;e3e(,d6T(*nW 30 June 2004 SPECLFI CATI ON MOLDED CATALYST, PROCESS FOR
PRODUCI NG MOLDED CATALYST AND PROCESS FOR PRODUCI NG OXI RANE COVPOUND 5
Technical Field The present invention relates to a nolded catalyst ) a
process 10 15 20 25 for producing the nol ded catal yst and a process for
produci ng an oxirane conpound. Mre specifically, the present invention
relates to a nol ded catal yst which can produce an oxirane conpound from an
ol efin type conpound and a hydroperoxi de under high yield and h@ne 2004
selectivity, a process for producing the ded catal yst,and a process for
produci ng an oxirane conpound. Background Art Titaniumcontaining silicon
oxi des synt hesi zed using a quaternary amoniumion or anmine as a tenplate
are publicly known. As those havi ng pPEEIHIDATIDMN aver age pore di aneter
of i A ornore, ~t'i-MOMAI di scl osedi nU. S. Pat ent No. 5, 783, 167, Ti - MCM48

di scl osed in JP0O7-300312A, Ti-HVS disclosed in Nature 368 (1994) p. 321,
and the |like are_known. Since any of these titaniumcontaining silicon

oxi des has a M3FBEDpGAEAGYSTFet é’rl%/QﬁEsﬁ) FOR oPROBYESINGhMOE DEDOWATALYHT AND
activity even in an epoxidation _usin as_a reaction substance, a |l arge
size nol ecul e such as ah¥® %@ﬁéﬂﬁ?%: ¥arfPX EBANRgCOMPONNECt i vity by
conventiopal zeolite having a small pore dianeter. Further, due to |arge
surface area, it is known that these titaniumcontaining silicon oxides

show hi gher agddptiiy=1 nribheqabove-nentioned reaction 30 June 2004 than
with a titani pe silica catal yst as shown in U S. Patent
No. 4,367, 342. HowavQirefdlyt QhvbResSnliid RO 46N 8) ALAY- Sid 1 cop 9xi de
catalysts is obtained in the formof a ?ﬁle _part{nc?‘e, g:n%ﬂelﬁty%ti gpsrl?ﬁr?os_ssed
these are notfosuptraldhe ifney taef insedebliedat gaghicoan Wi G d Se £ GNAY 3RS F
use enbodi mrent of a solid catal yst.
an oxXirane compound. More specifically, the present invention
10 relates to a molded catalyst which can produce an oxirane
compound from an olefin type compound and a hydroperoxide under
high yield and high selectivity,'a process for producing the

moldedcatalyst, andaprocess for producinganoxirane compound.

15 Background Art

Titanium-containing silicon oxides synthesized using a
guaternary ammonium ion or amine as a template are publicly
known. As those having pores having an average pore diameter
of 10 A ormore, T1-MCM41 disclosedinU.S. PatentNo.5,783,167,

20 Ti-MCM48 disclosed in JP0O7-300312A, Ti-HMS disclosed in Nature
368 (1994) p. 321, and the like are known. Since any of these
titanium-containing silicon oxides has a large pore diameter
of 20 A ormore,theseshowahighactivityeveninanepoxidation
using, as a reaction substance, a large size molecule such as

25 anaromaticcompoundmanifestimgalowactivitybyconventional
zeolite having a small pore diameter. Further, due to large
surfacearea,itisknownthatthesetitanium-containingsilicon

oxides show higher activity in the above-mentioned reaction



A subject to be solved by the present invention under such conditions is to
provide a titaniumcontaining silicon oxide nolded catal yst which can
produce an oxirane conpound froman 10 ol efin type conpound and a

hydr oper oxi de under high yield and high selectivity, a process for
produci ng the above-nenti oned nol ded catal yst, and a process for producing
an olefin type conpound. 15 Disclosure of the Invention Nanely, the present
invention relates to a titaniumcontaining2silicon oxide nol dediTaingl2pet
satisfying all of the follomjng conditions (1) to (4): (1) an average pore
dianeter is 10 'a or nDre 2 ) 90%or nore of the whole pore volune

have a pore anet er ecifi.c pore volunme is O.

c?ﬂ /g OP g énHl(t]A?) 1‘? ;ﬁéjdblf“al Hé?d’o(o%ﬁ)ﬁigﬁ e éé-léc{)aeﬁﬁlta?lé’s% atﬁuélhé’rwﬁlary
on; of t e II e a ormul a I or an am ne 25 of the

?mgimunmgl gengr al réf ora% DQ;V“(I%Q)Q ?ﬁJ} 54%érmw ng(t he)terrpl ate. [ NRIRZR3R4 )

I th hed 30.J
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(1), RS represents a linear or branched 5 hydrocarbon group havi‘ng o 36
carbon abonsisasdpRbsadd tReskepire@serdt 0N ©UeTe Of 0 ANa aF K¥Ea0peHPrRaME RG]

to 6 carbon atons . ) . Further, the present invention relates to a process
for which is a characteristic use embodiment of a solid catalyst.

A subject to be solved by the present invention under such
conditions is to provide a titanium-containing silicon oxide
molded catalyst which can produce an oxirane compound from an

10 olefin type compound and a hydroperoxide under high yield and
high selectivity, a process for producing the above-mentioned

mqlded catalyst, and a process for producing an olefin type

compound.

15 Disclosure of the Invention

Namely, the present invention relates to a
titanium-containing silicon oxide molded catalyst satisfying
all of the following condifions (1) to (4):
(1) an average pore diameter is 10 A or more,
20 (2) 50% or more of the whole pore volume have a pore diameter
of 5 to 200 A,
{3) a specific pore volume is 0.2 cm’/g or more, and
(4) it is obtained by using, as a template, a quaternary
ammonium ion of the following general formula (I} or an amine
25 of the following general formula (II), then, removing the
template.

[NR'RIR?R*]" (1)

(in the formula (I), R! represents a linear or branched




produci ng the above-nenti oned nol ded catal yst conprising the follow ng
steps: 10 first step: a step for obtaining a solid containing a catal yst
conponent and a tenplate by m xing and stirring a silica source, a titanium
source, and a quaternary amoniumion or amne as a tenplate in liquid
condition, second step: a step for nolding the solid containing the 15
catal yst conponent, and third step: a step for renoving the tenplate from
the solid containing the catalyst conponenqgand the tenplate. R nhermose)
the present invention relates to a process 1vi producing au vxirane
conmpound conprising reacting an olefin 20 type conpound with a

hydr operoxi de in the gresence of the above-nentioned nol ded catal yst. Best
Mbde for Carrj¥A§o6arbehe Sreventiash TEhe tie ahi UPRTOARARNONG . Sianidc R tRi 8
nol ded catal yst of 25 the present invention satisfies the follow ng

condi ti ons (1§ePBeFﬂPt ?Heaéﬁﬁ%tgﬁﬂFQ:BaW%ﬂﬁhhtt@h@ a¢EpPage apore -di anet er
Is 10 :~ or nore. 30 June 208& he condition (2) is that 90% or nore of
t he whol e pore v&FﬁﬁéRhave por e dieters of 5 to 200 a The condition (3)

oty T osEE LS, POERAIRL TS oa® R0 B L o e
D hydrocarbon group having 2 to 36 carbon atoms, and R® and R’
represent hydrogenoranalkyl grouphavingl to6 carbonatoms. ).
Further, the present invention relates to a process for
producing the above-mentioconed molded catalyst comprising the
following steps:
10 firststep:astepforobtainingasolidcontainingacatalyst
componentandatfmplatebyndxingaﬁdstirringzisilicasource,
a titanium source, and a quaternafy ammonium ion or amine as
a template in ligquid condition,
second step: a step for molding the solid containing the
15 catalyst component, and
third step: a step for removing the template from the solid
containing the catalyst component and the template.
Furthermore, the present invention relates to a process
Lor producing au oxirane compound comprising reacting an olefin
20 type compound with a hydroperoxide in the presence of the

above-mentioned molded catalyst.

Best Mode for Carrying out the Invention

The titanium-containing silicon oxide molded catalyst of

the present invention satisfies the following conditions (1)

o
U

to (4).
The condition (1) is that the average pore diameter is 10

A or more.



vol ume per g of a catalyst. The structures of the above-nenti oned
conditions (1) to 10 (3) can be confirnmed by using a nethod of physically
adsorbing a gas such as nitrogen, argon or the |ike and by nmeasurenent
according to an ordinary nethod. The condition ( 4 ) is that the catal yst
I's obtained by using, 15 as a tenplate , a quaternary ammoni umion of the
follow ng general formula ( I ) or an amne of the follow ng general
formula ( Il ) , then, renoving the tenplate. [NRIRZR3R' ) + ( BO)urd 200he
formula (1), Rl represents a linear or branched hydrocarbon group having 2
to 36 carbon atonms, and Rz to R represent an aIkyI group having 1 to 6
carbon atons.) NRSRBR‘ (II) 20 |n the formu (I'), RS represents a |inear
or branched hydr o BV &t blph haw! n552t96t3§05aP5bWQ£QNﬁ§ il P hp P e

represent hydrogen or an al kyl haV| lto arbon atonms. ) . The
condi tion (4)V?5UHeskfVBedOTR 53? S0 fﬂgf%xiﬁa%%ﬁ'én of the follow ng

cat al yst product&gp Engpq”- égge tI%ﬁ%lu%hCOﬂthglg% E#%ecggﬁgéédgita1yst

(hereinafter, referre SOIME CAases
of the preseq% 2y Mol o0 greferably has an absorptlon peak in the region of
9605 cm 1 in Iﬁe I n rared absor ption spectrum 5 30 June 2004 This peak

I's believed to ceidespend é@ox}élrﬁé&wmh@arsq&wﬁﬂm Blo2 v S linE el §li¥kre | N
a X-ray diffraction of the catalyst of

volume per g of a catalyst.

The structures of the above-mentioned conditions (1) to
{3) can be confirmed by using a method of physically adsorbing
a gas such as nitrogen, argon or the like and by measurement

10  according to an ordinary method.

The condition (4) is that the catalyst is obtained by using,
as atemplate, aquaternary ammoniumionof the following general
formula (I) or an amine of the following general formula (II)
then, removing the template.

15 [NR'R®R’R*]” (1)

(in the formula (1), R? represents a linear or branched
hydrocarbon group having 2 to 36 carbon atoms, and R®? to R?
represent an alkyl group héving 1l to 6 carbon atoms.)

NR°R°R’ (II)

20 (in the formula (II), R’ represents a linear or branched
hydrocarbon group having 2 to 36 carbon atoms, and R® and R’
represent hydrogenor analkyl group havingl to6 carbonatoms. ).

The condition {(4) is described in detail in the explanation
of the following catalyst production method.

25 The titanium-containing silicon oxide (hereinafter,
referred to as catalyst in some cases) in the molded catalyst
of the present invention preferably has an absorption peak in

-1

the region of 960L=5 cm ~ in the infrared absorption spectrum.



the invention, a peak showi ng spacing d nmay present or not present . The
peak showi ng spacing d herein referred to indicates a peak 5 derived from
crystallinity and regularity of solid, and a broad peak derived from an
anor phous part may present. The nol ded catal yst of the present invention is
suitably produced by a production nethod having the follow ng steps: first
step: a step for obtaining a solid containing a catalyst 10 conponent and a
tenplate by mxing and stirring a silica saurce, a titani um SOURG@neMB4aQ
guat ernary anmoniumion or amne as a tenplate in liquid condition) second
step: a step for nolding the solid containing the catal yst conponent, and

Uhe oat al yst EBRBGHEHE St hE'ToSl APET SFBPEC [ ha i Lah PPE ok <2t B Por

obtai ning the,spl i fogontal i gg. Lhe, Gatabyst scorpanenl,and Lhe Lepplate by

m xing and stirrTng the SiTirca source, t titanium source

quat ernary anpRRiURLAN A, AFeR% A%@ihSIBLALS g dimbhi PH &L SONGE LA, - e, a

reagent used s solid-1ike, it is preferably used in'the form of sdfutlon
di ssol ved i n Bng&qlemdisholiigy$ishbiaea ngOUr€€r é 1€ I Ekasr PO® R QWS 1 Halted a qhWak
al koxysi | anes, for exanple, tetramethyl orthosilicate) 25 tetraethyl
orthosi | i §at edetetedammopy brostthadiiniaat endnteddleati ke ofTholt it anid@ sETe
i ncludes titani um al koxi des, for exanple) tetranethyl titanate, tetraethyl
titanate, tetpapkopgrived S0ciume 20@Ftidiengiayt tredy apsepeopyl titanate,
tetrabutyl titanate, tetraisobutyl titanate, tetra-2-ethyl hexyl titanate,

t et raoct adecyl t i tTEfaime lddt iqaérﬂi{bfﬂtl \Bio X e BTASRdEt il t1on akf HHItAbly
di i sopropoxybi sa etélacetonate ndthelikeﬁgggtg tLtan3§p1halides) for
exanpl e, tit AP EEEr BRNR oPTALUCELPRNDE A5G Foe faldnwims steps:

;gf{g;ﬁg;de and QQ%JQg?épé%§€g§%8g®3¥é%nf%§%g% T&%éﬁ@g?gfﬁggﬂaWéf¥séhe
10 component and a template by mixing arnd stirring asilica source,
a titanium source, and a quaternafy ammonium ion or amine as
a template in liguid condition,"

second step: a step for molding the.solid containing the

catalyst component, and
15 third step: a step for removing the template from the solid
containing the catalyst component and the template.

Here, the first step is a step for obtaining the solid
containing the catalyst component and the template by mixing
and stirring the silica source, the titanium source, and the

20 guaternary ammonium ion or amine as a template in liquid
condition. When areagent used is solid-1like, it is preferably
used in the form of solution dissolved in a solvent.

The silica source includes amorphous silica and

alkoxysilanes, for example, tetramethyl orthosilicate,

Ba
(@]

tetraethyl orthosilicate, tetrapropyl orthosilicate and the
like.
The titaniumsource includes titaniumalkoxides, forexample,

tetramethyl titanate, tetraethyl titanate, tetrapropyl



general formula ( I ) or an amne of the follow ng general fornmula (I1) is
used. 10 ( NRIRZR3BR~ 1 ~ ( I ) (in the formula (1)) Rl represents a |linear
or branched hydrocarbon group having 2 to 36 carbon atons, and RZ to R’
represent an al kyl group having 1 to 6 carbon atons.) NRSR6R7 ( I | ) 15
(in the formula (11), RS represents a |inear or branched hydrocarbon group
having 2 to 36 carbon atons) and R6 and R represent hydrogen or an al kyl
group having 1 to 6 carbon atons . ) . In ghe fornula (1), RL represenios a
| i near or branched hydrocarbon group having Z to 36 carbon atons,
preferably having 20 10 to 18 carbon atons. R to R' represent an al kyl
group having 1 to 6 carbon atons, and it is preferable that all of RZto R
are a met hyl tgrtenmteSpets ti2iexRRPPES & LERS tuat'SriARE Brhoht LA bR of t he

general formula (1) include cations such _as _25 heﬁggggyitrinethgéannnniunl

dodecyl t ri metRATERARUR L behtsMeF PretMAFaTiom gy T hexy L titana

di et hyl di dodecyl ammonj um . hexadecyl pyr L di.ni.um I I f.qr.mul a
(11), RS repr&fd@Fts ?ﬁ%ﬁElSFnﬁﬁéhéﬁgé%lt?Flggwﬁﬂ%g8583§8ﬁ¥&%8%§%€§%e' :
group having, 2.to 36 o - QWi 4 504 38, LREREN ana
atons. R andtﬁtaF56W§ggg?(ﬂv%%§g§%93$§gégéﬁg§¥lgroup having 1 to 6 carbon
atons, and prefierat ny)hgﬁ?@g Re o 8xRKEN1AgeR 1 tAnSRAC fd r £XAIPE £8e 0f the
am ne of the general fornula { TI ) include octyl am ne, nonyl am ne,

decyl anmi ne, wndeGyham e r9aeayhan net anfiute aytard el i detamdletlyé ahike,
pent adecyl am ne, hexadecyl am ne, heptadecyl am ne, octadecyl am ne,

nonadecyl am ne, gicasyltanpletand dhaseriargCamindchunHeseclnire s odilewing
substituted with a nethyl group, such as nethylaklkilanines,

di met hyl akl ylgemienssl ndmthe | I kor Fheganfuaf &heaf 9 LiRMWaRHIOTSE 1OFRL SPTmyd 2
general fornula (1) and am nes of the general fornmula (Il) can be used

al one or in dadd)xti ats8da few ki nds thereof. 15 As the exanpl es of the

sol vent) ter and_al gcohqls, for
exanple,Hi?hanolI@FH%HBF;ﬁ-propanBF?Z-propanol,n-butanol, sec- but anol ,

t - butanol’, vinyl .al cohol I al goh phexanol oa L2 a1 Gahpl and
the |iKe and (b8 ot FE e RhofepredeheRPEainear Shtpr A ARI01 o7
use arpunt Okgid}%é&f@aﬂ r68viAgt he toi hiscraspsceatand) dndor: to R
preferably 0.00008 to 0.%ﬁ%§%§DIar rgtio. The use anmount of the quaternary
amoni um i on L rfHdie: t4h tAEky Ot ghoapotalviofy tihecsid icarisauraeomnd) titani um
source is preferably 10 Z to 2 by nolar ratio. 20 For pronoting a reaction
between the silina’Btirce and th&Ititani umsource, alkalinity or acidity is
preferabI% inparted to a mxed_solution. As the alkali source, gratenfary
ammoni urhy dréxi dde afermi bt of BB) e, RanHePREseRhfpPed HYFETeSF BFATRES 8 30
June 2004 ammonij um hydr oxi de, tetranetyl ampni um hvdroxi de) 6 7

t et r aet hyl ambyaRR %x$%@§pt%?YéB?ogyF8nranF %kﬁéd?%éh ¢ S Fhe® TG,
and it is more preferap| 5 1085885 nGUALES 126Ys GEFBSA AN .
represent ed Wﬁ%eesegneﬁgygf:&g%%nﬁ g){%{]]@% S %Jngjt he ogwr hand, as the

exanpl es of the aqi @ne FYGRNIL @Ej ISR Udp@ssdwes oghi onksrackdbraukheni c
acid, nitric acid and the like, and organic acids such as formc acid,
acetic hydrocarbongrouphavingiztoSGcarbonatoms,preferablyhaving

90 10 to 18 carbon atoms. R® to R'represent an alkyl group having
1 to 6 carbon atoms, and it is preferable that all of R’ to
R‘ are a methyl group.
Specific examples of the quaternary ammonium ion of the
general formula (I) include cations such as

hexadecyltrimethylammonium, dodecyltrimethylammonium,

o
)]

benzyltrimethylammonium, dimethyldidodecylammonium,

hexadecylpyridinium and the like.

In the formula (II), R’ represents a linear or branched



acid, propionic acid and the like are listed. The tenperature for m xing
and stirring is usually from10 -30 to 100'C. A solid is fornmed by m xing
and stirring, and this nay al so be aged for further gromh of the solid.
The aging tinme is usually 180 hours or less , and the aging tenperature is
usually fromO to 200C . Wen heating is necessary in aging, it is
preferable to place the material into a pressure resistant 1~ vessel and to
conduct agi ng under closed condition for ayoi ding vaporization of e 2004
solvent. The second step is a step for nolding the solid containing a

catal yst component. This nolding step may be conducted at any stage before

and after the tenplate renoval step and after 20 a.silylation .
descri bed | atEfGrePRIE PN 9T OYPH _Y 4 98,%38&%%%?58&% %feg?rgég PSS Sh

of deterioratjon in_catalyst physicak properti | Hicaswihace
area and por et Y&und %ﬁfg’%/%@tlol”%é, ?o aé’c‘#r)lguée‘ptq%essérf{g?&%?\ig gepgge?ore}%ﬁle
third step, tenplate renpval ste de melsdhpgs bly, R® and R’ are
met hod, anynet qﬁ@%%ﬁﬁ’éi %Tégs%é%%%ﬁﬁ}%gi e%trusign ngfging.or the |i ke may
be used. Int dgg%éy§ion nolding, it is possible to use organic and

'S

i norgani c bin eneral ly used, however, decrease in catalyst activity

may be 8 30 Jung 2004 CuaRPlidl 58MEnsamtshdy fadiet genepalaf dimaka . (11
production of the nol ded catalyst, a conpression nolding 10 nmethod is nost
preferabl e fromihes séapgpeindheof noavakysnest demptlnebre catadysylpnyspcal
properties. The pressure for conpression is usually fromO. 1 to 10

ton/ cnR, pref@sddtyldmbne(. eridesyilomiosn, tHedmakacpranrtrably from0.5 to 2
ton/cn2. When pressure is too |ow, the strength of the | ded body may be

i nsuf fi ci ent ,pomtagecrtapinpanBex@ReRYREddd e NP HFE A g PBr es may  be

broken and catal yst physical properties may be.ins i cient. ctin

conpr essi on n%@ﬁ%%%?gi%migeprEPngﬁF%ﬁFﬂ&P%T~%ﬁf%#ﬁgééﬁﬁg'c%%?a?ﬁ?%é %h °

cat al yst onent contains, a i f , i

nol deé b&ﬁgnﬁ%%@ é“%ﬁf?%%ﬁsu&!‘s’%?gﬁgﬁ ﬂ can %(g wrr%\gttéeéévr%n a jpIy(':lof\/\@;e‘};ﬁ' Jsien

conpr essi on pggsrﬁgégyflgﬂg}%@gmnggnt %&he‘%fhy_tl@{l%ﬂl'drﬁjiﬁ@@t&h@i fgealtreal yst
cte o0 conpr | d

conponent subje ession nolding is preferably from1l to 70~ by

wei ght (solid + waiffe guHIQ hiaeiagition iurf Wotises £ptbéegabéyal ribmBula U0y
by wei ght. The water content nay be controlled to the degree of drying in
drying wet sohhd)a®insater thy peneddédfvomedsf i(dilgnan afFeash|glepney or
generally used binder or the |like may be added in a range causing not
probl emin desaradmakthreyof a few kinds thereof.

15 As the examples of the solvent, water and alcohels, for
example,methanol,ethanol,n—propanol,2—propanol,n—butanol,
sec-butanol, t-butanol, vinyl alcohel, allyl alcohol,
cyclohexanol,benzylalcoholandthelikeanddiols,andmixtures
thereof and the like are listed.

20 The use amount of the titanium source to the silica source
is 107% to 1, preferably 0.00008 to 0.4 by molar ratio. The
use amount of the quaternary ammonium ion or amine to the total
amount of the silica source and titanium source is preferably
107? to 2 by molar ratio.

25 For promoting a reaction between the silica source and the
+itanium source, alkalinity or acidity is preferably imparted
to amixed solution. As the alkali source, quaternary ammonium

hydroxides are preferable, and the examples thereof include




The form of the nolded body may be any form such as tablet, 25 sphere, ring
or the like. It may be used inits formfor a reaction or the |ike, or
ground into suitable size before use. The size of the nol ded body can be
appropriately determned in view of the formof the nol ded body, the size
and type of a reaction vessel, and the like and is not particularly 10 30
June 2004 restricted, however, the opening of a sieve is preferably from
0.1 to 10 mm (nanely, passes through a sieye having an openi ng g0 Ji&: Xondand
not pass through a sieve having an opening of 0.1 mm) , nore preferably
fromO. 3 to 3 nm Wen ground materials 5 have wide distribution in size)
the size distribution may be narrowed by fractionatiogng a steve or the

like. The thiamharegniRydrardfes of L EABFAY L2 G Y a2 %ol i d
containing a catal yst conponent and a t late. R . _of _t.h .

o ot t 2l nod dna? by SATReRCHY SR Sut A 16 EsaPERRYRanlon il LR ¥ RSN
conmponent and t temml.ate at. hi t 0 :

ai ;mat nospheraél,é.'gﬁhaogplﬁ?b‘j e"‘a‘c]:{éll r@g@phse%s%%%r gﬁ:%%%?gﬂ]i%ﬁnﬁé%cgt arzljg{i&éj%qier

component - andddie LEIR Alinl 01 3R YERE £XbEBGLH0BA0BY! Ae0G et sorhian

and anong th r enp a tenplate by solvent exfraction is nore 15

preferablg. A fjechpjOugealtigt aGid NesacheBaai ¥ Oif ehsalamn) insrigepdrd ed
by Witehurst et al.(see U S. Patent No.5, 143,879). The sol vent used for
extracti on mgyibes ek apahedebclissbtvaogda solpauid asdd,f od taitcemgliat e,
and in general, oxygen-containing 20 hydrocarbons |iquid at nornal )

t enperat ure kad nhe likepoand I@rganbonaaidassegh Be fogaicagcile aFetds e
sol vent, al cohols, ketones, ethers (non-cyclic and cyclic) and esters can
be used, andasxahplmsophertofarhél aBe KPEr dbfres @& iR 'RF hydr ocar bons such

th I th |, ethyl | . | l . 2=
bt anol and ocEBRolteBARSUNE i 147 G FYLY GRAT bBRSLCAEH 38 HERUAG, Teoh

LS ones SEELYL GBI e VAT iR Keiee g poarler
such | this may also be aged for further growth of the solid. The
| agingtimeisusuallleOhoursorless,andtheagingtemperature
is usually from 0 to 200 . When heating is necessary in aging,
itispreferableto;ﬂacethematerialintozapressureresistant
15 vessel and to conduct aging under closed condition for avoiding
vaporization of a solvent.
The second step is a step for molding the solid containing
a catalyst component. This.molding step may be conducted at
any stage before and after the template removal step and after
20 a silylation step described later, and it is preferable, from
the standpoint of suppression of deterioration in catalyst
physicalpropertiessuchasspecificsurfaceareaandporevolume
and the like, to conduct the molding step before the third step,
template removal step.
25 Asthemoldingmethod,anymethodsuchascompressionmolding,
extrusion molding or the like may be used. In the extrusion
molding, it is possible to use organic and inorganic binders

generally used, however, decrease in catalyst activity may be



11 as methyl acetate) ethyl acetate, butyl acetate and~~~~~ 004 propi onat e;
and the |ike. Further,watercanbeusedasasol vent, and a m xed solution of the
fore-mentioned sol vents can al so be used. The weight ratio of these sol vent
to a catalyst is usually from1l to 1000, preferably from5 to 300. For

i nproving an extraction effect, acids or salts thereof may be added to

t hese solvents. As the exanples of the acid used, inorganic acids such as
hydrochl oric acid, sulfuric acid, nitric ag d, hydrobrom c aci d3gndnd hep4

| i ke and organic acids such as formc acid, acetic acid, propionic acid and
the like are listed. As the exanples of these salts, alkali metal salts,

al kaline earth netal,salts,-annnniunliggis and tge Iéke a,e listed. The
concent r at i onCaRSeRe lAciEATEr @RS (Herktt t P BePhdled 'i®E "sol vent is

ferably 10 nol/1 | ess, furt f | o

Concent rati on of ThE 8GR o S (- AHEPAGF Tl o & SO7 vert “PAPF G SRrg o TaiAs

titanium presgat, i 3CALAY Hird Sl edrdpathalstandseifaser Batahyiat i C
B 28sas. "Rfter su f d a

activity in s S. iclent mxing of a solvent an

catal yst, a | gg%g?ﬁﬁa%gl?p%ratt&lsjﬁ&ﬁ{ﬁ%pypgoggghggssuch as filtration
e e

or decantation or I ke. Thi s operation is repeated for necessary tines.

It is al sg possifleptaseliactoexbmpetisanohyi fusrbhog Dfopassitegl @ teaghinfig
sol vent through the solid containing the catal yst conponent and the

tenpl ate. Conpkekkeabal ¥eshi 0gzcen DHecsheniediby theor perisphblyafiapys? s5 of
a liquid phase part. The extraction tenperature is preferably fromO _to
200' C , furtheo preberanfy fiteen 20ress10® is \iep 1@, bbRe i ferpogRh of the
extraction solvent is |ow, | Z 30 June 2004 extrag&i oanaX be effected
under pressurselieditpdionayheinsubhaliente @ SRE 3s FEFfRaf®s

10 fluid instead of use of the abgove-nmentioned, or i r.aGti .

As the superciftiaerighyPer Wﬁ%%eﬁ% %%aingi Cp?‘%?g?éagpglﬁf‘%%lcﬁﬁ?ﬁ %a?’lf@g

terrperattﬂe of carbon di‘_\?%i.de i about 31C or higher) and the extraction
Iy ~f

t enper at uie i B2¥r BFerB5IY SO 31 to 100' C, further preferably from 35 to

60C. The criticalypr | Sq2boMbr d4skehchBiaand, pief esapkyrérap1d00n4o
300 kg/cn2. It isIrgré;ﬁ% )f% ?hat %Epe?cri tical fluid carbon dioxide of 50

to 500 g per phLRULEI P&Mcdht£inOhga caltallysit icompoec ftocoatniact rosuibadlehe
extraction time is from4 to 20 hours. A solid obtained after the
extraction treabarmtofray ter 1ansuby edtion, momdigefededtawmng anawef §cignrfi d
is heated at tenperatures preferably from10 to SO0 C, further prefer Ig
from 50 to 306Crendéh aanabedepireray et atohOWEFUEPRETGESESD PBFS«%%&ﬁpI el

ni trogen,_ argon or carbon di oxide, o

exanpl e, 1l r. WR{epr 688&EIn G e %é%g&y‘g%%{gg?ﬁgg%r :E]Eéf@gl%g%%i gfogr@émt%né: 20
obt ai ned by 1 SHOVERGER EenpPAPE oLy Sh JPAR el (Peareast o TheTe sPal an
treatnment, thg solighpblaEd P¥at@FO¥ W% by weight), further preferably
from 5 to 40% by weight. The water content may be controlled
to the degree of drying in drying wet solid, or water may be
20 added to sufficiently dried solid.
A generally used binder or the like may be added in a range
causing not problem in desired ability.
The form of the molded body may be any form such as tablet,
sphere, ring or the like. It may be used in its form for a
95 reaction or the like, or ground into suitable size before use.
The size of the molded body can be appropriately determined
in view of the form of the molded body, the size and type of

a reaction vessel, and the like and is not particularly



25 the tenplate is brought into contact with a silylation agent thereby
converting a hydroxyl group present on the surface of the catalyst into a
silyl group. As the silylation agent, organic silanes, organic silylamnes,
organi c silylam des and derivatives thereof, and organic silazanes and

ot her silylation 13 30 June 2004 agents are listed. Exanples of the
organi c silane include chlorotrinethylsilane, dichlorodinethylsilane)

chl or obr onodi net hyl sil ane, nitrotrimethyl gplane) 5 chlorotriethgdsSuhaEd

i ododi net hyl but yl si |l ane, chl orodi net hyl phenyl si | ane,

di chl or odi net hyl si | ane, di nmethyl n-propyl chl orosil ane,

di met hyl i sopropyl chl orosil ane, t-butyl di nethylchl or 0si
tripropyl chl 6e63riated dRREERGFoctYF TR OF H¥ I':’etng,sjl%)(sr%2 rf%%?flf(%agrlgsﬁgﬁe)

tri hexyl chl orosi| ane) di nethyl.ethyl chl arosi , : : ;

di met hyl oct aee&yFEh}%r“lS‘bﬁQFﬁ%}Yﬁ- Bacsea ﬁ%%h??@r]?o%%‘f A5e/ing an opening
br ononet hyl di yl chl oy Qsj.l hy! gi £§| & @draineg o¥50.1
3-ch|oroprop?%gﬁﬁé?ﬁf?g%?%?bggggnghkgpﬁgfﬁoiiﬁggﬁ§?%%Igros?ﬁgne?gg

net hyl phenyl chlyor gsi LBt Boxyehl 6T 9Std ahem. When ground materials
dinethylphen@ﬁ HI%?%%??E%%%E%EtEyIphenylvinyIchIorosiIane,

benzyl di et hyLchl grasi kage) idupheny idi ehlzer,oshleasdze distribution may be

di phenyl net hyl chl orosi | ane, 20 di phenyl vinyl chl orosilane,

tri benzyl chl guesicwaie Bnd: Brctyiaopt bpy| diynet BykeyRl erodifeandkeExanpl es of

the organic silylamne include N-trinethylsilylimdazole,

N-t - but yl di met hytsel yhiimidazelpe isNadistarhyiet RARGT VY ntdhsBPEA LR §FRBt Ryl

'?5 n-propylsilylimdazole, N-dinethylisopropylsilylLimdaz

N-trimet hyl sislylidi eenhaiamhae? oRtEHEL ﬁ;?ﬁ‘?ﬂ“ﬁ“aﬁ égﬂy? 5?‘?‘?’\?@3&%““ Removal

N-trinmethylsilypyrrole, N-trinethylsilyl rold.doi P th 1id

N-trimethyl sPF%Fé?pE?'i“HilﬁE? Ca&@%&g{%;eﬁ%%&ééﬂﬁ%y calcining the soti

1-cyanoef hyl (di et hyl am ngj di | st aBgpd8Rdnt and the template at high

pent af | u _op%@ |%ﬁﬂﬁﬂ%&ﬁﬂﬁ|%§i§?¥%? %Qaﬁppeg of the organﬁ% si |yl ami de and

derivatives in p%ql%t{ﬁroé@o%t et Apbsicby86® affidier fHir atmosphere, or by
i1ylt

N, O- bi stri met'hyl's rifluoroacetamde, N-trinethylsilylacetam de,

N- et hyl - N-t hiBld¥t i5id Yhaced i@ deyntaining the catalyst component and the
N-methyl -N-trinethylsilyltrifluoroacetam de, ] .

N- et hyl - N- t riemgilates ity lshdpieaft eatomatianaerampion with a solvent, and
N-(t-butyldinmethylsilyl)-Ntrifluoroacetam de and . (s more
N, O- bi s( di et layidngitbeny| FTemevaleroackeBRI Ak X SAIVES toP*FRBCEFGANTR

si l azane_ i ncl ude hexanet hyl di sil azane, heptanet hyl di sil azane,

1,1, 3, 3-tet r 2RAIRANR LR 1 azane,

A technique of extracting a template with a solvent is
reported by Whitehurst et al.(see U.S. Patent No.5,143 ,879}).
The solvent used for extraction may be one capable of dissolving
a compoundused foratemplate, and in general, oxygen-containing
20 hydrocarbons liquid at normal temperature having 1 to about
12 carbon atoms can be used. As the suitable solvent, alcohols,
ketones, ethers (non-cyclic and cyclic) and esters can be used,
and examples thereof include hydroxy-substituted hydrocarbons
such as methanol, ethanol, ethylene glycol, propylene glycol,
25 isopropanol, n-butanol and octanol; oxo-substituted
hydrocarbons such as acetone, diethylketone, methyl ethyl

ketone and methyl isobutyl ketone; hydrocarbon ethers such as

diisobutyl ether and tetrahydrofuran; hydrocarbon esters such




1~ 1, 3-bi s(chloromet hyl )t et ranet hyl di si |l azane,
1,3-divinyl-1,1,3, 3-tetranet hyl di sil azane and

1, 3-di phenyl tetramet hyl di sil azane. As other silylation agents,
N—nethoxy-N,O-bistrinethylsiIyItriququacetanide) 20

N- net hoxy- N, O-bi strinethylsilyl carbamate) N, O-bistrinethylsilyl sulfamate,
trimethylsilyltrifluoronethane sulfonate, N, N -bistrinethylsilylurea. The

preferable silylatiqn _agent is hexamethyldisil . Thus pr 004
cat al yst ha%® h%@%hggr F&%gaatreea % %hi%]%‘%l?ﬂdiésﬁ?ggg F'i%t écr?iqt?mag’c(fi tes ,
therefore, LLob3oRURROSAM ALY Al al ¥al 1622 Bf toLdahde aELaGH e pubdel ! On
reactions) TorTexanplé, an epdxi dation reaction of an ol efin, an

ammoxi mat i 0fhq %%ﬁ&&%&@@%ﬂ@@%@%&ﬁe krdQPEonka! 0BEvERRLNEERSals0
reaction, glycolation reaction, hydroxylation reaction of benzene and the
like. It ispalggeR0ssible to generate acid sites by addition of a third
conponent such as alumna or the like) and it is supposed that 5 the

catal yst can beris e iajiso rhaicanfat kytatd@lveeBcid @Ncatalals te nehornyng
reaction and the like. The catal yst of the present invention can be

sui tably usedoriol &opl006ss pirexf epradducifimprand oo r @ .conpound by reacting
an olefin type conpound with a hydroperoxide. 10 The olefin type conpound
may be non- cyclfax imparocyidld 8 eXxtyertioprepryty@sideoipsands thereeld be
of nmonool efin type, diolefin type or polyolefin type. Wien two or nore

ol efi n bondd%rie fp@dedt totHrze B9lhen s corfpfigdie e P3RBLEF ABNLRSNfEhAt ed

bond. Aefin_ t nds havi 2.ta 6 . at S I
or o1 or abl ¢, S LGRF SATHet REAGAS WEy DO PFESENT L - 0 by BPAFILE THE { he

substi tuent, 4 s 2.1gL 24! el r 5b2BhecIROYR- oA 2PRLCP1RL SHENoRoLNHLOLAL BON

i ncl ude ethy .
propyl ene, iyt anesd A3 WanRe, %l%ac&%- Ecﬁﬁﬁeﬁgb%i%@i%n%ﬁd aahaPRe 11%?29”6

| ) styrene, cycl ohexene and the like. As the 20 exanples of the suit
diol efin type carpewnd, Abuitisleqaapdre o5apeeresalesl, isiiedli Aesahssatyent
may be present, and exenplified are hal ogen atons, furthernore, various
substi t uentsltaling eaygennesalf salds , niammogdmmatse ¢ getdethd vl logere
and/ or carbon atom may be present. The particularly 25 preferable olefin
t ype conpoukiktedan Brefdenesiperypianupht e arebhobr agal bintbesedf tgpgee

unsat urated hydrocarbon substituted with
ahal ogen, arﬁ%i%‘?’rp%’ilf?eﬁaﬂ-@ﬁpﬁzyllél EFRHETA Y | L dBRbl L 9F| JPSEml SiEdber

Particul ar lp}/rg#é}ggher Irrlgl?hkggiseshsa.VI %e% th%econcentration of the acid

or salt thereof in a solvent is too high, titanium present in
a catalyst is eluted, leading to decrease in catalytic activity
in some cases.

After sufficientmixingof asolvent and acatalyst, aliquid
phase part is separated by a method such as filtration or
decantation or the like. This operation is repeated for
necessary times. It is also possible to effect extraction by
a method of passing a washing solvent through the solid
containing the catalyst component and the template.
Completion of washing can be checked by. for example, analysis
of a liguid phase part. The extraction temperature is

preferably from 0 to 200TC, further preferably from 20 to 100T.

When the boiling point of the extraction solvent is low,




30 June 2004 to 40 carbon atonms , and these nmay be substituted with a

hydr oxyl group or hal ogen atom Asthe exanpl es ofthe hydroperoxide, organic
hydr oper oxi des are |listed. The organic hydroperoxide is a conpound of the 5
general formula: R-O-OH (wherein, R represents a nono-val ent hydrocar byl
group.) and, this is reacted with an olefin type conpound to form an

oxi rane conpound and a conpound R-OH Preferably, the group 10 Ris a group
having 3 to 20 carbon atons. Mst preferalby, the group Ris a hydreoanhyl
group having 3 to 10 carbon atons, particularly, a secondary or tertiary

al kyl group or aral kyl group. O them particularly preferable groups are
tertiary al kyl groups, and secondary or tertiary aral kyl groups, and 15
speci fi ¢ exampltesathemedfay e udkfectedt RREGTOBEPIESY Sup) tertiary pentyl

roup, cyclopentyl gro and 2-phenyl propyl -2 gro further, vario
?etrgnylzl gPoupgtfg$n§55§§biéng9i%%“guﬁ€é$%5ﬁgcﬁggﬂ1?gbﬁgaﬁuB¥FﬁhéE?8a%ide
chain of a tetralin nolecule, are_also lListed. 20 -axi d
is used as tﬁé%%%éﬁ?Eeﬁgd?ﬁﬁﬁﬁbQFggraF QW%iﬂﬁ%%%%)%yé&gggﬁﬁégﬁgggggagél ©
2- phenyl -2-pr opanol . - Thi.s a&%ﬁ%é%%?%%féﬁ&'f&%i& 'HEEBXhSHXBQE%ebXS

dehydration PG, &5 yrene is an industriall'y useful substance.

25 Tertiapy amyl o e | AeLy Ik 8kber 2t 836l d ©8abohelild:dlde Peabylt
al cohol o taﬁﬁ%ﬁﬁaﬁ%ﬁﬁ%érﬂ?§¥?€%€%ty? hygroSéroxide ?s used as the organic

hydr oper oxi dey;3hS,2 $HBSEANCEndSehyl eRbrabeiphecunparathiresapr pnefefhdly
tertiary 17 30 June 2004 pentyl alcohol is useful also as theﬁgrecursor

of nethyl terddaal 531pas Yl o ®Chereunhtitady | mrafe e hanef vainudSi rpr 69ilng dbeat .
Tertiary-butyl al cohol obtai ned whent - butyl hydroperoxide is used as the
organi ¢ hydr eperidade pire s sitsapbeuts @ft kg 4ems. tand predaredtl vt Tast PP
t-butyl etheaxygégi D%n&n Oféﬁgf gg%gﬁaénggxﬁpgugggg%iticalfluidcarbon
g . P
10 dioxide of 50 to 500 g per minute per liter of a catalyst is
| used for extraction, and the extraction time is from 4 to 20
hours.
A solid obtained after the extraction treatment may be
subjected to drying treatment. Namely, solid is heated at
15 temperatures preferably from 10 to 800C, further preferably
from 50 to 300C under an atmosphere of non-reducing gases,
for example, nitrogen, argon or carben dioxide, or an
oxygen-containing gas, for.example, air.
In production of the catalyst, it is preferable to use the
20 following fourth step.
Fourth step: a step for subjecting the solid obtained by
removing a template to silylation treatment.
Inthesilylationtreatment,thesolidobtainedbyremoving
the template is brought into contact with a silylation agent
25 thereby converting a hydroxyl group present on the surface of
the catalyst into a silyl group. As the silylation agent,

organic silanes, organic silylamines, organic silylamides and

derivativesthereof,andorganicsilazanesandothersilylation



As the hydroperoxi de other than the organic hydroperoxide, hydrogen
peroxide is exenplified. Hydrogen peroxide is a conpound of the chem cal
formula: 10 HOOH, and can be obtained usually in the formof an aqueous
solution. This reacts with an olefin type conmpound to form an oxirane
conpound and water. The organi c hydroperoxi de and hydrogen peroxi de used as
the raw material substance may be a dilute or dense purified 15 or
non-purified substance. The epoxidation reaction can be carrieds@yi,dmod
i quid phase using a solvent and/or a diluting agent. The sol vent and

di luting agent nust be |iquid under tenperature and pressure in reaction
and inactive substantially to the reactant and the 20 product. The sol vent
may be conposegkmfs aasebsiahed-present in a hydroperoxide solution used

For exanpl e, when cunene hydroperoxide, is alnixture of, cunene hydr oper oxi de
and cunene whi ch Examp legw Gfatters BT IR+ EoF LIFES| $P51EE S 0ssi bl e that a

solvent is not particularly. added and.t m_xd. i instead 2~ of a
sol vent . TheQQﬁﬁﬁQQE}%%t?géﬁfgéﬁers%dgﬁgPéqgfﬂéiﬁgiéfgga%O"C, and
tenperatures aof. fromZ5 to 200c I r et arahlie.; SPHkE, My be a
pressure emmﬁﬂ#?%PR%?%?@%%G?5¥E?§é§F%dn%%fﬁﬁﬁ%S@%Fhi?ﬁ 30 June 2004 a

| i qui d conditi,on. cht .S yggygqgﬁggagdgglgima@éessure is from
100 to 10600‘%éikréf?gééﬁg%%f%%F%ﬁ of thé'epoxidation reaction, a liquid

m xture cont gi0y ng. 4 hge €851 pREnRLedUGheCariibm leasid inseppt at bane . from a
catal yst conposition. Subsequently, the liquid m xture can be purified by a

sui tabl e ”Ethﬂgneﬂﬂﬁlpﬂt%fbggubﬁnokmehumm$,fractional distillation,

sel ective extraction, filtration, washing and the |ike. The sal vent,

catal yst, unreass ey dlebpnopypehdempsdidnendt uby Exéddmeharlaheodhasde- i
al so be recycled 10 and reused. The nethod of the present.invention can be
conductedi|1t¢imt©mni©hlgreﬁﬁ}a&ﬁd'ﬁ%ﬂﬁfﬂﬁ%ﬂcEﬁﬂﬁﬁf%fﬂﬁl 388'0of a large

scal e industrial operation, a_fixed bed is prefe ed. Wien the nol ded
catal yst 18f tweibee¥baRlPROSALRER i & %fg%$ﬁafé§$4§%%ébed, pressure | oss

of a powder) 47 BRTBL g LEP AR r e R e e DR ea g 0

tiono e reaction is easy, and bleeding to

t he downstream %S chio?oxd 159/ |, consequently, separation of the
cat al yst froﬁ?lﬁ%tg%gg&g% ?sceasy, handling in filling and the 20 like is

al so excel | ent,oiBABLAG1 BT 1IH 0 exieldrent characteristics. The process
of the present i1nvention can be carried out by a batch-w se process,

sem - cont i NUOYS1 PEEMESAYRA iserhiyiwids proideyss . Wien |iquid containing a
reactant is passed through a fixed bed, the liquid m xture discharged from
t he reactlibon 3eghbnropmearading et aRAreRiAN® or substantially no

catalyst. EXagEAg%hoxymethylchlorosilane, methylphenylchlorosilane,

triethoxychlorosilane, dimethylphenylchlorosilane,
methylphenylvinylchlorosilane, benzyldimethylchlorosilane,
diphenyldichlorosilane, diphenylmethylchloresilane,

20 diphenylvinylchlorosilane, tribenzylchlorosilane and
3-cyanopropyldimethylchlorosilane.

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

25 n-propylsilylimidazole, N-dimethylisopropylsilylimidazole,
N-trimethylsilyldimethylamine,N-trimethylsilyldiethylamine,
N-trimethylsilypyrrole, N-trimethylsilylpyrrolidine,

N-trimethylsilylpyperidine,



| g 30 June 2004 The follow ng exanples illustrate the present invention.
Exanple 1 Preparation of catalyst (first step) 625.5 g of a 16 wt~
hexadecyl t ri met hyl ammoni um hydr oxi de 5 aqueous sol ution was stirred, to
this was added dropwi se a m xed solution of 9.25 g of tetraisopropyl
titanate and 50.0 g of 2-propanol at roomtenperature. After stirring for
30m nutes, 190.5 g of tetranethyl orthosilicate was dropped. After addition
of 5.0 g of 2-propanol, the m xture was sti4red for 10 3 hours. 3Fhgne 2004
produced precipitation was filtrated off, and washed with 5 |iter of ion
exchanged water. The resulted precipitation was dried at 100C for 5 hours
under reduced pressure., Praqductiqn_af ded .b . o] step) 15 8. 0 g
of water was ]ah‘a%%in?%tﬁﬁf.(86835"8'3‘&5‘1\%}#5?&91%% tlzﬁ.p% %gall?%eggldn the first step

of Exanpl e 1é%ﬁk%ggﬁgﬁgﬁhEEY?%%TEQ%ffﬁ%%?éghéiﬁture was conpressi on

nol ded under cnez “usi'n et nol di ng appar at us

(internal dianet %rﬁng) JgéQt gf;[{'%e r&sgd £ stiakl1elm WS a9ogad; vandvest hyBlde

nol ded bodi es of nmwer e obtained using a sieve. Solids of
0.5 mmor |ess yesesteexekags sang 1eemieasion- mol ded again. The resul ted
cat al yst nol ded bodies of 0.5 to 1.0 mmwere dried at 100°C for 5 hours.
Extractiop r eypyahi©f riaephgteiyhited Shemo@ie2nidef the nol ded bodies
obtained in the second step were charged into a flask, and to this was
added a m xedi-stotihe bhydsi200ane tefniget.hanol and 10 g of concentrated
hydrochloric acid (content: 36 w~). The m xture was heated for 1 hour at
2p 30 June 2004netleyieN+tximetpadistidrdanfiiadgrring, and allowed to cool

t hen, the solution was renmoved by filtration. UBiqg a n%xed solution of 200
mL of net handi-Bahsl gNof réBRcERLSdtldd U TCEARTDAT  t he sane

ti ted - 9 ,Elnal | [ ducted f 1
our i th 2081 S GRY el ARG e - PR e R h MRS R e boai o

dri t,1 : . 1 i i th st 10
6 0f ¢ he ol kb L BB RRa i ne Ch T S e g gae et Ster

hexamet hyl di g} JW@f@%éﬂgtﬂig@hgd@ﬁasti@lllaaﬂﬁﬁllaiﬁdﬁ'c@damﬂﬂd.the m xture was
refl uxed.under heat tor 1 .5 hours while stirring. Liquid was renoved by

filtration from themprduretf fihe prodnit waldawaskeed.nulyde00 g of tol uene
and dried under a reduced pressure of 10 mrHg at 120 C for 2 hours, to
obtain a nol deskdite tlay iy st 1 aThaenohdad sty i ptbpadel  as descri bed
above had a specific surface area of 1144 ne/g, an average pore di aneter of
26.0 .~. and B bo? e3vbetRBIEL Y 174 sHlAFa %npurati ve Exanple 1 20 The white

solid obtained in th Lrst s f anpl.e 1 . jected directly to the
extracti of réhn@éﬁlﬁfcéi?ﬁﬁﬂﬁégglﬁqéﬁﬁéﬁ%ﬁaﬁ}%?%h%g%%ggéiIyIation ( fourth
step) w thout f i the,c I eSSl | {p£eoNd shgp) in Exanple 1,
to obtain a 6%5%1§§§1§g%02f?'$gg %%?iti%gﬂgaéﬁbeach of the treatnments 25
were the sanme; as. g pEXaYRke tamEieyodtialVisdzroader prepared as descri bed

above had a specific surface area of 952 n¥/g, an average pore dianeter of
24.5 ='1 and a pa= orHamresDiyDabonl Agents,
N-methoxy-N, 0-bistrimethylsilyltrifluoroacetamide,

20 N-methoxy-N,0-bistrimethylsilyl carbamate,
M,0-bistrimethylsilyl sulfamate,
trimethylsilyltrifluoromethane sulfonate,
N,N'-bistrimethylsilylurea.

The preferable silylation agent is hexamethyldisilazane.

Thus prepared catalyst has high surface area and highly

]
H

dispersedtitaniumactivesites,therefore,itissupposedthis
catalyst can be used for selective oxidation reactions, for

example, an epoxidation reaction of an olefin, an ammoximation



21 30 June 2004 Exanple 2 Synthesis of propyl ene oxide (PO The nol ded
catal yst obtained in Exanple 1 was evaluated by a fixed bed fl ow reaction
apparatus using 270 cunmene o hydroperoxi de (CHPO and propylene (C3'). The
catal yst bed had an internal dianmeter of 4 nmand a |l ength of 600 nm and
the reaction conditions included a LHSV of 8 h 1, a C3'/CHPO nol ar ratio of
10, a reaction pressure (catalyst bed outlet) of 3 MPa and a reaction
tenperature of 50 C. From5 hours after 3G initiationofthe 30 June 2004
reacti on, sanpl i ngwasconduct edf or 30m nutes. The reaction results are shown
in Table 1. Conparative Exanple 2 The catal yst powder obtained in

Conpar ati ve Exanple 1 was eval uat ed b¥ a fixed bed flow reaction apparatus
in the sane PSaflner @5 FRLER@nplketoneTREMEES,oF 935 ?%fd?ﬁfgﬁggmlPﬂ

Tabl 1. 22 30 J 2004 T 1 Ex le 2 i i |

Jot 8l yst pr GSAR iy PO N E: TR AR5 58 DBnzans S kB Mt on T
.~), 5-.80*15-80S Lfi . : .

oty Povio) Roddt FORCr BSaFEek: spafndPa it iR/l £ aRd RABNDLERE thizd

(~)98. 398. BP(%)O%]_O_I'?%LE%C}H LY §m2nk99r 49% QlikPr assuie 19Supposed that

(MPa) * 3<0. 10. ni mum val ue of pore distribution is neasuring
limtatiop valgee by di§409esn agsoupkionleet lfed =2 PAWA Lt sel ectdytiyns

(produced PO nol/reacted C3' nol) 5 X 100 *3: pressure loss is difference
in pressure heftrerwind aéfermeayakyatthed and the like.

The catalyst of the present invention can be suitably used
for a process for producing an oxirane compound by reacting
an olefin type compound with a hydroperoxide.

10 The olefin type compound may 5e nen-cyclic, monocyclic,
bicyclicor;mlycycliccompound.anénmytm:ofmonoolefintype,
diolefintypeor;xﬂyolefintype.'Whentwoornmreolefinbonds
are present, these may be a conjugated bond or nen-conjugated
bond. Olefin type compounds having 2 to 60 carbon atoms are

15 generally preferable. Though a substituent may be present,
it is preferable that the substituent is a relatively stable
group. Examples of such a hydrocarbon include ethylene,
propylene,butene—l,isobutylene,hexene—l,hexene—z,hexene-3,
octene-1, decene-1, styrene, c¢yclohexene and the 1ike. As the

20 examples of the suitable diclefin type compound, butadiene and
isoprene are listed. A substituent may be present, and
exemplified are halogen atoms, furthermore, various
substituents having oxygen, sulfur or nitrogen atom together

hydrogen and/or carbon atom may be present. The particularly

preferable olefin type compound is an olefin type unsaturated

g}
ot

alcohol and an olefin type unsaturated hydrocarbon substituted
withahalogen,andexemplifiedareallylalcohol,crotylalcohol,

allyl chloride. Particularly suitable are alkenes having 3



In the epoxidation reaction of propyl ene using cunene hydroperoxide in
Table 1, the nol ded catal yst of the present 10 invention shows high
activity and selectivity abilities corresponding to those of a powder, and
pressure | oss before and after a catalyst bed is scarcely observed. Since
pressure loss is in proportion to the length of a catal yst bed, the nol ded
catal yst of the present invention is excellent for industrial 15

i mpl ement ati on. 23 30 June 2004 Industrij@ Applicabilit Accordpngnd ®odghe
present invention, a titaniumcontaining silicon oxide nolded catal yst

whi ch can produce an oxirane conpound froman olefin type conpound and a

hydr oper oxi de under 7 high yield and high selectivity, .a process.far
produci ng t hé&CabBvedrhef PéNEF -@Pﬁégieéﬁgﬁﬁfg%% Sé#?ét&%lrtoec(gg%%goar hga&%fgilng
an oxirane conpound can ﬁe grovéded. 30 June 2004 CLAIMS: 1. A
titani um contZiMhdSiTF e dxFd@ ol ded catal yst satisfying all of the

following condithgihddrahBrldbe { nff-BKELBAS aRor S AEh B rbSe+Bxh absOr

nore, ;i ( 2) 9 nor e t'he re vol une have a pore di aneter of

5to 200 &, G3)e & SPEM [ GHROTE g W} Srdb2r 68848 98 HDEBmpaled(4F itheis
obtained by using, as a tenplate, a quaternary amoni umion of the

fol | owi ng; gergr@lrforfsnda1d) or an amne 10 of the follow ng genera
formula (11), then, renoving the
R-0-0-H

(wherein, R represents a mono-valeant hydrocarbyl group.)
and, this is reacted with an olefin type compound to form an
oxirane compound and a compound R-OH. Preferably, the group
iO R is a group having 3 to 20 carbon atoms. Most preferably,
the group R is a hydrocarbyl group having 3 to 10 carbon atoms,
particularly, a secondary or tertiary alkyl group or aralkyl
group. Of them, particularly preferable groups are tertiary
alkyl groups, and secondary or tertiary aralkyl groups, and

15 specific examples thereof include a tertiary butyl group,
tertiary pentyl group, cyclopentyl group and 2-phenylpropyl-2
group, further, various tetranylyl groups formed by removing
a hydrogen atom from an aliphatic side chain of a tetralin
molecule, are alsoc listed.

20 When cumene hydroperoxide is used as the organic
hydroperoxide, the resulting hydroxyl compound is
2-phenyl-2-propanocl. This can be converted into ¢
-methylstyrene by dehydration reaction. «&-methylstyrene is
an industrially useful substance.

Tertiary amylene formed by a dehydration reaction of

| )
o]

tertiary pentyl alcohol obtained when tertiary pentyl
hydroperoxide is used as the organic hydroperoxide, is a

substance useful as the precursor of isoprene. The tertiary



tenplate. ( NRIRZRR'" )" (I ) (in the formula (1), Rl represents a |inear
or branched hydrocarbon group having 2 to 36 carbon atons) and Rz to R 15
represent an al kyl group having 1 to 6 carbon atons.) NRSR6R~ (11) (in the
formula (11), RS represents a |inear or branched hydrocarbon group having 2
to 36 carbon atons, and R6 and R represent hydrogen or an al kyl group
having 1 to 6 carbon atons . ) . 20 2. The nolded catal yst according to
Caim1, wherein the nolded catal yst is preduced by a conpressixnumelding
met hod. 3. A process for producing the nol ded catal yst of daiml,
conprising the followng steps: first step: a step for obtaining a solid
containing a catalyst 25 conponent_and a tenplate by m xing and stirring a

silica sourc@PRavtli 3 bFPd dSurTet uhAd S8 HULSRERTFHS BT AL FoR- SRTEARAY as
t late in liqguid di ti d : t f | di th lid

L oS bl s slon, peceto slep 3 o St misirg she <o)

f i th i t.ai.ni t t t

and the temsl at o e 5 PERBE R RE QT AT REL 6B PO 0% (L AMPbRERTRRART

5 is conduct g% byea gQ\ﬁ?{@%&ié)A}]i@ltﬂ}dﬂgﬂ@%e % g -Bh‘éul%rsft%‘ﬁ@é A% TRz ad

according to alm 4, erein the solid contalining a catal yst conponent

subj ect ey t Otﬁ@gﬁf€§§£§8rr@f Hdth e -dumgliee teeM @Rt cAf 1 d 410 0fQ aMevaBueA
process for produci ng an oxirane conmpound) conprising 10 reacting an olefin
t ype conpoundmpirbkidghwudiemper oxi de in the presence of the nol ded cat al yst

of Claiml.
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ca]ca]lca]calcalcalca]lcalcalcalca]lcalcallG
Ica] ca] ca] ca] ]Hy&ro en]peloxlgelgs]a compgug% of the chemical formula:

10  HOOH, and can be obtained usually in the form of an aqueous
solution. This reacts with an olefin type compound to form
an oxirane compound and water. |

The organic hydroperoxide and hydrogen peroxide used as
the raw material substance may be a dilute or dense purified

15 or non-purified substance.

The epoxidation reaction can be carried out in a liguid
phase using a solvent and/or a diluting agent. The solvent
and dilutingagent must be Liquid under temperature and pressure
in reaction and inactive substantially to the reactant and the

20  product. The solvent may be composed of a substance present
in a hydroperoxide solution used. For example, when cumene
hydroperoxide is a mixture of cumene hydroperoxide and cumene
which is a raw material thereof, it is also possible that a
solvent isnot particularly added and themixture isused instead

25 of a solvent.

The epoxidation reaction is generally from 0 to 200C, and
temperatures of from 25 to 200C are preferable. The pressure

may be a pressure enough to maintain the reaction mixture in
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catalyst from the product is easy, handling in filling and the

20 like is also excellent, meaning industrially excellent
characteristics. The process of the present invention can be
carried out by a batch-wise process, semi-continuous process
or continuous process. When liquid containing a reactant is
passed through a fixed bed, the liquid mixture discharged from

the reactionregioncontainsnocatalystatall or substantially
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no catalyst.

Examples
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The following examples illustrate the present invention.

Example 1

Preparation of catalyst (first step)

625.5 g of a 16 wt% hexadecyltrimethylammonium hydroxide

5 aqgueous solution was stirred, to this was added dropwise a mixed
solution of 9.25 g of tetraisopropyl titanate and 50.0 g of
2-propancl at room temperature. After stirringfor 30minutes,
190.5 g of tetramethyl orthosilicate was dropped. After
addition of 5.0 g of Z2-propancl, the mixture was stirred for

10 3 hours. The produced precipitation was filtrated off, and
washed with 5 liter of ion exchanged water. The resulted
precipitation was dried at lootlfor 5 hours under reduced
pressure.

Production of molded body (second step)

15 8.0 g of water was added to 40.0 g of a while solid obtained
in the first step of Example 1 and mixed well, and the resulted
mixture was compression molded under a pressure of 1 ton/cm®
using a tablet molding apparatus (internal diameter: 3 cm).
The resulted tablet was ground, and catalyst molded bodies of

200 0.5 to 1.0 mm were obtained using a sieve. Solids of 0.5 mm
or less were recycled, and compression-molded again. The
resulted catalyst molded bodies of 0.5 to 1.0 mm were dried
at 100C for 5 hours.

Extraction removal of template (third step)

25 20 g of the molded bodies obtained in the second step were
charged into a flask, and to this was added a mixed solution
of 200 ml of methanol and 10 g of concentrated hydrochloric

acid {content: 36 wt%). The mixture was heated for 1 hour at
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solution of 200 ml of methanol and 5 g of concentrated

hydrochloric acid, the same operation was repeated once more.

O

Finally, refluxing was conducted for 1 hour with 200 ml of
methanol, then, the finally filtrated molded bodies were dried
at 120C under 10 mmHg for 1.5 hours.

Silylation ({(fourth step)

10 g of the molded bodies obtained in the third step, 6.8
IQ g of hexamethyldisilazane and 100 g of teoluene were mixed, and
themixture was refluxed under heat for 1.5 hourswhilestirring.
Liquid was removed by filtration from the mixture. The product
was washed with 200 g of toluene, and dried under a reduced
pressure of 10 mmHg at lZOTjrfor 2 hours, to obtain a molded
15 catalyst.
The molded catalyst prepared as described above had a
specific surface area of 1144 mZ/g, an average pore diameter
of 26.0 A and a pore volumé of 0.74 ml/g.
comparative Example 1
20 The white solid obtained in the first step of Example 1
was subjected directly to the extraction removal of a template
(third step) and the silylation (fourth step) without effecting
the compression molding (second step) in Example 1, to obtain
a catalyst powder. The conditions for each of the treatments
25 were the same as in Example 1.
The catalyst powder prepared as described above had a
specific surface area of 952 m?/g, an average pore diameter

of 24.5 A and a pore volume of 0.59 ml/g.
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had an internal dlameter of 4 mm and a length of 600 mm, and

",

the reaction conditions included a LHSV of 8 h™*, a C3'/CHPO
molar ratio of 10, a reaction pressure (catalyst bed outlet)
of 3 MPa and a reaction temperature of 50C. From 5 hours after
10 initiationof thereaction, samplingwasconducted for30minutes.
The reaction results are shown in Table 1.
Comparative Example 2 |
The catalyst powder obtained in Comparative Example 1 was
evaluated by a fixed bed flow reaction apparatus in the same
15 manner as in Example 2. The reaction results are shown in Table

1.
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Specific pore volume (cm®/g) 0.74 0.59
Form Molded bhody Powder

Reaction results

Catalyst amount (g) 2.87 2.52
CHPO conversion (%) 98.3 98.3
PO/C3' selectivity (%)"° 99.4 99.6
| Pressure loss (Mpa)™? <0.1 0.5

*]1: Minimum value of pore distribution is measuring
limitation value by nitrogen adsorption method
*2: PO/C3' selectivity = (produced POmol/reacted C3" mol)
) X100
*3:pressurelossisdifférencein;messurebeforeandafter
catalyst bed
In the epoxidation reaction of propylene using cumene
hydroperoxide in Table 1, the molded catalyst of the present
10 invention shows high activity and selectivity abilities
corresponding to those of a powder, and pressure loss before
and after a catalyst bed is scarcely cbserved. Since pressure
loss is in proportion to the length of a catalyst bed, the molded
catalyst of the present invention is excellent for industrial

15 implementation.
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above-mentioned molded catalyst, and a process for producing

an oxirane compound can be provided.
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(4) it is obtained by using, as a template, a quaternary

ammonium ion of the following general formula (I} or an amine

10 of the following general formula (II), then, removing the

template.
[NR'R'R’R*]* (I)
(in the formula (I), R? represents a linear or branched

hydrocarbon group having 2 to 36 carbon atoms, and R® to R®
15 represent an alkyl group having 1 to 6 carbon atoms.)
NR°R°R’ (11)
(in the formula (II), R’ represents a linear or branched
hydrocarbon group having 2 to 36 carbon atoms, and R® and R’
represent hydrogenor analkyl grouphavingl to 6 carbonatoms. ).
20 2. The molded catalyst according to Claim 1, wherein the
molded catalyst is produced by a compression molding method.
3. A process for producing the molded catalyst of Claim
1, comprising the following steps:
firststep: astepforobtainingasolidcontainingacatalyst
25 component and a template by mixing and stirring a silica source,
a titanium source, and a guaternary ammonium ion or amine as
a template in liguid condition,

second step: a step for molding the solid containing the
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5. The producticn method according to Claim 4, wherein the
solid containing a catalyst component subjected to compression
molding has a water content of 1 to 70 wtg.
6. A process for producing an oxirane compound, comprising

10 reacting an olefin type compound with a hydroperoxide in the

presence of the molded catalyst of Claim 1.



