TI TANI UM CONTAI NI NG SOLI D CATALYST BACKGROUND OF THE | I\W@ﬁﬁ’?fﬂ)\ﬁ Title of
t he I nvention The present invention relates a titani wegonrbaiini ng
solid catal yst and a nethod for produci ng an oxirane comnpound.
particularly, the present invention relagtes to a titaniumcontaining solid
cat alyyst used for producing an oxirané ctonpound by reacting an olef in
type conpound with an organi c hydroperoxi de, the catal yst having high
activity and enabling the intended conversion in a snmaller reactor than
that of a conventional nethod, and a nmethod for producing an oxirane
conpound usi ng said cat FIBANIUM-CRNTAININGSOLID \CATRLYESEd Art A
nmet hod for produci ng an oxirane conpound by reacting an olef in type
conmpound with an organi ¢ hydroperoxide using a titaniumcontaining solid
catalyst is well known (Japanese Patent Application Publication (JP-B)
Nos. 56- 35, 9BACKGROUND R, THE INVENBION(O- 30, 049, and Japanese Pat ent
Application Laid-Open (JP-A) No. Hei 8-269,031). A
titani um contBitdienPfdihel Inwentian can be produced in various nethods. For
exanpl e, a production nmethod in which a titanium conpound is supported on
silica and is The present invention relates a titanium-containing

solidcatalyst and amethod for producing an oxirane compound.

More particulariy, the present invention relates to a

titanium-containing solid catalyst used for producing an

oxirane compound by reacting an olefin type compound with

an organic hydroperoxide, the catalyst having high activity

and enabling the intended conversion in a smaller reactor

than that of a conventional method, and a method for producing

an oxirane compound using said catalyst.

Description of the Related Art

A method for pr‘qducing an oxirane compound by reactiné
an olefin type compound with an organic hydroperoxide using
a titanium-containing solid catalyst is well known (Japanese
Patent Application Publication (Jf-B) Nos. 56-35,941,
54-40,525, 54-40,526, 50-30,049, and Japanesé Patent
Application Laid-Open (JP-A) No. Hei 8-269,031).

A titanium-containing solid catalyst can be produced
in various methods.. For example, a production method in

which a titanium compound is supported on silica and is



- 2- calcined is one useful nethod. However, catalysts produced by the
conventional nethods have problens that activity is insufficient, an
excessively large reaction vessel is required for industrial scale
production, production cost is increaseg, and the |ike. SUMVARY OF THE
| NVENTI ON The present inventors have intensively studied a catalyst
havi ng no above-descri bed problens, and found that a titaniumcontaining
solid catal yst using specific silica or silica which has been specifically
treated as a carrier, or a titaniumcontaining solid catalyst in which
titani um conf3kEipgd, i§ |9nQ useFylmethodnt HOWEYELn CA %% ¢ range,

Is highly active_when used in a nethod for producing an oxirane conpound,
and conpli et edP¥pdugedshy the,eppyvegptional mﬁﬁﬁﬁﬁ?,hgﬁﬁ prebdsms; fhdttion is
a titaniumcontaining ,solid catalyst used for producing an oxirane
compound by #€biViky &5 dnenfhicipateoABogXaefFively 6g§aﬁi geaction

hydr oper oxi de, wherein the catal yst is obtainable by at _|east one nethod
sel ected fronvefeel ols orpanired for ipdustrial seaje; pradpghieBmpound is
supported on silica havin ap average pqQre dianeter,gt»'neasured by a

ner cury preséPﬁ@d“ﬁi%ﬂBd°8¥t51%n%B?rﬁG?Edaanﬂa§Pﬁglﬁ fe distribution in

which at |east 60% of pore volunme is conposed of pores having a

SUMMARY OF THE INVENTION
The present inventors have intensively studied a
catalyst having no above-described problems, and found that
a titaniuni-containing solid catalyst us_ing"specific silica
or silica which has been specifically treated as a carrier,
6r a titanium-containing solid catalyst in which titanium
" content inasilicacarrier is controlled in a specific range,
is highly active when used in a method for producing an
oxirane compound, and completed the present invention._
Namely, the present invention is a titanium-containin-g
solid catalyst used for.producing an oxirane compound by
reacting an olefin type compound with an organic
hydroperoxide, wherein the catalyst is obtainable by at
least one method selected from the following (1) to (3):
(1) a'titanium.compound is supported on silica having
an average pore diameter (D) measured by a mercury pressing
metﬁod of 5 nm or more and having pore distribution in which

at least 60% of pore volume is composed of pores having a



- 3- pore dianmeter within the range of D[err] 0.3 D (nm, and is

cal cined - (2) silicais inpregnated in water, then dried, and a
titani um conpound is supported on the silica, then calcined, (3)
silicais inpregnated in a titani um con_tgi_ni ng inpregnation solution
satisfying the followng [fornmula- 1], and is calcined : AB
[err] 0.2 [ formul a- 1] A: mol nunber of netal titaniumin the

i npregnation solution B: nmol nunber of a silanol group existing
in silica. As a titaniumcontaining solid catal yst of the present

i nvention, thPeEecfiapeterewikhin thesrangeiofa® & pY-3 Relw®Y, andwhsch
(1) atitaniumconpoynd is supported on silica having an average pore

di aneter (D) ﬁ’é§>§ By a nercury pressing nethod of 5 nmor nore and
having pore distribytion,in which at |east 60% of pore volume is cqnposed
of pores having a édr%’-ﬁ?ﬁ?f&%r%‘f%‘?ﬁfc% ingdek. shen draedq fndadd s
- cal ci ned , .. The silica used contains_silicon..n the formqf a djoxide
preferably i ntahaBimFORRORA 1§ SYRRF Lo PR the Fdlday ¥BSR calcimed » and
further preferably gg%o is preferable that the silica used has
relatively | arge 4

cERL4%R, fp . dBpEPgRR Rt ihe SdAnIE-SRTA ea | 5
impregnation solution satisfying the following [formula-
i], and is calcined :
A/B £ 0.2 [formula-1]
A: mol number of metal titanium in the impregnation
solution
B: mol number of a silanol group existing insilica.
As a titanium-containing solid catalyst of the present
invention, there can be used a catalyst obtainable by a method
inwhich (1) atitaniumcompound is supportedon silica having
an average pore diameter (D) measured by a mercury pressix_lg
method of 5 nm or more and having pore distribution in which
at least 60% of pore volume is composed of pores having a
pore diameter within the range of D = 0.3 D (nm), and is
calcined ,
The silica used contains silicon in the formof a dioxide °
preferably in an amount of 50% or more, more preferably 75%
or more, and further preferably 90% or more. It is

preferable that the silica used has relatively large

specific surface area, and the specific surface area is



-4- preferably 1 nferr]/g or nore, and nore preferably 25 to 800 n2/g.
The silica used is preferably porous synthetic silica of close packing
type having relatively high density conposed of an anorphous silica
particle coagul ated or bondi ng each other, and for exanple, silica gel and
precipitated silica are listed. Producti’on nethods and properties thereof
are described in R G Irer ed. "The Colloid Chemstry of Silica and
Silicate" (Cornel University Publication Departnment, New York, USA, (1955
)) chapter VI andUSP2, 657, 149. Anongcommerci al | yavai |l abl esi | i cagel s,

silica gel havpreferaBi§i I int/§ orimsre 200d Mbré prereibIy 25 1 B00 #/RRM €
volume of 0.3 to 2.0 mM/g, and a silica content of 99% by wei ght or "nore

is preferabl e used.the sili¥gdsdidGst preperabiy us e g307iRa
dianeter (D) neasured by a nercury pressing nethod is required to be 5 nm

or nore, prefesfbtYoseopadkifiyotyp@ Rav2ndSrelaeivedys highndengity
preferably from12 nmor nore to 40 nmor |ess. Wen the average pore
dianeter (D) icompssedhes annamofphowstyiliegupkzilivideebagatated or
t he .ot her hand, when the average pore dianmeter (D) is over 12 nm

sel ection ratisomding eachaotheépjpanddforcerRalphbby sfAthieasgel and
Further, the silica used is required to have pore
precipitated silica are listed. Production methods and

€

properties thereof are described in R. G. Irer ed. “The
Colloid Chemistryof Silica and Silicate” (Cornel University
Publication.nepartmént, New York, USA, (1955 )) chapter VI
and USP 2,657,149. Amongcommerciallyavailablesiliéagels,
silica gel having a specific surface area of 25 to 700 m/g,
a pore volume of 0.3 to 2.0 ml/g, and a silica content of
99% by weight or more is preferable used.

Regarding the silica used, the average pore diameter
(D) measured by a mercury pressing method is requireci to be
5 nm or more, preferably from 8 nm or more to 45 nm or less',
and more preferably from 12 nm or more to 40 nm or less.
When the average pore diameter (D) is less than 5 nm, activity
remarkably decreases.

On the other hand, when the average pore diameter (D)
is over 12 nm, selection ratio of an oxirane compound
remarkably increases.

Further, the silica used is required to have pore

distribution in which, based the average pore diameter (D)



di stribution in which, based the average pore dianeter (D)
-5- nmeasured by a nmercury pressing nethod, at |east 60% of pore vol une
i s conposed of pores having a pore dianeter within the range of D 0.3 D
(nm), and it is preferable that the porg distribution of the silica is
substantially uniform For supportPng Ti, both a gas phase supporting
nmethod and a |liquid phase supporting nmethod can be applied. In the gas
phase supporting, titaniumsalts and titanates of organic acids and
i norgani c acids, which are able to vaporize at supporting tenperature, are
applied. In tmeasuaped byhaseereunp pressgng methodn atileash®0¥ ofnpeLe of
organic acids and inorganic acids, which can be solved in a solvent, can
be used. valume iss composed ofapoueschapdngdai pereddiasetensviyhin
titanate, tetraethyl titanate, tetrapropyl titanate, tetraisopropyl
titanate, tettheutrangs bfnbtE 0.8eDr tnmppuand it tizsnpreferable fhathyhaexyl
titanate, tetraoctadecyl titanate, titaniumtetrachloride, titanium
t et r abr oni de, poneadighnidatdondiofethei sidiga is\substanbiglly riferme,
titanium (1V) diisopropoxidebi sacetyl acetonate and the |ike. A
mul ti-stage suppor Fiox SHPPRFEing Th, bokh ’igasophasessnpporkiéngdeebhadyi ng
and/ or calcining step can be used. As a suitable supporting, washing
sol vent in thand a 1liguid phase supporting method can be applied. In the

gas phase supporting, titanium salts and titanates of

organic acids and inorganic acids, which are able to vaporize

at supporting temperature, are applied. In the liquid phase

supporting, titanium salts and titanates of organic acids

and inorganic acids, which can be solved in a solvent, can

be used.

Examples of the titanium compound include tetramethyl
titanate, tetraethyl titanate, tetrapropyl titanate,
tetraisopropyl titanate, tetrabutyl titanate,
tetraisobutyl titanate, tetra-2-ethylhexyl titanate,
tetraoctadecyl titanate, titanium tetrachloride, titanium
tetrabromide, titanium tetraiodide, titanium (IV) oxyacetyl
acetonate, titanium (IV) diisopropoxidebisacetyl acetonate
and the like. A multi-stage supporting method which
includes or does not include a drying and/or calcining step
can be used.

As a suitable supporting, washing solvent in the

liquid-phase supporting, oxa and/or oxo substituted



| i qui d- phase supporting, oxa and/or oxo substituted _

- 6- hydr ocar bons which are liquid at ordinary tenperature having 1 to
about-12 carbon atons can generally be used. As a suitable solvent |,

al cohol s, ketones, ethers (non-cyclic orgcyclic type) and esters can be
used. . Exanpl es thereof include hydroxy-substituted hydrocarbons such as
nmet hanol, ethanol, ethylene glycol, propylene glycol, isopropanol,

n- but anol and octanol oxo-substituted hydrocarbons such as acetone,

i et hyl k th t d t hyl sobut ket.one;
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n-butanol and octanol; oxo-substituted hydrocarbons such as
acetone, diethyl ketone, methyl éthyl ketone and methyl
isobutyl ketone; hydrocarbon ethers such as diisobutyl ether
and'tetrahydrofuran;\and hydrocarbon esters such as methyl
acetate, ethyl acetate, butyl acetate and butyl propionate,
and the like.

Following the liquid-phase supporting, it is
preferable to remove the absorbed solvent. This solvent
removing operation may include decantation, fi;tration(
centrifugal separation, vacuum gas discharge,: drying aﬂd
other operations. In this solvent removing operation,
conditions are selected so that an excess solvent for
supporfing is removed from silica in an amount preferably
at least 80% and more preferable at least 95%.

As described in Japanese Patent Application Laid-Open
(JP-A) No. Hei 8-269, 631 s it is preferable to conduct washing
after liquid-phase supporting treatment. A solvent for

washing and a catalyst after Ti supporting are fully mixed,



after |iquid-phase supporting treatnment. A solvent for washing and a

catal yst after Ti supporting are fully m xed,

-7- + then a liquid-phase portion is separated by a method such as
filtration, decantation or the like. Thig _sequence is repeated for
requiyed tinmes. Conpletion of the washing can be known by analysis of the
| i qui d- phase portion. The washing tenperature is frompreferably 0 to
100[err]C, nore preferably from1l0 to 60[err]C

Af t erconpl eti onoft hewashi.ng, . the remgi ning sol vent for washing i.s renoved
by the same  TOER@ dddmidebhasenporkarDyAd 2Rpazatesby, 8 BetRad PREhs.
This solvent remyval is .usefyl for recovering a_l.arge ampunt of the,

sol vent, si nulaﬁg%égﬁéflﬁ'lﬁ% 566%%’1 Q% l%ge'?hm‘-ﬁ TEHRPRFRgLS
period, and for preventing decyease .in physical strength of a_ gatal yst
forived 1rom PEBFACEd P8 ERTEFOR Tales oo COmPLRLion SEVASMAFDIRG SRR | n
a catalyst cgnposition duri cal cining at, hi gher, tenperajure thereafter.
Drying at 25 g& PYcanalysds ftrehﬁ &M@?W%gﬁrF%ﬂ &St hod.
After the Ti suppqrting, this catalyst conposition_is calcined . Nanely, -
it is calcineWag Fempenaturepfis; frem pE@feradlyafoito A0 exarfpre
nitrogen, argon qr carbon dioxide r an oxygen-conpaining.vapor,.for

exanpl e, air. PrekerRbl¥ofEoma 0%R 6050 i AfEef sompledion of $Ri-ng,

supported for @hen%qeﬁa'éf&gagbﬂ.@e%@ lf%ef v}a{s:[haﬂlxgu nisalr[(é%]o()\}e% EIby the same

method as that in the impregnating solvent removing process.
This solvent removal is useful for recovering a large amount
of the solvent, simultaneously for decreasing ignition
danger in calcining period, and for preventing decrease in
physical strength of a catalyst derive_d from rapid
evaporation of a large amount of a volatile solvent in a
catalyst composition during calcining at higher
temperature thereafter. Drying at 25 to 200°C is also _
effective as a sol';rent removing method.
After the Ti supporting, .this catalyst composition is
- calcined . Namely, it is calcined under atmosphere of a
non-reducing vapor, for example, nitrogen, argon or carbon
dioxide, or an oxygen-containing vapor, for example, air.
On the role of the calcining is to convert titanium in
supported form, namely titanium halide, titanium alkanolate
or the like to an insoluble chemically-bonded oxide. The

other role of the calcining is to activate the catalyst.



or the like to an insoluble chem cally-bonded oxide. The other role of the
calcining is to activate the catal yst. The cal ci ni ng
tenperaturemay sufficiently be 400 to 900[err]C, and a tenperature from
400 to 800[err]C is recommended. Usual_ qcalcining tine is 1 to 18 hours.

As a titaniumcontaining solid catalyst“of the present invention, there
can al so be used a catalyst which is obtainable by a nethod in which (2)
silicais inpregnated in water, then dried, and a titanium conmpound is

supported on the silica, then cal cined As the silica used, in
addition to tMhesealeduihgr tempersire meycsufbiciently hel#00tta 900fCowi ng
conpounds can be used. A synthetic silica powler conposed of an

anor phous sianda sewperatnce Fropr4@cte §A0°Coigurecommengdedat i Uswakas
open-pack structure, is easily collapsed, and weakly bonded each other is
al so sui t abl €3€iningG r tdme f£§r lekampBehonrstumed pyrogenic silica obtained
by cal ci ning operation of hydrogen and oxygen with silicon_ tetrachloride
or silicon tetrafsudritddaniun-gantaindingsetidicahalystab thepresent '
manuf actured by Cabot Corp., Aerosil manufactured by Dequssa  Corp. and the
like are |isHayenbicty. dhgye cand algsy by [used & AN Sthi¢h @S nar k) .
Anmong these silica products, a_ product having a specifjc surface area of
50 to 500 npPptainable by a method in which (2) silica is impregnated

in water, then dried, and a titanium compound is supported

on the silica, then calcined .

As the silica used, in addition to those used for the
above-described method (1), the following compounds can be
used.

A synthetic silica powder composed of an amorphous
silica power which is produced by coagulation operation, has
open-pack structure, is easily collapsed, and weakly bonded
each other is also suitable as a carrier. For example,_a
fumed pyrogenic silica obtained by calcining operation of
hydrogen and oxygen with silicon tetrachloride or silicon
tetrafluoride is listed, and specifically, Cab-0O-sil

manufactured by Cabot Corp., Aerosil manufactured by Degussa
Corp. and the like are listed ( “Cab-0-sil” and “Aerosil”
are registered trade mark). Among these silica products,
a product having a specific surface area of 50 to 500 m’/g

and a silica content of 99% or more are preferably used.

Further, a crystalline porous silica can also



and a silica content of 99% or nore are preferably used. Further, a
crystalline porous silica can al so preferably be used. As the
crystalline porous silica, for exanple, high silica zeolite (other netal -
such as alumnum and the like is contai ged only in small amount) is
listed. As exanple of the high silica z&olite, silicalite whichis
pentasil type zeolite, and the |like are known (R W Gose and E M

Fl ani gen, US4061724 (1977) (to UCC)). MCM 41 having regul ar m cro-porous
structure (J. S. Beck, et al., J. An Chem Soc., 114, 10834 (1992)) can
al so be used R¥eferahly be usadugs the cxystallding poxeusssdldiga, for
Before Ti is supported qgn these silicas, inpregnation into water, and
further, dryi G¥ampd@nbighssilicaRrakite (othemmetal such as akprégumti on
of the silica is not particularly restricted. Neutral , acidic_or alkaline
water can be2ddefhe like ifgpnkained ondyh sy se@liloameuaty, ignlistedused
is not particularly restricted, and for exanple, inorganic acids such as
hydrochl ori c A8i §xaBpile pf the iighsidicaseeelite, shdicaldtenwbishgiai c
acids such as formc_acid, acetic acid propjonic acid, benzoic acid and
the |ike, canPBBt@sdd type zegliteerandidie Joike are kaovay (B4 We Greseine,

a base used is not %articul,arly restricted, and for exan(‘:pl e,
and E. M. Flanigen, US4061724 (1977) (to UCC)). MCM 41

having regular micro-porous structure (J. S. Beck, et al.,
J. Am. Chem. Soc., 114, 10834 (1992)) can also be used as
a carrier, though it is not crystalline materiai.

Before Ti is supported on these silicas, impregnation
into water, and further, drying treatment are conducted.

Water used for impregnation of the silica is not
particularly restricted. Neutral , acidic or alkaline water
can be used.

When water is converted to acidic, an acid used is not
particularly restricted, and for example, inorganic acids
such as hydrochloric acid, sulfuric acid, nitric acid and
thg like, and organic acids such as formic acid, acetic acid,
propionic acid, benzoic acid and the like, can be used.

Further, when water is converted to alkaline, a base
used is not particularly restricted, and for example,
inorganic bases such as ammonia, sodium hydroxide, potassium
hydroxide and the like, and organic bases such as

triethylamine and the like, can be used.



I norgani ¢ bases such as amoni a, sodi um hydr oxi de, potassium hydroxide and
the Ii ke, and organi c bases such as triethylamne and the |ike, can be
used. - ' -10- For the inpregnation
treatnment, silica is inpregnated in watgf, and is preferably left for 1 to
50 hours at 10 to 100[err]C. The inpreégnaiion treatnent may be conduct ed
in stationary condition, or may be conducted with stirring. After

conpl etion of the inpregnation treatnent, usually, water is renoved by
filtration and the like, solid is washed wth water .until the filtra e

becomes neutral . THOF, the|impregnation treatmenty ?1&9‘-'?06596“%'& ¢

vacuo or under air or nitrogen flow. The Ti %2%%'9 £8d and
the cal ci ni ngiMeWASEL ARG i Weﬁe@ﬂ;doﬂﬁfﬁgfaﬂ:'elt% GES itRd
above. As a titaniumcontaining solid catalyst of the present

i nvention, thad0@°€an ﬂl%mm@%a@@@%’meﬂh By ke eppduckedeiny a
nmet hod i n whi Chﬁ&t) silica carri er 1“.ég]oregnated in a tlthanl um cont ai ni ng
i npr egnati on SERHLOSRTYs SONGAFIOR ﬁ’é igh isEINTARGE phase

supporti ng, drled and t:he tltanl um cqnpound is, supported .on the rled
silica, then A&tEFggmpletion of t IF&’-H@@ on %amegl ty usual A

mol - number of wg?:ggl lglr'g&{gvurg Ly :EI.tra fort natd the flleu:t solid is washed

with water until the filtrate becomes neutral. Then, silica
is dried préferably at 100 to 200°C in vacuo or under air
or nitrogen flow.
The Tj. supporting method and the calcining method
‘after the Ti supporting are the same as described above.
As a titanium-containingsolidcatalyst of thepresent
invention, there can also be used a catalyst which is
obtainable by a method in which (3) silica carrier is
impregnated in a titanium-containing impregnation solution
satisfying the following [formula-1] in liquid-phase -
supporting, dried, and the titanium compound is supported
on the dried silica, then calcined :
A/B £ 0.2 [formula-1]
A: mol number of metal titanium in the impregnation
solution
B: mol number of a silanol group existing in silica
The silica used is the same as that used in the

above-described (2).



B: mol nunber of a silanol group existing in silica The silica used
Is the sane as that used in the above-described (2). For
Ti supporting, a |iquid-phase supporting nethod is preferable. The kind of
the Ti conpound and the kind of the squfgt used for the |iquid-phase
supporting are the sanme as described in the above-described (1). In
the |1 qui d-phase supporting, silica carrier is inpregnated in an

titani umcontaining inpregnation solution satisfying the foll ow ng

[formul a-1]: AlB [err] 0.2 _[fornula-1] . A ol nunber
of metal titanium BPR Bd SuRP JoR lignidr-phase supporting methegriisr of
a silanol group existing in silica Wien - A/B is over 0.2, selectivity

of an oxi r ane PREAgFAME deThekind of BhesTi gampoyndradabhe kind of thess,
and nost preferably 0.05 or less. Further, since titanium supporting
anount is too s9fWent aaed,ifor gher diquid-phase: supperking aret the same| s
preferably 0.005 or nore. The mol nunber of a silanol group on the
carrier can & @esqnihed) in theyakaverdessribed (k) weight of the silica
at high tenperature calcination (up to 1000[err]C) as a condensatjon
dehydr ati on anount I thetldqudssiphassusupporting, silica carrier is

impregnated in an titanium-containing impregnation solution
satisfying the following [formula-1]:
A/B £ 0.2 [formula~1]
A: mol number of metal titanium in the impregnation
solution
B: mol number of a silanol group existing in silica
When A/B is over 0.2, selectivity of an oxirane
compound decreases. A/B is further preferably 0.15 or less,
and most preferably 0.05 or less. Further, since titanium
supporting amount is too small, activity decreases. So the -
minimum limit of A/B is preferably 0.005 or more. -
The mol number of a silanol group on the carrier can
be calculated by regarding reduction in weight of the silica
at high temperature calcination (up to 1000°C) as a
condensation dehydration amount of the silanol group (JIS
K 1150 silica gel test method (1994)). It is also
permissible that reduction in weight is measured by TG
(thermogravimetric analysis), and the mol number is

calculated in the same manner as in the above-described case.



K 1150 Silica gel test nethod (1994)). It is alsoe permssible that
reduction in weight is nmeasured by TG (thernogravinetric analysis), and.
the nol nunber is calculated in the same manner as in the above-descri bed
case. . 1912- Usual Iy, 50 to 100% of"
metal titaniumis supported on the resulting titaniumcontaining solid
catal'yst, though the anount differs depending on the inpregnation
condition or the follow ng treating nethod. There are two net hods
for controlling ratio of the no nunber of netal titaniumin the

|
i npregnat i on sol ut V§Baddyyh30 &l 03 ef mekak tdhaniym 45.8MPRArEeR O ri er

to preferable value. A first nethod is one in which the anpunt of netal

titani umto bEbenEeeyhking | titrRniymcontrining §okid ratalysty &h

group in a nunber which is preferable for the anpunt of petal is selected.
A second met h&hej ameuat; differs depending,on the lmpregratien Gondition
carrier is neasured, and. the inpregnpation amgunt of netal titaniumis
control | ed i nofprekerfpllovingctreatingmethedoyyal of a solvent, the

washi ng of a cat al *st after Ti supporting, and the calcination of a

catal yst conposit EBRFei3¥e Swemetheds LK (cpRE¥elddpgorrtig octthemd same
as described in the above-descri bed case I s preferable that

1).
al | cat al yst sPBBbgrRYmetaljeitanien jé’oﬁvé J)&'t‘%r?%%ﬁ‘:?"{eép wededog t9 ng

agent before
g mol number of a silanol group on the carrier to preferable

value. A first method is one in which the amount of metal
titanium to be impregnated is defined, and a carrier having
a silanol group in a number which is preférable for the amount
of metal is selected. A second method is one in which the
number of a silanol group on the carrier is measured, and
the impregnation amount of metal titanium is controlled in
preferable range.

The removal of a solvent, thewashing of a catalyst afte_r _
Ti supporting, and the calcination of a catalyst '
composition, following the liquid-phase supporting, are the
same as described in the above-described case (1).

It is preferable that all catalysts obtained as
described above are reacted with a silylating agent before
use. Examples of the silylating agent include an organic
silane, organic silylamine, organic silylamide and
derivatives thereof, and organic silazane, and other

silylating agents.



use. Exanples of the silylating agent include an organic silane, organic
silylam ne, organic silylam de and derivatives thereof, and organic
silazane, and other silylating agents. ,

-13- Exanpl es of the organic sjhgne include chlorotrimethylsilane,
di chl or odi met hyl si |l ane, chl or obr onodi met'hyl si | ane, nitrotrinethylsilane,
chlorotriethylsilane, iododinethylbutylsilane, chlorodinethyl phenyl sil ane,
chl or odi net hyl sil ane, di net hyl n-propyl chl orosil ane, '

???ﬁ?gﬁgiiﬁ?gfgglfgkgkgiégﬁ5§h§héc9§5% Lnggﬁpﬁkgglo “%S{srghlorosilane,

o ot Pyl oct adGBHPERESIBETPYTEI TARe, pAIgH S%&mﬁa&me

chi or opr opy| dPRIBHPPERRBASE %ﬁxasﬁ%%:%;?ﬁe PR,

i et hyl pheny PRAPEPEEEFERYLsL13RRy| SRRGILE °Sh§:wiﬁr:5w&§m

benzyldinethyLﬁ ng ihg%gylpﬂeggis %ggerOﬁik%gglmethylSLIane,
dimethyl n-propylchlorosilane,
dimethylisopropylchlorosilane, t-
butyldimethylchlorosilane, tripropylchlorosilane,
dimethyloctylchlorosilane, tributylchlorosilane,
trihexylchlorosilane, dimethylethylchlorosilane,
dimethyloctadecylchlorosilane, n-
butyldimethylchlorosilane,
bromomethyldimethylchlorosilane,
chloromethyldimethylchlorosilane, 3-
chloropropyldimethylchlorosilane,
dimethoxymethylchlorosilane, methylphenylchlorosilane;;
triethoxychlorosilane, dimethylphenylchlorosilane,
methylphenylvinylchlorosilane,
benzyldimethylchlorosilane, diphenylchlorosilane,
diphenylmethylchlorosilane, diphenylvinylchlorosilane,
tribenzylchlorosilane, 3-cyanopropyldimethylchlorosilane
and the like.

Examples of the organic silylamine include N-

trimethylsilylimidazole, N-t-butyldimethylsilylimidazole,



di phenyl net hyl chl or osi | ane, di phenyl vi nyl chl orosi | ane,
tribenzyl chl orosilane, 3-cyanopropyl di methyl chlorosilane and the Iike.
Exanpl es of the organic silylam ne include N ‘trinethylsilylimdazole,
N-t - butyl di net hyl silylimdazol e, 4- -14-
N-di net hyl et hyl sil yl i m dazol e, N—dlnethyT n- propyl silylimdazol e,
N-di met hyl i sopropyl silylimdazole, N-trinethylsilyldinethylamne, N
trinethylsilyldiethylanine N—trinethylsilylpyrrole' N-

pent af | vor ophdAURRERRI SRy piivTinigazolel’ Noainethy1 n-
cyanoet hyl (di et 0 L e |Iane and mpl es_of the
organi ¢ S|IyIeﬁﬁ%gfﬂ%ﬂfﬁgfyﬁéf¥9€§' FHQFEGF£Y£EFBBE°PY1511Y11m1daz°1e: '

N, O bi stri met IS|l ce d bistrinethylsilyltrifluoroacetan de,
N-  trimethyl H%% ﬁglyﬁgﬁﬁ?FQYlﬂpln?rlﬂﬁthyIS|Iylacetan1de

?t?ﬁ;?%;[gﬁlyfrlngé %ﬁé%ﬁzié %pg g&iﬁ%?nhggrlmeggylgllylpyrrole, N-
B:Jts)(”d?:atnﬁ;m;}%%w3f#+ Y oacg{.&m %lea ﬁnﬁrH%tPY%ﬁllYlplpeEi‘g#BPes of
Ehi grg?nlfefhgﬁéﬁﬁg}%é£$ﬁgﬁﬁﬁﬂ ngéﬁyégi§ié§%gn? 1heptanethyld|5|lazane
cyanoethyl(dlethylamino)dimethylsilane and the like.
Examples of the organic silylamide and derivatives
thereof include N,O-bistrimethylsilylacetamide, N,O-
bistrimethylsilyltrifluoroacetamide, N-
trimethylsilylacetamide, N-methyl-N-
trimethylsilylacetamide, N-methyl-N-
trimethylsilyltrifluoroacefamide, N-methyl-N-
trimethylsilylheptafluorocbutylamide, N-(t-
butyldimethylsilyl)-N-trifluoioacetamide, N,O-
bis(diethylhydrosilyl)trifluoroacetamide and the like.:
Examples of the organic silazane include
hexamethyldisilazane, heptamethyldisilazane, 1,1,3,3-
tetramethyldisilazane, 1,3- |
bis(chloromethyl)tetramethyldisilazane, 1,3-divinyl-
1,1,3,3-tetramethyldisilazane, 1,3-
diphenyltetramethyldisilazane and the 1ike.

Examples of the other silylating agents include N-

methoxy-N,O0-bistrimethylsilyltrifluoroacetamide, N-



bi s(chl oronet hyl )tetramet hyl di sil azane, 1, 3-di vinyl -
1,1,3, 3-tetranet hyl di sil azane, 1,3- diphenyltetranethyldisilazane and the

like.- Exanpl es of the other silylating agents include N

met hoxy-N, O-bistrinmethylsilyltrifluoroacgtam de, N

met hoxy- N, O-bi strinmethyl silyl carbamate, N, O bistrinmethylsilylsulfamte,
trimethylsilyltrifluoromethanesul fonate, N, N - bistrinmethylsilylurea and
the |ike. Among them hexanet hyl di silazane is preferably used.

Thus obt ai ned catal yst_can_ be used in_an hysi cal form such as, for
exanpl e, a povBekh °¥YaNe°-§§ﬁBF#@th$A$%Xziearhﬂuapsh|yuO- The

epoxi dation reaction is _conducted_by reaction between an organic

hydr oper oxi de kaﬁréﬂeﬁpgiﬁﬁ1Y%sF%§am@F§sence of a catalyst prepared in the
above-descri bed , net f he organi ¢ hydroperoxide is a conpound
having the geRE{BPtRE ﬁﬁi&lﬁﬁEf%PPF?MﬂEPQPﬁsuhfPﬁﬁFézeﬂtg a nonoval ent
hydr ocar byl this is reacted wwth an olef in type conpound to

n
obtain an OX|r%h€ %ﬁﬂﬁBﬁK&sbﬁﬂlﬂiﬁénﬁﬁﬁhHhG% 1ikp. R preferably represents a

group having 3 to 20 carbon -atons, nmore preferably a hydrocarbyl group
having 3 to 10 Among them, hexamethyl 511azane is preferably used.

Thus obtained catalyst can be used in any physical form
such as, for example, a powder, flake, sphgricai-particle
and pellet.

The epoxidation reaction is conducted by reaction
between an organic hydroperoxide with an olefin in the
presence of a catalyst prepared in the above-described
method.

The organic hydroperoxide is a compound having the
general formula R-0-0-H (wherein, R represents a monovalent
hydrocarbyl group.), and this is reacted with an olefin type
compound to -obtain an oxirane compound and a compound ﬁ-.
OH. R preferably represents a group having 3 to 20 carbon
atoms, more preferably a hydrocarbyl group having 3 to 10
carbon atoms, and further preferably a secondary and
tertiary alkyl group or aralkyl group. Among these groups,
particularly preferable are a tertiary alkyl group, and a
secondary or tertiary aralkyl group, and specific examples
thereof include a tertiary butyl group, tertiary pentyl

group, cyclopentyl group, l-phenylethyl-l group and 2-



carbon atons, and further preferably a secondary and tertiary alkyl group
or aral kyl group. Anong these groups, particularly preferable are a _
tertiary al kyl group, and a secondary or tertiary aral kyl group, and
specific exanples thereof include a terfsary butyl group, tertiary pentyl
group, cyclopentyl group, 1-phenylethyl-1 group and 2-

-16-  phenyl propyl -2 group, and further, various tetralinyl groups
produced by renoving a hydrogen atom froman aliphatic side chain of a
tetralin nolecyle. When an et hyl benzene hydroperoxide is_used, the
resul ted hydr cﬂtj}?nm? s94QYP e Adt fRFBher anvaripus chatradiaphvert ed
to styrene via dehydration reaction. \Wen cunene hydroperoxide is used,
the resul ted MRS PTOGRSSERY reROYipgmhydrogesakam froman adiphatic
converted to a-, ,nmethy] styrene via dehydration reaction. Styrene and a-
met hyl st yr ene S A3 PF R kgt ral 1y moleenleyupst ance. Tertiary
anyl ene generated by dehydratiaon reaction of tertjary, pentyl al cohol

obt ai ned by usi ng t"é}?’f N, sfhyihenzgne hedropercride i jasedecth®ich is
useful as a precursor . of isoprene. Tertiary pentyl alcohol is useful also
as a precur sdeSHtRA Rydrezyl conpound vis 4R Fn%iPEhapglarﬁ%t% canl ue
| nproving agent. t-Butyl alcohal obtained by using, t-butyl hydroperoxide
is a substanc WW‘?%C?@&%IS%%Pe prR AERYIFAtinR (XeactivRy| When

which is an octane | ye < g s
! 'S cumene’ ﬁyaroperoxlde is used, the resulted hydroxyl compound

is 2-phenyl-2-propanol. This can be converted to a-
methylstyrene via dehydration reaction. Styrene and a-
methylstyrene are both an industrially useful substance.
| Tertiary amylene generated by dehydration reaction of
tertiary pentyl alcohol obtainéd by using tertiary pentyl
hydroperoxide is a substance which is useful as a precursor
of isoprene. Tertiary peﬁtyl alcohol is useful also as a
precursor of methyl tertiary pentyl ether which is an octane
value improving agent. t-Butyl alcohol obtained by usirig
t-butyl hydroperoxide is a substance which is useful as a
precursor of methyl-t-butyl ether which is an octane value
improving agent.

The organic hydroperoxide used as a raw material may
be diluted or dense purified material or non-purified
material.

The olefin used in the present invention is not

particularly restricted, and may be a non-cyclic, mono-



i nprovi ng agent. The organi ¢ hydroperoxi de used as a raw material may

be diluted or dense purified material or non-purified nmaterial. The
olefin used in the present invention is not particularly restricted, and
rmay be a non-cyclic, nono- 17 - -17 -

cyclic, bicyclic or polycyclic compound dnd may be in the formof a
nmonool efin, diolefin or polyolefin. When two or nore ol efin-type

doubl e bonds exi st, they nmay be conjugated bond or non-conjugated bond. An
olefin type corrpound having 2 to 60 carbon atons is usually preferable. A
conpound havi eyclice dicyslienoxt paiycyclier comppuntyapdemnayabecinkbepl es
of such a nonoolefin include ethylene, propylene, butene-1, isobutylene,
hexene-1, hex&0am ofhéx Benodlefimonediplefiseer polyakedin. and

cycl ohexene. Exanples of the diolef in type hydrocarbon include butadiene
and isoprene. Thes¥henetwpnor ymre edesfiin:type dosbdeabondst exiehy, they it
is preferable that the substituent is a relatively stable group. Exanples
t hereof incl may hehgpojugatednboaddoruneneconjughted bond:i tAmmelefin

cont ai ni ng oxygen, sulfur or nitrogen atomtogether with hydrogen and/or
carbon atom rrﬁyp@xcgmpmae@rmr 2 ke 6duiean @tamsefis usyallhsat ur at ed

conpound i ncl ude allyl
preferable. A compound having 3 to 40 carbon atoms is

particularly preferable. Examples of such a monoolefin
include ethylene, propylene, butene-l", isobutylene,
hexene-1, hexene-2, hexene-3, octene-1, decene~1, styrene,
and cyclohexene. Examples of the diolefin type hydrocarbon
include butadiene and isoprene. These olefin type compound
may have a substituent, and it is preferable that the
substituent is a relatively stable group. Examples thereof
include a halogen atom, and further, various substituents
containing oxygen, sulfur or nitrogen atom together with
hydrogen and/or carbon atom may exist. Examples of the.
substituted olefin type unsaturated compound include allyl
alcohol s crotyl alcohol and allyl chloride.

An oxirane compound is a useful indust_:rial chemical
product. Propylene oxide can be converted to a useful
polymer product also by polymerization reaction or
copolymerization reaction. Epichlorohydrin obtained from
allyl chloride is also an industrially important compound.

Epichlorohydrin can be converted to glycerin. It is also



al cohol, crotyl alcohol and allyl chloride. An oxirane conpound is a
useful industrial chem cal product. Propyl ene oxide can be converted to a
useful polynmer product al so by pol ynerization reaction or
copol yneri zation reaction. Epichlorohydrig_obtained from allyl chloride is
al so an industrially inportant conpound. ~ Epi chl orohydrin can be converted
to glycerin. It is also - 18- possi bl e
to produce glycerin froman oxirane conpound which is obtained fromallyl
al cohol . The, epoxi dation reaction can be carried out in |i qui d- phase
usi ng a sol verRosFithbe & BFPQPPﬁgﬂmm firom 38| xivans gompoynd whighnt
shoul d be a supstance_ which is ui d under tenperature and pressure in
the reaction aH °1P%a%%%@tﬁ¥@maﬂl]ﬁ keoR@l agai nst reactants and product's.
. The sol vent may be conposed, of substance existi ng |n a dr oper oxi de

sol ution used. For Th@rppexidaicirn ammw tﬁgd&u% EBMP) is a
m xture of EBHP V\Ath et hyl benzene which is a raw materl al thereof, it may
al so possi bl digmid=phase aing a splpepti and4er 2 sidatingiagens. | Thesed
- as a solvent. A second solvent can be used as a diluting agent, and

as a sol vent R¥ENG ARG didyting, @gspdnshoudde Peaﬁesllb§f-é§°ea‘?'bmhl &s

nonocyclic con]Pounds (for exanple, benzene, toluene, chlorobenzene,
br ombbenzene, J.qu::.d under temperature and pressure in the reaction and

is substantially ;nact:.ve against reactants and products.
The solvent may be composed of substance existing in a
hydroperoxide solution used. For example, when
ethylbenzene hydroperoxide (EBHP) is a mixture of EBHP with
ethylbenzene which is a raw material thereof, it may also
possible that a solvent is not particularly added and this
is used as a solvent.

A second solvent can be used as a diluting agent, and
as a solvent. useful as the diluting agent, there are 1ist¢d
aromatic monocyclic compounds (for example, benzene, |
toluene, chlorobenzene, bromobenzene,
orthodichlorobenzene), alkanes (for example, octane, decane,
dodecane) and the like. An olefin type reactant in excess
amount can also be used as a solvent. Nainely r an olefin type
reactant in excess amount can be used as a solvent together
with the solvent added with the organic hydroperoxide. The
total amount used of the solvents is preferably 20 mol or

less (per 1 mol of hydroperoxide).



orthodichlorobenzené), al kanes (for exanple, octane, decane, dodecane) and
the like. An olef in type reactant in excess anount can also be used as a
solvent. Nanely, an olef in type reactant in excess anount can be used as

a solvent together wth the solvent ad _with the organic hydroperoxide.
The total anmount used of the solvents is” preferably 20 nol or less (per 1
nol of hydroperoxide). -19- The

epoxi dation reaction tenperature is usually from 0 to 200[err]C, and
preferably from25 to 200[err]C. The pressure may be a sufficient pressure
to retain the reactfThe epowidiationnreagtionf temperatysecisl nsuhadlyr Exemre is
advant ageously from 100 to 10000 KPa After conpletion of the

epoxi dati on rdhdid @00°G, nand Ywxeférably ufxom @25 te2e0°Ci.ngTHespressareduct s
can be separated froma catalyst conposition. Then, the mxture in liquid
form can be pumay bedasukfiniienth pressuredto Thetain ithe: zeactionmixtere
fractional distillation, selective extraction, filtration, washing and the
i ke. The sol vanidigpeidafoem. Imngenerall,cthe¢ presswrendiscadvyntageouslye can
al so be recycled and used again. The nmethod of the present invention can
be advant ageodiom df0 ited 1OK00uEKPag -a catalyst in the formof a slurry,

fixed bed. In the case of |large scale industrial operation, it is
preferable to use ASteFr ¢emplgiion of the'epoxidation reaction, amixture

in liquid form containing desired products can be separated
from a catalyst composition. Then, the mixture in liquid
form can be purified by a suitable method. The purification
include fractional distillation, selective extraction,
filtration, washing and the like. The solvent, catalyst,
unreacted olefin, unreacted hydropéroxide can also be
recycled and used again. Themethod of the present invention
can be advantageously carried out using a catalyst in the
form of a slurry, fixed bed. In the case of large scale
industrial operation, it is preferable to use fixed bed. Tﬂe
method of the present invention can be carried out by a batch
method, semi-continuous method or continuous method. When
a solution gontaining reactants is passed through fixed bed,
a mixture in liquid form exited from the reaction zone
contains no catalyst or substantially no catalyst.

The present invention could provide a titanium-
containing solid catalyst used for producing an oxirane

compound by reacting' an olefin type compound with an organic



met hod of the present invention can be carried out by a batch nethod,

sem -conti nuous nethod or continuous nmethod. When a soluti.on containing
react-ants i s passed through fixed bed, a mxture in liquid formexited
fromthe reaction zone contains no catajyst or substantially no catalyst.
The present invention could provide a titanium containing solid catalyst
used for producing an oxirane conpound by reacting an olef in type
conmpound with an organic -20 -

hydr oper oxi de, the catal yst having high activity and enabljng the intended
conver si on i n hydrepexaxidectthe qatalystathaving g rachirityaandd =
The follow ng exanples illustrate the present invention. (Influence of
pore di anet er esfabdang &he ipkended donverpientinm smaddex yeactor thamder
nitrogen flow, to a solution of tetraisopropyl titanate (2.2 g) in

i sopropanol (Xdaf e eanwentdanad methodt y| acetone (1.6 g) slowy with
stirring, then, the mxture was stirred for 30 m nutes at room
tenperature. To aThexfigldowing examples \ildustzake the ipresant (10 to 20
mesh, surface area 326 nferr]/g, average pore dianmeter 10 nm (50 g) wth
i sopropanol (ARYEAYLOMks added dropw se the above- described sol ution,

then the m xture was stirred for 1 hour .
(Influence of pore diameter of carrier)

Example 1
Preparation of catalyst

Under nitrogen flow, to a solution of tetraisopropyl
titanate (2.2 g) in isopropanol (20 ml) was added dropwise
acetylacetone (1.6 g) slowly with stirring, then, the '
mixture was stirred for 30 minutes at room temperature. To
amixture of commercially availablesilicagel (10 to 20 mesh,
surface area 326 m'/g, average pore diameter 10 nm) (50 g)
with isopropanol (230 ml) was added dropwise the above-
described solution, then the mixture was stirred for 1 hoﬁr
at room temperature before the mixture was filtered. The
solid portion was washed with isopropanol three times (total
amount 250 ml). The solid portion was dried for 2 hours at
150°C under air atmosphere. Further, it was dried for 4
hours at 600°C under air atmosphere. This substance (10 g),
hexamethyldisilazane (4 g) and toluene (50 g) were mixed,
and the mixture was heated under reflux for 1 hour with

stirring. Liquid was filtered off from the mixture. The



at roomtenperature before the mxture was filtered. The solid portion was
washed with isopropanol three tinmes (total ~anount 250 m). The solid
portion was dried for 2 hours at 150[err]C under air atnosphere. Further,
it was dried for 4 hours at 600[err]C Uémger ai r atnosphere. This substance
(10 g), hexanethyldisilazane (4 g) and Tbluene (50 g) were mixed, and the
m xture was heated under reflux for 1 hour with stirring. Liquid was
filtered off fromthe m xture. The -21-
resi due was washed with toluene (100 g), and dried under reduced pressure
(120[ err] C, 1Gresidpe wamwashed witthitoluenat ¢166tg) Mrendindried cinder
(titanium charge per unit surface area of the carrier was 0.5 [err]

mol /nferr]. Ssedumed présgumy(k202Coxilde mulgd), By homas!)i t® pbyadrere Wi th
et hyl benzene hydr oper oxi de ( EBHP) Thus synt hesi zed catal yst (3 g),
35% et hyl benz adatakyat op Shexaneuptsof) Tind titemiluer)e chatge) pexr amiltar ged i n
an autocl ave equipped with a nmagnetic stirred, and reaction was effected
at 90C for 1 rewrfacdlarexaf ithe roaurtiier was GiBHVw@mol/mdble 1. Exanple 2.
A catal yst was obtai ned |n t he same manner as in Exarrpl e 1 except that a
carri er havi n@¥nthesiks o D B = yiené

teteraisopropyl_ titanate and
with et ene (o] oxide P

Thus synthesized catalyst (3 g), 35% ethylbenzene
hydroperoxide (24 g) and propylene (17 g) were charged in
an autoclave equipped with a magnetic stirred, and reaction
was effected at 90°C for 1 hour. The reaction results are
shown in Table 1.

Example 2

A catalyst was obtained in the same manner as in ﬁxample
1 except that a carrier having an average pore diameter of
15 nm was used, amounts of teteraisopropyl titanate and
acetyl-acetone were controlled so that the amount of Ti
charge per unit surface area of the carrier was 0.5 4« mol/m®.
The epoxidation reaction results are shown in Table 1.
Example 3

A catalyst was obtained in the same manner as in Example
1 except that a carrier having an average pore diameter of
30 nm was used, amounts of teteraisopropyl titahate and

acetylacetone were controlled so that the amount of Ti charge

per unit surface area of the carrier was 0.5 g mol/m*. The



acetyl -acetone were controlled so that the amobunt of Ti charge per unit
surface area of the carrier was 0.5 [err] nol/nferr]. The epoxidation
react-ion results are shown in Table 1. Exanple 3 A cat al yst was
obtained in the same nanner as in Examplg, 1 except that a carrier having
an average pore dianeter of 30 nmwas used, anmounts of teteraisopropyl
titanate and acetyl acetone were controlled so that the anount of Ti charge
per unit surface area of the carrier was 0.5 [err] nol/nferr]. The

-22 - epoxi dation reaction results are shown in Table 1. Exanple 4

A catal yst waeRA¥idakicrn reartioncreswhts asej shewangneTablextept that a
carrier having an average pore dianeter of 50 nmwas used, anpunts of

t et erai soprop%xﬂﬁ%aﬂe and acetylacetone were controlled so that the
amount of Ti charge per_unit surface area of the carrier was 0.5 [err]
mol /nferr]. The epbRrtalysk wasmebtadinedsin thepamemannemassin BExample
Conparative Exanple 1 A catal yst was obtained in the sane manner as
in Exanpl e 1 JeSXGSPY khataacGR¥riel RAViRg AR AMerage pore diameter of 3
nmwas used, "anpunts of teteraisopropyl titanate and acetylacetone were
control | ed soXhAR WAS HiRce AMounNts ek jeeteraisoproryl fhitanate andt he

carrier was 0.5 [err] nmol/nferr]. The _ epoxidation reaction results are
shown i n Tabl &cgtylacetone were controlled so that the amount of Ti charge

per unit surface area of the carrier was 0.5 4 mol/m?’. The
epoxidation reaction results are shown in Table 1.
Comparative Example 1

A catalyst was obtained in the same manner as in Example
1 except 'that a carrier having an average pore diameter of
3 nm was used, amounts of teteraisopr'opyl titanate and
acetylacetone were controlled so that the amount of Ti charge
per unit surface area of the carrier was 0.5 & mol/m*. The
epoxidation reaction results are shown in Table 1.

In Table 1, activity is extremely low when a carriér
having an average pore diameter of 3 nm is used. When it
is 5 nm or more, activity is high. From these results,

influence by the average pore diameter is apparent.

Table 1

(Ti concentration is 0.5 & mol/m’.)

Comparﬁtive
. example
1 | 2 | 3 | 4 1

Example




In Table 1, activity is extrenely | ow when a carrier

pore dianeter

From-t hese results,

havi ng an aver age
of 3 nmis used. When it is 5 nmor nore, activity is high.
i nfluence by the average pore dianmeter is apparent.

Table 1 (Ti concentration is 0.5 [err] £§)I_/n{err] )

Exampl e Conpar ati ve exanpl e

1 2 3 4 1 - 23 -

Aver age pore dianeter of 10 15 30 50 3 carrier nM

SpeCi fic surfece—aree iT[ et~ ]7’§ 326 195 -5 +3 T

conver si on %{[aefdge pore dilfetdr S#. P 183.13 192.|5 30 | 1401 | PO sal ecti ¢n

ratio carriett. 8am90.1 91.6 |91.9 (13)

conversi on =jconsunmed EBHP (nol) /cwa%%e EBHP| (nol PO

sel ecti on r at|ispesi filcaaitEack &da( md)g [ cCUNSUNad®s HBRIPS ( 3:

reliabl e datg was not obtai ned becal e 5)f | ow jactiv

i npr egnat i on |EBHR ctonwérsimnsr | &r "'si | i :% ) ad? ¢ 98.3P | yst
PO selection ratio % * | %% |90.1 [91.6

*]1: EBHP conversion = consumed EBHP (mol)/charged EBHP

(mol) X 100

*2: PO selection ratio

produced PO (mol)/consumed

EBHP (mol) X 100
*3: reliable data was not obtained because of low
activity
(Water impregnation effect of carrier silica)
Example 5
Preparation of catalyst
A commercially available sili_ca gel (10 to 20 mesh,
surface area 326 m’/g, average pore diameter 10 nm, 55 g)
was impregnated in 2N HCl (200 g), and was allowed to stand
still for 14 hours. It was filtered, and washed with

deionized water until the filtrate became neutral. The

solid was dried under reduced pressure (200°C, 2 mmHg, 2
hours) to obtain a pre-treated silica. Under nitrogen flow,
to a solution of tetraisopropyl titanate (2.2 g) in

isopropanol (20 ml) was added dropwise acetylacetone (1.6

g) slowly with stirring, then, the mixture was stirred for



A comercially available silica gel (10 to 20 nesh, surface area 326
nerr]/g, average pore dianeter 10 nm 55 g) was inpregnated in 2N HC
(200-g), and was allowed to stand still for 14 hours. It was filtered, and
washed with deionized water until the _fjjtrate became neutral. The solid
was dried under reduced pressure (200[ert]C, 2 nmmHg, 2 hours) to obtain a
pre-treated silica. Under nitrogen flow, to a solution of tetraisopropyl
titanate (2.2 g) in isopropanol (20 m) was added dropw se acetyl acet one
(1.6 g) slowwy with stirring, then, the mxture was stirred for

- 24- 30 m Af einutes @t (oo rtenpexature. To a mixture of the silica
gel which had been subjected to water inpregnation treatnent as described
above (50 g) with Tosgprbetese af2tbegiliea gaddwhighdad beenmhsubjected
described solution, then the mxture was stirred for 1 hour at room

t enperat ure arkP Waten Hapregnatdonareatmentd asTdescribed pberveo50ag)
washed with isopropanol (60[err]C, 20 hours). The solid portion was dried
for 2 hours atwilgo[isopnropantk (@30 mkhvamadded dxopwisetthesabover ned
for 4-hours at 600[err]C _under air atnosphere. This substance (10 g),
hexamet hyl di sidesqiibqd sgludien,othenthsmigture wags seirred fon Achauxt ure

was heated under reflux for 1 hour with stirring. Liquid was filtered off
fromthe m xt @eroppstemperature and then the mixture was filtered. The

solid portion was washed with isopropanol (60°C, 20 hours).
The solid portion was dried for 2 hours at 150°C under air.
atmosphere. Further, it ﬁas calcined for 4 hours at 600°C
under air atmosphere. This substénce (10 g),
héxamethyldisilazane (4 g) and toluene (50 g) were mixed,
and the mixture was heated under reflux for 1 hour with
stirring. Liquid was filtered off from the mixture. The

residue was washed with toluene (100 g), and dried under

reduced pressure (120°C, 10 mmHg, 3 hours) to obtain a

catalyst.
Synthesis of propvlene oxide (PO) by ;geactigg propylene
with ethylbenzene hydroperoxide (EBHP)

Thus synthesized catalyst (Ti content based on charge
0.75% by weight, 3 g), 35% ethylbenzene hydroperoxide (24
g) and propylene (17 g) were charged in an autoclave equipped

with a magnetic stirred, and reaction was effected at 90°C

for 1 hour. The reaction results are shown in Table 2.

Example 6



resi due was washed with toluene (100 g), and dried under reduced pressure
(120[err]C, 10 mmHg, 3 hours) to obtain a catalyst. Synthesis of :
propyl ene oxide (PO by reacting propylene wth ethyl benzene hydroperoxi-de
( EBEP) Thus synt hesi zed catal yst_ %%i_ content based on charge 0.75%
by weight, 3 g), 35% et hyl benzene hydropéroxide (24 g) and propyl ene (17
g) were charged in an autoclave equipped wth a nagnetic stirred, and
reaction was effected at 90[err]C for 1 hour. The reaction results are
shown in Table 2. Exanple 6 . =25 -

A catal yst was obtAicdt@lyst vas ahhaineddn the sanemapNer as i Examplieat t he
solid portion was washed with isopropanol for three tinmes at room

t enper at ur e ndtexgepothat) the Brlid portden vasrvashed with disoprapansdown .in
Table 2. Exanple 7 A catal yst was obtained in the same manner as in.
Exanpl e 6 exfeptthihee timesaatrréom témperature nateati 69fCGgn&hen was
HC water having pH of 3. The epoxidation reaction results are shown in
Tabl e 2. Exafpbridgation reachienyrsesyitsoarei ahewnninh®abdee2ranner as in
Exanple 7 except- that the water for the carrier water -inpregnation was
wat er havi ng B¥rR®P1€ % The epoxidation reaction results

A catalyst was obtained in the same manner as in Example
6 except that the water for the carrier water impregnation
was HCl water having pH of 3. The epoxidation reaction
results are shown in Table 2.
Example 8

A catalyst was obtained in the same manner as in Example
7 except that the water for the carrier water impregnation
was water havingpHof 5.5. The epoxidation reactionresults
are shown in Table 2.
Example 9

A catalyst was obtained in the same manner as in Examplie
8 except that the water for the carrier water impregnation

| was ammonia water having pH of 11. The epoxidat;ion reaction

results are shown in Table 2.
Comparative Example 2

A catalyst was obtained in the same manner as in Example
5 except that a carrier which had not been subjected to water
impregnation treatment was used. The epoxidation reaction

results are shown in Table 3.



are shown in Table 2. Exanple 9 A catal yst was obtained in the sane
manner as in Exanple 8 except that the water for the carrier water

i npregnation was amoni a water having pH of 11.. The epoxi dation reaction
results are shown in Table 2. Conparat iz\ée Exanpl e 2 A catal yst was
obtained in the same manner as in Exanpl®® "5 except that a carrier which
had not been subjected to water inpregnation treatnent was used. The
epoxi dation reaction results are shown in Table 3.

-26 - Conparative Exanple 3 A catal yst was obtained in the sane
manner as in EomppratifecExampliehad a carrier which had not been subjected
to water inpregnation treatnent was used. The epoxidation reaction
results are shown RAncdbalysBwas obtaineddhl thesamsimanner as igHixampbet
propyl ene oxide selection ratio does not change and about 2-fold increase
in activity i 6 extephtdhalyacanitier whichchad natebeeatsubjecird goarater
(compari son of reaction speed constant). From these results, the effect of
the carrier wimpregmatdgmatreatmentappsiused. The epoxidation reaction

results are ishown in Table 3.

In Tables 2 and 3, it is shown that propylene oxide
selectioﬁ ratio does not change and about 2-fold increase
in activity is obtained by conducting the carrier water
imprégnation (comparisdn of reaction speed constant). From
these results, the effect of the carrier water impregnation

is apparent.



- 27 - Table 2 Exanpl e
5 . 6 7 8 9 Carrier water 2N HO 2N Hd
HC Water NHerr] inpregnation condition Water Wat er Wat er
Wat er pH<O0. 1 Q@ﬁp;l pH=3 pH=5.5 pH=11
Washi.ng tenperature 60[err] C Room Room Room Room
tenpe- tenpe- tenpe- tenpe- rature
rature rature rature EBHP conversi-on[err] % 99.6 99.8 99.7
99.7 99.5 Reaction velocity constant k h[err]g-cat[err]
1.8 2.1 Table 1.9 1.8 PO selectionratio % 90. 8
84.9 86. 3 852877 fFabte—3
Conpar ati ve exanpl e Exapple 3
Carrier water No | npregngati&n I\H) | nprednat¥on | i nBreghati%n
condi tion V\ags#yigrtwqur ature |28 BC1 HRferql] CHCL Wwatem t Emmer at yir e
EBHP conver si pAmgtegnation condi$idn | Water |Watgd5. (| Wat&eadti on ve| watery
constant k h[err]g-cat[err] pa<0.1 |pH<O0.1 (] pE=3 pHE=5.5 1} gB=1RO
selection rat{fo % 90.0 _ 84.8 [err] EBHP
conversi on = ¢HpRHREtERAFatYFSl ) / LERF ged| Bp P ((RePR X Room
tempe-~ | tempe- | tempe- | tempe-
rature |rature |rature | rature

EBHP conversion' % 99.6 99.8 99.7 99.7 99.5

Reaction velocity

constant k

hig~-cat™? 1.8 2.1 1.9 1.9 1.8
PO selection ratio % |90.8 84.9 86.3 85.2 87.7

Table 3

Comparative example .
2 3

Carrier water
impregnation condition

No impregnation | No impregnation

Washing temperature 60°C Room temperature
EBHP conversiocn $ 95.5 96.0
Reaction velocity
constant k

hg-cat™ 1.0 1.1
PO selection ratio % 90.0 84.8

* EBHP conversion = consumed EBHP (mol)/charged EBHP
(mol) X 100
* k = 1n ((charged EBHP (mol)/remaining EBHP

(mol)/catalyst weigfxt (g)/reaction time (h))



[err] k = 1n ((charged EBHP (nol)/remaining EBHP (nol)/catal yst wei ght
(g)/reaction time (h)) -28 -

[err] PO selection ratio = produced PO (nol) /consuned EBHP (nol) X 100
(Ml ar ratio of silanol group on carrierpgo nmetal Ti in titanium

| npregnation) Exanple 10 Preparation 02f cat al yst Under nitrogen
flow™ to a solution of tetraisopropyl titanate (0.37 g, 1.3 X 10[err] nol)
in isopropanol (10 m) was added dropw se acetyl acetone (0.27 g) slowy
with stirring, then, the mxture was stirred for 30 mnutes at room
tenperature. To a nt POuselet¢tiohimatiget pPSducediPQ{mol)/copsumedhEBHR. 2 X
10[err] nol/g) with isopropanol (120 mM) was added dropw se the
above-descri bednalo) UXi D00 then the m xture was stirred for 1 hour at room
tenperature and then the mxture was filtered. The ratio (A/B) of the nol
number (A) of (Malar xatimiafnsidaned ignoupren i Garsienttemetal NBindn
number (B) of a silanol group on the carrier was 0.02 . Then, the solid
portion was wdsHaniym RRpRRgnaten) three tines (total amount 120 ml) .. The
solid portion was dried for 2 hours at 150[err]C under air atnosphere.
Further, it wExample i for 4 hours at 600C under air atnosphere. This
subst ance (10 :

Preparation of catalyst

Under nitrogen flow, to a solution of tetraisopropyl
titanate (0.37 g, 1.3 X 10 mol) in isopropanol (10.m1) was
added dropwise acetylacetone (0 .27- g) slowly with stirring,
then, the mixture was stirred :-E.or 30 minutes at room
temperature. To amixture of silica gel (25 g, silanol group
number 2.2 X 102 mol/g) with isopropanol (120 ml) was added.
dropwise the above-described solution, then the mixture was
stirred for 1 hour at room temperature and then the mixture
was filtered.. The ratio (A/B) of the mol number (A) of metal.
titanium in the impregnation solution to the mol number. (ﬁ)
of a silanol group on the carrier was 0.02 . Then, the solid
portion was washed with isopropanol three times (total
amount 120 ml). The solid portion was dried for 2 hours at
150°C under air atmosphere. Further, it was calcined for
4 hours at 600°C under air atmosphere. This substance (10
g), hexamethyldisilazane (4 g) and toluene (50 g) were mixed,
and the mixture was heated under reflux for 1 hour with

stirring. Liquid was filtered off from the mixture. The



g), hexanethyl disilazane (4 g) and toluene (50 g) were m xed, and the

m xture was heated under reflux for 1 hour with stirring. Liquid was
filtered off fromthe m xture. The -29 -
resi due was washed with toluene (100 g)_,2 nd dried under reduced pressure
(120[err]C, 10 mmHg, 3 hours) to obtain @ catalyst. Synthesis of

propyl ene oxide (PO by reacting propylene wth ethyl benzene hydroperOX| de
( EBHP) Thus synt hesi zed cat al yst (3 g), 35% et hyl benzene

hydr oper oxi de and prop | ene,_ ( re charged in_ an autocl ave
equi pped with éﬁﬁt’égﬂt%t‘ﬁs Y3 %41 W’a‘ﬁél #Q%&n%n(l%sgbi fard edr bed comiesr 1
hour. The reaction results are shown in Table 4. Exanples 11 to 15 and
Conpar ati ve BXgfAneed pressuxmi6l2®Cs U6 amblglai3ndoduns )t e obtmimmer as
in Exanple 10 except that the amounts of tetraisopropyl titanate and
acetyl acet one Gl rolled so that the nol nunber of netal titanate in
the inpregnation sol ution had a val ue shown in Tabl e 4 or 5. The
epoxi dati on r eSS QRBLSN.QX ide, (PQ) & § '
4 and 5, when the rati o of the ol nurrber of rretal t|tan| umin the
i npregnati on s = AP gids #8dl- group on the carrier

is 0.2 or |ess, the selectl ratjo is_hi hr as crE:)ared with the case in
which the ratio Thus synt es:.zed catalyst (3 g), 35% ethylbenzene

hydroperoxide (24 g) and propylene (17 g) were charged in
an autoclave equipped with a magnetic stirred, anti reaction
was effected at 90°C for 1 hour. The reaction results are
shown in Table 4.

Examples 11 to 15 and Comparative Example 4

Catalysts were obtained in the same manner as in Example
10 except that the amounts of tetraisopropyl titanate and
acetylacetone were controlled so that the mol number of metal
titanate in the impregnation solution had a value shown in
Table 4 or 5. The epoxidation reaction results are showh
in Tables 4 and 5.

In Tables 4 and 5, when the ratio of the mol number of
metal titanium in the impregnation solution to the mol number
of a silanol group on the carrier is 0.2 or less, the selection
ratio is higher as compared with the case in which the ratio
isover 0.2. Apparently, it is important to limit the ratio
to 0.2 or less for obtaining a catalyst having higher

selection ratio.



is over 0.2. Apparently, it is inportanttolinit theratio to 0.2 or |less
for obtaining a catal yst having higher selection ratio.
- 30-. Tabl e 4 Exanpl e
10 11 12 13 Silanol group on3§arr ier (1) X 10[err] nol (B)
55 50 - 58 61 itaniumin inpregnation solution
(1) x 10[err]mol (A) 1.3 1.3 2.6 3.9
(A)/(B) 0.02 0.03 0.04 0. 06 PO
selection ratio (2) % 92 92 90 85 EBHP
conver si on (3;'al%e 41 87 88 94 99.8 Table 5
Exarrple W'llpcu atrve
exanpl e 14 | Example Silandl
group on carnfier (1) X 10[ err] noll (‘B0 11 4 12 45 13 45
Metal titanid yition (1) x -10[ err] ol [(A)
3.9 7. e@‘i‘“",%(f ?‘%)‘? s s Q09| ., 0.f17
0. 26 PO sellection rati o (2) % %5 82 79 EBHP
conversi on (Iuetas kitanium’Pn 87 91
impregnation solution ¥
x 107mol (A) 1.3 1.3 2.6 3.9
(R)/(B) 0.02 0.03 0.04 0.06
PO selecticn ratio ¥ % 92 92 90 85
EBHP conversion ) g =] 87 88 94 99.8
Table 5
Comparative
Example example
14 . 15 4
Silanol group on carrier ¥
x 10 °mol (B) 45 45 45
Metal titanium in
impregnation solution '
x 107”mol (a) 3.9 7.8 11.5
{A)/(B) 0.09 0.17 0.26
‘PO selection ratio ¥ § 85 82 79
EBHP conversion ) g *1 96 87 91

1) amdun_t per 25 g of carrier silica gel

2) PO selection ratio = produced PO (mol)/consumed EBHP
(mol) X 100
3) EBHP conversion = consumed EBHP (mol)/charged EBHP (mol)

X 100



1) anount per 25 g of carrier silica gel 2) PO selection ratio =

produced—PO-(nmnl)/consumed EBHP  (nol) X 100 3) EBHP
conuer;'iﬁ—consumadEBHP (mol)/charged EBHP(mol) X 100 - 31-

VWhat i 1. Atitapiumcontaining solid catal yst used
for ﬁmmu,”ﬂmum,om rane corrpoundggy reacting an olefin type
corrpound wth an orgarfi ¢ hydroperoxi de, wherein the catal yst is

obt ai nabl e by at |east one nethod selected fromthe following (1) to
(3): (1) a titani_um conpound is supported on silica having

an average poWBafi afecdpimed Asasured by a rrercury pressi ng met hod of
S5 nmor nore and having pore distribution in wiic at | east 60% of
pore volume i s conpesBdtétapbumscantaiping s°11dp6ﬁ§aéh’&ﬁeﬂ’§|edv\nfﬂ¥ in the
range of D 0.3 D (nm, and is cal cined , i)_schals

i npregnat ed i PEQERELNgt ABNOKLFaRE ﬁﬁ@Pﬂund byt Fﬁéﬁtﬂ-ﬂ\gcéﬁp ing t3§"|l’t?ported
on the silica, then calcined, 3) silicais inpregnated in

titani um cont @MPARNd with apergandc W%@Pﬁ%’?ﬁhdgaﬁwwt ﬁé’ﬂ*{ﬂlm ng

[formila- L and.is calcined : %rerql]
[formul a-1] is obtainabje hy| akuisastopnremgthed amlm tfweni W€ gnat i on

following (1) to (3):

(1) a titanium compound is supported on silica having
an average pore diameter (D) measured by a mercury pressing
method of 5 nm or more and having pore dist-ribution in which

.at leagt 60% of pore volume is composed of pores having a
pore diameter within the range of D * 0.3 D (nm), and is
calcined ,

(2) silica is impregnated in water, then dried, and a
titanium compound iS supported on the silica, then calcined,

(3) silica is impregnated in a titénium—containing
impregnati:on solution satisfying the following [formu‘la-- :
1], and is calcined P

A/B £ 0.2 [formula-~1]

A: mol number of metal titanium in the impregnation
solution

B: mol number of a silanol group éxisting in silica.

2. The catalyst obtainable by further silylation of
the catalyst according to Claim 1.

3. A method for producing an oxirane compound in which



sol uti nunber of a silanol group existing in silica.

2. The cata e by further silylation of t he catal yst
accar di n‘;\mmt ﬂ\“ \ 3. A nethod for producing an oxirane

conpound -32 - an olefin type
conmpound is reacted mnth an organic hyﬁ?operOX|de In the presence of the
catal yst according to Claim1 or 2. 4. The nmethod according to Caim
3, wherein the olef in type conmpound is propyl ene. 5. The net hod

according to Claim3, wherein the organic hydroperoxide is ethyl benzene
hydr oper oxi dean olefin. t¥pe cempoundcisrdeagted w@ishmad, owgandion t he ol ef
in type conpound is propylene and the organic hydroperoxide is

et hyl benzene hydroperoxide in the presencenofhtbecatalyysy accarding 30
wherein the olef in type conpound is propyl ene and the organlc

hydr oper oxi deClaimt 1bery2. hydr oper oxi de.

4. The methed according to Clam 3, wherein the olefin
type compound is propylene.

5. The method according to Claim 3, wherein the organic
hydroperoxide is ethylbenzene hydroperoxide.

6. The method according to Claim 3, wherein the olefin
type compound is propylene and the organic hydroperoxide is
ethylbenzene hydroperoxide. .

7. The method according to Claim 3, wherein the olefin

type compound is propylene and the organic hydroperoxide is

t-butyl hydroperoxide.



