1 SPECI FI CATI ON 27 April 2005 PROCESS FOR PRODUCI NG TI TANI UM CONTAI NI NG
SI LI CON OXI DE CATALYST 5 Technical Field The present invention relates to a
process for producing a titanium containing silicon oxide catalyst and
said catalyst. Morre particularly, the present invention relates to a
process 10 for producing a titaniumcontaining silicon oxide catalyst

whi ch can be used f or reaction of a hydroperoxide with an olei hﬁﬁAEMﬁf
conpound for obtaining-an oxirane conpoudd, and which can eXhILI h g
activity. 15 Background Art Methods of obtaining an oxirane conpound from
an olef in type compound and a hygdeeperechdgdonn the presence of a

catal yst, are publicly known. As a catal yst used herein, for exanple,

U. S. Pat ent No. 4, 367, 342 di scl oses a specified 20 titani um supported silicon
oxi de catal yst. However, it was difficult to say that the conventional
catal yst is pRDCESseMOR pratuGinegdrirRNTiRe c¥l ] [k 264 of

hi gher activity. Disclosure of the InventPgncg§§8§ggyﬁﬁ§§&£§é%H@it&g
condition, the problemto be solved ZpdaApsp| 2005 by the present
invention is to provide, for exanple, a process

5

Technical Field

The present invention relates to a process for producing
atitanium-containingsiliconoxidecatalystandsaidcatalyst.
More particularly, the present invention relates to a process

10 for producing avtitanium-containing silicon oxide catalyst
which can be used for reaction of a hydroperoxide with an olefin
type compound for obtéining an oxirane compound, and which can

exhibit high activity.

15 Background Art

Methods of obtaining an oxirane compound from an olefin
type compound and a hydrope_.roxide :_i.n the presence of a catalyst,
are publicly known. As a catalyst used herein, for example,
U.S.Patent No.4,367,342 discloses a specified

20 titanium-suppor;:ed silicon oxide catalyst. However, it was

difficult to say that the conventional catalyst is sufficiently

satisfied from the viewpoint of realization of higher activity.

Disclosure of the Invention

25 Under the present condition, the problem to be solved




for producing a titani'umcontaining silicon oxide catalyst which can be
used for obtaining an oxirane compound from for exanple, a hydroperoxide
and an ol efin type conpound, and can 5 exhibit high activity. Namely, the
present invention relates to a process for producing a titaniumcontaining
silicon oxide catalyst satisfying all of the following conditions (1) to
(4): (1) an average pore dianeter of |0OA or nore, 10 (2) a por§¥g%ﬁpg&ﬁ§ of
90% or nore of the total pore volunme of 5 to 200A, (3) a specific pore
volune of 0.2 cnB/g or nore, and (4) a quaternary ammoni umion represented
by the following general fornula (1) is used as a tenplate and then 15

the tenpl [ ST R3R41+ (1) wherein, Rl represents a linear
or br arrlrgh?%j?hi:/g? oégg%gﬁt g%%ﬁ%ﬁg avi by '(Zot%r%%l‘g%{r TR L an? FRrece sy
1l to 6 carbon atans, which conprises the

| hayi, B _
o1 owi ng 296 il ) Kbt vpresfaining s daaese, outar: sontmi i ce
niumion to obtain a so
Sont ai hi gDt ST sPeCHABanEAE. SRF 4T B EX NiHERei IPIRRMRSARSIOF
al kali et a| iqlthe | Xt.ure Prepared is within 25 a range of the follow ng
expr essi on°t3T51% 52 22YAEPPEroyhee and an olefin type compound, and can

5 exhibit high activity.

Namely, the present invention relates to a process for
pfoducing a titanium-containing silicon oxide catalyst
satisfying all-of the following conditions (1) to (4):

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

10 (2} a pore diameter of 90% or more of the total pore
volume of 5 to 2004, .

{3) a specific pore volume of 0.2 cm3/g or more, and

(4) .a guaternary ammonium ion represented by the
following general formula (I) is used as a Ttemplate and then

15 the template is removed.
[NR'R?R'R")* (1)
wherein, R! represents a linear or branched hydrocarbon group
having 2 to 36 carbon atoms, and R? to R* represent an alkyl
group having 1 to 6 carbon atoms, which comprises the following
20 steps:

mixing and stirring a silica source, a titanium source
and, as the template, the quaternary ammonium ion to obtain a
solid containing a catalyst component and a template, wherein
an amount of an alkali metal in the mixture prepared is within

25 a range of the following expression (11)



or (I1l1) alkali nmetal/titanium ;S 3(nol/nol) alkali metal/ [NRR 2 R3R 4
1* -1~ 0.3(mol/nol) nmolding the solid; and renoving the tenplate from

t he nol ded solid by solvent extraction. Best Mdde for Carrying out the

I nvention The catal yst obtained by the present inventionis a titanium
containing silicon oxide catalyst satisfying all of 10 the follow ng
conditions (1) to (4). The condition (1) is that an average pO@?Ag§P§66§H

of the catalyst Is ioA or nore. The condition (2) is that a pore"di aneter
of 90% or nore of the total pore volune of the catalyst is 5 to 200A . 15
The condi teon(£3X)i,s that a specific pore volune of the catalyst is 0.2
CMB/ g or nore. Herein, the specific pore volune neans pore volune per 1 g.
of the catal walka MeaRet8IPRE SRk 1eSE  bhgRg (1) to (3) gan be |
conducted by ordinary ng?hogs gﬁ%ﬂ as %ﬂgﬁ§g#§§§'absorptiOLIﬁgthod usi ng
20 gas such aguyi{ ggep aghhe Lt ke.. The condition (é-% is that the
catal yst is obtai ned %yaﬁggﬁSQRg{ahitthgfy3gﬂ%£zWﬂ i on rddridsknt ed by the
fol |l ow ng gene .forpula as_the tenplate and then renoving the

tenpl ate; | NR&ghﬁAﬁg FHi ?S%%QS ﬁﬂgrein, R represents a |linear or
branchgd rocarhon qroup 4 2 ril 2005 having 2 -to 36 carbon atons, and
R to 24 ?éﬁ?\gls%?& n CEPRyREe groﬁ‘\ptiﬁe molded solid by solvent extractjion.

Best Mode for Carrying out the Invention }
The catalyst obtained'by the preéent invention is ;
titanium-containing silicon oxide catalyst satisfying all of

10 the following conditions (1) to (4). |

The condition (1) is that an average pore diameter of the
catalyst is 10A or more.

The condition (2) is that a pore diameter of 50% or more
of the total pore volume of thé. catalyst is 5 to 200A.

15 The condition (3) is that a specific pore volume of the
catalyst iso0.2 cm3/g or more. Herein, the specific pore volume
means pore volume per 1 g of the catalyst. |

Measurementsoftheseconditions(1)to(3)canbeconducted
by ordinary methods such as va physical absorption method using

20 gas such as nitrogen, argon or the like.

The condition (4) is that the catalyst is obtained by using
a quaternary ammonium ion represented by the following general
formula (I) as the template and then removing the template;

[NR'R?R?R*)” - (1) B

25 wherein, R?! represents a linear or branched hydr;ocarbon group




group having 1 to 6 carbon atons. The condition (4) will be illustrated in
detail in a part of a process for producing said catalyst. 5 The catal yst
of the present invention nay or may not have a peak showi ng an interplanar
spacing (d) in a X-ray diffraction (XRD) . The peak show ng an interplanar
spacing (d) as herein referred to neans a peak derived fromthe
crystallinity and regularity of a solid, and a broad peak deriﬁz kﬁg&&san
anmor phous 10 part may exist. The catal ygt obtained in the preSen

i nvention preferably has an absorption peak in the region of 960 5 cm1l

in the inhagigg absgr B A SRECt rom vi ewppi nt of high activity.
This peak is asgumed tgkc%r%r espon%gt h%?é§2 t594 \zﬁi FdRRTRFORtced alByinto

the silicayskgl HRNn2Q The ¢f ;l:%%ogte of the production process of the
present invention is a step O o Xi Ao ahd stirri ng a silica source, a

titani um sourc h I a quaternary ammoniumion to obtain
a solid contai ﬁ?ngn%’%g gﬁ‘ﬁgtiggpﬁf)ﬁgrﬁe &rtd U8 kiR dtien dattasileiim arpawmunt
of an al kgl Ln t?e mxture prepared is wthin a range of the
f ol | owi ng expﬁégéu%%sfl )"rorPr(qf{Lrﬁfn% %ald gatalmsittani um5 3(nol/mol) (I1)
al kal i 5rreta|/[|\l%§20m§4;4' S 0.3(nmol/mol) (I111) When the reagent to be used
in the first step & . Yt ofs the pregeateiaves tiohaays ed a8y an&elhveon by
di ssol vi ng, gr %_Z ril 2005
peéak showing an interplanar spacing (d) ina X-ray diffraction
(XRD). The peak showing an interplanar spacing (d) as hedein
‘-referred to means a peak derived from the crystallinity and
regularity of a solid, and a broad peak derived froman amorphous
10 part may exist. '
The catalyst obtained in the present invention preferably
has an absorption peak in the regidn of 960 £ 5 cm™! in the

infrared absorption spectrumfrom theviewpointof highactivity

This peak is assumed to correspond to that of titaniumintroduced

15 into the silica skeleton.

The first step of the production process of the present
invention is a step of mixing and stirring a silica source, a
titanium source, and, as the template, a quaternary ammonium ion
to obtain a solid containing a catalyst component and a template,

20 wherein an amount of an alkali metal in the mixture prepared is
within a range of the following expression (II) or (LII}.

alkali metal/titanium = 3(mol/mol) (II)

alkali metal/[NRIR’§3R‘]* = 0.3(mol/mol) (111)

When the reagept to be used in the first step is solid

25 it is preferable to be used as a solution by dissolving or




di spersing it in a solvent. The silica source includes anorphous silica and
al koxysi | ane such as tetranethyl.orthosilicate, tetraethyl orthosilicate,
tetrapropyl orthosilicate and the like. 5 The titanium source includes
titani um al koxi des Such as tetranethyl titanate, tetraethyl titanate,
tetrapropyl titanate, tetraisopropyl titanate, tetrabutyl titanate,l

tetrai sobutyl titanate, tetra-2-ethyl hexyl titanate, tetraoct %&Mhums'
titanate; and titanium (1V) oxyacetylacdionate, 10 titanium (I
di i sopropoxybi sacetyl acetonate and the |ike; and titanium halides such as

titani um tetspeht Dngdet tint @aniggmvdeg rabronmi de and titaniumtetraiodi de,
titanyl sulf ate and the I|ike. As the tenplate, a quaternary amoni umion

represented 15y ébfiaﬁngbﬁlrcfeorirﬂgl%de}]%ddl °§§ﬁg“ Lgﬁlg?cgusgﬂq‘a( X

wherein, Rl represents a linear or branc ydroca . ving 2 to
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tetramethyl titanate, tetraethyl titanate, tetrapropyl
titanate, tetraisopropyl titanate, tetrabutyl titanate,f
tetraisobutyl titanate, tetra-2-ethylhexyl titanate,
tétraoctadecyltitanate:andtitanium(IV)oxyacetylacetonate,

10 titanium(IV)diisopropoxybisacetylacetonateandthelike;and
titanium halides such as titanium tetrachloride, titanium
tetrabromide and titanium tetraiodide, titanyl sulfate and the
like.

As the template, a quaternary ammonium ion represented

15 by the'general formula (I) is used.

[NR'R®*RPR*]* (1)
wherein, R represents a linear or branched hydrocarbon group
having 2 to 36 carbon atoms, and R’ to R® represent an alkyl
group having 1 to é carbon atoms.

20 R' is é linear or branched hydrocarbon group having 2 to
36 carbon atoms, preferably 10 to 18 carbon atoms,

R’ to R* are an alkyl group having 1 to 6 carbon atoms,
and preferably each of R’ to R' is a methyl group, -~
Specific examples of the quaternary ammonium ion

25 represented by the general formula (I) include cations such.



as hexadecyl tri net hyl ammoni um dodecyl tri net hyl anmoni um

benzyl tri met hyl anmoni um di met hyl di dodecyl anmoni um hexadecyl pyri di ni um
and the like. Further, these quaternary ammoni umions represented by 5 the
general formula (1) may be used alone or may be used as a mxture of two
or nore kinds. Exanples of, the solvent include water and al cohols such as
net hanol , et hanol, n-propanol, 2-propanol, n-butanol, sec-but?ﬂgb-l 005
t-butanol, allyl alcohol, cyclohexanol, ®enzyl 10 al cohol and e Pl%e, and
diols, mxtures thereof and the |ike. The amount used of the titanium

source basgg ﬁaxhh@cg%g;&q@net&aw&ﬁmbﬁiﬁﬁ?f gb&éll:ylftﬁ:ﬁmelﬁﬁhéxﬂnéni re

preferably from 0. 00 to 0.4 in terns of nolar ratio. e anount’ used of

the quat er pah¥y18FIRBIL WA AREEH Oa'g.mabﬁ{%@%a%gégw%ﬁn&{nﬁﬁ' i ca source

and 15 titaniumsource is preferably from in terms of nol ar

rati o. Furh8gbaetb9ipRradiniign  Nendefh! pikaf the silica source with the

titanium source, it'is preferable to inpart alkalinity or acidity to the

it ani um sour c ! or acidity

or oferabl o, and® oEhesq e ShFA TeenEte YR L I ELBERXDERY PR
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fornmula (I A h%x%&% B%eftﬁfoatﬂﬁ’ rﬁggg.kgégganp! es of the acid include

i norgani ¢ aci ds such as hydrochlorrc April 2005
Examples of the solvent include water and alcohols such

as methanol, ethanol, n-propanol, 2-propanol, n-butanol,
sec-butanol, t-butanol, éllyl alcohol, cyclohexanol, benzyl

10 alcohol and the like, and diols, mixtures thereof and the like.

The amount used of the titanium source baé.ed on the silica -
source is preferably from 10°* to 1, more preferably from 0.00008
to0.4interms of molar rafio . The amount used of the quaternary'
ammonium ion based on the total amounts of silica source and

15 titanium source is preferéhly from 10" to 2 in terms of molar.
ratib. |

Further, for promoting the reaction of the silica source
with the titanium source, it is preferable to impart alkalinity
or acidity to the mixed solution. As the alkali source,

20 quaternary ammonium hydroxides are preferable, and examples
thereof include tetramethylammonium hydroxide, |
tetraethylammonium hydroxi@e, tetrapropylammonium hydroxide
and the like, and a hydroxide of the quaternary ammonium ion

represented by the general formula (I) is more preferably used.

25 Examplesof theacidinclude inorganicacids suchas hydrochloric




acid, sulfuric acid, nitric acid and the |ike, and organic acids such as
formc acid, acetic acid, propionic acid and the |Iike. The m xi ng and
stirring tenperature is usually from-30 to 1001 . Solid is formed by

m xing and stirring, and the solid 5 maybe aged for further growth
thereof. The aging tine is usually 180 hours or |ess, and the aging
tenperature is usually from 0 to 2009C. Wen heating is requiﬁfgmh?zaging,
it is preferable that the mxture is transferred into a pressure vesse
and heating is conducted in a closed pressure vessel for avoiding 10

vapori zat i ghiaf .q 1 | kect t present invention,
which is to obt aéi@nffaﬁgg't&glr%/isc%' ﬁ%@%ﬁg Qaﬁiéiatﬁlﬁgﬁyl%%hgggﬁ{ﬁ??,Ciatcji

necpseary shah Abr@rdiacial IR Al i A Brobl Jiie Bbihise LA 0

within a range of the foll ow ng expression
(1), art hor “eerarand, uafl shArEthd reMBdndtts T 0simy dage 9
metal in 1R TOlr o o ek SRR ik Y o Gk AR ot e SO | 1)
activi by, A peragearonths vy SR ErERhARL" | TRR kAT oTdma ks Sepatay O
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0 to 200C. When heating is required in aging, it is preferable

that thg mixture is transferred into a pressure vessel and
heating is conducted in a Closed pressure vessel for avoiding
10 .vapor-:l.zation of the solvc;.nt. -

To attain the object of the present invention, which is
to obtain a cata?l.yst hav_ing an extremely ﬁigh activity, it is
necessary that the ainoimt of the alkali metal in the mixture .
prepared is within a range of the following expression (II) |

15 or (III): |
alkali metal/titanium = 3(mol/mol) (11)
alkali metal/[NR'R’R’R*]* £ 0.3(mol/mol) (II1),
further preferably
alkali metal/titanium = l(mol/moi) (11)
20 alkali metal/[NR'R’R’R*]® = 0.1(mol/mol) (I11).

When the amount of the alkali metal in the mixture prepared
is beyond the ranges of the expression (II) and (III), it is
difficult toobtainacatalyst havinganextremelyhigh activity.

Examples of i:he aikal:l. metal include lithium, sodium,

25 potassium, rubidium, cesium and the like, and the alkali metal




The solid obtained in the first step is usually filtered and dried. The
tenperature during drying is 120t or lower, preferably 1001 or |ower. The
at nrosphere for drying includes 5 air or inert gas such as nitrogen or the
like. As aidrying apparatus, a conical dryer or plate dryer, equipped with
a warm current device or vacuum device can be |listed. Besides, in vacuum
drying, it is preferable to dry under a vacuum of 200 mrHg or 2+9y55266§nn

t he vi ewpoi nt of inproving of drying efﬁiciency at 10 Iom1tenper£ ure.” 15
After the solid is nolded, the tenplate is renoved from the solid. The
renmoval ofasuywmllyngkiastscan lam dasiiy steatenpl i shed by sol vent extraction
A technique for extracting a tenplate with a solvent is reported by

Wi t ehur st et The. sp3ed obt&iPmidnin T HAF O} JbepsekvaBLau3ed filtered
extraction may include a solvent which can dissolve a conpound used as the

tenpl ate, sl dxied AnTHOIt eperatlsel Buked ghudnaGay boas Hvng L£3rban. at ons

of 1 to about 12 in a liquid state at roomtenperature can be géneral’ly

sset 20 pldsblmararmi ol 1 sohuegiaobarlay At 1SR 0

(acyclic and cyclic) ethers and esters. Exanp

i ncl ude hwdroxyrs st Wes Hynogar RERS oFHEN AS m%hffﬂé’ gt Q‘?—“t?:%h’ing

et hyl ene glycol, propylene glycol, isopropanol, n- utanol of octamol;

0X0- subst idpHAath sl aCapRLa 1588 8% prate dryer, equipped with a warm
currentdeviceorvacuumdevicecanbelisted.Besides,inva¢uum-
drying, it is preferable to dry under a vacuum of 200 mmHg or

lower from the viewpoint of improving of drying efficiency at

10 low temperature.

After the solid is molded, the template is removed from
the solid. The removal of the template can be easily
accomplished by solvent' extraction. A-technique for extracting
a template with a solvent is reported by Whitehurst et al. (see

15 U.S.Patent 5,143,879) |

The solvent used in extraction may include a solvent which
can dissolve a compound used as the template, and oxa- and/or
oxo-substituted hydrocarbons having carbon atoms of 1 to about
12 in a ligquid state at room temperature can be generally used.

20 suitable examples of such solvents include alcohols, ketones,

(acyclic and cyclic) ethers and esters. Examples thereof




acetone, diethyl ketone, nethyl ethyl ketone or nethyl isobutyl 5 ketone;
et hers of a hydrocarbon such as diisobutyl ether and tetrahydrofuran;
esters of a hydrocarbon such as nethyl acetate, ethyl acetate, butyl
acetate or butyl propionate, and the |like. The weight ratio of the sol vent
to the catalyst is usually from1 to 1000, preferably from5 to 300. 10
For inmproving efficiency of the extraction, acids or salts th §$Li 5 be
added to these solvents. Exanples of aci@s used include inorganic-aci

such as hydrochloric acid, sulfuric acid, nitric acid, bromc acid and

the like, angatide a@ldisoxg,ﬁugﬁbgﬁj_ﬁgfghc ﬁ’fdfiocafﬁbh% %‘&bﬂ a%%@%l%%g; . S'

acid and the |ike. Exanples of salts thereof include alkall neta

al kal i ne eathaneat aleﬁi»ﬁéneagmyabmm ﬁi‘bb?le‘i‘i@d gtlflﬁ‘cdaie ke_i.s %f%ﬁgﬁsgm ration

in the solvent of the acid or salt thereo to be "ad erably 10

mol /1 or | @sputhwdin : Q
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concentration in the solvent of the acid or salt t

the catal yhicetasld vaiutnmbﬁohewe% y?ehy&'xpé‘% efo&trﬁ‘é‘él’gﬁ kt%gtbpeca& d

catalyst. After adequatély m xing a c a solven
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anal yzi ng thgyhl QEégaEQr,tBﬂEyl%teﬁ(éé 8¢ %1 propionate, and the like.

The weight ratio of the solvent toAthe catalyst is usually
frorﬁ 1 to 1000, preferably from 5 to 300.

10 For improving efficiency of the extraction, acids or salts
thereof may be added to these solvents.

Examples of acids u.Sed include inorganic acids such as
hydrochloric acid, sulfuric acid, nitric acid, bromic acid and
the like, organic acids such as formic acid, acetic acid,

15 propionic acid and the like. Examples of salts thereof include
alkali metal salts, alkaline earth metal salts, ammonium salts
and the 1like,

The concentration in the solvent of the acid or salt thereof
to be added is preferably 16 mol/l ox less, further preferably

20 5mol/l or less. When the concentration in the solvent of the
acid or salt to be added is too high, the catalytic activity
may be lowered by elution of titanium in the catalyst.

After -adequately mixing a catalyst with a solvent, the
liquid portion is separated by filtration, decantation or the

25 1like. This operation is repeated required times. Extraction



temperature is preferably 0 to 200°C, further preferably 20 5 to | oot

I nstead of using the above-mentioned solvent, extraction can be also
conducted by using a super critical fluid. As the super critical fluid,
carbon dioxide is preferable. The critical tenperature of carbon dioxide
is about 31 C or nore. 10 Therefore, the extraction tenperature is
preferably 31 to 100t, further preferably 35 to 600C. The cr|57g$h12005 .
pressure of carbon dioxide is about 7.4gVWPa, so the extraction pressure is
preferably 10 to 30 MPa. The anount of super critical carbon dioxide used

f ' ' ) r 15 1. liter_of catal yst,
and the extract %%%"f‘%@“?%%%%?xﬁ%g?i&ﬁ %%-}?aﬁf‘?ﬁ:flﬁffffﬁwh e
ft th act | ed, v o) _
L P G i
ressu - ’ ,
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bt ai ned afFEPSRRIIR A B ST EOLY cBober 8004nd BHFLREE dpSoLeEspareatas a
t enpl atf n’Eﬁeri%l in 25 the first step. 11 27 April 2005 When a hydroxi de

ate a

of aq a niumion represented by the general formula (I) is

[ : [ ' tai ned by .ion-exchange of the quaternary
g?n?rg’ni 3md§:1: {e?%rnasv,\c/e%e& gjf'uaslirllg thoeba ove-mentiocned solvgent. extragtion .

can be also conducted by using a super critical fluid. As the
super critical £luid, carbon dioxide is preferable. The
critical temperature of carhbon dioxide is about 31T or more.
10 Therefore, the extractiqn temperature is preferably 31 to 100T,
further preferably 35 to 60C. The critical pressure of carbon
dioxide is about 7.4 MPa, so the extraction pressure is
preferably 10 to 30 MPa. The amount of super critical carbon
dioxide used for extraction is preferably 50 to 500 g/min. per
15 1 liter of catalyst, and the extraction time is Preferably 4
to 20 hours.
The solid obtained after the extraction may be dried.
Namely, it is preferable to heat at a temperature of 10 to 800C,
further preferably 50 to 300C under a reduced pressure or an
20 atmosphere of noh-redﬁcing Qas such as nitrogen, argon, carbon
dioxide or oxygen-containing gas such as air.
The quaternary ammonium ion represented by the general
formula(I) in the solution obtained after the extraction, is

recovered and can be also recycled as a template material in

25 the first step.




the solution obtained after the extraction. 5 The ion-exchange can be
acconplished by mxing the quaternary ammoniumsalt in the solution with a
hydroxi de of alkali netal in a solvent such as nethanol or the like, or by
contacting an ion-exchange resin adjusted with an al kali nmetal hydroxide,
with a solution containing a quaternary ammoni um 10 salt. However, as the
conditions, it is essential to select conditions so that the %ﬂg¥®ﬁ2655the
alkali nmetal ion beconmes within the rabhbe of the above describe ornul a
(Ir)y or (I'll). In addition,the solvent used for extraction can be

recovered. byhenal hifaileed F410F asqdaskichhayi &ﬁm@hihh’?ibhkfe%@gs%ﬁﬂéﬁl ed.
15 In the production of the catalyst, it is preferable to adopt a step of

subj ecti ngyt BRecabakyal F8riiM q)0n of (QRHL hg A¥keWRA BL,Of !E%EQ{A%G%“Q of
the catalyst activity. The silylation is conducted by contac?lng e

catal yst oghhdines ﬂy‘_ifkﬁ{?-oéﬁé‘ﬂﬁﬁg)é’: bl the 'ggm@fngﬁ&ﬁrﬂg&ig,&.g'aggkon 20

agent thereby converting a hydroxyl group Istin S of ™t he

cata Yol ko b utitddn BRURLAENRLES Und MSSdad ALhon agent et ude

organi c silanes, organic si ani nes, organi ¢ Si M des and derivatives
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alkali metal in a solvent such as methanol or the like, o¥ by
contac.:ting an ion-exchange resin adjusted with an alkali metal
hydroxide, with a solution containing a quaternary ammonium
10 salt. However, as the conditions, it is essential to select.
conditions so that the amount of the alkali metal ion bécomes
within the range of the above described formulé (IT) or (ITX).
Inaddition, thesolventusedforextractioncanberecovered
by usual method such as distillation or the like and recycled.
15 In the production of the catalyst, it is preferable to adopt
a step of subjecting the cafalyst to silylation from the
viewpoint of heightening of the catalyst activity.
The silylation is conducted by contacting the catalyst
obtained in accordance with the invention with a silylation
20 agent thereby converting a hydroxyl group existing on the
surface of the catalyst into a silyl group.
Examples of the silylation agent include organic silanes,

organic silylamines, organic silylamides and derivatives

thereof, and organic silazanes and other silylation agents.

25 Examples of the organic silane include




chl or odi net hyl phenyl si | ane, chl orodi net hyl silane, 5

di met hyl - n- propyl chl orosi | ane,

di met hyl i sopropyl chl orosi | ane, t - but yl di net hyl chl or osi | ane,
tripropyl chl orosil ane, dimnethyloctylchlorosilane, tributyichlorosil ane,
trihexyl chl orosilane, dinetylethylchlorosilane,

di nmet hyl oct adecyl chl orosi | ane, 10 n-butyldinethylchlorosilane,7Aﬁ12005
br ononet hyl di met hyl chl orosi | ane, chl or thyldinethylchlorosi? 3,
3-chl oropr opyl di net hyl chl orosi | ane, di et hoxynet hyi chl or osi | ane,

nmet hyl phenyl chl orosi | gne,. 15 tri et hoxychi orosil ane,

di me%/hSI phéh’g?f’ HFE&B&%@%&im%w% Iegedimerhydsdtiant,
benzyl di met hyl chl or ost].ane,. di phenyl chl orosil ane,

G phenyl moERYPERPSEOTRRE A HhLRg S| RYFERFSiBathuiat Lane,

tribenzyl ch] orosilane, 3- cyanopropyl di met hyl chl orosil ane. 20 Exanpl es of
the or gan EPLPERELAY L (ARE - U paphELbytyicddass

N-t-butyl dipethylsilylimdazole, N-dinmethylethylsilylimdazole,
N- di met hyl SREBFog Mg tninhenybs tlane, arhderpRiimethyiaisiand i ni dazol e, . 25
N-trinmethylsilyldinmethylamne, N-trinethylsilyldiethylamne, 13 27 Apri
2005 N-°tr AiBeRbvdi-noranpiehlorosilanenyl silyl pyrrolidine, N -
L e R s aOprepy LonTorent 1ane € bty Aainathy s shbenba e
. Ylchlorosilane,
tripropylchloresilane, dimethyloctylchlorosilane,
tributylchlorosilane, tfihexylchlorosilane;
dimetylethylchlorosilane, dimethyloctadecylchlorosilane,

10 n-butyldimethylchlorosilane,
bromomethyldimethylchlorosilane,
chloromethyldimethylchlorosilane,
3-chloropropyldimethylchlorosilane,
dimethoxymethylchlorxosilane, methflpﬁenylchlorosilane,

16 triethoxychlorosilane, diﬁethylphenylchlorosilane,
methylphenylvinylchlorosilane, benzyldimethylchlorosilane,
diphenylchlorosilane, diphenylmethyichlorosilane,
diphenylvinylchlorosilane, tribenzylchlorosilane,
3-cyanoprobyldimethylchlorosilane.

20 Examples of the organic silylamine inélude
N-trimethylsilylimidazola,N-t—butyldimethylsilylimidazole.
N-dimethylethylsilylimidazole,
N-dimethyl-n-propylsilylimidazole,
N-dimethylisopropylsilylimidazole,

25 N-trimethylsilyldimethylamine,N-trimethylsilyldiethylamine,




pent af | uor ophenyl di met hyl sil yl am ne. 5 Exanpl es of the organic silylamde
and derivatives include N O bistrinmethylsilylacetam de, .

N, O-bistrimethylstlyltrifluoroacetam de, N-trinethylsilylacetam de,

N-net hyl - N-trimethylsilylacetamde, 10

N-nethyl -N-trinmethylsilyltrifluoroacetam de, N nethyl-N

trimethylsilyl heptafluorobutylam de, . . 27 April 2005
N-(t-butyldinmethylsilyl)-N-trifluoroacetygrde, N, O bis( _ _

di et hyl hydrosilyl)trifluoroacetam de. Exanples of the organic silazane

: E?i!g?gjtéﬁrgﬁéﬁge?§¥%¥*gégﬁgggg}fg??%gg@h%%%%h%bh&%ﬁ@é%?%%ﬁ@ﬁ?PdisiIazane,
1,3-d|V|nyh;%f&ﬁ%iigﬁfﬁiﬁﬁ%gxkghié azane,

1, 3-.di phenyl tetrane ane. S'Exanples oflthe ot her sglylation
gent incl yd mﬁé? |Stri.me | silyltrifluoroacetan de
ﬁgﬁgthggg- f%ﬂéﬂgél Qé#éﬁﬁgfggépﬂéﬁépéF Eﬁﬁéﬁiﬁi:lggthyIS|lyl .
: . \t hape ,
i?kf?gﬁgf}Hﬁﬁq%£¥§Q%ﬁ§ﬂ%§§i4%@38£§£§Fgﬁaém§PFyLation agent 14 57 Apry
2005 isgh met hyl di si | az . The catalyst of the present invention i
uggal : ;5 ugég as% ecfe‘aéggied9§§fm3p§jé~3§t%¢%ﬁnﬁtﬂw hivabivesiigclude

Conta'n'ngN,O-bistrimethylsilylacetamide,

N,O-bistrimethylsilyltrifluoroacetamide.
N-trimethylsilylacetamide,
N-methyl-N-trimethylsilylacetamide,

10 N—methyl-N-trimethylsilyltrifluoroacetamide._
N-methyl—N-trimethylsilylheptafluorobutylamide,
N-(t-butyldimethylsilyl)-N-trifluoroacetamide,
N,O-bis(diethylhydrosilyl}trifluoroacetamide.

Examples of the orgénic silazane include.

15 hexamethyldisilazane, heptamethyldisilazane,
1,1.3,3-tetramethyldisilazane,
1.3-bis(chloromethyl)tetramethyldisilazane,
1,3—divinyl-1,l,3.3-tetéramethyldisilazane,
1,3-diphenyltetramethyldisilazane.

20 Examples of the other silylation agent include
N-methoxy-N,O-bistrimetﬂyls11yltr1fluoroacetamide,
N-methoxy-N,o-bistrimethylsilyl carbamate,

'N,0-bistrimethylsilyl sulfamate,

trimethylsilyltrifluoromethane'sulfonate,

25 NN’ -bistrimethylsilylurea. The preferable silylation agent




t he catal yst conponent. Though the nolding step may be 5 conducted in any
stage, before or after the above-nentioned tenplate-renoving step, or
after the silylation step, it is preferable to conduct before the

tenpl ate-renoving step from the viewpoint of suppression of degradation of
catal yst properties such as specific surface area, pore volune and the. 10
like. As the nolding nmethod, any nethod such as conpression ngp 'p@ 005
extrusion nolding or the |ike may be usgg. An organic or inorgantc DBrrider
usual Iy used can be used in the extrusion nolding, but |owering of

cat al yst i?egy‘i'ﬂ’“?%?%i%@@%“@ addition of a binder. In the production

of the ol ¢ catalys he con’press! on nolding is the nost preferable

the compr essi o e ST EE A MY BB ESAN Gty ot Pagaloanpaces ag) .
oi | hydray]i S Lding, tabletting and the  |ike can be listed. The
pressure ilgn @Ooﬁi?ésgggﬁgyggug&a nys%g fg’(f MP4E- 1D 7 cﬁFE],-i‘br%‘?léF%%HMG. 2 to
Cow t he. St he2BPE: ERBPabaNIsa, hEvabitiarse | Fie gieR meN bRe of het
hand, 5Wnen t e‘ﬁgrgszure I S %oo hi gh, t he physical properties of the -

cat al y8t SO RRRYpaBoRRY fhREGualeinEes f&e §ides e ahvermentiomed

carrying qut éj;e conBresii on nolding, it is preferable that 15 27 April
2005 a sol iHRUALETAPRGVANEatEePst OFoRfdinithe it vkatierrstepa 1brbper

anount, and nol ded pody havi a sufficient strength can be produced by
this. The REREFT gﬁ?eﬁ? %?n‘?‘ﬁ‘é@%‘é?%%%lt% template-removing step from

the viewpoint of-supéression of degradation of catalyst

properties such as specific surface area, pPore volume and the.
10 1like. As the molding meﬁhod, any method such as compression
molding, extrusion moi'ding or the like may be used. An organic
oxr inorganic binder usually used can be used in the extrusion
molding, but lowering of catalyst activity may be caused by
addition of a binder. In the production of the molded catalyst,

16  the cémpression molding is the ﬁost preferable from the
viewpoint of strength and physical properties of the catalyst.
As the compress".i-on molding, a roll press molding (briquetting,
compacting), oil hydraulic press molding, tabletting and the
like can be listed. The pressure in compression is usuvally 0.1

20 to 10 ton/cm®, preferably 0.2 to 5 ton/cm?, further preferably
0.5 to 2 ton/cm®. When the pressure is too low, the strength

of a molded body is sometimes inadequate. On the other hand,
when the pressure is too high, the physical properties of the
catalystsometimesbecomeinadequatebecauseporesarebroken.

25 In carrying out the compres_sion molding, it is preferable that



be subjected to the conpression nolding is preferably 1 to 70 %5 by
wei ght, further preferably 5 to 40 % by weight. The water anobunt nay be
adj usted by a dryness degree during drying of a wet solid, and may be
adj usted by adding water to an adequately dried solid. i In addition, a
bi nder usually used and the |like may be added 10 within a range of no
obstacle to a desired perf.ormance. The shape of the nol ded bod i gﬁ ny
shape such as tablet, sphere, ring or 51 | i ke. The nol ded bo }ﬂ%ﬁ}
used as it 1is or after pulverizing to a proper size. The catal yst of the
pr esent inventhggdcan b%_ sed for . 15 selective oxidation, for exanple, in
addition t8 PR MECRGALHMRR SFF3hYE Y peoRBARBNRICODERLDSS Watiatatinom
reactions of organi c conpoynds because the catalyst has a high specific
surface ar BEORRF APGHAY aPrgpd ebdedibpdyihawing @ snfédciemir shaength
desired, it is also possible to intensify acid sites 20 of the catal yst
with additF8® Bf Br?ﬁPFachﬁpB%ﬁt The Waken | gaRtRPt off dthe madentia@lodwal yst
can be useg for_alkylation, catalytic reformng, etc. The catal yst of the
present i nPEnEPBACERRALEC She FAMPFessiommodddngr b9 nraftrabn otoaro %
oxi rane_ conpound in which an olef in 25 type conpound is reacted with a
hydr ope? ox Pdfe Weilghdar £uaiher PReERralky |5 30305 Pyewelghitn Tyee wademwound
may be acyclic, nono-cyclic,

.amount may be adjusted by a dryness degree during drying of

awet s0lid, and may be adjusted by adding water to an adequately
dried solid.

\ _

In addition, a binder i:sually used and the like may be added

10 within a range of no obstacle to a desired performance.

The shape of the molded Body may be any shape such as tablet,.
sphere, ring or the like. The molded body may be used as it
is or after pulverizing to a proper size.

The catalyst of the present invention can be used for

15 selective oxidation, for example, in addition to epoxidation
of an olefin type compound, various oxidation reactions of
organic compounds bécause the catalyst has a high specific
surface area and highly dispersed titanium active sites.
Further, if desired, it is also possible to intensify acid sites

20 ofthecatalystw;thadditionofathirdcomponentsuchasalumina.
etc., and the catalyst can be used for alkyl#tion, catalytic
reforming, etc.

The catalyst of thg present invention can be optimally can
be used for production of an oxirane compound in which an olefin

25 type compound is reacted with a hydroperoxide, in particular.



di -cyclic or poly-cyclic conpounds, and nono-olefin type, di-olefin type
or poly-olefin type conpounds. Wien the nunber of olef in bonds is two or
nore, these may be a conjugated bond 5 or non-conjugated bond. Aef in type
conpounds having 2 to 60 carbon atons are usually preferred. These nay have
a substituent, and the substituent is preferably a relatively stable
substituent. Exanples of such the hydrocarbon include ethyl ene 7A@9@&g&@ne,
1- but ene, i sobut yl ene, 1- hexene, 2- hexene, 3tdhexane, 10 1-oct ane, %-d cene,” .
styrene, cyclohexene, and the like. Apt exanples of the di-olefin type
conpound i ncl ude Qutadi ene and isoprene. A supstituent may exist, and as

t he exanpl e theré[g}e ,Oq%#njrfbl H¥Ref ?QIRPPEPgd',“aYuthQFW%U@WYQMt s

cont ai ni ng 5al n,..s r or.nitrogen atomtogether with hydr ogen 15
and/ or carS%hQ§§§%§96%§ §|2t9%°%§th€&P§ ré?g apPResP ?fiﬂ %YBE'

compound, | b ety iy o yosgtuiaad el obagiedd ohibol o' fper

unsat ur at ed hydrocar bon substit and "as eXanp

thereof, aldfybialraahBonder ekytwal &8hIve Ahthdse MAPbeds A5 tdSt &8 nona
Particularly preferable conpound is an 20 al kene having 3 t©o 40 carbon

at ons, &nd dxhinoncepojughined bund Sultlidfii egps tom L RAVINGUR €6 60
hal ogen atom As exanples of a hydroperoxi de, organic hydroperoxi des can

be |isted. cRydanghams anaispaldyipde fegred.oipesanayipaes astudc thtueiit | he
I att oy afl the substithent is preferabiy B relstiveiy stanfe ™ M
substituent. Examples of such the hydrocarbon include ethylene,
propylene, 1-butene, isobutylene, 1-hexene, 2-hexene, 3-hexene,
10 1-octane, 1l-decene, styrene, cyclohexéne, and the like.
Apt examples of the di-oiefin type compound include butadiene
andisoprene.Asubstituentmayexist.andastheexamplethereof.
a halogen is listed, further various substituents containing
an' oxygen, sulfur or nitrogen atom together with a hydrogen
15 émd/'or carbon atom, may exist. Aparticularly preferable olefin
type compound is an olefin type unsaturated alcohol andanolefin
type unsaturated.hydrdcarbon substituted with a halogen, and
as examples thereof, allyl alcohol, crotyi alcohol, allyl
chloride are listed. Particularly preferable compound is an
20 alkene having 3 to 40 carbon atoms, and this compound may be
substituted with a hydrbky group or halogen atom.

As examples of a hydroperoxide, organic hydroperoxides

can be listed. .

The organic hydroperoxide is a compound represented by

256 the general formula;

R-0-0-H

(wherein, R represents a hydrocarbyl group), and is reacted




27 April 2005 with an olefin type conpound to produce an oxirane conpound
and conpound, R-OH Preferably, the group Ris a group having 3 to 20
carbon atons. Mst preferably, this is a hydrocarbyl group having 3 to 10
carbon atons, particularly a secondary 5 or tertiary alkyl group or aralkyl
group. Anong them tertiary alkyl groups, and secondary or tertiary

aral kyl groups are particularly preferable, and specific exan§+?$-ﬁggﬁ§of
include a tertiary butyl group, tertiagy pentyl group, cyclopen yF’group,
and 2-phenyl propyl -2- group. Further, various tetralinyl groups 10 forned

by elim nat)j dr froman aliphatic side chain of a tetralin
nol ecul e, q%irggagéooggg?@dtyﬁﬁeﬁo HRIRTRINSE AN 2%1Fener gampound
hydr oper oxj is used, the resulfin droxyl compound is
2- phenyl - z%"%?o‘f)%%?l_m Tr#‘s&éa?’b"eéﬁﬁgl?gyt- eHhtX'og%P%tlhws & grenp bgving
dehydrati 15 action. a-nethyl styrene is a industrially useful
subst anc e.of‘ljé? t# (gr?)a’ém e%a%m?%r TeaS byPreheuaRLVontBi st £5t 2 hydpeaaybyl
al cohol obt ai ned, by .usi ng:t-pentyl hydroperoxide as the organic
hydroperok$ﬂ%9pi§a§189é uF°sggsFéﬁ@@“a?ﬁ?ﬂﬁfﬂﬂﬁ%ﬁ#cwﬁatkhpaeﬁecoadary
Tertiay pentyl aJ cohol is useful as a precursor of nethyl tertiary pentyl
et her ®hi ¢ i‘v{e%#%’eﬁlé’r%éwdos&’éw O#éﬁqlﬁhyl IRGND aPoend themai hedtbarusi ng
t-butyl hydroperoxide as an organi ¢ hydroperoxide is useful as a

Ehet *

precur sor t AYPUPE:t BRO) SRANIBTHPT WReERLREYanradkyde gx2Mpmoaster . 27

ril 2005 -
Ap particularlypreferable,andspecificexamplesthereofinclude

atertiarybutylgroup,tegtiarypentylgroup,cyclopentylgroup,
and2-phenylpropy1-2—group.Further,varioustetralinylgroups
10 formed by eliminating hydrogen from an aliphatic side chain
of a tetralin molecule,.ére also listed.
When cumene hydroperoxide as the organic hydroperoxide
isused,theresuitinghydroxylcompoundis2-phenyl-2-propanol.
This can be converted to @-methyl styrene by dehydration

15 reaction. «a-methyl styrene is a industrially useful

substance.

Tertiary amylene formed by dehydration of tertiary pentyl
alcohol obtained by using t-pentyl hydroperoxide as the organic
hydroperoxi_de, is auseful substance as a precursor of isoprene,

20 fTertiary pentyl alcohol is useful as a precursor of methyl
tertiary pentyl ether which is an octane booster.

Tertiary butyl alcohol obtained by using t-butyl
hydroperoxide as an orgahic hydroperoxide is useful as a

precursor of methyl tertiary butyl ether which is an octane

25 booster.




18 Hydrogen peroxide can be |listed as an exanple other than organic

hydr oper oxi des. Hydrogen peroxide is a conpound represented by the chem cal
formula, HOOH, and can be obtained usually in the formof an 5 aqueous
solution. It reacts with an olefin type conmpound to form an oxirane
conpound and water. The organi c hydroperoxi de and hydrogen peroxi de, which
are used as a raw material, nmay be a thin or dense purified 057 April 2005
non-purified material. 10 The epoxidatigqg can be carried out in a FIQUId
phase by wusing a solvent and/or a’'diluent. The solvent and diluent are a

subst ance which Lgqu] the pressure_and tenperature under which

the reaction i sﬂgéﬁaéég eé,gr§%§%:ﬁ.lgﬁnb§esiﬁ§{%ﬂt?%lar'y examnke addiers thame

reactants . Qd .. The solvent may be 15 a substance existing in the
BEdaRiR T M b ons ot

hydr oper oxi d ( _For exanpl e, when cunene hydroperoxi de
is a mxture of cunene hydroperaoxi de and cunene, which is a raw nateri al
thereof, said BaRERES E$%£g% E9RPRENGaPERSan 5ad by the chenicaie
sol vent m%thou& eSﬁ hallﬁpgdding a solvent. 20 The epoxi dation

t enper at ur e°F8%¢8ua 6@ #r 80 a8 Deoobtaipesd: usyally damth® £or200E. afhe
pressur, na% be a grisiﬁré engugh to keep the reaction mxture |iquid.
Usual | Y, tPBUBPESsEPERTAON,qy 2kt B§86ES YithoanlodeEdnlb90€ kBapothteto

conpl etion_of the eggxi dation, a liquid m xture 25 containing desired

product i sTR58i A SXPAARE FAMRANRA cand| yater .

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

10 The epoxidation can be carried out in a liquid phase by
using a solvent and)or a diluent. The solvent and diluent are |
a substance which are liquid under the pressure and temperature
under which the reactionis conducted, and must be substantially
inert against the reactants and products. The solvent may be

15 a substance existihg in the hydroperoxide solution to be used.
For example, whaAn cumene hydroperoxide is a mixture of cumene
hydroperoxide and cumene, which 1s a raw material thereof, said
cumene hydroperoxide can be used as a substitute for the solvent
without especially adding a solvent. |

20 The epoxidation femperature is usually from 0 to 200TC,
preferably from 25 to 200TC. The pressure may be a pressure
enoughtokeepthereactionmixtureliquid.Usually,thepressure

is advantageously from 100 to 10000 kPa.

After completion of the epoxidation, a liquid mixture

25 containing. desired product is easily separated from a catalyst
4




&
19 27 April 2005 conposition. Next, the liquid mxture is purified by a
suitable nethod. Purification includes fractional distillation, selective
extraction, filtration, washing and the |ike. The solvent, catalyst,
non-reacted propyl ene and non-reacted 5 hydroperoxi de can be used agai n-by
recycling. The reaction, in which the catalyst of the present invention is

used, can be carried out in the formof a slurry or a fixed bed, | N
the case of a large scale of industrial peration, it is prefgfggﬁgg?giuse
a catalyst in the formof 10 afi xedbed. e present process can be carried

out by a b ] th sem - gqnti nyous net hod or continuous net hod.
Wien a soladit.El g‘lr?i c;etojh ai nlqﬂed”a' %ﬁggﬁﬁiij@EFﬁPFSd’tﬁ:EHrﬂ-ﬁﬂ-nga5fd:b<tmhld0ed,
aliquid m obt.ai froma reaction zone does not contain catal yst at
all or cog?é%#é%§ub?&£¥¥%ﬂqi}?ﬂ){ﬁéiﬁﬁ%?.frEStERAﬁﬂLEiHﬁ;hiahxnn,

I nvention s,L1l rated b he follow n Exanpl es. Exanple 1 Preparation
of Catal ys%aigc\}ﬁs}lee %&5‘%‘3/5{?}? fd 1108 Heqn d 835 hingeany | thenioiem The
hydr oxi de gggggﬁ; solutiﬁg%écontaining 0.1 % by weight of K ion) was

stirred, 5. ot SR r PO -BeERbef: repylent 8@ ap-aofefepeapanol

wer e adged, dropwi se to . this. After stirring of 30 mnutes, 114.3 g of
tetrane hypgggggﬁﬁq*ikﬁeF%%sb%dﬂ%ﬁd 2g93dnro W FecCYMidmenfter, stirring was

continued at rooghe reaction, in which the catalyst of the '
present
invention is used, can be carried out in the form of a slurry
or a £ixed bed, and, in the case of a large scale of industrial
operation, it is preferable to use a catalyst in the form of
10 éfikédbedu Thepresentprocesséanbecarriedoutbyabatchwise
method, semi-continuous method or continuous method. When a
solution containing a reactant is introduced through a fixed
bed, a liquid mixture obtained from a reaction zone does not
‘contain catalyst at all or contains substantially no catalyst.
15  EXAMPLE |

The present invention is illustrated by the following
Examples.

*

Example 1

Preparation of Catalyst

20 While 375.3 g of 16 wt$ hexadecyltrimethyl ammonium
hydroxide aqueous solution {(containing 0.1 % by weight of K
ion) was stirred, 3.55g of tetra-isopropyl orthotitanate and
30.0g;of2—propanolwereaddeddropwisetothis.Afterstirring
of 30 minutgs, 114.3 g of tetramethyl oxrthosilicate was added

25 dropwise. Thereafter, stirring was continued at room

temperature for 3 hours, and thus obtained precipitate was



tenperature for 3 hours, and thus obtained precipitate was 20 27 April 2005
filtered. The precipitate obtained was dried at 70 C for 8 hours _ under
vacuum A m xture which was obtained by sufficiently mxing 50.0 g of the
dried white solid and 6.5 g of water with sprayer was conpression-nol ded
with a tabletting machine (inside 5 dianeter: 3 cm under a pressure of 1
ton/cnR2. The obtained tablets were pulverized, then nol ded cagzb%ﬁi §$51.0
to 2.0 nmmwas obtained using sieves. Sojad | ess than 1.0 mm &\ § ed
to conduct conpression nol ding again. The obtained nol ded catalyst of 1.0
to 2.0 mMmwas dried at 70t for 8 hours under 10 vacuum Next, 10.0 g of
the nol ded fidherad ai The REegdpd taded b tibbved vas qrikddti?oB gbahe@rsm
ianeter of 16 mm O, "a m xed liquid(1l) of 150 m of nethanol

f i nsi d
\(/)vi t_ﬁnBI. Bsé “e"_tﬁje%‘dﬂ%wﬂr et hyEe shdich vas abratssdiensutfdcd ent lysniphing 15
O sont or 5 8 8ot e Wi 1800 a'id 67 o2 waleR with amrayar: o
dth o : .i.ng of. 6Qt ..af LHSV of 6 h' 1. Aft
Do | o W) G058 BT R L0k dtfatfing 3R in Al insdBeum of
10 51 ora tuf 084 5 GR) 4uAABEABE 2l slE TR A HNLAS o

descri bed above was charged in a fla m xed Wt .
hexanet hy| diablezanerahlvergzed,t ehuanfolaed chgdlivdtiss Map s3 gft ed
to refluxing with heat under stirring for 1.5 hours. The liquid part” was
el i m nat ed M gastd afinadineing sieves. Solid less than 1.0 mmwas recycled

to conduct compression molding again. The obtained molded

catalyst of 1.0 to 2.0 mm was dried at 70C for 8 hours under

%
10 wvacuum.

Next, 10.0 g of the molded body obtained as descfibed
above was packed in a glass column of an inside diameter of
16 mm¢, a mixed ligquid(1l) of 150 ml of methanol with 3.0 g
of concentrated hydrochloric acid{content: 36 % by weight},
15 amixedliquid(2) of 100 ml of methanol with 1.0 gof concentrated
hydrochloric acid, and, then 100 ml of methanol{3), in this
order, were passed through the column under heating of 60T
at LHSV of 6 h™'. After removal of the liquid, the molded body
was dried at 120T under vacuum-of 10 mmHg for 1.5 hours.

20 4.0 Grams of the molded body obtained as described above
was charged in a flask and mixed with 2.7 g of

hexamethyldisilazane and 40.0 g of toluene, and the mixture
was subjected to refluxing with heat under stirring for 1.5
hours. The liquid part was eliminated from the mixture by
25 filtration, and the solid obtained was dried at 120TC under
vacuum of 10 mmHg for 2 hours to obtain a molded catalyst. The

obtained molded catalyst had a specific surface area of 958



25 filtration, and the solid obtained was dried at 120 C under vacuum of 10
mHg for 2 hours to obtain a nolded catal yst. The obtained nol ded catal yst
had a specific surface area of 958 21 27 April 2005 nR/g, average pore

di ameter of 30.9 A and a pore volune of 0.74 «cc/g. Synthesis of propylene
oxi de(PO The nol ded catal yst obtai ned as descri bed above was 5 eval uat ed
with a batch reaction apparatus (autoclave) using 25 % of CUMBHAR i1 2005
hydr oper oxi de( CHPO) and propylene(C3'). 21 0 G am of the catalyst, é&.% g
of CHPO and 16.6 g of C3' were charged in the autoclave to react them
under autogepous_pressure at reaction _tenperature of 85 C for a reaction
time of 1. g5/%0l.ﬁ e’fﬁg?c?)ﬂ’feo\iqfq‘fbe'f"eﬁﬁb@ épurgegrﬁi‘gi%@Otl‘lerrHPlumHeOfe@ch on
result is.ahgwn in Table 1. Conparative Exanple 1 128.1 Gans of 16 wt*
hexadecyl t rimét'hyl anmmoni um hydroxi de aqueous solution (containing 1.3 %

by wei ght o§yK+nhbisLW+ ' d f tetra-isopropyl orthotitanate
and 10.0 g - 16hE ollég 29 thereto. After stirring of 30
mnutes, 38.1 gathd G BB hyhta1EES bbitadhe e 1 HE P56 was

Thereafter, the operation was carried out in the sanme nmanner as 'R Exanpl e

1. The &bt eveddatwedied tiat @l ystchate ac €906 Papphira tud (38R RIGR & u7s11&§'2/ g,
an average pore dianeter of 33.6 A and a pore volune of 0.60 cc/g. hg
t he obt ai n@é heifdedanenediydropeertbdeb@iBo)faridpropylene(C3*). 1.0 Gram

of the catalyst, 30.0 g of CHPO and 16.6 g of C3' were charged

in the autoclave to react them under autogenous pressure at

a reaction temperature of 85 C for a reaction time of 1.5 hours

10 (containing temperature raising time). The reaction result

is shown in Table 1.
Comparative Example 1
128.1 Grams of 16 wtg hexadecyltrimethyl ammonium

hydroxide aqueoﬁs solufion (containing 1.3 % by weight of K
15 ;on) was stirred, 1.85g of tetra-isopropyl orthotitanate and

10.05;of2-propanolwereéddeddropwisethereto.Afterstirring

of 30 minutes, 38.1 g-of tetramethyl orthosilicate was added

dropwise. Thereafter, the operation was carried out in the gsame

manner as in Example 1. The obtained molded catalyst had a
20 specific surface area of 714 mzlg. an average pore diameter

of 33.6 A and a pore volume of 0.60 cc/g.

Uéing the obtained moided caéalyst, performance of the
catalyst was evaluated with the batch reaction apparatus in

the same manner as in Example 1. The reaction result is shown

25 in Table 1.




catal yst was evaluated with the batch reaction apparatus in the sane
manner as in Exanple 1. The reaction result is showmm 25 in Table 1. 22
(Tabl e 1] 27 April 2005 Exanple 1Conparative Exanple 1 Catalyst K in

m xture prepared K /Ti nmol/nol 0.56.7 K /tenplate *1 nol/nol 0. 050. 65

Speci fic surface area n2/g958714 Average pore dianeter A30.933.6 Specific
pore vol unme cc/ g0. 740. 60 Reaction result CHPO conversion '@@7'5%%@%&Eﬁ@§3
selectivity %*298.4------ *1: Fbxadecydzgﬂ met hyl ammoni um i on : '
selectivity = produced PO nol/reacted C3' nol x 100 5 Industrial
Applicability As described above, according to the present invention,

there is p process for producing a titaniumcontaining silicone
oxi de catal ygt which can be used for a readtion obtainilng, Tor exangle, an
oxi rane conpgund from a hydroperoxi de 10 and%@Blefin t\Gmpanabive |and
whi ch can exhibit high activity. 23
Example 1
Catalyst
K' in mixture prepared
K*'/7i mol/mol , 0.5 6.7
K*/template *1 mol/mol 0.05 0.65
Specific surface area m?/g 958 714
Average pore diameter A 30.9 33.6
Specific pore voluﬁe cc/g 0.74 0.60
Reaction result
CHPO conversion % 97.6 11.1
PO/C3"' selectivity % *2 98.4 |  e-ea--

*1: Hexadecyltrimethyl ammonium ion
. _

*2: PO/C3" selectivity = produced PO mol/reacted C3' mol x 100

6 Industrial Applicability .

As described above, according to the present invention,
there is provided a process for producing a titanium-containing
silicone oxide catalyst which can be used for a reaction
obtaininghforexample,anoxiranecompoundfromahydroperaxide

10 andan olefin type compound and which can exhibit high activity.




CLAI M5 27 April 2005 1. A process for producing a titanium containing
silicon oxide catalyst satisfying all of the followng conditions (1) 5
to (4): (1) an average pore dianmeter of 10A or nore, (2) a pore dianeter of
90% or nore of the total pore volume of 5 to 200A, (3) a specific pore
volune of 0.2 cnB/g or nore, and 10 (4) a quaternary anmoni umion

represented by the.- follow ng general fornmula (1) is used as te
and then the tenplate is renoved [NR1R2§%R‘]' (1) wherein, aﬁﬁﬁgﬁgggfs a

| i near or branched hydrocarbon group 15 having 2 to 36 carbon atons, and
R2 to R4 represent an alkyl group having 1 to 6 carbon atons, which
conprises the following steps: mxi ngl#iMSstirring a silica source, a
titanium source and, as the tenplate, the quaternary ammoniumion to
obtain a 20 solid containing a catalyst conponent and a tenplate, wherein
an anount of an alkali metal in the mxture prepared is within a range of

t he foll ow ng ékprhsskoneSBIﬁomrp@bﬁhbinglKﬁjﬂiﬁgﬁﬁudiddﬁggagqh§ 3GMaldomo! )
(rr) alkali metal /[NRIRZRBR ]'" S 0.3(nol/nol) (111) 25 nmolding the solid;

and 24 27 oAddd 200B yst satisfying all of the following conditions (1)
5 to (4):
(1) an average pore diameter of 10A or more,
(2) a pore diameter of 90% or more of the totai pore
volume of 5 to 2004,
(3) a specific pore volume of 0.2 cma/g or more, and
10 {4) a quaternary ammonium ion represented by the. -
following general formula (I) is used as a template and then
the template is removed |
[NR'R?RPR]Y (1)
wherein, R! represents a linear or branched hydrocarbon group
15 having 2 to 36 carbon atoms, and R? to R® represent an alkyl
group having 1 to 6 carbon atoms, which comprises the following
steps:
mixing and stirring a silica source, a titanium soufce
and, as the template, the quaternary ammonium ion to obtain é'
20 solid containing a catalyst component and a template, wherein
an amount of an alkali metal in the mixture prepared is within
a range of the following expression (II) or (I1Ly,
alkali metal/titanium 5‘3(mol/mol) . (II)
alkali metal/[NR'R’R’R']* < 0.3 (mol/mol) (I1I)

25 molding the solid; and




renmoving the tenplate fromthe nolded solid by solvent extraction. 2. The
process according to claim1, further conprising subjecting the nolded
solid to silylation. 5 3. the process according to claim1 or 2, further

conprising recycling the tenplate contained in the extracted Iliquid after
t he sol vent extraction and reusing the tenplate.
24 27 April 2005

removing the template from the molded solid by sclvent
extraction,
2. The process according to claim 1, further comprising
subjecting the molded solid to silylation.
5 3. the process according to claim 1 or 2, further
comprising recycling the template contained in the extracted

liquid after the solvent extraction and reusing the template.



