;e3e}zzz{} Xt} 6TWeXPCT/ JP02/ 01303 1 SPECI FI CATI ON PROCESS FOR PRODUCI NG
TI TANI UM CONTAI NI NG SI LI CON OXI DE CATALYST 5 Technical Fie

invention retpi®soifsa process for producing a titanium conamwwmmﬁ@ﬂlmht
oxi de catalyst and said catalyst. Mre particularly, the prese n
relates to a process 10 for producing a titaniumcontaining sili‘€¥P2oxi de
catal yst which can be used for reaction af a hydroperoxide with an olefin
type conmpound for obtaining an oxirane conpound, and which ¢ exhi bit high
activity. 15 Background Art Met hod ﬁ&%ﬁi i an oxirane m!m mﬂmm m
an olefin type conpound and a hydrg'pr)’grcoxi e'flq'drfﬂ?he pr esence’ m l mt,
are publicly known. As a catalyst used herein, for exanple, U S*Basent

No. 4, 367, 342 di scl oses a specified 20 titanium supported silicon oxide -~ —
catal yst. Ho it S ek t ot : \ } I | yst
is suffici enﬂgégﬁés?pgdpgpépnbﬁﬁg \?i@\f\%%%brﬁ o##@#@at%\i%hﬁ)g e}?
activity. D sclosure of the Inventi oncéé t)ggﬂr the present condition, the
probl emto be sol ved PCT/ JP02/ 01303 % e present invention is to
provi de,x for exanple, a process for producing a titaniumcontaining silicon
oxi de catal yst which can be used for obtaining an oxirane conpound from

for exanpl €medn Iﬂgggp%r!t%)gdde and an ol efin type conpound, and can 5 exhibit

hi gh acti vi & present invention relates to a process for

The present invention relates to a process for producing
atitanium-containingsiliconoxide catalyst and said catalyst.
More particularly, the present invention relates to a process

10 for producing a titanium-containing silicon oxide catalyst
which can be used for reaction of a hydroperoxide with an clefin
type compound for obtaining an oxirane compound, and which can

exhlibit high activity.

15 Background Art

Methods of obtaining an oxirane compound from an olefin
type compound and a hydroperoxide in 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-supported 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



producing a titaniumcontaining silicon oxide catal yst satisfying all of
the following conditions ( 1) to ( 4 ) , which conprises the foll ow ng
first and seepfpphe@s: 10 (1): an average pore di anmeter of 10~ or nore, (
2 ) : a pore dianeter of 90% or nore of the total pore volune of 5 to 200g,
(3): a specific pore volune of 0.2 cnB/g or nore, and (4): a quaternary
anmoni um i on represented by the 15 foll oW ng general fornula ( | ) is used
as a tenplate and then the tenplate is renoved | NRIRZR3R41 + ( |

56 carbon b ngﬂée@‘?@%%“?oiﬂm%‘?“es?n?aiﬁ%ﬁag 35 1%5?%2@{6‘?‘9% °
carbon atomgle! igSla e & &6 flnS J%HJEQ.‘LH%Q 39 UAoS0RkAA B8 gl ot

conponent an m xi ng and s I 'Ca source tani um
d, I
amount of aaﬁ%%zﬁ?a‘*eﬁg afe8e 498 0‘% AT BT bR buﬁfﬂﬁ%ﬁb{ﬂaﬁé%rof
the follow %9: S%I ﬁ?ro(f b li’gF/ QFQZAIQJO %Q% I %b al 'an
|/ | FPFark 1 Pg

?ﬂ?) tltam umq_q)g_ (m) % %‘k é)} re?mw ggt?hzﬁterrpl ate]o:nromthe sol i d 5
prepared |n ?ﬁ, II‘S}'?.%SI} '@pi Mdde for Carrying out the Invention The
catal yst obt ai neg fy. y"ng al%%fséﬁ@me%i& d 14605 Ud Co AL ELL9 £4L1 con

oxi de catal yst sat s
producing a titanium-containing silicon oxide catalyst

satisfying all of the following conditions (1) to (4), which
comprises the following first and second steps:
10 (1): an average pore diameter of 10A or more,
(2): apore 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
15 following general formula (I) is used as a template and then
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
20 group having 1 to 6 carbon atoms)
first step: a step of obtaining a solid containing a
catalyst component and a template bymixingand stirringasilica
source, a titanium source and, as the template, the quaternary
ammonium ion, wherein an amount of an alkali metal in the mixture

25 prepared is within a range of the following expression (II)



10 the follow ng conditions (1) to (4). The condition ( 1) is that an
average pore dianeter of the catalyst is 10.i or nore. The condition ( 2 )
is that a peppssharsier of 90% or nore of the total pore volunme of the
catalyst is 5 to 200. 15 The condition (3) is that a specific pore volune
of the catalyst is O . 2 cnB/g or nore. Herein, the specific pore volune
neans pore volune per 1 g of the catal yst3 Measurenents of these conditions
(1) to( 3 ) can be conducted by ordinary nethods such as a physi cal
absorption ggt Qqc}ﬂsi ng 20 gas such as nitrogen, argon or the like. The
condition ( ) is‘t’hat the catalyst is obtained by using a quaternary

anmoni um i on represente e follow neral, formula ( s the

tenpl ate and t%lailen%(\e/?ﬁgy{:%gapé%'l a#e?sq["gﬁ{f@ﬁem ] + ( H}?ZS (wherei n,
Rl represents | i near or lydrgcarhon grou PCT/ 01303 4
having 2 to 3(?%15? %nm%}?%ﬁz,mgﬁ% ilo R4%r'ggfngg'éﬁ}(ﬁa?n al ky 1E:]llrzfo’upar?‘ffijlvi ng 1
to 6 carbon ato . dit ] i, L j I tald; 4N a
part of a procersr%)efcg-rgag?ggﬁéianégeggi(ofgé?ég}’é/é?%’sé #%@B%é’?%%}ﬁﬂgﬂgt%eild
present g nv [ or, . a peak show ng an interplanar spacing
(d) in% X_E?%?Q%e@?i&ﬁﬂgﬁ%&%@&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 derived from an

anor phous 1 @ ' f%’&lﬁ:tarr e & a8 yﬁ’ieof’ﬁ n the present invention

ol

preferably R . SorpttofpeaK T the regto 960 5 cm1l in the
i nf d ab ' f ) : : . L Thi "
¢ aesumed 1o Cor st Y IR A M fterlk SpPehttohVas Th S Pee

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 90% or more
of the total pore volume of the catalyst is 5 to 200A.

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

Measurements of theseconditions (1) to (3) canbe conducted
by ordinary methods such as a physical absorption method using

20 gas such as nitrogen, argon or the 1like.

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?*RR*]* (I)

25 (wherein, R! represents a linear or branched hydrocarbon group



15 into the silica skeleton. The first step of the production process of
the present invention is a step of obtaining a solid containing a catal yst
conponent aﬁ@wﬁo&ﬁ%& ate by mxing and stirring a silica source, a titanium
source, and, as the tenplate, a quaternary amoni um 20 i on, wherein an
amount of an alkali netal in the mxture prepared is within a range of the
follow ng expression ( Il ) or ( Ill ) .4alkali metal/titanium< 3(nol/nol)
(I'1) alkali nmetal /[ NRIRZR3R4]+ S 0.3(nol/nol) (I11) When the reagent to be

Soruti on by"av25, 3 £8 oF 22cbdn Bohh oBaliR S NC ebatb el buliudyt,

The silica sggrcehian(ﬂ]ud S48 rph(%%s nSial I ca )and al koxysi | ane such as
t et r amet hyl 5P PR Cdt 8, et &t hﬂ orﬁ%“bssﬂ i cate, tetrapropyl

2l koxi des cuch- abnberratebhgR (ff wducber BPGRERSredd RBYa Bha sty
amate: gk el BOBLRRN ot RS M Madddpet e, Lot r e souty
di i Sopr Ghoxyb: ot ACHEREE sht hESERRE Hivdn thon Man R PUAC K B as
1 o b AGHL bfa i SALUTLARLAREAN 800 08 A BOPLAY bR,
opre2enCes gy Uit SUBY Tl ok UBRL, sk bR R ek .
36 carbon 2, gpgy - 8% EnbnEal §BLRSRE192a%lekhn 9 BNRCAY shate§ SR DO"
regularity of a solid, and a broad peak derived from an amorphous

10 part may exist.

The catalyst obtained in the present invention preferably
has an absorption peak in the region of 960 = 5 cm™ in the
infrared absorption spectrum fromthe viewpoint of 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 obtaining a solid containing a catalyst
component and a template by mixing and stirring a silica source,

a titanium source, and, as the template, a quaternary ammonium
20 ion, wherein an amount of an alkalimetal in the mixture prepared
is within a range of the following expression (II) or (III).
alkali metal/titanium = 3(mol/mol) (II)
alkali metal/[NR'R’R’R‘]* = 0.3(mol/mol) (I11)

When the reagent to be used in the first step is solid,

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



20 Rl is a linear or branched hydrocarbon group having 2 to 36 carbon
atons, preferably 10 to 18 carbon atons. R2 to R4 are an al kyl group having
1to 6 caquﬂmﬁ%g&ﬁ 3and preferably each of RZto R4 is a nethyl group.
Speci fic exanples or the quaternary ammoni umion 25 represented by the
general formula (1) include cations such PCT/ JP02/ 01303 5 dispersing it
in a solvent. The silica source includesganorphous silica and al koxysil ane
such as tetranmethyl orthosilicate, tetraethyl orthosilicate, tetrapropyl

orthosilicate and the Like. 5 The_ titanium source includes titanium
al koxi des s%%ﬂpggsfggréhe%ﬁyF Fpﬁgﬁgﬁé, tetraethyl titanate, tetrapropyl

itanate, totra o8t PhTheky POFPanAPELOREE ABsrRbein i@ty

0 | sopr opoxY IR RTELJPAE PO 85 anth HERTF KVE AhERPE LhAGRtRal FREE2EERN Las

i tanyl sul PERROSRALERE | KEEERBEPRYY BRAPaRa L4 As Bih e i um | on

(uhoroi B R1' 7 eptat o ST A dh TiciHans SHF D S orone RATNES2 (o

atoms). 20 FALRama ey chl Bapasan sREE R e A ST B o 30

having o CorbtRBRkEn BPLRALSaREORYr SRIB et T AR R YR et hyl

group. Specillc, XaERLST 26 +LAS+AUaLRLDALY AHRIAIRY O 1 tanate,
tetraoctadecyl titanate; andtitanium (IV) oxyacetylacetonate,

10 titanium (IV) diisopropoxybisacetylacetonate and the like; 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?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 R! is a linear or branched hydrocarbon group having 2 to
36 carbon atoms, preferably 10 to 18 carbon atoms.

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

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



25 represented by the general formula (1) include cations such

PCT/ JP02/ 01303 7 acid, sulfuric acid, nitric acid and the |ike, and organic
-aci ds such @R&,beydisgs aci d, acetic acid, propionic acid and the like . The
m xing and stirring tenperature is usually from-30 to 100g . Solid is
formed by mxing and stirring, and the solid 5 may be aged for further
grom h thereof . The aging tine is usualgy 180 hours or |ess, and the aging
tenperature is usually fromO to 200 . Wen heating is required in aging,

it is pref eé&%ﬁ%%%&y%@ﬁi@{agég%Emin%n%ﬁm”s%%h%%@#t@i%&lﬁ{ﬁgﬁkil@&ﬁsSe' and

heating is con pressureé vesser Tor avol

V200112201 Al 0e RELS Mo d ! 2l NG USSP | Tont O

ai
which is to 0 i a ca g an ex t is

necessary tﬁgﬁaé$@¥%€9¥£§+§£u%heaﬁhk@hg_qgk%Llin the m xture prepared is

within a range 0 W ng expressi on ) 15 or (II11): alkali

(ot /ol 3 TEE B et dpBHERpbr T bbont M KB Sebrestnten By o )
the al kB 1 PAE ASTREEho GrETF ol b) onay 4B aeBE, ahahtrbe, HRECb RaffodE

expr essi on l'#’é@@?%f%’%/l%@”ﬂfi rzlggief &citilfl:lélst to obtain a catal yst having an

extrenely hig a of e al kali metal include lithium

sodium 25 pot assl i LyRAIHD SRANHE AR LiliSr 304 BHBOR0ER' bulR! @
as methanol, ethanol, n-propanol, 2-propanol, n-butanol,
sec-butanol, t-butanol, allyl alcohol, cyclohexanol, benzyl

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

The amount used of the titanium source based on the silica
source is preferably from 1075 to 1, more preferably from 0.00008
t0 0.4 in terms of molar ratio. The amount used of the quaternary
ammonium ion based on the total amounts of silica source and

15 titanium source is preferably from 10"% to 2 in terms of molar
ratio.

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

20 quaternary ammonium hydroxides are preferable, and examples
thereof include tetramethylammonium hydroxide,
tetraethylammonium hydroxide, 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 suchashydrochloric



usual ly exists in an ionic state. The solid obtained in the first step is
usual ly filtered and dried. The tenperature during drying is 120 ~ or
lower, prefgéaloyo %, @99 or lower. The atnosphere for drying includes 5 air
or inert gas such as nltrogen or the like. As a drying apparatus, a conical
dryer or plate dryer, equipped with a warm current device or vacuum device
can be listed. Besides , in vacuumdrying, it is preferable to dry under a
vacuum of 200 rmHg or |ower fromthe viewpoint of irrprovi ng of drying

iefsfiatriste Qﬁyﬁétéo TR g?@#:éfgi’ér?fs i g, ﬁ‘iﬁ %ﬁ%%%ggnﬁ?'a{'qﬁ%“ 'hon
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sol vent extractl . A_technj que for extractlngga tenpl ate with a sol vent |s
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General 1y uigaa*?%ﬁ%fi%#ef%%%ﬁéd‘zﬁé RS FRATTRS o et o
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h |, I I
octano | oxeheBoEeR HidsonudBl e o ATEEE R e Y ARG Rl

t hyl et h but t et h rb
such’as di Yésaﬁiﬁﬁe%%’ Lce?néth%t%%sﬁa‘éy%Fa#a?ea‘r’ggﬁkls?i%?sgi R BaRERR L e
as net acet atg §I ac t tlute\él acetate or butyl propi onate and t he
like. V\E?BHF FaET-0 0 soﬁve %o the catalyst is usuallyfromlto

1000, pr ef er abl Yok ! o] 1?% i#) o)
extraction, aci dséo%ncsgf‘{' RGP Eraélf bt(rafpét%’d‘le%q?neé ng}see <01 ﬁ{hqc}t%srrpl es
of acids us ﬁge i q% CE é SﬂIff iC
acid, nitri ggaézti[}g ro%lxg.fagigﬂfa ?lt e%?{' xg%%&ég st%lgjé as o%rm' c
aci d, acetigg Q_EQFE%StBEQp{ {s‘ﬁhg ?ﬁ%ﬁ@%iké | &5 e?ni':&%re
thereof i nc rreta S, a I ne ear net a sal amoni um
e s within a range of the following expression (II
salts a”dtfbhﬁ‘:gdi 1thi he foll (II)
15 or (III):
alkali metal/titanium = 3(mol/mol) (II)
alkali metal/[NR'R*R®R*]* = 0.3(mol/mol) (III1),
further preferably
alkall metal/titanium = 1(mol/mol) (I1)
20 alkalil metal/[NR'R?R®R*]* = 0.1(mol/mol) (111).
When the amount of the alkali metal in the mixture prepared
1s beyond the ranges of the expression (II) and (IIl), it is
difficult toobtainacatalysthavinganextremelyhighactivity.

Examples of the alkali metal include lithium, sodium,

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



The concentration in the solvent of the acid or salt thereof to be added is
preferably 10 nol/1 or less, further preferably 20 5 nol/1 or less . Wen

t he concentig?.}/%.lg} ohddst he solvent of the acid or salt to be added is too -
hi gh, the catalytic activity may be |lowered by elution of titaniumin the
catal yst. After adequately mxing a catalyst with a solvent, the liquid
portion is separated by filtration, decagation or the 25 |ike. This
operation is repeated required tinmes. Extraction PCT/ JP02/ 01303 10 can be

al so conduc a_net hod .of flaow ol vent for washing into a catal yst
| ayer. The é%ﬁf‘)ﬁéﬁ Sr’l”&c‘)s]&%wal iar?g l\(,:gannry'grbgsian%%\h by, for exanple, analyzing

the |iquid portij.on. The. extraction erature i.s prefe |y, .0 200
furt he(r:I pre]Per;ﬂoq%/ Sfbh‘f t%bwg jiﬁn(é{l:gea o]#gtﬁssltnegtptjﬁse l%sggav}yel-%eén]ﬁto%ree

sol vent, extraction _cap, be. al so conducted.b Sing a.super itical fluid.
A the supePnf: BFREd: PPE HOTBRFBSHLE: SRraY STRIBEOLZnNE0 Thet Aok,

t enperature of _carbqn dipgzq)de i.s about 31C or npre. 10 Therefore, the

extracti on PERHEFAPINel r¥F ONRYL- The; gtagsrherg, AT ARYERS ANFIIAES (o
coc _ e ot cal prEspuce ot b b ionie s At L8 Vo sp L,
ber 1601 || PEPOSRCER of P oA BETRE SRRk SRVPF e LNpeR ik § WA 0o
brof or abl e POTRERE a5V S f i SeTH oo S a gt Hafdes L BB A Y 0 1o
25 nit rogend-SPHER) 1ELFR i Shafle o AT MR b At 8520 0 S g1 "
S0l utt on obtaFeEatapperhe B SRR AT e dnBrVIBLBREAP IS SHEfELdped 40

recycl as,a t%%aetr%tnﬁarteqri al in 25 the first step. PCT/ JP02/ 01303 11

When a ydroxf"de a dquaternary anmoni umion represented by the general

(ormila (1 ) i Shio S50 RIS Ale 2y PBRLBR, D] apegrstonce

of the quaternary a ni um i onobTarn

oxt 1211 o0, - BmdS ALK EXCHBIGR CALPE RSO | AL o 0L e

anmoni um SaF W nmetal” 1n"a sol vent

T BCkeShadl S e LN, L SISO 2510

adj usted w th an roxi de I on ‘contal nin

quaternary EUopL M {+S8bhpohBXEVEla di taRpIAIY bbeAined 1hSeks UL Al O

sel ect
15 step under air at a high temperature of 400 to 700 C, or by

subjecting to solvent extraction, and among these, it is
preferable to remove the template by a solvent extraction. A
technique for extracting a template with a solvent is reported
by Whitehurst et al. (see U.S.Patent 5,143,879)

20 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 1iquid state at room temperature can be generally used.
Suitable examples of such solvents include alcohols, ketones,

25 (acyclic and cyclic)ethers and esters. Examples thereof



conditions so that the amount of the alkali nmetal ion beconmes within the
range of the above described formula ( Il ) or (Il ) . In addition, the
sol vent usegci@mm@ﬁ%Faction can be recovered by usual nethod 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 catalyst to
silylation fromthe viewoint of heighteging of the catalyst activity. The
silylation is conducted by contacting the catal yst obtained in the second

1 A AR i LA
2: : g;: 2{7} gﬁs gn{% dar i \za?&\%'e@%%t ?éf;eoil, ’e%g{(fpc}%anéijlj‘# a_zage;ggn%poglﬁer
e
gog?gggetrygsuﬁépsrlaﬁ%?%fbﬂfag Fﬁﬁﬁﬁyﬁ%%ejgﬁgﬁ$%ng,lébIO{g%?gé%ﬁ§1sSPane,
- butyl o meRRYPERFoF SERFEneE F Pt PErekrh SRR T AL AR Stner ana
L A
i el b
TrEAIGREIS st is usua

tri et hoxychl orosilane; orosi1 ane,

et hy! phenyLypavhebLongsil e At gl ARk i ogg1 | ane,

di phenyl chl orosi "ane, i pHe yl I'orosi T ane,
A ey’ ] Chl BERSas s BTN G OR A ragtaon acsds oF spits
1) ude, N EREELBH By bt o Mooy o 11 dacol
N eyl Si Ly ) B AP Ay P A B ACRrT PRethi P e SRRy g o1as such as
PCT/ JP02/ 01ﬁ9§rochloric 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 like.
The concentration in the solvent of the acid or salt thereof
to be added is preferably 10 mol/l or 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



13 N-trimethylsilylpyrrole, Ntrinmethylsilylpyrrolidine,

N-trimethylsilyl pi peridine, 1-cyanoethyl (di ethyl am no)di net hyl sil ane,
-pent af | uor b Hisget hyl silyl amine. 5 Exanpl esof the organic silylanide
and derivatives I nclude N, O bistrinethylsilylacetam de)

N, O-bistrimethylsilyltrifluoroacetam de, N-trinethylsilylacetam de,
N-nethyl -N-trinethylsilylacetamde, 10 10

N-net hyl - N-t ri met hyl S|Iyltr|fl uoroacetam de,

ﬁ ??t Bﬁlt y:\laﬁgélléﬁeﬁt l‘?ii;lf%ld%% glr}lgeq:lcfggaﬁggq.o’wzmg a solvent for washing
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trineth§|5|f9l%99 uor onet hane sul fonate) 25 N, N -bistrinmethylsilylurea.
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cat aI yst so?g %H‘Bﬁ of§gOMe i nadequate because pores are broken. 25 In

t

carrying ou e conpression nolding, it is preferable that

PCT/ JP02/ 01303 lpna s@Yid segsghgan%f%eeattw%&t&%mwnna%prﬂ@'mé/@t er in

a proper anount, and a nol de aving a sufficient strength can be

produced byNElmeiy, 1@§s%eefeféwi§r% Wlat B8 JRehpe?atii®e of 10 to 800C,

further preferably 50 to 300C under a reduced pressure or an

20 atmosphere of non-reducing gas 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.



be subjected to the conpression nolding is preferably 1 to 70 %. 5 by
weight , further preferably 5 to 40 % by weight . The water anmount may be

.adj ust ed by, r degree during drying of a wet solid, and may be
adj ust ed b¢“§%gP%§S§iter to an adequately dried solid. In addition, a
bi nder usually used and the |like may be added 10 within a range of no
obstacle to a desired performance. The spyape of the nol ded body may be any
shape such as tablet, sphere, ring or the Iike. The nol ded body nmay be used
as it is or after Bulverizing to a proger si ze. The catalﬁst of the present

i nvention can bEPG8eY HYFTopstde of: A PLabSTHATY ANmaniung FEPTEFeRE8S: i on
to epoxidatjon of an olefin type conpound, various oxidation reactions of
o gant e combOdiR dhhena roiia (IR Shased  n HPaiiad Maw Spteade atsa and
hi ghly di spersed titani ymactive site%. Eurther, if desired, it ii al,so
possi bl e t PPHEERER DY oLPR-e¥ERENEE BF the FURLPYRATY eA™Qddm §414r 11
third conponent such,as aJumn etc., and the catal yst can be used for

| a,
al kyl ati on, tR&t8PyPFLoRePBEALAGE BELerTiE e &XHRAGt* ™t he present invention

can be % timally. can be used for production of. an oxirane, conpound in which
an olefion 25 ty Eecéﬁﬁdﬁﬁ&hﬁgﬁe%ﬂb(P%QW%“W}&ﬁ%rWi'H%’,‘i‘i‘ BBt cul ar.
PCT/ JP02/ 01303 16 The ol efin type conpound may be acyclic, nmono-cyclic,
di -cyclic oRUBBPFRRTE| FEmeRPBuPRLt Lidthe fRBEh with a gvdRoziide efpe or
poly-olefin t pe_conPounﬂs . Wen the nunber of_ olefin bonds is two or
nore, these@HE1banetabnilGatOdVIsSid Sy a5ASERAP AP B BRI Nk & RYt ype
conpounds having 2,to 60 carbon_atons are usuall referred.. These may have
2 subst i tuEFRRTASHANGIRR 1ABSEREHBRES TepLard M el withuph AR Lt Bptal
substituent. Exa sof ch the_hydrocarbon.include ethyl ene .
ronyl ene. IR eRbIE e BELS| antotEeRBnEoatALhARE S RERERETATY FTEEPLNE
1-decene, styrene, cycl ohexen and the.like. Apt exanples qof .the di-olefin
Lype. caMhoutAiE nRotRTBhr aaf chbe afinReEAPBRe. 1A S80EEPRIEIANES BRLEFT and
as the exanpl e_t her eof al.ogen is lListe furt varioys substituents
cont A i ng P GRbLERS. 5 AT SRR ARG OF: Y (HUHA heSa AT S PARoRER
within the range of the above described formula (II) or (III).
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 catalyst to silylation from the
viewpoint of heightening of the catalyst activity.
The silylation is conducted by contacting the catalyst
obtained in the second step with a silylation agent thereby
20 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



15 and/or carbon atom may exist . A particularly preferable olefin type
conpound is an olef in type unsaturated al cohol and an olef in type

unsat ur at ed on substituted with a hal ogen, and as exanpl es

t her eof aIP@ﬁﬂgﬁ@gﬁgl, crotyl alcohol, allyl chloride are |isted.
Particularly preferable conpound is an 20 al kene having 3 to 40 carbon
atonms, and this conpound may be substitujgd with a hydroxy group or hal ogen
atom As exanples of a hydroperoxi de) organi c hydroperoxides can be |isted.

The organic droperoxide .is a conpound represented by 25 the general
formil o R GhEP MOERBAaTY L% T o S RIS S M TS b9 L Bup) . and. | o
react ed PCT/JP02/ 01303 17 with an olefin type conmpound to produce an
oxi rane conﬁB&ﬁHogﬁemegﬁﬂﬁﬁmil%%kﬂ?e+WQ§¥F%§§%WGY¢¥4§+%553R is a group
having 3 to 20 carbon atqons.. Most preferably, this_is_a hydrocarbyl group

havi ng 3 t oCRGOEREBIA tAYI AL anG 1 idadeginethelRetgh$i1a8ner tertiary al kyl
group or aral kyl group.. _Apong them tertiary al kyl groups, and secondary
OoF tertiaryca}éFRgFmG&B@&?Q%éiﬁi%%QQﬁﬂzﬁq%P%hQﬁﬂgg%?%?lgﬁHespecific
exanpl es_ thereof _include a tertiary butyl group, tertiarypentyl group,
cycl ope yIdéWSGBYléHd?ﬁﬁﬂﬁﬁﬂquﬁégL%? oup. Further,various tetraliny
groups 10 fornmed by elim nating hydrogen froman_aliphatic_side chain of a
Detralin moBaPEFEYIASEPHORY IGIkaRps e cinBHEYAGIMEIDYa Ao RS Linne

or gani ¢ hydr operoxi de_i.s used,the resultiqgﬁ? droxyl confound

55 pheny! - SEOPEFRNICHLPROS 1A ae TIIRAHIRE 1 6L HLMESRILARE yr ene by
dehydration 15 reactiqn, a-methyl styrene is a industrially useful

subst ance. ?E?PP&?}Q&HﬂQ&%}%QHQ%HF?%%?ﬁﬂ%ﬁﬂ%ﬁ??ﬁﬁ%ﬁn?ertiary pent yl

al cohol obtgi ned hy using_t-pentyl hydroperoxjde as the organic¢

nyar oper oxi Bemery E Tt e ana AEEGRe i ciieor frShiranbians,

Terti ary, pentyl . al gqhol i eful as a precursor of nethyl tertiary pentyl
et her Wﬁ?Chnrﬁugglﬁépgﬁgﬁiﬁﬁ;qﬁqsfaane,

bromomethyldimethylchlorosilane,
chloromethyldimethylchlorosilane,
3-chloropropyldimethylchlorosilane,
dimethoxymethylchlorosilane, methylphenylchlorosilane,

15 triethoxychlorosilane, dimethylphenylchlorosilane,
methylphenylvinylchlorosilane, benzyldimethylchlorosilane,
diphenylchlorosilane, diphenylmethylchlorosilane,
diphenylvinylchlorosilane, tribenzylchlorosilane,
3-cyanopropyldimethylchlorosilane.

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

25 N-trimethylsilyldimethylamine, N-trimethylsilyldiethylamine,



Tertiary butyl al cohol obtained by using t-butyl hydroperoxide as an
organi ¢ hydroperoxide is useful as a precursor of nethyl tertiary butyl

et her which Qﬁﬂaem%%éane 25 booster. PCT/ JP02/ 01303 18 Hydrogen peroxi de
can be |ist® xanpl e ot her than organi c hydroperoxi des. Hydrogen
peroxide is a conpound represented by the chem cal fornula, HOOH, and can
be obtained usually in the formof an 5 ggueous solution. It reacts with an
olefin type conpound to forman oxirane conpound and water. The organic

hydr oper oxi ge . and n.peroxide, ich are used as a raw.naterial, may
be a thi n oN-4ERTE thYA 313 &Pé’rr“wﬂjlrF p%tﬂé&emiﬁﬂyfpzsrtﬁédtasx. dat | on

can be carr % Qut b@ gbld by using a solvent and/or a diluent
The sol vent Nakg GEthyds 4. HMte which are | i qui d under the pressure

and tenpera ure und reactjon is conducted, and nust be

subst anti al Vﬁ@PﬁibgﬁnﬁgFﬁhii kéﬁ éh%ﬂ?ﬁﬁﬁﬁ%ts . The solvent may be

15 a substance e st|n |n %§L ero jde, solution to be used. For

exanpl e, thﬁnEG O é&Uﬁf ?Htﬂ% of cunene hydroperoxi de and
r|aI thereof roxi de can be

Goed a5 B 'sﬁgs't.sﬁ?fﬁé% 10 Eh ARG P S A BRI P LR BEHG o echafen

25 10 200, M- bﬁ%ﬁ;‘&”" TR e e "%efernﬁﬂ"gﬁ o keep the reaction rom

(Pa. After BolisPagtsimat s bt e oa Y aRHaem Xt ur e 25 contai ning

desired proﬁu%rimet% giiiigggfgégkgronta catalyst
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 organic silazane include

15 hexamethyldisilazane, heptamethyldisilazane,
1,1,3,3-tetramethyldisilazane,
1,3-bis(chloromethyl)tetramethyldisilazane,
1l,3-divinyl-1,1,3,3-teteramethyldisilazane,
1,3-diphenyltetramethyldisilazane.

20 Examples of the other silylation agent include
N-methoxy-N,O-bistrimethylsilyltrifluoroacetamide,
N-methoxy-N,O-bistrimethylsilyl carbamate,
N,O-bistrimethylsilyl sulfamate,
trimethylsilyltrifluoromethane sulfonate,

25 N,N’'-bistrimethylsilylurea. The preferable silylation agent



PCT/ JP02/ 01303 19 conposition . Next , the liquid mxture is purified by a
suitable nethod. Purification includes fractional distillation, selective

extraction, ({3‘1% ﬁltiin, washi ng and the like. The solvent, catalyst,

non-r eact ed Pf é@ ¥t and non-reacted 5 hydr oper oxi 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 gyslurry or a fixed bed, and, in

the case of a large scale of industrial operation, it is preferable to use
a catalyst jn the form gf 10_a fi xedbed. The present process can be carried
out by a bat®mIE¥EMRLPKSG1S44ARABENt i nuous nethod or continuous net hod.
When a solution containing a reactant is introduced through a fixed bed, a
liquid mxture oPRRGRIPI¥FETMOE tBEPFEACRINLPUBREIAB L JHUA N L 2458986 at
all or contains_substantjially no catalyst . 15 _EXAMPLE The present .

i nvention i3 TSt GREALBFLt hdasr Bl FERPNGOEXRRPALEY BxERPAE $OBLEHRLASI on
of Catalyst 20 While 375.3 of 16 wt % hexadecyl tri_nmet hyl amoni um

hydr oxi de atff@otted¥ati Gﬁm888ﬁ9§i'ni thoBgl ¥hgymAdAgRe SteR MeY) Bfas
stirred, 5.55% of tetra-i soprog\gl orthotitanate and 30. O g of 2- Qropanol
were adfed TRBFUFLEd: 0 APE Stageer PEfPFPi Ay BFtSH FPRuPREVermgnsigngs
tetranethyl orthosilicate was added 25 dropw se. Thereafter, stirring was

continued atePRbRtEeRpBPYLnLeSEEP 3%RoRtseratliet RidYdBtdPRe§tEPecpi Lht e
was PCTI JP02101303 20 filtered. The precipitate obtained was dried at 70C
for 8 hour sPERERFADAE UL COMVR K IRALOTMItHE WIS FEPMA LS YR Eramt | v

m xi ng 50.0 of . the dried white solid and 6, Sﬁ%of water with sgrayer was
conpr essi ontH®| YREVRPLRtaOf afPBPERSS 1P8c Ipthdeg@nfdateton of catalyst

properties such as specific surface area, pore volume and the
10 1ike. As the molding method, any method such as compression
molding, extrusion molding or the like may be used. An organic
or inorganic binder usually used can be used in the extrusion
molding, but lowering of catalyst activility may be caused by
addition of a binder. In the production of the molded catalyst,
15 the compression molding is the most preferable from the
viewpoint of strength and physical properties of the catalyst.
As the compressionmolding, a roll pressmolding (briquetting,
compacting), 0il hydraulic press molding, tabletting and the
like can be listed. The pressure in compression is usually 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
catalyst sometimes become inadequate because pores are broken.

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



5 dianeter: 3 cm under a pressure of 1 ton/cnR. The obtained tablets were
pul veri zed, then nolded catalyst of 1.0 to 2.0 mm was obtai ned using sieves

Solid les . 0 nmmwas recycled to conduct conpression nol di ng
again. The gﬁ%@&ﬂ@#oﬁml ded catalyst of 1.0 to 2.0 nrmwas dried at 70C for 8

hours under 10 vacuum Next, 10.0 g of the nol ded body obtained as
descri bed above was packed in a glass cojgm of an inside dianeter of 16 nm
~ amxed liquid(1l) of 150 mM of nethanol with 3.0 g of concentrated

hydrochl oric acid(content: 36 ~ b ight), 15 a mxed liquid(_ 2 ) of 100
i 6f et nafloP St PN TGP ComiAiRte FIRATRI ST AT aRE Theh 100
m of nethanol (3), in this order, were_ passed throughq; e colum under
heating of BEODET REYRGH BRf-a Moddedt DRGRoDAVIBE & S HEAGRT (e ohA
body was dried at 120C under vacuum of 10 m‘ng for 1.5 hours. 20 4.0 G ans
of the nol d6@MHBEYPHREAFREP AR c sy oty EoOREENENAE RS iR EEF I &L K Und

m xed wth 2.7 g of hexanethyldisilazane and 40.0 g of toluene, and_the

mi xt ure wasPSUBpRIBEHCE S dtleuRPRBT RGP ERORAMR LR ASsPFEfeRgPAErL £57Adur s.

The qug%d_ Eart was elimnated fromthe m xture by 25 filtratign, and the
ai

solid o FdVeAghdri EyTiberopEehRIAP Waculifh 8P APl IRt - Iioatern
obtain a nol ded catal yst . The obtai ned nol ded catal yst_. had a specific
surface aredmgpndsgay berafsystes®y ?Mmr’g'%ssa@&%eé Coimemtst] 9 &f 30. 9

~ and a pore volunme of 0.74 cc/g. Synthesis of propylene oxide(PO The
nol ded cat aPy¥&t 689&%«3%!“%?%@2%@%&%9& apdding g%ﬁ?ﬁét%ﬂn\ﬂ qada st n

reacti on apparat.us (la_ut ocl ave) using 25 % of cunene hydroperoxi de ( CHPO )
and propyl ef€iedcsolid. 1 0 Gamof the catalyst , 30 . 0 g of CHPO and
16 . 6 g of C3 ' were charged in the autoclave_to react fhem under

aut ogenous pr esstpgddition.caRingey yspaltdvupeedansgstheslike maybeiatded ne
esul | T8 SHEH P STRRTEe] SO AR A i (A4 K588 1P e ARENBRCSs ko6
B L et
minitos. 36SPHReGh FAPGIRE R Grtfos IPEaTe URS BAREA"SY Jini wied &S 1t
1 “The obt sl nBRART BHLGEL: e 5P 2b RESRTI 880t t aco ar ea of 714 mel g
hc- obt ained oMb EHE T« OF pEPP P RRREB Cof- S B AARa P8t PHad CBIRIE0k od
Feact | o r oS ore Ven St I8 R TABFCe1 v LRt PO HERR O S dP ion
ot 1 ol 0. 5607 CART SR RO Dot Bs et FFFaRLEPR £ eGk Lo of
(o1 90, 740, 60RERE bR s calfes the PEELIYL, PREE, LohEE, specyfis -
¥298.4----- 'su’;:%:acde)%%eacyér}({ i mtg@ikr %'I'E[B)@rlggd Yitanium active sites.

Further, if desired, it 1s also possible to intensify acid sites

20 ofthecatalystwithadditionof athirdcomponent suchasalumina,
etc., and the catalyst can be used for alkylation, catalytic
reforming, etc.
The catalyst of the 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.



*2: PO C3' selectivity = produced PO nol/reacted C3' nol x 100 5 Industri al
Applicability As descri bed above, according to the present invention, there
s providedpgﬂﬁﬁﬁﬁﬁﬁg for producing a titaniumcontaining silicone oxide
catal yst which can be used for a reaction obtaining , f or exanple ( an

oxi rane conpound from a hydroperoxi de 10 and an olefin type conpound and
whi ch can exhibit high activity. PCT/ JP§2/ 01303 23 CLAIM5S 1. Aprocess for
producing a titaniumcontaining silicon oxide catalyst satisfying all of
the follow ng conditions & 1) 5to ( 4). , which conprises the follow ng
first to second stBfsOLEfinahYREeCLPRWFd MFYahst &CYSL i~ Monanselic ) .
a pore di angter o& 90~ or re of the total gore vglune 9f15ft0 EOOK (3): a
specif is p 6 SYSThive &t BS. (ﬁ%ﬁ%}QNc?WR%Hn iy 30 (mﬂn? 1 ﬁﬂa EPﬁary

anmoni um i ORsreRr n | raul I [ as
a tenpl ate g%dgﬁﬁgﬁ'ﬁt Egg?gyrr]iﬂaltﬂﬁe{ %i%%%ﬁekgkﬁg&g% ?hén(tl%e) erein,
Rl represenpg gléEiRMors WARMLErNMIFOC AL HatBela d6tYiigated Dot
carbon atons, and R2 to R4 represent an al kyl group having 1 to 6 carbon
atons) f§rsbrshep-cangtigptell vbhal ni OPepis dypk eaMpHulidiy havdaigakysd 60
conponent and a tenplate by m xing and stirring a silica source, a titanium
sour ce and, caybphneatompane usviadd ypretereed. Zbesgamay have asubsidriaientan

amount of an alkali netal in the mxture prepared is within a range of the
fol | owi ng egﬁﬁe§§poﬁu@smpqﬁeqq|q§1preferably a relatively stable

substituent. Examples of such the hydrocarbon include ethylene,
propylene, 1-butene, isobutylene, 1-hexene, 2-hexene, 3-hexene,
10 1l-octane, 1l-decene, styrene, cyclohexene, and the like.
Apt examples of the di-olefin type compound include butadiene
and isoprene. Asubstituent mayexist, and as the example thereof,
a halogen is listed, further various substituents containing
an oxygen, sulfur or nitrogen atom together with a hydrogen
15 and/or carbon atom, may exist. A particularly preferable olefin
type compound is anolefin typeunsaturated alcohol andan olefin
type unsaturated hydrocarbon substituted with a halogen, and
as examples thereof, allyl alcohol, crotyl alcohol, allyl
chloride are listed. Particularly preferable compound is an
20 alkene 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
can be listed.
The organic hydroperoxide is a compound represented by
25 the general formula;
R-0-0-H

(wherein, R represents a hydrocarbyl group), and 1s reacted



atkali metal/titaniums 3(rmol/nol) (I11) alkali netal/[ NR-R2ZR3R4] + 5
0.3(mol/nmol) (I11); and 25 second step: a step of renobving the tenplate
-fromthe salid PCT/ JP02/ 01303 24 prepared in the first step. 2 . The
process acCGrdP¥P13G claim 1, wherein the renpval of the tenplate was
carried out by solvent extraction. 3. The process according to claiml,
wherein the process 5 further conprises 1t7he followng step. third step: a
step of obtaining a silylated catal yst by subjecting the solid obtained in
the second step to silylation. 4. The process according to claim1l, wherein
t he proces#iftd @ itoe t%ﬂ%ﬂfgvﬁ%g?%ﬂ@tﬁe 13N f O EPNQ t @PMPOUR@p of

recycling the tenplate contained in the extracted liquid obtained in the
second st e@¢hgor@edingy RrOH. Preferably, the group R is a group having

. A(CL. A9. Ay9. A% ASU% ASU% As% AL% A. s% AUs9. Af AL Ay. Ay. Af. A A A@ AGA. AyA. Af AL
_ASA2 . A . Bshkp. RS cavbantatoms. Most preferably, this is a hydrocarbyl

*azupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] cal] ca] ca(;ca] ca] ca
] ca] ca] ca] GAAm IR RIS L farkgr Atemg 3 perticulgyrky\wysecondary
5 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
atertiarybutyl group, tertiarypentyl group, cyclopentyl group,
and 2-phenylpropyl-2-group. Further, various tetralinyl groups
10 formed by eliminating hydrogen from an aliphatic side chain
of a tetralin molecule, are also listed.

When cumene hydroperoxide as the organic hydroperoxide
isused, the resulting hydroxyl compound is 2-phenyl-2-propanol.
This can be converted to ¢ -methyl styrene by dehydration

15 reaction. «&-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
hydroperoxide, is auseful substance as a precursor of isoprene.

20 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
hydroperoxide as an organic hydroperoxide is useful as a

precursor of methyl tertiary butyl ether which is an octane

25 Dbooster.
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dEmbC M 1098l e byadrop bt dd oin Kbl ab'a WUk deu e B3% s §31026: 1) -

6 ]
without especially adding a solvent.

20 The epoxidation temperature is usually from 0 to 200TC,
preferably from 25 to 200C. The pressure may be a pressure
enough tokeep thereactionmixture liquid. Usually, the pressure
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
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solvent, catalyst, non-reacted propylene and non-reacted

5 hydroperoxide can be used again by recycling.

The reaction, in which the catalyst of the present
invention is used, can be carried out in the form of a slurry
or a fixed bed, and, in the case of a large scale of industrial
operation, it is preferable to use a catalyst in the form of

10 afixedbed. Thepresentprocesscanbecarriedoutbyabatchwise
method, semi-continuous method or continuous method. When a
solution containing a reactant is introduced through a fixed

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

contain catalyst at all or contains substantially no catalyst.

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
lon) was stirred, 5.55g9g of tetra-isopropyl orthotitanate and
30.0 g of 2-propanol were added dropwise to this. After stirring
of 30 minutes, 114.3 g of tetramethyl orthosilicate was added

25 dropwise. Thereafter, stirring was continued at room

temperature for 3 hours, and thus obtained precipitate was
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5 diameter: 3 cm) under a pressure of 1 ton/cm?’. The obtained
tablets were pulverized, then molded catalyst of 1.0 to 2.0
mmwas obtained using 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 vacuum.
Next, 10.0 g of the molded body obtained as described
above was packed in a glass column of an inside diameter of
16 mm¢®, a mixed liquid(l) of 150 ml of methanol with 3.0 g
of concentrated hydrochloric acid(content: 36 % by weight),
15 amixedliquid(2) of 100ml of methanolwith 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 120C 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 120C under
vacuum of 10 mmHg for 2 hours to obtain a molded catalyst. The

obtained molded catalyst had a specific surface area of 958
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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 wt% hexadecyltrimethyl ammonium
hydroxide aqueous solution (containing 1.3 % by weight of K
15 ion) was stirred, 1.85g of tetra-isopropyl orthotitanate and
10.0 g of 2-propanol were added dropwise thereto. After stirring
of 30 minutes, 38.1 g of tetramethyl orthosilicate was added
dropwise. Thereafter, the operation was carried out in the same
manner as in Example 1. The obtained molded catalyst had a
20 specific surface area of 714 m?/g, an average pore diameter
of 33.6 A and a pore volume of 0.60 cc/g.
Using the obtained molded catalyst, 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.
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*2: PO/C3' selectivity = produced PO mol/reacted C3' mol x 100

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

obtaining, forexample, an oxirane compound fromahydroperoxide

10

and an olefin type compound and which can exhibit high activity.
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(3): a specific pore volume of 0.2 cm3/g or more, and
10 (4): aquaternary ammoniumion representedby the following
general formula (I) is used as a template and then the template
is removed
[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 of obtalning a solid containing a
catalyst component and a template bymixingand stirringasilica
source, a titanium source and, as the template, the quaternary
20 ammoniumion, wherein an amount of an alkali metal in the mixture

prepared is within a range of the following expression (II)

or (III),
alkali metal/titanium = 3(mol/mol) (1I1)
alkali metal/[NR'R?R°R*]* = 0.3(mol/mol) (III); and

25 second step: a step of removing the template from the solid



10 10! cSHAL10%&R () -!s+s7sAsBsKsLsMskQr<

1'QI0% & ()-QLO% & ()- Q0% & ()-' QLO% & ()-QL0% & ()-QL0% & () - MsNsesf sgshs
*VSzs(qR3<

QLO0% & () - &8%%/0(1)399" Q0% & ()-QL0% & ()-QL0% & ()-' zs~sSSSSSskMB<

Q0% & ()-'QL0% & ()-QLO% & ()- Q0% & ()-' QLO% & () -sssssssskL. <" QLO% & () -
QLO% & ()-QL0% & ()-' QLO% & ()-QlO%&' (pgstt tttt toU,

< QLO% & ()-QO% & ()-QL0% & ()-' QLO% & ()-QL0% & ()-QLO% & () -

tU38t=t >Vt gM £QLO%E ( % QLOY% & ()- QLO% & () - QLO% & ()-' [t bt
igod/et#t&tt)h G@%ﬁ%d ﬁgcﬁ)/‘;ﬁ%&%%%ﬁzfe%%g%/ﬁ&?#% HLone, %’}I
Hioberse it ko IR IS
109049& () - ? %4‘2165 CF1b9E%9 g’%) b¥ 9%*‘(5r 0498 () -
-“iff%ﬁ?éf%; cmé?/@%@ #ocgﬁ%%%% %) %ﬁﬁbéy Here 1h'%nb p26d853% O)°
ﬁgggﬁg f“’%‘wﬁ%}%@%es Sigé‘g e Q%Eg%fowgfﬁgéozy?#gfzg)zz/{f{bA4109"9
ig;ﬁgﬁogi 8 109" sla‘iqgg“gf%ﬁf{vi\%ﬁy%%g& 1 Btél}‘%oé‘?aa%g&g%}’latF&G%ﬂé&sf)bY
SRR e R it
Bl RS Bl
b W}%Hﬁﬁ S DR AR
:F:'IL\A\?\CE@ glz_:‘w{arl}aégmz%énér%pqrs%vm Z Clmﬁa sqm lateA?ogFE%ﬂ?lde}n New' h

522%&%&%%%&%@%@%%%4 A .



