7 March 2005 SPECI FI CATI ON. PROCESS FOR PRODUCI NG Tl TANI UM CONTAI NI NG

SI LI CON OXI DE CATALYST 5 Technical Field The present invention relates to a
‘process for producing a titaniumcontaining silicon oxide catalyst and
said catalyst. Morre particularly, the present invention relates to a
process 10 for producing a titaniumcontaining silicon oxide cangdmsboos

whi ch can be used for reaction of a hydrloperoxide with an clef in type
conmpound for obtaining an oxirane conpound, and which can exhibit high
activity. 15 Background Art Metho |L,0g an oxirane conpound from
an ol-efin type conmpound and a hy ?gggFg?%%gﬂhﬁ the presence of a catal yst,
are publicly known. As the catal yst used herein, for exanple, U S. Patent

No. 4, 367, 342 di scl oses a specified titanium 20 supported silicon oxide
catal yst. £ ' L, £4,¢ul t hat the conventi onal catal yst
is sufficiently %gt F Es?f‘i eigic’c%éc)inﬁh@%’g&g&\iﬁpwirwfﬁz%%Léﬁoblf OXIPEer
activity. D sclosure of the Inventign 25 The subject to be solved by the

present invention relates 7 March 2 3FALYSY a process for producing a
titangum containing silicon oxide

Technical Field

Tbe present invention relates to a process for pProducing
atitanium-containing silicon oxide catalyst and said catalyst.
More particula_rly, the present invention _‘re..lates to a process

10 for prodpcing‘ a titanium-éontaining silicoﬁ oxide catalyst
which can be used for reaction of a hydroperoxide with an olefin
type compound for obtaining an oxirane comr;\ound, and which can

exhibit high activity,

15 Background Art

Methods' of obtaining an oxirane compound from an olefin
type compaund and a hydrope&:oxide in the presence of a catalyst,
are publicly known. Ag the 'catalysf used herein, for example,
U.S.Patent No.4,367,342 discloses a specified titanium.

20 supported silicon pxide 'ca_ta.lyst . However, it was difficult
to say that the conventional catalyst is sufficiently satisfied

from the viewpoint of realization ofl highér activify.

Disclosure of the Invéntion

25 . The subject to be solved by the present invention relates




catal yst which can be used for obtaining an oxirane conpound from for
exanpl e, a hydroperoxide and an olefin type conpound, and can exhibit high
activity. 5 Nanely, the present invention relates to a process for
producing a titaniumcontaining silicon oxide catalyst satisfying all of
the followng conditions (1) to (4), which conprises the foll ow#sgnboost
to third steps: (1): an average pore dianeter of 10A or nore, 10 (2) : a
pore di aneter of 90% or nore of the tot2al pore volune of 5 to 200A, (3): a
specific pore volume of 0.2 cnB/g or nore, and (4) : a quaternary amoni um
ion repreggnd petolky sishof Ptawhdiing genetahiborwong adining siddeasozidenpl at e
and then the tenplate 15 is renoved by solvent extraction, [NR RRR3R4 ]'

(1) (wherghpaiPstfRR1EECBAE Bel hearcor dbbarhedghyorexarbor gemppunflavi ng
2 to 36 carbon"atons, and R2 to R4 represent an al kyl group having 1 to 6

carbon at ppgn, 2b# ekShpletPa My dEidcie fo%iddbaidang le S ity peoabmpoing, a
catal yst conponent and a tenplate by m xing and stirring a silica source,

a titani ug} §OoULAE «3RdbidS Hiltth t£MPiw€y. t he quaternary anmoni umion, second
step: a s%%% o? dF&inglihe gﬁ?id obtained in the 25 first step under a

condi tg on of ayLAERG’ At HEe pRle skt i9vdrfiSion Adbitds 2005a3process for
producing a titanium-containing silicon oxide catalyst
satisfying all of the following conditions (1) to (4), which
comprises the following first to third steps:
{(1): an average pore diameter of 10A or more,

10 {(2): apore diameter of 90% or more of the total pore volume
of 5 to 200A,

(3): a specific pore volume of 0.2 cm®’/g or more, and
(4): aquaternary ammoniumionrepres ented by the following
general formula (I} is used as a template and then the template

15 is removed by solvent extraction,

[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)

20 first step: a step for obtaining a solid containing a
catalystcomponentandatemplatebynuxingandstirringasilica
source, a titanium source and, as the template, the gquaternary
‘ammonium ion,

second step: a step of drying the solid obtained in the

925 first step under a condition of a temperature of 120C or less,




and third step: a step for renoving the tenplate by subjecting the solid
dried in the second step to solvent extraction. 5 Best Mdde for Carrying
out the Invention The catal yst obtained by the present invention is a
titaniumcontaining silicon oxide catalyst satisfying all of the follow ng
conditions (1) to (4). The condition (1) is that an average pot@iftRrmiser
of the 10 catalyst is i0oA or nore. The condition (2) is that a pore

di aneter of 90% or nore of the total Bore volune of the catalyst is 5 to
200A. The condition (3) is that a specific pore volune of the catalyst is
0. 2 cnBR®%r nore. Herein, the specific pore volume 15 means pore vol unme
per 1 g of the catal yst. Measurenents of these conditions (1) to (3) can be
conducted by tdvigidhatgpret dsdersienh remoyisg the flempdadepby enbiadivihaisi ng
gas such as nitrogen, argon or the like. The condition (4) is that the

cat al yst the @wldidedicbgyduthnfhe26egogdaisdrapario smorgnin ¢xhraepienent ed by
the followi ng general fornula" (lI) as the tenplate and then renoving the
tenpl ate by solvent extraction; [NRILRZR3R4) (1) (wherein, Rl represents a
| i near or branched hydrocarbon group 25 having 2 to 36 carbon atons, and
R2 t 05 R4 Besfr ¢baile for aCayty¥inybooh 2065 Igveupidmving 1 to 6 carbon atons).

The catalyst obtained by the present invention is a
titanium-containing silicon oxide catalyst satisfying all of
the following conditions (1) to (4).

The condition (1) is that an average pore diameter of the

10 catalyst is 10A or more.

The condition (2) is that a pore diameter of 90% or more
of the total pore volume of the catalyst is 5 to 200A. |

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

15 means pore volume per 1 g of the catalyst.

Measurements of these conditions (1) to (3) canbe conducted
by ordinary methods such as a physical absorption method using
gas such as nitrogen, argon or the like.

--'-The condition(4) is that the catalyst is obtained by using

20 aquaternary ammonium ib'n“r'e'prESEnte'd' by the following general

formula '(I) as -the template and then removing the template by
solveht‘" extraction;

[NR'R?RPR']Y (I}

(wherein, R’ represénts a linear or branched hydrocarbon group

25 having 2 to 36 carbon atoms, and R? to R* represent an alkyl




The condition (4) will be illustrated in detail in a part of a process for
produci ng said catal yst. The catal yst of the present invention may or nay
not have 5 a peak showing an interplanar spacing (d) in a X-ray
diffraction (XRD). The peak showi ng an interplanar spacing (d) as herein
referred to means a peak derived fromthe crystallinity and regyh@pibys of
a solid, and a broad peak derived from aff anorphous part may exist. 10 The
catal yst obtained in the present- invention preferably has an absorption

peak in thgroeg dawindeD t& eéncaktboh Ehtemd)nfrared absorption spectrum
fromthe viewpoint of high activity. This peak is assunmed to correspond to

that of titani umhentbadieadn i(A)owihe Hé o $keeb8hin JtﬁatTJ‘f.'lL ggf%ggék@”

process -of the present invention has the follow ng steps: ep: a

step for obfaanpitcestolick GOR6ALBLAE 8ai@AlalikstyLonponent and a tenpl ate
by m xing and stirring a silica soufce, a titani'umsource, and, as the

tenpl ate, a qUatBENG&Yaldl+aSEDN IR naégg%ﬁatﬁ&?a& R ngiyﬂé@ the

solid obtained in the first step under di'tion a tenperature o
120k 2B peght S 54 S oL bt U L RLEIPAPIA AR 551
The Tirst exRP)L.S PnélfPak UnOPLAS UL ASPILhELNUAIIAG (a) as herein
referred to means a peak derived from the crystallinity and
regularity of a solid, and a broad peak derived froman amorphous
part may exist. |
10 The catalyst obtained in the present invention preferably
has an absorption peak in the region of 960 = 5 cm™ in the
infrared absorption spectrumfromthe viewpoint of high activity.
This peak is assumed to correspond to that of titanium introduced
into the silica skeleton.
15 The production process of the presént invention has the
following steps:
first step: a step for obtaining a solid containing a
‘ catalystcomponentandatemplatebyndxingandstirringasilica
source, a titaniuﬁ source, and, as the template, a quaternary
20 ammonium ion,
second step: a step of drying the solid obtained in the
first step under a condition of a terﬁperature of 120C or less,
and |

third step: a step of removing the template by subjecting

25 the solid dried in the second step to seolvent extraction,




a catal yst conponent and a tenplate by mxing and stirring a silica
source, a titaniumsource, and, as the tenplate, a quaternary amoni umion
in the liquid state. Wien the reagent 5 to be used is solid, it is
preferable to be used by dissolving or dispersing it in a solvent. The
silica source includes anorphous silica and al koxysilane such7&garch 2005
tetranethyl orthosilicate, tetraethyl _.orthosilicate, tetrapropyl
orthosilicate and the like. 10 The tit&ni um source includes titanium

al koxi des such_as _.tetranethyl titanate, tetraethyl titapate, tefrapropyl

fltanate. tot TS Gy P Lo it & LA PR by P ifiiha s dutnd Shning:

titanate, tetra-2-ethyl hexyl titanate, tetrﬁ$ctadep titanate; and
BRRARH

I
titani um¥ OAtbEE &AM AR a Femplate RY MAXIRY L PEIGEIRI R vl
acetonate and the like; and titanium halides such as titanium
t et rachl GHildea t$A%EFaim 2t BLEABAYM §OVTCG arfitfhn t2% r BR8dF8BPAAGeLhE | i ke.
As the tenplate, a quaternary amoni umion represented by the general
fornul a @Yaiernaey ampriwRirRIR) the(liapidwhbpEen, Wiken iy agagent
| i near or branched hydrocarbon group having 2 to 36 carbon atons, and R2

to R4%reprebenusad £518a11i¢r dip Usabrederabd o teabposs ad dvs )dissoem@sent s

a linear or branched hydrocarbon group having 25 2 to 36 carbon atons,
pr ef er abloF KLspensingrbbnint ansolvertr-ch 2005 6

The silica source includes amorphous silica and
alkoxysilane such as tetramethyl orthosilicate, tetraethyl
orthesilicate, tetrapropyl orthosilicate and the like.

10 The titanium source includes titanium alkoxides such as
tetramethyl titanate, tetraethyl titanate, tetrapropyl
titanate, tetraisopropyl titanate, tetrabutyl titanate,
tetraisobutyl titanate, tetra-2-ethylhexyl titanate,
tetraoctadecyl titanate; and titanium (IV) oxyacetylacetonate,

15 titanium (IV) diisopropoxybisacetyl acetonate and the like;
and titanium halides such as titanium tetrachloride, titanium
tetrabromide, titanium tetraiodide and the like.

As the template, a quaternary ammonium ion represented
by the general formula (I) is used.

20 [NR'R?’R’R*]" (1)

(wherein, R' represents a linear or branched hydrocarbon group
having % to 36 carbon atoms, and R?* to R* represent an alkyl
group having 1 to 6 carbon atoms).

R'represents a linear or branched hydrocarbon group having

25 2 to 36 carbon atoms, preferably 10 to 18 carbon atoms.




R2 to R4 represent an al kyl group having 1 to 6 carbon atons, and
preferably each of R2 to Ris a nethyl group. Specific exanples of the
guat ernary anmoniumion represented by the general formula (1) include
cations such 5 as hexadecyl tri met hyl anmoni um dodecyl tri met hyl anmoni um
benzyl tri nmet hyl ammoni um di et hyl di dodecyl ammoni um  hexadecy! pwiidh RhosN
and the like. Further, these quaternary &moni umions represented by the
general formula (1) may be used al one or may be used as 10 a m xture of

tvo or more ki ndst Extimlese sént b 29kyE s #ﬁ}?hﬁ@gpﬁ%f&: BURAGR AR5 "

as met hanol, ethanol, n-propano 2- pr

il ald i sheblely exchotgeok, eneyl o glsetal g ie | e, "and

diol's such as et hyl ene g the
i ke. The anountg f ni, ur sed on_the silica_source is
preferably from T0.5 t%? ¢ Qm#1&§ er%b%?%fg& %Fyoaaﬁgniyw F°™ in terns

o 7oL i e 5 B R SUELE Y ot LPapaeNght r om

the total andunt )

the si I ca® %&%&%ﬁdeﬁéﬁ@%ﬁéﬂﬁ?#gﬁmom B apasyy S ERR by Imaon hpart

A S S S e PR
hexadecylpyridinium, and the like.

Further, these guaternary ammonium ions repreéented by
the general formula (I) may be used alone or may berused as

10 a mixture of two or more kinds.

Examples of the solvent include water and alc&hols such

as methanol, ethanol, n-propanol, 2-propanol, n-butanol,

.sec-butanol, t-butanol, allyl alcohol, cyclohexanol, benzyl

alcohol and the like, and diols such as ethylene glycol and
15, the like, a mi#ture thereof and the like.

‘The arr;ount used of the titanium source based on the silica
éourceispreferablyfromlirsto1,nmrepreferablyfrom0.00008
toD.4intermsofnmlarratio.'Theamountusedofthequate;nary
ammonium ion based on the total amount of silica source and

20 titanium source is preferably érbm 10°? to 2 in terms of molar
ratio..
- Farther, fox"promoting the reaction of the silica source .

With-fth.e‘titanium source, it is preferable to impart alkalinity

Or acidity to the mixed solution. As the alkali source,

25 quaternary ammonium hydroxides are preferable, and examples




t hereof include tetranethyl anmoni um hydroxi de, 7 March 2005

tetraet hyl ammoni um hydr oxi de, tetrapropyl anmoni um hydroxi de and the Iike,
and a hydroxide of the quaternary ammoniumion represented by the general
formula (1) is nore preferably used. 5 Exanples of the acid include

i norgani ¢ aci ds such as hydrochloric acid, sulfuric acid, nittuginarggbgdoand
the like, and organic acids such as forfic acid, acetic acid, pr opi oni c
acid and the like. The mxing and stirring tenperature is usually from-30
to 1000C. So¢relofsihelmde e tdameph@bdmabhiomngydatkide, solid 10 maybe
aged for further growmh thereof. The aging tine is usually 180 hours or

| ess, and tdieragthglbapnbeian by drostian] [te ffopofylamR8alem Wyaitdigaid ng
is required in aging, it is preferable that the mxture is transferred

into a preasurghdessed, adsla eb&?&df‘@xi&ecﬁf‘dﬂﬁée@uhﬂe@nﬁ&?ﬁ%ﬁﬁiﬁ&‘& n

vessel for avoiding 15 vapori zation of the sol vent t he second step

is a stepfpréyiitely s0kigepbial NEsrmbatihe §5mid b B9l
obt ai ned i nl?the fi rgt&gep |g;ef| | tered mand (g?| ed. T%%b?reé%erat%?h uring

dryingsi s Ekdhp108 oM aci 841fEnal YndPBAnSk 4 OMEL su%esz ﬁ%grBEHRSE:@.tcur e

+is too higher, 20 the object of the presént invention, tarning a

catal yst 3 Nduakuesld £884Y 4 &P AGldid d¥a SaN19RE bgn@ 164 aEQ

at nosphere for drying includes air or inert gas such’as nif ogen

ke e B eR0ZORRRLEL b5, ecBRLC o) B o i ﬁ%“i.fﬁssazm
drying, it is piRf ali38lfy tdha stirring temperature is usually from -30 '
to 100C. Solid is formed 'by mixing and stirring, and the solid

10 maybveagedforfurther growththereof, Theagingtimeis usvally
180 hours or less, and the aging temperature is usually from
0 to 200C. When heating is required in aging, it is pf.eferable
that the mixture is transferred into a pressure vessel and.
heating is conducted in a closed pressure vessel for avoiding

15 vaporization of the solvent. -

Next, the second step is a step of drying fhe s0lid obtained
inthe firststep. Thesolidobtainedinthe firststepisfiltered
and dried. The temperature during drying is 120 C or lower,
preferably 100C or lower. When the temperature is too higher,

20 the object of the present invention, for obtaining a catalyst
having an extremely high activity, can not be attained. The
atmosphere for drying includes air or inert gas such as nitrogen
and the like. As a drying apparatus, a conical dryer or plate

dryer, equipped with a warm current device or vacuum device

25 can be listed. Besides, in vacuum drying, it- is preferable to




8 7 March 2005 dry under a vacuum of 200 mmHg or |ower from the viewpoint
of inproving of drying efficiency at |ow tenperature. The third step of
the present invention is a step of renoving the tenplate by subjecting the
solid dried in the second step 5 to solvent extraction. A technique for

extracting a tenplate with a solvent is reported by Witehurst 7aia@h2065€€
U S. Patent 5,143,879) The solvent use8 in extraction may include a
sol vent which can dissolve a conpound used as the tenplate, and oxa-

and/ or  10ggy¥onA4bst itk eduhYdE05aH %ﬂﬁ% @L%%BFPP& aéxfg‘;vgu‘géagggﬁggut

12 in the liquid st?te at roomt enper at ﬁ e ggner:c y usel abl e
I : t S

cycl 1 ) et ﬁ%’?éfﬁﬂaﬁgsF?Psﬁ%}%p”f%fﬁ%ﬁﬁﬁjko?ﬁ néﬁfg%eew%ég%wsugst e

hyd b 0] e I

ol ycol i oan e dreten Tk AP nr SR v ER YO8 i th e I, HRnainans

puch 2o Scehpneendh sty 05Ec 051 oLl Bl 805 e b or Y.

ket one; ,
acet ath, Dt yiORRERb R e BroBifg B bRFBRAAEe ARA FRATPORIIGRG LABIRIRTS At i o
5 to 300, Fort A EralERE bF Rt EoH B Whd cebiERt: phind adided Br Sogprst
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
10 oxo-substituted hydrocarbons having carbon atoms of 1 to about
12 in the liquid state at room temperature can be generally
used. Suitable examples of such solvents include alcochols,
ketoneé, (acyclic and cyclic)ethers and esters. Examples
thereof include hydroxy-substituted hydrocarboné such as
15 methanol, efhanol, ethylene glycol, propylene glycol,
isopropanol, n-butanol or octanol; oxo-substituted
hydrocarbons such as acetone, diethyl ketone, methyl ethyl
ketone or méthyl isobutyl ketone; an ether of a hydrocarbon
such as diisobutyl ether or tetrahydrofuran; esters of a
20 hydrocarbonsuchasnmthylacetate,ethylacetate,butylacetate
or butyl propionate, and the 1like.
The weighf ratio of the solvent to the catalyst is usually
from 1 to 1000, preferably from 5 to 300.

For improving efficiency of the extraction, acids or salts

25 thereof may be added to these solvents.




25 thereof may be added to these solvents. 9 7 March 2005 Exanpl es of acids
used include inorganic acids such as hydrochloric acid, sulfuric acid,
"nitric acid, bromc acid and the like, organic acids such as formc acid,
acetic acid, propionic acid and the |ike. Exanples of salts thereof
include 5 alkali nmetal salts, alkaline earth netal salts, anmmoniupsabds
and the like. The concentration in the $blvent of the aC|d or salt thereof
to be added is preferably 10 nol/l or less, further preferably 1 nol/l or

| ess. Wen the Eﬁﬂrﬁ?mégabfoﬁc'i@st @%e’@'ﬁﬁﬁu@é iﬁ@r%9n§8' de 'asS%'utcht Qe

added exceeds 10 catalytic activity may b ower ed el ut1on of

titani um inydPEckBb2h%SAcia ATdEl FRred et ‘ﬁb)’ n;{‘t&li@aﬁlﬁat%t%ﬁg%?v%éfd dnd

sol vent, the liquid portion is separate 'tration, 'on or the

like. Thi Stmeiﬁkéonokg?h?%e%tﬁ%g Iy egde t %.‘LCE? 15 3Ct |‘_:‘t £ nygte al so

conduct ed by a met hod l'ow ng a sol vent or washi ng ‘i n
| ayer. nb zi ng
the |i qU| port |l§%b ig{ 8&??%“??’&?1& e%‘éﬁ%}(’f%seg%éss%?% ?rﬁ%brzr:%o iPS é

furthes prahelabhi Rl ob9.100: Gy el 0st et o g gwbove men 'tglngld )

sol vent, extraction "can be’a Ps6%cong usTt nNg a %u
As the suypey G{dtigal fluid, carbon d|0X|de|s preferable. The crltlcal

‘tenperature of carbon di oxi de is about 31°C or nore.
The concentration in the solvent of the acid or salt thereof

to be added is preferably 10 mol/l or less, further preferably

1 mol/l or less. When the concentration in the solvent of the

10 acid or salt to be added exceeds 10 mol/l, catalytic activity
may be lowered by elution of titanium in the catalyst.

After adequately mixing a catalyst with a solvent, the

liguid portion is separated by filtration, decantation or fhe

like. This operation is repeated réquired times. Extraction

15 canbe alsoconducted by amethod of flowing a solvent for washing

into a catalyst layer. The completion of washing can be known

by, for example, analyzing the liquid portion. The extraction

temperature is preferably 0 to 200°C', further prefe:ably 20

to 100T.

20 Instead 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 temperature of carbon dioxide is about 31T or more.
Therefore, the extraction temperature is preferably 31 to 100T,

25 further preferably 35 to 60°C. The critical pressure of carbon




Therefore, the extraction tenperature is preferably 31 to 1001 , 25 further -
preferably 35 to 60'C. The critical pressure of carbon 7 March 2005 10

di oxide is about 7.4 MPa, so the extraction pressure is preferably 10 to
30 MPa. The anpunt of super critical carbon dioxide used for extraction is
preferably 50 to 500 g/mn. per 1 liter of catalyst, and the eMdraleoen
time is preferably 4 5 to 20 hours. ThdOresulted solid after the
extraction may be dried. Nanely, it is preferable to heat at a tenperature

of 10 to 8900Ligel Ykt BebuRr of &f Ay, 500t £n800% t ¥R o AUIEHG- LI e§SUr e or
an atnosphere of non-reducing gas such as nitrogen, argon, carbon 10

di oxi de or%p%%&t@ﬂgggnigi | rg% 945, SUGASinfiunt b€ sQPReLRaR el

represente ener a ormul a(l) in the solution obtained aftfer the

cxract [ on 421 L SERETAL UGN 16n 3o eusE 050 LETal ot ol |1

the first s e tenplate can be Icrentl’y recyc

or Toer | PRS0 OIS ' abopsiacRicH, Snll et pbtbs e KL 7

step faer bj.ect, he catalyst to silylation from 20 the viewpoint of
hei ght éni ?\éjgo o 6t%£g€§t'al yst activity. The silylation is conducted by

contacting the 3l o Ysha e O BbASH 'Jkdde 4Rl L BLER: Hhh" ity e/ i agent
Namely, it is preferable to heat at a temperature of 10 to 800C,
further preferably 50 to 300C under a reduced pressure or an
atmosphere of non-reducing gas such as nitrogen, argon, carbon

10 dioxide or oxygen-containing gas such as air.

The guaternary ammonium ion represented by the general
formula(I) in the solution obtained aftexr the extraction, is
recovered and can be also reused as a template material in the
first step.

15 The template can be efficiently recycled because a loss
caused to pyrolysis is controlled to low by carrying out drying
at 120C or lower.

In the production of the catalyst, it is preferable to
conduct a step for subjecting the catalyst to silylation from

20 the viewpoint of heightening of the catalyst activity.

The silylation is conducted by coﬁtaéting the catalyst
obtained in the third step with a silylétion agent thereby

converting a hydroxyl group existing on the surface of the

catalyst into a silyl group.

25 Examples of the silylation agent include organic silanes,




converting a hydroxyl group existing on the surface of the catalyst into a
silyl group. 25 Exanples of the silylation agent include organic silanes,
11 7 March 2005 organic silylamnes, organic slylam des and derivatives

t hereof, and organic silazanes and other silylation agents. Exanples of the
organi ¢ sllane Include chrolotrinethylsilane, dichlorodimethybsith@Reoos 5
chl or obr onodi net hyl si | ane, nitrotrinethyﬂéilane, chlorotriethylsilane,

i ododi et hyl butyl silane, chl orodi net hyl phenyl si | ane, chl orodi net hyl sl | ane,
di et hyl - n-qragpylchéblpiahanes, dxginydi SOPyDaylaBls0ReY |dRivatives

butyl d: Lnmet hyl chloro s | | ane, 10 tripropyl chl orosil ane,

di net hyl octtHexaf psahdnergahkchutiyaeamPwd@ethdF | HEXYH Rk 8RO .

di metyl et hyl chl orosl | ane, di et hyl oct adecyl chl or osl | ane,

n- but yl di et hyl ehxtamesés age, ther ergamtiy | i reidyl sl ggasi | ane, 15
chl or onet hyl di net hyl chl orosi | ane, 3-chl oropropyl di net hyl chl orosi | ane,

di met hoxy mehind 1t eimet hpnsi 18R khY lakenyd U £h o8k 8881 ane ,

triethoxychl orosil ane, di nethyl phenyl chl orosi | ane

met hyl phenehalondisibms @shé 8891 sheaay difmitod £ Qf 51 L 378 ne20

di phenyl chl orosi | ane, di phenyl net hyl chl or osi | ane,

di phenyl vi epheilot:osd t13fes 1 1 4hBENI ¥R HAHY Bifry1silane,
chlorodimethylphenylsilane,'chlorpdimethylsilane,
dimethyl-n-propylchlorosilane,
dimethylisopropylchlorosilane,t—butyldimethylchlorosilane,

10 tripropylchlorosilane, dimethyloctylchlorosilane,
tributylchlorosilane, trihexylchlorosilane,
dimetylethylchlorosilane, dimethyloctadecylchlorosilane,
n—butyldimethylchlorosilane,
bromomethyldimethylchlorosilane,

15 chloromethyldimethylchlorosilane,
3—chloropr0pyldimethylchlorosilane,
dimethoxymethylchlorosilane, methylphenylchlorosilane,
triethoxychlorosilane, dimethylphenylchlorosilane,
methylphenylvinylﬁhlorosilaﬁe, benzyldiméthylchlorosilane,

20 diphenylchlorosilane, diphenylmethylchlorosilane,
diphenylvinylchlorosilane, tribenzylchlorosilane,
3-cyanopropyldimethylchlorosilane.

Examples of the organic silylémine include

N—trimethylsilylimidazole,N-t-butyldimethylsilylimidazole,

25 N-dimethylethylsilylimidazole,




3-cyanopropyl di et hyl chl orosi | ane. Exanpl es of the organic silylam ne
Include N-trinmethylsilylimdazole, Nt-butyldinethylsilylimdazole, 25
N-di net hyl et hyl silylim dazole, 12 N-dinethyl-n-propylsilylimdazole,
N-di et hyl i sopropyl silylimdazole, 7 March 2005 N ‘
trimethylsilyldimethylam ne, N trinethylsilyldiethylam ne, 7 March 2005
N-trimethylsilylpyrrole, N-trimethylsily@pyrrolidine, 5
N-trinmethylsilylpiperidine, 1-cyanoethyl (diethylam no)dinethylsilane,

pentafluoqpnﬂggg{gygeh?égﬁéggéqﬁiﬁ%mgﬁégphgs of the organic silylam de and

deri vati ves i ncl udée e acét am de, 10

N,C)bistriﬁ&ﬁ{mg§ﬁ¥¥g%F%%ggﬁpgﬁgﬁgﬂﬂ$ggazoE%ErinethylsiIylacetanide,

N-net hyl - N-tri met

N-net hyl - 'ﬁ-@:}:ﬁﬁé@ﬂﬁEggg‘gﬁiyeamyg@ﬁrg@ Rt DhdB il 1a1ethylamine,

trimethylsilylheptat _ _ _
Y Y Sl OB MOt e
|75 476 M A a3t D 1 51 ezene
1“3'biS(CHLgygggé@%}i?&5%%%%&%“@&%f&¥§g¥hylsilane,
pentafluorophenyldimethylsilylamine.
Examples of the organic silylamide and derivatives include
N,O-bistrimethylsilylacetamide,'

10 N,O-bistrimethylsilyltrifluorocacetamide,
N-trimethylsilylacetamide,
N-methyl-N-trimethylsilylacetamide,
N—methyl—N—trimethylsilyltrifluoroacetamide.
N-methyl-N-trimethylsilylheptafluorobutylamide,

15 N-(t-butyldimethylsilyl)-N-trifluorcacetamide,
N,O0-bis(diethylhydrosilyl)trifluorocacetamide.

Examples of the organic silazane include
hexamethyldisilazane, heptamethyldisilazane,
1,1,3,3-tetramethyldisilazane,

20 1,3-bis(chloromethyl)tetramethyldisilazane,
1,3-divinyl-1,1,3,3-teteramethyldisilazane,
.1,3-diphenyltetramethyldisilazane;

Examples of the other silylation agent include

N-methoxy-N,O-bistrimethylsilyltrifluoroacetamide,

25 N-methoxy-N,O-bistrimethylsilyl carbamate,




1,3-divinyl-1,1, 3, 3-teteranet hyl di sil azane, _ _
.1, 3-di phenyl tetranet hyl di sil azane. Exanpl es of the other silylation agent
i ncl ude N-met hoxy-N, O bistrinmethylsilyltrifluoroacetam de, 25

N- net hoxy- N, O-bistrinethylsilyl carbamate, 13 N, O bistrinethylsilyl

sul famate, trimethylsilyltrifluoromethane sulfonate, 7 March 2@@a:h 2005

N, N -bistrinmethylsilylurea. The preferaBBe silylation agent is

hexanet hyl di sil azane. 5 The catalyst of the present invention is usually

used as &l mivtesit eamak Nyl svilgy 12 sivfahfte 0l ding a solid containing the
catal yst conponent. Though the nolding step may be conducted in any stage,

before or wir@étﬁjﬂgsﬂms?mrri&midmﬁﬁbtﬂﬁm%Efbﬁg‘iy ng step, or after the
silylation step, 1t is 10 preferable to conduct before the

t enpl at e- neROVI Bigs £F BRe thYTs 1158 1M WP O iTie @Ee?%&%rbﬁ%s Ls?.'i fa 1Y gg@%ﬂ on of

catal yst properties such as specific surface area, pore o qhe R
i ke. As titge}{g*éj*@gﬁ{;rgaggg_ a3y et hod such as conpression ol ding,
[ h

extrusion nol di ng or e nay be used. An organi c 15 or |norgan| C

catal yot acti vy vt hd tasded ey P r e on e ol At P Ly u3ERBEC o

c?taLyst ?gt|V|ty Fay b use r dition Lnae ey

Bre;E e(raag})g ﬁggﬁ(ﬁeﬁ/ﬁjﬁe gﬁ,]%gg? S?ég an&r‘%ﬁgl cﬁoﬁ%p%??%ﬁnﬁ?gt he

catalyst. the catalyst component. Though the molding step may be
conducted in any stage, before or after the above-mentioned
template-removing step, or after the silylation step, it is

10 preferable to conduct before the template-removing step from
the viewpoint of suppression of degradation of catalyst
properties such as specific surface area, pore volume and the
like. As the molding method, any method such as compression
molding, extrusion molding or the like may be used. An organic-

16 or inorganic binder usually used can be used in the extrusion
molding, but lowering of cataiyst activity may be caused by
addition of a binder. In the production of the molded catalyst,
the compression molding method is the most_preferable from the
viewpoint of strength and physical properties of the catalyst.

20 As the compression molding method, a roll press
molding(brigquetting, compacting), oilhydraulic pressmolding,
tabletting and the like can be listed.

The pressure in compression is usually 0.1 to 10 ton/cm?,

preferably 0.2 to 5 ton/cm?, further preferably 0.5 to 2 ton/cm?.

25 When the pressure is too low, the strength of a molded body




20- As the conmpression nolding nethod, a roll press nolding (briquet t ing,
conpacting), oil hydraulic press nolding, tabletting and the |like can be
‘listed. The pressure in conpression is usually 0.1 to 10 ton/cn®,
preferably 0.2 to 5 ton/cnR, further preferably 0. 5 to 2 ton/cnR. 25 Wen

the pressure is too low, the strength of a nolded body 14 7 Margh, 209804 S
soneti mes i nadequate. On the other hand,l4vhen the pressure is too high,
t he physical properties of the catal yst sonetinmes becone inadequate

because popgssémetRhekeinabiRqedite)] B9 eHE otRerCRARESSFAOR fRL 4 Wegife! S,

preferable that a solid containing 5 a catal yst conponent contdins water in

a proper aggUe 1 ,ach@bﬂ%imyf&gpmiaessu%%:g%ec{kg)tegieﬁs%?géjégﬁtgﬁn% the

produced by this. "The water~conten the materl su
COTDr 5, 0o R, A A Moo 80T 0ol oL 8L flly B Hihey B 001
e A ot ol L B i L 20, B g
B8 BByl KGR O alts L EE! 2 Bl Shlgr orimpce
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sel ective tl?i(é gafﬂé)r\}dage% c%ﬁatrg)rlte’ofi I%haedr%ia ieggaaotgqgéisq:aéjggtgé taon ‘t(1)1|4.=zef 'n
combreésion molding is preferably 1 to 70 % by weight, further
preferably 5 to 40 % by weight. The water amount may be adjusted
10 bj a dryness degree durimj drying of a wet solid, and may be
adjusted by adding water to an adequately dried solid. '
In addition, a binder usually used and the like may be added
within a range of no obstacle to a desired performance.
The shape of the molded body may be any shape such as tablet,
16 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 inventioncanbe used for selective
oxidation, for example, in addition to epoxidation of an clefin
type compound, various. oxidation reactions of organic éompounds

20 because the catalyst has a high specific surface area and highly
dispersed titanium active sites. Further, if desired, it is
also possible to intensify aclid sites of the catalyst with
addition of ‘a third component such as alumina, etc., and the

catalyst can be used for alkylation, catalytic reforming, etc.

25 The catalyst of the present invention can be optimally can



t ype conpound, various oxidation reactions of organic conpounds 20 becaﬁse
the catal yst has a high specific surface area and highly dispersed
titanium active sites. Further, if desired, it is also possible to
intensify acid sites of the catalyst with addition o a third conponent
such as alumna, etc., and the catalyst_can be used for alkyl atyi98s 2005
catalytic reformng, etc. 25 The catalysi5of the present invention can be
optimally can 15 7 March 2005 be. used for production of an oxirane conpound
i n which abeohgédifor prpelnanmbt 45 oxeacins coirpbrnd Y AreREERH 81 eifin
particular. The olefin type conmpound nmay be acyclic, nono-cyclic,

di -cyclic aypeobympyaind i¢ofFpadRdd wal mxﬂ%d.% erBxiuee. in PhrehehhaLype
or poly-olefin type conpounds. Wen the number lgof ol efin bdﬁgg #s two or
nore, these may ' b non-conj ugated bond. defin. type
conpounds havi ng e?ﬁ%?ﬂgg%ﬁg% g&oﬁgﬂéfie%%gugle{ ?%B’rcg'f’e?'r éﬂf.’n%%’ﬁgﬁﬁy
have a subgliityeilic 3 HHEySUPShhbUeRhdoudL! Slab! L ghalsyely st abl e
10 substituent. Exanpl esﬁoffysﬁ%h t he hy(?r ocar 'O%I?&r:c 008 g%‘% \énet?g’pB’
propyl éhe, ai-buledia ityllby! ﬁary1otnefg&et§£eeé&agoanh@seﬂﬁen theCh@i6er

1- decene, styrene, cycl ohexene, and the [1ke. Apt exanples of the

di - ol efi n t§peledipouoddints ude ot adirene thiede maAYPHENE.cdh $uPatEEUSHH MRY
exi st, and as the exanple thereof, 15 a halogen is listed, further various
substi t uenPs BORtrgPRINFatead dopgon Olafiinrtype mampyendstbavinge2hes 6dth a

hydr ogen andéor carbon atom may exist. A particularly preferable olef in
carbonatoms areusuallypreferred. Thesemayhave asubstituent,

and the substituent is preferably a relatively stable
10 substituent.Examplesofsuchthehydrocarbonincludeethylene,
propylene, l-butene, isobutylene, 1-hexene, 2-hexene, 3-hexene,
" l-octane, l-decene, styrene, cyclohexene, and the like. Apt
examples of the di-olefin type compound include butadiene and
isoprene. A substituent may exist,‘ and as the example thereof,
15 a halogen is listed, further various substituents coﬁtaining
an oxygen, sulfur or nitrogen atom together with a hydrogen
and/or carbon atom, may exist. A particularly preferable olefin
typecompoundisanolefintypeunsaturatedalCoholandanolefin
type unsaturated hydrocarbon substituted with a halogen, and
20 as examples thereof, allyl alcohol, crotyl alcochol, allyl
chloride are listed. Particularly preferable compound is an
alkgne having 3 to 40 carbon atoms, and this compound may be
substituted with a hydroxy group or halogen atom.
As examples of a hydroperoxide, organic hydroperoxides
25 can be listed.

The organic hydroperoxide is a compound represented by

the general formula:



type conmpound is an olefin type unsaturated al cohol and an olefin type
unsat ur at ed hydrocarbon substituted with a hal ogen, and 20 as exanpl es
thereof, allyl alcohol, crotyl alcohol, allyl <chloride are I|isted.
Particularly preferable conpound is an al kene having 3 to 40 carbon atons,
and this conpound may be substituted with a hydroxy group or Halieggroes om
As exanpl es of a hydroperoxi de, organic Hgdroperoxides 25 can be |isted.
The organi ¢ hydroperoxide is a conpound represented by the general
formula; 16 7 March BOOSORHO O-H (wherein, R represents a hydrocar byl
group), and is reacted wth an olefin type conmpound to produce an oxirane

conmpound afwhepepouny, rBpOelsefitef & AYdroddrb @l ogFobp) $ andr 4P reaviday 5 3
to 20 carbon atonms. Most preferably, this is a hydrocarbyl group having 3

to 10 carbonith cars, o P@fLhCtypel Yompere@ i oroudérdn %6¥i2hKE! cOmBERNY
-aral kyl group. Anong them tertiary alkyl groups, and secondary of

tertiary aralkyonioais, a-OH Patd £at LY, PEeé e2bhe R A 5SB2ET RaGAAP! €S
t hereof include 10 a t-butyl group, t-pentyl group, cycl opentyl “group, “and

gl- mezg’ﬂo; @Yo 200catDor WHidMes , Modt QPised &L NYEn 9508RSA ﬁfﬁfﬁga?ﬁgl
g hydrogen froman aliphatic side chain of a tetralin nolecule,
are al so |iggiceh Niah@ UIers DydeapsbaXxadends DA% taldAH L1 PY4r 908594586
or tertiary alkyl group or aralkyl group. Among them, tertiary
alkyl groups, and secondary or tertiary aralkyl groups are
particularly preferable, and specific examples thereof include
10 a t-butyl group, t-pentyl group, cyclo?entyl group, and
2-phenylpropyl-2-group. Further, variéus fetralinyl groups
formed by eliminating hydrogen from an aliphatic side chain
of a tetralin molecule, are also listed.
When cumene hydroperoxide as the organic hydroperoxide
15 is used, the resulting hydroxyl compoundis 2-phenyl-2-propanol.
This can be converted to @-methyl styrene by dehydration
reaction. @-methyl styrene is a industrially useful
substance.
Tertiary amylene formed by dehydratién of tertiary pentyl
20 alcohol obtained by using tertiary pehtyl hydroperoxide as the
organic hydroperoxide, is a useful substance as-a precursor
of isoprene. Tertiary 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

25 hydroperoxide as an organic hydroperoxide is useful as a




15 is used, the resultinghydroxyl conpound is 2 -phenyl- 2 -propanol. This
can be converted to a-nethyl styrene by dehydration reaction. a-nethyl
styrene is a industrially useful substance. Tertiary anylene formed by
dehydration of tertiary pentyl 20 al cohol obtained by using tertiary
pentyl hydroperoxide as the organic hydroperoxide, is a usefulyguRgtapse
as a precursor of isoprene. Tertiary peh?yl al cohol is useful as a
precursor of nethyl tertiary pentyl ether which is an octane booster.

Tertiary bprycuntsmhodf abéthPRdtBy sy bt Wt or il opei exaflecasane
organi ¢ hydroperoxide is useful as a 17 7 March 2005 precursor of nethyl

tertiary biodstaiher which is an octane booster. Hydrogen peroxi de can be
|isted as an exanple other than organic hydroperoxi des. 5 Hydrogen

peroxide is a coymyybl QRIRSAIMEERY v ished 63l anf 8xHMbae HEEr #REnCaN

be obtained usually in the formof an aqueous solution. Tt reacts wth an

olef in typega@iROUhtdpefSkMnaR . 0xirane conpound and water. The organic
hydr oper oxi de and hydré%%n peroxi de, which 10 are used as a raw naterial,

Lok be Tar ) o EARPPE L0 o ol d gty T vl on o
The sol vengoapdhad,| 4R¥H 2'dhd can be obtained usually in the form of an
agueous solution. It reacts with an olefin type compound to
form an oxirane compound and water.
The organic hydroperoxide and hydrogen peroxide, which
10 are used as a raw material, may be a thin or dense purified
or non-purified material. |
The epoxidation can be carrxied 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
15 underwhichthereactiohisconducted.andmustbesubstantially
inert against the reactants and products. The solvent may be
a substance existing in the hydroperoxide solu‘tion to be used.
For example, when cﬁmene hydroperoxide is a mixture of cumene
hydroperoxide and cumene, which is .a rawmaterial thereof, said
20 cumene hydroperoxide can 5e used as a substitute for the solvent
without especially adding a soclvent.
The epoxidation temperature is usually from 0 to 200T,
preferably from 25 to 200C. The pressure may be a préssure

enoughtokeepthereactionmixtureliquid.Usually,thepressure

25 is advantageously from 100 to 10000 kPa.




a substance which are liquid under the pressure and tenperature 15 under

whi ch the reaction is conducted, and nust be substantially inert against
the reactants and products. The solvent may be a substance existing in the
hydr oper oxi de solution to be used. For exanple, when cunene hydroperoxide
Is a mxture of cunene hydroperoxide and cunene, which is a rgwaRheoos!
‘thereof, said 20 cunene hydroperoxi de ca 8be used as a substitute for the
solvent w thout especially adding a solvent. The epoxidation tenperature

i s usual ly fromAFtter 20@ihpleplehendblthef rero2bdapi@R098. 1ThR i eSSt e-aay
be a pressure enough to keep the reaction mxture liquid. Usually,

t hepr essur eonifa;isi rayl derstiagad paloguctons 1€9s 1 Dy W¥KK-kPaa £l MaEh133@5

After conpletion of the epoxidation, a liquid m xture containing deSired

product i s ceamidss tsikey atekt | @ed Al B #Skt LERPOPliriiFh.e ABYla shiabhgui d
m xture is purified by a suitable nethod. Purification includes fractional

distillati sethoael potiive @iaet i001udkkt Eabceontas i 10 pdat gyl i ke. The
sol vent, catal yst, non-reacted propyl ene and non-reacted hydroperoxi de can

be used agaenelyt inRC ¥GtirTdbt iIde, IOACEF#Pioh] %éﬁﬁn%hﬁnﬁa‘cﬁeyiikgf. thfe
present invention is used, can be carried out in the formof a slurry 10

or & i xedsbedentdodth i cofenOteAkBOPrYRI ol 418 URLAL BlaBREIA! I ON,
preferable to use a catalyst in the form’of afi xedbed. e present
process cafRyBeopdirok@@O By BOahsbW 8§ain by recycling.
The reaction, in which the catalyst of the present
invention is used, can be carried out in the form of a slurry
10 or a fixed bed, and, in the case of a large scale of industrial
cperation, it is preferable to use a catalyst in the form of
afixedbed. Thepresentprocesscanbecarriedoutbyabatchwise
method, semi-continuous method or continuous method. When a
solution containing a reactant is introduced through a fixed
15 Dbed, a liguid mixture obtained from a reaction zone does not
contain catalyst at all or contains substantially no catalyst.
EXAMPLES
The present invention is illustrated by the following
Examples,.
20 Example 1

Preparation of Catalyst

While 375.3 g of 16 wt% hexadecyltrimethyl ammonium
hydroxide aqueous solution was stirred, 5.56g of |

tetra-isopropyl orthotitanate and 30.0 g of 2-propancl were

25 added dropwise to this. After .stirring of 30 minutes, 114.3




met hod, sem -continuous nmet hod or continuous nethod. When a solution
containing a reactant is introduced through a fixed 15 bed, a liquid

m xture obtained froma reaction zone does not contain catalyst at all or
contains substantially no catal yst. EXAMPLES The present invention is
illustrated by the follow ng Exanples. 20 Exanple 1 Preparati @n@h 2005
Catal yst Wiile 375.3 g of 16 wt % hexadedM trimet hyl ammoni um hydr oxi de

aqueous solution was stirred, 5.56g of tetra-isopropyl orthotitanate and
of 30

m ot 65, 1917 Ro PR SRR UARIAE Adabl drohiFh af@%éég;ﬁaaad
i nut es. % _
nourS, and Lhue Gor e e oy dpedte POk EfipErafOe AP My “hnd

obt ai ned welsusr bedadne® Prd@Ip Bt A0Hr Fa¥nden taGaMm Thepddl £ Br¥hbch was
obtained by sufficiently mxing 80.0 g of the dried white solid and 10.4 g

of water whbaspedyeasv@siedcaprasSi gornel Hedryi dhdéaAbretdamg A8 ficre
(inside dianmeter: 3 cn) under a pressure of 1 ton/cnR2. The obtai ned

t abl et § wevkichuraeroreainefichy nobfibtctenalysnixahgl8000t 9 &Ff Otlien deied
obtained 10 using sieves. Solid less than-1.0 nmwas recycled to conduct
conpr essi dPhbE dFAGLdgand Ithet ohtef Heateas| Wadhe spaagar otas. 0

compression-molded with tabletting machine (inside diameter:

3 cm) under a pressure of 1 ton/cm?’. The obtained tablets were
pulverized, then molded catalystsof 1.0 to 2.0 mmwere obtained
10 using sieves. Solid less than 1.0 mm was recycled to conduct
compression molding again. The cbtained molded catalyst of 1.0
to 2.0 mm was dried at 70T for B hours under vacuum.
Next, 10.0 g of the molded body obtained as described
above was packed in a glass column of an inside diameter of
15 16 mm¢, a mixed liquid(1l) of 150 ml of methanol with 3.0 g
of concentrated hydrochloric acid{content: 36 % bj weight),
amixed liquid(2) of 100ml of methanolwithl.0 gof concentrated
hydrochloric acid, and, then 100 ml of methanol(3), in this
order, were passed through the column at LHSV of 6 h™!. After
20 removal of the ligquid, the molded body was dried at 120C under
vacuum cof 10 mmHg for 1.5 hours.

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

25 was Stbjected to refluxing with heat under stirring for 1.5
hours. The l1iquid part was eliminated from the mixture by

filtration, and the solid obtained was dried at 120C under




to 2.0 mMmwas dried at 70t for 8 hours under vacuum Next, 10.0 g of the

nol ded body obtai ned as descri bed- above was packed in a glass colum of an
i nside diameter of 15 16 mm, a mixed liquid(1l) of 150 m of nethanol with
3.0 g of concentrated hydrochloric acid(content: 36 % by weight), a m xed
liquid (2) of 100 ml of nethanol with 1. 0 g of concentrated BwjLRERLHEEI C
acid, and, then 100 ml of nethanol (3), i B0t his order, wer e passed through
the colum at LHSV of 6 h"1. After 20 renoval of the liquid, the nol ded

body was drjgshh J2 W%ﬂé%ﬁf@ft&%mfﬂnqgléeé‘?é{t}lﬁﬁoask 2 nd

of the nol ded body ob as descri bed above was charge

mxed Wth btathed mbtdsaetltiadiveit azane adite d0s e UsQLrhReUaRea %@d 9@“@

m xture 25 was subjected to refluxing with heat under stirring for

hours. The ’/gui dvpzageiporel dtanated 6£029 1 hek @ing Hr gob¥ véitmé ass @n ,71and
the solid obtained was dried at 120t under 20 7 March 2005 vacuum of 10
mg for 24dfigs to obtain a nolded catal yst. The obtained nol ded catal yst
had a specific surface area of 966 n?/g, average pore dianeter of 29.4 A
and a p®re P5 of propyl ene oxi de(PO The

nol ded cat al yst ai ng ' S des ri bed above was evaluated with a fixed bed
f1 owi ng reacti orﬁ?ﬁ) ¢LE6E GatAdYSFemfia RS nGaeEERebes P e@2and

propylene(g%éhug%ed with a fixed bed flowing reaction apparatus using

26% of cumene hydroperoxide(CHPO) and propylene(C3‘'). A
catalyst layer was an inside diameter of 10 mm¢ and a length
10 of 500 mm, a reaction condition was a LHSV of 30 h™, a molar
ratio of C3'/CHPO of 8, a reaction pressure of 5.5 MPa and a
reaction temperature of 80C. A sampling was carried out for
30 minutes after 5 hours from the beginning of the reaction.
The reaction result was shown in Table 1. | |
15 Comparative Example 1
An experiment was carried out in the same manner as in
Example 1 except that the molded body obtained in the molding
step of Example 1 was dried at 150C for 8 hours under vacuum.
The obtained molded catalyst had a specific surface area of
20 907 m*/g, an average pore diameter of 22.5 A and a pore volume
of 0.51 cc/g.
Using the obtained molded catalyst, the evaluation wés carried
out with the a fixed bed flowing reaction apparatus in the same

manner as in Example 1. The reaction result was shown in Table

25 1,




cat al yst

a reaction condition was a LHSV of 30 h"1, a nolar
reaction tenperature of 809x.
30 minutes after 5 hours fromthe beginning

The reaction result was shown in Table 1. 157GapRarabsve
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is carried out with the a fixed bed fl ow ng reaction apqg
manner as in Exanple 1. The rede%amplecdul t| YRBPBRAGAVEN
) 2005 21 [Table 1] Exanple 1Conparative Exaggvs 1 Cataly
ature “t70150 Specific surface area nR/g96 BRI ade
Catalyst

Drying Temperature ©C 70 150

Specific surfacelarea m?/g | 966 907

Average pore diameter A 29.4 22.5

Specific pore volume cc/g |0.71 0.51
Reaction result |

Catalyst amount g 1.27 1.52

CHPO conversion % 88.4 82.4

PO/C3’ selectivity % *1 99.6 99.4

‘Iayer was an inside dianeter of 10 mmO and a | ength 10 of 500 nmm
rati o of C3'/CHPO of 8,
A

Exanple 1
step of Exanple 1 was

e obtained nol ded catal yst had a

an average pore dianeter of 22.5 A

t he

ar at us
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*]: PO/C3' selectivity = produced PO mol/reacted C3' mol x 100

Industrial Applicability

According to the present invention,

it is possible to

produce a titanium-containing silicone oxide catalyst which

can be used for a reaction obtaining, for example,

an oxirane

compound from a hydroperoxide and an olefin type compound and

which can exhibit high activity.




Specific pore volune cc/g0.710.51 Reaction result Catal yst anount gl.271.52
CHPO conversion 988.482.4 PO C3' selectivity %*199.699.4 *1: PQ C3
selectivity = produced PO nol/reacted C3' nol x 100 Industrial
Applicability 5 According to the present invention, it is possible to
produce a titaniumcontaining silicone oxide catalyst which canghenysed
for a reaction obtaining, for exanple, an oxirane conpound froma

hydr oper oxi de and an ol efin type conpo@@d and which can exhibit high
activity. 10 7 March 2005 22 CLAIMS 1. A process for producing a
titaniumcontaining silicon oxide catafmst satisfying all of the follow ng
conditions (1) 5 to (4), which conprises the followng first to third
steps: (1): an average pore dianeter of i0A or nore, (2) : a pore dianeter
of 90% or nore of the total pore volume of 5 to 2001 , (3): a specific

pore volume 0f10. 2 Gifhds 9 dPpEodddngld € HanidndlshehRiY PEGR 1 on
represented by the followng Qgeneral ornula.?l?mls useg asg?%EPtenplate
and then dbpaéeidtal st isat LOBYLAg W1 YV ek PEL1BHIhY conditions (1)
9 to (4), which comprises the following first to third steps: -
(1): an average pore diameter of 10A or more,
(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 cm®/g or more, and
10 (4): aguaternary ammoniumion representedby the following
general formula (I} is used as the template and then the template
1s removed by solveﬁt extraction,
[NR'R®*R’R*]* (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);
first step: a step for obtaining a solid containing a
catalyst component and a templatebymixingandstirringasilica
source, a titanium source, and as the template, a quaternary
20 ammonium ion,
second step: a step of drying the solid obtained in the
first step under a condition of a temperature of 120TC or less,
and
third step: a step of removing the template by subjecting

25 the solid dried in the second step to solvent extraction.



[ NR R2ZR3R41+ (1) (wherein, R represents a |linear or branched hydrocarbon
group 15 having 2 to 36 carbon atons, and R2 to R4 represent an al kyl
~group having 1 to 6 carbon atons); first step: a step for obtaining a solid
containing a catalyst conponent and a tenplate by mxing and stirring a
silica source, a titaniumsource, and ag_ the tenplate, a quatengaey 2089
anmoni um i on, second step: a step of dry?%g the solid obtained in the
first step under a condition of a tenperature of 120t or less, and third
step: a step of 2emnd pgoidess aepbaany toubl&thni Ng whtrdiie t9@ cdtdniyed in
t he second step to solvent extraction. 23 7 March 2005 2. The process
accordi ng 4ig G @éﬂé—ly%eﬁﬁbﬂnghﬁncﬁ%%ldi%ent Spédak iRl ¥Skell@WnG AN 60 +
absorbent peak in a region of 960 5 cm 1 of infrared absorption spectrum

3. The procegm-aceer §hpgatreL!agBptid® Speeesamf urther conprises a step
of conducting a silylation after the third step. 4. The process according

toclaiml, thegr m?rwet@hcc%mrﬂ@% 21860107 tHB! ft-B8e8sSehi¥her
cont ai ning the catalys conmponent. 10

® comprises a step of conducting a silylation after the third
step.
4. The process according to claim 1, the process further

comprises a step of molding a solid containing the catalyst

component.

10



