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1 DESCRI PTI ON METHOD FOR STORI NG TI TANI UM CONTAI NI NG
SI LI CON OXI DE CATALYST 5 Technical Field The present
invention relates to a nmethod for storing a
titaniumcontaining silicon oxide catalyst. Mre
particularly, the present invention relates to a

nmet hod for storing a titaniumgontaining silicon

oxi de catal yst which can 10 be used for. a reaction

obt ai ning, for exanpl e, onpound from a
hydr oper oxi de and an olef|RE§$BEB@5 ound, and which-

can exhibit a high activity even after the cat al yst
has been stored for |long period. 15 Background Art

ol R For ER kT SRk o8P BrRE R Fiom ¥ cararver

presence of a catalyst, are publicly known. As a
catal yst used herein, specified titaniumcontaining

Sigld . GON, 0X] catal ysts are 20 disclosed in, for
e>21laen(%} j,'c%jadl? f‘ﬁiteratures (e g. U S Patent Nos. 4,

367, 342 .and 5, 783, 167, JP- A
Tpr A 20000 PHEFERE FEiveniRn 1’6?@6‘58%’9%3 pebhaedofigy storing

JP- A-.2000- 109470 117101,  JP- A-2000-119266,

i &%ﬁ%% 213N S089595 458ade) poedas-o¥iss

JP- A é_ 379 and 25 JP- C—2909911 As t hes

cRPHVSNAE Y uskP a%r%s?li‘;(e’dn’ﬁ%ﬂtio cﬁ?ﬁ?"y'gﬁ tf’h% method for

c I sts i,n.a t.are filled in_a react
e%‘et%y 8, O CaRARco T bt S5 Sasaa paeé Eagatpat whicn can
these catal ts re en successi vel
d sedi £ ‘Son c?btajo.ning, %or examplya, an oxirane
pro uc
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.

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
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

JP-C-2909911). As these catalysts are used as a fixed bed
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stored for long period. However, findings regarding
suitable 5 conditions under which the catal ysts are
stored for long tinme, have never been shown.

Di scl osure of the Invention Under such situations, an
object to be solved by the present 10 inventionis to-
provide a nethod for storing a _titanium containing
silicon oxide catalyst which caf be used for a
reacti on obtaining, for exanple, an oxirane conpound

f ream a by sy o thigec aka gs 88d nod 1@4fd AmbiRe PV i reactor
which can exhibit a high activity even after the

catadystsdresrdbeanostiEeto dbefpl savbeRy PEELRT. the result
Nanmely, the present invention relates to a met hod for !

Stite sty om td Tyt 81 GO Birdiel Bl cHddsaQfe 19X
which can be used for a reaction obtéﬁﬁ?ﬁgf&?%?iﬁih-Pr°bably

excnred ot WonRperiCaTPAYREvELOMES PRLOXi
an ol efin-type co%pg&nd and 28 whichn?%%ngﬁégé?ggn@nQUitable

hicginéaciiotis yin@eanwhl bRt A @ Q3 18) H5d a%sstgﬁgﬁtﬁé)elo rl%q1g time,

for a long period, and is a nethod for stori

t hiazel weveaNtbden Nh&kh i con oxi de catal yst, which
conprises storing a titaniumcontaining silicon oxide
catal yst under a relative humdity of 60 % or |ess.
25 3 Best Mdde for Carrying out the Invention The

t DiselloBur@eNicE NHY EiddpeloRXxi de catal yst to be
stored for a long tine, includes, for exanple, a one

Tt ant um alkoe o £ T ot bt e s PR SR By ine present

stppent iswcisassigdtadiela method for storing a
titanium-containing silicon oxide catalyst which can 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 a long period.

Namely, the present invention relates to a method for
storing a titanium-containing silicon oxide catalyst which can
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 a long period, and is a method for storing the
titanium-cbntaining silicon oxide catalyst, which comprises
storing a titanium-containing silicon oxide catalyst under a

relative humidity of 60 % or less.
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or the |Iike under a gas phase or liquid phase

described in, 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 flane, one obtained by a sol-gel reaction of a

titanium al koxide with a silicen al koxi de, and the

i ke, and are not particularly limted thereto.

HdweserModée ferpcareydhlge ot that indiverddiowl the

follow ng conditions (1) to (3): (1) an average pore

di anet efhe stitdéndemABbAtalhifng sAANRHAGHOMY | EHiPst to be
90% or nore of the total pore volune have a pore

disimeted fofr 3 16n300iMe, anfc{dled, SPEEI di&mPPEC ¥ YddBbtained
is 0.2 cnB/g or nore. Herein, the specific pore

v Ay e pyRartsi iy 20t te iR SRircel -

20 Nbasureneg?i of these conditioégn?gf&?% ?%?é%éﬁhbglkOdee‘
cdnchertin Hyl LdveNt 19831 iKBLHRUS §UEPoRE 8uBHYEEC@i1ica gel
adsorption nmethod wusing a gas such as nitrogen, argon

oo thd ildke TiRidmialysd prade 60l £Guif pHSsR 838BLived in
invention may or may not have a peak show ng an ’

| floar plxEarlespachd hlhéhrel 28d3Bafendy 19l AGk
(XRD). The peak shomﬁngeaﬁu?ntergfaﬁa? iQt§EQC|n5%?éfee

a¥.ISeraiterteiv . od 36% , IPANAE PRAK 86606918 Nan aerosol type
crystallinity and regularity of a solid, and a brd&a

peak chreaiheddy peREDNAYS BAELNABK 19X Sle wils &%E’Lg]]liié:%% halide

to be stored in the present invention, 5 prefera
hdas anfabmer, pbha@nopbeaknied b?ear§619§eﬁfrgﬁgtiéncgfla titanium
t

in the infrared absorption spectrumfromthe viewpoln
ofilkbgide 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 ZOOAW and
(3) a specific pore volume is 0.2 cm3/g Or more.
Herein; the specific pore volume means a pore volume per
lg qf the catalyst.
Measurementsoftheseconditions(l)to{s)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
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activity. It is considered that this peak corresponds

to that of titaniumintroduced into the silica

skel eton. The catal yst satisfying the above-descri bed
conditions 10 (1) to (3) is preferably produced by a
process conprising the followng steps: First step: a

step of obtaining a solid containing a catalyst

conmponent and a tenpl ate by n1x4ng and stirring a

silica source, a titaniumsource and the tenplate in

t fpabiifgi q aSt alse hel® IS Fe €0 t8, Shean8f a0pkakNidd@ to the
a solid containing the catalyst conponent by renoving

t eyt eaplang thl afdt hegahird tyobEad nashidy, iRl fdl bebad peak due
step; and Third step: a step of obtaining a silylated
CBbahyshmby phoul @RlrithGndheeeptd obtained in the

second step to silylation. 20 Herein, the first step

is a steReOtaBlgbhi RS DeSYtdhP i tHdPpPesdhf! Yabention,
conponent and a tenplate by mxing and stirring a

f%téférﬁﬁi&cﬁas % hb@%'r?r?i%?yb‘éskaﬂg 'I:thtéergs%hat%? c? dd'+ 5 cm™

i quid state. Wen e reagents used are so

thesthe AnERIRIEEBRLYPYIR% 3pedtEaUEFOR tHe WReWpoint of high
these are dissol ved 5 or dispersed in a solvent. 5

T@@tﬂ}ht?a SDHMHGE cbAeh Wdee RPRERNOWSs PddKC8o@Pdsponds to that
al koxysi I anes, for exanple, tetranmethylorthosilicate, -

tef raet Byl ant haghrblaedled anftd atHarsoPYEPr @Bk LbRat €.
Further, silica sources having an organi c group such

as 5 alfwétddedkpxty §d BNeSy 1Al AHY oAl L ANES .conditions

trial kyl nonoal koxysi | anes,

1( Py i ((3) alsKpregerabns bﬂaauc@adbygg prdSessBbiPrising the

al so used. These silica sources can
following steps:

Firgst step: a step of obtaining a solid containing a
catalyst component and a template bymixingandstirringasilica
source, a titanium source and the template in the liquid state;

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.

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

or dispersed in a solvent.
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used al one or may be used as a mi xture of severa

ki nds. The titanium source includes titanium al koxi des
(e.g. 10 tetranmethyl titanate, tetraethyl titanate,
tetrapropyl titanate, tetraisopropyl titanate,
tetrabutyl titanate, tetraisobutyl titanate,
tetra-2-ethyl hexyl titanate, tetraoctadecyl titanate)

;o and titanium (1V) oxyacetylaé%tonate and titanium
(1'V) diisopropoxybi sacetyl acetonate; and titani um 15
hal i desThe. giltiideakicupdeetirRelldes demotphaisUBlilica and
tetrabrom de and titaniumtetraiodide); titanyl
sallkakgsandndis, fidee.exadplde terphiéehyabyenesafiicate,
cationic surfactants such as al kyl ammoni uns,
ditakkgbaBRRirtFos 1116d e/ | SA0Hé tHBpropgnay L ABERN bRt e .
and al kyl piridiniuns; anionic surf actants such 20 as

aFlsythel,f atia icinsantted KyAphogPadt 6ryansc g%u@n such as
surfactants such as pol yal kyl ene oxi des, bl ock

CapRiyY Heh a1tdostyaall Ak ald%mmﬁamax?smaﬁbbed
Anmong them quaternary ammoniumions represented by

t BeigeR9N MonldRd:dy il Darfd <, I”Eﬁﬁiépfﬁiﬂ§ﬁgxrg§lyl)alkane
(NR RRR3R)+ (1) 6 (wherein, Rl represents a linear or

beaactrd NyHeQCacHRMLErLIdo Wswd NOrHe$€® $01L£84bSPurces can be
atons, and R2 to R4 represent an alkyl group having 1

t gséacanbas o)y tRl dsed dd NEafiivfubéapeEh8dveral kinds.
hydr ocar bon group having 2 5 to 36 carbon. atons,

preferaphy ¢0thaibh coubee aheThadR? tid 4/ M lkoxides (e. g.
respectively independently an al kyl group having 1 to

6tedfrhnathAyONEd tanG t efieralletisAc ht DEaf@té 9 Bétiksprapyl
met hyl group. Specific exanples of the quaternary
apleahdfe, tetraisopropyl titanate, tetrabutyl titanate,
tetraisobutyl titanate, tetra-2-ethylhexyl titanate,
tetraoctadecyl titanate):; and titanium (IV) oxyacetylacetonate
and titanium (IV) diisopropoxybisacetylacetonate; and titanium
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
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.

[NRIRZR’RY]* (1)
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ion represented by the general forrmula (I) include
cations such 10 as hexadecyl tri net hyl ammoni um
dodecyl tri net hyl amoni um  benzyl tri net hyl anmoni um

di met hyl di. dodecyl anmoni um and hexadecyl piridi nium 1In
addi tion, the quaternary ammoni umions represented by
the general formula (I) may be used al one or as a

m xture 15 of several Kkinds. Eﬁanples of the sol vent

i nclude water and al cohols, for exanple, such as

NHWaN®in SR a9 re e Pt ORANSh ea2- G WAHBhed RydHoda@bon group
sec-butanol, t-butanol, allylalcohol, cyclohexano

amdvienyyl &) G Aarishol Scaml, Hnd wesd REr 88predBAt an alkyl

anmount used 20 of the titani um source based on the

Sigricifp S GRy i B 96 ehesabbyn htoms}0-5 to 1, nore
preferably from0.00008 to 0.4 in terns of nolar

rati o. RieigMauninsed of vhlde e HPHFScABERI é%téﬂ)oﬂaving 2

based on the total anounts of the silica source an

t iloAmieUB as U Gt bfts pr§f@fép5w1§r 26" 16- 28t @atvoh LN .
of nolar ratio. 25 Further, for pronoting. the

reacti orR20tot R Hid i PN Gfely MAdpdR@ehtigNiN1kyl group
source, it is preferable to inpart alkalinity or

adiaffinyg totbhe é@ﬁ@@n%&ﬁé?%mﬁﬂéﬁﬁﬂ‘%ieéﬁyﬁd‘ﬁﬁ to R? is

guat ernary ammoni um hydroxi des are preferdble, a

et RY1 §P6EE0T $PELEE: IR ARRRN Yt ernary ammonium
hydr oxi de, 5 tetraethyl anmoni um hydr oxi de and

t @bhaPé PPY5SATRAI BAMENBYSKIF 4L £030R11% (Y IrGrd dfadtalti®ns such
guat ernary ammoni umion represented by the general

f asNMilexaldelcy 1t 1 €y 1 And 91 kh 2t @oaaB @1t Pemak kg bmmonium,
source are contained in the sane conpound, is nore
pbehekakira mdttiyiiaimoret@n P! Efnethy 181 8688cNEMER1ium and
hexadecylpiridinium,

| In addition, the guaternary ammonium ions represented
by the general formula (I) may be used alone or as a mixture
of several kinds.

Examples of the solvent include water and alcohols, for
example, such as methanol, ethanocl, n-propanol, 2-propanol,
n-butanol, sec~-butanol, t-butanol, allylalcohol, cyclohexanol
and benzyl alcohol, diols and mixtures thereof. The amount used
of the titanium source based on the silica source is preferably
from 10°° 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.

Further, for promoting the reaction of the silica source
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10 i norgani c acids such as hydrochloric acid, sulfuric

acid and nitric acid, and organic acids such as

formc acid, acetic acid and propionic acid. The

m xing and stirring tenperature is usually from -30

to 1001. A solid is formed by mxing and stirring, and

the 15 solid nay be aged for further growth thereof.

The aging tine is usually 180 hours or |ess, and the

aging tenperature is usually fromO to 200 x. Wen
hedthnghée ¢ irtemiiunedoutcagi g.is préfergbtbatdbmpatrtadlkalinity
the mxture is transferred into a pressure vessel and

heat aeg dity adutetnifed@ £6DSEloR! eHdIrenyegERA1{ Ofource,
avoi ding 20 vaporization of the solvent. Next, the
SqRaferiy amndnSteP K dds s Ptk MU BRI 8] "dhd examples
the catal yst conponent by renoving the tenplate from

t BRegelofd i ndlhAdd &b i rhridEni dhoSi @R hyhesghakhe

renoval of the tenplate may be carried out 25 by any

08etehed Y 1GhniciRMAl APHrHLAIE | HRd | PELARHr&PYY 8RR ium

extraction nethods, the solvent extraction nethod is

phefiebahlde, fan@md ﬁ%d&m b £ Ofh&b§as P PHadyhbMionium ion
activity catal yst. techni que for extracting a

t egpkakenteldbg S0 etdl fERAIiLd Y, Yo {BhBhSthéltemplate
al. (see U S Patent 5,143,879) 5 The solvent used in

exhb8achbOALRBY 1l B6hHEE ar&otyRPhiNBACEL €RE ShRs Ydfpdund, is
conmpound used as the tenplate, and oxa- and/or

OxOx8UpFkireta®d oy dFae2hBeS ehMip1® L YD AhAHHEG O ndlude
to about 12 in a liquid state at roomtenperature can

bengegahdld Yci@edsuchUat aby@r&XRIvLEE AEi8UCHuBPL¥EBScid and
i ncl ude al cohol s, ketones, 10 ethers (acyclic and

CEtEE ARl SHRY SrghX AR @Bd$ RRIE0Es 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
solid may be aged for further growth thereof. The aging time
isusually 180 hours or less, and the aging temperature isusually
from 0 to 200C. When heating is required in aging, it is
preferable that themixture is transferredintoapressurevessel
and heating is conducted inaclosed pressure vessel for avoiding
vaporization of the solvent.

Next, the secondstepisastepobtainingasolidcontaining
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

by any one of a high temperature calcination and solvent
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i ncl ude al cohol s such as nethanol, ethanol, ethylene

gl ycol, propylene glycol, isopropanol, n-butanol and
octanol ; ketones such as acetone, diethyl ketone,
met hyl ethyl ketone and nmet hyl isobutyl ketone;

ethers such as diisobutyl ether and 15

tetrahydrofuran; esters such as_nethyl acetate, ethyl

acetate, butyl acetate or buty$ propi onate, and the

like, but, fromthe viewdoint of solubility to the

t enpiralot.i ctl BOBRLEs ArttieDs €1 enblest rattd AMEEhbHEM preferable
met hanol is further preferable. The weight ratio of

t e ofX thal tiRgrEl e d £ tebtaensagi d ROgROALRHNHRY d2Ralyst.
cat al yst conponent and the tenplate is usually rom1l

to 1000a peehflighbyrbs WRbrdotBRE- a RtnigiRite WAlth a solvent is
inmproving efficiency of the extraction, an acid or a

sgkpotitecedly mam tanasiede oat he§§eéOUV§nP§.tenEX§”ﬂ|4@S 879)
of acids used include inorganic acids such as

hydr ochiraki o Bfdth useldf 18 b&t2aic¥di oM hay gn@qu@ea@@olvent which

-brom c acid, 9 and organic acids such as form c acid,

agahi &1 a6bdvang IR O Gus s il t'ﬁw ‘i:Bﬁ aa%arrahasoﬁa and/or
salts thereof include alkali netal al kal i ne

e@kbhsﬁﬁb%!lt%&!édsh?l\aﬁoéﬁﬂfﬁ@h%nhﬁihﬁ ca-mﬁ)n atoms of 1 to about
concentration in the solvent of the acid or salt

t periaph 15qheaber added tﬁoﬁrﬁéﬁ?é@hfuig i /bLe §Enk8831y used.

further preferably 5 nol/l| ess. Wen the

cengeablat éRamp e s e FACHEBb19kntREinds1he 041666160 ketones,
be added is too high, the catalytic activity my be

| evBeed pYcolclliicoand dydia unid édeesal a'l%?émpféé efhereof
adequately m xing the solvent with the solid 10

CDitBuAENg1EBROLA! shyRtas GPONENS L At Hdieot ergd iy Fend glycol,

~liquid phase part is separated by a nethod of

fprépalensd, gTees} alddPropanol, n-butanol and octanol; ketones
such as acetone, diethyl ketone, methyl ethyl ketone and methyl
isobutyl ketone: ethers such as diisobutyl ether and
tetrahydrofuran; estexrs such as methyl acetate, ethyl acetate,
butyl acetate or butyl propionate, and the like, but, £from the
viewpoint of solubility to the template, alcohols are preferable,
and among them, methanol is further preferable.
_The welight ratio of the extracting solvent to the solid
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

hydrochloric acid, sulfuric acid, nitric acid and bromic acid,
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or the like. This operation is repeated required

times. Further, it is also possible to extract the

tenplate by a method of filling the solid containing

the catal yst conponent and the 15 tenplate in a tube

or the Iike and passing an extraction solvent through

there. Conpletion of the extraction can be known by,

for exanple, analyzing the qud?d phase part. The

extraction tenperature is preferably 0 to 200t,

f andher g4 B¢ ecdldsys36h d0fdOftc athiel, hkethe achd and ptopionic
of the extraction solvent is 20 low, the extraction

magide CRuftRErQUixampbes pfesalte. tideefPalryNAde/ alkali metal
amoni um i on represented by the general formula (1)

obtaiteed adkla@ii @241 agdtHD $4EP0& NBAE eAfoR8um salts.
recycled as a tenplate material in the first step

after rerewntentlrhaelsh ihahe ket 5€ tHifad £ABraAt thereof
the sol vent used for 25 extraction can be purified

t Bow@ladadisual paeskirbbali 0o ndl / DRET 3kke) Phrther!pKeferably
and al so recycled. Al cohols suitably used for the

t srb BY B dreTRwdl. dafegcthetbend@stFoHibRatkh itHe BOAIHT of the
those react with the silylating agent in the next

shbyhabrosastepo boCs@AOdCLs ko aidRCIEHE da ic activity
contained in the solid after the tenplate renoval is

undgl by newered by ®1dftddid ePeEptaRiumASnatHeYBdalyst.
apparatus, a conical dryer and plate dryer equi pped

wWith a Rptedi hadqubtelyomivaciy HEedSBret wltBt €He solid
However, since it require a considerable tine to

coodualintihg €hyi sgtatgeentempbien® @hfli ehentéiplatelby liquid
be not sufficient fromthe viewpoint of productivity

ophabe patelisstepbRtadedi by ehmedhper borfMENELa®ion| 2cantation
catal yst may deteriorate because a shrinkage of pores,

aor 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
template in a tube or the 1ike 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 200, further preferably 20
to 100C. When the boiling point of the extraction solvent is
low, the extraction may be carried out under pressure.

The quaternary ammonium ion represented by the general
formula (I} obtained after the extraction treatment can be
recycled as a templatematerial inthe first step after recovery.
In addition, like wise the template, the solvent used for

extraction can be purified through a usual distillation
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change of catal yst surface properties and the Iike
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 sol vent
substantially inactive to the _silylating agent to be
used in the successive silylatiflg step. The
substitution solvent used in the substitution step may
bep2l-at ival \Wntereatl Ste/i M8d CaNge t reBgcebauhich it is
substantially inert to the silylating agent and it

can di saakbvdiolikes@xthadall G8easdy tHe YeRPlatd PBmoval damages
second step. The solvent suitably used in the

sghe! bbuihed PREERLLANbecABBEer fhb¥el PELHECRiIth the silylating
hydr ocar bons, hal ogenated hydrocarbons, 25 ketones,

eheht 18StBESneRk e SUPBLLILACS &Y dePer8EbEL! €8n8NEtracting
11 tertiary am nes having 1 to about 12 carbon atons

apgenROWontaihdd G4 did &1 A4 LFALParNe! eBRBRALYE Semoval is
for exanple, hexane, cyclohexane, chloroform

baszanay +ehdeBa. byYA W& imf BpeIatidh LY hketPPRg apparatus,
met hyl et hyl ket one, ™ net hyl i sobutyl ket one, 5

dhesoyighl Qir%éjf 3R BL YRt BBV er Efd APYEH AF UK hot -air device

di oxane, net'hyl acetate, ethylacetate,

dbpFeRvhbal MR, 38 A dfdd & Howd¥del NBince it require a
triethylam ne and di nmet hyl suf oxi de. A preferable

seb¥8Alelrablsuhakid Wd Wbddudly KRCaPPDSg Bc6ABASER1IY
with the subsequent silylation step, and anong them

t ekeeneent140 4 AQ vl eltr aklrei clikese SUNY AHS FAWwpoint of

be used respectively alone or as a mxture solution
opréauvetakikiyndg. the the el trat iaeid iRt '@'belafézﬁﬁance of

the substitution solvent and the solid containing the
exheaghtalysel MePtaOPEALORHte because a shrinkage of pores, a
change of catalyst surface properties and the like occur
depending on drying conditions.

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.
The substitution solvent used in the substitution step may be
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 hydrocarbons, halogenated hydrocarbons,

ketones, ethersl, esters, N,N-substituted amides, nitriles and
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‘third step is a step of obtalni'ng a si

in the second step have been thoroughly m xed, a

i quid phase 15 part forned is separated by a nethod
of filtration, decantation or the Iike. This
operation is repeated required nunber of tines.
Further, it is also possible to substitute with the
extracting solvent by a nethod of filling a reaction
tube or the like with the solild containing the
extracting solvent and then passing 20 the

S et faity GniSdy Sfvilny QUEB 4B6ue0l 2 barith 3/OM and showing

step and the solvent substitution step, further,
agdintigeid Isitathe atUeeass ‘ﬁ% gehpbaEitiGeSt ¢Br2bRam ilfee' hexane,

preferably conducted with"the sane reactor from

ViR x fie Pragiietbdbin, obehpEnsat E‘B%Eéneg:oﬂ?%@maonacet one,

of the substitution 25 operation can known™ by, for

XS 11 YS| Sm@fntPethi kb dohd, P{%@%@%@%ﬁ%&l&: %etone,

substitution tenperature IS preferab

man @ tRafanabt y @Pid %ﬂ&?&thé‘\ﬁ? n tktﬂ%ﬁg%hkio%gxr%‘i’i Mai¥xane,

the sol'vent used in the operation is

OReRal It e PR tHOIACHES e%”&fﬁae@hgﬁ B!i:ﬁgm?.lg]ﬂap (acetonitrile,

addition, the solvent for substitutiOn use

Zﬁ?’i‘tiidti_li'lté 0Nt 15 Sh F P Pe " £54 ChEle iﬁnkg{s Hgg%\ﬁieg 9 gts Iiﬁ'ef erable

Xtracti ng agent y a conventi ona suc

digslivleld! ifdh MG by Hg tﬂ&%ﬁ-&é&w%‘% ::gxgrc%rg:bgction with

cehal Y& doquety eé‘:ii)lﬂgaﬁ:t@nsg:é . ORha Qﬁgngin thid%, toluene is

second step to silylation treatnent. The 'ylati on

MeUrRe G DriedbrUt1 LY 1hddas JUBRRM FELONY pd ﬂvﬂ ﬁfbetéﬁ@ctively

titani umcontaining silicon oxide I's reacte :
0a3$60ES oY la¥ & inG:Afe so NIt foh | GFi HePBRae FRhLABRd iN

whi ch
In the substitution operation, after the substitution
solvent and the solid containing the extracting solvent obtained
in the second step have been thoroughly mixed, a liquid phase
part formed is separated by a method of filtration, decantation
or the 1ike. This operation is repeated required number of times.
Further, it is also possible to substitute with the extracting
solvent by a method of £illing a reaction tube or the like with
the solid containing the extracting solvent and then passing
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

operation can be known by, for example, analysis of the liquid
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15 a silylating agent is reacted with the

titaniumcontaining silicon oxide in a solvent, but,

the liquid phase nethod is nore preferable. Usually,

when the silylation is carried out by the liquid

phase net hod, hydrocarbons are preferably used.

Exanpl es of the silylation agent include organic

silanes, 20 organic silylam ned organic silylamdes

and derivatives thereof, organic silazanes and ot her

Sipghdsd igii-t2geiis - @@{@.?@f Rf LCygl
incIudezgﬁiorotriég%hyIS| an%, %%@ﬁ?g?gg?ﬁe%%y#???%ﬁgply 0 to
chlpgrobr i Lhgn |t é 'ngbf | si.l ane, . .25 i
chIorofr@g?%yggéﬁékébh?oggdféeiﬁ r%Ut %ﬁiiﬁﬁé%oféing point of
ClthQr QdilRRIHY! ¥{,si i pepthyl si | ane .

di met hyl - n- pr opy cﬁfgﬂ%g?ﬁﬂ%%?ép%gﬁe¥%y¥¥¥' tA8%peration may

og_&o%lngycﬁ]rech qlﬂq%ﬁggr%él%g#%yl di met hyl chl or osi | ane,

tripropyl chlorosi yl octyl chl orosil ane, 5

tributyighlg §LI§pe,1;ri chiorosil.ane . .
di metyl &thy! ({:iﬁ'l (.;Lroos,i Itar?e,gzﬁ)syén@ or substitution used in the

dbﬁﬁ%g?ﬂgﬁi%%&i%g%? ey 913 irle%l(ecled after removing the extracting

n- bu orosilane:

BB BN SRR Mo st iasion, oxesscrso

3ok REORGRY! di met hyl chl or osi | ane,
d?nethoxynggﬁylchlorosiIane, met hyl phenyl chl or osi | ane,

triethoxypd Qkoi(%lé:%Qﬁirg {[g%ﬁ?.‘llsog%q:yelpcgk %rbq:sa{i!nainﬁag a silylated

met hyl phenyl vi n I"0f O

b@ﬂ%ﬂh?&k”ﬁgg%gﬁFlagigﬁ%glaﬁgg' ig&!hﬁhSQ&EHL&rQE' 1R0 Csecond step

di phenyl net or oSl
diphenyY LYY ionhi¥eQiiealte, tribenzylchlorosilane and

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 liguid phase method in which
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,
organic silylamines, organic silylamides and derivatives
thereof, organic silazanes and other silylation agents.

Examples of the organic silane include
chlorotrimethylsilane, dichlorodimethylsilane,
chlorobromodimethylsilane, nitrotrimethylsilane,

chlorotriethylsilane, iododimethylbutylsilane,
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3- cyanopropyl di net hyl chl orosi | ane. Exanpl es of the
organic silylam ne include N
trimethylsilyldinethylam ne, N-
trinmethylsilyldiethylamne, Ntriethylsilylam ne,
N-triethylsilyld nethylam ne, 20
N-triethylsilyldiethylamne, N-tri-n-propylsilylamne,
N-tri-t-butylsilylamne, N-trinhylsilylindazole,
N-triethylsilylimdazole,
|*dHIOﬁbdﬂmﬁhﬁggéﬁéﬁflQﬁZQh@5 chlorodimethylsilane,
N-t - butyl di methyl silylimdazol e,

| af b YER 1365290 §ne25
N- di net hyl - n%%%% TNt e 14

Nad iR bR 1| SeF éﬂi&f&giﬂﬁﬁet%-butyldimethylchlorosilane,
N-trimethylsilyld nme

t lryh @ariope NI L | yh ¢l Y

N T PR ORI P O B phaorostiane .

Nt b buFRt R 154 ok 101 8L | dbjnfd‘?%sg%ﬁ%ﬂ:osilang ,

1- cyanoet hyl (di et hyl am no ane an

pannaithyererieml Hidet éjldiﬁ@%ﬂﬁ%ﬂgféggg%ggpggg%%%lane,

organi ¢ silylam de an erivatives

Nn Oolaic gt @l ' ,_ad‘&% | de,
N,C>bi§??ﬁﬁ§?%ﬁ%§%%ﬁtrl #%&gbacetanide, 10

hbkbh&ﬁb@ﬁ&ibﬁ%k%ﬁ?fﬂq%ﬁ%osilane,

N- et hyl - N-tri nmet hyl si acet am de

NeHESL B¥he MntA la et yvSi divil d+d acet am de,
N-nethyI?N- rinethyﬁ%%ﬁ%%ﬁﬂé%ﬁ%ﬁg?obutylanide

5 £ 6n DB ERbELEYY sty Y dddd d i gacet am de and 15
N, O bi s(di et hyl hydrosilyl)trifluoroacetam de.

Fa 2t B6x9e th910hA ¥ds 19147 2N t ] P¥ny1chlorosilane,
triethoxychlorosilane, dimethylphenylchlorosilane,
methylphenylvinylchlorosilane, benzyldimethylchlorosilane,
diphenylchlorosilane, diphenylmethylchlorosilane,
diphenylvinylchlorosilane, tribenzylchlorosilane and
3-cyanopropyldimethylchlorosilane.

Examples of the organic silylamine include
N-trimethylsilyldimethylamine.N-trimethylsilyldiethylamine,
N-triethylsilylamine, N—triethylsilyldimethylamine,
N-triethylsilyldiethylamine, N-tri-n-propylsilylamine,
N-tri-t-butylsilylamine, N-trimethylsilylimidazole,
N-triethylsilylimidazole, N-tri-n-propylsilylimidazole,
N-t-butyldimethylsilylimidazole,
N-dimethylethylsilylimidazole,

N-dimethyl-n-propylsilylimidazole,
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hexamnet hyl di si | azane, hexaet hyl di si |l azane,

hept anet hyl di si | azane, 1,1, 3, 3-tetranet hyl di sil azane,
1, 3-bi s(chl oronet hyl )tetranet hyl di sil azane, 20
1,3-divinyl-1,1, 3, 3-teteranet hyl di sil azane,

1, 3-di phenyl t et ranet hyl di si | azane and

hexanet hyl cycl otri sil azane. Exanpl es of the other
silylation agent include 14

N-net hoxy-N, O-bistrinethylsilyltrifluoroacetamde, 25
Nl fiem {26156 67 151 Iy sink b 63ebamat e, 15

N, O bi strinmethylsilyl sulfanmate,

tw-@ihdét&iglwéiiljrvifhmé 191%5]33?Ll‘#-fﬁrﬂ@thr%lsilyldiethylamine,

triethylsilyltrifluoronethane sulfonate a

NN\ il PR 40 By b aiga. T fi@élt%ﬂkigﬁ.&%l%&?%o i,

be used 5 alone,” tvio or nore kin ereo e’use

aN_&&qﬁgyﬂﬁﬂgiﬁylﬁgpéggﬁgﬁéeIy. The nost preferable

silylation agent” I's exanet hyl di si | azane. Furt her,

iy e o (R A0} Ao EEYLEER GRETMRLCT Y
D TPy Bl P P S ™"

1 od uRaareisg et el ardifte MRS BhYL BT yacives
| ere e IR N AR O P Iy L 00 BRRTER

VN@oab&ts%ﬁ%ifn@tmﬁ'éﬂl{}ﬁlotx;:ﬁf%\ﬁéfééﬁg%fé}ﬁi&%”i ng the

cat al yst conponént. u e nolding stép may be

CROE¥S hREnkl sANY 19 RASmedEl ¥y, before or after the
above-nmentioned tenpl ate-renoving step, after the
SALMBRhyl-N-trimethylsilylacetamide,
N-methyl-N-trimethylsilyltrifluoroacetamide,
N-methyl-N-trimethylsilylheptafluorobutylamide,
N-(t-butyldimethylsilyl)-N-trifluoroacetamide and
N,O-bis(diethylhydrosilyl)trifluoroacetamide. |

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

N-methoxy-N,0-bistrimethylsilyl carbamate,
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substitution step, and after the silylation step, it
is preferable to conduct before the tenpl ate-renoving
step from 20 the viewpoi nt of suppression of
degradation of catalyst . properties such as specific
surface area and pore volune. As the nolding nethod,
any nethod such as conpression_nolding or extrusion
nol di ng may be used. An organi ¢Yor i norganic binder
usual |y used can be used in the extrusion nolding, but
| oer-iig t2himd tivpl 84 ypl eGlfambyenny be caused by
addition of the binder. 16 In the production of the
melrd e teaiiad 5§ 1t hel eorphethans BUll8oRatel,s the nost
preferable fromthe viewpoint of strength and
phySieGaly WL €4 B51 W réhetKah 8l ¥6l FoAatkheana
conpression nolding, a roll press nolding 5

( b, Nqueliled i meHPEsi 1yDire®l | 1ElERUYN 6tBhEgents may be used

nol ding, tabletting and the like can be listed. The

PEe®HE,Etivd oEORBLESRiNds i BheSe'dE IaP He tudelD atORheNBame time
preferably 0.2 to 5 ton/cnR, and further preferably

Oo? sepdrady16/2. TR afodPeprPf&88H18 531428th0NW ageat is
strength of a nol ded body 1s sonetines 10 i nadequat e.

OnelBme®hRara ainth z e NFizb@hBFe S 8bb¥el@@skirdbed s1By1ation
physi cal properties of the catal yst soneti nes becone

| flagend AdhRested HPBhGMEF Kol K BNba t Bh CASFY I039£ 08king form.
the conpression nolding, it is preferable that a

sol i d cogtod preFerdad 8b)hly ¢ABNSAECALySORIMAIdIStHatSI1ylation
in a proper anount, and 15 this can produce a nol ded

bogya heorhfién anétihdd Co £ RhidH ehef Batdl9et asl 8¥Rtacted with an
conpressing pressure. The water content of the

mMihekitaliri e dbga s UbpEle tif nti@ rolgenC Ml easshasr édhded i Pressure
preferably 1 to 70 % by weight, further preferably
t ordfie¥tlyl , Weirglthe like.

The catalyst tobe suitablystoredin the present invention
isusuallyprocessed intoamolded catalyst viaastep formolding
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
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

of catalyst activity may be caused by addition of the binder.
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The water anount may be adjusted by a dryness degree
during 20 drying of a wet solid, and nay 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 nol ded body may be any
shape such as 25 tablet, spherdfr ring. Further, the
nol ded body may be used 17 as it is or after

punvgtié¢ prbauke idnls HPRE mY14Rd Jé‘?aﬂ??k@l éﬁﬁk%:lb@s $P68mo1ding
for selective oxidation, for exanple ddition to

CALXitd infsk1of ﬁ@f@f&él@ £¥8hi eHe vg.)é‘w% 'nocn J@%ﬁ%&ﬁth and

of organic conpounds because the catal yst has

S peSishiica 15 Witdrer 81 68 afdtﬁegta!axaq'y%&ef Sed titanium

active sites. Further, 1f desired, is al so possible

to intagsithe %Hn?blsé§§§or9fméi‘& ﬁﬁ]t agyf*BlV.l\." bgeggdﬁ'l(&Q.ng

of a third conponent such as etc.

CRbaile taah e éligtﬁﬁ c’EPﬁt{;zlogéf%Li‘t hgﬁraﬁﬁ.tn.%l ?é;t.c'e(‘ss g]olsdting,

reformng etc. torin cat

Ofl:abﬁ%tﬁrﬁl%ergnd'm@niilﬁ’ ééncﬂ rag @ghze%h%y te% 192 1n

t he catal yst under atlve um

I idn | tone cat
u%gglrprg%r%ellcg]t |1\S/Sen{1$ﬁjrrﬁ #o%g 96 ot %ng n@i'é@érably 0.2 to

1 |
etagadis, atgcrokene, ety gé‘fs'e*%e?g?‘f’g/‘:iﬁ e e

oprassardl ¥&itoRalw'i tHe é&&%ﬁ?g’faé NS r b%d&r is sometimes

adj usting the relative humd
| IfhHeg8atTEbROER Al o £REE I Y S Whdid CEMJ‘%E% %‘i%ienﬂsg@éo high,

in a container in which the cat5¥§st
MehBOBhekical 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
this can produce a molded body having a sufficient. strength
under a lower compressing pressure. The water content of the
material tobe subjected to the compressionmoldingis preferably
1l to 70 % by weight, further preferably 5 to 40 % by weight.
The water amount may be adjusted by a dryness degree during
drying of a wet solid, and may be adjusted by adding water to
an adequately dried solid.

in addition, a binder usuvally 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

tablet, sphere or ring. Further, the molded body may be used
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20 storing a catalyst in a container in which 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

equi pped with a noisture controller, a nmethod of
hernetically storing a catal yst after adjusting the
hum dity 25 in a container havﬂﬁb a gas barrier
property to a desired val ue, and the |ike. Herein,

t g StoragePeds e uwsria&afhy% BERRDpet RArIHd
fromconpl etion of the catalys productlon to use of

the cat ahesteftyat el 1 udsPeE S | Ye18cPEGEOxidation, for
between the tinme the catalyst Is charged In a storage

CerlatipI®y, afd ee[dd:it:@olti‘aﬁo b@ﬁaxﬁ?ﬁgg'iﬁﬁd 02N Gn! tbqhetfz]@ various

the container is opened I ntroduci ng the cata

'Bkﬁd%.ﬂl%ﬁpkgﬁct%n% HEt@f &ﬁiﬁf dlﬁk?m%?&% YlHu séa[ll. catalyst

material which can maintaint ate 1s USG

f absexainle sp%lc%.%ci L T §P€§ Oé’r?’d ;hrlgfahléﬁ Higb%@s@dm:itanium

resins such as acry ate reS|n

t aeeBRkihalialdy . Pal Ly cf%seﬂﬁ&‘a'f{e féxeghggible to

and ot her resins haV|ng a gas barrier proper

agneRGiAess h@g.dpkﬁﬂehscéf 0 £S5 1\pst RoidH dqi.trl%g‘l 'Lf a third

having a“gas barrier property is 1aninated on an

r%ﬁfnﬁ%n‘e@lt""@h%h as gfﬁlﬂinéuc £33, aéﬂﬁn{ﬂgndaﬁzélﬁ@vﬂ%%%dbe used

on can be |i sted. em “a cont al ner

afbenankga%ﬂr&par@&ai#@m aréféhnihgm gaked with

al um numis worn is suitably used gas of storing

at mosphehg mathela Ry isidAdy I*?é féff?'l:fof' ‘:hgoﬁ:?esent

not contain a substance having ects, and

'Sg?frgfﬁltg.g%d'zﬂos' %ﬁé%@d'ﬁ?t§€ogfﬁﬁrtﬂy egtgﬁgst under a
pro I n general
NEELAEee RANIENtyHBEHEDS 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
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
storing a catalyst in a container in which 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

in a container having a gas barrier property to a desired value,
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carbon dioxide or the like is preferably used, anong
them to wuse air or nitrogen fromthe viewoint of
safety is nore preferred. The tenperature during
storing is preferably -30 to 100t, 25 preferably 0 to
40t, but should not be |imted thereto. 19 The
catalyst stored in the present invention can be nost
preferably used for a process dib produci ng an oxirane
conmpound through a reaction of an ol efin-type

CaijdotRe Mk8. aHerWiK P.Wéﬁit@%ag:enggf}ibh%‘f aLrl'ch, ?a-g}xelyst means

ol efin type conpound may be acycliC, nono-cyiﬂL§E.

dia- p¥etioa BF YEti6nC 3

(o QUELER SrcRbingEk Lon OOl S ERALEL to veo o
Weee tRean ForOh Qéﬁétign@oagﬁeﬁlﬁ‘y) ar ng‘?.gg between the

t hese may be a conjugated bond™ or non-=cdonj

bedthe Ehaf battazp?tcszgpeﬂa eﬁggﬂgl 31:89;@8 c":gnt%ﬁ'.fé%[} after it

atons are usual preferred. es or~suc

he E0HRERO B dd¥] e eﬁid%’l%lﬁ@eitejﬁrgé ogy%:ggngaig?ﬁe is opened for

1- but ene, i Sobut yl ene, ne, X€éne;

Lineksanoihylemnoardiyene g 2 Cchobsxene.

Appropri ate "exanpl es o e di ol efrn- ype'ﬁonpggnd
i ncl ude pytadi ' re er .
i RAtRANANG %@Qﬁxe BSnt'él:LgnteF:i, an&rt xﬁageaitaﬂ.ewhlch can

ol efi n-type conpoun ave a substi’'tue n

SMQihithﬁlﬁnEhESdPigfi.eé @Ft éegs ;@%%ﬁ | veby a?%%ﬂ)f% ?{ﬁ%gé‘;s , metals

An exanpl e thereof inc bgen

v8UEAASS RSk b bl uraii! LA OXI00s BUELYLAR resin,

nitrogen atom together wt en an

ah 8y e ERY 18heS ke r@pBdHd1GH &/ 3o AP PEFI S0 8PL € bRk b ate
tﬁ%e nséf SPESRS,

type conmpound is an olef iIn urate

ape1pasebet and ot lPedlins2hed1 AN Qe Bkrier property such
substituted
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.
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 atmosphefe is not particularly restricted if
it does not contain a substance having harmful effects, and
if the conditions mentioned in the description are satisfied,
there is no problem. In general, air, n_itrogen, 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.

Thetemperatureduringstoringispreferably-30tolOOTL

preferably 0 to 40C, but should not be limited thereto.
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wi th a hal ogen, and as exanpl es thereof, allyl

al cohol, crotyl alcohol, allyl chloride are |isted.
As exanpl es of a hydroperoxide, organic 25
hydr oper oxi des can be |isted. The organic

hydr operoxi de is a conpound represented by the
general formula;, 20 RO OH (wherein, R represents a
nonoval ent hydrocar bon group),]éhd is reacted with an
ol efin type conmpound to produce an oxirane conpound

and conpaiedea BaOrls t ¥ ted eedinyt hé - Fenip iRvieh t3 oY 8HA be most
5 having 3 to 20 carbon atonms. Further preferably, R

| preef duyaly DE aiskan £ ool privdddsifod pPod@ceaghah oxiodhe compound
particularly a secondary or tertiary alkyl group or

araldodglgraueadtdoy of hem ol 8Ftihatypal k¥mpbePsy i a
secondary or tertiary aral kyl groups are particularly

psfdrod ox adel, sPecphteienaspl es 10 thereof include a
tertiary butyl group, tertiary pentyl group,

cycl opering AreGun, %ﬁgal%l:n P lf‘%% agédj?%.lgic mono-cyclic,

Further, various t group me

eldimicyailing o BE-PoSRc B OMEohpOTRAES, alahﬁh%h%-%il%‘%in type,
chain of a tetralin nblecule, are also listed. 15 ,

Widr oduerfeime tiyper opepaky delesih heyms ¢anipo il Omdiedx itde number
is used, the resulting hydroxyl conpound is
295hehgfin-benganbs tworersmeas, behesaveay d antonjugated bond
a-nethyl styrene by dehydration reaction. a-nethyl
SO BB GBPIPAEHSL bEBAver CLOE R bYRR AAORRAS having 2 to 60
BREHER" atih ML OB e PLERERC sl 1 E81 BV B ene
CHYRRS AY YA O1h 48 eBhiylene, propylene, 1-butene, isobutylene,
l-hexene, 2-hexene, 3-hexene, l-octane, 1l-decene, styrene and
cyclohexene. Appropriate examples of the diolefin-type
compound include butadiene and isoprene. Further, the
olefin-type compound may have a substituent, and the
substituentispreferablyarelativelystablegroup. An example
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 paxrt.i.cularlﬁr
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
hydroperoxides can be listed.

The organic hydroperoxide is a compound represented by

the general formula;
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a reaction with oxygen, and it can be used for a

reaction wiwth an olefin-type conpound. Wen

et hyl benzene hydroperoxi de as the organic

hydr operoxi de is used, the resulting hydroxyl compound

is 25 1-phenyl ethanol. This can be converted into

styrene by 21 dehydration reaction. Styrene is useful

as a raw material of resins suéf as pol ystyrene and

an ABS resin. Further, styrene obtained is converted

i nto et hyl rergamet hrough a reaction with hydrogen 5

in the presence of a catalyst, furthernore,

et(keheizena 7 1tk £ o e SRAVEN £ Sy Pb8arbon group), and
et hyl benzene hydroperoxide by a reaction wth oxygen,

ang rbae@BddRidhednfOlefihopgid Qbmduha alb Phr@laule! ¥RCoxirane
conpound. Tertiary anylene fornmed by dehydration of

t eolpfidnd aRaRSSthyduRl ¢ @y Obk-aireed by UBh8GAAIY R Y a group

pentyl hydroperoxide as the organic hydroperoxide, is

anha¥ehly IURSIANCERASoR aPbRE U BRELREY PRRERRADLY, R is a
Tertiary pentyl alcohol is also useful "as a precursor

ohyaRbRErid igrafup RERFMig e hed 1 Sdrbén e Gfd 2®articularly
booster. 15 Tertiary butyl al cohol obtained by using

t abgb¥bnaaysr %&ert@ﬁtdﬁxzifﬁ af;‘rig%)ﬁ{/ A Wﬂré’f”@iﬁi g?‘réép. Among

useful as a precursor | tertiary but her

weheh , | ﬁeaeiaeyaafky@o?ﬁwﬁs Al QI RBFP BirdLe £80aP¢ aralkyl

listed as an exanple other than 20 organic
hydbaper @l @ar tlinaely PSFOKEFRDLE, 2a8@MBBERIfic examples

represented by the

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.

When cumene hydroperoxide as the organic hydroperoxide
isused, theresultinghydroxyl compound is 2-phenyl-2-propanol.
This can be converted into ¢ -methyl styrene by dehydration
reaction. @ -methyl styrene obtained is converted into cumene
by areactionwithhydrogen in the presence of acatalyst, further,
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

l-phenylethanol. This can be converted into styrene by
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chem cal formula, HOOH and can be obtained usually in

the form of an aqueous solution. It reacts with an

olef in type conmpound to form an oxirane conpound and

wat er. 25 The organi ¢ hydroperoxi de and hydrogen

per oxi de, which 22 are used as a raw material, may be

a thin or dense purified or nagn-purified material.

Bet ween them the organic hydﬁéperoxide is preferably

used in the present invention, The epoxidation can be
caehiyadtadifor readtipn d phase 5 by using a sol vent

and/or a diluent. The solvent and diluent are a

subst ange ywneh iisS useFtld d81derdW Gnd &SSAll ofNBesins such as
tenperature under which the reaction is conducted, and
Npslyshgrestaid i |1ABS nessingarastnbhe segskalt v ned is
products. The solvent maybe a substance existing in

t Benbyditereiaxods thgh YeheentO theokghuaeteab0k o8 @i Bhehydrogen
when cunene hydroperoxide is a m xture of cunene

hyfr eper exede it cyunene ¥l ¢t | SEartAvLHBLE! | @thylbenzene
t hereof, said cunene hydroperoxi de can be used as a

sebshihdiecahObe ! E6nvOLYEA! i Mt b Oty EEOEEERL H}{&f‘@#;@goxide by
a solvent. The epoxidation tenperature is usually Trom

Oate2dPlon wilth 8ffmbland HeERr 8€ V¥l £o8 reaction with
pressure may be a pressure enough to keep the

r@ACHLBR 1 - ddmfpduhg Usual |y, the pressure is
advant ageously from 100 to 10000 kPa. After conpletion

of the ep@dtdairPhmpldndlUfSrmbdl ByedehgBtatAioRhd o tertiary
desired product can be easily separated froma 20

cpéntyitalddndl dbtaide@dibg uB 2y !t%r%@%z@e?@ﬁ”é&i WtkdPeroxide
a suitable nethod. Purification includes fractiona

dastthéabirganics tly@dopsrdiddaiCti®na kidfudt 5@Bstance as a
washi ng and the |ike. The

precursor of isoprene. Tertiary pentyl alcohol is also useful
as a precursor of methyl tertiary pentyl ether which is an octane
booster.

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 perﬁxide can be listed as an example other than
organic hydroperoxides.

Hydrogen peroxide is a compound represented by the
chemical formula, HOCH, 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.

The organic hydroperoxide and hydrogen peroxide, which
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sol vent, catal yst, non-reacted ol efin type conpound

and non-reacted hydroperoxi de can be used agai n by

recycling. 25 The reaction, in which the catal yst of

the present 23 invention is used, can be carried out

inthe 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. 2the present process

canbe carriedout by a batch w se nethod,

Seifle GHEd NUPUS Fawaids D41 CoRhyNHeUS #B1A0Hr WBABedpurified
solution containing a reactant 1s introduced through

a dr fth 4061 81 bd Ah e FLELUT BetRBldl R8Qn,F ¥R organic

reacti on zone does not contain catalyst at all or

CORl@ dpesabedani & aptyrapabalivel 110 theaRlesee invention,

present invention is illustrated by the foll ow ng

Exanpl es el pox@diRldh kbdi aRar@di-Phe@f oG8t 8hY8§t 1iquid phase
powder (First step) 15 While stirring 125.1 parts by

Widldkifly aNs8HERYSand@PbHtA i Rferf. Yonihe %il%tntoang diluent

hexadecyl'tri net hyl amoni um hydroxi de (containing 2

Vel eI s 1 ndetHRIO ) 1521 T3S uhAkY i8R Yrebsfire ana

parts by weight of tetra-isopropyl orthotitanate an

1@ thpRAdtudy WPty o - IO PAERE L YOS ﬂgd§9ndagted, and must
dropwi se to this at 409x. After stirring of 30

MW s t A8t 1a1 P ine Y agﬁiﬁgi He FRRCRAARERYANd products. The
orthosilicate waS added dropw se. Thereafter,

S5t HEF bE Y eI EL e44 st 1Y id theWydrUPeroxide solution

obtai ned precipitate was filtered. The pfecipitate
oRbab & ad e dVaSFEE 3ehrd 1 OvhdAdmYRE W Broperoxide 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 solvént without especially adding a solvent.

The epoxidation temperature is usually from 0 to 200TC,

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
catalyst. Next,theiiquidmixturecanbepurifiedbyasuitable
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.

The reaction, in which the catalyst of the present
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25 Preparation of nolded body A m xture obtained by
sufficiently mxing 10.0 parts by weight of the white
solid obtained by drying with water with 24 a spray
so that the water content became 1.5 parts by weight,
was subjected to conpression nolding. The obtained
solid was pulverized, and then | ded body containing
t he catal yst conponent and teng ate of 1.0 to 2.0 5
nm was obt ai ned using sieves. Solid snmaller than 1.0
mbnnen t ietyic edeido candbet caonpedsesubvnimuilk pmgaifna slurry
Extractive renoval of tenplate (Second step) Next,
1@ aphitedihedriagiit, dh the cadaled bddyrgvtsaialed oflndustrial
as descri bed above was packed in a glass-1lining
capergtidn 9L tl igppriefdnabliad gt usfe eefhized baid.r oOhe present
tenperature, (2) 168.1 parts by weight of
0 phromdsls dynbecidmriien] aat B yraeh dtehivise matthed useei -continuous
heating of 45 C, and (3) 132.3 parts by weight of
muigtdind oniretit hresdusngn@thd&t , Whern ha SsseldionWebAtaining a
respectively passed 15 through the columm at LHSV of 6
hxkeamearidliy iAftreduee®d teirough af faxed begdl haougiuid mixture
met hanol in the colum was drawn fromthe bottom of
t lodtadined frobes asdd et ion onwlhided sat atomstaivmcatiddtst at all
under vacuum at 110t . Silylation (Third step) 20 The
solrn doritasimeduls ttat Dal hexaoetayblystl azane of 3. 4g
and toluene of 30.0 g were charged in a flask, and
then, sylilation was carried out under heating of not
for 1.5 hours. After separating the solvent by
desamipald ON, a titaniumcontaining silicon oxide
cat al yst was obtained by heating at 1101 under

The present invention is illustrated by the following

Examples below.
Example 1

Preparation of catalyst powder (First step)

While stirring 125.1 parts by weight of an agueous
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-propancl was added
dropwise to this at 40C. After stirring of 30 minutes, 38.1
parts byweight of tetramethyl orthosilicatewas added dropwise.
Thereafter, stirring was continued at 40 C for 1 hour. Thus
obtained precipitate was filtered. The precipitate obtained
wads dried at 70C under vacuum. |
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
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25 vacuum Storing of catalyst The titanium containing
silicon oxide catal yst described above was charged in
a 20 nl-sanple bottle nmade of glass and 25 the inner
at nosphere of the bottle was substituted with dried
nitrogen, thereafter, the catalyst was hernetically
stored for one week. Synthesis of propylene oxide
(PO) 5 The catal yst obtai ned a®4escri bed above was
evaluated w th a batch reaction apparatus (autoclave)
Usd S ty 0 L i % af e

Py e et ke Tt L iy X £ B gy wergnt,
t haascaiid Jodted 36b Oclmple S5GNARE188ng6 9 Of &' were

charged in the autoclave to react them under 10
aut ogenorhepoetainedado bid aal panveeipendt 468 teBhdlded body
for a reaction tine of 1. 5 hours (containing

t &ppdadiniineg rtdies icad aliye) .confrmearsa@notempdidtie iof 1.0 to 2.0
shown in Table 1. Exanple 2 The catal yst obtained by

t I8 ¥3Fe &inabhsing s seem! eSoltd 1smatber thae 1.0 mm was
s&rirégt\@?sﬂccarri d out inao{;‘)ened Sﬁitemat a

t Eparater &% CPIPTEF £ PY MALHTLBAL RIBAT505%

for 6 nonths, was evaluated with a batch reaction

apparatus in the sanme manner as in Exanple 1. The

 BREIra@ iRRS Welmd v 15 WO difi T4 €(decor@ SPBBY ative

anpl'e € catalys _ peration
as in ENempleloloepaept bhawesyhti 68 6 RALdE€bO®Y obtained
in a opened system at
asldescribed above was packed in a glass-lining column, (1)91.1
parts by weight of methanol at room temperature, (2) 168.1 parts
byweight of 0.2mol/1-hydrochloric acidmethanol solutionunder
heating of 45 C, and (3) 132.3 parts by weight of methanol
under heating of 45, in this order, were respectively passed
through the column at LHSV of 6 h-! upwardly. After completion
of passing through, methanol in the column was drawn from the
bottom of the column. Thereafter, the molded catalyst was dried

under vacuum at 110TC.

Silylation (Third step)

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 110C for 1.5 hours. After
separating the solvent by decantation, a titanium-containing
silicon oxide catalyst was obtained by heating at 110TC under
vacuum.

Storing of catalyst

The titanium-containingsilicon oxide catalyst described

above was charged in a 20 ml-sample bottle made of glass and



a tenperature of 50t and a relative humdity of 85%
for 2 nonths, was evaluated with a batch reaction

apparatus in the same manner 25 as in Exanple 1. 26
ea U mr-l NEO ro~ O44rl1lo0o rolLomNtVv MO
‘rpy 4 N4 4 N H WNoO, .rj Nd-J W 5~i pb W
NN EH(a04-JE4) Coal0C asOEHa caoOO0
44 Up NY +1 prl O44 A+ 2R r-1 E 00 %D 0)

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 T for a
reactiontime of 1.5hours (containing temperature raisingtime).
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 2 months,
was evaluated with a batch reaction apparatus in the same manner

as in Example 1.
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to {-t Ix Ua a 27 Industrial Applicability According
to the present invention, a nethod for storing a
titani um containing silicon oxide cat al yst which can
be used for a reaction obtaining, for exanple, an

oXiirrdareet etaD Qipll L cap1 b1 8yhydr oper oxi de and an
ol efi n-type conpound, and which can exhibit a high

activi t Weamardiig ¢o the pradsdnys inkan tiea), atméelodfdr storing
a long period, can be provided. 28 CLAI M5
a titanium-containing silicon oxide catalyst which can be used
for a reaction obtailning, 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 a long period, can be provided.
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1. Anmethod for storing a titaniumcontaining silicon
oxi de catal yst, which conprise storing the catal yst at
arelative humdity of 60%or less. 5 2. The nethod
according to claiml1, wherein the relative humdity
is 30%or less. 3. The nmethod according to claim 1,
wherein the relative humdity is 15%or less. 4. The
met hod according to any one of28lains 1 to 3, wherein
10 the titaniumcontaining silicon oxide catalyst
satisfies the follow ng condihirpgs (1) to (3): (1) an
average pore dianeter is 1013, or nore, (2) pores

account i Ngaf R tAOY oS Ahd e ﬂl@fﬁll\ﬁ@-"(ﬁ)ﬁ’ﬂiﬁ@ng silicon
have a pore dianmeter of 5 to 200 A and 15 (3)

3B?:EHE'(.%‘H?QL}?SNohﬂﬁ@h'c%n%ﬂs‘"é‘@£8r9ﬁg% ecatar’.tyg@ﬁt arelative

met hod according to claim4, wherein't

thhﬁgagq&cg@t@dylyksiéé§on oxi de catalyst has been

produced” by the follow ng steps: First step: a step

of obt ahNifg hetHdd acLBLAHR Qoacl%])raqat %&ﬂaln the relative

conponent and a tenplate by x n

Shhhiﬁ; §og%cgogagft dm source and the tenplate in
IQUIg state; Second step: a step of obtalnlng a

SO|Id cent vV .
t he tengfa%@%rﬁ%gcggﬁaﬁg Et al ne :Qﬁl n ? & EEBS{t;HQ relative
Sﬁﬁﬂmdi@? 23 [@gw$fnfggsa.step of obtaining a

l'yl'ated catal yst by 29 subjectlng the solid

obt ai neg, metlnstﬁsamo&tmgt SAL 63151 J*ietoa wherein
it D at

met hod according to claimb nthe te
the titanium-containing s:LlJ.con oxide catalyst satisfies 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 200A, and

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

5. The method according to c¢laim 4, wherein the
titanium-containing silicon oxide catalyst has been produced
by the following steps: |

First step: a step of obtaining a so0lid containing a
catalystcomponentandatemplatebymixingandstirfingasilica
source, a titanium source and the template in a liquid state;

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
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used in the first step is a quaternary anmmoni umions
represented by the general formula (I): 5

[NR RRR3R4] + (I) (wherein, R represents a linear or
branched hydrocarbon group having 2.to 36 carbon
atons, and R2 to R4 respectively independently
represent an al kyl group having 1 to 6 carbon atons).
10 7. The method according to €Paim5, wherein the
renmoval of the tenplate is carried out by sol vent

extibgetitangoPRs &ld 1M obBaihle IRItMIsac6A8H i 8 #Wylation.
one of clains 5 to 7, further conprising a step of

ol di ng .t e SR tHo& Mt Eb AN 1HE DAl ¥St whePBRANEAL template
15 9. The nmethod according to any one of clains 1 to

dusebatRe £10s¢ Sia LENaCons 8bbh A8y Sl PP XbH€ represented

catal yst is a catalyst obtained by supporting a

tbiaghengahle®shdedimdid g pum halide on a silica gel
support. 10. A titaniumcontaining silicon oxide

cat al ypyrotpagfed 20 by (the method of any one of
clains 1 to 9. 11. A process for producing an oxirane

COWREHBYNC WPrEp-BE ent @281 110 AP ¥ S£EHFB¥E%§&PB€§£?011 group

wth a hydroperoxide in the presence o e cata

CHALTTR IR0 38 clanal MORR AR ATES B LAy
hydaepenashdey represent an alkyl group having 1 to 6 carbon
atoms).

7. The method according to claim 5, wherein the removal
of the template is carried out by solveﬁt extraction oper;':ttion.

8. The method according to any one of claims 5 to 7, further
comprising a step of molding the solid containing the catalyst
component.

9. The method according to any one of claims 1 to 4, wherein
the titanium-containing silicon oxide catalyst is a catalyst
obtained by supporting a titanium alkoxide or titanium halide
on a silica gel support.

10. A titanium-containing silicon oxide catalyst obtained
by the method of any one of claims 1 to 9.

11. A process for producing an oxirane compound comprising
reacting an olefin-type compound with a hydroperoxide in the
presénce of the catalyst of claim 10,

12. The process according to claim 11, wherein the

hydroperoxide is an organic hydroperoxide.



