; e3ejuqgj rllnmtoXdol g6gqTqR V  SPECI FI CATI ON  PROCESS FOR PRODUCI NG

. TI TANI UM CONTAI NI NG SI LI CON OXI DE CAT, nical Field The present
invention relates to a process for pr\mummﬂ““mmmwt ani um cont ai ni ngsilicon
oxi de cat®lTyB02/itkd%3ai d catal yst. More“parflcularly, the present invention

Q#iun}containing silicon oxide

relates to a process 10 for producing a ti
catal yst which can be used for reaction of a hydroperoxide with an ol efin

type compound for obtaining an oxirane]conpound, and which can exhibit high

activity. 15 Background Art ©Methods of obtaining an oxi d from
.an olefin - type conmpound and a IlspeoapararexieNin the prlmmmwmmmm

catal yst, are publicly known. As the catal yst used herein,,iﬁgwexanple,

U. S. Pat ent No. 4, 367, 342 di scl oses a specified titanium 20 supported silicon
.oxi de catalyst. However, it was difficult to say that the conventi onal
catal yst i eroddssiror | yropUCSNGEd IimaGmMUME ONEAROING SfLreaki oxtipgn of

hi gher activity. Disclosure of the Invention 25 , The subject to be sol ved
by the present invention relates cgrigyearprocess for producing a
titaniumcontaining silicon oxide catalyst which can be used for obtaining
an oxgrane conpound from for exanple, a hydroperoxide and an olefin type
conpound) and can exhibit high activity. 5 Nanely, the present invention
rel ates te@niLO©5€SBiE0H producing a titaniumcontaining silicon oxide
catal yst,” which conprises the followng first to third steps and satisfies
all of the fol Iy RE-LUIh indehtion tR164k's €4)a pRORY 208 PREEuELRgEt er

of 10~ or nore,
atitanium-containingsiliconoxide catalyst andsaidcatalyst.

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 olefin
type compound for obtaining an oxirane compound, and which can

exhibit high activity.

15 Background Art

Methods of obtaining an oxirane compound f£rom an olefin
type compdund and a hydrope;r:oxide in the presence of a catalyst,
are publicly known. As the 'catalyst used herein, for example,
U.S.Patent No.4,3671342 discloses a specified titanium-

20 supported silicon oxide catalyst. However, it was difficult
to say that the conventional catalyst is sufficiently satisfied

from the viewpolnt of realization of higher activity.

Disclosure of the Invention

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

|



10 ( 2 ) : a pore dianeter of 90~ or nore of the total pore volume of 5 to
200, ) (3): a specific pore volume of 0.2 cnB/g or nore, and ( 4 ) : a
quaternarg)cgrypmni umion represented by the follow ng general formula ( | )
is used a ! %%’r?ﬂ%%e and then the tenplate 15 is renoved by sol vent
extraction, and L NRLRZR3R4 7 + ( I ) (wherein, Rl represents a |linear or
branched hydrocarbon chain having 2 to carbon atons, and RZ to R
represent an al kyl group having 1 to 6 c¢arbon atons); 20 first step: a step
for obtaining a solid containing a catal yst, conponent and a tenpl ate by
mxing andSRIiPFOAGSE BOT RRPGWARS 2 BitppidRmu@osdidigeinthglildsamexide
tenpl ate, the quaternary anmoniumion, second step: a step of drying the
sol i d obt aiatedlysit twiei@h ¢anshe suepd ufeierokitzbningi an exinanenpempound of
.120 or |ess, 3 and third step: a step for renoving the tenpl ate by
subj ect i nfridwe, $olri exampée ,ia hiylde cgeomrii &¢ ep é an solafsint typer aenpounds Best
Mode for Carrying out the Invention The catal yst obtained by the present
i nventi on amgl acdn texhiibitohtighniamg: isidltiston oxi de catal yst satisfying all of
the follow ng conditions (1) to (4). The condition ( 1) is that an average
pore dbanet er ofanéky 10tkat pkgsenits ib@entdomurelatide tondiprooeés2£Pri s
that a pore dianeter of 90~ or nore of the total pore volune of the
cat al yst iprdiduci?@ hbitahduwrordinttiaiming siliicdrhatkidespathilys tpowieiebl une
of the catalyst is 0. 2 cnB/g or nore. Herein, the specific pore volune 15
means por eongriee pethel fg ldfowing Catraltyso. tifasd wimntendbathefd esoatillt i ons
(1) to( 3) can be conducted

of the following conditions (1) to (4):

(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 2004,

(3): a specific pore volume of 0.2 cma/g or more, and
(4): aquaternary ammoniumionrepresentedby the following
general formula (I) is used as a template and then the template

15 is removed by solvent extraction, and

[NR'R?’R?R)* (1)
(wherein, R! represents a linear or branched hydrocarbon chain
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
catalyst component and a template bymixingand stirringasilica
source, a titanium source and, as the template, the quaternary
ammonium ion,

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

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



by ordi nary nethods such as a physical absorption nethod usi ng gas such as
‘nitgogen, argon or the like. The condition ( 4 ) is that the catalyst is
obtai ned by using 20 a quaternary amoni umion represented by the foll ow ng
general fofPAiTA2P05%2) as the tenplate and then renmoving the tenplate by
solvent extraction; L NRIRRRBR4 | + ( | ) (wherein( Rl represents a linear
or branched hydrocarbon chain 25 having,2 to 36 carbon atons, and R2 to R4
represent an al kyl 4 group having 1 to 6 carbon atons). The condition (
4 ) will be illustrated in detail in a part of a process for producing said
catal yst. ¥R€ catalyst of the present invention may or may not have 5 a
peak showi ng an interplanar spacing ( d ) in a X-ray diffraction ( XRD ) .
The peak show nghandistedrpl arskeR FREIGRNQVINY the trnrlate byaukirqtsingans a
-peak derived fromthe crystallinity and regularity of a solid, and a broad
peak deri vtHef pokiidndziedpicoushraraeqnnd esden . taosaheerht akyzacsbeni-ned in
the present invention preferably has an absorption peak in the region of
960t 5 cm1l in the infrared absorption spectrumfromthe viewpoint of high
activity. This peak is assuned to correspond to that of titaniumintroduced
into t sBestaMeRlel §ogn Carzyimeg mududis dinygnekes of the present

i nvention has the followi ng steps: first step: a step for obtaining a solid
cont ai ni ng a caThéysatadnpdnonitadmeda biverifleatnrdsemt xinygernhdort Lisréng a
silica source, a titaniumsource, and, as the tenplate) a quaternary 20
ammoni um | bhtaniuvosdniedpingasdildgonf onidengatadyssl satoptringdalh athe
first step under a condition of a tenperature of 120C or less, and third
step: a sttpeofoldawingg comdittdpiisat(d oytasuflecting 25 the solid dried in

the second step to solvent extraction.
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 2004,

The condition (3) is that a specific pore volume of the
catalyst is 0.2 cm3/g ormore. Herein, the specific pore volume

15 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
gas such as nitrogen, argon or the like.

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

20 a quaternary ammonium ion represented by the following general
formula (I) as the template and then removing the template by
solvent extraction;

[NR'R?’R®R*]* (1)

(wherein, R! represents a linear or branched hydrocarbon chain

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



5 The first step is a step for obtaining a solid containing a catal yst

.conmponent and a tenplate by mxing and stirring a silica source, a titanium

source, and, as the tenplate, a quaternary ammoniumion in the liquid state
When t hePPEEEAP543 t o0 be used is solid, it is preferable to be used by

di ssolving or dispersing it in a solvent. The silica source includes

anor phous silica and al koxysil ane such as tetranethyl orthosilicate,

tetraethyl orthosilicate, tetrapxopyl orthosilicate and the like. 10 The

titani um source includes titanium al koxi des such as tetranethyl titanate,

tetraet hyl griongndteeingetl & dpytaxbemnatensi et rai sopropyl titanate,

tetrabutyl titanate, tetraisobutyl titanate, tetra-2-ethyl hexyl titanate,

t et raoct adecyl t Mhenagpedamdont di) il V) jddasiradeidonat @etdsltin anpant (1 V)

-di i sopropoxybi sacetyl acetoriate and the like; and titanium halides such as

titanium t efr achpirodeds fidxt pweductry ababdi datafliys&ni um tetrai odi de and the

like. ., As the tenplate, a quaternary amoni umion represented by the

general formul aThe)cataligetl. o2(tHe MReRERIRAnyentfion haywremaEmnnok have

represents a linear or branched hydrocarbon chain having 2 to 36 carbon

at ons) &andaRZedl sRbwisgr &8 dmtearpldnas sgproipghd) g 4 Xt-oafy ¢bf Hoachions) .

R1 represents a linear or branched hydrocarbon chain having 25 2 to 36

carbon at of8RDpr.ef Bhebpgak OshowiBg can Hort eatpiiesnar sphdihd d dR4asepeestnt an

al kyl group having 1 to 6 carbon atons , and preferably each of R2 to R4 is

a net hyl grefiprrggedid meagyeargpexnlofdahierglidimymarye acwpstabiiohty and

represented by the general fornmula (T) include cations such 5 as

hexadecyl t regeillapidiynmohiause liddecnd & boeetdye @ndexiived from an amorphous

part may exist.
10 The catalyst obtained in the present invention preferably

1 4in the

has an absorption peak in the region of 960 £ 5 cm”
infrared absorption spectrumfromthe viewpoint of highactivity.
This peak is assumed to correspond to that of titaniumintroduced
into the silica skeleton.
15 The production process of the present invention has the
following steps:
first step: a step for obtaining a solid containing a
catalyst component and a template bymixingand stirringasilica
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 120C or less,
and

third step: a step of removing the template by subjecting

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



benzyl tri met hyl anmoni um di net hyl di dodecyl ammoni um hexadecyl pyri di ni um
.and the like. Further, these quaternary amoniumions represented by the
general formula (T) may be used al one or may be used as 10 a m xture of two
or nore ki €8/ TPEMEH es of the sol vent include water and al cohols such as
nmet hanol , et hanol, n-propanol, 2-propanol, n-butanol, sec-butanol,
t-butanol, allyl alcohol, cyclohexanol, Benzyl al cohol an'd the |ike, and
diol s such as ethylene glycol and 15 the®like, a m xture thereof and the
| i ke. The anmpunt used of the titanium source based on the silica source is
.preferably fromTife Fitrstl s tep s eftemifoy dboaifing0HC® 1iod @ontainirier ns
of nolar ratio . ' The anount used of the quaternary amoni umion based on
the total amaaialofstsidongsorsent cendired t20ndld i bymnsiotirmoe drel prieifreriaty ya from
.10-2 to 2 in ternms of nolar ratio. Further, for pronoting the reaction of
the silicasSaude sdlihcéheat tiaantomsevieee i tand, Heftiabtempatapaat
alkalinity or acidity to the m xed solution. As the alkali source) 25

quat er nar y QIEesy i hinton e idre 1pr eher abgeidasth €4 &s the rehgeadf
i ncl ude tetramet hyl anmoni um hydr oxi de, tetraethyl ammoni um hydr oxi de,

t et rapr gpyliympenueBahy droxi e, and itshpreifkeabvardta by died 48y dfislsbaving
quat ernary ammoni umion represented by the general formula ( I ) is nore

preferably disethspefxonpl €68 ©h hheoadefiti.ncl ude inorganic acids such as
hydrochloric acid, sulfuric acid, nitric acid and the |ike, and organic

acids such as fand csErich ecett€e sntludpsopmoitiphodd Gianicktd hend i ke. The
m xing and stirring tenperature is usually from-30 to 100'C . Solid is

formed by npidysiThséi stitRgas antkifemsthyd dPtnoyheiaged,f eetiraethen
growm h thereof . The aging tine is usually
orthosilicate, tetrapropyl orthosilicate and the like.

10 The titanium source includes titanium alkoxides such as
tetramethyl titanate, tetraethyl titanate, tetrapropyl
titanate, tetraisopropyl titanate, tetrabutyl titanate,
‘Fetraisobutyl titanate, tetra-2-ethylhexyl titanate,
tétraoctadecyltitanate;andtiﬁanium(IV)oxyacetylacetonate,

15 titanium (IV) diisopropoxybisacetyl acetonate and the like:
and titan}unlha;ides such as titanium tetrachloride, titanium
tetrabromidg: titanium tetraiodide and the 1like.

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

20 [NR'R?R3R*]* (1)

(wherein, R? represents a linear or branched hydrocarbon chain
having 2 to 36 carbon atoms, and R®> to R! represent an alkyl
group having 1 to 6 carbon atoms).

erepresentsalinearqrbranchedhydrocarbonchainhaving

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



180. hours or less, and the aging tenﬁerature is usually fromO to 200 .
.When heating is required in aging, it is preferable that the mxture is
transferred into a pressure vessel and heating is conducted in a cl osed
pressure v&§EEPOA¥@E42avoi di ng 15 vaporization of the solvent. Next, the
second step is a step of drying the solid obtained in the first step . The
solid obtained in the first step is filtered and dried. The tenperature
during drying is 120 ~ or |ower, prefera@ly 100 or | ower. Wen the
tenperature is too higher, 20 the object of the present invention, for

.obt ai ni ng a cat &*ytst Rhaeiprg sam texh ANBIlyghbgp rasting Lyt o 6adasén e oms,
attai ned. The atnosphere for drying includes air or inert gas such as
nitrogen artd hardfidablyseachr yf Ny appagatits a e GOPL Cgkodpyer or plate
-dryer, equi pped with a warm current device or vacuum devi ce 25 can be

li sted. Besidesspetiictratiyieg, oftthe gueterabhe Eemonifidripdinder a
vacuum of 200 nmmHg or | ower fromthe viewpoint of inproving of drying

ef fici ency refprieaddtnesatthie. gdterahi ferma e 0f )t DRcpuaseBhtiBY@NEUBR IS a
step of renoving the tenplate by subjecting the solid dried in the second
step 5 50 @ WRIHadd¥BEFiROth N ARABALAME BodeylltaGdthyil dreig &g, Wi th a
solvent is reported by Witehurst et al . ( see U. S . Patent 5,143,879)
The sol ventyehsSA ¥ nd K PCaresn 18y, | 8€hB8RYA S abviekly 14iintdh 1Gah, di ssol ve a
conpound used as the tenplate, and oxa- and/or 10 oxo-substituted

hydr ocar bome da@ddi8l B H0in 8t 5apl theolakeyt 12 in the liquid state at
roomtenperature can be generally used. Suitable exanples:of such solvents
i ncl ude al cohol FukHemesthd $€ ygha te Pidreyahmén etiei snandepsbeeateBXpHpl €s
t her eof include hydroxy-substituted hydrocarbons such as 15 net hanol,

et hanol , etthy eemegtalc dormibpyl Enemgy Viso®l us &€& 0pLONE&NOk, mAybbkanekdoas

oct anol ; oxo-substituted hydrocarbons such as acetone, diethyl ketone,

met hyl 1@t hy mdedtanes af Mmevdiydrisobet kin&st one; an ether of a hydrocarbon
such as diisobutyl ether or tetrahydrofuran; esters of a 20 hydrocarbon
such as nethyl acetmatles oft e sodvend inkbltyle wadieat endr abobitblpgr spechnat e)
and the |like. The weight ratio of the solvent to the catalyst is usually
from1l to B3Othethmrailer abtlyatiobm B-pooB8fol , Fer prwpamolng reftfutaEraricy of the
extraction, acids or salts 25 thereof nmay be added to these sol vents. 9
Exanpl es ofseacitdstarseld, i thddwitenohorgbtiyt at¢eobuctyatohgranohl obenzydi d)
sulfuric acid, nitric acid, bromc acid and the |ike, organic acids such as
form c aci @lcedetli @rdtitd)e pkidps orird abiel ainsuciheas | kehyErnapgéycol safits

" thereof include 5 alkali metal salts, alkaline earth netal salts, anmpni um

salts &pd tthe [Like, Ehanbokieeat tRereati Anghsheoli&et- of the acid or salt

t her eof
The amount used of the titanium source based on the silica

source is preferably from 10°> to 1, more preferably from 0.00008
to0.4 in terms of molar ratio. 'The amount used of the quaternary
ammonium ion based on the total amount of silica source and
20 titanium source is preferably from 1072 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 acidity to the mixed solution. As the alkali source,

25 gquaternary ammonium hydroxides are preferable, and examples



to be added is preferably 10 nol/1 or less, further preferably 1 nol/1 or
.less . Wien the concentration in the solvent of the 10 acid or salt to be
added exceeds 10 nol /1, catalytic activity nay be |l owered by el ution of
titani um i FCHHFO268al yst. After adequately mixing a catalyst with a
solvent, the liquid portion is separated by filtration, decantation or the
like. This operation is repeated requirzd times. Extraction 15 can be al so
conducted by a nmethod of flowi ng a solvent for washing into a catal yst
| ayer. The conpl etion of washing can be known by, for exanple, analyzing
.the liquidtheréepdninThadexttedotamathyrbpeneniue hydpegfideably 0 to 2000)
further preferably 20 to 100C . 20 Instead of using the above-nentioned
sol vent, eké¢tmaseibyleamobdua Hydowduid ed elfy agsiony lemsupeiun rhydostidée ui d.
-As the super critical fluid, carbon dioxide is preferable. The critical
t enper at urendf thar bike di axd de hywdadmwide 34 e nMprat erdaey edmmen jurh hison
extraction tenperature is preferably 31 to 100C, 25 further preferably 35
to 60~ . Theprebsthntald iy eheugenetatafdmla (I) s oxirdeprsefababllyhiged/Pa) so
the extraction pressure is preferably 10 to 30 MPa. The anount of super
critical cExaopldsmf tee aséd ifrorlwikd taoctrganicaqirds enabby A actbGhi-igf m n.
per 1 liter of catalyst) and the extraction tine is preferably 4 5 to 20
hours. Theactdylselfiamnic dcafit, aiithic extirdashd aherhykbe adrd edgahldoedgidgt i s
preferable to heat at a tenperature of 10 to 800 C, further preferably 50
to 300C unstechaas edumeid peadsuaecead caachd nuspdEeren bé awint reduthadigaes. such
as nitrogen, argon, carbon 10 di oxi de or oxygen-contai ning gas such as air.
The quat er nary EAhauniximgomnd ept tsenbgdtéypehaetgeaeti aludwably aftom i4Ba he
solution obtained after the extraction, is recovered and can be al so reused
as a tenplesaowCeri abliig idh&ofrinfest bgineixinkpailes t Erpiage apanthe solid
efficiently recycled because a | oss caused to pyrolysis is controlled to
| ow bylOcarmgy bg aged oyifmy titexig@doethltbeaeofl.n The auisdutinen sofsudiely
catalyst, it is preferable to

180 hours or less, and the aging temperature is usually f£rom

0 to 200C. When heating is required in aging, it is preferable

that the mixture is transferred into a pressure vessel and

heating is conducted in a closed pressure vessel for avoiding
15 wvaporization of the solvent.

Next, the second step is a step of drying the solid obtained
inthe first step. Thesolidobtainedinthefirst stepisfiltered
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



conduct a step for subjecting the catalyst to silylation from 20 the
.viewpoi nt of heightening of the catalyst activity. The silylation is
conducted by contacting the catal yst obtained in the third step with a
si |yl at i onPEyB19L/04542r eby 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 orgﬁnic silyl am nes, organic
silylam des and derivatives thereof, and& organic silazanes and ot her
silylation agents. Exanples of the organic silane include
.chrol otri mthybsdénne, vakbwirh b @0femmydos praheyes €hbor the onbelwpeiny| st | ane,
nitrotrinmethylsilane, chlorotriethylsilane, iododinethylbutylsilane)
chl or odi netthptrptényl sifl dmry,inghledifuidiiegidy | &t | bore, temperature.
-di met hyl - n- propyl chl orosi | ane, di et hyli sopropyl chl orosil ane,
t - but yl di nEhéytlchtdroiseh anfe,t D pireispmdp i nviendriosi Lane, step of removing
di met hyl octyl chl orosil ane, tributylchlorosilane, trihexylchlorosil ane,
di met yl et hyhehtenplataney slibrpddiying ttaceewlcld drdeid anethe second step
n- but yl di net hyl chl or osi | ane) brononet hyl di net hyl chl orosi | ane, 15
chl or oet hyd dé oetéayt cékbrastiane, A3t edthot gpe opyt dé et dyt Thy i Osdrhpelleet e
di met hoxynet hyl chl or osi | ane, net hyl phenyl chl orosi | ane,
tri et hoxycii ohas sbarentdi setdpd phehplyckih bt esukranest al. (see U.S.Patent
met hyl phenyl vi nyl chl or osi | ane, benzyl di net hyl chl or osi | ane, 20
di phenyl ch$ pro3i Baa¢, di phenyl net hyl chl or osi | ane,
di phenyl vi nyl chl orosi | ane, tribenzyl chl orosil ane,
3- cyanopr opyl di Tee sdIlordmr aseldaime exErangiiesn nhyt irchude @ sodvenkahiuh
include N-trimethylsilylimdasole) Nt-butyldi nmethylsilylimdazole, 25
N- di et hyl eahydss$glvei alazmppyund uked\adi rhehyemplptepyasd|oxa iaal/are,
N- di met hyl i sopropyl sil yli m dazol e,

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 alcohols,
ketones, (acyclic and cyclic)ethers and esters. Examples
thereof include hydroxy-substituted hydrocarbons such as
15 methanol, ethanol, ethylene glycol, propylene glycol,
isopropanol, n-butanol or octanol; oxo-substituted
hydrocarbons such as acetone, diethyl ketone, methyl ethyl
ketone or methyl isobutyl ketone; an ether of a hydrocarbon
such as diisobutyl ether or tetrahydrofuran; esters of a
20 hydrocarbonsuchasmethyl acetate, ethyl acetate, butyl acetate
or butyl propionate, and the 1like.
The welght 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

26 thereof may be added to these solvents.



N-trinmethylsilyldinmethylamne, N-trinethylsilyldiethylamne,
N-trinmethylsilylpyrrole, Ntrinmethylsilylpyrrolidine, 5

N-trinmethylsilyl piperidine, 1-cyanoethyl (diethylam no)di nethyl sil ane,

pent af | uor &Ry PWitret hyl sil yl ani ne. Exanpl es of the organic silylam de and
derivatives include N, O bistrimethylsilylacetam de, 10

N, O-bistrimethylsilyltrifluoroacetam de,, N-trinethyl silylacetam de,

N-net hyl - N-tri met hyl si |l yl acet am de, 9
N-nmethyl -N-trinethylsilyltrifluoroacetam de,

N-net hyl - N-tri nexaywb3ebyblieprafilsunseldutipicdmidde inkrganic acids such as
N-(t-butyldinethylsilyl)-Ntrifluoroacetam de,

N, O bi s(di ey@ydbidioosicl ¢ @y isd fbrmiar ercdd,deitEiemnpt B8, dirdrie acgdmmd
.silazane include hexanet hyl di sil azane, heptanet hyl di sil azane,

1,1, 3, 3-tethankikgl dosghaianeci®® such as formic acid, acetic acid,

1, 3-bi s(chl oronet hyl )tetranet hyl di sil azane,

1, 3-di vi nyprdpioi8-detd@padet hylldike.| aEaaeples of salts thereof include

1, 3-di phenyl t etranet hyl di si |l azane. Exanples of the other silylation agent

i ncl udé N-akkabdxyndtdl siaditts ,melkyllsnkeyddrth imedradbcatlas, demm@bium salts

N- met hoxy- N, O bi strinethylsilyl carbamate, 13 N, O-bi strinmethylsilyl

sul f amat e, ahdi teehylikelyl tri fl uor onet hane sul f onat e,

N, N -bistrinethylsilylurea. The preferable silylation agent is

hexanet hyl di si | BRakencenfhe tciadraliyttheod o1 en progsehne aicivdent saltitharsod |y
used as a nolded catalyst via a step for nolding a solid containing the
cat al yst coopmneardide dlheughe f@eahdiydi hagoslt/dp omayebs, chundtice e prigf arabist age,
before or after the above-nentioned tenpl ate-renoving step, or after the
silylationlsielh/,lidr Lless0 pWheer tibe edrcaotmcaciohefrotéet helvent of the
tenpl ate-renoving step fromthe viewooi nt of suppression of degradation of
cat al Y& pacpérer emktudie e spdeidf exceadsate rmokAl . polwt v anid itthe

| i ke. As the nolding nmethod, any nethod such as conpression nol di ng,
extrusi on maydbaglowerkd bivke lvehidre afsddltaniwn gbmi tha5catalywskgani c

bi nder usually used can be used in the extrusion nolding, but |owering of
catal yst actividftenyadequatisdy mixiddi g crtelys thiwiddy a Iseliventpr ddect i on
of the nol ded catal yst, the conpression nolding nethod is the nobst

pr ef er abl eligvidtpervienpos sersfraad iyt flakgaphesi.cdecpndptionesr dhe he
catalyst. 20 As the conpression nolding nethod, a roll press

mol di ng( brlgket t i Tyl e oRsat iRy i6 reppatad redpired tiges ng Extascdiitomg and
the Iike can be listed.

can be also conducted by amethod of flowing a solvent for washing
into a catalyst layexr. The completion of washing can be known
by, for example, analyzing the liquid portion. The extraction
temperature is preferably 0 to 200C, further preferably 20
to 1007C.

20 Instead of using the above-mentioned solvent, extraction
can be also conducted by using a super critical £luid. As the
super critical fluid, carbon dioxide is preferable. The
critical temperature of carbon dioxide is about 31C or more.

Therefore, the extraction temperature is preferably 31 to 100C,

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



The .pressure in conpression is usually 0.1 to 10 ton/cnz) preferably 0. 2
.to 5 ton/cn2, further preferably 0. 5 to 2 ton/cnez. 25 When the pressure is
too low, the strength of a nol ded body 14 is sonetinmes i nadequate. On
the ot her RENEO2RPRER t he pressure is too high ) the physical properties of
the catal yst sonetines becone i nadequate because pores are broken. In
carrying out the conpression nolding, ih is preferable that a solid
containing 5 a catal yst conponent contatfls water in a proper anmount, and a
nol ded body having a sufficient strength can be produced by this . The
wat er cont éapvxdfiet He mdtoarti dl. 4 dMBre, sebj tloe eextvachéocvoppreassiren irsol ding i s
preferably 1 to 70 ~ by weight, further preferably 5 to 40 ~ by wei ght .
The wat er pmefietraivdy O tdj 3@tMRA 10 The amduyries$ degerecditingldcyrivgn of a
-wet solid, and may be adjusted by adding water to an adequately dried
solid. In dddxtidenusadbfodextrsamion usedrafidrabdyl bRetore0 hg/addedpadt hi n
a range of no obstacle to a desired performance. The shape of the nol ded
body may be amyeshapecstiahyas,tahlietheléxtspaettonrthgeotst beefékablyhe

nol ded body may be used as it is or after pulverizing to a proper size. The
catal ysi otot he poexent invention can be used for selective oxidation, for
exanple, in addition to epoxidation of an olefin type conpound, vari ous

oxi dati on react fhas rekudtgdniso ldapoitets 20 becorsetibes mayabgsdrhag.a hi gh
specific surface area and highly dispersed titaniumactive sites . Further,
i f desiredNaimkllys Bt S& ppesebhPlecto Reansdt ¥ temple BateBe A L s adaldy st
with addition of a third conponent such as alumna) etc. , and the catal yst
can be usegduttheal pykaeirablycavatyt3eoeimdsmng, retacedSpFae saakabysdn of
the present invention can be optimally can 15 be used for production of
an oxiraneatmopphede of wonireduol rg igast ypehcampdentbgen ,r eagbed aatlbom

hydr operoxide, in particular. The olefin type conpound may be acyclic,

nmono- cMkl| i dilodiideyoli oxygemoigortheining ogpoussh asdadono-ol efin type, 5
di-olefin type or poly-olefin type conpounds. When the nunber of olefin
bonds is two orTher quatiesserysgmne nd ugodjorng ategddsmnt et o rtlve rgargatal
bond. A efin type conpounds having 2 to 60 carbon atons are usually
preferred. £9hpvdafdy ARavehe sobsticnepbtainad afivesubeiexeractsopr afwrably
a relatively stable 10 substituent. Exanpl es of such the hydrocarbon include
et hyl ene, peepyrssd, pngueand s S350t YREAEd| apaxdpaplatexmpdeZiadxbnghe
1-octane, 1-decene, styrene, cycl ohexene, and the |like. Apt exanples of the
di -ol efi n E¥pEtcEEEHuUnd i ncl ude but adi ene and i soprene. A substituent may

exi st,_ and as the exanple thereof, 15 a halogen is listed, further various
subst i¥uent s cOheaitemipgate 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 contacting the catalyst
obtained in the third step with a silylation 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,



an oxygen, sulfur or nitrogen atomtogether with a hydrogen and/or carbon
.atom may exist . A particularly preferable olefin type conpound is an

ol efin type unsaturated al cohol and an ol efin type unsaturated hydrocarbon
subst it ut eHCWEH/°854%al ogen, and 20 as exanpl es thereof, allyl alcohol,
crotyl alcohol, allyl chloride are listed. Particularly preferable conpound
is an al kene having 3 to 40 carbon ato and this conpound may be
substituted with a hydroxy group or harﬁéen atom As exanples of a
hydr oper oxi de, organi ¢ hydroperoxi des 25 can be listed. The organic

-hydr oper oxpd@aing ca scignplaumicne epresgantd By lyhemgdesr @nd gleniwgtivesl6
R-0-OH (wherein, R represents a hydrocarbyl group), and is reacted with an
ol ef i n t ypsheamspdundnd gqugahiice sinlaxdnreneardnpbued shiytabpoundyeREOH.
‘Preferably, the group Ris a group having 5 3 to 20 carbon atonms . Most
preferably, thiExegpdesydfoddrdyrganip hadlang 3ncdudeé carbon atons,
particularly a secondary or tertiary alkyl group or aral kyl group. Anong

t hem tert chry laitryilmegrigussi 1 amel, sétohdargddmetbyilisddyanar,al kyl groups are
particularly preferable, and specific exanples thereof include 10 a t-butyl
group, i - pehtlypirojprmmmd iyt lgpbsnt YVangr onptrattifephgiyliiaoey, - 2- gr oup.
Further, various tetralinyl groups fornmed by elimnating hydrogen from an
al i phati ¢ shderchaiiretifylsilna) i hodofitnetbylaneyalsidanest ed. When cunene
hydr oper oxi de as the organi c hydroperoxide 15 is used,the resulting

hydr oxyl cohpomoed imse thybhldeayPs plapanothldhnpdimanhlyd sidmner,t ed to
(err)-methyl styrene by dehydration reaction. (err)-nethyl styrene is a

i ndust ri al Bimeddivd- rsubsipgniosh1deesibayeanyl ene fornmed by dehydrati on of
tertiary pentyl 20 al cohol obtained by using tertiary pentyl hydroperoxide
as the orgdiame thydrigeamoiyfechlerasiysanal Sihstyntanatshyl ghbenesbiané,

i soprene . Tertiary pentyl alcohol is useful as a precursor of nethyl
tertiatq pémipropyiahlgrnatiianen étnebbybootydchlogosidiepebutyl al coho

obtai ned by using t-butyl 25 hydroperoxi de as an organi ¢ hydroperoxide is
useful as #ribukr¥lchlorosilane, trihexylchlorosilane,

dimetylethylchlorosilane, dimethyloctadecylchlorosilane,
n-butyldimethylchlorosilane,
bromomethyldimethylchlorosilane,

15 chloromethyldimethylchlorosilane,
3-chloropropyldimethylchlorosilane,
dimethoxymethylchlorosilane, methylphenylchlorosilane,
triethoxychlorosilane, dimethylphenylchlorosilane,
methylphenylvinylchlorosilane, benzyldimethylchlorosilane,

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

Examples of the organic silylamine include
N-trimethylsilylimidazole, N-t-butyldimethylsilylimidazole,

25 N-dimethylethylsilylimidazole,



precursor of methyl tertiary butyl ether which is an

oct ane booster.

. Hydr ogen peroxide can be |isted as an exanpl e other than organic

hydr oper oxi des. 5 drogen peroxide is a conpound represented by the

chem cal fRSFTPAEOH005 , and can be obtained usually in the formof an
aqueous solution. It reacts with an olefin type conpound to form an oxirane
conpound and water. The organic hydropeffxide and hydrogen peroxi de) which

10 are used as a raw material, may be a

hin or dense purified or

non-purified material. The epoxidation can be carried out in a liquid phase
.by usi ng &N-sdtinwebhydndFpropydisidendtimideeelsnl vent and diluent are a

subst ance which are liquid under the pressure and tenperature 15 under

whi ch t he N-edtmhéethyl$sopmdpytiled, lydnsnimdestolse, substantially inert against
the reactants and products . The solvent nay be a substance existing in the
hydr oper o ter sroe thy dailylié metdy.l afdmeexApémewhgi sdliydrde etyorlemeimex, de
is a mxture of cunene hydroperoxi de and cunene, which is a raw nateri al

t hereof , NatximROtbwuireheyhpgrapdreoxiNdd riare they Lsklly isyarsubdinegyte for the
sol vent wi thout especially adding a solvent. The epoxidation tenperature is

usual | § f MontOimetRPDEL lyppéberdldine,r om 25 to 200 .

pressure enough to keep the reaction mxture liquid .

The pressure may be a
Usual |y, the pressure

25 i s advamcgenosthyl direib® leoib@)@imeRaylsilldhe, After conpl etion of the
epoxidation, a liquid m xture containing desired product is easily
separ at ed germvafil cataphehyddipesihyiled lyldemdneg. the liquid m xture is

purified by a suitable nethod. Purification includes

fracti onal

distillation, EsahpteswE exe oaghnde, sflylantdemnddshivgtandstineludee. The

N,O-bistrimethylsilylacetamide,
10 N,O-bistrimethylsilyltrifluoroacetamide,
N-trimethylsilylacetamide,

N-methyl-N-trimethylsilylacetamide,

N-methyl-N-trimethylsilyltrifluoroacetamide,

N-methyl-N-trimethylsilylheptafluorobutylamide,

15 N-(t-butyldimethylsilyl)-N-trifluoroacetamide,

N,O-bis(diethylhydrosilyl)trifluoroacetamide.

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-bistrimethylsilyltrifluorocacetamide,

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



sol vent, catalyst, non-reacted propyl ene and non-reacted hydroperoxi de can
. be used again by recycling. The reaction, in which the catal yst of the
present invention is used, can be carried out in the formof a slurry 10 or
a fixed b&&TIBHH542n the case of a large scale of industrial operation, it
is preferable to use a catalyst in the formof a fixed bed. The present
process can be carried out by a batchw_.,se nethod, sem -continuous nethod or
continuous method. Wien a solution cont& ning a reactant is introduced
through a fixed 15 bed, a liquid mxture obtained froma reaction zone does
.not cont aith Caiid ysimethplsidyicentideneteubst antially no catal yst . www~nr
s~0 The present invention is illustrated by the foll ow ng Exanples. 20
Exanpl e 1 tPrispdiatisohlyitCif abpsom@lihbse3 s lTogadfe .16 wt %
-hexadecyl tri nmet hyl amoni um hydr oxi de aqueous sol ution was stirred, 5.56g
of tetra-iNNr-0pyd toimébhylanayduand . 30Te g £ =a0v bey aridly heerieor? A gedded
dropwise to this. After stirring of 30 mnutes) 114.3 19 g of
t et ramet hylls dreixtoosd thybdbswhszadded dropwi se. Thereafter, stirring was
continued at roomtenperature for 3 hours, and thus obtained precipitate
was fibtered. The patalydtaoE theapnedenbsinivertiiah 79QguwrlBy hoaeds agnder
vacuum A m xture 5 which was obtained by sufficiently mxing 80.0 g of the
dri ed whitee redldedl arek dly gt gvbd avaseep WwEdh splayey aasotadpressiadnimgl ded
with tabletting machine (inside dianmeter: 3 cn) under a pressure of 1
ton/cnz. T clHtsEnest tetwshposentr e Phdweh i tkd, mbhdhngoisdtesh omtyalbest s of 1.
Oto 2. 0 nmwere obtained 10 using sieves. Solid less than 1.0 mm was
recycl ed toprchrohed iocornonesstage nobelf oge agai af tdhetbbt aboed-mehdednedt al yst
of 1 .0to 2.0 mmwas dried at 70C for 8 hours under vacuum Next, 10.0 g
of the nolteeg ok mdnevied stepeseri dEtenbbhe sd3ypatked step.ghi@siscol umm
of an inside dianeter of 15 16 mm~, a mxed liquid(1l) of 150 m of
met hahOl windfexabke dfo comshmtr dedd ey dhec hkopile tacirgfroorinentst e®6 £xotpy
weight), a mxed liquid( 2 ) of 100 m of nethanol with 1 . 0 g of
concent r attdee hyidwidiob | ef asupgpreadionhefi fe@raidadgfioretdfarm@yE@)ystin this
order, were passed through the colum at LHSV of 6 h-1. After 20 renoval of
the |iqui dragerigsiegddoay erscdficdsarfagce ameer nexevmlsme @ndnkhef or
1.5 hours. 4.0 Gans of the nol ded body obtai ned as descri bed above was
char ged i ftike | dgk el e d@Engineteod, gary mekhedt HyFhi 85| agmnregadon. 0 g
of toluene, and the m xture 25 was subjected to refluxing with heat under
stirring Ml hextFushen meddiadpar tthed ide priabedsebdmPbhergaridre by
filtration, and the solid obtained was dried at 120 under

15 or inorganic binder usually used can be used in the extrusion

molding, but lowering of catalyst activity may be caused by
addition of a bindex. 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(briquetting, compacting), oilhydraulicpressmolding,
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 vacuum of 10 nmmHg for 2 hours to obtain a nolded catal yst . The obtai ned
.ol ded catal yst had a specific surface area of 966 nR/g, average pore
di aneter of 29.4 ~ and a pore volune of 0.71 cc/g. 5 Synthesis of propyl ene
oxi de( PO) HPRJAPBOGPEE cat al yst obtai ned as descri bed above was eval uated
with a fixed bed flow ng reaction apparatus using 26~ of cunene
hydr oper oxi de( CHPO) and propyl ene(C3'). . A catal yst | ayer was an inside
di aneter of 10 mm and a | ength 10 of 566 nm a reaction condition was a
LHSV of 30 h-1, a nolar ratio of C3'/CHPO of 8, a reaction pressure of 5.5
.MPa and a isas¢mehinmespmadegeadé.gOr theAoddey hagdwavhearthedmeisdnes 30
m nutes after 5 hours fromthe beginning of the reaction. The reaction
resul t wasishowm hiighlabhe ghy45c&bnpaoper vie Hamphe ¢atalpzpesomenimems
-carried out in the sane manner as in Exanple 1 except that the nol ded body
obt ai ned i betbmenbhdidrgusttep befc aeempcerels wae drmakkrat Ib0cdory Bndoauts
under vacuum The obtai ned nol ded catal yst had a specific surface area of
20 907 n2/ gheapmprersagicorpoo bdiihgnettets pteZ2rbhbie et a spdrid el ttadknioig 0. 51
cc/g. Using the obtained nolded catalyst , the evaluation was carried out
with tihe aafcaetdlpstd tbopongnrteaoitaireppeatamsin ra i mareamene; asd i n
Exanple 1. The reaction result was shown in Table 25 1. 21 - [Table 1]
Exanpl e 1Canpaléed iso dx argptin d Gatsalf\fsitdiren ing tTempaha taneb £/ odSped iy C
surface area nR/ g966907Aver age pore di aneter ~29.422.5Specific pore vol une
cc/ g0. 710. bAReacTheIwa testi lcioTetteal ty off ahvunatgiti2Y it SEHRObJerterdstonthe
988. 482. 4PQ C3' selectivity %*199.699.4 *1:. PO C3' selectivity = produced
PO nol / r eactmgr€ssionl malddfgl hslypstafieatabioplli tabl o i pySwéigbt difugr theit he
present invention, it is possible to produce a titaniumcontaining silicone
oxi de cat abyefewmbhbily Tdo He Wbgdvébght. Mhacwaterobteumt may beradientpd &, an
oxi rane conpound from a hydroperoxide and an ol efin type conpound and which
can exXifi bi byhaohrynessi dggree dur2agOiaviBgloffapvetesslidr andduay rie a
titaniumcontaining silicon oxide catalyst, which conprises the follow ng
first to tadidssedt bysaddd ngatviadferstqlan cidedeatelyodrhgdcendidions ( 1 )
to 4

( ) 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,
15 sphere, ring or the like. The molded body may be used as it
is or after pulverizing to a proper size.

The catalyst of thepresent inventioncanbeused for selective
oxidation, for example, in addition to epoxidation of an olefin
type compound, various‘ oxidation reactions of organic compounds

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 acid 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



(1): an average pore diameter of A~ or nore, ( 2 ) : a pore dianeter of

. 90~ or nore of the total pore volume of 5 to 200, (3): a specific pore

vol une of

0.2 cnB/g or nmore, and 10 ( 4 ) : a quaternary ammoni um ion

r epr esent eBCHYPR2HA420] | owi ng general forrmula (I ) is used as the tenplate
he tenplate is renoved by solvent extraction, and L NRIRZR3R4 | +

and then t

(1) (wherein, Rl represents a linear %r branched hydrocarbon chain 15

Q represent an al kyl group having 1
first step: a step for obtaining a solid containing a
cat al yst cosposedtf cangraduetpbatef lap ekkrageaminpund ilmgwhichlarcalsdince,

having 2 t

to 6 carbon atons);

0 36 carbon atons, and R2 to

a

titani um source, and as the tenplate, a quaternary 20 ammoni umion, second

step: a st
-condi tion
renmovi ng t
to sol vent

éypef cdmpongd he sod¢vedbtiadimedhydropexioxisie stieppantiécudar.
of a tenperature of 120 or less, and third step: a step of

he tenphat @ 1 isuhj ld’tgnp')&.lrhi\&n@ﬂ'béj dy@:dld':n rhbﬁosé’{‘@mﬂcﬁel)
|

extraction. 23 . The process according to claim

wher ei n

t he catal ygti -icydd icataat ysd 1havy el @ancalpouhdnt, pedk momoa alediion ofped60 5

cml1l of infrared absorption spectrum 3 .

The process according to claim1

, the p¥ocddsofleftimetybeconmpolesobefinptyife compmunds). &t yHhet hombaft er
step. 4. . The _process according to claiml1 , the Brocess further

the third
conprlses

AL Ay
pFqupkfa\

gEspiptop %Peﬁnbs YIRS Rt aF’H?ﬁ@ TaHe %taa%@ﬂ g8rsénkapd

P AP B L e c el S hebHS 2R B A d

a]Ca]Ca]CaL%iU&Hé%ﬁﬁsngﬂéﬁgffﬂﬁfé%&;ﬁegg@ﬂéseﬁ%§gaw@asubstltuent,

10

15

20

25

and the substituent is preferably a relatively stable

substituent. Examples of such the hydrocarbon include ethylene,

propylene, 1-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,
a halogen is listed, further various substituents containing
an oxygen, sulfur or nitrogen atom together with a hydrogen
and/or carbon atom, may exist. A particularly preferable olefin
type compound is anolefin type unsaturated alcohol and anolefin
type unsaturated hydrocarbon substituted with a halogen, and
as examples thereof, allyl alcohol, crotyl alcochol, allyl
chloride are listed. Particularly preferable compound is an
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

the general formula;

wo

~al c



#
.|&wnhcAY]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cAa]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca]ca] ca] ca ca%F%%ca]ca]ca]ca]cal Lu51 _CUJ
.c}xsnid Z FT%%] j42a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! WO°
D|+P*+-IC{4}xsnid_Z]]]ca]ca]ca]ca]ca]caﬁga]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajca] ca! 4l KL F
2!t!!!8"p"""#$F$$$9@xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
-ca] ca] ca] ca] ca] ca] cRdH]@d{ ca] ca] ca] ca] ca] ca] ca] ca] ca! UBLL&E( ) * = |,
-@w...(/n/10nDelll1l11} xsnid_ Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]d&h@ﬂaxﬂ(: cxjrod st oa] @ djvdf ecd chy t agrapp b capdal s #26222263d333
- 4HA44455V5556 @{ 666667Q7x77788} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] capddhc @nc aledica]tygie daowjea] ¢ df ¢ Hredecd cal ceftrnina] campBossd: : : : ;
Mr;s;v;
;o | <Mkws<an@-complounds>RARH??PxefiedaBlly] chheajrappal ciad @aprejipahgwing] cal c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ????1 GDAA
BCDADBLC2 E3B6 EpEEE2&pFbGGBGA EpHEl BbkL| prefairdbly].] thlisalsadcaydanpcatimlcal ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calI
group having 3 to 10 carbon atoms, particularly a secondary
K<K?KK. LcMzM MVNOUQVQYQaQQORWRLSSSS' TATTTTT} xsnid_Z]]] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cajcth¢rhiaaicalknl cjayg) ox] srdthytadoalirafaematbamcatent tatyga] caj
ca! TTTTTU U UUUVTVWVWW
VWFW VWNKO Xp XXX QY oImAZ) »eord dseddndaty abrafeatéaryvapral&yllc groajpsalacs] cal ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!ZZ[)[a[[[\\\J\\\]
@yl]1]1 7 "Mparticularly rrefpmabgdle] d1na speglifdccesedrnpl] eajtbetecd] mc}bac]ie aj ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca! 'a(at+tabMde
f | gngpb@h4aUk-blityjlujdddun | e emtint ogopwe nhe¥ ¥l ppeatyd] gape®|.c@nda] ca) cal ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]cal
(0) 0, 030008} Phedy lowpryygr2 -group. Further, various tetralinyl groups
rirrrsAskEssssst guj ul w mh| w mhc”Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca) ca] ca] ca]ca]c
a] ca] ca] cafeamed] &y edisdined}ing ddrg ey diyen] am g bkal tal Ride FF1adg’ ()
S10%&' ()-sL109& ()-F 109%& ()-F s% 0%k ()-Z Sl 4109%& () sdwaB
109&' () - ! 10%&3( retrpgdn Sk awhee ¢yeerlso listed
F109&' ()-!'n9! 109 ()-{O0p A90! 109& () - 3. $10%& (0)- S 109%& () - *|10@®_(%-!y$&1
0% L& () - @ N$&1LUBRD( PhmsHe] buce ezmma(% thig) ogpanic hydroperoxi
10, 8$109& () -9610%& ()-, 2t 10%& g) FYaBbC3 " 10%:&' () - S#109%6& () F109%6& () -F
| 100/&58}§ -gs q_qp@tma_neq}abml ng yt}@}t drempound is'2-phenyl-2-propanol.
109%3&' ()-! $109& ()-'t $10%& ()-! $109%& ()-310%=% () - Fllo%G& )-6 u
~ @C $109ER1E) con Frceqveriadoky ¢y meddydl grrene o detpdtation
& ()-3"1109%& ().- PdYNC 10G 10G 10G7$10%6& () -
610%% () - 3%% () Bane bk £FYseneod@sd( tndugtmiel ynogse vl F
10%Z&f()-1g% %Eg S109%& ()-ylOo%& ()-yS10%& ()-s2 W dEYNC

Tertiary amylene formed by dehydration of tertiary pentyl

20 alcohol obtained by using tertiary pentyl 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
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Hydrogen peroxide can be listed as an example other than

organic hydroperoxides.

5 Hydrogen peroxide is acompoundrepresented by the chemical
formula, HOOH, and 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 carried out in a liquid phase by
using a solvent and/or a diluent. The solvent and diluent are
a substance which are liquid under the pressure and temperature
15 under which the reaction is conducted, andmust be substantially
inert against the reactants and products. The solvent may be
a substance existing in the hydroperoxide solution to be used.
For example, when cumene hydroperoxide is a mixture of cumene
hydroperoxide and cumene, which is a rawmaterial thereof, said
20 cumene hydroperoxide can be used as a substitute for the solvent
without especially adding a solvent.
The epoxidation temperature is usually from 0 to 200C,
preferably from 25 to 200C. The pressure may be a pressure

enoughtokeepthereactionmixtureliquid. Usually, thepressure

25 is advantageously from 100 to 10000 kPa.
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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
10 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
afixedbed. Thepresentprocesscanbecarriedoutbyabatchwise
method, semi-continuous method or continuous method. When a
solution containing a reactant is introduced through a fixed
15 Dbed, a liquid 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-propanol were

25 added dropwise to this. After stirring of 30 minutes, 114.3
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pulverized, thenmolded 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 obtained molded catalyst of 1.0
to 2.0 mm was dried at 70C for 8 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(l) of 150 ml of methanol with 3.0 g
of concentrated hydrochloric acid(content: 36 % by weight),
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 at LHSV of 6 h™'. After
20 removal of the liquid, the molded body was dried at 120TC under
vacuum of 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 subjected to refluxing with heat under stirring for 1.5

hours. The liquid part was eliminated from the mixture by

filtration, and the solid obtained was dried at 120C under
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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 mz/g, an averade pore diameter of 22.5 A and a pore volume
of 0.51 cc/g.
Using the obtained molded catalyst, the evaluation was 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

26 1.
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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

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

Industrial Applicability

5 According to the present invention, it is possible to
produce a tltanium-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.

10
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oxide catalyst, which comprises the following first to third
5 steps and satisfies all of the following conditions (1) to (4):
(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): aquaternary ammoniumionrepresentedby the following
general formula (I) is used as the template and then the template
is removed by solvent extraction, and
[NR'R?R?R*]* (1)
(wherein, R' represents a linear or branched hydrocarbon chain
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 template bymixingandstirringasilica
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 120C or less,
and

third step: a step of removing the template by subjecting

256 the solid dried in the second step to solvent extraction.
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3. The process according to claim 1, the process further

5 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.
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