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CATALYST AND PROCESS FOR PRODUCI NG OXI RANE COVPOUND wa
BACKGROUND OF THE | NVENTI.ON The present invention rel ates2b411
a catal yst used for producing oxirane conpounds and a process for

" produci-ng oxirane conpounds using the catal yst. 5 It is

already known in the art to react an
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ofefihic conpound with an organi ¢ hydroperoxide with the aid of a

het er ogeneous catal yst conprising at |east one silicon conpound,

sel ected fromthe group consisting of solid silica and inorganic
silicates, in chem cal conbi- 10 nation sw1lh-an oxide or hydroxi de of
titanium to convert the olefinic conpound into an oxirane conpound
(JP-B-56-35941, 54-40525, 54-40526 and 50-30049). . The

het er ogenous cat al yst conprising solid silica and/or inorganic
silicate and titaniumchenically 15 bonded thereto can be prepared by
vari ous known net hods. For exanple, a nethod is known which conprises
| npr eg- nating the silicon conpound with a titanium conpound in

sol vent, then '

conposi tion.

method is unsatisfactory!ﬁn hot h

scal e produc- he pﬁ??ﬁﬁtv&égéégié%cgg Y?soFotﬂec%E?i;§§t i s
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comrer ci al

| ow,
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selectivity is

I the sal vent._and cal cining the remai ni ng
H&%@éﬂg{{hi QS HE SNERBLONG 20 by the above- nenti oned

sel ectivit

large purifi caigryadcitld id4 8% &ompounds ysing the . catalyst.
necessary and the enerdy necessary for purification is
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It is already known in the art to react an
olefinic compound with an organic hydroperoxide with the
aid of a heterogeneous catalyst comprising at least one
silicon compound, selected from the group consisting of
solid silica and inorganic silicates, in chemical combi-
nation with an oxide or hydroxide of titanium, to

convert the olefinic compound into an oxirane compound

- (JP-B-56-35941, 54-40525, 54-40526 and 50-30049).

The heterogenous catalyst comprising solid
silica and/or inorganic silicate and titanium chemically
bonded thereto can be prepared by various known methods.
For example, a method is known which comprises impreg-
nating the silicon compound with a titanium compound in
a solvent, then removing the solvent and calcining the
remaining composition. However, the catalyst prepared
by the above-mentioned method is unsatisfacfory in both
éctivity and selectivity. In commercial scale produc-
tion, whgn the activity of the catalyst is low,
excessively large reactors are necessary; when the
selectivity is low and the amount of by-products is

large, excessively large purification facilities are

a
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h?gh, resulting in a high production cost. Accordingly, devel opnment  of
a catalyst which is excellent both in activity and in selectivity has
been eagerly desired. 5 The present inventors have nade
ext ensi ve study to devel op a catal yst 2nm+ ch can be used in
produci ng oxirane conpounds with excellent activity and L e&cellpnt
selectivity. Anecagsaryupnd thehegnepgynnecessary forhgurd fdatediiont i epar ed
by a process which, in addition 10 to the process steps of the
above- ment i onePigRonwkeRuLESRg in af bighr pFedueFionc sostyst AcaersEqnadl y t o
the step of nDV|ag ﬂ?e sol vent used for inpregnation, further

S

comr ot ne dewp{Chiethsntn Fﬁ@a”f*“"@lﬁ‘t “Sz:fﬁeii*ff‘“ﬁ"??‘zi'”sr:yazﬁd
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present | nvent seday! 88" 8edbfop a cBEAYYARIWA1BA! BaAIBICHLRL LRl VSt used

for prodUC|ng an oxI rane conpoun y reacting an ol ni"C conpound
wi th Qgﬁéﬂuélﬁddbﬁﬂﬁéﬁé'éémﬁﬁhﬁascﬁ&%hy%kcb&l%MR?E@&HW&H?’and
I nsol ubl e |n the reaction mxture, conprises at least 25 one silicon

conpound, sel eskedllent) s8kegt2uRtyONSABt the resul®f, 3@ hdsSHder? fHhd
inorganic silicates, in chemca
that a catalyst prepared by a process whlch, in addition
10 to the process steps of the above-mentioned known method .
for preparing a catalyst, subsequently to the stép of
‘removing the solvent used fo¥ impregnation, further
comprises the steps of wﬁshing the mixture with a
washing solvent and then removing the washing solvent
15 exhibits both excellent activity and excellent
selectivity when used in producing oxirane compounds.

The present invention has been accomplished on the basis

of above finding.

SUMMARY OF THE INVENTION

20 According to the present invention, there are
provided a héterogeneous catalyst used for producing an
oxirane compound by reacting an olefinic compound with
an organic hydrbperoxide which catalyst is substantially
insoluble in the reaction mixture, comprises at least

25 one silicon compound, selected from the group consisting
of solid silica and inorganic silicates, in chemical

combination with an oxide or hydroxide of titanium, and
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cBnbination wi th an oxide or hydroxide of titanium and

- 3- I s obtained by a process conprising the steps of: . (a)

i npregnating the silicon conpound with a titani um conpound in a

sol vent for inpregnation, (b) *+edoving the solvent for

| npregnati on, 5 (c) then washing the remai ning conposition with a

washi ng sol ventisambtadmad hy tthonecsss comprising she steps of:(d) then

cal cining the residual conposition; and a process for producing an

oxi rane conpound by (2) Hﬂﬁﬁﬁgnﬁf¥ng(ﬂhﬁ|$ik#Q9nwﬁmmmpww¢hwahhoaganlc 10
hydr oper oxi de |n t he presence of the said catal yst, DETAI LED
DESCRI PTI ON OF B2 W@Eﬁﬂ“@@uﬂ in a solvent rﬁ%t!dnm%n%h‘ém ons, in
eneral, an ant condltl n for. att.aining, h h act1V|ty and hi gh
gelect|V|ty is to pr%ﬂ Nt el eﬁ%&??ﬂﬁl{b¥uim gnatiQhyes. In the

t the tig caIIy
prsant veig T 103 %m%ﬁmganr.emama SOl E TR
catal ytically. washrﬂalgeaﬁaﬁéﬂand'}éﬂﬁb ﬁiﬁ@ éSPMQnQEtQRS

after inpregnation, after nmerely renoving he so ve
(d) then calcining the residual composition;

and a process for producing an oxirane compound by
reacting an olefinic compound with an organic

10 hydroperoxide in the presence of the said catalyst.

DETAILED DESCRIPTION OF THE INVENTION
In catalytic reactions, in general, an

important condition for attaining high activity and high

selectivity is to prepare uniform catalytically active
15 sites. 1In the present reaction, it is generally thought

that the titanium chemically bonded to solid silica
and/or inorganic silicate constitutes the catalytically
active sites. 1In the above-mentioned known method,
after impregnation, after merelj removing the soivent
"20 used for impregnation, the next step of calcining is

conducted. In this method, accordingiy, the composition
~proceeds to the step of calcining while still containing
residual titanium compoﬁnd not chemically bonded to the

solid silica and/or inorganic silicate. The remaining
25 titanium compound not bonded chemically is considered to

be converted into titania having low activity and low

selectivity by calcinihg. It is considered that, as the
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20 used for | npregnation, the next step of calcining is conducted. In

this method, accordingly, the conposition proceeds to the step of
calcining while still containing residual titani um conpound not
chem cally bonded to the solid silica @&nd/or inorganic silicate. The

remaining 25 titanium conpound not bonded chemically is considered to

be converted i mesult,artile otiine |sitestofi chemical by bondedetbtanyimy by
calcining. It is considered that, as the

-4- resul @nd Hd tania dayving low ariivity yandntied seleativity comed
titania having low activity and |ow selectivity come =~ to exist together
in the product ' &%fist tpgether in the pxeduck, |xeeulteingtiniay and

the ' tea GRERIRy S HRRRA SHCFERG AT TELSRT IR Compothe - not
bondedcherls Aot i Bilderi Rl Sindd hECB e puvel bbYed doEhOR
onoving the sdrvent, SERARF THY Mhoi e noBlA MG NEPERL g CotrShng
hashi ng S0l vent ot G b RRY 10 as enEbl U pos oL U RIAELERE L
_ obtained.by th@ntly found that a catalyst which shows excellent
reaction results can be obtained, after impregnating a
10 silicon compound with a titanium compound and then
removing the solvent used for impregnation, by further
washing the remaining composition with a washing
solvent, then removing the washing solvent, followed by
calcining. As compared with catalysts obtained by the
15 prior method which comprises no washing step, the
catalyst of the present invention is excellent both in
activity and in selectivity.
The catalyst of the present invention contains
titanium chemically bonded to solid silica and/or
20 inorxrganic silicéte, and the titanium is.considered to be
present in the tetravalent state. Further, it is
considered that the titanium is bonded to the solid

silica and/or inorganic silicate in the form of an

oxide, for example,

-Si-0-Ti-0-Si-
0]
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15 prior nethod which conprises no washing step, the catal yst of the

present invention is excellent both in activity and in selectivity.
The catal yst of the present invention contains titaniumchemcally
bonded to solid silica and/or 20 inorgamri & silicate, and the titaniumis
consi dered to be present in the tetravalent state. Further, it is
consi dered that the titafhemsiodidosdddcao andd ogpliinprganicigikicatey or
inorganic silicate in the formof an . oxide, for exanple,

[err] used in the PreFﬁ@tséPW@QﬁHQHHFQﬂﬁﬂmﬂ'HHﬁﬁ?ﬁﬂlesﬁ%icates
used in the present inyention contain_preferably at east 50% npre
preferably at ﬁ@ﬁﬁ' ‘?géq' Rore predferably at leasy Ji%, gest iprefarakln of

S R o R g S A B
Pt Y SRR AR IR Aol st SNt
porous 10 silhgdeOh 2el8tiVe1§ 1aligeh sPeRiifiv dficd %% Pathe
' specific surface area is preferably at least 1 m?/g, more
preferably 25-800 m?/g.
The silica is preferably synthetic porous
10 silica of a relatively high density and of close pack
type which is composed of amorphous silica particles
coagulated or bbund to one another, and may be, for
example, silica gel, precipitated silica, or the like.
The method of preparation of such synthetic silica and
15 its properties are described in "The Colloid Chemistry
of Silica and Silicates", (written by R. G. Iler, pub.
by Cornell University Press, New York, U.S.A., 1955,
Chapter VI) and U.S.P. No. 2,657,149. Among the silica
gels available on the market, those which have a speci-
20 fic surface area of 25-700 n@/g, pore volume of 0.3-2.0
ml/g and silica content of at least 99% by weight are
preferably used. Silica powders consisting of particles
of amorphous silica flocculated in open-packed, readily
disintegrated, loosely knit aggregates may also be
25 favorably used. An example of such silica is fumed
pyrogenic silica obtained by subjecting hydrogen and -
oxygen together with silicon tetrachloride or silicon

tetrafluoride to combustion operation. Various silicas
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type which is conposed of anorphous silica particles coagul ated or

bound to one another, and may be, for exanpl e, silica gel,
precipitated silica, or the like. The nmet hod of preparation of such
synthetic silica and 15 its properties ar@& <€escribed in "The Colloid
Chem stry of Silica and Silicates", (witten by R G _Iler, pub.

by Cornell Uni R $his feind ane@vaklable Dn the gssrket, withaht éncVileand
U S.P. No. 2,657,149. Anong the siljca gel s avail abl e on the narket,

those which ha/®% egsRle, Gab1ersil (ackestetered 2trade nark, méde byl ume
8]; e?e?agls use(ﬁ:.a%ﬂgi n%@‘ﬁ%ﬁ?ﬁ%ﬁ g?ﬁé%ﬁgg&ggdmglﬁggtﬁnggghous.

Gt oy W P Aoy p RSB S0 LR
toget her wi Th Sitics Heddibddy didhoue AL MV 'Y 0RERr e f aur g8 9°"

conbustion opelgldz0s \GH15UF ll?lé%: afa siﬁ.ica conten\}\amoc.;fh at least 99%.

-6- of this kind are avai e on the market, I nclu

exanpl e, Cab-o-sil (a reghsifta il i dos T featls knowtaRe!

Corporation) and Aerosil (a registered trade nmark,
molecular sieves may also be used as the solid silica

for

and/or inorganic silicates. Naturally occurring

10 crYstalline silicates may also be used, examples of
which include asbestos minerals, such as serpentine
(hydrous magnesium silicate), clay minerals, such as
hectorite (lithium magnesium silicate), kaolin and
bentonite, and mica minerals, such as phlogopite

15 (aluminum magnesium potassium silicate) and vermiculite.
(hydrous magnesium silicate).

Among these kinds of silica and silicates
described above, synthetic amorphous solid silica and/or
inorganic silicates are preferably used, and those which

20 consist substantially of pure silica and have a silica
content of, for example, at least 95% are particularly
preferably used.

The solvents used for impregnation and washing
may be oxygen containing organic sol#ents which have 1

25 to about 12 carbon atoms and are liquid at ordinary
temperature. They are, for examples, alcohols, ketones,
ethers (both acyclic and cyclic) and esters. Specific

examples thereof include aicohols, such as methanol,
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content of at
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be used,
serpenti
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m ner al s,
and vermculit
t hese ki nds of _silica

Degussa). Particularly preferred anong these 5 silica products
are those which have a specific surface area of 50-500 n2/g and silica

| east 99% ©  Crystalline alumnosilicates known

nol ecul ar sieves may also be used-ap +he solid silica and/ or
i norganic silicates. Naturally occurring 10 crystalline silicates may al so
exanpledhamol, ethpierte igigtaale, gubesybenen gkyedl, isoprepanol,

ge(ntm-&m

ydrous magnesiumsilicate), clay mnerals, such as
hﬂﬁg&xﬁnﬂnqnﬂangﬁx»keten#sr1sumh as adetonejtejethglni ca

such_as phlogopite 15 (al um num nmagnesi um potassi um silicate)
é‘etO%e o %ﬁg}lﬁt}s QHt}%eé?%ﬁQﬁ |anchmegthyl Iolsobu'cyl ketapeng

i cat es descri ove, synthetic
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carbon atons a

alco%% S,

Speci fic
wash

10 used

opi®nlait@li d at ordinary tenperature. They are, for
ket ones, ethers (both acyclic and cyclic) and

examhem Hhy eflvai U Aghdmat S aAe £Fé hanol

ing solvent may be the same or different, preferably

as the washing solvent are above-mentioned

alcohols.

The titanium compounds used in the present

invention may be soluble titanium salts of inorganic

acid

8 or organic acids and titanic acid esters.

15 - Specific examples of the titanium compounds include

tetramethyl titanate, tetraethyl titanate, tetrapropyl

titanate, tetraisopropyl titanate, tetrabutyl titanate,

tetraisobutyl titanate, tetra-2-ethylhexyl titanate,

tetraoctadecyl titanate, titanium tetrachloride,

20 titanium tetrabromide, titanium tetraiodide, titanium

(IV)

oxyacetylacetonate, and titanium (IV) diiso-

propoxide bisacetylacetonate. When alcohols or ketones

are used as the solvent for impregnation, titanium

tetrachloride and lower titanic acid esters are

25 preferably used.

The impregnation solution preferably has a

titanium concentration of about 0.01 mol/f£ to about 1.0

mol/2. Specific examples of the solution include an
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-7- . et hanol, ethyl ene glycol, propylene glycol, isopropanol,

n- but anol and octanol; ketones, such as acetone, diethyl ket one,

nmet hyl ethyl ketone and nethyl isobutyl ketone; hydr ocar bon et hers,
such as diisobutyl ether and 5 tetrahyér & wan, and hydrocarbon esters,
such as net hyl acetate, ethyl acetate, butyl acetate and butyl

pr opi onat e. alcohol solutippug itlitasdiuwe tietmachlguigmandm and t he
washi ng solvent may be the sane or different, preferably 10 used as the
washi ng soIven§°&F¥18909§;ﬁeﬁﬂ¢éﬁé§ acid gistexohaving 1-10 carbon The
titani um conpounds used in_ the present i_nvent.i on may be sol ubl e

titanium sal tsan’manFﬁaPri15°xY 9TRUPI4 N0 AN Ad&he 1o daydngh d 14 ¢ saxbari d
e e SPRENRES, “HRPkERcOheiE ek Y MRS, e o
el 1 SODTapy! he! PRk BSEACUOH b AU g e, A4 e o
(U2 s e BB B Ko oD S8 O il
bi sacetyl acet ogghten¥'e¢fi £he0l2ktImBtek@aRBEYst in the range of about
| 0.1 to about 10% by weight, as calculated in terms of
the titanium amount relative to the weight of the
10 inorganic siliceous solid substance, a titanium content
of 1.5% by weight or less being more preferred. A low
titanium content results in improved aétivity and
improved selectivity. In order to give the desired
titanium content and desired activity, a multi-stage
15 impregnation process which either goes or does not go
through a drying and/or calcining step also may be used.
The catalyst of the present invention may
contain a small amount of a catalyst modifier. Examples
of the catalyst modifier include alkali metals, such as
20 1lithium, sodium, potassium and rubidium, and alkaline
earth metals, such as magnesium, calcium, strontium and
barium. These modifiers are added in a soluble form to
the impregnation solution. 1In general, suitably 5% by
weight (as metals) or less of the catalyst modifier is
25 added to the present catalyst. It is advisable to add
about 0.25-1.0% by weight of such a catalyst modifier as
sodium, potassium, calcium and magnesium.

Subsequently to the impregnation, the solvent
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are used as the solvent for inpregnation, titanium tetrachl ori de and

|l ower titanic acid esters are 25 preferably used. The

i npregnation solution preferably has a titani um concentration of about
0.01 nol/[err] to about 1.0 . nmol /[ err4.9 Specific exanples of the
solution include an - 8- al cohol
sol ution of ti @hfarhedtimdtersiddcenus substanteti®renovwedit afhe acid
ester ~having 1-1Q carbon atons per al koxy group in an al cohol having
1-10 carbon  Solyed\s repeyvaly RRauateiom Mmay qqretqina#ﬁwtwp@ung in 5
the inpregnati sol ut.ion and the ampunt of the solution used_are
prefepgblg adj atjaony (qenfinifugal isgparation, @vaeation reryingnat e

' h f ah 0.11% b 10% by. wei ght ,
cal el ated i n e tget Si¥ble qparali e CRRdLE ot hin aEhg nt o
[ ' ol ' t ' | um cont ent 0
1506 by wei oy 2e1vett, ReRiR L Bedh MEY A Ce1 dedad AT SRBEERBIY 1 o

results in i npgeeed mRld Prlaketdbiy 904 mgdf) H s&tﬁ%% yéfyli&@igrder to

gi ve the desired titani um contént ‘an I re IvVity, a nulti-stage

15 inpregnati efgandee solWenh lﬁédﬂefoxgmﬁ(?ﬁ@fomqﬁi@& be rifboegh a
drying and/or calcining step also nay be used.
After removal of the solvent, washing is
conducted. The washing solvent and the catalyst from

10 which the solvent for impregnation has been removed are
thoroughly mixed, and the liquid phase portion is
separated by such means as filtration or dgcantation.
This operation is repeated a necessary number of times.
Completion of washing can be judged, for example, by the

15 analysis of the liquid phase portion. The washing
temperature is preferably 0-100°C, more preferably 10-
60°C. After completion of the washing, the remaining
washing liquid is removed by the same technique as used
in the step of removing the solvent for impregnation.

20 The solvent removal is useful for recovering a large
amount of solvent and, at the same time, for reducing
the danger of inflammation during calcining and further,
for preventing the lowering of physical strength of the
catalyst caused by abrupt vaporization of large amount

25 of volatile solvent which might occur in the catalyst
structure during the subsequent, higher-temperature
calcining. Drying at 25°C-200°C, subsequent to decanta-

tion, is effective as a means of solvent removal and is



The catal yst of the present invention may contain a small anmount of a
catal yst nodifier. Exanples of the catal yst nodifier include alkal
nmetals, such as 20 lithium sodium potassium and rubidium and al kaline
earth metals, such as magnesi um cal ci um- $0renti um and barium These .
nodifiers are added in a soluble formto t he i npregnation solution. In
general, suitaprefeXable. wei ght (as netals) or |less of the catalyst
nodifier is 25 added to the present catalyst. It is advisable to add
about 0.25-1.0% by wei ghifdiexsddie #tep 0f sashidid iand asemoval sofli the

pot assi um cal ci um and magnesi um Subsequently to the
i mpr egnat i on, weshing, solvent, the catalyst composition is calcined.

absorbed in the.siliceous su ance |s renoved. The sol vent renoval
operati on rray B 25HOF i"zﬁﬁ%rﬁt calcining iy f9r RS ugh "Rpar at i on,

[ h t d t
evacuali one O Yellicesve 3 Ohein 34 SRS, &?or’?'[]:atllggﬂr}ifae‘?‘gb??rn 11805 ' mor e
preferably 90%318§1HQ? %%ﬁ? ?.%&ﬂdéﬂ“é%ntalnfﬂéﬁqﬁ renD §%€é é?%ent,

i npregnation m ght be 'renove

washing is ro@.@n@‘f‘?’ttﬁ@ chNRaHY 1% 3 \@ivertd ﬁir\%rfﬁiﬁlf'ﬁsmfﬂ?@

form supported on the solid siliceous substance, namely
the form of halide, alkoxide, etc., into an insoluble,

10 chemically bonded oxide. The other role of the calcin-
ing is to activate the catalyst. The calcining temper-
ature is preferabiy 400°C-900°C, more preferably 400°C-
700°C. The period of time of célcining is preferably
about 1-18 hours.

15 The catalyst thus obtained.is preferably
contacted with a silylating agent before use. . The
silylating agent may be, for example, an organic silane,
organic silylamine, organic silylamide and its deriva-
tives, organic silazane, and other silylating agent.

20 Specific examples of organic silanes include chlorotri-
methylsilane, dichlorodimethylsilane, chlorobromodi-
methylsilane, nitrotrimethylsilane, chlorotriethyl-
silane, iododimethylbutylsilane, chlorodimethylphenyl-
silane, chlorodimethylsilane, dimethyl-n-propylchloro-

25 silane, dimethylisopropylchlorosilane, t-butyldimethyl-
chlorosilane, tripropylchlorosilane, dimethyloctyl-
chlorosilane, tributylchlorosilane, trihexylchloro-

silane, dimethylethylchlordsilane, dimethyloctadecyl-



10 which the sol vent for | mpregnati on has been renoved are t hor oughl y
m xed, and the liquid phase portion is separated by such neans as
filtration or decantation. This operation is repeated a necessary
nunber of tines. Conpl etion of washinglcan be judged, for exanple, by
the 15 anal ysis of the |iquid phase portion. The M@shlng tenperature
‘is preferably ghiogpsidpoe ma-buhydidimeiihylichlorosikie:, Atemometipybti on
of. the washing, .the_remaining washing liquid is remved by Phe same
techni que as udéftethylchlomesidiaae ofchlanomethwltinetthplchXexosilane,

| mpregnati on. he sol vent, renpval is useful for_recovering a |arge
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means of sol vent rénova _ 10

- pr ef er agk phenylchlorosilane’ W8 13ictth 1hﬂﬁﬁ¥q§£héﬂgtre”DVa| of

t he washi ng sol vent, the catalyst conposition 1s calcined. _
diphenylvinylchlorosilane, tribenzylchlorosilane, and 3-
cyanopropyldimethylchlorosilane. Specific examples of

10 organic silylamines include N-trimethyisilylimidazole,

N-t-butyldimethylsilyiimidazole, N-dimethylethylsilyl-
imidazole, N-dimethyl-n-propylsilylimidazole, N-
dimethylisopropylsilylimidazole, N-trimethylsilyl-
dimethylamine, N-trimethylsilyldiethylamine, N-

15 trimethylsilylpyrrole, N-trimethylsilylpyrrolidine, N-
trimethylsilylpiperidine, pentafluorophenyldimethyl-
silylamine and l-cyanoethyl(diethylamino)dimethylsilane.
Specific examples of organic silylamides and their
derivatives include N,O-bistrimethylsilylacetamide, N,O-

20 Dbistrimethylsilyltrifluoroacetamide, N-trimethylsilyl-
acetamide, N-methyl-N-trimethylsilylacetamide; N-methyl-
N-trimethylsilyltrifluoroacetamide, N-methyl-N-
trimethylsilylheptafluorobutyramide, N-(t-butyl-
dimethylsilyl)-N-trifluoroacetamide, and N,O-

25 Dbis(diethylhydrosilyl)trifluoroacetamide. Specific
examples of organic silazanes include hexamethyl-
disilazane, heptamethyldisilazane, 1,1,3,3-

tetramethyldisilazane, 1,3-bis(chloromethyl)tetra-



The at nosphere for calcining is, for exanple, a non- 5 reductive gas,

such as nitrogen, argon and carbon di oxi de, and an oxygen-cont ai ni ng
gas, such as air. One role of the calcining is to convert titanium
fromthe form supported on the solid 3Rl ~ceous substance, nanely

the formof halide, alkoxide, etc., into an insoluble, 10 chemcally
bonded oxi de. Te&hytlddsidgzansf, tlha-sHiwingl-1,1, 3 mnrtetxamethylate t he
catal yst. The cal ¢i_ni ng tenper- ature is preferably -

Al C nmper . 1y
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of time of calcining is preferably .about 1-18 hours, 15
The catal yst t Ff i O dqgiﬁﬁwﬁi%ﬁﬁﬂﬁ}ng agenift dNSPde (Hrrethexyati ng

f h . il.yl.ati . be,. | e, [
S e AN U i P B
I S IS N B I S S

di chl or odi net hyl.si ' Iy; i
| chl orodi et higlsiehgte C:ARARIGTU Y1 tm%’%@éﬂ%‘% S et bR Y1 WY ane,

nitrotrimethylsilane, chlorotriethy S

chl orodi met hyl Rhanybistrimethya?q1yaheldl Mef lefd ARG silylati
dinethyl-n-prop§|ch|oro- 25 ??Iang? dinethyliggtropylcmﬁﬁ(¥%?éﬂ%g

t-butyl di net hyhgent isChlegaa®ithgleisliniayaey hiprassidanoy dxet hyl octyl -
chlorosilane, tributylchlorosilane, trihexylchloro- si | ane,
di net hyl et hyl cibddowihgn&ordulatshyl oct adecyl -
CH; CH,
CH;-Si- N-Si-CH,

CH; H CH;

10 The catalyst may also be subjected to a
hydraﬁion treatment before the silylation. The
hydration treatment herein means to contact (before
silylation) the catalyst with water and then heat the
catalyst or to contact the catalyst with water vapor at

15 a high temperature, generally 100°C or more, preferably
in the range of 150-450°C, for 0.5-6 hours. The
hydration treatment is most preferably conducted by
exposing the catalyst to water vapor at a temperature of
300-450°C for 1-6 hours. |

20 The catalyst thus prepared may be used in any

| desired physical forms, e.g., powders, flakes, spherical
particles and pellets.
Oxirane compounds can be produced by reacting

an organic hydroperoxide with an olefin in the presence



T

211 - chl orosi | ane, n-butyl di net hyl chl orosil ane, brononethyl -
di met hyl chl orosi | ane, chl oronet hyl di et hyl chl or osi | ane,

3-chl or opr opyl di et hyl chl or osi | ane, di met hoxynet hyl - chl orosi | ane,
met hyl phenyl chl orosi |l ane, triethoxy- 5-chBorosi | ane,

di met hyl phenyl chl orosi | ane, net hyl - phenyl vi nyl chl or osi | ane,

benzyl di net hyl oifl dthesidadadyst prefigresh\by Hiher eeetlaok described above.
di phenyl net hyl chl or osi | ane, di phenyl vi nyl chl or osi | ane,

tribenzyl chl orosil ane, add ®rganic dydrapanopidesisd conposid dhaving
Specific exanples of 1Q organic silylam nes include

N-trimet hyl si | #henifearygla N-t - butyl di met hyl silylinidazol e,
N-di net hyl et hyl silyl - i mi dazol e, N-di nethyl-n-propylsilylimdazole, N
di met hyl i sopropyl silyli iRT&3& Ntrimethylsilyl- di met hyl ani ne,

N-trinmethylsilyldieth ine, N 1 tri hyl si.| rrol e,
eS| YRR TR ok e R, A e
taf | h ' hyl - Sh] vl am .
g-egygnog%;r( S?ék%?ﬁg‘% ng)a(ﬁtr?em%dsi%lngn@el@fl%% §p°emclfqlf%d e&%n%?lgg F or ganic
vl amd s . . . !
N Obi st 1 met hyT At Ty EaSSPRald WRld 4 Sogfoii r-om.
bistrinethylsiIyItrifIuompqge@@gﬂa%aﬂjyrarqﬁdu@sﬂdﬁﬁng 3-20 a&Sten de,

N-net hyl -N-trinmethyl silylacetam de, N-nethyl -
N-trimethyl sil gitbmsf,| moreaprieferddly\adiyiidoddrbyl group and secondary
10 or tertiary alkyl or aralkyl group, each having 3-10
carbon atoms. Particularly preferred of these groups
are tertiary alkyl groups and secondary or tertiary
aralkyl groups. - Specific examples thereof include the
tert-butyl group, tert-pentyl group, cyclopentyl group,
15 ' l-phenylethyl-1 gréup, 2-phenylpropyl~2 group and
tetralinyl group formed by removing a hydrogen atom from
the aliphatic side chain of a tetralin molecule.
Examples of aralkyl hydroperoxide having a
hydroperoxy group bonded to a carbon atom present in the
20 alkyl side chain directly bonded to the aromatic ring
include ethylbenzene hydroperoxide (l;phenylethyl—l-
hydroperoxide) and cumene hydroperoxide (2-phenylpropyl-
2-hydroperoxide).
When ethylbenzene hydroperoxide is used, the
25 hydroxyl compound obtained is l-phenylethanol (methyl
phenyl carbinol), which can be converted to styrene by
dehydration. When cumene hydroperoxide is used, the

resulting hydroxyl compound is 2-phenyl-2-propanol



frinéEhyIsinIheptafluorobutyranide, N-(t-butyl -
dimethyl silyl)-N-trifluoroacetamde, and N,O 25
bi s(di et hyl hydrosilyl)trifl uoroacetam de. Specific exanpl es of

. organi c silazanes include hexanmethyl- - 14lisil azane,

hept armet hyl di si | azane, 1,1, 3, 3- tetramet hyl di sil azane,

1, 3- b|s(ch|oroh@4mgtyybtphenyl carbinol), which can be converted tal -

met hyl di si | azane, 3-divinyl-1,1, 3, 3-tetranet hyl di si |l azane and

1, 3- d|phenylte??%hﬁiﬁ?YHP§PlHYaﬁéhydratlE%anpB@§ho§t6#ﬁ%¥!§$K&Dat|ng agents

| ude N-nmeth O bistri ltrifl uoroacetam de,
kpﬁeghgxy-Kfc}gé¥%Y£?E¥F?ﬁﬁtﬁ%FsFP FSE§FBA ?seﬂué~§| FFHEFWyIS|IyI
| te, trinethylsil tr| rone onat e
NN CBrS T et et oY o1 vymbh' eRPLBRRERE" Eﬁ*ypa?mglde 1s, 4860, s

e RSP Pl 5 WA e bepeon

[err]

hydrati on trea&ﬁﬁﬂétﬁgio?ﬁrizhﬁeﬁt&ﬂ athad, #€ch is g¥1d5%tt 290 LLsREEnt

herein neans to cont
improving agent; and ‘tert-amylene obtained by dehydra-

tion of tert-pentyl alcohol is useful as a precursor of
~ isoprene. When t-butyl hydroperoxide is used, resulting

10 t-butyl alcohol is useful as a precursor of methyl t-
butyl ether, which is an octane number improving agent.

The organic hydropéroxide used as the starting
material may be a dilute or concentrated, purified or
unpurified substance.

15 In general, an organic compound having at
least one olefinic double bond can be reacted with an
organic hydroperoxide. The organic compound may be
acyclic, monocyclic, bicyclic or polycyclic and may be
monolefinic, diolefinic or polyolefinic. When the

20 compound has two or more olefinic bonds, the bonds may
be either conjugated bonds or nonconjugated bonds. The
compound is preferably an olefinic compound having 2-60
carbon atoms. Though the compound may have a substit-
uent, the substituent is preferably a relatively stable

25 group. Exémples of such hydrocarbons include ethylene,
propylene, butene-1l, isobutylene, hexene-1, hexene-3,
octene-1, decene-1, styrene and cyclohexene. Examples

of the diolefinic hydrocarbons include butadiene and



silylation) the catalyst with water and then heat the catalyst or to
contact the catalyst with water vapor at 15 a high tenperature, generally
100[err]C or nore, preferably in the range of 150-450[err]C, for 0.5-6
hours. The hydration treatnment is mpa6 preferably conducted by
exposing the catalyst to water vapor at a tenperature of 300-450[err] C
for 1-6 hours.isgmrene. The campound ang¥thavesa psebstituenly, befuwhichn any
desired physical fornms, e,g., powders, flakes, spherical _ articles and
pel | ets. an example 3§ 3 kalegpn AteNcanthR GPBEEUBY BJYr gaethﬁg

an organi c hy rgﬁgroxide with an olefin in the presence

- 13 - offd¥R ARiAYs (subghltuents which.¢ 48R AN pREYIBBye.

Al ic hyd i de, | . d, havj t he f I

i L9t MUSRRLOL s eSO b At por UERT 8 M Bogen, o,
G0t L8 bl AL USSR, | Il pREbL ARG COTINRC o

glt‘lz”ﬁ or € Iork s géﬁéﬂﬁ’:‘z’é 3%%&%%&68988%& 4Hd%halBhkhar y
yl or aral kyl “group, eac avi ng
substituted olefinic unsaturated hydrocarbons, examples
of which include allyl alcohol, crotyl alcohol and allYl
chloride. Particularly preferred are alkenes having 3-

10 40 carbon atoms, which may be substituted with a
hydroxyl group or halogen atom;

The usefulness of oxirane compounds has been
known since long. Many oxirane compounds are useful
industrial chemicals, olefin oxides such as ethylene

15 oxide and propylene oxide being particularly important.
Propylene oxide can be converted to useful polymeric
products by polymerization or copolymerization.
Epichlorohydrin, which is also industrially important,
can be obtained from allyl chloride. If desired,

20 epichlorohydrin can be converted to glycerol. It-is
also possible to produce gljcerol from an oxirane
compound obtained from aliyl alcohol.

Oxirane compounds can be produced by use of
the catalyst composition which is prepared by the method

25 specified above and which is substantially insoluble in
the epoxidation reaction mixture and hence can form a
heterogeneous system. The above-mentioned catalyst

composition used has a very high activity and can



carbon atons. Particularly preferred of these groups are tertiary

al kyl groups and secondary or tertiary aral kyl groups. Specific
exanpl es thereof include the tert-butyl group, tert-pentyl group,

cycl opentyl group, 15 1-phenylethyl-1 g+ Qf,- 2-phenyl propyl -2 group and
tetralinyl group fornmed by renoving a hydrogen atom from the aliphatic
si de chai n of comed¢rtlonganiechydroperoxides with axhighesonivexsdilony|

hydr oper oxi de havi ng a hydr oper oxy group bonded to a carbon atom
present in thean@ohas kg higheseharhivit¥ctoyosinane comppandsomalhe ring

I ncl ude et hyl benzene hydr operoxi de (1-phenylethyl-1- hydr oper oxi de)
and cuneneInuﬁ%ﬁ@r6§?ﬁ%°F2VﬁHXHyPﬁFSﬁ9Imeans tgeh?ﬂﬂéﬁeFB%F&éPf the

When et hyl benzeng hydr oper oxi de_i s used, %ge 25 héﬁrﬁﬁﬁL cOo oug%vobtained
i s 1- phenyl et H¥RbFaReeEoppound formead) te tRe,Brgantf AXICeReFL*IGRverted to
styrene by deh gr tion. When cunene hydroperoxide is used, the
resulting'ﬁ&dr%&@ye% %%bund I s 2-phenyl - 2- pr opanol

et sty enet oy oL, PRETHbnGERR. ) cptRh68: G20 BSCRRS! L4811

nmet hyl styrene by dehydrat yr éne an styrene -
are industriallynggetdd $HPS! #0G6$d phase using a solvent and/or a

diluent. The solvent and diluent are preferably those
which are liquid at the temperature and pressure 6f the
10 reaction and substantially inert to the reactants and
the reaction products. The solvent may also be a
substance which is already present in the hydropefoxide
solution used. For example, when the ethylbenzene
hydroperoxide (EBHPO) used is a mixture of EBHPO and
15 ethylbenzene, which is a starting material thereof, the
ethylbenzene may be substituted for solvent with no
particular addition of solvent. A second solvent also
may be used as the diluent. Examples of solvents useful
as diluents include arométic monocyclic compounds (e.g.,
20 benzene, toluene, chlorobenzene, bromobenzene and o-
dichlorobenzene) and alkanes (e.g., octane, decane and
dodecane). It is also possible to use an excessive
amount of olefinic reactants as the solvent. Thus,
along with the solvent supplied together with an organic
25 hydroperoxide, an excessive amount of an olefinic
reactant can be used as a solvent. The amount of the
whole of the solvents used is preferably 20 mole or less

per mole of hydroperoxide.



\When tert-pentyl hydroperoxide is used, 5 resulting tert-pentyl al cohol

I's useful as a precursor of nethyl tert-pentyl ether, which is an
oct ane nunber i mprovi ng agent; and tert-anyl ene obtained by dehydra-
tion of tert-pentyl alcohol is useful as d%recursor of i soprene. Wen

t-butyl hydroperoxide is used, resulting 10  t-butyl alcohol is useful as
a precursor of nethyl t-The epexidptippcreaghien teMBRTBELERe lfunber

| mprovi ng agent. o 1h€ organi ¢ hydroper oxi used_as the
starting PEREeTablya0-2R05C; More BFeSSH%BﬁYraﬁéapggGrifF@& or
unpurified substance. 15 Ln._genecal . .an, organic_c ound havi ng
at | east © é%ﬁ%ﬁi?f%sﬁﬂﬁﬁlﬁhﬁgﬁﬁ Bgnsﬂg%iségP5d£%iFﬁegn%ﬂg ~ organic
hydr oper oxi de.. e, Q103D £ COUPIUNERDRY 18810 oraBSYEhUC 1 MBIARLELE]y

bi cyclic or pdfycyc*lc and may be nolefinrc, drolefrniCc or

pol yol efi nigc. yﬁpghér§P02ﬁpaconpound has two or nore ol efinic bonds, the
e el ther

bonds may conj ugat ed bonds or nonconjugated bonds. The

conpound is preferably agfebplEom51601BAUBE BRY BBo%if8tion reRARqRnat Ons.
Though the conpound may have a substit- uent, the substituent is

preferably a relpiquid \mbkeht€ coRtafhoh§ thExaeBieedoprodathydnoear bons
I ncl ude et hyl ene, propyl ene, butene-1, isobutylene, hexene-1,

hexene- 3, eaxi byesdparstedcftomsthecoatalgstycompesdndonkExamhlees
of the diolefinic hydrocarbons include butadi ene and
liguid mixture can then be purified by appropriate
10 methods. The methods of purification include fractional
distillation, selective extraction, filtration, washing,
etc. The solvent, gétalyst, unreacted olefin and
unreacted hydroperoxide can be recycled and reused.
The process of the present invention may be
15 advantageously practiced by using the catalyst in the
form of slurry or fixed bed. In a large scale
commercial operation, a fixed bed is preferably used.
The process of the present invention may be conducted
batchwise, semi-continuéusly or continuously. When a
20 1liquid containing the reactants is passed through a

fixed bed, the liquid mixture going out from the

reaction zone contains no or substantially no catalyst.

EXAMPLES
The present invention is described in more
25 detail with reference to Examples. It is needless to

say that the invention is not limited by the Examples.



- 15 - | soprene. The conpound nmay have a substituent, of which an
exanple is a hal ogen atom The conpound may further have vari ous
substituents which conprise an oxygen, sul fur and/or nitrogen atom
together with a hydrogen 5 and/or carbon B8om Particularly preferred
olefinic conpounds are ol efinic unsaturated al cohols and hal ogen-
substituted ol BRaMP&euhsat urat ed hydrocarbons, exanpl es of which

i nclude allyl al cohol,  crotyl alcghol and allyl chloride. Particularly
preferred are BYRBAERLASDI RE §atal¥s%o carbon atoms, which may be
substituted with a ydroxyl gr or_halogen ataqm

usef ul ness of oxirane cogpSBWHérﬁgggggéﬁvalia%aﬁoﬁﬁa§Fﬁb@qkmﬁ}OTQQn/

oxi rane conpou ar e ind Li chepica f] xi des such
as et hyl ene 1§g%§rd§P§§aE§%oS§F£ﬁ§go§?%8 %@Pnglggftégﬁfgégybgﬁ%ortant.
Propyl ene | dgs nyert t QyUS | ; .
pol ymeri za?gl(on&dgﬁggggl grgreﬁﬁ aglggn.a) ! %E%E&B%h or ydﬁlﬁaxﬁ]t?gﬁczlt? ?l)s'o
industrially i|gpety®atetone (228506)0RhaAi 389 1 Y200k QRrd f
desired, 20 epichlorohydrin can bé converted t0 glycerol. It is al so
plolss: bl Ie tﬁ Frﬁﬂﬂé@,gtueﬁr stirired ag 2wvomattemperatuded Foid I ndinies ; om
al Iyl al cohol.

and the mixture was filtered. The solid part was

The

immersed in isopropanol (50 ml), washed by stirring, and
10 the 1iquid was removed by filtration. This operation
was repeated three times.: The solid part was dried
under a nitrogen stream at 500°C for 2 hours and then
calcined under an air stream at 600°C for 4 hours.
The substance (10 g) obtained by the
15 calcining, hexamethyldisilazane (4 g) and toluene (50 g)
were mixed, and then stirred with heating under pressure
at 200°C for 1 hour. The liquid was removed from the
mixture by filtration. The remaining solid was washed
- with toluene (50 g) and dried under vacuum (120°C, 10
20 mmHg, 3 hours) to obtain a catalyst.
Synthesis of propylene oxide by epoxidation of propylene
using ethylbenzene hydroperoxide:
The catalyst thus prepared (Ti content 0.75%
by weight, as calculated on the basis of charge amounts)
25 (2 g),'35% ethylbenzene hydroperoxide (60 g) and
‘propylene (75 g) were placed in an autoclave and reacted
at 120°C for 1 hour. The results of the reaction are

showp in Table 1.



Oxi rane conpounds can be produced by use of the catal yst conposition
which is prepared by the nethod 25 specified above and which is

substantially insoluble in t he epoxi dation reaction m xture and hence
can forma het er ogeneous system Thel8beve-nentioned catal yst
conposition used has a very high activity and can

- 16 - c@Examplerdyani c hydr oper oxi des wi th a high conversion and
has a high selectivity to oxirane compounds. The term "selectivity”
herein means the nol ar rEhe same iproceduresasintn cBaphe 1overe to the
organi ¢ hydroper oxi de 5 converted. In general, an

epoxi dati on r &RRgaPE SEGRPT tha’éoﬁb%o?%ﬁp?%thv%%?'élnbﬁagé using a
The sol vent di | uent referably those

. | t d/
whioh are i 3[ﬁ%ralﬁqperwi;evaﬁnaet%noaﬁ%gaﬁ%ﬁ%twetm ' $6OPFERRIPLY and
bst ant | th i h i . Th
Solvent g Lueld acibidf (AHANR £¥aratyst Sad SERRE L & 8E EhE, T
hyd d |b
hioﬁngSﬁ: do (’E@W %é)q.’%‘é%dfrﬁlf?‘ghg Spbxfantioh rORCEION. PRRENS
15 ) O U sgetin 6 onown ebimgers ey DS

substituted for solvent wt
Example 3

The same procedures as in Example 1 were
10 repeated except that the respective amounts of
tetraisopropyl titanate, acetylacetone and isopropanol
were halved to obtain a catalyst and that 4 g of the
catalyst was uséd in the epoxidation reaction. The
results of the reaction are shown in Table 1.
15 ‘Comparative Example 1
The same procédures as in Example 1 were
repeated except that the impfegnation solvent was
removed by decantation and no washing was conducted to
obtain a catalyst and that 2 g of the catalyst was used
20 in the epoxidation reaction. The results of the reac-
tion are shown in Table 1.
Comparative Exampie 2
The same procedures as in Comparative Example
1 were repeated except that the respective amounts of
25 tetraisopropyl titanate, acetylacetone and isopropanol
were doubled to obtain a catalyst and that 1 g of the
catalyst was used for the epoxidation reaction. The

results of the reaction are shown in Table 1.



particul ar addition of solvent. A second solvent also may be used as

t he diluent. Exanples of solvents useful as diluents include aromatic
nonocycli c conpounds (e.g., 20 benzene, toluene, chlorobenzene,

br omrobenzene and o- di chl orobenzene) 2#nd- al kanes (e.g., octane, decane
and dodecane). It is also possible to use an excessive anount of
ol efini c reactGomparativie Emamphe. 3Thus, along with the sol vent
supplied together with an organic 25 hydroperoxide, an _excessive anount
of an olefinic r eachanepesadptionetteastionomwasncarriedadintinofthene

whol e of the solvents used is_preferably 20 nole or |ess er, nol e of
hydr oper oxi de. Same manner as in Example’ 1 except that {p mg of TiO,

Th i dat i ti t t ' f ly 0-2 :
orcf ofabl y 25 BEERH-RE waRgised dpcthS, atatFelr o 1om) ARE M (Km0

keep the | L xt [n:th hqui.,d state and is preferably 5
100- 10, 000 Pd£3§8£igﬂ e gﬁgwhf%érﬁgggglgfion of the epoxidation

reaction, a liquid mxture containing the desired product can be
easily separated fromthe catal yst conposition. The | iquid m xture can

then be purified by appreprogbge 1, the higher EBHPO conversion means
- the higher catalyst activity; and the higher selectiﬁity
to propylene oxide and the lower selectivity to by-
products (which lead to the increase of load in purifi-
10 cation) mean the higher selectivity of catalyst. As is
apparent from Table 1, the éatalysts obtained by a
process which, in addition to the steps of prior art
processes, further comprises a washing step show
‘increased activity and increased selectivity to intended
15 prbduct and decreased selectivity to by—préducts
(compare Example 1 with Coﬁparative Example 1 and
compare Example 2 with Comparative Example 2). With
regafd to activity, the activity of the present catalyst
is improved by 20-30% as judged from the reaction
20 vwvelocity ratio. Further, both of the activity and
selectivity increase in the order of Examples 2, 1 and

3, wherein the Ti content decreases in this order.



10 Fret hods. The nethods of purification include fractional

distillation, selective extraction, filtration, washing, etc. The
sol vent, catalyst, unreacted olefin and unr eact ed hydroperoxi de can be
recycl ed and reused. The prddcess of the present invention
may be 15 advantageously practiced by using the catalyst in the form
of slurry or fixed bed. In a |large scale commerci al operation, a fixed
bed is preferably used. The process of the present invention may be
conduct ed bat chwi se, sem -continuously or continuously. Wen a 20
| i quid containi ng the reactants i s passed through a fi xed bed, the
liquid mxture gti)umg out frongt I 3 ‘f"ez}@tﬁon zone contains no or
substantial l'y no. Y st . < EXAWPGES: The present
invention is des rﬁb d |3 mor'e 25 déatl WitThireference to Exanples. It is
needl ess to 4yl that the invention is notllimted by the Exarrpl es.
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5 diameter 10 nm (50 g), tetraispprdpyl titanate (2-2-9),

acetyl acetone (1.65 g) and isopropanol (200 m) were '
stirred at roomtenperature for 30 m nutes, and t,m’"ﬂwarﬂ, %l!lll
filtered. The solid part was I mer sed22 n-i sopropanol ¢ ,S ed -
by stirring, and 10 the liquid was renoved by filtration. This operation
was repeated tWHAR ISnE€BAINEDR E8kid part was dried under a nitrogen
stream at 500[err]C for 2 hours and then cal ci ned under an air stream
at 600[err]C fbr 4 hours® heterogeneous cggalygksugede foro PFPINRIAT SN by
the 15 cal cininpg, hexanethxld'silazane §4 g) 3n2,tqluene 50 0) . wer e
m xed, and t he?LFaReQOMPPHNADRY; FEaGhiBE pBReOdgtdnic co &ithe for 1
hour. The liquid was_renoyed fromth . mxture by filtration. .T

Fomi ni ng sol | S HESARERchvarop8Ebiide phirh Fasey®ind oo iR HRREA LG uum
(120(err]C 103, 20: gYE. 17 PAM" $habesBR! Ai2eArE)! Bokiblises arfUlasis of
propyl ene oxi de by epoxidation of propylene using-ethyl'benzene
hydroper oxi de:gne gilicon comgéhﬁd?@%@h%égﬁhh¥§oﬂr%B%rg?o&§%%ﬁ§%§?Qﬁg 75%

by wei ght, as calculated on t asis o arge anount Yo

et hyl benzene hyglrpeiexi 8fd( $Rogganie silicﬁl:éB%' gRe chémidh 1WRiombilngeed in
an autocl ave and reacted at 120[err] C for hour. The results of the

reaction are tionswdth an orbde oér hydroxide of titanium, and is

obtained by a process comprising the steps of:

(a) impregnating the silicon compound with a
titanium compound in a solvent fof_impregnation,

(b) removing the solvent for impregnation,

(c) then washing the remaining composition with.a
ﬁashing solvent and removing the washing solvent, and

(d) then calcining the residual composition.
2. A catalyst obtained by further silylating the
catalyst according to claim 1.
3. | The catalyst according to claim 1 or 2 wherein
the washing solvent is an alcohol.
4. The catalyst according to claim 1 or 2 which
is obtained by conducting the washing at from 10 to
60°C.
5. - The catalyst according to claim 1 or 2 wherein
the titanium content is 1.5% by weight or less based on
the weight of the silicon compound.
6. A process for producing an oxirane compound
which comprises reacting an olefinic compound with an

organic hydroperoxide in the presence of the catalyst
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- 19 - Exanpl e 2 The sane procedures as in Exanple 1
wer e repeat ed except that the respective anmounts of

tetrai sopropyl titanate, acetylacetone and isopropanol 5 were doubled to
obtain a catalyst and that 1 g of the - 28atal yst was used for the

epoxi dation reaction. The results of the reaction are shown in Table
1. Exanpl @cgording to claim fhexwawe procedures as in Exanple 1 were
10 repeated except that the respective anmounts of - tetrai sopropyl
titanate, acetyl-acetone 5#@|R§ﬂ9QﬁﬁmﬂQC°rdlngM§QaGkﬁxmmﬁtwhetﬁzmrmhe
catal yst and th of the catal yst was used in the epoxidation
reaction. The efngézulch‘PG?‘%é-sr é‘iﬂﬂyd@%-e shown in Table 1. 15

Co ti Ex le 1 d Ex le 1
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2 g of the catalyst was-use Tesults

of the reac- g, tion a YRR ALNS 5452
Eﬁgﬁ%%ﬁ?htlve d%&%qg to UM @GR BLE

The sane procedures as
olefinic compound is propylene and the organic hydro-

peroxide is ethylbenzene hydroperoxide.

10. The process according to claim 6 wherein the
olefinic compound is propylene and the organic hydro-
peroxide is t-butyl ﬁydroperoxide.

11. The process according to claim.6 wherein the
titanium content of the catalyst is 1.5% by weight or

less based on the weight of the silicon compound.

O g



1 were repeat ed except that the respective anbunts of 25 tetraisopropyl
titanate, acetyl acetone and i sopropanol were doubled to obtain a
catalyst and that 1 g of the catal yst was used for the epoxidation
reaction. The results of the reactien24re shown in Table 1.

- 20 - Conpar ati ve Exanple 3 An epoxi dation reaction
was carried ouRBSARAGT OF THEaHSGLOSREas in Exanple 1 except that 15 ny
of TiQ2 (titania) was used as the catalyst. The results of the 5
reaction are shown in Ta® &eterogeneous catalyst} mskshlfon produdingean

EBHPO conver si on ,means t he hi gher catalyst activity, and the higher
selectivity OXiFgng GompovRdybY)Teasting amlefigic iqampaund with

et ot 1 i BTt W B it B o Mot ThALT
catal VSt OOt AR an o TSR Sl g T A L Pl ©
pocy S22 2 L8P R ORI it ekl A Yol o Afbng
of silica and inorganic silicates, in chemical combina-
tion with an oxide or hydroxide of titanium, and is
obtained by a process comprising the steps of
(a) impregnating the silicon compound with a
titanium compound in a solvent for impregnation,
(b) removing the solvent for impregnation
(c) then washing the remaining composition with a

washing solvent and removing the washing solvent, and

(d) then calcining the residual composition.

-

' T sis as Been Replaced
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v

THIS SHEET HAS BEEN
REPLACED
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(conpare Exanple 1 with Conparative Exanple 1 and conpare Exanple 2
with Conparative Exanple 2). Wth regard to activity, the activity of
the present catal yst is inproved by 20-30% as judged fromthe reaction
20 velocity ratio. Further, both of the activity and selectivity
Increase in the order of Exanples 2, 1 and 3, wherein the Ti content
decreases in this order. - 21 - [Jerr]

-22- WHAT IS CLAIMED IS 1. A het erogeneous catal yst used for
producing an &ﬂﬁ. nd by reacting an ol efinic conpound with an

or gani ¢ hydr operoxt U oluble in the

reaction nixt UNBSTRNTY IS DESCios@RE Silicon conpound, selected from
the group consisting of silica and |norgan|c silicates, in chem cal
conmbina- tion with an og detdrdyéhierusecatalysenuyey QBQ bfoducing an
' oxirane compound by reacting an olefinic compound with
an organic hydroperoxide which catalyst is substantially
insoluble in the reaction mixture, comprises at least
one silicon compound, selected from the group consisting
of silica and inorganic silicates, in chemical combina-
tion with an oxide or hydroxide of titanium,'and is
obtained by a process cbmprising the steps of

(a) Aimpregnating the silicon compound with a
titanium.compound in a solveht_for'impregnation,

(b) removing the solvent for impregnation

(c) then washing the remaining composition with a

washing solvent and removing the washing solvent, and

(d) then calcining the residual composition.




obt ai ned—by—a—proecess—eonp+r+sing the steps of: REPLAQﬂMfNTn§ﬂEﬁin ting the
siliton co ani um conpound i'n ajsdlvent for. egnati on,
€b) renovi ﬁ!ﬂmmmnuﬂﬂw | npr egnati bn, w ng the
remai ni ng conpbsitidh With a washing solvent s I*cteg- roé??ﬁe gfoup .
consi sting of alcohols, ketones, ether22ard esiers—amd—rerov+ay | he
washi ng solvent, and (d) then cal cining tlhe residual conposfition. = 2.
A catalyst HHRAL F&d GHATMEDR He: silylating the catalyst according to claim
1. 3. The cat al according to cIa|n1 or 2 wherein the washing
solvent is &n al cohol A)‘lftemgenec’ﬁ?e BYEL BRRDr PR PFARF AR inor 2

which 1is obtained b conduc t he mashln at_from10 to 0
The cat al ys @ XhEEHE n BnEeant S ma BIPE AT Comnunt BRER L i s

% b h b d ht _ qf | 6.
N e S R

ol ef i ni ¢ cOTRUUIANYE LAk ARG W HORREA] orie | 165 PEESPEEELOT The

cataly st

one silicon compound, selected from che group consisting
of silica and inorganic silicates, in chemical combina-
tion with an oxide or hydroxide of titanium, and is
A obtained by a process comprising the steps of:

(2) impregnating the silicon compound with a
titanium compound in a solvent for impregnation,

(b) removing the solven£ for impregnation,

(c) then washing the remaining composition with a

washing solvent selected from the group consisting of alcohols, ketones,

ethers and esters and removing the washing solvent, and

(d) then calcining the residual composition.

2. A catalyst obtained by further silylating the
C ' catalyst according to claim 1.
3. The catalyst according to claim 1 or 2 wherein.

the washing solvent is an alcohol.

4.. The catalyst according to claim 1 or 2 which
is obtained by conducting. the washing at from 10 to
60°C.
-5. The catalyst according to claim 1 or 2 wherein
the titanium content is 1.5% by weight or less based on
-the weight of the silicon compound.

6. A process for producing an oxirane compound
which comprises reacting an olefinic compound with an

organic hydroperoxide in the presence of the catalyst

-
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