M5
1. A process for producing propyl ene oxide ,which
conpri ses supplying an organi ¢ peroxi de and propyl ene

PR R A AL e

tUIGH £P R 24heA Féﬁbkﬁae mrﬂ'db%?érge RiPa8Sepoxidation
conprises cooling at [east a part of the propyl ene

laed any te0 15 fip fhYil diga ts® 1SiePes BA By 80 d o patked Whledfeby continuously
contai ned in the propyl ene ,and supplying the

s aireg i propy teneaosidaathbeughs epardded immd reaction,
renoved to the epoxidation reactor . 2 . The process
JFrdithFalsl Precese CoREisrs £RR1pngpFEelrash pPart of the

e e
i . t aj , . .
AL 06 YL SUEAGA, 08B0 g ot

WNGETH &8 W 8Pa L 2HBAHNE +8mb6CERMRALRY epRRliAA it +8actor.
water to be renoved. 4 . The process according to

cl ai @ 1 Thenheoeebstdhecprdpyg drecllaibel s Wijeandiad the propylene
cooling contains 0.01 to 0.1 % by wei ght

to be subjected to cooling contains 0.01 to 0.5 % by weight
of water.

3. The process according to claim 1, wherein the propylene
contains water and an oxygen-containing compound, and at least
apartof the oxygen-containing compoundis removedbycontaining
in water to be removéd.

4. The process according to claim 1, wherein the propylene
to be subjected to cooling contains 0.01 to 0.1 % by weight
of the oxygen-containing compound.

5. The process according to claim 3, wherein the
oxygen-containing compound is an aldehyde.

6. The process according to claim 5, wherein the
concentration of the aldehyde after separating and removing
the aqueous phase, is 100 ppm by weight or less.

7. The process according to claim 5, wherein the aldehyde
is formaldehyde and/or acetaldehyde.

8. The process according to claim 1, wherein the propylene

to be subjected to cooling contains unreacted propylene
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of the oxygen-containing conpound. 5 . The process
according to claim3 , wherein the oxygen-containing

woonpadsd7i s an al dehyde. 6 . The process accopdirp2006316791

claim5 , wherein the concemtration of the al dehyde

after separating and renovi ng the agueous phase, is

100 ppm by weight or less. 7 . The process according

to claim5 , wherein the al dehyde is formal dehyde

and/ or acetal dehyde . 8 . The process according to
cFefavered ffams Reeré iprdpyite et pdnedmtdartbhe spoxidation
CB°|iF9 contai ns unreasted propyl enerecovered froma

ready FoR" i xt ure obtained after the epoxi dati on

react yon r rdj 4 ai . .
whorel f The BEPLSSE AL A 1Y Midih B D Mdretn jthe solia
Stat&DPsOXigdeactl @hhiim-tOnthiQ1RGOGASS AL UM AW dfralyst.
claiml1l , wherein the organic hydroperoxide to be

suppl Led Tise proyeesbiaaicvadi by ¢ontiaimny, WHdrétin the organic
al kal i metal - contai ni ng aqueous sol ution. 11. The
prodecrenesbdei be e supphied Wierceonet bbtpriowd byecbstacting

washed by water prior to cooling.
with an”alkali metal-containing aqueous solution.

1l1. The process according to claiml, wherein the propylene

is washed by water prior to cooling.



