1 DESCRI PTI ON METHOD FOR STORI NG TI TANI UM CONTAI NI NG SI LI CON OXI DE
CATALYST 1> Technical Field The present invention relates to a

met hod for storing a titaniumcontaining silicon oxide catalyst.

More particularly, the present invention relates to a nethod for
storing a titaniuncontaining silicon oxide catalyst which can 10 be
used for a reaction obtaining, for exanple, an oxirane conpound from

a hydroperoxide and an clef in-type,c nd which can exhibit
a high activity even after the cataP?ggﬁﬁ$g%cﬁgen stored for |ong

period. 15 Background Art Methods of obtaining an ol efin oxide
conmpound froman olefin type Lconpound and a hydroperoxid , in the
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are 20 disclosed in, for exanple, patent literatures (e. g US.
Patent Nos. 4,367, 342and. 5, 783,1%$7, JP-A-7-300312,

JP-- A - 2015 4. P- A- 2000-i O75Q6, JP- A- 2000- 109469,
JP- A- 2000 i"."%g’i'gg?alﬁ.i?kézom- 1171131, JP-A-200()--;, 19266,

e 20012058 o DB e BORTRATER, R 200% B e
R e M Nty T A
L?gb;glsyl t ’pa%@gélellgza:&?rl,y%h% %.[mees%fn eg.n%%% eJ.SosnI \éee!lya erso uocead maentqlod for
storing a titanium-containing silicon oxide catalyst which can
10 be used for a reaction obtaining, for example, an oxirane
compound from a hydroperoxide and an olefin-type compound, and

which can exhibit a high activity even after the catalyst has

been stored for long period.

15 Background Art
Methods of obtaining an olefin oxide compound from an

olefin type compound and a hydroperoxide in the presence of
a catalyst, are publicly known. As a catalyst used herein,
specified titanium-containing silicon oxide catalysts are

20 disclosed in, for-example, patent literatures (e.g. U.S.Patent
Nos. 4,367,342and 5,783,167, JP-A-7-300312, JP-A-2000-107604,
JP-A-2000-107605, JP-A-2000-109469, JP-A-2000-109470,
JP-A-2000-117101, JP-A-2000-119266, JP-A-2001-286768,
JP-A-2002-224563, JP-A-2002-239381, JP-A-2004-195379 and

25 JP-C-2909911). As these catalysts are used as a fixed bed



stored for long period, However, findings regarding suitable 5

condi tions under which the catalysts are stored for long tinme, have
never been shown. Disclosure of the Invention Under such situations,

an object to be solved by the present 10 invention is to provide a
nmet hod for storing a titanium containing silicon oxide catalyst

whi ch can be used for a reaction obtaini“ng, for exanple, an oxirane
conpound from a hydroperoxide and an ol efin-type conpound, and which
can exhi bi catahigh . adte ety lowds af beratde apataltyste Fas 1baem st Lo or
t,5 for a long period. Nanmely, the present invention relates to a

met hod for egeoyi agvarailt anindiscant @iveiryg ssivdreon yodide, oaf alnstresult,
whi ch can be used for a reaction obtaining, for exanple, an oxirane

conpound frbheaehyatapesoxi deeantitan @&@éé@siVQEyq&ﬂE@M@QdQﬂﬂi%&Eobably
whi ch can exhibit a high activity even after the catal yst has been

stored for atboeg peribohgantrisda HBidWE f Airfd HdNGdd¥rding suitable
titani umcontaining silicon oxide catal yst, which conprises storing

a titanibumcondatnbng widéeahion deecahahyshtungdes dord @biVeong time
hum dity of 60 %or |ess. 25 Best Mdde for Carrying out the I'nvention "

The titani unacenhavarngeenl ist@wnaxi de catal yst to be stored for a
long tine, includes, for exanple, a one obtained by supporting a
titani um source such as a titanium al koxide, 5 titanium halide or the
i ke on a support such as silica gel or the |like under a gas phase
or liquid phbseldeseei bedthe, Invention
Undersuchsituations,anobjecttobesolvedbythepresent
10 invention is to provide a method for storing a
titanium-containing silicon oxide catalyst which can be used
foraireactionobtaining,forexample,anoxiranecompoundfrom
a hydroperoxide and an olefin-type compound, and which can
exhibit a high activity even after the catalyst has been stored
15 for a long period.

Namely, the present invention relates to a method for
storinga1j¢anium—containingsiliconoxidecatalystwhichcan
be used for a reaction obtaining, for example, an oxirane
compound from a hydroperoxide and an olefin-type compound and

20 which can exhibit a high activity even after the catalyst has
been stored for a long period, and is a method for storing the
titanium-containing silicon oxide catalyst, which comprises
storing a titanium-containing silicon oxide catalyst under a

relative humidity of 60 % or less.

25



for exanple, the above-quoted patent literatures (see U S. Patent No,
4,367,342 and JP-C-2909911), an aerosol type one obtained by
reacting a titaniumhalide with a silicon halide 10 in a flanme, one
obtained by a sol-gel reaction of a titanium al koxide with a silicon
al koxi de, and the like, and are not partécularly limted thereto.
However, it is preferable to satisfy all®of the foll ow ng conditions
(1) to (3%: (1) an average pore dianeter is 10A or nore, 15 (2)

por es accouBeEiigMode $0% Sanmmyisyg ofut hehé oravepoienvol une have a
pore dianeter of 5 to 200A, and (3) a specific pore volune is 0.2
an8/ g or nore Hehei fhitehd wpesifticipie yolusenMBRANEeacROBR YRl YIE be
per 1 g of the catalyst. 20 Measurenents of these conditions (1) to
(3) can be sbtnded: €dr dyiwonvemtd onalcIneidAdF csUehanp1a ,PRYShEAbtained
adsorption nmethod wusing a gas such as nitrogen, argon or the |ike

The cat al ysbytoubpostibngdai hithaeipmesentcenyeshi 88 @BWitéﬂlﬁHMhiEEx1de
have a peak show ng an interplanar spacing (d) in 25 an X-ray

di f fracti ont{ X®BipmThelpdak oshahieng iade ioH &f phasyrtd S@&@%@%iﬁcé‘
herein referred to, neans a peak due to the crystallinity and

regul arity of theolille andea br gad @ﬁaseﬂd&elﬂqhﬁﬁ1ﬁHHHéﬂHBEbeEéd in,
may exist. The catalyst to be stored in the present invention,

preferably fias anambserpthenq@mﬂe4qudﬁ&ﬁrﬁ&&éﬁ&OilﬁégatérEH‘1%ee‘n

the infrared absorption spectrumfromthe viewpoint of high

activity.
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oneobtainedbyreactingatjianiumhalidewithasﬁliconhalide
in a flame, one obtained by a sol-gel reaction of a titanium
alkoxide with a silicon alkoxide, and the like, and are not
particularly limited thereto. However, it is preferable to
satisfy all of the following conditions (1) to (3):
(1) an average pore diameter is 10A or more,
(2) pores accounting for 90% or more of the total pore volume
have a pore diameter of 5 to ZOOA” and
(3) a specific pore volume is 0.2 cm3/g Or more.
Herein; the specific pore volume means a pore volume per
i1g qf the catalyst.
Measurementsoftheseconditions(1)to(3)canbeconducted
by conventional methods such as a physical adsorption method
using a gas such as nitrogen, argon or the like.
The catalyst to be stored in the present invention may
or may not have a peak showing an interplanar spacing (d) in

an X-ray diffraction (XRD). The peak showing an interplanar



of titaniumintroduced into the silica skeleton. The catal yst
satisfying the above-described conditions 10 (1) to (3) is

preferably produced by a process conprising the follow ng steps:
First step: a step of obtaining a solid containing a catalyst
conponent and a tenplate by m xi ng and s%li rring a silica source, a
titanium source and the tenplate in the IFiquid state; 15 Second step;
a step of obtaining a solid containing the catalyst conponent by
renovi ng t fPaEHy at @) f renheheisolkredergisdaitved nieantshe fiaat &Gtepto atde
Third step: a step of obtaining a sii.ylated catalyst by subjecting
the solid &5t redlimitheskomuhsiepty ofisid ghatidonand20 tierad medih@iue
first stepis a step of obtaining a solid containing a catalyst
conponent &mwd an tanptpheubyparki mgyaecdisdt.irring a silica source, a
titanium source and the tenplate in the liquid state. Wen the
reagents used ar &lsolcaiaiheseto beesppekdr abl yhesedeadsnat SiolwdnOion N
whi ch these are dissolved 25 or dispersed in a solvent. 5 The

silica Soupcefiacdbtehamanpiiossrstioadp e i thkomekson of 886St f50Em !
exanple, tetranethylorthosilicate, tetraethylorthosilicate and
t et r apr opylior thesinfreaté.absarpheon spédtaus @uraeshBaviegpainor@gamiGh
group such as 5 al kyltri al koxysil anes, di al kyl di al koxysi | anes,
trial kyl no@odiikokysi | ditess do2sbistedi @h&koxyhiid pehal keneespoddshe that
i ke, can be also used. These silica sources can be wused al one or
may be usedfasisdamktmrentfodevedalinkionddie silica skeleton.
The catalyst satisfying the above-described conditions
10 (1) to (3) is preferably produced by a process comprising the
following steps:

First step: a step of obtaining a solid containing a
catalyst component and a template by mixing and stirringasilica
source, a titanium source and the template in the liquid state;

15 Second step: a step of obtaining a solid containing the
catalyst component by removing the template from the solid
obtained in the first step:; and

Third step: a step of obtaining a silylated catalyst by
subjecting the solid obtained in the second step to silylation.

20 Herein, the first step is a step of obtaining a solid
containing a catalyst component and a template by mixing and
stirring a silica source, a titanium source and the template
in the liquid state. When the reagents used are solid, these

are preferably used as a solution in which these are dissolved

25 or dispersed in a solvent.



The titanium source includes titanium al koxides (e.g. 10 tetranethyl
titanate, tetraethyl titanate, tetrapropyl titanate, tetraisopropyl
titanate, tetraettyl titanate, tetraisobutyl titanate,
tetra-2-et. hyl hexyl titanate, tetraoctadecyl titanate) ; and
titanium (1V) oxyacetyl acetonate and titanium (IV)

di | eopr opoxybi sacetyl acet oi nate; and titani um 15 hal i des (e.q.
titaniumtetrachloride, titaniumtetrabrom de and titanium

tetraiodide); titmylssuldateoandethecliibgs amsrpheuemphale. amone
of cationic surfactants such as al kyl an noni uns , dial kyl anmoni uns,

trial kyl anmainidifgs i1es2y| agposkinpand akkyapieitndi i s @it e, sur f
actants such 20 as al kyl sulfate 1ons and al kyl phosphat e i ons,

noni on sur fagiai sh LA REs POk ¥at Ky haae t@xird@so g 106k ol MdreFe .
t hereof and al kyl am nes can be applied. Anong them quaternary

anmoni um i GRs-{RAF eSeNM £da bYohih8e 8RB RL of BMMYrey dnklc ag{xﬁau;prﬁiaﬁ abby
used. 256 (NRRRR I+ (1) 6 (wherein, Rrepresents a linear or

brancheg hyginagarbom 95:2upi 1 BA¥ENIa2a1 230 16aMRAN, Al s and 112 to

R4 represent an alkyl group having 1 to 6 carbon atons). Fl is a

linear or hrnancheeh fyds 2eRbROB1 GRANR , NAYHNG 12 (13- 1013853 BPN) 21 PABe
preferably 10 to 18 carbon atons. R2 to P4 are respectively

i ndependentdyg amhelikie 9r R, HRAVIRG Lislk® .6 HRIRON :ALUB s es can be
preferably each of P2 to R4 is a nethyl group. Specific exanples of

the quater Rafel B USE: haY HEPLEEANHE bynithe:gensr alefOFaMI RIfAS .
i ncl ude cations such
The titanium source includes titanium alkoxides (e.g.
10 tetramethyl titanate, tetraethyl titanate, tetrapropyl
titanate, tetraisopropyl titanate, tétrabutyl titanate,
tetraisobutyl titanate, tetra-2-ethylhexyl titanate,
tetraoctadecyl titanate); and titanium (IV) oxyacetylacetonate
andtitanium (IV) diisopropoxybisacetylacetonate; andtitanium
15 halides (e.g. titanium tetrachloride, titanium tetrabromide
and titanium tetraiodide); titanyl sulfate and the like.
As the template, anyone of cationic surfactants such as
alkylammoniums, dialkylammoniums, trialkylammoniums,
benzylammonium and alkylpiridiniums; anionic surfactants such
20 as alkyl sulfate ions and alkylphosphate ions, nonion
surfactants such as polyalkylene oxides, block copolymer
thereof and alkylamines can be applied. Among them, quaternary
ammonium ions represented by the general formula (I) are

preferably used.

25 [NRRZR3R*]* (1)



10 as hexadecyl trirethy |amonium dodecyltrinmethylamon: Lum

benzyl tri met hyl anmmont um d. i et hyl di dodecyl anmoni um and

hexadecyl piridinium In addition, the quaternary amoni umions
represented by the general fornula (1) nay be used alone or as a

m xture 15 of several kinds. Exanpl es of, the solvent include water

and al cohols, for exanple, such as nethanol, ethanol, n-propanol,
2-propanol, nnbutanol, sec-butanol, t-butanol, a.llyl_alcohol,

cycl ohexanollWhgx& iBenBy FeRredfolts di blreandmbyeochsd hedeotarfhs group
amount used 20 of the titanium source based on the silica source is
pref erably PRVSRG @ tot 861 cambroa grtefer.abing R ol OROOOOS ¢ w10t 4an alkyl
ternms of nolar ratio. The anount used of the quaternary ammoni um

i on based ofTPHe hévdndaroum 6 ofatthen sitdérem) source and titani um
source is preferably from10.2 to 2 in terns of nolar ratio. 25
Further, for pronBtihg &héineact ponbohnthedshlyidzacsotrae ardup tHeving 2
titaniumsource, it is preferable to inpart alkalinity or acidity to
the m xéd s&PuBFosarhont v aikalpretaraely Yuater har gaabhnnniatbms .
hydr oxi des are preferable, and exanples thereof include

t et ramet hyl a[ : mxoR{ ure H/dreoxi de;s e dtetvedeat hiyl daprmi amt hy diroxd dey Bngk-oup
t et rapropyl ammoni u: n  hydroxi de, and a hydroxi de of the quaternary
anmoni um i ohaviegr ésenteddgbdhe tgener and prmfleaablly eaich vhiRh.td Ré is
tenplate and the alkali source are contained in the sanme conmpound,

is nore prefleeidbye. gaun herSpexiafit escaofp ltee odctdei aqued tietend By ammonium
i norgani ¢ acids such as hydrochloric acid, sulfuric acid and nitric
aci d, and otgariereesesteddly dbefarmemlacpdnudeet I ¢ iacildide cations such

10 as hexadecyltrimethylammonium, dodecyltrimethylammonium,
benzyltrimethylammonium, dimethyldidodecylammonium and
hexadecylpiridinium.

In addition, the quaternary ammonium ions represented
by the general formula (I) may be used alone or as a mixture

15 of several kinds.

Examples of the solvent include water and alcohols, for
example, such as methanol, ethanol, n-propanol, 2-propanol,
n-butanol, sec-butanol, t-butanol, allylalcohol, cyclohexanol
and benzyl alcohol, diols and mixtures thereof. The amount used

20 of the titanium source based on the silica source is preferably
from 107 to 1, more preferably from 0.00008 to 0.4 in terms
of molar ratio. The amount used of the quaternary ammonium
ion based on the total amounts of the silica source and titanium
source is preferably from 10™® to 2 in terms of molar ratio.

25 Further, for promoting the reaction of the silica source



and propionic acid. The mxing and stirring tenperature is usually
from-30 to 1001:. A solid is formed by mxing and stirring, and the
1.5 solid may be aged for further growh thereof. The aging tine is
usual ly 180 hours or less, and the aging tenperature is usually from
0 to 20017. When heating is required in aging, it is preferable that
the mxture is transferred into a pressurevessel and heating is
conducted in a closed pressure vessel for avoiding 20 vaporization
of the sol vehth theethtnliywts aonpondrt ippredrendbleqtp’ iepart alkalinity
""e"m'plate' fromthe obtained the first step, Tbough the renoval
of the tenplratachdytpetoatheenicerd s2B8ujyicany ésetdle alkiajh source,
tenperature calcination 8 extraction nethods, the solvent extraction
nmet hod i s predeenbbey dmoomihe hiyéwpaidisohrebpaefiemgbdehi gindaetdiawiptlye s
catal yst, A technique for extracting a tenplate with a solvent is
reported bythWmre¢ehuistleteaketfsee thlzlRnRatreinim 5yt 87®9, The
sol vent used. in extraction may include a solvent which can dissol ve
a conpobnd tstedaashy hemhenpliat &y daock ik -amind/ediT a mxop wlkdsmdn 1 whed
hydr ocar bons having carbon atons of 1 to about 12 in a liquid state
at room t erpeiadxiée caanbBeagbydralkliyieused. t heSuiualH n &x@ ngahesn Ohm sueh
sol vents include al cohols, ketones, 1.0 ethers (acyclic and cyclic)
and est er s.réprampeesefiiey ddfe gemelride farenhal $ I$ychn agh ek Haltemplate
et hanol , ethylene glycol, propylene glycol, isopropanol, n”hutano.|
and oct ano.dnd kgtenekkaklcdvwascacatonyn tth atdy | ik ettonesane tdoylp @idy] is
ket one and net hyl

more preferable. Further, examples of the acid include

10 inorganic acids such as hydrochloric acid, sulfuric acid and
nitric acid, and organic acids such as formic acid, acetic acid
and propionic acid.

The mixing and stirring temperature is usually from -30
to 100C. A solid is formed by mixing and stirring, and the

15 solid may be aged for further growth thereof. The aging time
isusually 180 hoursor less, and the aging temperature is usually
from 0 to 200C. When heating is required in aging, it is
preferable that themixture is transferredintoapressurevessel
and heating is conducted in a closed pressure vessel for avoiding

20 vaporization of the solvent.

Next, thesecondstepisastepobtainingasolidcontaining
the catalyst component by removing the template from the solid
obtained in the first step.

Though the removal of the template may be carried out

25 by any one of a high temperature calcination and solvent



i sobutyl ketone; ethers such as diisobutyl ether and 15
tetrahydrofuran; esters such as nethyl acetate, ethyl acetate, butyl
acetate or butyl propionate, and the |ike, but, fromthe viewoint
of solubility to the tenplate, alcohols are preferable, and anong
them nethanol is further preferable. The weight ratio of the
extracting solvent to the solid 20 contai®ning the catal yst conponent
and the tenplate is usually from1l to 1000, preferably from5 to

300. Furthesxt#8&ti BRI HIE LS theiseneyerdf ekheaBxibacidt0bd 88 pragidkaile
a salt thereof may be added to these solvents. Exanples of acids

used incl uderbRotHaN,E cdBbd tSWUEN ot & idly B aeidord et 8¢l gy sakhukie:,
acid, nitric acid and bromc acid, B and organic acids such as

formic acid, aceticcagth @i fORxtActin 2 aehgd1 e Hhen, aeX@IPeRt is

of salts thereof i nclude al kali netal sal al kal i ne earth netal
salts and 8£H€hsﬁgtﬁhl¥gﬁd%yﬁﬂéﬁréﬂ'CWbé@'@h@ ﬁ&%éﬁﬂt50i4§h979)
aci dor salt er eof to be added is preferably 1 nci /| | ess,

further spref er abl e éoﬁ%/dt Q5 ch8$Sex VgBLERE méaﬂszﬁe&ﬁa@aogoweht&eﬂhmh
solvent of the acid or salt to be added is to igh, the catalytic

activity nay,he; doyered, %n&!dﬁd@%ﬁd Ligt %ﬂbuebfnﬁlslee cahal ¥8L. and/or

After adequately mxing the solvent with the solid conta|n|ng

the catal y%x&ogeee%mtu%g f&r&,sgp‘oahg hgvihglea&b&ha%emea& 1 0 about
separated by a method of ration, decantation or the like, This

OB on PSSP RNASO d Mhan B PECu:t oA J0nB0RSAI oo,
t he Catalys@uf@ﬂBQEQQQaﬂﬂﬂeErBE such solvents include alcohols, ketones,
10 ethers (acyclic and cyclic) and esters. Examples thereof
include alcohols such as methanol, ethanol, ethylene glycol,
propylene glycol, isopropanol, n-butanol and octanol; ketones
such as acetone, diethyl ketone, methyl ethyl ketone and methyl
isobutyl ketone; ethers such as diisobutyl ether and
15 tetrahydrofuran; esters such as methyl acetate, ethyl acetate,
butyl acetate or butyl propionate, and the like, but, from the
viewpoint of solubility tothe template, alcohols are preferable,
and among them, methanol is further preferable.
The weight ratio of the extracting solvent to the solid
20 containing the catalyst component and the template is usually
from 1 to 1000, preferably from 5 to 300.
Further, for improving efficiency of the extraction, an
acid or a salt thereof may be added to these solvents.

Examples of acids used include inorganic acids such as

25 hydrochloric acid, sulfuric acid, nitric acid and bromic acid,



15 tenplate in a. tube or the |like and passing an extraction sr |yent

t hrough there. Conpletion of the extraction can be known by, for
exanpl e, analyzing the liquid phase part. The extraction tenperature
is preferably 0 to 2003, further preferably 20 to 100T.,. Wen the
boiling point of the extraction solvent js 20 |ow, the extraction may
be carried out under pressure. The quaternary anmoni umion

represented by the general fornula (I) obtained after the extraction
treat ment car begandcyad kds amch dedfplratie; aphflerdacdtic ahéd:and prepionic
...e p aftei: recovery. in addition, |like wise the tenplate, the

sol vent usextidr IFhrbttamcekemplesant 3ald puhefieed Lhcbudh @l kslametal
distillation 10 operation or the |ike and al so recycl ed. Al cohols
suitably ussdlfor dhlealenpl abethemevall datagesnd henndesiunedsakiaet i on
because those react with the silylating agent in the next silylation
step, therefore, THecexteatirangob iagent sodnkeaitnetitha achd ot atlt ahteeteof
the tenplate renoval is wusually renoved by a drying operation. As a
dryi ng appatatbesaddadcoDsipsd £faityeYy andmplldtieodress pfuirpped wrelfexrably
hot-air device or vacuum device, are |isted. However, since it

require a xandi/debablesti MEwWhen cond dohn deme rdrtyiigrg iecohenseal eyt IdFE the
efficiently, it nmay be not sufficient fromthe viewoint of

producti vi taciod diheszhi aly He datieatidid itom, had gper frreneptaleftid betivity
catal yst may deteriorate because a shrinkage of pores, a change of

cat al yst suidaciee properédebyanduthenl oke tdaciri untdepencieigcatatyyt ng
conditions. 15 For efficiently producing the catalyst, it is

pr ef er abl e After adequately mixing the solvent with the solid

10 containing the catalyst component and the template, a liquid
phase part is separated by a method of filtration, decantation
or the like. This operation is repeated required times.
Further, it is also possible to extract the template by a method
of £filling the solid containing the catalyst component and the

15 template in a tube or the like and passing an extraction solvent
through there. Completion of the extraction can be known by,
for example, analyzing the liquid phase part. The extraction
temperature is preferably 0 to 200C, further preferably 20
to 100C. When the boiling point of the extraction solvent is

20 low, the extraction may be carried out under pressure.

The gquaternary ammonium ion represented by the general
formula (I) obtained after the extraction treatment can be
recycled as atemplatematerial in the first step after recovery.
In addition, like wise the template, the solvent used for

25 extraction can be purified through a usual distillation



to substitute the solvent contained in the solid obtained in the
second step wth a solvent substantially inactive to the silylating
agent to be used in the successive silylating step. The substitution
solvent used in the substitution step may be 21) a solvent satisfying
conditions of which it is substantially dnert to the silylating
agent and it can dissolve the extracti ng1 sol vent used in the second
step. The solvent suitably used in the substitution operation,
general | y i peeudésohydrotaebdrike Raldogdmat eedyalreatar bons, 25
ketones, ethers, esters, N, N-substituted amdes, nitriles and 11
tertiary am nes havtelgolstsimbouly ideshifbontaé onsmahatshowmiaigal damages
liquid state at ordinary tenperature, for exanple, hexane,
cycl ohexanethehles ofed nfe benieneye tohsensoxy | mrm; t acetlonthe silylating
di et hyl . ket one, net hyl et hyl ket one, net hyli sobutyl ket one, >
di et hyl et heagedti sobtitey Iretshiers i tyeltatatydrsafeyr arthediet@e, the extracting
nmet hyl acetate, ethylacetate=., dinethylformam de, acetonitrile,
pyridi né, tagephytantaeénandidi metehysufioxifder Alps ef @hpbhee s6hyeAlL is
for substitution is hydrocarbons in connection with the subsequent
si lyl ati on stepllandersomag Whemiryahdeapeiratidh .f nstheirpief epRi®itus,
These sol vents can be used respectively alone or as a m xture
sol uti on ofaseweradl Kinyds: ahd phetsubstdit ehiudppepevattihoa, het { £er Revice
t he substitution solvent and the solid containing the ex z act=.ng
sc lve.nt. @btvacune demithe seeondsiteen haweheen ¢hecoughl yegixed, a
a liquid phase 15 part forned is separated by a nethod of filtration,
decant at i oncowmsifldeabilketiffibi $o0pematucan the reapeaideceqomiedl nymber
of tines,

10 efficiently, it may be not sufficient from the viewpoint of

productivity of the catalyst. In addition, a performance of
the catalyst may deteriorate because a shrinkage of pores, a
change of catalyst surface properties and the like occur
depending on drying conditions.

15 For efficiently producing the catalyst, it is preferable
to substitute the solvent contained in the solid obtained in
the second step with a solvent substantially inactive to the
silylating agent to be used in the successive silylating step.
'i‘he substitution solvent used in the substitution step may be

20 a solvent satisfying conditions of which it is substantially
inert to the silylating agent and it can dissolve the extracting
solvent used in the second step.

The solvent suitably used in the substitution operation,
generally includes hydfocarbons, halogenated hydrocarbons,

25 ketones, ethers, esters, N,N-substituted amides, nitriles and



further, it is also possible to substitute with the extracting
solvent by a nethod of filling a reaction tube or the :like; with
the solid containing the extracting solvent and then passing 20 the
substitution solvent through the solid. The second step and the
solvent subst if ut ion st ep , further, 1additi onal ly the successive
sllylating step are preferably conducte& with the same reactor from
t he viewpoint of productivity of the catalyst. Conpletion of the
substituti ofer2gagyepatines bavibe knbwelnut fl@r cexhopl efompabydishaiing
the liquid 12 phase part. The substitution tenperature is preferably
0 to 200122 hbAeipretekabhy @odimarpotempidthehurbe Horldéxmgnpbe nthetane,
the solvent used in the operation is |low, the operation nmay he
conduct ed ufiedopesesgr.e chd dnvfadoi t itemzdie, sodete f orylstbst idas t e,
used in the substitution step can be recycled, after. renoving the
extracti ng dagshty ling taneonwesithonat hyretdioons uche sy dli sbbhikgllkenone,
extraction or the like. Further, the third step is a step of
obt ai ni iy adsekplydedtherl0 diatsdysty bytisebj ecétnghteosariad , ot aixaeed ,
in the second step to silylation treatnent. The silylation nay be
carri ed out mpyghylgas tphiaseehbyheade tamewhd the thelfotaainide- o oo hgh 1e,
silicon oxide is reacted wwth a gaseous silylating agent, or a
i quid phaspyréthoe . i nrifEtdly lninssidyd alimgthgestfogideache@raifithable
the titaniumcontaining silicon oxide in a solvent, but, the liquid
phase net hodoilyenfpferpsabertabiiveidis dad |hydwdrenciidres sid Wainedtison with
carried out

the subsequent silylation step, and among them, toluene is

10 further preferable. These solvents can be used respectively
alone or as a mixture solution of several kinds.

In the substitution operation, after the substitution
solvent and the solidcontaining the extractingsolvent obtained
in the second step have been thoroughly mixed, a liquid phase

15 part formed is separated by a method of filtration, decantation
or the like. This operation is repeated required number of times.
Further, it is also possible to substitute with the extracting
solvent by a method of filling a reaction tube or the like with
the solid containing the extracting solvent and then passing

20 the substitution solvent through the solid.

The second step and the solvent substitution step, further,

additionally the successive silylating step are preferably

conducted with the same reactor from the viewpoint of

productivity of the catalyst. Completion of the substitution

25 operation can be known by, for example, analysis of the liquid



by the liquid phase nethod, hydrocarbons are preferably used, _
Exanpl es of the silylation agent include organic silanes, 20 organic
silylam nes, organic sia.yl.axnides and derivatives thereof, organic
silazanes and other silylation agents. Exanples of the organic

silane include chlorotrinethylsilane, dichlorodinethylsilane,

chi or eebr or modi met hyl si .l ane, nitrotrinéhyl silane, 25
chlorotriethylsilane, iododinethylbutylsilane, 13

chl or odi net e il , l.qr:qdi ' :

di . met hyl-n?%,?g%yp%ﬁro?%gi g%esf&ﬁg‘.ﬂn%’%?ﬁ‘{sac%%p‘% ChIPTH T #he, 0 to

t- butyldi n?f)@’rq Cm&fé)}#eeaf]qgr?lﬁ%hﬁﬁg 'fo*H°8.r O@hlg,%nghe boiling point of

di nmet hyl octy or osi I"orosi

o et ny1 oct SaScorhrTg. Poe e SRBORE A R tn Gt ion may
h eomoet LR RALBKL RN e A A |

et byl Doyl - el orbor T Ak 6ty ¢ EBBLa8TTnr adr g vt foh UEd B ne
o et ! PR bl o6gshanee, IR LISA Byt el 1Pl

1 bongyl ohTar b s i el hEARON ol oh S d o PLET SR asbraction

Exanpl es of th r i.c silylam ne include N _ _
-trinethyls?%l???d?%gkhylanine, I 3- trinethylsilyldiethylam ne,

gaggé extracting

Further, the third step is a step of obtaining a silylated
10 catalyst by subjecting the solid obtained in the second step
to silylation treatment.
The silylation may be carried out by a gas phase method
in which the titanium-containing silicon oxide is reacted with
a gaseous silylating agent, or a liquid phase method in which
15 a silylating agent is reacted with the titanium-containing
silicon oxide in a solvent, but, the liquid phase method is
more preferable. Usually, when the silylation is carried out
by the liquid phase method, hydrocarbons are preferably used.
Examples of the silylation agent include organic silanes,
20 organic silylamines, organic silylamides and derivatives
thereof, organic silazanes and other silylation agents.
Examples of the organic silane include
chlorotrimethylsilane, dichlorodimethylsilane,
chlorobromodimethylsilane, nitrotrimethylsilane,

25 chlorotriethylsilane, iododimethylbutylsilane,



N-triethylsilylamne, N-triethylsiiyidinethylamne, 20
N-tri.ethylsilyldiethylamne, Ntri-n-propylsilyi.am ne,
N-tri-t-butylsilylamne, Ntrirnethylsilylimdazole, N
triethylsily.li.mdazole, N-tri-n-propylsil_ylimdazole, _
N-t-butyldinmethylsilyli.m.dazole, 13-dinethylethylsilyllmdazol.e
25 N-di et hyl - n-propyl silylimdazole, 1413N _

di met hyl i sopropylsil.yiimidazoia, N- trimathylsilyldirrethyl am . ne,

N - trlrreth},gh;b!r di byl tr ¥5$ h
NT-tr:i.methyl si P&I g%rtlri%’: ?J(Eendemll\%-%? rreétﬂﬁfﬁtj {j ]:n|%|¥p ?%ge

1- cyanoet hyh§ giehbyl_an TSl e and_ pent of | uor opheny
idime thyls ilyiamne I es ofteorgamc silylam de and

der'Vat'VesdlﬁQ%P?thr%?:ﬁ?ﬁéﬂf&fgéﬁgéﬁgt%x%d%ﬂlédﬁg¥ﬂ§HEﬁE%r£%ilane,

O bis trimethyls oacetam

N-trimethyl sikyl-aeet am Nt hyl N1 DELDY LR YL agstan de,
EOpR 1AL TOTE Ml m b 0

N-nmet hyl - N-tri 1 uor oac

| -Erethy - Ntubmégﬁ kSl 'r)wa%p%r?é lé‘ko{ﬁg*%%/éﬁ%ggSllan .

(t-butyl. met h rlfluoroa am . de an

i
(5 v, e b e a0y B OB 3,

silazane i nc hex aZanh o |
hept t hyl di I yl di si .| azane,
eg ﬁlmg(oKI grghrrelg?'éaﬁﬁae%ﬁ&{%ﬁtdé f;ﬂ?é »azane,

bromomethyldimethylchlorosilane,

N ,Obis
{lthe or anic
FRZ8R8 ne,

chloromethyldimethylchlorosilane,

10 3-chloropropyldimethylchlorosilane,
dimethoxymethylchlorosilane, methylphenylchlorosilane,
triethoxychlorosilane, dimethylphenylchlorosilane,
methylphenylvinylchlorosilane, benzyldimethylchlorosilane,
diphenylchlorosilane, diphenylmethylchlorosilane,

15 diphenylvinylchlorosilane, tribenzylchlorosilane and
3-cyanopropyldimethylchlorosilane.

Examples of the organic silylamine include
N-trimethylsilyldimethylamine, N-trimethylsilyldiethylamine,
N-triethylsilylamine, N—triethylsilyldimethylamine,

20 N-triethylsilyldiethylamine, N-tri-n-propylsilylamine,
N-tri-t-butylsilylamine, N-trimethylsilylimidazole,
N-triethylsilylimidazole, N-tri-n-propylsilylimidazole,
N-t-butyldimethylsilylimidazole,
N-dimethylethylsilylimidazole,

256 N-dimethyl-n-propylsilylimidazole,



20 1,3-divinyl-].,1.,3,3-teteranet hyl di sil azane, 1,
3-di.phenyltetranet. hyl.di silazane and hexanethylcyclotrisilazane.
Exanpl es of the other silyi.ation agent include

N- net hoxy-N, Q@ bistri.nmethylsilyltrifluoroace.tamde, 25 _

N- net hoxy- N, o-bi strinethylsilyl carbamate, 15 N, O bistrinethylsilyl
sul famate, trinethylsiiyltrifluoronethané sul fonate,
triethylsilylt.rifluoronethane sul fonate and N, N

- bi stri met hyl siikghwraa.s cpe s 1 94 B N9 &gent s maybe used 6 al one,
two or nore kinds thereof may be used at the sanme tine or

tely. nThe; f ! | i ON. A i . . .
separatel y. N thﬁ@%hﬁyéiI?fﬁlﬁ%ﬁﬂ§iﬁﬁﬁﬂ@,Na%??%ggﬁ¥¥ﬁ%%X%ﬂ%%ﬁpy%%9lne,

hexanet hyl di si |l azane, Further, the above-des

be conduct efl-ky-iaRY nyALNAAY 19y .a-Pat ¢ miQfm%@f IQ%%{)QE%BEQ‘_L ilit_Lni%,rzn

preferable to dry thé catalyst after the si y a co

met hod of Leh; | i : ted. with an inert dried gas

such as nirgoggﬁhgﬁﬁgggﬁﬁﬁgﬁuﬁéﬂﬁggf pressure or heated, or the
like. T L j Iy . ' . ent .invention is
ke The Calabusbekfgi] e AR dn SO £lod nf 16 PLE

usual |y processed into anp cataly ep o?nﬁnlding 15 a

solid contabgh@gf&n%fgyﬁgﬁgi:ﬁﬁgggﬁg 1y 1Reugh the nol ding step may

be conducted in any stage, "nanely, ore or after the

- i d - i . af . SOl t . i
Subst i tuti on stepr ana et oF the st hrkafd? 458" gertupsives

to conduct pREEEBe! hahSM 4 & AL AR 8L PP {1 PIME0:LASAY] SOl nt. of
suppressi on of degradation of catalyst
N,O-bistrimethylsilyltrifluoroacetamide,

10 N-trimethylsilylacetamide,
N-methyl-N-trimethylsilylacetamide,
N-methyl-N-trimethylsilyltrifluoroacetamide,
N-methyl-N-trimethylsilylheptafluorobutylamide,
N-(t-butyldimethylsilyl)-N-trifluoroacetamide and

15 N,O-bis(diethylhydrosilyl)trifluoroacetamide.

Examples of the organic silazane include
hexamethyldisilazane, hexaethyldisilazane,
heptamethyldisilazane, 1,1,3,3-tetramethyldisilazane,
1,3-bis(chloromethyl)tetramethyldisilazane,

20 1,3-divinyl-1,1,3,3-teteramethyldisilazane,
1,3-diphenyltetramethyldisilazane and
hexamethylcyclotrisilazane.

Examples of the other silylation agent include

N-methoxy-N,O-bistrimethylsilyltrifluoroacetamide,

25 N-methoxy-N,O0-bistrimethylsilyl carbamate,



properties such as specific surface area and pore volune. As the
nmol di ng net hod, any nethod such as conpression nolding or extrusion
nmol di ng may be used. An organic or inorganic binder wusually used can
be used in the extrusion nolding, but |owering 25 of catalyst
activity may be caused by addition of thg binder. 16 In the producti
on of the nol ded catal yst, the conpressi o mol ding is the nost
preferable fromthe viewoint of strength and physical properties of
t he catal ysN, OAbithe ieemivassion midiagata, roll press nmolding 5
(briquetting, conpacting), oil hydraulic press nolding, tabletting

and the |ikercasthellsistyadrifleiqresstiHeénd NsuTOOPaEESI on IS usual ly
0.1 to 10 ton/cm, preferably 0.2 to 5 ton/cnR, and further

preferably @rdethy2stiQR/1amifldhemditandressebeats toail ow, the
strength of a nolded body is sonmetinmes 1.0 inadequate. On the other

hand, when Khe’ pbeswrmdtsuﬁmiymeath@ﬁ@ﬁfﬁfﬂhtmﬁgwetﬂ@m%btehesed
catalyst soneti nes becone inadequate because pores are broken.

carrying oubibhe, €REP6LSHEGHE HDhEE Nhertdof ndd Qa‘@h%féldeafth@ﬁeaséﬁél Hime
cont ai ni ng a cat al yst corrponent contains water in a proper am:Junt

and 15 thi sogapephodueayd ndehpodrd@ingia svifisteph abé%gtﬁ
under a | ower conpressing pressure. The water content of the

material tonbgasdbhetlbad itiy 4 COAPERES], Qﬂué@bsvegdb%c@&%feg@sbiylaélon
to 70 % by weight., further preferably 5 to 40 % by wei ght.

wat er andunfaiye bﬁ)ﬂid@é&dﬂbﬁn? il YIS D f1a0h £EcH W d MY o@fﬂé%hﬂ? rm.
a wet solid, and may be adjusted by adding water to an adequately

dried solid, It is preferable to dry the catalyst after the silylation

10 by a common method of which the catalyst is contacted with an

inert dried gas such as nitrogen dried under reduced pressure

or heated, or the like.

The catalyst tobesuitably storedin the present invention

isusually processed intoamolded catalystviaastep formolding

15 a solid containing the catalyst component. Though the molding

step may be conducted in any stage, namely, before or after

the above-mentioned template-removing step, after the solvent

substitution step, and after the silylation step, it is

preferable to conduct before the template-removing step from

20 the viewpoint of suppression of degradation of catalyst

properties such as specific surface area and pore volume. As

the molding method, any method such as compression molding or

extrusion molding may be used. An organic or inorganic binder

usually used can be used in the extrusion molding, but lowering

25 of catalyst activity may be caused by addition of the binder.



In addition, a binder usually used or the like may be added within a
range of no obstacle to a desired performance. The shape of the

nol ded body may be any shape such as 25 tablet, sphere or ring.
Further, the nol ded body May be used. 1 7 as it is or after

pul verizing to a proper size. The catal yst can be used for selective
oxidation, for exanple, in addition to &Boxi dation of an ol efin,
various oxidation reactions of organic conpounds because the

catal yst ;i Ihaheprivdiicspesiof theubiase A and, bheBbhpdesReL3Sh1ding
titanium active sites. Further, if desired, it is also possible to

intensify atkdtBet @ssef piee saimly strom tihaddi tipnint 8+t Qitigngtp and
conponent such as alumna, etc. , and the catal yst can be used or

al kyl ati on, pegsatyti grogkertidld, offtihe D dPespEt hod for storing the
catal yst of the present invention is characterized by storing the

catal yst under a agetabi ¥BmpwEisdiiloh Ho1GO%RH! 4 ess1y apdeit xinéJT,d%g/ o

preferable to store the catalyst under a relative humdity o

| ess, amd npbﬁiqﬁé€E§h§b|boH%dEfﬂdﬁ#i-oﬂ%?@y&fﬁuif&aﬁkggshHgﬁgﬁbprc

during store 15 Is too high, remarkable deterioration of a cat

activity isapagsedngAamet hed ofiiadjust ing ib&é&# a&hgeaﬁggiaﬁ'kkyiho a

desired value includes a nethod of continuously flow n ryrng gas

in a contaigehptas¥hbahithescabialy s, 1 & e
s acaRSRD LSy 4 36 B IO S 2 <o

storing in catalyst in a container in whicl t is se
toget her wi§hean dedt N9t rBHER @SefeShbiGagysl toZQOE?I&?cﬂf. W& the

li ke, a nmethod of storing a catalyst in a container an
pressure is too low, the strength of a molded body is sometimes
10 inadequate. On the other hand, when the pressure is too high,
the physical properties of the catalyst sometimes become
inadequate because pores are broken. In carrying out the
compression molding, it is preferable that a solid containing
a catalyst component contains water in a proper amount, and
15 this can produce a molded body having a sufficient strength
under a lower compressing pressure. The water content of the
materialtobesubjectedtothecompressionmoldingispreferably
1 to 70 % by weight, further preferably 5 to 40 % by weight.
The water amount may be adjusted by a dryness degree during
20 drying of a wet solid, and may be adjusted by adding water to
an adequately dried solid.
In addition, a binder usually used or the like may be
added within a range of no obstacle to a desired performance.

The shape of the molded body may be any shape such as

25 tablet, sphere or ring. Further, the molded body may be used



storage equi pped with a noisture controller, a nethod of

hernmetically storing a catalyst after adjusting the humdity 25 in a
contai ner having a gas barrier property to a desired value, 18 and
the like. Herein, the storage period of the catal yst nmeans a period
fromconpletion of the catal yst production to use of the catalyst
for a reaction, generally, a period betwtén the tine the catalyst is
charged in a storage container after it 5 has been produced and the

time the coatainedsi ropened faflvd s OkiCtHdat heogatakysk.into a
reactor, As a material of the container, any material which can

maintain the driednstabeail§sesedn her xR, sH125% 1 VIRl S1a 86N, aBor
iron and al um num resins such as acrylate resin, 10 pol yet hyl ene

t er epht hal ateampakybuhy lagre e Y " &t £aat POLYESt BASo2BE18t Nelarious
resins having a gas barrier property such as engineering plastlcs

and resins bﬁlﬁlﬁ't‘i@narégétﬂoﬁ@vd)flg)rg?’argl.acs R RIaPHARRLLE tBe catalyst
| ami nated on and resins in which a metal such as alumnumis

| am nat ed ORacad HAQH kpked ridsAPPAdet Hedy ﬁ&ﬁﬂbﬂﬁﬁ}eélbﬁe%éﬁhtftanlum

inner bag prepared froma resin lamnated with alumnumis worn I's

suitably usgdiivA 4a%e@f. statiRgrat Mesphariedds not :&ar51§6”ﬁ‘6£¥1ble to
restricted if it does not contain a substance having harnf

effects, angnhtkhstihe gend §19@§ SENEAONGH 41 rg{émldcffﬁ%ldatﬂl% ¥€a third
satlsfled 20 there'is no problem In general, air, nitrogen, oxygen,

argon, carBeRpELeKitdEueh Ahealidkenks Dref erabl m&s%@ftaa%&gc%e% t9eqd
use air or nitrogen fromthe viewpoint of safety is nore” preferred.
for alkylation, catalytic reforming, etc.

10 The method for storing the catalyst of the present
invention is characterized by storing the catalyst under a
relative humidity of 60% or less, and it is preferable to store
the catalyst under a relative humidity of 30% or less, and more
preferably 15% or less. When the relative humidity during store

15 is too high, remarkable deterioration of a catalytic activity
is caused.

A method of adjusting the relative humidity to a desired
value includes a method of continuously flowing a drying gas
in a container in which the catalyst is charged, a method of

20 storingacatalyst inacontainer inwhich the catalyst is sealed
together with a drying agent such as a silica gel, zeolite or
the like, a method of storing a catalyst in a container and/or
storage equipped with a moisture controller, a method of

hermetically storing a catalyst after adjusting the humidity

26 in a container having a gas barrier property to a desired value,



The tenperature during storing is preferably -30 to 100C; 225
preferably O to 401C, but should not be Iimted thereto, 19 The
catal yst stored in the present invention can be nost preferably used
for a process of producing an oxirane conmpound through a reaction of
an ol efin-type conpound with a hydroperoxid.e, in particular. 15 The
ol efin type conmpound may be acyclic, nmond8cyclic, di-cyclic or

pol y-cyclic conpounds, and nono-olefin type, di-olef in type or

pol y- ol ef i nah¥Mpen&ammaundershenthBes PYPREE pOfiQd &fd @hQOQQE%%gs%Weans

or nore, these may be a conjugated bond 0Or 'non-conjugated

Olef i n tuNSeLOTROLIAGE dih Nt 2ok & HANKD LN AHARRL 548! Lke of

preferred. Exanples of such the hydrocarbon in et hyl ene,

propyl ene, %hQUE§981y5§OPH§:Y£ef@act%?gﬁéggﬁgrgkgg)fegre?egiggxﬁgg ggn the

1-oct ane, 1-decene, Styrene and cyc fopriate exanpl es

the diolefi Biﬁlxp‘é‘hecegl?gﬂﬁ?gtirrg)&/'%‘H&r&&haﬂge&%@&ﬁ?éégﬁ%&?ﬁﬁngﬁ%%ér it

the 15 ol efin-type conpoun ave~a substitutn

tituent iE§prﬂgsef)éghy?&%ldﬁgeﬁeléﬁdﬁﬁm et:lgﬁgugl%? fi?g%@gghgr E?S?)ﬁm%fned For

i ncludes a hal ogen atom further various su uen con Ing a

o] en, sul Ltr tJ i, t drogen and/ or
Xyg Ul §HErBEuRHLGO9ER 2Lqm ! %%V%rg?%%gff g

carbon atom nay exist. A particdlarl e clef in type

Cnanturat ed hydr oca? BoAABeT T Sredt Swf O A atoqany ARGesnd, dypiBccan

unsat urat ed hydrocarbon substitute as ex

e Suhbfngbighohe SLoLY.ocateoholusahl o el oLt A S
l'isted. such as iron and aluminum, resins such as acrylate resin,
10 polyethylene terephthalate, polybutylene terephthalate,
polyesters and other resins having a gas barrier property such
as engineering plastics, and resins in which a resin having
a gas barrier property is laminated on and resins in which a
metal such as aluminum is laminated on can be listed.
15 Among them, a container in which a inner bag prepared
from a resin laminated with aluminum is worn is suitably used.
A gas of storing atmosphere is not particularly restricted if
it does not contain a substance having harmful effects, and
if the conditions mentioned in the description are satisfied,
20 there is no problem. In general, air, nitrogen, oxygen, argon,
carbon dioxide or the like is preferably used, among them, to
use air or nitrogen from the viewpoint of safety is more

preferred.

The temperature during storing is preferably -30 to 100C,

25 preferably 0 to 40°C, but should not be limited thereto.



The organi ¢ hydroperoxide is a conpound represented by the general
formula; 20 R-0-0-1H (wherein, R represents a nonoval ent hydrocarbon
group), and is reacted with an olefin type conpound to produce an
oxi rane. conpound and conpound, R-01-1, Preferably, the group Ris a
group having 3 to 20 carbon atons. Further preferably, Ris a

hydr ocar bon group having 3 to 10 carbon ¥ onms, particularly a
secondary or tertiary al kyl group or aral kyl group. knong them

tertiary alkyl gromps it isasoBdarydaoin kel hae¥edkadl kydnt O50WRS BEGrost
particularly preferable, and specific exanples 10 thereof include a

tertiary bupybrgi-audy 48E81 @Y aPERb¥L s ITOUProdeXGImRPant ki BERERo nd
2- phenyl propyl -2 group. Further, various tetralinyl groups formed by

el i m nati ngtArBygdhoderealc@Morf I@MAN AldPhatifpsi d6msHahd 9ith a
tetralin nolecule, are also listed. 16 When ‘cusaene hydroperoxi de as

t he organichgﬁgbgggbgﬁb@e.iﬂsiéﬁﬁﬁgujqu resul ting hydroxyl conpound

i s 2-phenyl -2-propanol Thi's ¢an be converted into a' -nethyl styrene
by dehydration rgaction..U --nmethyl styrene_ obtained.i.s converted . .
Thto cubne. by alPSaBLEEA Mt EReh PBEE Ao PSR ol el e,
talyst , fugtbetc;20 OUTERA REA N e nvghdeflohgl g1 CHIRN

hydr oper oxi de bgc a reac io&pmjth gﬁyge fhgﬁgpitgégn ﬁegused ?gr%gpe'
reaction wi h-oaerahetipet yPe OO ebhyloRkerEeNRhen the number

hydr oper oxi de as the organic hydroperoxide is used, the resulting
hydr oxyl cogpoehefis bonds is two or more, these may be a conjugated bond
or non-conjugated bond. Olefin type compounds having 2 to 60
10 carbon atoms are usually preferred. Examples of such the
hydrocarboninclude ethylene, propylene, 1-butene, isobutylene,
l1-hexene, 2-hexene, 3-hexene, l-octane, l-decene, styrene and
cyclohexene. Appropriate examples of the diolefin-type
compound include butadiene and isoprene. Further, the
15 olefin-type compound may have a substituent, and the
substituent ispreferablyarelativelystablegroup. Anexample
thereof includes a halogen atom, further various substituents
containing an oxygen, sulfur or nitrogen atom together with
a hydrogen and/or carbon atom, may exist. A particularly
20 preferable olefin type compound is an olefin type unsaturated
alcohol and an olefin type unsaturated hydrocarbon substituted
with a halogen, and as examples thereof, allyl alcohol, crotyl
alcohol, allyl chloride are listed.
As examples of a hydroperoxide, organic
25 hydroperoxides can be listed.

The organic hydroperoxide is a compound represented by

the general formula;



25 1-phenyl ethanol. This can be converted into styrene by 21
dehydration reaction. Styrene is useful as a raw material of resins
such as polystyrene and an ABS resin. Further, styrene obtained is
converted into ethyl benzene through a reaction with hydrogen S in the
presence of a catalyst, furthernore, et h%é benzene obtai ned can be
converted into ethyl benzene hydroperoxidé by a reaction w th oxygen,
and it can be used for a reaction with an ol efin-type conpound.
Tertiary anyl ene for Re@®-ByHdehydration of tertiary 10 pentyl al cohol
obtained by using tertiary pentyl hydroperoxide as the organic

hydr oper oxi {leherein, uBefebressttan @e mas oxalpmdc inysbrofrigommenm ) , and
Tertiary pentyl alcohol is also useful as a precursor of nethyl
tertiary pehsyfeathed whilthan ©l@fiocttape cbopstued. téSpFedtucaran lmyiytane
al cohol obtained by using t-butyl hydroperoxide as an organic

hydr oper oxi dempsundedind casnppumpt e®uOsorPoéfaes byl , tteid igapyplritiy a group
ether which is an octane booster. Hydrogen peroxide can be listed as
an exanpl e bahikngt Ramo 20 araganirc diydioperoxildes. pHyteogbehy perRoxsde

is a conpound represented by the chemcal formula, HOUR and can be
obt ai ned usbéitycanbbhegfroum hefviany aqueold selritdroratdnts reaotts siltdrly
an clef in type conpound to forman oxirane conpound and water. 25
The organi cahydcopénoyi de aed thypdryogakyieroeduge omtiarcdikyl group. Among

them, tertiary alkyl groups and secondary or tertiary aralkyl
groups are particularly preferable, and specific examples

10 thereof include a tertiary butyl group, tertiary pentyl group,
cyclopentyl group, and 2-phenylpropyl-2 group. Further,
various tetralinyl groups formed by eliminating a hydrogen atom
from an aliphatic side chain of a tetralin molecule, are also
listed.

15 When cumene hydroperoxide as the organic hydroperoxide
isused, theresulting hydroxyl compound is 2-phenyl-2-propanol.
This can be converted into ¢ -methyl styrene by dehydration
reaction. ¢ -methyl styrene obtained is converted into cumene

byareactionwithhydrogen in the presence of acatalyst, further,
20 cumene obtained can be converted into cumene hydroperoxide by
a reaction with oxygen, and it can be used for a reaction with
an olefin-type compound.
When ethylbenzene hydroperoxide as the organic
hydroperoxide is used, the resulting hydroxyl compound is

25 l-phenylethanol. This can be converted into styrene by



22 are used as a raw material, my be a thin or dense purified or
non-purified material. Between them the organic hydroperoxide is
preferably used in the present invention, The epoxidation can be
carried out in a liquid phase by using a solvent and/or a diluent.
The solvent and d.i:t.uent are a substﬁgfe which is liquid under the
pressure and tenperature under which t reaction is conducted, and
must be substantially inert against the reactants and products, The
sol vent nmayddrey@rstbshaneecexobsati ng in the hydroperoxide solution 10
to be used. For exanple, when cunene hydz:operoxide is a m xture of

cunene hydroper oxdigeréame conmeseruhi 68 bsrawr awtertani alf rielkeneofsuch as
sai d runene hydroperoxide can be used as a substitute for the

sol vent wi tdwifseppesbabhy addang aesahnventurtHe epopytiaté ofbtained is
tenmperature is usually fromO to 2002, 15 preferably from25 to 200.

The pressur@iPyrbedai Pt &SSthL1LENNPE trkeer 4 hedealtdh Wi ti Hyr®gen
liquid. Usually, the pressure is advantageously from 100 to 10000

kPa. After gonphethpasehckherepoxiadativan,, &ddtilEhdi&! UsEhylbenzene
containing a desired product can be easily separated froma 20

catal yst. NeXtaitde afwd JBnddiF€s&amhbe it dtye afiidpdit@ide by
met hod. Purification includes fractional distillation, selective

extraction,a fidddtatd i Masiy@randntihet! &€ velh@ easebreatre £t 8byStith
non-reacted ol efin type conpound and non-reacted hydroperoxi de can

be used agaip HVefeRYeLbRIcoRDolR@ .Freaction, in which the catalyst of
the present 23
Tertiary amylene formed by dehydration of tertiary

10 pentyl alcohol obtained by using tertiary pentyl hydroperoxide
as the organic hydroperoxide, is a useful substance as a
precursor of isoprene. Tertiary pentyl alcohol is also useful
as a precursor of methyl tertiary pentyl ether which is an octane
booster.

15 Tertiary butyl alcohol obtained by using t-butyl
hydroperoxide as an organic hydroperoxide is useful as a
precursor of methyl tertiary butyl ether which is an octane
booster.

Hydrogen peroxide can be listed as an example other than

20 organic hydroperoxides.

Hydrogen peroxide is a compound represented by the
chemical formula, HOOH, and can be obtained usually in the form
of an aqueous solution. It reacts with an olefin type compound

to form an oxirane compound and water.

25 The organic hydroperoxide and hydrogen peroxide, which



invention is used, can be carried out in the formof a slurry or a
fixed bed., and, in the case of a |large scale of industrial

operation, it is preferable to use a fixed bed. The present process
can be carried out byabatchw senmethod, sem --continuous 5 nethod or
conti nuous met hod, when a sol ution conta& ing a. reactant is

i ntroduced through a fixed bed, a |iquid“f xture obtained froma
reacti on zone does not contain catalyst at all or contains

subst anti al hyenaseat akyat rakOmbtamilaa , Thesypresenttliinvent idande purified
illustrated by the follow ng Exanples below Exanple 1 Preparation”a
catal st fosgdenohSplstifSleePmaie Ml e Bétweengtidh, 1thar beghyiwei ght
of an aqueous solution of 16 % by wei ght of hexadecyltrinethyl

ammoni um  hygaexspde okaerrt aidigigRordoby weeéghinothaephapeh), iaveintddn,
solution of 1.85 parts by weight of tetra-isopropyl orthotitanate and

10.0 parts by wei ghtieObpdxpaapanel caas nadded riZh dnopwises toidhie ghase
4011. After stirring of 30 mnutes, 33.1 parts bywei ght of

tetranetdyl bgr ﬁbszﬁ'to;l als®Bfénvasn@dsied driapae. Theeseatbak, aflli A1ivent
was continued at 40 C for 1 hour. Thus obtained precipitate was

filtered. TheePkeGhRistirOhfraidledis Wasqdifednabr’/@heupges svaelwnd 25
Preparation of nolded body A m xture obtained by sufficiently m xing

1!3i hpgz ts byempeir@ghturef vodewiidiesalid et ned by esyangtail hanat @tst
W

be substantially inert against the reactants and products. The
solventmay be a substanceexistingin thehydroperoxide solution
10 tobeused. For example, when cumene hydroperoxide is a mixture
of cumene hydroperoxide and cumene which is a raw material
thereof, said cumene hydroperoxide can be used as a substitute
for the solvent without especially adding a solvent.
The epoxidation temperature is usually from 0 to 200TC,
15 preferably from 25 to 200C. The pressure may be a pressure
enough to keep the reaction mixture liquid. Usually, the
pressure is advantageously from 100 to 10000 kPa.
After completion of the epoxidation, a liquid mixture
containing a desired product can be easily separated from a
20 catalyst. Next, theliquidmixturecanbepurifiedbyasuitable
method. Purification includes fractional distillation,
selective extraction, filtration, washing and the like. The
solvent, catalyst, non-reacted olefin type compound and
non-reacted hydroperoxide can be used again by recycling.

25 The reaction, in which the catalyst of the present



a spray so that the water content becane 1.5 parts by weight, was
subj ected to conpression nolding. The obtained solid was pul veri zed,
and then nol ded body containing the catalyst conponent and tenpl ate
of 10 to 2.0 5 mmwas obtained using sieves. Solid smaller than 1.0
mm was recycled to conduct conpression gglding again. Extractive
removal of tenplate (Second step) Next, .0 parts by weight of the
nol ded body obtained 10 as described above was packed in a
gl ass-i . 3. ningeotliomis(dde®@l.Jan lpartasiedwivghtinothaefhanobf aa Floomry
tenperature, ( 2) 158.1 parts byweight of 0. .3 nol 11-hydrochloric
aci dnet hanobrsolfiitdean beddeandheiat ithg ofis45of @ lamde( 8Fals820B ipalustpial
wei ght of methanol under heating of 45 C, in this order, were
respectivel yppassednllitt hsopghfethaebdel tomuae &l£iE¥dohed. h-The present
upwardly. After conpletion of passing through, nmethanol in the
col um was grawaskraan bdearkbatidon oby ahe tcdiwinge méhbpdafdeari - adret inuous
nol ded catal yst was dried under vacuumat 110 C~ . Silylation (Third
step) 20 Theeshbidd oebicanndthuefus’ metthal. Wheat ;@ solution containing a

.............. ca.:.. of 3.4 . to- a 30.0 gw- e: ch" rc ei ina, \
I ask and t beactanit aki intrvascedr thedught auﬂﬁnedhbam ng biqlhm rhifoure
15 hovrs After p\ .l ng the solvent by \ non a. , N\, AN

.\ V.. \ ~bbtainkd from_a Selddddroxiode éatalryst omsta)iht a:iart@d.tht at all

heating at itot Under The titan i.umcontaining silicon oxide
cat al yst deser chedaiabovabssarcharged ne @adlystsanpl e bottl e made
of glass and 9 5 the inner atnosphere of the bottle was substituted
with dried

10 Example
The present invention is illustrated by the following
Examples below.
Example 1

Preparation of catalyst powder (First step)

15 While stirring 125.1 parts by weight of an aqueous
solution of 16 % by weight of hexadecyltrimethyl ammonium
hydroxide (containing 25 % by weight of methanol), a mixed
solution of 1.85 parts by weight of tetra-isopropyl
orthotitanate and 10.0 parts by weight of 2-propanol was added

20 dropwise to this at 40C. After stirring of 30 minutes, 38.1
parts byweight of tetramethyl orthosilicate was added dropwise.
Thereafter, stirring was continued at 40 C for 1 hour. Thus
obtained precipitate was filtered. The precipitate obtained
was dried at 70C under vacuum.

25 Preparation of molded body

A mixture obtained by sufficiently mixing 10.0 parts by

weight of the white solid obtained by drying with water with



nitrogen, thereafter, the catalyst was hernetically stored for one
week. Synthesis at pi. opy .enr_ oxide "(PU) The catal yst obtained as
descri bed above was evaluated wth a batch reaction apparatus

(autocl ave) using a cunene solution containing 25 % of cunene

hydr oper oxi de(Cl -1 PC)) and propy'lene((é ) . 1.0g of. the
catalyst, 30.0 g of CHPC) and 16.6 g of ‘&3 were charged in the

autocl ave to react them under 1C autogenous pressure at a reaction

t enper at ur eaoépBay' §@rtiat HERC hiadd bmt@fntlbeéaﬁgullss(ﬁé)ﬁ’ééilﬁly Réight,
tenperature raising tine) . The reaction result is shown in Table 1,
Exanpl e. 2 Whe esabdkeysEdoltcaicvathiis 4ihven sesedaper ati on as i n Exanpl e

ii 1 except that storing was carried out in a opened systemat a
tenperature of 205Mie tainekisplivewharpeltgrbied05Md dhenonabdefihody
was evaluated with a batch reaction apparatus in the. sane manner as
in Exanpl e $O0¥REVIBLctREnCREGLVE LI SORRBRANIENATELFeMplatepof 1.0 to 2.0

Conpar atd ve anpl e The .cat al yst .obt ai ned by, t he sanme qperation as
in Exanpl e ""FnggeBP%?ﬁﬁf’dngﬁnﬁg W& Car %oé'd'doﬂ“q%earo d X e pas
at a tenpe f +50 j Ve i dj f %for 2

nmont hs, waéé%ggigﬁgt gg \1,1:\”%{1 hr&%tﬁé{oﬁﬁée%%%n%%%%?gt?Jggll%’the samne
manner 25 as in Exanple 1, 26 r ~y N r{

Extractive removal of template (Second step)

Next, 10.0 parts by weight of the molded body obtained

10 as described above was packed in a glass-1ining column, (1)91.1

parts by weight of methanol at room temperature, (2) 168.1 parts

byweight of 0.2mol/1-hydrochloricacidmethanol solutionunder

heating of 45 C, and (3) 132.3 parts by weight of methanol

under heating of 45C, in this order, were respectively passed

15 through the column at LHSV of 6 h™! upwardly. After completion

of passing through, methanol in the column was drawn from the

bottmﬁofthecmlumn.Thereafter,thenmldedcatalystwasdried
under vacuum at 110T.

Silylation (Third step)

20 The solid obtained of 5.0 g, hexamethyldisilazane of 3.4g
and toluene of 30.0 gwere chargedinaflask, and then, sylilation
was carried out under heating of 110°C for 1.5 hours. After
separating the solvent by decantation, a titanium-containing
silicon oxide catalyst was obtained by heating at 110C under

25 vacuum.

Storing of catalyst

The titanium-containingsilicon oxide catalyst described

above was charged in a 20 ml-sample bottle made of glass and
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the inner atmosphere of the bottle was substituted with dried
nitrogen, thereafter, the catalyst was hermetically stored for
one week.

Synthesis of propylene oxide (PO)

The catalyst obtained as described above was evaluated
with a batch reaction apparatus (autoclave) using a cumene
solution containing 25 % of cumene hydroperoxide(CHPO) and
propylene(C3'). 1.0 g of the catalyst, 30.0 g of CHPO and 16.6
g of C3’' were charged in the autoclave to react them under
autogenous pressure at a reaction temperature of 85 C for a
reaction time of 1.5hours (containing temperatureraisingtime).
The reaction result is shown in Table 1.

Example 2

The catalyst obtained by the same operation as in Example
1 except that storing was carried out in a opened system at
a temperature of 20£5C and a relative humidity of 50%5% for
6 months, was evaluated with a batch reaction apparatus in the
same manner as in Example 1.

The reaction result is shown in Table 1.
Comparative Example 1

The catalyst obtained by the same operation as in Example
1 except that storing was carried out in a opened system at
a temperature of 50C andarelative humidity of 85% for 2months,
was evaluated with a batch reaction apparatus in the same manner

as in Example 1.
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for a long period, can be provided. 28 CLAIMS A nethod for storing a
titanium containing silicon oxide catalyst, which conprise storing
the catalyst at :3 relative humdity of 30%or less. 5 c¢c. The nethod
according to claiml1l, whereint.1 . ; relative humdity is 15% or

| ess. 3 The nethod according to claiml or 2, wherein the

titani umcontaining silicon oxide cataly%? satisfies the follow ng
conditions (1) to (M 10 an averag:, nore dianeter is 10l\ or nore,

(2) pores acfaustirdglf appIA%a®ilmie of the total pore volune have a
pore dianeter of 7 to 20(113, and (3) a specific pore volune is 0.2

, 3/, or nore, 4. ABgofBiNgd:@ateS frageh® CLhoentidn, Whekahdd Beér ddoring
titanium-containing sit con -oxide catal yst has been produced by

the fol | ow go St&Psulrl £64t 81 8RAg &SP Pb:aleabAtAYyat $RiEH can be used
containing a catalyst conponent and at tenplate by m xi ng and

stirring a sbhiLaeasRubeCobtaihihgdNiflR QUM eaNgh I8 AT LB oluf déF rom
liquid state; 20 Second step: a step of obtaining a solid containing

the .at5a.3. hyafr:%ge%'o?:}ifde and an olefin-ty%e compound, and which can
Mipon'ei ", .tby. Y?. Eiicvingth' :teny:l.a. _..f:7:Y:E33t; the so!

i dobt ai ned ekRibhe & Hith 8EERViaPJdh ¢ tHeRhec st £Dy O HHY BEBNNGtred
silylated catal yst by subjecting the solid obtained 1n the second

itep to fi3edx & I3ng period, Cadl e provided.



25 5, The nmethod according to claim4t , wherein the tenplate 29
used int 3. ;:irt=i t: step is a quaternary ,a7S:i+:?T}.1. i17
"..:11,7-;:} represented pr by the general fornmula (I) \lilR2P?tr4].F
(1) (wherein, }t."' represents a linear or branched hydrocarbon

"gr'out) 5 having 2 to .3. ., arbor a;:o0s, and R2 and d ~ . ~i

represent :in alkyl . grol,':'t having 1 to 6 carbon tons,) 6. The
met hod according to claim4, wherein the renoval of the tenplate is
carried out by s,,l'vent ercrac...:Lo.[, ope: -:k".-a" , The method
accord i rt-qt nyone of. cl ims 4 to ,i.i | :ler 1 c:oi"lui -ng a

=te. of molding t-[e solid containingt2I¥he ca;ta"..Lyst component,
S The nmethod according to anyoneoi: clains i t.o 3, 'ee't ere:[;:1
the titani um cdntai A RGEEPH €8h BkPEENE at aF YA TEN F EHtH| sy silicon
obt ai ned by supporting a titanium al koxide or titaniumhalide 15 on
a silica GIISRIGYYS01WRECR COMPAARRREUTHCAFR® CSitPilysh PxPdelative
catal yst obtained by the nethod of any one of clains 1 to 6, 10. A
process f oM BFAdd¥cPhg3aR W enSS®onpound conprising an ol efin-type
compound with .., . :iiir.op.J.3.2"''U~Li fE in + lie reacting the
20 presence of “the EQF&F?EE‘%P%’P&P&P@.t‘if.lai‘“ﬁ‘elpr"‘&eé&maw%r]fﬁ 'S
! A . :
cIa|n110,hh%gdik¥dggpfg%.égdfeég.an organi ¢ hydreper oxLde.

3], The method according to claim 1 or 2, wherein the
titanium-containing silicon oxide catalyst satisfies the
following conditions (1) to (3):

10 (1) an average pore diameter is 10A or more,

(2) poresaccounting for 90% or more of the total porevolume
have a pore diameter of 5 to 20047, and

(3) a specific pore volume is 0.2 cm’/g or more.

4. The method according to claim 3, wherein the

15 titanium-containing silicon oxide catalyst has been produced by
the following steps:

First step: a step of obtaininga solid containing a catalyst
component and a template by mixing and stirring a silica source,
a titanium source and the template in a liquid state;

20 Second step: a step of obtaining a solid containing the
catalyst component by removing the template fromthe solidobtained
in the first step; and

Third step: a step of obtaining a silylated catalyst by

subjecting the solid obtained in the second step to silylation.

25 5. The method according to claim 4, wherein the template



10

15

20

29
used in the first step is a quaternary ammonium ions represented
by the general formula (I):

[NR'R’R’R*]* (I)

(wherein, R' represents a linear or branched hydrocarbon group
having 2 to 36 carbon atoms, and R? and R* represent an alkyl group
having 1 to 6 carbon atoms).

6. The method according to claim 4, wheréin the removal
of the template is carried out by solvent extraction operation.

Te The method according to any one of claims 4 to 6, further
comprising a step of molding the solid containing the catalyst
component .

8. The method according to any one of claims 1 to 3, wherein
the titanium-containing silicon oxide catalyst is a catalyst
obtained by supporting a titanium alkoxide or titanium halide
on a silica gel support.

94 A titanium-containing silicon oxide catalyst obtained
by the method of any one of claims 1 to 8.

10. Aprocess for producing an oxirane compound comprising
reacting an olefin-type compound with a hydroperoxide in the
presence of the catalyst of claim 9.

11. The process according to claim 10, wherein the

hydroperoxide is an organic hydroperoxide.



