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1 DESCRI PTI ON PROCESS FOR PRODUCI NG

TI TANI UM CONTAI NI NG SI LI CON OXI DE CATALYST, THE

CATALYST, AND PROCESS FOR PRODUCI NG OLEFIN OXIDE 5

COVMPOUND W TH THE CATALYST Technical Field The present
invention relates to a process for producing a

titanium containing silicon oxiqg catal yst, said

catalyst, 10 and a process for “produci ng an ol efin

oxi de conpound with the catalyst. Background Art

Met hods of obtaining an ol BESCRIPTION onpound from an

15 ol efin type conpound and a hydroperoxide in the

presence of a catalyst, are publicly known. As a

catal yst used herein, a titaniumcontaining silicate

i s |PROEESS aPOR aPREDPCINGOTI TAMIUM-IUNTAINING SILICON OXIDE
hydr ophobicity to obtain a high performance catalyst,
areatsiedT, FrHE examlvsT JRNDOPRFCRSE FOR PRODUCING OLEFIN OXIDE
2002- 320860 A, Chem Commun., (1998) 1899, Chem

Lett., (2001) 648, comMmbuMBIHITSCTHECEABRLYST41(2002)

189 and J. Mater. Chem, 12 (2002) 3078 discl ose

specified titaniumcontaining silicon oxide catalysts

i n which the hydrophobicity was i nproved by using a
sitéepnieanpededa n which a hydrocarbon group is

diTectTy 25 bondéd to a silicon atom However, it was

di ffi cul theprséwerPanventites eetaitdlsyfbs pebeess for producing
sufficiently satisfied fromthe viewpoint of

real t zeah LBmofohtghainactivitynaodiael eatayysy, said catalyst,

and a process for producing an olefin oxide compound with the

catalyst.

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,
a titanium-containing silicate is listed, and attempts for
improvement of a hydrophobicity to obtain a high performance
catalyst, are tried. For example, JP 10-072212 A, JP
2002-320860 A, Chem. Commun., (1998) 1899, Chem. Lett., (2001)
648, Stud. Surf. Sci. catal., 141(2002) 189 and J. Mater. Chem.,
12 (2002) 3078 disclose specified titanium-containing silicon
oxide catalysts in which the hydrophobicity was improved by
using a silicon compound inwhicha hydrocarbon group is directly

bonded to a silicon atom. However, it was difficult to say that
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Di scl osure of the Invention 5 An object of the present
invention is to provide a process for producing a
titani um contai ning silicon oxide catalyst which can

be used for obtaining an ol efin oxide conmpound from

for exanple, a hydroperoxide and an olefin type

conpound and can exhibit high activity and

selectivity, and a catal yst 10<“obtai nable by the

process. Nanely, the present invention relates to a

proulcese dadralys gl weregsaf £ichentiycsat bs £l ed £3idm tha viewpoint
oxi de catal yst satisfying all of the follow ng

coofii téabszat) oho off3highierc lactoionpty sasd t feléot Lontng

A and B steps: 15 (1) an average pore dianeter of 10A

or nore, (2) a pore dianeter of 90% or nore of the

total pore volune of 5 to 200A, and (3) a specific
pdEsedbsureobf0thecIBMgnicwre: and Step A1 20 (1)

a step of obtaining a solid containing a catal yst

conponenin @jectt 6FHIRS pPré¥ent Ngvén Bioh AGt6 PHOAE a process
in which a part or all of a hydrocarbon group is
difectpyobasdad 6o tdtadiiinc@oriainime €ibitdLaoxide catalyst
source, and mxing the silica source wth a titanium

SOkl L€h afth des bt Por b idniwgRlmbtefinsékidengompdund from,
wherein the rate of water in a solvent in the solution

| sSEGD%BamPYe \ea HdOipeOoRideOindldn gleftp Ofpe compound and
obtaining a solid containing a catal yst conponent and

a ¢empérhebhy highgagti®iganiandidelbsctsbuite, and a catalyst

obtainable by the process.

Namely, the present invention relates to a process for
producing a titanium-containing silicon oxide cata;yst
satisfying all of the folloﬁing conditions (1) to (3)., which
comprises the following A and B steps:

(1) an average pore dliameter of 10A or more,

(2) apore diameter of 30% or more of the total pore volume
of 5 to 200A, and |

(3) a speclfic pore volume of 0.2 cm3/g or more: and

Step A:

(I) a step of obtaining a solid containing a catalyst
component and a template by using a silicon compound in which
a part or all of a hydrocarbon group is directly bonded to a
silicon atom, as a silica source, and mixing the silica source
withatitaniumsource andasolutionof the templatebystirring,

wherein the rate of water in a solvent in the solution is 50%
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conposed of a silicon conmpound in which a hydrocarbon

group 5 is directly bonded to a silicon atom and an

inorganic silica source conposed of a silicon

conmpound not having a carbon-silicon bonding, as a

silica source, and mxing the silica source with a

titanium source and a sol ution the tenplate by

stirring, wherein the foll ow ng*xpression is 10

satisfied in the addition of the silica source to the

sobyt wedghaf orhd dwearp! adre, Anount of the organic

silica source added in the first half > Amount of the

organi ¢ $kica sbapcef adeadinhnghe $@lid@rcombhining a catalyst
(wherein, the first half nmeans a period taken fromthe
15conbbnehitomnal & heengeldite dsy twsiongpaet ooganiict Bdlica source
addition of the half nole of the whol e anobunt (nole)

of cbhgoakld ®ifl iaCc&iddwore)campandl StrewiE cla sttgplodcarbon group
renoving the tenplate fromthe solid obtained in the

step Air2ctiyr bbaded he preskihtohnaeoini amdpanvinesganic silica
titanium containing silicon oxide catal yst obtainable

by sbhgceakbompoirarrdfher g bress. c@pbunéurniderhatheg a

present invention provides a process for producing an

ol ekirbodxisda kTP o bdehdiny,C lasc @ priilses rsrantceng add mixing the
olef in type conpound with a hydroperoxide in the

pr esgace 4ouwfcd heith tant liraxinh asounge sahdcansoluddon of the
cat al yst obtai nable by the above-described process.

Besemphaa of &y Gatrimatingg oudhébhein nvkat fohlowing expression is

satisfied in the addition of the silica source to the sclution
of the template,

Amount of the organic silica source added in the first
half > Amount of the organic silica séurce added in the latterxr
half (wherein, the first half means a period taken from the
initiation of the addition to completion of the addition of
the halfmole of thewhole amount (mole)} of theall silicasource);
and

Step B: a step of removing the template from the solid
obtained in the step A.

Further, the present invention provides a
titanium-containing silicon oxide catalyst obtainable by the
above-described process.

Still fufther, the present invention provides a process
for producing an olefin oxide compound, which comprises reacting

an olefin type compound with a hydroperoxide in the presence
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5 The catal yst obtainable by the present invention is
a catalyst conposed of a titaniumcontaining silicon
oxi de <catalyst satisfying the follow ng conditions
(1) to (3). The condition (1) is that an average pore
di aneter of the catalyst is 101 or nore. 10 The
condition (2) is that a pore di'lgneter of 90% or nore
of the total pore volunme of the*catalyst is 5 to 200.
The condition (3) is that a specific pore volume of
t hef red al Msiniwn oén€aBd fngrsbieon Hersie catlelyst obtalnable
specific pore volunme neans a pore volunme per 1 g of
t hey cahal ¥bbveldelleaswedimpticcesfs £ hese conditions (1)
to (3) can be conducted by conventional nethods such
as a physical adsorption nmethod using a gas such as
nitrogen, argon or the like. The catal yst obtained in
t heepte@eak FoYeChreVitmy it Hy Nvtegena peak
show ng an 1 nt érplanar spacing (d) 1n an 20 X-ray
diffractrrg &XBRlysthebpaikablenbyg thie ipriesepitanarvention is a
spacing (d) as herein referred to neans a peak due to
t hgat&lystabbinpokrdand rEdiltrign-ofomtsiing ahlliaon oxide
broad peak due to an anorphous part nmay exist. The
catat¥s{shl ehen iy nip s n AISWin@ncpreaktionshél)28o (3).
region of 960 5 cm1 in the infrared absorption
spect r unyheogbhdithenvii@ywpaisntthaft kinglavaatdgs tporefhisameter of
peak is assunmed to correspond to that of titanium
in{hgdgggglkgkoighQOQXIbgamoigeleton. The cat al yst
sati sfying the above-descri bed conditions
The condition (2) is that a pore diameter of 90% or more

of the total pore volume of the catalyst is 5 to 200A.,

The condition (3) is that a specific pore volume of the
catalyst is 0.2 cm®/g or more; Herein, the specific pore volume
means a pore volume per 1 g of the catalyst.

Measurements of these conditions (1) to (3) can be
cénducted by conventional methods such as a physical adsorption
method using a gas such as nitrogen, argon or the like.

The catalyst obtained in the présent invention may or
may not have a peak showing an interplanér spacing (d) in an
X-ray diffraction (XRD). The peak showing an interplanar
spacing (d) as herein referred to means a peak due to the
crystaliinity'and regularity of a solid; and a broad peak due
to an amorphous part may exist.

The catalyst preferably has an absoxrption peak in the

region of 960 = 5 em™! in the infrared absorption spectrum from
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5 (1) to (3) is produced by a process containing the
steps A and B described below As the step A there
are adopted: (I) a step of obtaining a solid
containing a catal yst conponent and a tenpl ate by
using a silicon conpound in which 10 a part or all of
a hydrocarbon group is directly _bonded to a silicon
atom as a silica source, and nﬁxing the silica source
with a titanium source and a solution of the tenplate

bytisd iviéwpoinvhefehigh aetti®iityal Watier peaka isolasmnimed to
of the solution is 50% by weight or lower; or 15 (I11)

a GéEePeOHoRAt BbNtAGtaACFO & atARinaiit tihduced alysd the silica
conponent and a tenplate by using an inorganic silicon
codmsneEon ot havi ng a hydrocarbon group which is

directly bonded to a silicon atomand a

car bon- siléd Gt Aty kendig¥yims thes hbotd - RpsrGbeP@Ynditions
m xing the silica source with a titanium source 20 and

a (SPi Wd QB )0k st Pod @8R BE DY roldess BentWlaidignthBesteps A and
followng expression is satisfied in the addition of

tfgaéggégiggdoﬁelbﬁ, tenplate to the silica source.
Amount of the organic silicon conpound added in the

first hed frie AsBept A0f thBgeOR@#aNRACY HelazON conmpound
added in the latter 25 half (wherein the first half

nmeans a ey ipdstakedr fswrainend ai 8bliat beAtafinihg a catalyst
addition to conpletion of the addition of the half

Mtsnpdnéie M@ emPllatle By 1BEnHOAAiBiddE cE@bwed in which
. Inthe (1) of the step A when the silica source,

t he pdrt ax WD B AY L hyatdd-BdaM@wp Al diipekft AN tbonded to a
stirred, a solvent
silicon atom, as a silica source, and mixing the silica source
with a titaniumsource and a solution of the templatebystirring,
wherein a content of water ih a solvent of the solution is 50%
by weight or lower; or
{II) a step of obtaining a solid containing a catalyst
component and a template by using an inorganic silicon compound
not having a hydrocarbon group which is directly bonded to a
silicon atom and a carbon—silicon atom bonding, as a silica
source, and mixing the silica source with a titanium source
andasolutionofthetemplatebystirring,whereinthefollowing
expression is satisfied in the addition of the solution of the
template to the silica source.
Amount of the organic silicon compound added in the first

half > Amount of the organic silicon compound added in the latter

half (wherein the first half means a period taken from the
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5in which a rate of water is 50% by wei ght or | ower

is used as a solvent for the tenplate. Wen the
above-described material used is solid-like, it is

good to use after dissolving or dispersing it in the

solvent. The mxing nmethod is not particularly

restricted, but 10 it is generally preferable to add

the silica source and the titdhiumsource in the

tenplate solution. Further, in the (11) of the step A

| tinitieRSe icd the &@ditsion tte dehpDetdgnrefathenafdition of
expression in addition of the silica source to the

t e BREF SR 1 igM théSaeinit( nf1d hefotganiet &l kiidd ca source) .
source added in the first half period > Amount of the

organi ¢ 18 kinea (SoUrdEe warlentd £ hevhémttiee salicpesbodee, the
(the first half period neans a period taken fromthe

| Ritdaailvis @hrEB&rafighé templ tetdpeé alike/d Midklkerred, a solvent
addition of the half nole of the whole anobunt (nole)

ofid RBiTh hCRatRUbEChateROifasds Wy afddght lott Sower is used as
preferable to add whol e anbunt of the organic silica

SQUIFA dehil Dot eppd atempohteion in the first half
period. If the above-described conditions are

sati sfi qthent Hhe UHAM A&ddd DFe@Ghi€6rdal 1bed is solid-like,
inorganic silica source nmay be 25 added after m xing

t@ﬂ&é?pé@ﬂ&%séaf@@ﬂdfﬁb&@ﬁﬁ@@bkﬁiéﬁ&:sﬂhgﬂ31HXhesolvent.
respectively added step-wi se without m xing, or may be

added byha eArbidpmethed idaser npitedculanlyt hestricted, but

method is not especially limted. In the (Il1) of the

stiap 1A ddiRiaBle phefaEdpléstocaddhthe silica source and the
titanium source in the template solution.

Further, in the (II) of the step A, it is essential to
satisfy the following relatibnal expression in addition of the
silica source to the template solution.

Amount of the organic.silica gource added in the first
half period > Amount of the organic sllica source added in the
latter half period (the first half period means a period taken
fromthe initiation of the addition to completion of the addition
of the half mole of the whole amount (mole) of the silica source).

Particularly, it 1s preferable to add whole amount of
the organic silica source to the template solution in the first
half period.

If the above-described conditions are satisfied, the

organic silica source and the ilnorganic silica source may be

added after mixing them to adjust to desired concentrations,



5 reduction of the ambunt of the organic silica source
required for obtain a catalyst of high activity and
hi gh selectivity becones possible and a high
performance catal yst can be obtained at |ow cost.
Exanpl es of the silicon conpound, in which a
hydrocarbon 10 group is directly bonded to a silicon
atom used in the present i nverltion as a raw
mat eri al, include nonoal kyl tri al koxysi | anes,
di mak e imd dpegytsiveahe added a teg -vosmMWidhsit adedng, or may be
bi s(trial koxysilyl)al kane, nonoaryltrial koxysil ane,
di aggédi By koxymbiaeiandtbinéteime Koads| |and atenmethod is not
15 These nmay be used alone or nmay be used as a m xture
of e pecoB1lIFONEmMitREs. Anong them
nmonoal kyl tri al koxysi | anes and/ or
monoar yhreé Koxysolfatne €te€p (X efthealdl sresatarastieristics that
exanpl es of the al kyl group or aryl group include

5 hygdeaaathen gfoups dmvdiing ofl the dbganlbosinioasssurde required
as nethyl, ethyl, propyl, butyl, vinyl, 20 propenyl,
cyebopentanyl a exnthahetery higlemytividylandigh sslckectivity
naphtyl. Further, the above-described al kyl group and
ar yecoMee o S8 Tewada R Bhlpd fsmai Oe patallyaitnéany bl,obtained
0, P, halogen or the like. As the al koxy group,
al k¥exYo@' eddt .having 1 to 6 carbon atons such as
nmet hoxy, ethoxy, propoxy and butoxy, 25 are |isted.
Speci f | CER¥APREeSoPftH1€100g0n Compound, siniwbdch adgrdrocarbon
i ncl ude trinmethoxynet hyl sil ane,

10 t r gFetpoxy @iaediSiy dondedt ot kalyidionehabyhnsihsed in the present
triethoxynet hysilane, triethoxyphenyl silane,
di ehbexydiost 4y batdwmaterikilpr pokyde imoplosilkyris Hiell koxysilanes,
tri but oxynet hyl si | ane.

dialkyldialkoxysilanes, trialkylmonoalkoxysilanes,

bis(trialkoxysilyl)alkane,‘monoaryltrialkoxysilane,
diaryldialkoxysilane, and bis(trialkoxysilyl)arene.

15 These may be used alone or may be used as a mixture of two or
more kinds. Among them, monoalkyltriaikoxys:Llanes and/or
monoaryltrialkoxysilanes are preferably used, and examples of
the alkyl group or aryl group include hydrocarbon groups having
1 to 16 carbon atoms such as methyl, ethyl, propyl, butyl, vinyl,

20 propenyl, cyclopentenyl, cyclohexenyl, phenyl, tolyl, xylyl
and naphtyl. Further, the above-described alkyl group and aryl
group may have a substituent group containing N, O, P, halogen
or the like. As the alkoxy group, alkoxy groups having 1 to
6 carbon atoms such as methoxy, ethoxy, propoxy and butoxy,

25 are listed. Specific examples of the organic silica source



5 For strengthening a silica skeleton in the catalyst,
anor phous silica or a silicon conpound not having
carbon- silicon bonding (inorganic silica source)
such as an al koxysi |l ane(e.g.
tetramethylorthosilicate, tetraethylorthosilicate,
tetrapropylorthosilicate) nay be used together with
the 10 above-described organic & lica source, and it
is preferably used as a mxture with the organic
si tagaisorads. timébRog{Ret Ayl lanksn trhmethokyphetfylsilane,
the organic silica source and inorganic silica source
| sauaethokhaifethidsidane | Triaitistnethpsl Vane,
restricted, but the organic silica source 15 of
prefﬁéahbsth Hehy1¥ahane!, @lethdiBf @i el Bsabdye) 10
50% by nole, further preferably 10 to 30% by nole
(t 81 pobRbx9eihe1sAnGR Gni |t s fite B¢l $Pane .
inorganic silica source is 100% by nole) is mxed. In
5 addi ti onpokhgtrahgthenahg0an@li 1ndd ik ion resithetedtalyst,
20 in the step A (Il), but the used anobunt of the

Or SRBFBhS Ukl £A1 1 SPYE 661 BiddeEBmpblundtdthhavihg daatmh -silicon
of 5 to 508 by nole, nore preferably 10 to 30% by

Mbenfihg (Michgaiié B2 19cdEbErss) istth 89 WnCe1REGRyERane (e.g.
inorganic silica source is 1008 by nole). The titanium

SO £LamBEhyd@T thiolsdNilwatal K ud tese BieloPhogblicate,
tetranethyl "titanate, tetraethyl titanate, tetrapropyl

9 tbtiapabpyloithdsIqAicatd) mdynad cusd@t tGdetyér with the
titanate, tetraisobutyl titanate, tetra-2-ethyl hexyl

10 ti kBAREe desicRliRec badratle Willara Souwtd b idmiitmi(d Yreferably
oxyacetyl acetonate and titanium (I1V)
di hsear apoxy hiisaemiey Waadl Al &irgunli¢ i § B ¢é source.

In the step A (I), when the mixture of the organic sllica
source and inorganic silica source is used, the mixing rate
is not particularly restricted, but the organic silica source

15 of preferably 5% by mole or more, more preferably 5 to 50% by
mole, further preferably 10 to 30% by moie (the total of the
organic silica source and the inorganic silica source is 100%
by mole) is mixed.

In addition, the rate is also not particularly restricted

20 in the step A (II), but the used amount of the organic silica
source is preferably within the range of 5 to 50% by mole, more
preferably 10 to 30% by mole (the total of the organic silica
source and the inorganic silica source is 100% by mole).

The titanium source includes titanium alkoxides such as

25 tetramethyl titanate, tetraethyl titanate, tetrapropyl
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5 halides (e.g. titaniumtetrachloride, titanium
tetrabrom de and titaniumtetraiodide); titanyl
sulfate and the Iike. As the tenplate, anyone of
cationic surfactants such as al kyl anmoni uns,

di al kyl ammoni uns, trial kyl ammoni uns,  benzyl ammoni um
and al kyl piridiniunms; anionic surf actants such 10 as
al kyl sulfate ions and alkylphd%phate i ons, nonion
surfactants such as pol yal kyl ene oxi des, bl ock

CHidaniie, (e saptopykytatanatecaneherannivilectitanate,
Anmong them quaternary ammoniumions represented by

t he waengyodu iyl Md Bakdde Or tedb Ky bpiethgilhietoyli aritaaraste,
preferably used. 15 [NRILR2ZR3R4)+ (1) (wherein, R

I @R tadedy D edkadla t;aanbad e ITRnogyadetylacetonate
having 2 to 36 carbon atons, and R2 to R4 represent an

aldnd t1€4948mav ) dsd PrépéRyboBadbeyiacefbniated and titanium
i near or branched hydrocarbon group having 2 20 to

3G LA @ Bt i¥al A et ddeh Do2Ba6 ar boPasiansteBRabromide
to R4 are an al kyl group having 1 to 6 carbon atons,

anghPrEHRN €8€Pa0bab8e)? Rithnyd WRUFHtedaNd the Like.
Speci fic exanpl es of the quaternary ammoni umion

I o agRNEdnpYatde SRPSHA! ofOERRH ANl suidditants such as
hexadecyl t ri nmet hyl ammoni um dodecyl tri nmet hyl anmoni um

1Q 118 dt L BRE hyh 88TRYY HfindA8ums, trialkylammoniums,
di et hyl di dodecyl ammoni um and the al kyl pyri di ni um

| e AAR] AMRSn Bk ORI RYEP i 28 diRgxadecah porildisunfactants such
addi tion, the conpounds for the tenplate may be used
al e NEy PSs@1 Fa ke UL 6nS8f afidval Ry llphiddphate 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} or
alkylpiridinium ions are preferably used.
[NR'R?*R’R*]* (1)
(wherein, R? represents a linear or branched hydrocarbon group
having 2 to 36 carbon atoms, and R? to R' represent an alkyl
group having 1 to 6 carbon atoms).
R' 15 a linear or branched hydrocarbon group having 2
to 36 carbon atoms, preferably 10 to 18 carbon atoms.
R? to R! are an alkyl group having 1 to 6 carbon atoms,
and preferably each of R? to R* is a methyl group.
Specific examples of the gquaternary ammonium ion

represented by the general formula (I) include

hexadecyltrimethylammonium, dodecyltrimethylammonium,
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5 Exanples of the solvent for dissolving the tenplate
i ncl ude water and al cohols such as net hanol, ethanol,
n- propanol, 2-propanol, n-butanol, sec-butanol,
t-butanol, vinyl alcohol, allyl alcohol, cyclohexano
and benzyl al cohol, and diols, mxtures thereof and
the like. 10 In the above-descri bed step A (1), the
rate of water contained in thel8olvent dissolving the
tenplate, is essentially 50% by wei ght or |ower,

pr Bbazality imethvAlinon h dihe @ifle PRy EA1868E€KABMNcRAum, and
to 30% by weight. By using the solvent, a catalyst

r eghieZ iaN@GyNipght- idat Mint Vi e di e Dhase! 8Chviby, stah e
obtained. 15 Next, the step A (Il) is described. As a

si he&adeey 1A rid 1% unt ONr € CAR@LEoRavVERE Bohpehaaa B8R the
group which is directly bonded to a silicon atom

(oreapl&ate magabes@Hbach180d 88 LH05GRI%kEust! bf3several kinds.
source not having a carbon-silicon atom bondi ng, are

used, anﬁxhﬁ?l&b' b¥a tHH LR verd0 £d¥e didFMYIM§OhECLtemplate
and the tenplate are m xed and stirred in the sol vent

t hehehydew e PENA 2 ITVHA £ OAER 2R Mt 18artét 2kYBlnol, n-propanol,
conponent and the tenplate, wherein the fol ow ng

rebapirepanolSXRL6eEaAB1I, SsSl hetesh | k-t Al [ {9Ry2falcohol,
the Silica source to the solution of the tenplate: 25

ANRE Y106 1d0RoAN, IRV L Hdk H8N CORP oLz pfldgdcbAotiheand diols,
first 11 half period > Amount of the organic silicon

CompeuRdeaddndriedr difa |@ld erikal f period (wherein the
first half neans a period taken fromthe initiation

of the agddi thenabsverddsiritedfstdif A add) | | OHe Ofat8Cof water

hal f nole of the anount (nole) of the tatal
contained in the solvent dissolving the template, isessentially
50% by weight or lower, preferably 5 to 40% by welght, and more
preferably 10 to 30% by weighf . By using the solvent, a catalyst
realizing high activity and high selectivity, can be obtained.

Next, the step A (II) is described.

As a silica source, a silicon compound having a hydrocarbon
group which is directly bonded to a silicon atom (organic silica
source) and an inorganic silica source not having a
carbon-silicon atom bonding, are used, and tl'_le silica source',
the titanium source and the template are mixed and stirred in
the solvent thereby to obtain a solid containing a catalyst
component and the templaté, wherein the following relational
expression is satisfied in the addition of the silica source

to the solution of the template:

Amount of the organic silicon compound added in the first
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5 silica source). It is possible to produce a

titanium containing catalyst of high activity and

hi gh selectivity by applying the adding nethod of the

silica source to the tenplate solution described

above. 10 As the organic silica source and inorganic

silica source wused in the nethod of the step A (I11),
conmpounds descri bed above are lksed, and as the

conmpound of the titanium source and the tenplate,

C ORPPE Sisr 1@ O iphrthnteber eneadr§an bt soi Lisesh dompdwend added in
in the step A (Il), though solvents above-exenplified
Caphder bt ats ath B6 prrSYd §whedfe iitheheefpratchal fieneans a period
content of water is not restricted and further, water

Maya ket ok ¥HeAi A8d1aa\WaVEeE , thd kadiadlieentof comphetion of the
tenpl ate usedin the stepA (I1) is preferably a

sobygitisat bef ¥haonkhe mendi bifokhel ambhatst(e@la() of the tatal
The present invention is described in nore detail, but
20giiieangbaramyl.ied to both of the steps A (1) and

A(I'l) unless otherwi se noted. The anpbunt used of the

titani unrgay p6sBaped €8 piftRiuvd AGA tfnliimacostaining catalyst
preferably from10-5 to 1, nore preferably from

0. 98008ght fcPidith 4kd Bigh s@lectiwity by Erpkydngtthe adding
used of "the quaternary 25 ammoni umion based on the

t Ofhath8 A0 tiheP b1t heaSkbhtde BIRGe G8mphatetséuntion described
source is preferably from10-2 to 2 in ternms of nolar

raghgyefurther, for pronoting the reaction of the

silica source wth the titaniumsource, it is

preferabhg ¢1e ioHyni Akkahchi §yurce and inorganic silica source
used in the method of the step A (II), compounds described above
are used, and as the compound of the titanium source and the
template, compounds describéd before can be also used. Further,
in the step A (II), though solvents above-exemplified can be
used as a solvent of the template, the content of water is not
restricted and further, water may not be contained. Hdwever,
the solvent forthe templateusedinthestepA (I1)is preferably
a solvent satisfying the conditions in the step A(I).

The present invention is described in more detail, but
it can be applied to both of the steps A (I) and A(II) unless
otherwise noted.

The amount used of the titanium source based on the silica
source is preferably from 10°° to 1, more preferably from0.00008

t0 0.4 in terms of molar ratio. The amount used of the quaternary

ammonium ion based on the total amounts of the silica source
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5 or acidity to the m xed solution. As the al kal
source, quaternary anmoni um hydroxi des are preferable,
and exanpl es thereof include tetranethyl anmoni um
hydr oxi de, tetraethyl anmoni um hydr oxi de and
t et rapropyl ammoni um hydroxi de, and particularly, when
a hydroxi de of the quaternary anmoni um i on
represented by the general for a (I) is used as the
tenpl ate, the addition of the alkali source is not
nensas sartdniumoasuece 1hepedbexablyefromr 26f° ito 2 in terms of
preferable. Further, exanples of the acid include
| neslganiratwte ds such as  hydrochloric acid, sulfuric
acid and nitric acid, and organic 15 acids such as
form ¢ airthexcetfionr peodoandgpriopiredaat im of tHéeilica source
m xing and stirring tenperature is usually from-30
t Gy il}0 €helt 50an Huh Sdunraedibyi srpreferabd est orimpayt adialinity
the solid my be aged for further growh thereof. The
aghadidetyi Soughal hyxé80sboutdoar. | Assthendlkiadi source,
aging tenperature is usually 20 fromO to 200C. Wen
hegpid terhsry egtihdéstuinnhpdrogidets afe preferablle,t had examples
the mxture is transferred into a pressure vessel and
hegiér@of SifseDdast edtirama thlydamhopiess dryglmesidd, f or
avoi di ng vaporization of the solvent. The step Bis a
steptf Qs thprawnogitfichyarpkdde fandmtdteraPomol amnoriBum
The renoval of the tenplate can be acconplished by
suby@edkD@e | kmdsphtdicantaigi, whdéma pdudyide ofnpomauaternary
and the tenplate to solvent extraction or
Cahrhdwi e ni oANtlephesenkednby eker genegali Sormula (I) is used
preferable. A technique for extracting a

as the template, the addition of the alkali source is not

necessarily required, therefore, use thereof is preferable.
Further, examples of the acid include 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
solid may be aged for further growth thereof. The aging time
isusuallleOhoursorless,andtheagingtemperatureisusually
from 0 to 200C. When heating is reqguired in aging, it is
preferable that the mixture is transferred into a pressure
vessel and heating is conducted in a closed pressﬁre vessel
for avoiding vaporization of the solvent.

The step B is a step for removing the template from the

solid.
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5 tenplate with a solvent is reported by Whitehurst et

al. (see U S Patent 5,143,879) The solvent used in
extraction may include a solvent which can dissolve a
compound used as the tenplate, and oxa- and/or

0xo0- substituted hydrocarbons having carbon atons of

Ito about 10 12 in a liquid staée at room tenperature

can be generally used. SuitablF& exanples of such

sol vents include al cohols, ketones, ethers (acyclic

and cychihe) reitbest &6 . thx atahpkatéecenf bej ackgaglished by
hydr oxy- substituted hydrocarbons such as net hanol,

etgiydlot B thengo Ui § cint ANy ¢he gayediyst component and the
i sopropanol, 15 n-butanol or octanol; oxo-substituted

hydnpaarhoRs sothedt eOeionton drethytinatdne, and Hjle solvent
et hyl" ketone or nethyl isobutyl ketone; ethers of a

st QGaT sh L6 hpBe£dhBnBUt YA atdutmiane forrekydacting a
uran; esters of a hydrocarbon such as nethyl acetate,

etdarlp1a0ed 3i16h Rubyh veset akerepobtiéd bpipi telaest wtial. (see
the I'ike, 20 but, fromthe viewoint of solubility to

the d mleve s akg9hghs) are preferable, and anong
them nethanol is further preferable. The weight

rati o ofpHdi8o®¥bhtGideW 1a@marict Don haysidéliude a solvent which
contai ni ng the catal yst conponent and the tenplate

shaufl dito1-he d icd dukeiisaystiaé [ tenipbatd, tand @@ - and/or
preferably fromb5 5 to 300. 14 For inproving

efdisd Ansyt 0fut B8 IYdreciivons davdtigicerbansatoms of 1 to about
thereof nay be added to these solvents. Exanpl es of

acj $18 nugerh duitd Wia ieatgeeibm teniptrssunte gan be generally used.

hydrochloric acid, sulfuric acid, nitric acid and

br&id €aBTé bbxamples of such solvents include alcohols, ketones,
ethers (acyclic and cyclic) and esters. Examples thereof
include hydroxy—substituted hydrocarbons such as methanol,
ethanol, ethylene glycol, propylene glycol, isopropanol,
n-butanol or octanol; oxo-substituted hydrocarbons such as
acetone,diethylketone,methylethylketoneornmthylisobutyl
ketone; ethers of a hydrocarbon such as diisobutyl ether and
tetrahydrofuran;estersofahydrocarbonsuchasmethylacetate,'
ethyl acetate, butyl acetate or butyl propionate, and the like,
but, £rom the viewpoint of solubility to the template, alcohols
arepreferable,andamongthem,methanolisfurtherpreferable.
The weight ratio of the extracting solvent to the solid

containing the catalyst component and the template should not

be limited, but is usually from 1 to 1000, preferably from 5

to 300.
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5 organic acids such as formc acid, acetic acid and
propionic acid. Exanples of salts thereof include

al kali metal salts, alkaline earth netal salts and
amoni um salts. The concentration in the sol vent of

the acid or salt thereof to be added is preferably 10

mol /1 or less, further preferaq! 10 5 nol /| or |ess.

When the concentration in the solvent of the acid or

salt to be added is too high, the catalytic. activit . d
may be |Pveramphyvingtétfioieney of Jihe eRacH R ygR actd or
After adequately m xing the extraction solvent with

t he saltdthertaifninay blee addied 5t tORFFORNMEVEMES t he

tenmplate, a 15 liquid phase portion is separated by_a f
met hod ofxémpleatoPracidecmsedtinrlede tiorgaric Brids such as
operation is repeated required tines. Further, it is

al 5pdPOERiLbirectacEa| rratifurtie aekdl, arbtrhy acihbaRddipemic acid,
filling the solid containing the catal yst conponent ,
angrihfiteaphasesuchaas ubermic taeid i lACeFite RE mpG@ropionic
a extraction solvent through there. Conpletion of the

exhbaal i ORxamplée &foval by, tHereek st udemikalhgnetpl salts,
liquid portion. The extraction tenperature is

praigpabhy QaraeREal famliteeramt ciremeniym28alss100C .

When the boiling point of the extraction solvent is_

| ow, t heTasldoaridrtraEobin thersadreni of theard ox salt thereof
pressure. 15 The tenplate in the solution obtained b

t heotHé raddéd s peaferablysl® surlick oF ARESe -FUBENSF @Fetferably
recycled as a tenplate nmnaterial in the step A In

addihbDpl oi Kesd SeWhien tbeptoreenthatiop bnithpgglvent of the

acid or salt to be added is too high, the cafalytic_activity
may be lowered by elution of titanium in the catalyst.
After‘adequately'mixihg the extraction solvent with the
solid containing the catalyst component and the template, a
ligquid phase portion is separated by a method of filtration,
decantation or the like. This operation is repeated required
times. Further, it is also possible to ext#act the template
by a method of £illing the solid containing the catalyst
component and the template in a tube or the like and passing
a extraction solvent through there. Completion of the
extraction can be known by, for example, analyzing the liquid
portion. The extraction temperature is preferably 0 to 200C,
further preferably 20 to 100C. When the boiling point of the

extraction solvent is low, the extraction may be carried out

under pressure.
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5 for extraction can be purified through a usua
distillation operation or the |ike and al so recycl ed.
The extracting solvent contained in the solid after
the extracting operation can be renoved by drying
operation, and further, when silylation is conducted
subsequent thereto, the .-10 soiﬁent can be renoved by’
substitution with a solvent whi is substantially
inert to a silylating agent used in the silylation .
step. In tiee templafter tnmial sbiuddipnnohtatned dyyythg extraction
apparatus, a conical dryer equipped with a hot-air
devireatmentatsunedeveeed ald canl be pllatcerdcyedledr es a template
listed. In the case of the substitution renoval, the
exinagetriag isolthentstagntzai ned in the solid is
substituted with a solvent substantially inert to the
silylati pg agaatiovacdlikel d ses e tmpd sstid )y [tie cgplvent used
step. The substitution solvent used in 20 the
substi esttiradtiionp camy bee pardidieenttisatudgtf \d npual distillation
conditions of which it is substantially inert to the
Si bpefhitignagantthand ikd md 4dlissoteeythedextracting
solvent used in the step B. The sol vent suitably used
in the sphstéktthobinpesalvent coeteined\in nhleudedid after the
hydr ocar bons, hal ogenat ed hydrocarbons, 25 ketones,
et BREFaceIn®y spea-idupbehint beedemoirddsbyndtyihgsopedation, and
16 tertiary am nes having 1 to about 12 carbon atons
angugithetr)gwhén! s iy Hat1i 6h 6l s icomdiotad) subspguendr thereto, the
for exanpl e, hexane, cyclohexane, chloroform
bespafentt damehe reposed, bac atoetitulisirhwidgt onegolvent which
met hyl et hyl ket one, net hyl i sobutyl ket one,

is substantially inert to a silylating agent used 1n the

silylation step.

In the case of removai by drying, as a drying apparatus,
a conical dryer equipped with a hot-alir device or vacuum device,
and a plate dryer are listed.

In the case of the substitution removal, the extracting
solvent contained in the solid is substituted with a solvent
substantially inert to the silylating agent used in the
successive silylation 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 énd
it can dissolve the extracting solvent used in the step B.

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

ketones, ethers, esters, N,N-substituted amides, nitriles and
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5 di ethylether, diisobutylether, tetrahydrofuran,

di oxane, nethylacetate, ethylacetate,

di met hyl f ormam de, acetonitrile, pyridine,

triethylam ne and di net hysuf oxi de. A preferable

solvent for substitution is hydrocarbons in connection

with the subsequent sinIatioaﬁ§tep, and anong t hem

toluene is the 10 nost prefera These sol vents can

be used respectively alone or as a mxture solution

oft eaeiga} doiinks hlavitre 1stbsabout | b azpdven iadromsaendr showing
the substitution solvent and the solid containing the -
exd Ndeiui steltecat oidnasy tempelratsirep Bobraesampde . hexane,
thoroughly m xed, a liquid phase part 15 forned is
sepaiimskdye o ¢lElbodfofmf i bénathen, tdkueneat kyhepe, acetone,
the like. This operation is repeated required nunber
ofaitd tFl ke foHié hamethiyleshgliketpassi et yd imdintiyiitetone,

with the extracting solvent by a nethod of filling a

I R #1041 & tiher pr di hgoblukgletther,t he tyahyllmdvtzami nioxane,
the extracting solvent and then passing 20 the
SuRstH ¢ 1id@Pate| ey Tdueatigte | Admeahyd f obransitdpsatebonitrile,
the step Bto the silylation step described after are

prgierdbly, cordethgliamine bhd ddme thyantfoxifdeoma Ipreferable
vi ewpoi nt of productivity of the catal yst. Conpletion

ofgd gen s UbPsE | $ulhs DOtapLoat isnhgdnobarboosn by cohpection with

exanpl e, analysis 25 of the |iquid phase part. The

suhsd isuliderfudreBanstlatd drs stép , pamd emmdrig/ themo 2ODuene is the

nore preferably 20 to 100t. Wen the boiling point of

t hfo SPlpreHenstXk | Thielke spkvahtscars beowsedhmspectively alone

operation may be conducted under pressure. Further,

t her s ve&nnixtaresebluition of seewrnal thindubstitution

step can be recycl ed

In the substitution operation, after the substitution
solvent and the solid containing the extracting solvent obtained
in the step B have been thoroughly mixed, a liquid phase part
formed is separated by a method of filtration, decantation or
the like. This operation is repeated required number of times.
Furthér, 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 steps from the step B to the silylation step described

after 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 phase part. The substitution temperature is



5 after renoving the extracting agent by a

conventional nmethod such as distillation, extraction

or the like. A solid obtained via the steps A and B in

the present invention has a highly hydrophobic

property, and can act as a highly active and highly

sel ective catalyst, and furthernggre, 10 a silylated

catal yst of which the performance is nore inproved by

silylation, can be obgﬁined. The silylatign may _be

caPFeEGTOML LY &R0 YhasBORE REBESFAPH 2R e 100t ¢ When the

obtained in the steg Bis reacted w.th ﬁaseous is 1 the

of PoidinggPagat of chhe S9IHRRF FRae  Rot RO PHSF AT AR 3 Lov.

silylating 15 agent is reacted with the soljid jn a

SoPPeRAT g may be fienfREEefunder BREFGHT S HUF FRRF o the solvent

phase nmethod is nore preferable. Us allx, mgen t he led

i FPFaPRBREAEUEAOR BACBLAD BPe RUDFEY ERELARSES R Be Tecyole

hydr ocar bons are preferably used. Wen_ the extrac%ing d
b solafder TRROVIRS, de, SXEXFCHING PIRNEHBY o R VEgntional metho

sol vent used in 20 silylation and a sol vent _for

suldch @S i shiel IRtioRcefXEFRPEIORNRTSERE %&gﬁ'other

but are preferabg%%thp same, framthe vie q%nt gf

recycl e Bh&oddidy shtained itatha ?W%i%%‘é i Brifgth¢ present

i ncl ude organic sil anes, onganic si |yl am nes, orﬁanic

si hveRtden Has qemighty dwazepheRl e FTORGHLE, gaAfcan act as

sil azanes and ot her si|ylation agents. 18 Exagg es oLh

t hé RAgRhY @chivmenad ERLEFSLVERATRIEFT o AR A Turthermore,

di chl or odi net_hyl si | ane, chlorobéonndi th%ksilane

P

100 ¢ BELFABERH SRFRREST O RS ERERA Ge is more improved

i ododi et hyl but yl si | ang,
by silyl}/atior;/, can be obtained.

The silylation may be carried out by a gas phase method
in which the solid obtained in the step B is reacted with gaseous
silylating agent, or a 1iguid phase method inwhich a silylating

15 agent is reacted with the solid in a solvent, but, in the present
invention, the liguid phase method is more preferable. Usually,
when the silylation is carried out by the liquid phase method,
hydrocarbons are preferably used. When the extracting solvent
is removed by substitution operation, a solvent used in

20 silylation and a solvent for substitution are not necessarily
the same each other, but are preferably the same from the
viewpoint of recycle the solvents.

Examples of the silylation agent include organic silanes,
organic silylamines, organic silylamides and derivatives

25 thereof, and organic silazanes and other silylation agents.



5

-10

16

20

26

5 chl or odi net hyl phenyl si | ane, chl or odi net hyl si | ane,
di met hyl - n- propyl chl or osi | ane,

di met hyl i sopr opyl chl orosi | ane,

t-butyl di met hyl chl orosi |l ane, tripropylchlorosil ane,
di met hyl octyl chl orosilane, tributylchlorosil ane,
tri hexyl chlorosilane, 10 dinet&lethylchlorosilane,
di met hyl oct adecyl chl orosi | ane,

n- but yl di net hyl chl or osi | ane,

br ononet ExlatipiRih W g aardambec silane include

chl or onet hyl di net hyl chl or osi | ane,

3- hlierenemd diyes hvasd| otoshlepediméihylsilane,

di met hoxynet hyl chl or osi | ane, net hyl phenyl ohl or osi | ane,
t 1 ictlilparris Oshd Btel s Ui aRé hyhpbeoy rdhiethgdisideme ,
nmet hyl phenyl vi nyl chl or osi | ane,
bew&idﬁtw&mﬁd@ip@ﬁé angododinbenyl boktgnedilaas,

di phenyl net hyl chl or osi | ane,

di wﬂﬁr&ﬂddméahlv%mém B8€1ahéi benzykeldh merhivilarid sare,
20 3-cyanopr opy yIchIor05|Iane Exanpl es of the

or ARt Hytl W AR oey 1LOKL ¥H6silane,
N—tr|nethyIS|IyI|n1dazoIe Nt - butyldlnethyIS|IyI|n1daz

0'%@md%ﬁ#1¥§$b&&§ VéB16¥bE i dagle butyldimethylchlorosilane,
N-di met h n- propyl silylimdazole, 25

%m&&% $1iNnbi madasehgloctylchlorosilane,
N—trlnethy silyl am ne, 19
N- tyaRi ] shl oyt Deahy | atriReNyll chTerowsididnd di et hyl a
mne, Ntrimethylsilylpyrrole,
N- tginfetiyve Shy vewYo£obitana, dbmethyloctadecylchlorosilane,

trimethyl silyl piperidine,

1'Qﬂaﬁﬁﬁyiuiﬁékﬁ&h&hnﬁraﬁidaﬁéthyIS|Iane and
bromomethyldimethylchlorosilane,

_ chloromethyldimethylchlordsilane,
3-chloropropyldimethylchlorosilane,
dimethoxymethylchlorosilane, methylphenylchlorosilane,
triethoxychlorosilane, dimethylphenylchlorosilane,
methylphenylvinylchlorosilane, benzyldimethylchlorosilane,
diphenylchlorosilane, diphenylmethylchlorosilane,
diphenylvinylchlorosilane, tribenzylchlorosilane and
3-cyanopropyldimethylchlorosilane.

Examples of the organic silylamine include
N-trimethylsilylimidazole, N-t-butyldimethylsilylimidazole,
N-dimethylethylsilylimidazole,
N-dimethyl-n-propylsilylimidazole,

N-dimethylisopropylsilylimidazole, N-trimethylsilylamine,
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5 pent af | uor ophenyl di met hyl si | yl ami ne. Exanpl es of

the organic silylam de and derivatives thereof

i nclude N, O bistrinethylsilylacetam de,

N, O bistrinmethylsilyltrifluoroacetam de,
N-trinmethylsilylacetamde, 10

N-met hyl -N-tri met hyl si |l yl acetanj de,

N-nethyl -N-trimethylsilyltrifl oacet am de

N-net hyl - N-tri met hyl sil yl hept af | uor obut yl am de, _
NN tioitheyt By IR LDy I @i gt hyMlamd inkl, ud+ batee bhidsidpddiethylamine,
N, O bi s(di ethyi hydrosilyl)trifluoroacetam de. 15

Exangt Ate thyl Be19lgericolei,| dzand mettyldd 1ylpyrrolidine,
hexanet hyl di si | azane, hept anet hyl di sil azane,

1N Sefnéehyasiiypdpeiri azaes, \
1, 3-bi s(chl oronet hyl )tetranet hyl di sil azane,

1,ﬁ:cﬁ}aﬁ@d‘chﬂrud&eahy&hﬁmmuhydaﬁwﬂm aamill 20
1, 3-di phenyl t etramet hyl di sil azane. Exanpl es of the

ot t S£L¥b2bpRBngd@ieithgllsdd ylamine.
N- et hoxy-N, O bi strinmethylsilyltrifluoroacetam de,

N- et hoxgz ML BESbEi FREhBEgEhic sanyammtisle and derivatives
N, O bistrinmethylsilyl sulfamte, 25

t rénekEyE sihih bl Ny o-pasidiane tit f ot racethitde ,
N, N -bistrinmethylsilylurea. The preferable silylation
ageNd-bi§thenaraihsidvaitraFanroadetamtidd yst of the

present invention is usually processed into a nolded
cafat¥she¥hglailyepdedamidedi Ng a solid containing
N-methyl-N-trimethylsilylacetamide,
N-methyl-N-trimethylsilyltrifluoroacetamide,
N-methyl-N-trimethylsilylheptafluorcbutylamide,
N-(t-butyldimethylsilyl)-N;trifluoroacetamide and
N,O-bis(diethylhydrosilyl)trifluorcacetamide.
Examples of the organic silazane include
hexamethyldisilazane, heptamethyldisilazane,
1,1,3,3-tetramethyldisilazane,
l,3—bis(chloromethyl)tetramethyldiéilazane.
1,3-divinyl-1,1,3,3-teteramethyldisilazane and
1,3-diphenyltetramethyldisilazane.
Examples of the other silylation agent include
N—methoxy-N,O-bistrimethylsilyltrifluoroacetamide,
N-methoxy-N,O-bistrimethylsilyl carbamate,

N,O-bistrimethylsilyl sulfamate,

trimethylsilyltrifluoromethane sulfonate and
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5 the catal yst conponent. Though the nol ding step may
be conducted in any stage, nanely, before or after the
above-nentioned tenpl ate-renoving step, after the
solvent substitution step, and after the silylation
step, it is preferable to conduct before the

tenpl ate-renoving step from. 1Q t he vi ewpoi nt of
suppressi on of degradation of al yst properties
such as specific surface area and pore volune. As the

My o b 1@t infle tAPY sTEYhadeauchThe mrefreatslesidyldtipn agent
or extrusion nolding nay be used. An organic or

i NDE g AEmdtRPRaisisEakhy . used can be used in the
extrusi on nol ding, but |lowering 15 of catal yst

acti vi t yyne¥akba1gatserithy paddientoinwént hen Kisntwrally processed
t he production of the nol ded catal yst, the. conpression

Nof g NG mb BabhcdRsly o ofiarabitepl formdiaiviccapailitd cbntaining
strength and physical properties of the catalyst. As

t hen € 0PRE £EFE N cBRAbSNBAL .2 TROLgRr €Re nbllding s2ép may be
(briquetting, conpacting), oil hydraulic press

Mob&hh e t e abhebhiyna tage ,t hamdlye GuEdr® |drstafted hehe
pressure in conpression is usually 0.1 to 10 ton/cn®,

preb&Fabhinfidnkad templatentenvvdrigirdtiey, mffer atliey solvent
0.5to 2 ton/cnk2. When the pressure is too |low, the

st£@pgt Deat18nekepd oY aftesortd nesl Pat iadesiag 2. 1t 1s
On the other hand, when the pressure is too high, 21

t her@bysheak £60PEHANES vEfdTe i Aepgilatmratémesing step from
becone inadequate because pores are broken. in

Cathyi Plewpbihite ofC etippRessdonilidegradatkon of catalyst

preferable that a solid containing a catalyst

Coppepeptieansacnsavespecinia puppace savemtandmpre volume. As
the molding method, any method such as compression molding or
extrusion molding may be uséd. -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.
Intheproductionofthemoldedcatalyst,thecompressionmolding
is the most preferable from the viewpoint of strength and
physical properties of the catalyst.

As the compression molding, a roll press molding
(briquetting, compacting), oil hydraulic press molding,
tabletting and the like can be listed. The pressure in
compression is usually 0.1 to 10 ton/cm?, preferably 0.2 to
5 ton/cm?, and further preferably 0.5 to 2 ton/cm’. When the

pressure is too low, the strength of a molded body is sometimes

inadequate. On the other hand, when the pressure is too high,



5 this can produce a nol ded body having a sufficient
strength wunder a | ower conpressing pressure. The

wat er content of the material to be subjected to the
conpressionnolding is preferably 1 to 70 % by wei ght,
further preferably 5 to 40 % by weight. The water

anount nmay be adjusted by a dryness degree during '10
drying of a wet solid, and nay e adj ust ed by addi ng

water to an adequately dried solid. In addition, a

bi fHEr pHgHakhy peogeet ille dfi khermatlysaddesnetihes become
range of no obstacle to a desired performance. The

- shgpgaefubie Bebdadebpdyremnurie mivkehagm semiwpsngSout the
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tabl et, sphere or ring. Further, the nol ded body may

becyfigfesaiontmbbathgafieriPphkegerable that prayleid containing
size. The catal yst can be used for selective

0x4 0354t Q0ystObomByABR e conftadtidl Wadert Ancpoyirddierommfunt, and
an olefin, various oxidation reactions of organic

CogReUNdanbpeattet Bemedially 8bag0nkedng bi guffiedidntc strength
surface area and highly dispersed titanium active

Si hfderFaridfdr dompieydffy priegsurdl SoTheswakbe tontent of the
intensify acid sites of the catalyst with addition of

a hAtEd1 a8 HPOO8TL j8BERAAD Bhe Bolpresision mollditigis preferably
catal yst can be used for alkylation, catalytic

refoggi ng. g eh¢ webghe st ahastppéréhigbpyeserd 40 & by weight.
i nvention can be optimally 22 can be used for

prefduci;heBrobmdine! Ahy BeO¥ddRasAFB BYNG idryEss degree during
ol efin type conpound I's reacted with a hydroperoxide,

i Nnardanlyi 6¢l drvet B 1A ES ighd yeg benpajudtedybpeadding water to
acyclic, nono-cyclic,
an adeguately dried solid.
In addition, a binder usually used or the like may be
added within a range of no §bstacle 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
as it is or after pulverizing to a proper size.
The catalyst can be used for selective oxidation, for
"example, in addition to epoxidation of aﬁ olefin, various
oxidation reactions of organic compounds because thé catalyst
has a high specific surface area and highly dispersed titanium
active sites. PFurther, if desired, it is also possible to
intensify acid sites of the catalyst with addition of a third
component such as alumina, etc., and the catalyst can be used
for alkylation, catalytic reforming, etc.

The catalyst of the present invention can be optimally
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5 di-cyclic or poly-cyclic conpounds, and nono-ol efin
type, di-olef in type or poly-olefin type conpounds.
When the nunmber of olef in bonds is two or nore,
these nay be a conjugated bond or non-conjugated
bond. A efin type conpounds having 2 to 60 carbon
atons are usuallypref erred. These mayhave a
substituent, 10 and the substitéént is preferably a
relatively stable group. Exanples of such the

hy daaces e d Forugeo@t Byl 6nef pnopyeein oxilddcoapound in which
i sobutyl ene, 1-hexene, 2-hexene, 3-hexene, 1-octane,

1- dacenesiy WaRe corpdhind GhexarscteAptwitttam iggimmdpahexide, in
di -ol efin type conmpound include butadiene 15 and

| SQRrEABuIASUbSti tuent may exist, and as the exanple

thereof, a halogen atomis |isted, further various

substituepnts ai.nj GINEE L I Ieed)-cyelic,
atom t ogé eerOlvqa%{]h tgx{g;&%g" en angvagrslﬂci:é{ac n laitrlr%)'m may Y
exHﬁLcY%ﬂ%Htdf“#éﬁ§%byé&£%E%éﬁ&@uﬁh@f ARdtMPpAo-olefin type,
conpound is an olef in type unsaturated 20 al cohol and

an @l-ef1 dfind ¥R el Aol Pt €lebim riogss mompoursis .+ Whest the number
wi th a hal ogen, and as exanpl es thereof, allyl

al eghollefdmobyhdsaledivst orampye,cthese deanibe pj gppjugated bond

At ig'n?;'.oédﬁfggtgﬁa;‘&ggﬁ g%?go{:&%‘n@a!}jﬁrﬁ%ﬁ%wﬁ&g 2 to 60
S S S LB B A AP st tnent.
N 85 S g iRty RO STy scabie srovs.
gensiapIod WH 8uch the hydrocarbon include ethylene, propylene,
l-butene,isobutylene,1-hexene,2—hexene,3-hexene,1-octane,
1-decene, styrene and cyclohexene.
Apt examples of the di-olefin type compound include butadiene
and isoprene. A substituent may exist, and as the example
thereaf,ahalogenatomislisted,furthervarioussubstituents
containing an oxygen, sulfur or nitrogen atom together with
a hydrogen and/or carbon atom, may exist. A particularly
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. Particularly preferable
compound is an alkene having 3 to 40 carbon atoms, and this
compound may be substituted with a hydroxy group or a halogen
atom.

As examples of a hydroperoxide, organic hydroperoxides

can be listed.



R-O-OH (wherein, R represents a nonoval ent

hydr ocarbon group), and 5 is reacted with an olefin
type conmpound to produce an ol efin oxide conpound and
conpound, R-OH. Preferably, the group Ris a group
having 3 to 20 carbon atons. Mst preferably, this is
a hydrocarbon group having 3 to 10 carbon at ons,
particularly a secondary or temgi ary al kyl group or
aral kyl group. Anong 10 them tertiary al kyl groups

par 1 cul Ay SanarerL b aite o Y BanBREna represented by

th f_l e iary butyl group, tertiary
peﬁl{lﬁ) %%rg%élﬂ %@Igﬁlg%éehtyl group, and 2-phenyl propyl -2

group. Furthﬁ_r _oV rious tetralinyl groups forned by
el imnating a?]ydr gen atom 15 from an aliphatic side
are

chthle A TBLE A o 38 kbS8 bi Feoup) , ana
sSSP SRS (2SRRI Ze an otertn
*aE0R el 2o onBB T 108 AefEA T it roup = 10
o TR U 2 LTl S BB, ene 16
or e B DR B et Ry S CHRERBACR LB} partiovionsy
o Mool G0 S ey S Wb S PP brou. amons
-'10al %% %@I@i@% QXkyil Gxgoxt.‘npg uatr}g secondary or tertiary aralkyl
groups are particularly preferable, and specific examples
thereof include a tertiary butyl group, tertiary pentyl group,
cyclopentyl group, and 2-phenylpropyl-2 group. Further,
various tetral:l.nyl groups formed by eliminating a hydrogen atom
15 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

20 reaction. @-methyl styrene is a industrially useful
substance.

Tertiary amylene formed by dehydration of tertiarypentyl
alcohol obtained by using tertiary pentyl hydroperoxide as the
organic hydroperoxide, is a useful substance as a precursor

25 of isoprene. Tertiary pentyl alcohol is useful as a precursor
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hydr oper oxi de as an organi ¢ hydroperoxi de is useful as

a precursor of methyl tertiary butyl ether which is

an octane 5 booster. Hydrogen peroxide can be |isted

as an exanpl e other than organi c hydroperoxi des.

Hydr ogen peroxide is a conpound represented by the

chem cal formula, HOOH, and can_ be obtained usually in

the form 10 of an aqueous sol4on. It reacts with an

olef in type conmpound to form an oxirane conmpound and

wes £'me THE1 Ot 820 &Py geapgnositderanfiiendiegam octane booster.
peroxi de, which are used as a raw material, nay be a

thin or fepgeapyr blitgd alohen- PWiired Mt ardhlg fBbutyl

The epoxi dation can be carried out in a liquid phase
byny8i8gepog@iueal amdiodgahid IHiR¥opehiexSde vEat usadul as a
di luent are a substance which is |liquid under the
Pressdaesdrdor! RAERALAL HeetdRAG piftiyah either @aidionisd san octane
conducted, and nust be substantially inert against

t hgobg8ELants and products. The 20 sol vent maybe a

subst ance existing in the hydroperoxide solution to

be used. y¥&Fo§&A T Fox YHE 41 BRNEL Y i e e etampdedother than
m xture of cunmene hydroperoxi de and cunmene, which is

a payafRbeharopeR@xdees . sai d cumene hydroperoxide can
be used as a substitute for the solvent w thout

especi al iyapggdbAdparostivientis 25 cOMp i irtesented by the
tenperature is usually fromO to 200t , 25 preferably

fr eAeR2che £0ha1d heIGUIES andecdmbebébBaphedsigwally in the form

enough to keep the reaction mxture liquid. Usually,

thgf an agueous solution. It reacts with an olefin type compound
to form an oxirane compound and water.

The organic hydroperoxide and hydrogen peroxide, which
are used as a raw material,. may be a thin or dense purified
or non-purified material.

The epoxidation can be carried out in a liquid phase
by using a solvent and/or a diluent. The solvent and diluent
are a substance which is liquid under the pressure and
temperature under which the reaction is conducted, and must
be substantially inert against the reactants and products. The
solventmaybe asubstance existinginthe hydroperoxide solution
tobeused. For example, when cumene hydroperoxide is amixture
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,
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pressure i s advantageously from 100 to 10000 kPa.
After conpletion of the epoxidation, a liquid m xture
5 containing a desired product can be easily separated
froma catalyst conposition. Next, the liquid m xture
is purified by a suitable nmethod. Purification
includes fractional distillatign, selective
extraction, filtration, washin nd the like. The

sol vent, catalyst, non-reacted olefin type .10

CHROEEEABIE fHom! 28Ct&d2 6y W Opehexipdesearehmays®dd a pressure
again by recycling. The reaction, 1 n which the

cadrdyghh ©d kbeppthsehbacitivenii®ture Usgphid.anUsaally, the
carried out in the formof a slurry or a fixed bed,

ankessuideisagavahtageangaysEalom afod ndustodel Kia.
operation, it is preferable to use a catalyst in the

form of Apfdxesbrsiefenpo£SEnt gpoREEataan,ba taguiddmixture
out by a batchwi se nethod, sem -continuous nethod or

C b FetDntn § B4 h@ds 1 YBanpRodsetUtafinbeoshsilyngeparated from a
reactant is introduced through a fixed bed, a liquid

Mod td By 9Pt SopsiteBna rRegt| othgonegdoesmagture is purified
contain catalyst at all or contains substantially no

Ca@l ¥ Sduit ENAVPLELRBA. Pr 2Lt 1EaYeBhi fAcllades fractional
illustrated by the followi ng Exanples below 25

Exaiwt £1 laPLénar sbleatolecakorustipaydeil2fatidn, Owgshing and
of a tenplate solution conposed of 16% by wei ght of

h;améierylkér i MEidYd o BVERD| USa by Uy ek daon6fttabyedeiodleifin type
ocompound and non-reacted hydroperoxide can be used again by
recycling.

The reaction, in which the catalyst of the present
invention 1s ﬁsed, can be cérried out in the form of a slurry
or a fixed bed, and, in the case of a large scale of industrial
operation, it is preferable to use a catalyst in the form of
afixedbed. Thepresentprocesscanbecarriedoutbyabatchwise
method, semi-continuous method or continuous method. When a
solution containing a reactant is introduced through a fixed

bed, a liquid mixture obtained from a reaction zone does not

contain catalyst at all or contains substantially no catalyst.

EXAMPLE

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

Preparation of catalyst powder
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nmet hanol and 20% by wei ght of water (water in the

solvent is 20/(64 + 20) = 24% by weight) was stirred,

a m xed solution 5 of 1.85 g of tetra-isopropyl

orthotitanate and 10.0 g of 2-propanol was added

dropwi se to this at 50C. After stirring of 30

m nutes, 30.5 g of tetranethyl 2%glthosi licate and 6.8 ¢

of nethyltrinethoxysil ane were ded dropw se.

Thereafter, stirring was continued at 50C for 3

hours. 1pwisg Q;.gtoaf BefehP1REBCER ORI 6nVBSMpbLERI 6L . 16Dy weight
preci pitate obtained was dried at 70C for 8 hours

unsie rhee8deity 1 PreR8t Byl 0oAmAbniand &g dredyi de mMedurey weight of
obtai ned by sufficiently mxing 30.0 g of the dried

winie Ehamd 1 damd 2 0% .1y gredfghtatodir waitter dpedyrar imathessolvent is
conpression-nolded with a tabletting nachine. The

oA M el 5020 H na24pUPY evealt) tWes AblyEadecaRamjged solution

0,48, 0= TSR SEL BB BB e 10.0 g o
COMBEGRASE: Wht AR g g . BN sy svervins

[ b i I
asoﬁgschgdllt}ﬁ&esa, g%@.sf? r?%a%%@ah@t@lﬁ ASHA WM dife dhd 6.8 ¢

i nsi anet er , (1)100 M of nethanol at

I M hEFEL B Un8thoRYysdlBh¥cterel gddddfartifivide ofThereafter,
nmet hanol at 45t with 4.0 g of concentrated

hysit el ng | waacedgtdntedt at36004byEawi JHguns . 4Bbusaphitained
(3) 25 200 ml of nethanol at 45C, in this order, were
r EFRRIPYERYe Was fdd temesigh ThRePEBFIRH taf e PiALReq was dried

h-1 . A ion of i ng through,
ARl 0% A RETEATRAER A om  he Dot {om of
the el tAlh J&Gd TS boddal Vst

A mixture obtained by sufficiently mixing 30.0 g of the

dried vfhite solid and 4.5 g of water with sprayer was
compression-molded with a tabletting machine.

The obtained solid was pulverized, then molded catalyst
of 1.0 to 2.0 mm was obtained using sieves. Solid smaller than
1.0 mm was recycled to conduct compression molding again.

Extractive removal of template

Next, 11.5 g of the molded body obtainéd as described
above was packed in a glass column of an inside diameter of
16 mm¢, (1)100 ml of methanol at room temperature, (2) a mixed
liquid of 200 ml of methanol at 45 € with 4.0 g of concentrated
hydrochloric acid(content: 36 % by welght) at 45T, and (3)
200 ml of methanol at 45T, 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. And, the molded catalyst



27 was dried under vacuum of 10 mmHg and heating of
at 80t for 1.5 hours. Synthesis of propyl ene oxide
(PO The nol ded catal yst obtai ned as descri bed above
was 5 evaluated with a batch reacti on apparatus
(autoclave) using 25 % of cunene hydroper oxi de( CHPO)
and propylene(C3'). 1.0 g of t? catal yst, 30.0 g of
CHPO and 16.6 g of C3' were cha zed in the autoclave
to react them under autogenous pressure at a reaction
t ewper artiied@ ahd8r WEchm off @aChnde andehehtlngsolfoats80T for
10 (containing tenperature raising tine). The reaction
redubt hoiigsshown in Table 1. Exanple 2 Silylation
The nol ded catal yst obtained in ExanPIe 1 of 3.0 g was
VIR EQ 3§ E{TS ety with a cooling
tube, and then hexanet hyl di si | azane of

tol uene BreaB3agdsiakii oRiaRY 5 Syt shave was
ol uene Fadai
5 SLbXRihRRapdth: Rt Heattlod Upndrab o dueddidle) using

yst'  was,
dr bgdsuggeruhedle R dopkh¥i AEHFS UM pAQpfTERe{68 ). 1.0
1.5 20 hours. The average pore dianeter of thus
obgadhatibded1¢atgl 361 0 g bFecAROGad 1t6N& paFL Caol weke charged
having a pore dianmeter of 5 to 200 Angstromto the
al inpthe evltordaved to seact itheponmdest autogannus ressure at
by a physical adsorption neth usi ng nitrogen as

a
gaQ,rw'éi‘PEéiﬁ@me?W%ﬂ:?QfA@\@ger 6aT vampgtdop bimpgfyl .S hours
10 ;I' E cégﬁ%g%g:eﬁgj rlaai;uerge Ca?éfﬁlaflﬁc’gtj Y8Re ?Yal'ﬂ% ex.geécntion result

is shown in Table 1.

Example 2
Silvlation

The molded catalyst obtained in Example 1 of 3.0 g was

15 charged in a glass flask jacketed with a cooling tube, and then,
hexamethyldisilazane of 2.0g and toluene of 30.0 g were added
thereto to carry out the silylation under heating of 110T for
1.5 hburs . After separation of the liquid, the molded catalyst
was dried under heating of 110T and vacuum of 10 mmHg for 1.5

20 hours.Theaverageporediameterofthusobtainedmoldedcatalyst,
the rate of the pore volume having a pore diameter of 5 to 200
Angstrom to the all pore volume and a specific pore volume
measured by a physical adsorption method using nitrogen as a
gas, were respectively 29 Angstrom, 94% and 0.87 ml/g. The

25 obtained silylated catalyst was evaluated in the same manner
as in Example 1. The reaction result is shown in Table 1.
Comparative Example 1

A molded catalyst was prepared and it was evaluated with
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as in Exanple 1. The reaction result is shown in Table

1. Conparative Exanple 1 A nolded catal yst was

prepared and it was evaluated with 28 a batch

reaction apparatus in the sanme manner as in Exanple 1

except that 125.0 g of a tenplate solution conposed of

16% by wei ght of hexadecyl tringghyl anmoni um

hydr oxi de, 11% by wei ght of nethanol and 73% by

wei ght of water (water in the 5 solvent: 73/(11 + 73)

= 878abghwekgbt) onaappaedtuBhdr ddxet isame magyier i&s in Example
shown in Table 1. Conparative Exanple 2 The nvol ded

cal a¢ysepbbthaheli25 n0 Canmphratisnpiatepselutiopcomposed of 163
silylated and evaluated .in the sare nanper as._i

Exlanpweigla?@ of ?ﬁé‘ard@&tﬁlitd’rﬁ“fee‘élm SRR YA Fxblg. 11¢ bY

1. 3 P ' YA :

oo IR, BoChERRLCH . B O RE iy Cehor 1n ene
. | . ! % . reac

or SELBHECL) LTS, SO RATY egthdy pER Bt conction

soL¥gQtti s LBldO ih Wfbre 21% by wei ght) was stirred,
a mxed solution of 1.85 g of tetra-isopropyl

or tbmphirandive ®@xénile) y of _2-propanol was added
dropw se to this at 50C. After stirring 20 of 30
ni nut es The mbidedschgelystopbiRinegd drpEompsanatgive Example 1

tetramethyl orthosilicate and, 3.4 Ig’(25m’ml of . 1
neVa§| ELlidakedy epfapgahatedydnqth oﬁ%“%é“%’???&as in Example
hahf). After adding 19.1 g(125 nmol) '

The reaction result is shown in Table 1.
Example 3

Preparation of catalyst powder

125.0 g of a template solution composed of 16% by weight
of hexadecyltrimethylammonium hydroxide, 66% by weight of
methanol and 18% by weight of water (water in the solvent is
18/{66 + 18) = 21% by weight) was stirred, a mixed solution
of 1.85 g of tetra-isopropyl orthotitanate and 10.0 g of
2-propanol was added dropwise to this at 50C. After stirring
of 30 minutes, amixed solutionof 15.2¢g(100mmol) of tetramethyl
orthosilicate and 3.4 g(25 mmol) of methyltrimethoxysilane was
added dropwise (first half). After adding 19.1 g(125 mmol)
thereto (latter half), stirring was continued at 50 C for 3
hours. Thus obtained precipitatewas filtered. Theprecipitate
obtained was dried at 70T for 8 hours under vacuum.

Preparation of molded body

A mixture which was obtained by sufficiently mixing 25.0

g of the dried white solid and 3.8 g of water with sprayer was
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thereto (latter half), stirring was continued at 50 C

for 3 hours. Thus obtained precipitate was filtered.

The precipitate 25 obtained was dried at 70C for 8

hours under vacuum Preparation of nol ded body A

m xture which was obtained by sufficiently mxing 25.0

g of the dried white solid and 8 g of water with

sprayer was 29 conpression-nolded with a tabletting

machi ne. The obtained solid was pulverized, then

notdagrestdoysmolided &ilth 4 Gavlevebnghhachinde usThg obtained

sieves. Solid smaller than 1.0 nmmnas recycled to

coadiittl wesppudveasn zedl, dithgragwilded dattalaytstti vef 1.0 to 2.0 mm

renmoval of tenplate Next of the nol ded body

obWéFﬂ?i%%?%ﬁﬁéFPE@@eWﬂﬁw§°%h8 spaduEr T aﬁlm%ﬁﬁwasrecycled
um of an inside dianeter, of 16 nmO , (1)100 m

of freFRRABC P°ﬂ&ﬁ%ﬁﬁ$ﬂﬂa@ﬂ%ﬂ%9 @92 i xed |iquid

th go

of g208aBt18% VRN B s idh 4.0 0 of

(content: 36 % by
wei ght) Rbx¢5t1128dg(3F +RROmBhakl E%HHaBWtaﬁheﬁﬁ%g'described

in this order, were respectively passéd through the

coauaﬁeaWabHﬁuand6ih & upwesdbylufint ©F aoipisdldeo@itimeter of
passi ng through, methanol in the colum was drawn
f r bfmmmé b6 dA0ARL tefemethamol @hdiodihdemplededure, (2) a mixed
catal yst was 15 dried under_ vacuumof 10 nn§§ and
hedifngds£ 200g0t effm—thaeolm@ SyWi*-ﬁBsﬁ gfof concentrated

o BRNFE8 B 5 SRS IR S AL IEC, ana ()
Cahébyﬁi QPtﬂéPﬁgngf Q@SfﬁtQ?qJPQ%H% 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. And, the molded catalyst was
dried under vacuum of 10 mmHg and heating of at 80C for 1.5

hours.

Synthesis of propylene oxide (PO)

PO was synthesized in the same manner as in Example 1
except that the molded catalyst obtained as described above
was used. The reaction result is shown in Table 1.

Example 4 |

A molded catalyst was prepared and evaluated with a batch
reaction apparatus in the same manner as in Example 3 except
that, in an addition of a silica source, after 19.1 g (125 mmol)
of tetramethylorthosilicate was added dropwise'in the first
half, 15.2g(100 mmol) of tetramethylorthosilicate an-d 3.4g(25
mmol) of methyltrimethoxysilane were added dropwise in the

latter half. The reaction result is shown in Table 1.



20 was used. The reaction result is shown in Table 1.

Exanpl e 4 A nol ded catal yst was prepared and eval uated

with a batch reaction apparatus in the same nmanner as

in Exanple 3 except that, in an addition of a silica

source, after 19.1 g (125 mmol) 25 of
tetranmet hyl orthosilicate was a%ﬁﬁd dropwi se in the

first half, 15. 2 g (100 nmol)

tetranethylorth03|llcate and 3 4g(25 mol ) of
mExanple riet hoxysi | ane were added dropwi se in the

|atter half. The reaction result is shown in Table 1.

30 Exadprelged gajtalkystaics psepansdmep &ved vateed with a batch
evaluated with a batch reactlon appar at us |n t he sane
wﬁ%ﬁ?é-‘r |a\i)%é%ﬂﬁﬂ% in ghe [RAMS RN, af, iRg fFreampl e except

agﬁ{ sourcaﬁﬁiég %‘%@Lg g%% ggﬁgggpnﬁ0&§ } ol%tion of
BRS80St

r %%Jh&th%l%&»&%th'o&xhﬁaﬁuelwaa é)h&hd%‘k 142 b %5159 f—i@fst half
Orn H 104 eMri

| mand latter half, respectively. The reactlon result is shown

in Table 1.
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Industrial Applicabllity

According to the present invention, there can be provided
a process for producing a titanium-containing gilicone oxide
catalyét which can be used for areactionobtaining, for example,
an olefin oxide compound from a hydroperoxide and an olefin
type compound and which can exhibit high activity and high

selectivity, and a catalyst obtainable by the process.
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+) r-1L r'i ri mWprl d 44 (d 40 H14 0 co Opl Or i
tr-10rl tdr-1 4. ) 'J M C4 NV1I'1lto (d Erl
'dto OHOO to0) tor. (n.fo .0 Ef OV) Il UO 4
4 (Y) ri amHroOOwOO4 [%En 04 En 04 H:0 a U
0 32 Industrial Applicability According to the
present invention, there can beggrovided a process
for producing a titaniumcontaining silicone oxide
catal yst which can be used for a reaction obtaining,
for exanple, 5 an ol efin oxi d&¥Pound froma
hydr operoxi de and an olefin type conpound and which
can exhibit high activity and high selectivity, and a
catal yst obtainable by the process. 33 CLAIMS 1. A ]
process lor Apoecessdoa produdimyg eoht bamiwg-epntasping silicon
oxi de catal yst satisfying all of the foll ow ng
copdildeopetéalyst mablgByingslch ofofpei EekleNing conditions (1)
following A and B steps: (1) an average pore dianmeter
of tbo(A)er wirdch, comprisesr dhft fHatlewbhg oboged Bpfteps:
the total pore volunme of 5 to 2001 , and (3) a
speci fi c(pdr envevemragef pore didmeitwr mf e:104hdor 1yore,
step A
P (2) a pore diameter of 90% oxr more of the total pore volume

of 5 to 200A, and
(3) a specific pore volume of 0.2 cm®/g or more: and
step A:

(I) a step of obtaining a solid containing a catalyst
component and a template by using a siliéon compound in which
a part or all of a hydrocarbon group is directly bonded to a
gilicon atom, as a silica source, and mixing the silica source
witha titaniumsource and asolutionof the templatebystirring,
wherein the rate of water in a solvent in the solution is 50%
by weight or lower, or

(I1) a step of obtaining a solid containing a catalyst
component and a template by using an organic sllica source
composed of a silicon compound in which a hydrocarbon group
is directly bonded to a silicon atom and an inorganic silicon
source composed of a silicon compound not having a
carbon-silicon bonding, as é silica source, and mixing the

silica source with a titanium source and a solutlon of the
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(1) a step of obtaining a solid containing a catal yst
conponent and a tenplate by using a silicon conpound

in which a part or all of a hydrocarbon group is

directly bonded to a silicon atom as a silica

source, and mxing the silica source 15 with a

titanium source and a sol ution gi the tenpl ate by

stirring, wherein the rate of water in a solvent in

the solution is 50% by weight or lower, or (I1) a

stepmplatet bynstdrrisd.i ahegeiq by foblewingtexpression is
conponent and a tenplate by using an organic silica
sotmtbstRedcmideaddii tion PEcHre Edipisth@ouraghitentke solution
hydr ocarbon group is directly bonded to a silicon atom

aneif abhenbegadete.silicon source conposed of a

silicon conmpound not having a carbon-silicon bonding,

as a silAmeunbnicthearyanke vd ltiieon spmpoundoydded viint hhe first
a titanium source and a solution of the 34 tenplate

byh&lfr ri fgnoymeref nthaecotgahdai agldgpnecompoungl added in the
satisfied in the addition of the silica source to the
solatten half whaxeqh dthe fAimsinhadif mpensr gaperiod taken from
silicon conpound added in the first 5 half > Amount

of theelmigrbat Eoni ¢f ctime cubdbliben dthiezbrpiletion |of the addition
hal f, wherein the first half nmeans a period taken from

t hef itlie halifomode cofictheldinguwnt tof theptetadnsbiicaesource; and
addition of the half nole of the anmount of the total

silica sHtepaB: andtRp B removiny dfhe diampkate Hcom the solid
tenplate fromthe solid 10 obtained in the step A 2.
Tiebpabredsinctbedstgrt d.claim 1, wherein the rate

2. The process according to claim 1, wherein the rate
of water contained in the solvent of the solution of the template
in the step A (II) is 50% By weight or lower.

3. The process according to claim 1 or 2, wherein the
template used in the step A is a quaternary ammonium ion
represented by the general formula (a),

[NR'R’R®R*]" (a),
wherein, erepresents a linear orx branched hydrocarbon group
having 2 to 36 carbon atoms, and R? to R* represent an alkyl
group having 1 to 6 carbon atoms.

4. The process according to any one of claims 1 to 3,
wherein the silicon compound in which the hydrocarbon group
is directly bonded to a silicon atom used in the step A, is

a monoalkyltrialkoxysilane and/or‘monoaryltorialkoxysilane.'
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of water contained in the solvent of the solution of
the tenplate in the step A (Il) is 50% by wei ght or

| oner. 3. The process according to claim1 or 2,
wherein the 15 tenplate used in the step Ais a

qguat ernary ammoni umion represented by the genera
formula (a), [NRIRZR3R4]+ (a), %erei n, RL represents
a linear or branched hydrocarbon group having 2 to 36
carbon atons, and R2 to R4 represent an al kyl _20
group ha%inghe pyogessr W%‘&M

according to any one of clains 1 to 3, wherein the

si FhesriBokbsurgmoraihofhtheetAyBLatar bBnthposheri B is carried

directly bonded to a silicon atomused in the step A
i soul Bngalsieyiviernitalgehaat t Ber. and/ or

nmonoar yl tori al koxysilane. 35 5. The process according

to any obe Bhecbzoeess escordimg dim anke qnaniichiims 1 to 5,

the tenplate in the step Bis carried out by a

sowheneiaxthacsobhd #ftaheematioss thec sempAgteoiangubjected to

one of claims 1 to 5 5 wherein the solid after
regbiyagtiloa.tenpl ate is subjected to silylation. 7.
A titan-containing silicon oxide catal yst obtainable

by the p?ededdtascaraitaininamildnwnpxiie egtalystebtainable

8. A process for producing an ol efin oxide conpound,

whb¥hthe( promssiss esaardinggtanany epne nof ypdaiwapdue 6.

wi th a hydroperoxide in the presence of the catalyst

of cl ai nB7A process for producing an olefin oxide compound, which

comprises reacting an olefin type compound with a hydroperoxide

in the presence of the catalyst of claim 7.

o ampe PRdHREclaims 1 to 4,

*



