PCT/ JP01/ 00585 b-. 1 SPECI FI CATI ON MOLDED CATALYST, PROCESS FOR PRCDUCI NG
MOLDED CAT%@%P@NB gROCESS FOR PRODUCI NG OXI RANE COVPOUND 5 Techni cal
Fi el d The preésen R8%ntion relates to a nol ded cat al yst, a(mmmmml"
producing the nolded catal yst and a process for producing N
cérrpound. More specifically, the present invention 10 relates toﬂsglsgol ed
catal yst which can produce an oxirane conpound froman olefin type
compound and a hydroperoxi de under highlyield and high selectivity, a
process for producing the nolded catalyst, and a process fﬂ“ﬂﬂﬂﬂ"ﬂﬂ”mﬂ"an
oxirane conpound. 15 Background Art Titani umcontaining sili

synthesi zed using a quaternary angpRCEFYCARDION ani ne as a tenphkadogz-ar e
“publicly known. As those having pores having an average pore diameter of
10 Aor nore , Ti-MCM41l disclosed in U. S . Patent No . 5,783,167, 20

Ti - MCMA8 discl osed in JPO7-300312A, Ti-HVS disclosed in Nature 368 (1994)
p. 321, andPRREP; RATALXS[noRROCESS: & OFn\PRODUCING: MOLDED | CATALYSRi AND'Q
silicon oxides has a Egr%e ore dianeter of 20 A or nobre, these show a
high activity even i nF3RCESSxFQBt FBOPUCING OXIRANE GOMRQIIND; ubst ance, a

| arge sizze nol ecul e such as 25 an aromatic conpound nanifesting a | ow
activity by conventional zeolite having a small pore dianeter. Further,

due to | ard®chnical Field

The present inventionrelates toamolded catalyst, aprocess
for producing the molded catalyst and a process for producing
an oxirane 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 producingan oxirane compound.

15 Background Art

Titanium-~containing silicon oxides synthesized using a
quaternary ammonium ion or amine as a template are publicly
known. As those having pores having an average pore diameter
0£10 A or more, T1-MCM41disclosedinU.S. Patent No.5,783,167,

20 Ti-MCM48 disclosed in JP07-300312A, 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 or more, these showahighactivityeveninan epoxidation
using, as a reaction substance, a large size molecule such as

25 an aromatic compound manifesting a low activity by conventional
zeolite having a small pore diameter. Further, due to large
surface area, it isknown that these titanium-containingsilicon

oxides show higher activity in the above-mentioned reaction



surface area, it is known that these titaniumcontaining silicon oxides
show hi gherp &G4} Orogsl n the above-nentioned reaction PCT/JP01/ 00585 2 than
with a titanium supported type silica catalyst as showmn in U S. Patent

No. 4, 367, 342. However, any of these titaniumcontaining silicon oxide
cétal ysts is obtained in the formof a fine particle, and it 5 is supposed
these are not suitable for a fixed bed ;éjaction which is a characteristic
use enbodi ment of a solid catalyst. bj ect to be solved by the present
i nvention under such conditions is to provi de a titani um contai ning
silicon oxide nolded catalyst which can produce an oxirane conpound from
an 10 ol ef than wighcanpdtadiamd sapppdtede typedsilihdar catghyygtead stsn hi gh
selectivity, a process for producing the above-nentioned nolded catalyst,
and a procelds .ot - RatrniciNg- 4n30f e34A- type conpound. 15 Disclosure of the

I nvention Nanely, the present invention relates to a titanium contaj ning
silicon oxide HBW&E&rcala&IYyQtf §5‘tei5§f YRR M - Gom ki 0 | Bk dger omelde ons
(1) to (4) aver is 1 0.(2) 90% or

nore of theca( A Yesq:psorlf g?‘ﬁomrﬁ'l Sge?eﬂn%fp%rﬂzjc%éﬂ and (B 4

specifig pare s‘(ﬂ:lﬁ!f?ed SHbse Ca@é hX S oA ok é% %Jhxéfo %) 4 Al et By

using, as a tenplate, a quaternary anmonium i on oW Ng- gener al
formula (1 winicrad sadi difaPecOéribeiéald O Wb ARl ar §8 fa (ddda1ydien,

renovi ng the
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

molded 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 conditions (1) to (4):
(1) an average pore diameter is 10 A or more,
20 (2) 90% 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) 1t 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'R?’R°R*]* (I)

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



tenplate. [| NRRZRBR4 | + (I ) (in the fornmula (1), Rl represents a linear
or branche 00585 3 hydrocarbon group having 2 to 36 carbon atons,
and R2 to %Eﬁ%ﬁgégﬁééht an al kyl group having 1 to 6 carbon atons.)

NRSR6R7 (I1) (in the formula (11), R5 represents a |inear or branched 5
hydr ocar bon group having 2 to 36 carbon atons, and R6 and R7 represent
hydr ogen or an al kyl group having 1 to 6 carbon atons. ) . Further, the
present invention relates to a process fdr produci ng the above-nenti oned
nol ded catal yst conprising the following steps: 10 first step: a step for
obtaining a solid containing a catalyst conponent and a tenplate by m xi ng
and stirrinydctdrben squwowe, hawingt 2ntanBsovaebonaadomsquanar RAr yoarhoni um
ion or amine as a tenplate in liquid condition, second step: a step for
mol di ng t h&epyéskribmmi alkigl t gecupshaviagydt teofpoashon atomshi)rd step: a
step for renoving the tenplate fromthe solid containing the catalyst
conponent and NﬁeRﬂénplate. Akt hernore, the present invention relates to
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represent hydrogen or an alkyl grouphavingl to 6 carbonatoms. ).
Further, the present invention relates to a process for
producing the above-mentioned molded catalyst comprising the
following steps:
10 firststep: astepforobtainingasolidcontainingacatalyst
component and a template by mixing and stirring a silica source,
a titanium source, and a quaternary ammonium ion or amine as
a template in liquid 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
for producing an 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

25 the present invention satisfies the following conditions (1)
to (4).

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

A or more.



25 the present invention satisfies the following conditions (1) to (4).
TheAconditiggéﬁ%ﬁ h%%that the average pore dianeter is 10 A or nore.

PCT/ JP01/ 00 * condition (2) is that 90% or nore of the whole pore
vol ume have pore dianeters of 5 to 200 A. The condition (3) is that the
specific pore volunme is 0.2 cnB/g or nore. 5 Here, the above-nentioned
specific pore volune neans a pore volu per g of a catalyst. The
structures of the above-nentioned conditfons (1) to (3) can be confirnmed
by using a nmethod of physically adsorbing a gas such as nitrogen, argon or
the |like and by nmeasurenent 10 according to an ordinary nethod. The
condition (4) rhet kanditdogat(@)ydts ithatbt®El hed: monesiofy, thesvlkolempizt e, a
guat ernary anmoni umion of the follow ng general formula (I) or an am ne
of the fol voviump dearee apoferdidmeters of Ehéﬂ,Zﬂénéving the tenplate. 15 |
NR R2R3R4 | + % I ) (in the fornula (I%, R1 represents a |linear or branched
hydr ocar bon gr 3ty Febddgion: 6336is wh B fPeciddrpors Klumgpigsnt an
al kyl group ving 1 to 6 carbon atonms.) NRS5R6R7 (I1) 20 (in the formula
(11), R5 reéftéfetts ™hSnear or branched hydrocarbon group having 2 to 36

carbon gt oms, %@%eﬁftﬁg%b%iye.%wa%%d bydEeeeR PSréfodkin mdaRyR pevd ng 1

to 6 carbon at ons.
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 1s obtained by using,
as a template, 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*]" (I)

(in the formula (I), R! represents a linear or branched
hydrocarbon group having 2 to 36 carbon atoms, and R’ to R*
represent an alkyl group having 1 to 6 carbon atoms.)

NR°RR’ (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 hydrogen or an alkyl group having1l to 6 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 960X5 cm™~ in the infrared absorption spectrum.



The condition (4) is described in detail in the explanation of the
fol |l ow ng eatalPpshosesoducti on nmet hod. 25 The titani umcontaining silicon
oxide (hereinafter, referred to as catalyst in sone cases) in the nol ded
catal yst of the present invention preferably has an absorption peak in
the region of 9605 cm1 in the infrared absorption spectrum PCT/JP01/ 00585
5 This peak is believed to correspond tgytitaniumintroduced into a silica
skeleton. In a X-ray diffraction of the catalyst of the invention, a peak
show ng spacing d may present or not present. The peak show ng spacing d
herein referred to indicates a peak 5 derived fromcrystalli nitédand

regul arity ToF SsBPRK 1sReLdeRPdP cpezespand R FitdniHP AR6FBABEE A} nay
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obtai ni ng &R0l AfePRbal Bl dekifsfighhy Ukl i PIRAVHHe A SrhetlAl Ly,

m Xi ng and stirri ng a Si ca source, titani u urce, and a quaternary

anmoni um i ghPpedl SBoREngdpLSM @@ nbRelindbéfle£884itd ARd1TRGRRIa P gk @
~step for nolding the SO|I% containing the catalyst conponent, and 15 third
step: abst edicred €momi dxys tell bnptplamd regulaeisplafisotadt, aamd agrdesd
cat al yst conponent and the tenplate. Here, the first step is a step for
obt ai ni ng toeaksdlexiivednfzémiay aherpheas yRartompynenesant-t he tenpl ate by
m xing and sti rrig‘g#t he silica source, the titanjum source, and the 20

quat ernary anmBRPURPLERAFALALEETaST AtheRFEsent rinyeRFHon 1s suitably
produced by a production method having the following steps:

firststep: astepforobtainingasolidcontainingacatalyst
10 component and a template by mixing and stirring a silica source,
a titanium source, and a quaternary ammonium ion or amine as

a template in liquid 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 1s 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 quaternary ammonium ion or amine as a template in liquid
condition. When areagent used is solid-11ike, it is preferably
used in the form of solution dissolved in a solvent.

The silica source includes amorphous slilica and
alkoxysilanes, for example, tetramethyl orthosillicate,

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

tetramethyl titanate, tetraethyl titanate, tetrapropyl



condition. Wen a reagent used is solid-like, it is preferably wused in the
f orm of sogpﬁbgguakﬁgolved in a solvent. The silica source includes

anor phous | al koxysi | anes, for exanple, tetramnethyl
orthosilicate, 25 tetraethyl orthosilicate, tetrapropyl orthosilicate and
the like. The titanium source includes titanium alkoxides, f or exanple,
tetramethyl titanate, tetraethyl titanate, tetrapropyl PCT/JP01/00585 6
titanate, tetraisopropyl titanate, tetré%utyl titanate, tetraisobutyl
titanate, tetra-2-ethylhexyl titanate, tetraoctadecyl titanate, and
titanium (1V) oxyacetylacetonate, titanium (1V)

di i sopr opoxyliapaes,y tetatainaiprapyl tiktdndes , ateftsabutehi thtanatees, for
exanple, titaniumtetrachloride, titaniumtetrabronide, titanium

tetrai odi déednitsobutivle titanate, teetrat 2 cthyiReEYhaFitaRabfi um i on of

the foll ow I ' i

formila ( tRfdhociadiecyiot} tapa RbraRs 1 AR L f1y) Beredarghaib ity
represents a . linear ranched _h 0 oup ' ; :

atoms, and TRFad YK i){lé é’rﬁro%o’édilyﬁcaa%%&%aw nggl@é{h?g %‘écgrlggr'l(&g{ o(r)nrs]. )
NRSRER75 (1 gly 1 (ﬂﬂfd‘é%;of%iglé‘xérhﬂ)ie, Rpit&Ri8meBEerachiBeater branched
hydr ocar bon"group havi ng to 36 carbon atoms, and R6 and R7 represent
hydrogen or san fildsy 1t - divde g 4itanfusatboragbomde and thet hékbéormul a

(I'), RL represents a |linear or branched
As the template, a quaternary ammonium ion of the following
general formula (I) or an amine of the following general formula
(II) is used.

10 [NR'R?R’R*1* (1)

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

hydrocarbon group having 2 to 36 carbon atoms, and R? to R*

represent an alkyl group having 1 to 6 carbon atoms.)
NR°R°R’ (II)

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

In the formula (I), R? represents a linear or branched
hydrocarbongrouphaving:lto360arbonatoms,preferablyhaving

20 10 to 18 carbon atoms. R? to R* represent an alkyl group having
1 to 6 carbon atoms, and it 1s 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

25 hexadecyltrimethylammonium, dodecyltrimethylammonium,
benzyltrimethylammonium, dimethyldidodecylammonium,
hexadecylpyridinium and the like.

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



hydr ocar bon group having 2 to 36 carbon atons, preferably having 20 10 to
18 carbon @E?ﬁ? Y %o R4 represent an al kyl group having 1 to 6 carbon
atons, and’| 9 preferable that all of R2 to R4 are a nethyl group.

Speci fic exanples of the quaternary ammoniumion of the general fornula
(I) include cations such as 25 hexadecyltrimethyl anmmoni um

dodecyl tri net hyl ammoni um benzyltrinet@ yl amroni um

di et hyl di dodecyl ammoni um  hexadecyl pyridiniumand the like. In the
formula (11), R5 represents a linear or branched PCT/JP01/ 00585 7

hydr ocar bon group having 2 to 36 carbon atons, preferably havin 10 to 18
car bon atomilyd:iaﬁzaa:mbrfﬁroepheszehmtg mydriifgenrbpnzﬁtCmsklypreéﬁﬁéblﬂ A9 to 6
carbon atons, and preferably, R6 and R7 .are hydrogen, Speci fic nples
of the anii® tb ttheagdesr atomsr mR aapd R )repﬁeﬁaa*é%&ﬂ R& an Yglm

decyl am ne, undecylan1ne dodec | am tridec et.eadecyl e,
pent adecy| AW, PAFLRGE QM RBT HBp?g‘a‘aﬁyl%ﬂffrPée%m(fcat%&a}e'c&I Za%ldr:]é U
nonadecylagg&i elcosylan1ne and those in 10 which these anmi nes are
substitute # & met hyl group, such as net hyl akl kyl am nes,

di met hykakl yl a £3dek iégeof tHaesR1 AHas £y YeaBWaN B6ThoDs 1) he
gener al fornulgb??§ ndea%§ es of the general forngfa (I'l') can be ﬁﬂeé

al one or iy} AdfAetat®y DimEnd ewdnylemine| edécylambnet handeayphednef, t he

solvent, water and al cohols, for exanple, nethanol, ethanol, n-propanol,

2- propanol ,doadustamine, tridecylamine, tetradecylamine,
pentadecylamine, hexadecylamine, heptadecylamine,
octadecylamine, nonadecylamine, eicosylamine, and those in

10 which these amines are substituted with a methyl group, such
as methylaklkylamines, dimethylaklylamines and the like.

These quaternary ammonium ions of the general formula (I)
and amines of the general formula (II) can be used alone or
in admixture of a few kinds thereof.

15 As the examples of the solvent, water and alcohols, for
example,methanol,ethanol,n-propanol,2-propanol,n—butanol,
sec-butanol, t-butanol, vinyl alcohol, allyl alcohol,
cyclohexanol,benzylalcoholandthe1ikeanddiols,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
1072 to 2 by molar ratio.

25 For promoting a reaction between the silica source and the
titanium source, alkalinity or acidity is preferably imparted

to a mixed solution. As the alkali source, quaternary ammonium

hydroxides are preferable, and the examples thereof include



sec- butanol, t-butanol, vinyl alcohol, allyl alcohol, cyclohexanol, benzyl
al cohol ang h@g I%ﬁg and diols, and m xtures thereof and the like are
listed. 20" THEFQY fount of the titani um source to the silica source is
10-5 to 1, preferably 0.00008 to 0.4 by nolar ratio. The use anount of the
quaternary anmoniumion or amine to the total amount of the silica source
and titaniumsource is preferably 10-z to 2 by molar ratio. 25 For
pronobting a reaction between the silica®source and the titani um source,
alkalinity or acidity is preferably inparted to a mixed solution. As the
al kali source, quaternary ammoni um hydroxi des are preferable, and the
exanpl es t hgmeafiuim tlyddexAAE ,J RGN 0ke5 y6. i win ydir el ¢

t et r amet hyl anmoni um hydr oxi de, tetraethyl anmoni um_hydr oxi de
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10 -30 I's forned m xi ng and stirring, and this may

al so be agedifgdr it Rer nyarWdhidriidiadid, Gullbieriagiong ! imerrisc wsual | y
180 hours or less, and the aging tenperature is usually fromO to 2000C.

Wien heat i pgid ThHeeQasRAr \arid) cagjarg.c ddidss sualf emfiarmic pcldh anetit eri al
Into a pressure resistant
acid, propionic acid and the like are listed.
The temperature for mixing and stirring is usually from
10 —30 to 100°C. A solid is formed by mixing and stirring, and
this may also be aged for further growth of the solid. The
aging time isusually 180 hoursorless, and the aging temperature
is usually £from 0 to 200C. When heating is necessary in aging,
it is preferable to place the material into a pressure resistant
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 sllylation 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 As themoldingmethod, any method such as compressionmolding,
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



15 vessel and to conduct aging under closed condition for avoiding
vappr!zati%% oo Q%vent. The second step is a step for nolding the solid
cont ai ni ng g catalyst conponent. This nolding step may be conducted at
any stage before and after the tenplate renoval step and after 20 a
siflylation step described later, and it is preferable, from the standpoint
of suppression of deterioration in catauyst physi cal properties such as
specific surface area and pore volune ahd the |ike, to conduct the nolding
step before the third step, tenplate renoval step. 25 As the nol ding
met hod, any nethod such as conpression nolding, extrusion nolding or the
li ke may becaisssl im ddme ecasesi by aﬂéiﬂiﬂg,ogtai§163§§hble to use organic
and inorganic binders generally used, however, decrease in,catalf t

the ding

activity may b@nROTAQPOLLEDSEStDemaidas FREELHE te R EOMBY S3FdOr Bh
s st pr oMERHRS oL (BRFE HBESFRRAROPTE: O ERPary ehOBEt P e Ot A Rl ySt
10"t onf cmp LR amt ORr A1 TR E bR Rbed PROBRE RS DTt oY ably Trom 0. 5
to 2 tom/ cn2. SWhen OressHER Sorififed Mbn LBasidIangtfomD . e 1otbdgdmbody
may be insufficient , on the other hand, when pressure 1is too high, pores
may be brokgpe foEak ey ot ysh @l Hocal tonppmf 1 ifesr thir pargfleeabiguftioni @np. | n
conducting conpression nolding, it is preferable that the solid containing
a catal yst tenpormnicmbont When aresisualel és too low, the strength of the
moldedbodymaybeinsufficient,ontheotherhand,whenpressure
istoohigh,poresmaybebrokenandcatalystphysicalproperties
10 may be insufficient.
In conducting compression molding, it is preferable that
the solid containing a catalyst component contains a suitable
amount of water, and by this, a molded body having a sufficient
strength can be made even at lower compression pressure. The
15 water content of the solid containing a catalyst component
subjected to compression molding is preferably from 1 to 70%
by weight (solid + water = 100% 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
920 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 1ts 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




amount of water, and by this, a nolded body having a sufficient strength
can be madgl ﬁ\r/[ﬁgl/@% %ower conpression pressure. The 15 water content of the
solid cont&af 82t al yst conponent subjected to conpression nolding is
preferably from1l to 70% by weight (solid + water = 100% by wei ght)
further preferably from5 to 40% by wei ght. The water content may bé
controlled to the degree of drying in nyi ng wet solid, or water may be
20 added to sufficiently dried solid. A'generally used binder or the |ike
may be added in a range causing not problemin desired ability. The form
of the nol ded body may be any formsuch as tablet, sphere, ring or the
like. It npgsheicted,i howeseforthd opeainzbof easirys bf RiFRE 4T RRLY &8y ound
into suitable size before use. The size of the r’rRI ded body can be |
appropri at 6.y tet:y mmédamehyyi RasSeSs tHTE I F FH@%YH%% HHEPERE si ze
and type of a reaction vessel, and the |like and i% nat o LS Ic’?floy
FFT/JP(C)J/(;@?SS%‘G“@& Pi°(§]t86,ssh’6]i?\ﬁ?/'é?, 3 - s RPN g S <8 s?eve gs pre'flerabl y
om O. nm (na a Si ' Lfeanii
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preferably LramRacSal8es: B 10Cn05 ouad £Ré 0612 safs hw/suvi ole may be
Istribution’in size, the size distribution my be narrowed by

fracti onat igil¥es Yeueratiditatide. bfhe sheve stepheslikstep fo i
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a tenplate froma solid containing a catal yst conponent and g tenpl at e. )

Removal of thehkerphatiestap he at sdiemedozagiempvinad A dGemmg ihd = id
al id 10
contai ning the catal yst conponent and the tenplate at high

solid containing a catalyst component and a temp:gate. Removal

of the template can be attained easily by calcining the solid
10 containing the catalyst component and the template at high
temperatures of from 400 to 700C under air atmosphere, or by
subjecting the solid containing the catalyst component and the
template to solvent extraction operation with a solvent, and
among them, removal of a template by solvent extraction is more
15 preferable.
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
acompoundused foratemplate, and in general, oxygen-containing
20 hydrocarbons liquid at normal temperature having 1 to about
12 carbon atoms can be used. As the sultable 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



tenperatures of from400 to 700 - C under air atnosphere, or by subjecting

the solid 1N the catal yst conponent and the tenplate to solvent
extraction%gggﬁgpb@%%mﬁth a solvent, and anong them rgﬁnval of a tenplate
by solvent extraction is nore 15 preferable. A technique of extracting a
tenplate with a solvent is reported by Wiitehurst et al. (see U S. Patent
No. 5,143,879) . The solvent used f or_extraction may be one capabl e of

di ssolving a conpound used for a tenpléfe, and in general, oxygen-
cont ai ning 20 hydrocarbons liquid at normal tenperature having 1 to about
12 carbon atons can be used. As the suitable solvent, alcohols, Kketones,
et hers (nonwecymdtitey laratetyectd c)e iyl escetrateanbbeyLsadetahadandahipkyd

t hereof include hydroxy- substituted hydrocarbons such as_nethanol,

et hanol , etondpdmnatiecand thedplene FYTERer , Wty SapPsitaRe 25 A- 3T - and
octanol ; oxo-substituted gédrocarbons uch as acetope, diet glke one,

met hyl et hand RemdedafQLIRELRP OFf SbBEL I XTTTh }oﬂﬁ‘gr%%g‘f%%ﬂ SR A Kich as
di i sobutyl _ether and tetrahydrofuran; hydrocarbon esters such

PCT/ JP01/ 06%83 5 as nethyl “acetate, ethyl acetate, butyl acetate and butyl

pr opi ongt e; an%hfghfﬁgg#s%-rfﬁéfb@tn keEofd8nberdisedaralgstol yadual Bpd a

nixed solupion 0 ore-nenti oned sol vents can al so e used. 5 The
wei ght rat i@g-&f fkﬁ§e1§@¢yg@feg@r@bgytﬁfymt5isousuaLIy from1l to 1000,
or

preferably from5 to 300. I nproving an extraction effect, acids or

salts thereof roayikpradinagd 4w exiteaectdonvefifect Asacids oxanples Wiexert aci d
may be added to these solvents. As the examples of the acid
used,inorganicacidssuchasrwﬂrochloricacid,sulfuricacid,

10 nitric acid, hydrobromic acid and the like and organic acids
such as formic acid, acetic acid, propionic acid and the like
are 1isted. As the examples of these salts, alkalimetal salts,
alkaline earth metal salts, ammonium salts and the like are
listed. The concentration of the acid or salt thereof to be

15 added in a solvent is preferably 10 mol/l or less, further
preferably 5 mol/l or less. When the concentration 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.

20 After sufficient mixing of a solvent and acatalyst, aliquid
phase part 1s 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 a catalyst bed.

25 Completion of washing can be checked by, for example, analysis
of a liquid phase part. The extraction temperature is
preferably from 0 to 200C, further preferably from 20 to 100TC.

When the boiling point of the extraction solvent is low,



used, inorganic acids such as hydrochloric acid, sulfuric acid, 10 nitric
acid, hydrgg&@ghg @ﬁ%d and the |like and organic acids such as form c acid,
acetic acid, P c acid and the like are listed. As the exanpl es of
these salts, alkali netal salts, alkaline earth nmetal salts, anmonium
salts and the like are listed. The concentration of the acid or salt
thereof to be 15 added in a solvent is eferably 10 nol/1 or less, further
preferably 5 mol/I or |ess. Wen the coﬁ%entration of the acid or salt
thereof in a solvent is too high, titaniumpresent in a catalyst is
eluted, leading to decrease in catalytic activity in some cases. 20 After
suf fi ci ent efdttard ioh masolbenif fuuted aatddy siressureui d phase part is
separated by a method such as filtration or decantation or the like. This
operation is rgpehs qubswiblecteszmduat mxtraqtion AsdadsPemcEitd- il ect
extraction by a method of passing a washing sol vent through cat.al yst
befl_. 2'5dcorrfﬁ4um btnsbeadeshigg et aEﬁté@k@anE}?nPGrO%%Wp‘? &% ﬁé@s‘f/’ﬁ of
a liquid phase part. The_extraction.,tenperature i s r af .fromO to
2001C, fur tsl?é'lr"eﬁ‘rtef ePgotHes SURESETEE 1550 TR (RS i‘ﬁig°e’|£o%ﬂ?én¥l%f t he
extractiron solv is | r | i @f d
under .p?es s?u%rege%ﬁtb]ies' pg'\gg’ i{]'lqg%]égaq(]:-én %?agéfg)ggtﬁ%ﬂdj{sl?ﬂgﬂégﬁ(Ja'?cé;t?ﬁtgal
fluid inst %éldCOBFUﬁngér'E hgn @bewe -3t d desh o éhfpd ifa ustd aid iprefesmdblgnt . As

the supercritical tluid, carbon dioxide is 5 preferable . The critical
t enper at ur eerfm A b xH oI, dEureheropreferably from 35 to 60°C. The
critical pressure is about 74 kg/cmz, and preferably from 100
to300kg/cm{. It is preferable that supercritical £luid carbon
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 carbon 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.
In the silylation treatment, the solid obtained by removing
the template .1s 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

derivatives thereof, and organic silazanes and other silylation



31- C or higher, and the extraction tenperature is preferably from3l to
1000C, fur%herPBUeferably from35 to 600 C. The critical pressure is about
74 kg/ cng, Shd }QW@Pably from100 to 300 kg/cnR. It is preferable that
supercritical fluid carbon 10 dioxide of 50 to 500 g per mnute per liter
of a catalyst is wused for extraction, and the extraction tinme is from4 to
20 hours. A solid obtained after the extraction treatment may be

subj ected to drying treatnent. Namely, $9lid is heated at 15 t enper at ures
preferably from 10 to 800C, further preferably from50 to 300t under an
atmosphere of non-reducing gases, for exanple, nitrogen, argon or carbon
di oxi de, oRg¥MtsORMEL-iFY@I ning gas, for exanple, air. In production of
the catalyst, it is preferable to use the 20 following fourth step. Fourth
step: a step f Bramphpscbifnghehergani¢ stitlaneednsludenoving a tenplate to
silylation treatnent. In the silylation treatment, the solid obtained by
renoving  tddomatatimethyl sklangt dieRleePdHpethVLAii38P y| ation agent 25

t hereb '

e Blegy_sii%‘elgréfn%owj?r{f?t%h%ﬁ%‘ﬁ%ﬁréﬁﬁ_ﬁé?gf%%gﬁx?%%?ﬁ§n22, organic
| C j f i

i1 deanbs AnE LA THE s S PR EEELOYETIERRES,, AT e ¢

Exanpl es of ' ' i : .
di chl or odi nrcerﬁlhy dgiﬁgér}erfyﬁﬁﬂéﬁﬁéﬂféﬂé? acbhospbaimethyl siliane,

dimethyl n-propylchlorosilane,

dimethylisopropylchlorosilane,t-butyldimethylchlorosilane,
tripropylchlorosilane, dimethyloctylchlorosilane,

10 tributylchlorosilane, trihexylchlorosilane,
dimethylethylchlorosilane, dimethyloctadecylchlorosilane,
n-butyldimethylchlorosilane,
bromomethyldimethylchlorosilane,
chloromethyldimethylchlorosilane,

15 3-chloropropyldimethylchlorosilane,
dimethoxymethylchlorosilane, methylphenylchlorosilane,
triethoxychlorosilane, dimethylphenylchlorosilane,
methylphenylvinylchlorosilane, benzyldimethylchlorosilane,
diphenyldichlorosilane, diphenylmethylchlorosilane,

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,



chl or obronodi et hyl silane, nitrotrimethylsilane, 5 chlorotriethylsilane,
|pdod|nethﬁ%$ﬁ@%iﬁb%%ne, chl or odi net hyl phenyl si | ane,

d!chlorodi ISl e, dinmethyl n-propyl chlorosil ane,

di met hyl i sopropyl chl orosilane, t-butyl di methyl chl orosil ane,
tripropylchlorosilane, dinethyloctylchlorosilane, 10 tributylchlorosilane,
trihexylchlorosilane, dinethylethylchlorosilane,

di et hyl oct adecyl chl or osi | ane, n-butylgﬂnethylchlorosiIane,

br omomet hyl di met hyl chl orosi | ane, chl or onmet hyl di net hyl chl orosi | ane, 15
3-chl oropr opyl di net hyl chl orosi | ane, di nmet hoxynet hyl chl or osi | ane,

met hyl phenyl -ch} aricstngbedie tiy Baming paéime bsyLlabdane and

di met hyl phenyl chl orosi | ane, net hyl phenyl vi nyl chl or osi | ane,

benzyl di metgesd tchf rasoplzery Ld ingbenys #1 ehasiosi | ane,

di phenyl met hyl chl or osi | ane, 20 di phenyl vi nyl chl orosi.| ane, _ .

tri benzyl chl or B¥ampiesanf the eyaaspropt vl #t s a0 SebiveLiyes BEH®s of

the organic_silyl am ne

N-trimet hyl%i9s %%Hﬁ&%&ﬂfﬁfﬁﬁ?%ﬁ?%%yl silylim dazol e,

N-di met hy| l.sj | yLini i ’
N di et ! o T LLYLL L BRgOLEL A4 £ PRLDYbagB: ARy | ST 1Y i i dazol e,

Nt met hy il 416 £y DA g1 agebhihibigpt hyl il yl di et hyl an ne,

trimethylsilypyrrole, trimethylsilylpyrrolidine,

N-tri net hylgihetpypeni - pre tRETs1PP146658m184,

1- cyanoet hyl (di et hyl am no) di net hyl si | ane and
N-methyl-N-trimethylsilyltrifluoroacetamide,
N-methyl-N-trimethylsilylheptafluorobutylamide,

10 N-(t-butyldimethylsilyl)-N-trifluoroacetamide and
N,0-bis(diethylhydrosiyl)trifluoroacetamide.

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

15 1,3-bis(chloromethyl)tetramethyldisilazane,
1,3~-divinyl-1,1,3,3-tetramethyldisilazane and
1,3-diphenyltetramethyldisilazane.

As other silylation agents,
N-methoxy-N,0—bistrimethylsilyltrifluoroacetamide,

20 N-methoxy-N,O0-bistrimethylsilyl carbamate,

N, 0-bistrimethylsilyl sulfamate,
trimethylsilyltrifluoromethane sulfonate,
N,N'-bistrimethylsilylurea.

The preferable silylation agent is hexamethyldisilazane.

25 Thus prepared catalyst has high surface area and highly
dispersedtitaniumactivesites,therefore,jj:issupposedthis

catalyst can be used for selective oxidation reactions, for

example, an epoxidation reaction of an olefin, an ammoximation



pent af | uor ophenyl di met hyl si | yl am ne. Exanpl es of the organic silylam de and

derivatives ] N, O- bi stri nmet hyl sil yl acetam de, 5
N, O bi stri f?é%oi}iaﬁiﬁ% rifluoroacetam de, N-trinmethylsilylacetam de,

N-net hyl - N-tri nmet hyl si |l yl acet am de,

N-nmet hyl -N-trinethylsilyltrifluoroacetam de,

N- et hyl - N-trinmet hyl si | yl hept af | uor obut gam' de, 10
N-(t-butyldinmethylsilyl)-N-trifl uoroace%(l m de and

N, O bi s(di et hyl hydrosiyl)trifluoroacetan de. Exanples of the organic
si l azane i ncl ude hexanet hyl di sil azane, heptanet hyl di sil azane,

1,1, 3, 3-t et ivd dbBSikezome, kdbone synthesis reaction, glycolation
1, 3-bi s(chl oronet hyl )t etranet hyl di si |l azane,

1, 3- di vi nyledadt By18, thatdromtlat idins deardionand benzene and the like. It
1, 3-di phenyl tetranet hyl di silazane. As other silylation agent $ .

N- met hoxy- N.©agdisst PPRELRYPsEPI8N9%2 1R AGACeFAkPgePY affiition of a third

N-net hoxy-N, O-bistrinethylsilyl carb . 1< N. O-bi str.inet '
SNU:\If agat e, cctr?li]?%‘?’h'g/lsé%q%laf’r ‘F‘#ﬂb?&@? ee%%’f’ o%%ie’:rﬂ T8 BupBbLéh that
, N' - bi striet ' r e f I i Lyl afi t o
hexamnet fyl dﬂ% I%ézéaéhiéyéyzg&fhgg Brgégagﬁéggcg?gl icps‘t aﬁgg&ﬁ?g%ﬂsfref%gggogr'ea and
highly di spg¢speiét AOEYPMBRYT ¥8astles, ahletdk adke.it is supposed this

catal yst can be used for selective oxidation reactions, for exanple, an

epoxi dati on reatid catafiyst of efheé preaenaninxentiponc&Chel Paitebp3igsused
for a process for producing an oxirane compound by reacting
an olefin type compound with a hydroperoxide.

10 The olefin type compound may be non-cyclic, monocyclic,
bicyclic or polycyclic compound, and may be of monoolefin type,
diolefin type or polyolefin type. When two ormore olefin bonds
are present, these may be a conjugated bond or non-conjugated
bond. Olefin type compounds having 2 to 60 carbon atoms are

15 generally preferable. Though a substituent may be present,
it i1s preferable that the substituent is a relatively stable
group. Examples of such a hydrocarbon include ethylene,
propylene, butene-1, isobutylene, hexene- 1, hexene-2, hexene-3,
octene-1, decene-1, styrene, cyclohexene and the 1like. As the

20 examples of the suitable diolefin 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

25 preferable olefin type compound is an olefin type unsaturated
alcohol and an olefin type unsaturated hydrocarbon substituted

withahalogen, andexemplifiedareallylalcohol, crotylalcohol,

allyl chloride. Particularly suitable are alkenes having 3



15 reaction of ketone, ketone synthesis reaction, glycolation reaction,
hydr oxyl at | eaction of benzene and the like. It 1is also possible to
gener at e agﬁﬂ”@?ﬁ@§86y addition of a third conponent such as al um na or
the like, and it is supposed that 5 the catal yst can be used also for an

al kyl ation reaction, catalytic reformng reaction and the |ike. The

catal yst of the present invention can be suitably used for a process for
produci ng an oxirane conpound by reactiH§ an olefin type conpound with a
hydr oper oxi de. 10 The ol efin type conpound may be non-cyclic, nonocyclic,

bi cyclic or polycyclic conpound, and nmay be of nonoolef in type, diolef in
type or pohyol@karbony@tom¥hemd vhese may bead s i it wioedi wi tara hydeosytl,

t hese may be a conjugated bond or non-conjugated bond. Oef in type
conpounds lavupg o2 hald@erarddmm.at ons are 15 generally preferable. Though a
substituent may be present, it is preferable that the substituent is a

rel atively stabs&hegxanplesafphed Y roRair®l I8 dPEIarbERYITOPSFL*IRT ene
propyl ene, butene-1,isobutyl ene, hexene-1, hexene-2,.hexene- 3, t L
decene- 1, &g diddted,c dhexeRganAg ﬁxérppegpr§etﬁg 5098@§%&n%§°§?%¥%%
suitabl g diolef in e .conpound, butadiene and isoprene are listed. A
subst i t YenFcRF e SRS and  exenplified are hal ogen at ons,

furthermore, varpogsy substituents having oxygen, sulfur or nitrogen atom
t oget her hydrogen and/ or carbon atom may be present. The particularly 25

pref er abl e (@irfddin,y e KepiuBEt s Sa anormd efalety peydnsaanbml egroapcdhol and

an olef in type unsaturated hydrocarbon substituted wth a hal ogen, and

exenpl i fi echnal,e thlilsylisareakted withyanaptefibn, type compound to form an
oxirane compound and a compound R-OH. Preferably, the group

10 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 also listed.

20 When cumene hydroperoxide is used as the organic
hydroperoxide, the resulting hydroxyl compound 1s
2-phenyl-2-propanol. This can be converted into &
-methylstyrene by dehydration reaction. & -methylstyrene is
an industrially useful substance.

25 Tertiary amylene formed by a dehydration reaction of
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



allyl chloride. Particularly suitable are al kenes having 3 PCT/JP01/ 00585
16 to 40 car , and these may be substituted with a hydroxyl group
or halogenﬁgﬁgﬁpﬁﬁgﬂghe exanpl es of the hydroperoxide, organic

hydr operoxi des are |listed. The organic hydroperoxide is a conpound of the
5°general formula: RRO-OH (wherein, R represents a nono-val ent

hydr ocar byl group.) and, this is reacted with an olef in type conpound to
forman oxirane conpound and a conpoun§7R-CH. Preferably, the group 10 R
is a group having 3 to 20 carbon atons. Mst preferably, the group Ris a
hydr ocar byl group having 3 to 10 carbon atons, particularly, a secondary
or tertiarpealtyyl a Dechipl Ak W et kKl h1sgadithe Prechie®ordf ik eHirarder tiraher abl e
groups are tertiary alkyl groups, and secondary or tertiary aralkyl

groups, an@eh3ydpeditferc wixaripliss amereldne rcalue dtmprovimgyaPehyl group
tertiary pentyl group, cyclopentyl group and 2-phenélgropyl-2 group,
further, vari oU8TteRFENYPPYVIFIRCY oPhednpd whahtr Rgtyd iydaroRatiexdidsm f r om

| i phati i de chai f tetralj I | e, I listed, 20 Wh
curene. hycrdpBPBe 88 1o AP HIArRgAL Ao b BrateRFBRce (HESeE AR | ng
hyd ' - - Ar I ' i_nt
et hyl 3t y FERCPRGolERoS, O SR B BRRYE erdBhinifth d5 SRILASE IR a1
useful subsipReRrird al@dd . ary anylene formed by a dehydration reaction of

As the hydroperoxide other than the organic hydroperoxide,
hydrogen peroxide is exemplified.

Hydrogen peroxide i1s a compound 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 liquid
phase using a solvent and/or a diluting agent. The solvent
and diluting agent must be 1liquid 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 1s a mixture of cumene hydroperoxide and cumene
which is a raw material thereof, it is also possible that a
solvent isnot particularly added and the mixture 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



tertiary pentyl al cohol obtained when tertiary pentyl hydroperoxide is
used as the organi c_hydroperoxide, is a substance useful as the precursor
of isoprend CTIHOMH0885 ary PCT/ JP0O1/ 00585 17 pentyl al cohol is useful also
as the precursor of methyl tertiary pentyl ether which is an octane val ue
I mprovi ng agent. Tertiary-butyl alcohol obtained when t-butyl hydroperoxide
Is used as the organic hydroperoxide is a substance useful as 5 the
precursor of nmethyl t-butyl ether whichl8s an octane value inproving
agent. As the hydroperoxi de other than the organi c hydroperoxi de, hydrogen
peroxide is exenplified. Hydrogen peroxide is a conpound of the chem cal

formula: 10 HEAid adehe&epib8. oOldaridwes upualt yid nadven{ 256098 BiNaBALILOUS

solution. This reacts with an olefin type conpound to form an oxirane
conpound argrewadere THefooganoe hydiopepokxbde and hydrogen peroxi de used as
the raw material substance may be a dilute or dense purified 15 or
non-purified saéifdeancomplietlapoxafidiherepestdabioraredetionri adlbguiin a
liquid phase using a solvent and/or a diluting agent. The _solvent and

di | uti ng adekftyge Coptaing i thadiasieeddx: QAT b5 easdly sepa¥atedi on

o g Ve SR 0L BhL LR SR RS 2Lt 048k et vent
e G oA PEIOIS ke LY BT Lo
possible th&ta®tional distillation, selective extraction, filtration,
washing and the like. The solvent, catalyst, unreacted olefin
type compound and unreacted hydroperoxide can also be recycled
10 and reused.

The method of the present invention can be conducted in
the form of slurry and fixed bed, and in the case of a large
scale 1industrial operation, a fixed bed is preferably used.
When the molded catalyst of the present invention is used in

15 a fixed bed, pressure loss before and after a reaction tube
is small as compared with the case of use of a powder, therefore,
operation of the reaction is easy, andbleeding to the downstream
of a catalyst is also small, consequently, separation of the
catalyst from the product is easy, handling in filling and the

20 1like 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

25 thereactionregioncontains nocatalyst at all or substantially

no catalyst.

Examples



solvent is not particularly added and the m xture is used instead 25 of a
sol vent. The epoxidation reaction is generally fromO to 200~C , and
tenpératurégtéf OHP8RA%25 to 200- C are preferable. The pressure nmay be a
pressure enough to maintain the reaction mxture in PCT/JP01/00585 18 a

| rquid condition. CGenerally, it is advantageous that the pressure is from
100 to 10000 kPa. After conpletion of the epoxidation reaction, a liquid

m xture containing the desired product ¢8n be easily separated 5 froma
catal yst conposition. Subsequently, the liquid m xture can be purified by a
suitabl e method. The purification includes fractional distillation,

sel ective extragbi #811bwhhiabkanplevasii WgtPatet fige Ipﬂ@e%elrﬁﬁén@irsn.

catal yst, unreacted olef in type conpound and unreacted hydroperoxi de can
al so be re®udngrle 10 and reused. The nmethod of the present invention can be
conducted in the formof slurry and fixed bed, and in the case of a |arge

scal e i ndufindparajgeamidbHreatatysed( bbust ss mmerabl y used. \When the

nol ded catal yst _of the present invention is used.in 15 a fixed bed,

pressure | oss BéPoPedah %f%@ﬂw§§|h9§QQQHY%§Hi¥e§Q¥¥ﬁﬁﬂ9n¥ﬂﬂ(ﬁﬁﬂﬁﬂ%&ﬁ%mth
th f f wd f ,
bnd bi odd AAtePTheSABRACE as FERFERAC o ?53%%%53908@8‘1 ﬁ?ﬁf‘%h&@d'ﬁf&f ly,
Separatlonosqliﬂ%n Y e d tterﬁé}.r%%p P £80n, {@ SHd i [§) §1d¢ 1N

and the e |s SO ex meani'ng ent
characteri %J;ﬁ:sopam 9{:Q%'irﬁt@rf\péfétﬁfé$erKftéwgﬂhtﬂ'&n@abebgo minutes,

190.5 g of tetramethyl orthosilicate was dropped. After
addition of 5.0 g of 2-propanol, 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 100C for 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

20 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



carried out by a batch-w se process, sem -continuous process or continuous
process. Wien liquid containing a reactant is passed through a fixed bed,
the Iiqui d BRDAP9LE0%5schar ged from 25 the reaction region contains no

catal yst at all or substantially no catalyst. Exanples PCT/JPOLl/ 00585 19
The follow ng exanples illustrate the present invention. Exanple 1
Preparation of catalyst (first step) 625.5 g of a 16 W%

hexadecyl t ri met hyl anmoni um hydr oxi de 52@queous 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
30 mi nut es.thel QM gk HertptlrATR NN Od NS GR] © P 4 M1,
addition of 5.0 g of 2-propanol, the mxture was stirred for 10 3 hours.
The producathdi eahd sallu@lomwalsi kemaied BYf ridbdatveshedugindy H nisdes of

I on exchanged water. The resulted precipitation was dried at 1000C for 5
hour s undersaletuiced ofprzs unk. ofProeititaneh ahd n®l dedf boducéséranddst ep) 15
8.0 g of water was added to 40.0 g of a while solid obtained in the first
step of Exdinochlowlgriocdd wEhe, saime aneratdan wag rapgated orge maRs essi on

nol ded under, a pressure of, 1 ton/cn2 _usin t abl et nol di ng_appar at us
(Pt or il Huamaler S it cloneder o8 fot “osout onahh 2Rl el gy st

ol ded bodiyfs a2, @ndnt Ocrle & 1HEINY £19PEBE ALY 1B VR for Ul i Of

0.5 mMm
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
10 g of hexamethyldisilazane and 100 g of toluene were mixed, and
the mixture was refluxed under heat for 1.5 hourswhile stirring.
Liquid was removed by £filtration £rom the mixture. The product
was washed with 200 g of toluene, and dried under a reduced
pressure of 10 mmHg at 120C for 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 volume of 0.74 ml/g.
Comparative Example 1
20 The white so0lid 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 mz/g, an average pore dilameter

of 24.5 A and a pore volume of 0.59 ml/g.



or less were recycled, and conpression-nol ded again. The resulted catal yst
nol ded bodies of 0.5 to 1.0 mmwere dried at 1001 for 5 hours. Extraction
renmoval of PERHBPHE®SPt hird step) 25 20 g of the nol ded bodi es obtained in

t he second step were charged into a flask, and to this was added a m xed
solution of 200 m of nethanol and 10 g of concentrated hydrochloric acid
(content: 36 wt% . The m xture was heated for 1 hour at PCT/JPOL/ 00585 20
the ref lux tenperature while stirring,2hnd allowed to cool, then, the
solution was renoved by filtration. Using a m xed solution of 200 m of

met hanol and 5 g of concentrated hydrochloric acid, the sane operation was
repeat ed oggngqgez 5 Finally, refluxing was conducted for 1 hour with 200
m of nethano then, the finally filtrated nol ded bodies were dried at
120C under s¥9 tmesd sf @f bropyaere oStddd atBaon (fourth step) 10 g of the

nol ded bodies obtained in the third step, 6.8 10 g of hexanethyl disil azane
and 100 g of tﬂheemeldedecataéM$tanbtaﬂnednﬁntBxemmdg dewasuey@ lwaded heat

for 1. 5 hours while stirring. uid was renoved filtration fromthe
m xture. TR¥ pr fdged hﬁé’sﬂflﬁhé@% WQ@P@%W%I%@&& 2hY eyPedeunder a

d f Cf |.d 15
Lot oyt . PR RraRe ta DR i Ba BaRR Aot albee TR ITRCIRA 1 ¢
surface ar Ofanl%ﬁée%/aﬂ atdm8¥erage KOk Qlﬁé@tféngﬂ{ B bl hgeor e

vol une of

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 initiationofthereaction, samplingwasconductedfor 30minutes.
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.



Conparative Exanple 1 20 The white solid obtained in the first step of
Exanple 1 _was subjected directly to the extraction renoval of a tenplate
(third stepPT4RAYPMS85si |1yl ation (fourth step) without effecting the
conpression nolding (second step) in Exanple 1, to obtain a catal yst
powder. The conditions for each of the treatnents 25 were the sane as in
Exanpl e 1. The catal yst powder prepared as described above had a specific
surface area of 952 nR/g, an average pod¢ dianeter of 24.5 A and a pore
vol unme of 0.59 m/g. PCT/JP01/00585 21 Exanple 2 Synthesis of propyl ene

oxi de (PO) The nol ded catal yst obtained in Exanple 1 was evaluated by a
fixed bed fplz@wer qacti on apparatus using 27% cunene 5 hydroperoxi de (CHPO)
and propylrene—(€3)—The—catalyst—bed—gd—am internal giameter of 24— and
a length of 600 mMm and the reaction condi tExasplec?uded Conpds\dtdfve8 h- 1,
a C3/CHPO nolar ratio of 10, a reaction pressure (catalyst bed outlef)
of 3 MPa and a reaction tenperature of 5Jc C. From 5 hoyr s exfamplel @
initiation of the reaction, sanpling was jconducted for 30 m nutes. The
reaction 1 &a¥alysdr ®ProReMties Table 1. Cdnparative Exanple 2 The catal st

powder obtained in Conparative Exa 1 \was val uat ed |by a fixgd bed| fl ow
ﬁner 4

reaction appéWﬁFﬁgq P dlanetems as i #%fanpl e |2 Thé*tBactioh
results ane gA0wn 4,1 +148& tbn range (A) 5-80"! 5-80
Specific pore volume (em®/g) 0.74 0.59
Form Molded body 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 PO mol/reacted C3' mol)
5 X100
*3: pressure loss is difference in pressure before and after
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 observed. 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.



PCT/ JP01/ 00585 22 Table 1 Exanple 2Conparative exanple 2 Catal yst
properties Average pore dianmeter (A)26.024.5 Pore distribution range

(A) 5-80 *1§-C§0P§3@8$%ﬁ c pore volume (cnB/g)0.740.59 Formvbl ded bodyPowder
Reaction results Catal yst amount (g)2.872.52 CHPO conversion (% 98.398.3
PO C3' selectivity (9 *299.499.6 Pressure |oss (MPa)*3<0.10.5 *1: M ni num
val ue of pore distribution is neasuring |imtation value by nitrogen
adsorption method *2: PO/ C3' selectivit¥3= (produced PO nol/reacted C3
mol) 5 X 100 *3: pressure loss is difference in pressure before and after
catal yst bed In the epoxidation reaction of propyl ene using cunene

hydr oper oximgidgtriadl eagplideb Pl €pd catal yst of the present 10 invention
shows highactivity and selectivity abilities corresponding to those of a
powder, and prassotrdingssobiopresant ahtrentionataltitiaiath comscaimialy
observed. Since pressure loss is in proportion to the length of a catal yst
bed, the nuidddorcaxidstmepidedecptatest vhieht can prodrcel henbxfioane

i ndustri al
compound from an olefin type compound and a hydroperoxide under

5 high yield and high selectivity, a process for producing the
above-mentioned molded catalyst, and a process for producing

an oxirane compound can be provided.



15 inpl emrentati on. PCT/JP01/ 00585 23 Industrial Applicability According to
the present_jnvention, a titaniumcontaining silicon oxide nolded catalyst

whi'ch can 6ﬁgﬁﬁwy0@ﬁmoxirane

hydr oper oxi de under 5 high yield and high selectivity, a process for
produci ng the above-nentioned nol ded catal yst, and a process for producing
an oxi rane conpound can be provided. PCT/JP01/00585 24 CLAIMS: 1. A

titani umcontaining silicon oxide nol de@4catal yst satisfying al

of the

conpound froman ol efin type conmpound and a

following conditions (1) to (4): (1) an average pore dianeter is 10 A or
nore, 5 (2) 90% or nore of the whole pore volune have a pore dianeter
to 200 A, (3) a specific pore volunme diafus: cn8/g or nore, and (4) it
obtained by using, as a tenplate, a quaternary anmoniumion of the

foll ow ng general. forttan{un- osn taimdhdges 10i ©dn tdrei do Inalded) Getieiyd t
formula (11), then, renoving the tenplate. [ NRRZR3R4A | + (I ) (in the

formul a (1 )satAsfivinest of thactolbowbrancordithgusobd) bba ghdup having 2
to 36 carbon atonms, and R2 to R4 15 represent anlglkyl group having 1 to 6

car bon atons.)(lmRBRGRYeFaBP pbre diameter is 10

5

10

15

20

25

or more,

(2) 90% or more of the whole pore volume have a pore diameter
of 5 to 200 A,

(3) a specific pore volume is 0.2 cm3/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
of the following general formula (II), then, removing the
template.

[NR'R*R’R*]* (1)
(in the formula (I), R! represents a linear or branched
hydrocarbon group having 2 to 36 carbon atoms, and R?> to R*
represent an alkyl group having 1 to 6 carbon atoms.)

NR°R°R’ (II)
(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.).

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:

first step: astepforobtainingasolidcontainingacatalyst
component and a template by mixing and stirring a silica source,
a titanium source, and a quaternary ammonium ion or amine as
a template in liquid condition,

second step: a step for molding the solid containing the

of 5
S



(in the formula (11), RS represents a |linear or branched hydrocarbon group
having 2 to 36_carbon atons, and R6 and R7 represent hydrogen or an al kyl
group havi i HIRG/58%5r bon atoms. ) . 20 2. The nol ded catal yst according
tq Caim1, wherein the nolded catalyst is produced by a conpression
nol di ng method. 3. A process for producing the nolded catalyst of Caim

1, conprising the follow ng steps: first step: a step for obtaining a solid
containing a catalyst 25 conponent andZ2® tenplate by nixing and stirring a
silica source, a titaniumsource, and a quaternary ammoni umion or anine
as a tenplate in liquid condition, second step: a step for nolding the
sol i d cont aidy ApyshecHhgbdERL, 09R85 25 catal yst conponent, and third step:
a step for renoving the tenplate fromthe solid containing the catalyst
conponent and tuhEriEEREPt €a steplborpfa@stnfenes denplate @ dnnthe vbeigi N
the nolding 5 is conducted by a conpression nolding nethod. 5. The
producti on ¢ tainihogotbe ngatalgshi poMponkateandt the $empdadent ai ni ng a
catal yst conmponent subjected to conpression nolding has a water content of
1to 70 wt % 6.4 -ATheoPEosersr agrogddngy tanCérimade ¥hapodndtheorptdingg 10

reacting an, olef [n e conpound with a hydr.qoperoxide in the resence of
he ol ded EhrSrydictdBcrE a sompression mbiaths methd. P

5. The production method according to Claim 4, wherein the
solid containing a catalyst component subjected to compression
molding has a water content of 1 to 70 wt%.

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.




