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P DESERIPRTI% PROCESS FOR PRODUCH NG

TI TANI UM CONTAI NI NG SI LI CON OXI DE CATALYST 5 TECHNI CAL
FI ELD The present invention relates to an efficient
process for producing a titaniumcontaining silicon
oxi de catalyst. Mre particuldrly, the present
invention relates to an 10 efficient process for
producing a titaniumcontaining silicon oxide

catal yst which can be us@®ESCRIFEBONi on of a

hydr operoxi de with an olef in type conpound for
obt ai ni ng an oxirane conpound, and which can exhi bi t
hi gh activit 15 BACKGROUND ART Processes

OLPRORERS  RRRo ERODNC 0GR FANFMETH AN ING | STEFGON OXIDE

conmpound and a hydr oper oxi e presence of a
catal yst, are publicly knogﬁTkggk he catal yst used

herein, for exanple, U S. Patent No. 4, 367, 342
di scl oses a specified 20 titani umsupported silicon

oykefineehdl ¥SELDHOWEVEr, it was difficult to say that
the conventional catalyst is sufficiently satisfied

fromthehe present Dhverdlionatébates tmiagherffaaijeﬂtt process
On the other hand, though producing processes of

cfivrl yeedubingry ﬂ‘-l-lt@‘ﬂlam'l qnnsﬂmmmusgwiwrb@ﬁmet yatalyst
for obtainin oxi rane conpound f

hvarepeaad/e#&@q@ﬁ&sfan thg é?rfqﬁq%ei%%%% ralatRiok an

Sabeolnt Runlh o o A i
P%%?%éggogﬁg?%o§§ka§§EE'%hﬁ@h'E%ﬁﬁbEh%sed for reaction of a

hydroperoxide with an olefin type compound for obtaining an

oxlrane compound, and which can exhibit high activity.

BACKGROUND ART

Processes of obtaining an oxirane compound from an
olefin type compound and a hydroperoxide in the presence of
a catalyst, are publicly known. As the catalyst used hefein,
for example, U.S.Patent No.4,367,342 discloses a specified
titanium-supported silicon oxide catalyst. However, it was
difficult to say that the conventional catalyst is
sufficiently satisfied from the viewpoint of realization of
higher activity.

On the other hand, though producing processes of
catalysts having high activity and high selectivity for
obtaining an oxirane compound from a hydroperoxide and an
olefin type compound, are known (e.g. US 5,783,167, JP
7-300312, US 6,096,910, US 6,211,388, JP 2002-224563, JP

2002-239381), these processes were not sufficient from the
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ZPQ/'F/‘Q/%B%S(%?WS]‘ productivity of the catalyst.

DI SCLOSURE OF THE | NVENTI ON The present invention
provi des a process for producing 5 a
titaniumcontaining silicon oxide catalyst which can
be used for reaction obtaining for exanple, an ol ef
in oxide from a hydroperoxide and an olefin type
compound, and which can exhibit high activity.
Nefetpoihlte ofr @s@mdud tiwdrtty wFf rdlatestabyah. ef fici ent
10 process for producing a titaniumcontaining silicon
oxide catalyst satisfying all of the follow ng

conditions (1) to 3); }[(;l;ll? an average pore diameter

i BIBGhOSUREp OF THE 79’6% Mbre of the total pore

lﬁ'eé‘{r?i% pgg%ﬁanér?‘r%ﬁﬁi%ﬁ%mvgl% dopeocegfifyy Bhoduoing
n‘g u}nh%ofn abzt%vir%g J:Lff‘éo d:tf&'étgaﬁaff?‘ét whiEst can be

ste a SO contalning a

Cﬁ%@@’ﬂr 9@%@&%‘% oﬁf‘giﬁlhgnmcfﬂ 8xbipleXidyoaedin oxide from
Stlrrlng a 20 silica source, a titani um source and a

qdahgaRaby refide Wwid annodefdnt eyplearempound, gudlwhich can
state; second step: a step of renobving the tenplate

f emimibid hdgh mqjiit\aliined in the first step by sol vent
extraction; third step: a step of subsiltutin

sol vent Nestel s ther PFﬁé“’é‘)Ft FEE?PBﬁ"Rh?% ahas E‘grf{rgi%ﬁg(j'cj'ent
gggtgfé\%éfﬁ’f'ﬁﬂ% g.}:tqe u%&t%ﬁ&t%lgm éggFL?mEhat gil‘fﬁc‘:ﬂ oxide
Sy la)f:leﬁy st fs%%;i{é‘fytslt%egb%llis%% ithel 2011101 R ildhs (1) to
p; a step of obtaining a silylated
cqtg,ql,yst PCT/ JP2003/ 016073
(1) an average pore diameter is 10A or more,
{2) 90% or more of the total pore volume has a pore
diameter of 5 to 200A, and
(3) a specific pore volume is 0.2 cm’/g or more,
which comprises the following first to fourth steps:
first step: a step of obtaining a solid containing a
catalyst component and a template by mixing and stirring a
silica source, a titanium source and a quaternary ammonium
ion as a template in a liquid state;
second step: a step of removing the template from the
solid obtained in the first step by solvent extraction;
third step: a step of substituting the solvent used
for the extraction which was contained in the solid after the
removal of the template, with a solvent which is substantially
inert to a silylating agent to be used in the following fourth
step; and

fourth step; a step of obtaining a silylated catalyst
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3PP BEY g the solid obtained in the third step
to silylation. MODE FOR CARRYI NG OUT THE | NVENTI ON 5
The catal yst obtained by the present invention is a

titaniumcontaining silicon oxide catal yst satisfying
all of the followng conditiors (1) to (3); (1) an

average pore dianeter is ioA or nore, (2) 90% or nore
of the total pore volunme has a pore 10 dianeter of 5

t @y2@Aibjedtd Btk sErid i soperwedolnnehésthAizdcsteg to
or nore. Herein, the specific pore volune neans pore
vehidsdatdon.l g of the catal yst. Measurenents of the
above-described conditions (1) to 15 (3) can be
conducted by ordinary nmethods such as a physica

MEBE o cRiG ol BEE ANVRvRER T Ve Onrmy
: HEVBYELS on may
(o T Ao RSP I Py Pt DEPRLAT IRIRAT A 15

SlE‘iwa%g.@{rl gg?{tl%{jﬂlﬁ{&‘fsiﬁ%ﬁi miéé)ca!mqﬁs@sm%fygng all of

derive e crystallinity and regularity of
s @hied £ ANGWA Y cashdeakoner { vededr 083 an  anor phous
part may exist. The catal yst obtained in the present
i nventi ol Roampraferagpe ypoue dbampterpiisodOpkakTi ROFhe
region of 960 5 cm1l in the infrared absorption
spect r unkZ¥ o1 % rer vRegp ophit thef taEgh BETRyVOyumehas a pore
peak is assumed to co esg&gﬁ to that of titanium
c

iﬁﬁﬁ&ﬁﬁﬁﬁtiHQJR?mg%é : el eton. The catalyst is
produced Py 2 MOCPEP:NGYLBIvEDEmElis 0.2 cm®/g or more.

Herein, the specific pore volume means pore volume per
1l g of the catalyst.

Measurements of the above-described conditions (1} to
(3) can be conducted by ordinary methods such as a physical
adsorption method using gas such as nitrogen, argon or the
like.

The catalyst of the present invention may or may not
have a peak showing an interplanar spacing (d4) in a X-ray
diffraction (XRD). Herein, the peak showing an interplanar
spacing (d) means a peak derived from the crystallinity and
regularity of a solid, and a broad peak derived from an
amorphous part may exist.

The catalyst obtained in the present invention
preferably has an absorption peak in the region of 960 = 5
em! in the infrared absorption spectrum from the viewpoint
of high activity. This peak is assumed to correspond to that
of titanium introduced into the silica skeleton.

The catalyst is produced by a process having the
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step of obtaining a solid containing a catalyst

conmponent and a tenplate by mxing and stirring a

silica source, a titaniumsource and a quaternary

ammonium 5 ion as a tenplate i4n a liquid state;

second step: a step of renoving the tenplate fromthe

solid obtained in the first step by sol vent

e¥blaewioe stiefpis:d step: a step of substituting the

sol vent used for the extraction, which was contained

in the Sdrst aftegr: al @ tepe ofepbialindng ge sEdkhe goataining a
with a solvent which is substantially inert to a .,
sPR§RAYshg capernend Bad sederrlafe broMIFING s Stdrring a
step; and fourth step; a step of obtainin silyl at .
cﬁililjf& S°b‘f°§ubjae%t'"i@ﬁ§ul"ﬂ'es 8Fcg 8 afanggai%ﬁrlnﬁéy afithon1um
third_step.t j | [ dhe flrst step is a step
o?‘ogbt‘%i % ﬁcéa é)]ls%a%l &ﬂc%tgﬁ?%g Sgé%%t al yst conponent

and a t eyglfle sept Al B8epnds Stdmisv¥y Ehéiddmgflate from the
source, a titani umsource and a quaternary ammoni um

i @8149 b afitwd afre tihe afitsti stsp abe. s@dvehenextraction;
reagent to be used is solid, it is preferable to be
used as thisul tiep: ia skephoftsubstitubingdtbe solvent used

di spersed in a solvent. The silica source include

2O BEs SEEERSHIAND WINUER YR SRBtelRechan dhe, Raly} after
hosi | i cat.e, t hyl 5 hogi | j

L OSSR ad S gD RS LLEALE im0

9B rand i R4S ¢ gykﬂﬁhéﬂﬁa' Lg8Rt to be used in the

d I 'al KoxXysi

Iral’kyl ane an

1ed1hiosding Hdipetsidndp Al &ede, can be used. These can
be used alone, or nmay be used as a m xture

fourth step; a step of obtaining a silylated catalyst
by subjecting the solid obtained in the third step to
silylation.

The first step 1s a step of obtaining a solid containing
a catalyst component and a template by mixing and stirring
a silica source, a titanium source and a quaternary aminonium
ion as the template in a liquid state.

When a reagent to be used is solid, it is preferable
to be used as a solution in which it is dissolved or dispersed
in a solvent.

The silica source includes amoxrphous silica and
alkoxysilane such as tetramethyl orthosilicate, tetraethyl
orthoslilicate and tetrapropyl orthosilicate. A sllica
source having an organic group such as alkytrialkoxysilane,
dialkyldialkoxysilane and 1,2-bis(trialkoxysilyl)alkane,

can be used. These can be used alone, or may be used as a mixture

of two or more kinds.
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of CYRROR OB o Kinds. r PCT/ JP2003/ 016073 5 The

titani um source includes titanium al koxi des such as
tetramethyl titanate, tetraethyl titanate, tetrapropyl
titanate, tetraisopropyl titanate, tetrabutyl

titanate, tetraisobutyl titanate, tetra-2-ethyl hexyl
titanate, 5 tetraoctadecyl titanate; titaniun(lV)

oxyacetyl acetonate, titaniunm(lV)

di i sopr @hexghiteadeamy senecendneludes théahikey alkoxides such
titanium halides, for exanple, titaniumtetrachloride,

t BFanteibrame EABLobi tienake . t FehrraRhYat Fatéaﬁae tetrapropyl

e B . i A
N
akkylagkialse g’lor'izs.l.t@?fét% ai;iﬁg'gfllgllg{ ky? s Ofgya88tylacetonate,

noni oni ¢ sur tants such oxi des and
akkyhadupgIv)canibepappoxeti sAButy ldcdtimmte, and the like;
guat ernary ammoni umion represented by the genera

f aitahdufm hald des,t Sy arsaplg NRRZRSRm tefrachloride,
(wherein, R represents a |inear or branched
hyat@ewmoﬁegﬂ:mom%ﬁ n?gldz titamivm etratefideaniiranyl
to R4 represent _an 20 group having 1 to 6

cEPE5RTEF o ADA |i§kﬁyllnear or branched hydr ocar bon

gr oup hﬁy'gge teh @e?aéﬁgnoﬁéQﬂ§ E?Qbﬁfglﬂéhts such

18 carbon rean alk y group havi ng

t@sb Qﬁﬁ?ﬂamﬁbﬁmﬁmsarﬂjiﬁl@fﬁéﬁhbﬂiuﬁéc Rt 19fa 17, 1 finnfi¥n 1 Sms and
a met hyl ™ group. Spec:|f| c exanples of the 25 quaternary

apan &yl sminon e e sailord dysutagearet a stchnasaglkylsulfate

i nclude cations such as hexadecyl tri nmet hyl ammoni um
ions and alkylphosphate ions and nonionic surfactants such

as polyalkyleneoxides and alkylamines, can be applied. Among
them, a quaternary ammonium ion represented by the general
formula (I) is suitably used.

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

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

R! is a linear or branched hydrocarbon group having 2
to 36 carbon atoms, preferably 10 to 18 carbon atoms. R? to
R! are an alkyl group having 1 to 6 carbon atoms, and preferably
each of R? to R* is a methyl group. Specific examples of the
gquaternary ammonium ion represented by the general formula(I)
include cations such as hexadecyltrimethylammonium,
dodecyltrimethylammonium, benzyltrimethylammonium,

dimethyldidodecylammonium and hexadecylpyridinium. Further,

these quaternary ammonium ions represented by the general
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/
gTJP%?QD%%?hyIannDnlun1 benzyl tri net hyl ammoni um

d| met hyl di dodecyl anmoni um and hexadecyl pyri di ni um

Further, these quaternary ammoni umions represented by

t he general PCT/ JP2003/ 016073 6 formul a(l) can be used

al one or may be used as a mxt@re of two or nore

ki nds. Exanpl es of the solvent include water and

al cohol s such as nethanol, ethanol, n-propanol,

2 fprawdadll) eanubanaked blene- bntmapl be tuded caamla mixture of
vi nyl al cohol, allyl alcohol, cyclohexanol and benzyl
altveholr, moyg &Kigids. mi xtures thereof and the |ike.

The anmount used of the titanium source based

silica mq%OSr@?%ﬁé’W?“ﬁ T Ta08 waer apgraLeolioLs such

f
251 BethARodo AR Oiéir"%?oé‘w'é&qhi SPrEPs R oA it anoL.

| Q3 D238 T he gl i3 gicahgica &P feafaghol

tltmuumsomcels pr?era from 1 2to In terns

Obydlode¥atid 10anBWd LY 1 f1¥ohd OBREI #¥o15§ MiBatitéd thereof
of the silica source wwth the titanium source, it is

pasidethll 2ike.i nPhaetamdkat ivsed off thod diithartiond Sauree based
m xed solution. As the alkali source, a quaternary
amﬁlmmlwﬂ@ p'-\ﬁ%f@?%f#%abblﬁdfﬁﬂanﬂ;pes thdredroxe
|nclude tetramethﬁT i um hydr oxi

IyfsRmy °H98Po‘k‘?o‘% Liid F@Ff“a?p?ﬁd??%\ﬂﬁn‘?ﬂ‘iﬁﬁ The
drOX|de h XI f te
%ﬁ'ongrgggﬁt%%%gy A S et S S
aﬁ'{o% Y% U894 J Sl‘i*cte' Ahd tPrAFAWES s%furtdée i%CEQ'eferably
I norgani c aC| s such as hydrochloric aci
smﬁfow i1®-Actél andnntéting agi flolamd ratgani ¢ Fuaciitsr s ubdr
as formc acid, acetic acid and propionic acid. The
nipxiomg tdmy Sherreagt t empdt aharﬁliscmgmrlqe Wildshn tipg titanium
-30 to 1000C. A solid is fornmed by m xi ](_3
sSoNEGey, 1&nds preferable to impart alka :Ln:Lty or acldity to
the mixed solution. As the alkali source, a quaternary
ammonium hydroxide is preferable, and examples thereof
include tetramethylammonium hydroxide, tetraethylammonium
hydroxide and tetrapropylammonium hydroxide, and a
hydroxide of the quaternary ammonium ion represented by the
general formula (I) is more preferably used. In addition,
examples of the acid include inorganic acids such as
hydrochloric acid, sulfuric acid and nitric acid, and organic
acids such as formic acid, acetic acid and propionic acid.
The mixing and stirring temperature i1s usually from
-30 to 100C. A solid is formed by mixing and stirring, and
the s0lid may be aged for further growth thereocf. The aging
time is usually 180 hours or less, and the aging temperature

is usually from 0 to 200C. When heating is required in aging,

it is preferable that the mixture 1s transferred into a
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t RETEFPHPIRYY be aged for further growth thereof. The
aging tinme is usually 180 hours or less, and the
aging tenperature is usually fromO to 200c C. Wen
heating is required in aging, it is preferable that
the m xture is transferred int@ a PCT/JP2003/ 016073 7
pressure vessel and heating is conducted in a cl osed
pressure vessel for avoiding vaporization of the

SpkéeBlre s S6LQIH heak ing Bs Yrpludted@dava nddded pressure
tenplate from the solid by extraction. The extractive
resegell dbrt laerdi dienp lvatpe wizge tioreasf | yhacsohpehthed

by subjecting the solid containing a catal ¥st
conponeffheapgicond theP dtsed GheR abFamevinktherigmplate from

to solvent. extraction.. A technique foy,extracting a th
L Ehf sPRL B egerkio T F L ERC by T RS OF; the

. S, t :
SEPRIALS, Sak, bF ety Afe e Red Iy MU AR i so110
CB%‘E%E.%i‘l’lﬁeQe@aéﬁli&fsE BMpYifen 2 RAO¥Re BdRPDite obtained in

0XO0- subst i t'ut ocar bons having carbon atons of 1

t @nhabeulrsk? dte d o Wraintexbtadbdont enperature can

be generally used. Suitable exanples of such solvents

i ncl ude Al 3eadhrdhples foketeartagctiag @ itempigte with a solvent
cyclic)ethers and esters. anpl es thereof include

Ex
hiigr 5RPOEEES: PY Wkt elyar st Bbdds (saR N - §s Pademing. 143.8792) .

t hanol ,_et hyl | , Lene. gl ycol .
oL ool s W0 S ik, 4R BB S0E. 8168k, spcpyos sovencs
h | l I xa-
YRR LRNS SHER 5 A g B, b Wy T4y opa o

a aEJIRC JkdRA B MG A dlin arbatid@lawalit carbon atoms of
tetrahydrofuran; esters o hydr ocar bons such as

mat hyl adoeitatle, iat hylligoddasdatieunyl rosvetampesature can be
butyl propionate; and the Iike. But, alcohols are
pgehersdlly used-t hSuktahpei axavples| obigualy sodwets include

tenpl at e, .
aq..%ohols, ketones, (acyclic and cyclic)ethers and esters.

Examples thereof include hydroxy-substituted hydrocarbons
such as methanol, ethanol, ethylene glycol, propylene glycol,
isopropancl, n-butanol and octanol; oxo-substituted
hydrocarbons such as acetone, diethyl ketone, methyl ethyl
ketone and methyl isobutyl ketone; ethers of a hydrocarbon
such as diisobutyl ether and tetrahydrofuran; esters of
hydrocarbons such as methyl acetate, ethyl acetate, butyl
acetate and butyl propionate; and the like. But, alcohols are
preferable from the viewpoint of solubility to the template,
among them, methanol is further preferable. The weight ratio
of the solvent to the solid containing the catalyst component
and the template is usually from 1 to 1000, preferably from
5 to 300. For improving efficiency of the extraction, an acid

or salt thereof may be added to these solvents.
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BLTARBAY %8} et hanol is further preferable. The

wei ght ratio of the solvent to the solid containing
the catal yst conponent and the tenplate is usually
from1l to 1000, preferably from 5 to 300. For

i mproving efficiency of the exf@graction, an acid or
salt thereof nmay be added to these solvents.

PCT/ JP2003/ 016073 8 Exanpl es of the acid used include

| NOr ganieGagp1¢s SECthe aTilty dseahineigdacinbrganfardacids such
acid, nitric acid and bromc acid, and organic acids
sashpsréennbeiacacdidacmlfunic e, privpio@al deing bromic
Exanpl es of the salt thereof include alkali 5 netal

satid, anfairganiamadidresdichast Soraifmfith aaetlameid and

S oh el SorSSPLREL b8 o b Sa e ] SIS B s
[ /1 , th f /1 i
FENIREREBINAN T, ST NE R

0 he.salt to be added is too high, the catalytic
a%?%v?%%aﬁay be | owered by elution of titanium

exi sti ngHeN ddeditirltisdn Al te edegenteby thei agia or the
solid containing the catalyst conponent and the

t eapkathewieof osdesadded hiss |Iprpferaolyi b mok/isor less,
separated by a nethod such as filtration or

dEuatheri prefEmablypsrael bh 95 kagfeat Mpenedlier sgnoentration

tines. Further, thod . of filling the sqlid
O Br iR AR OB T M RBGHR St HERA 4P Faq hah.

28%%2%%‘:%2?%9.%6&?%:[@{]“!3 a lb%WilBQeErQﬁ bf %%@5%619 bf titanium

ough ere SO possi ble.

cauRkelingn 1¢f e SRlagHt extraction can be found by,

for exanple, analyzing the liquid portion. The

extract ixfter adpguately mixmeheaalld cOntaipdiug-the catalyst
further preferably 20 to 1000C. When the boiling .
pcompoafenthendxthetempd adel véhh a solvent, the liquid portion

is separated by a method such as filtration or decantation.
This operation is repeated required times. Further, a methed
of filling the solid containing the catalyst component and
the template in a reaction tube, then, of flowing the
extraction solvent through there is also possible. The
completion of the solvent extraction can be found by, for
example, analyzing the liquid portion. The extraction
temperature is preferably 0 to 200C, further preferably 20
to 100°C. When the boiling point of the extraction solvent
is too low, the extraction may be carried out under preésure.
The quaternary ammonium ion represented by the general
formula(I)obtained after the extraction can be reused as the
template material in the first step after recovery. Further,
similarly, the extraction solvent can be also reused after

purification through ordinary distillation or the like.
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i%gw%gmﬁ6ﬂ?”§he extraction may be carried out under
pressure. 25 The quaternary anmmoni umion represented

by the general formula (1) obtained after the

extraction can be reused as the tenplate material in

the first step after recovery.9Further, sinilarly,

the extraction solvent can be al so reused after
purification through ordinary distillation or the

l'i ke. PChe)PRARY 8tep/2sOaTheephofdsabepitstingt theosolvent
substituting the solvent wused for the extraction,

whiel fas tbet exteddtiorhe whdidhd wag (eentaine@nby afhef solid
the tenplate with a solvent which is substangi al

| aBtert She FERpVAL 8F ddentamPlIate SR P FR1EeR u‘r”eﬁch is

. The f f th
i%ﬁgﬁangﬁP tg? Egegﬁhfé PSR RY TR 4 O ysea tn the
tge ?h' a A4 Q.Ihé)f fdCe i€ PhPFELLLISn is to
gur Fg ~Ving - oper at] on ecause

a&gﬁgghﬁ Qﬁg@ g%bbably for renoval of a 10 tenplate in
a publicly known invention, retard fromthe objective

react i ofHeh leitata it I@RQic Irent tdomt sihgdaln nghagenﬂ.ld after
in the silylation of the next step. As a dry
apharettsacticomf dheotembbatesi g upaallay arsﬂs@@dww [ §rying
fan heater or vacuun1deV|ce is ljiste

CQPF"FF‘ﬁ@°@uPeﬂ%’S&r ﬁ]r?g’l'tﬁ % Hﬁﬁ%%ﬁ%ﬁ?f@%ﬁeﬂwﬂ of a
ff thy

fﬁsin%%l%?s A P et R S Ehof o EbFERa rem the
nge%qg.%' i‘éééft.%n EI'H:%@{ al ¥l ot 1on 3AdiH h%lflr&ing agent

ytic performance was soneti nes deteriorated

SH.HCQh%hrs&"ZIJ?GlQﬁ:ian BEMheaiest oftépe 20 catal yst and
nodi fication of the catal yst surface occurred

dependi g an¢rmyxhg|&ppaxﬁt@hy|mgcoﬁ@ca&chresbﬁéﬁﬁsoﬂryer

the present invention which is to

equipped with a fan heater or vacuum device is listed.
However, in carrying out the drying of them economically and
efficiently, the drying requires a lot of time, therefore,
it was not sufficient from the viewpoint of productivity of
the catalyst. In addition, the catalytic performance was
sometimes deteriorated since shrinkage of micro pores of the
catalyst and modification of the catalyst surface occurred
depending on conditions of drying.

For achievement of the present invention which is to
produce the catalyst efficiently, the extraction solvent
contained in the solid obtained in the second step, 1is
substituted with a solvent substantially inert to the
silylating agent used in the following fourth step described
below.

The substituting solvent used in the substitution step

may be one fulfil requirements for which it is substantially
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pPSE’ 2(’O'ctv?im‘)'-"SataIyst efficiently, the extraction
solvent contained in the solid obtained in the second
step, is 25 substituted with a solvent substantially
inert to the silylating agent used in the follow ng
fourth step described below ThHe substituting solvent
used in the substitution step may be one ful fil
requirenents for which it is substantially I
PAheiR200 X Wd 641y 1H: impagend dmd csin ghaspﬂgea’glwtemction
can di ssolve the extraction solvent used in the
seedivendt ajsedHen stnhe/esmc@ndtabep used in the
substitution operatlon

|
vl ocarBRm 8o RePsyEhat SahjRecLR BORS ss kLEBhign operation.

o h%tazHJt eSterlgdrﬁ%I\ﬁy@g@%%% %)}I%Jgegg ﬁ"g@ﬁgtcar ydﬂo%%rbons
P! WAL |k fopL Ol Rk L GABSEALNRSA Bddads

ohexane, orof orm benzene,

t@l@l%eﬁﬁrﬁi‘%erﬁfﬁ?n&nlﬂéét hxhvikggone tonabloyt 12 carbon
et hyl ketone, nethyl isobutyl 10 ketone, diethyl

etdteims dhddeity Liquiidrat neb:matlyblsrqﬁe:rahuredm)da.né?r example,
nmet hyl acetate, ethyl acetate, dinethyl formam de,
adwxania - idvs Lqhedatee chlaraigamniban zene ditkygie, xylene,

Suﬁ'ﬁfgfﬂxﬂ'ﬁde a;gag,{lﬁﬁ,gg%f r 856&?18 e i ) o L€ty 1sobutyl
Szibsttc;r}em Ié) ih&fh%é hé{gi%ﬁi@{l??ngtﬁQQ a%q:g:allﬂﬁﬁ% uran,

uene pre efabl e ese vent's can be “use

al PNBeard nl‘é%‘i‘lﬁe agletatesedtn@s é’cé@é’e‘é ' Q’ﬂimé‘l:]?i\f‘l Gbrmamide,
two or nore of ~solvents are m xed

S tidrfit il @pep@iti@ine af temeahymhmme iami dimethyl
substitution and the solid containing the extraction
suldinxi @ ats diietedn tHromddendedadiiorro the subsequent

sufficiently mxed, its
fourth step, preferable solvent for substitution 1is the

hydrocarbons, and among these, toluene is more preferable.
These solvents can be used alone, and can be alsq used
as a solution in which two or more of sblvents are mixed.
In the substitution operation, after a solvent for
substitution an_d the solid containing the extraction solvent
obtained in the second step were sufficiently mixed, its
ligquid phase part is separated by a method of filtration,
decantation or the like. This operation is properly repeated.
Further, it is also possible to substitute the solvent
by a method of packing the solid containing the extraction
solvent into a reaction tube or the like, then flowing the
solvent for substitution through there. From the viewpoint
of productivity of the catalyst, it is preferable to conduct
the second and third steps in the present invention and

further the fourth step, in the same reactor. The completion
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IF%HF?O%ﬂgggspart is separated by a nethod of

filtration, decantation or the |ike. This operation

is properly repeated. Further, it is also possible to
substitute the solvent by a nethod of packing the

solid containing the extracti ohl 25 solvent into a

reaction tube or the like, then flow ng the sol vent

for substitution through there. Fromthe viewpoint of '
poddtbéi subytbtuthencapergtionican deriqund e for example,
conduct the second and third steps in the present .

i AnaAYisds ofd theyddemid mhasr B3 5t of 19 YRt thpkion

233%%%@@%% éé’g?'ﬁ? BRAIT Bots ot Ciny tgtiezs pRstprably 20
. atT e exar

B PSR 200 U R 4 e
g%ﬁ%%ft%@&i%@xl r?t;ﬁjx%% Mhefod herhoi Lapst PRl off mafe ve

ol vent use e 5 substitution operation is |ow,

t barsulst idutt Wdmpkesswesri ed out under pressure.

In addition, the solvent for substitution used in this

step, cam bddi¢éased theesolventfiomsubstifyition ugad in this
renmoved by a usual nethod such as distillation or

efteRot FaR. ba Fenfed gdter shepextractiep Folvent Aaf rgmoved

1t L R S, RS PRk BBl fgiithase.
I R e T W

V“ctaliallj%tg%?_egﬁﬁtjébltlhg tAe 88Nl o¥tadnédlin depdatrird step
nmet hod i n ich the solid is reacted with the

Sitloy Isdfliyilg tAgantt teatamexot vent, further the liquid
phase nmethod is nore preferable in the present
i nvent i dthe eddatlatiothaen ke spryiadi entiRY g@§ iRiipse method

e %p%ﬂﬁgﬁ%%ﬂc{) 3324 TR9Y ey Vr 35 8RS #h%eacted with

gaseous silylating agent, or a liquid phase method in which
the solid is reacted with the silylating agent in a solvent,
further the liquid phase method is more preferable in the
present invention. Usually, when the silylation is carried
out by the liquid phase method, hydrocarbons are suitably used.
Though the solvent for silylation is not necessarily the same
as the substitution solvent used in the third step, the same
solvent each other is preferable from the viewpoint of reuse
of the solvent.

-Examples of the“silylatioﬁ agent include organic
silanes, organic silylamines, organic silylamides and
derivatives thereof, organic silazanes and other silylation
agents.

Examples of the organic silane include

chrolotrimethylsilane, dichlorodimethylsilane,
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ﬂﬁﬂ¥ﬁ3%ﬁﬁlgﬁ% solvent for silylation is not

necessarily the sane as the substitution solvent used
in the third step, the sane solvent each other is
preferable fromthe viewpoint of reuse of the

sol vent. Exanples of the silylHtion agent include
organic 25 silanes, organic silylamnes, organic
silylam des and derivatives thereof, organic
s¢h2éapBgorbdinkltty1siilyana,i el trageninee tHxksil &se of
the organic silane include chrolotrinethylsilane,
debhboobdiethitisdilaaee, iREHAIREITY NSO ibane ,
chl or obr onodi et hyl si | ane, nitrotrinethylsi] ane,
cehbpredimekprdphgnylsid@d® mtaradifethglzllane,

chl or odi et hyl phenyl si | ane,. chl or odi net hyl si | ane,
GAHBE R LR D5 P RPR R oSO IR 5

di | I i ).
thgﬁ%gﬁgFigghgﬁﬁﬁﬂ%¢¥gIl%%;gaﬁﬁpropylchlorosilan&
S%?EﬁE¥hﬁ§h¥kﬁ§h@ﬂ@3ﬂd§¥laﬁéJkﬂﬂiﬁﬁ3ﬁ§1éﬁiéﬁ@§ilane,

exyl chl oroSilane, dinetylethylchlorosilane,
dammt Bikoetageeniohloeriqsneane rilfitylchlorosilane,
n- but yl di net hyl chl or osi | ane,
btobesyighdiomeisiylante ,orddgid tarke thylchlorosilane,
chl or onet hyl di net hyl chl or osi | ane,
3démpEhypPEHMIGCYACRNCTNHIAN ane,

B M S R e phocyl bhi or ooy | haa.”
gg%géF&?ﬁ§¥ﬁﬁ#ﬁ$€§££§#¥§#§Hﬁ¥ﬁ%%bnyIchlorosiIan&
dRheryherhipilagtledtBgidrakosilane,

di phenyl vi nyl chl orosi | ane, tribenzyl chl orosil ane,
3-chloropropyldimethylchloresilane,
dimethoxymethylchlorosilane, methylphenylchlorosilane,
triethoxychlorosilane, dimethylphenylchlorosilane,
methylphenylvinylchlorosilane, benzyldimethylchlorosilane,
diphenylchlorosilane, diphenylmethylchlorosilane,
diphenylvinylchlorosilane, tribenzylchlorosilane,
3-cyanopropyldimethylchlorosilane.

Examples of the organic silylamine include
N-trimethylsilylimidazole,
N-t-butyldimethylsilylimidazole,
N-dimethylethylsilylimidazole,
N-dimethyl-n-propylsilylimidazole,
N-dimethylisopropylsilylimidazole,
N-trimethylsilyldimethylamine,
N-trimethylsilyldiethylamine, N-trimethylsilylpyrrole,
N-trimethylsilylpyrrolidine, N-trimethylsilylpiperidine,

l-cyanoethyl(diethylamino)dimethylsilane,
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' 3?%'1§f'5pr‘?8%¥°6%0)7?di met hyl chl orosi | ane. 20 Exanpl es of the

organic silylamne include N

trimethylsilylimdazol e,

N-t-butyl dimethylsilylimdazole,

N-di et hyl et hyl silyl i m dazol e, 13

N-di et hyl - n- propyl silyli m dazole, 25

N-di net hyl i sopropyl silylimdazole, N

t peealiYhsirbphényaidiyletitivissilylamine .
N-trinmethylsilyldiethylam ne, N-trinethylsilylpyrrole,
N-t ri neEbnpmpilled mf ridie dirganic silylamide and derivatives
N-trimethylsilylpiperidine, :
1iapanéet Ny Pistrmimesichdh ek ara nide.

E&I@%.%gg%g%%g%%iﬁgiﬁ%ﬁﬁﬁﬁ%%ﬁfﬂﬁ?ﬁfam?&%hpIes of the
NEER el AR Atand Yo T ves T nel ude

NOmBi Bt L iRt Rl thwhitd i iy s oaaet @) de, 5
N-trinmethylsilylacetam de, N nethyl-N

t Ni-fethyls N-trdarithyldel 1y INemet hydeddcetamide,
trimethylsilyltrifluoroacetanm de, N nethyl-N

t Ni-methy/ls N-irligertait adilathep taf leiorobutylamide,
N-(t-butyldineth IsiIyI)-N—trifIuoroacetanidi, 10
NNO{ bi-Prgryd damerparl sl ) 11 s it uereacat gaide.

SR A S

13 b SOy ) et e by SAETaRgaanelge

1ndxdineithy1 disb 1Bzt aiapRinyty sdiszbasane,

1, 3-di phenyl tetramet hyl di sil azane. Exanpl es of the

ofLh&r, 3si3l-tledname thgaidi s Az ales ,
1,3-bis(chloromethyl)tetramethyldisilazane,
1,3-divinyl-1,1,3,3-teteramethyldisilazane,
1,3-diphenyltetramethyldisilazane.

Examples of the other silylation agent include
N-methoxy-N,O-bistrimethylsilyltrifluorocacetamide,
N-methoxy-N,O-bistrimethylsilyl carbamate,
N,O-bistrimethylsilyl sulfamate,
trimethylsilyltrifluoromethane sulfonate,
N,N’'-bistrimethylsilylurea. The preferable silylation
agent is hexamethyldisilazane.

The catalyst of the present invention is usually used
as a molded catalyst via a step for molding a solid containing
the catalyst component. Though the molding step may be
conducted in any stage, before or after the above-mentioned

template-removing step, or after the silylation step, it is

preferable to conduct before the template-removing step from
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hf%%?ﬁg%vgﬂp%>bistrinethylsiIyItriquoroacetanide,
N- met hoxy- N, O bi strinmethylsilyl carbamate, 20

N, O bi strimethylsilyl sulfamate,
trimethylsilyltrifluoromethane sul fonate,

N, N -bistrinmethylsilylurea. Thkdpreferable silylation

agent i s hexanet hyl di silazane. The catal yst of the

present invention is usually used 25 as a nol ded

cahal yiewpbdni sifepupprewditimepfa dayraliabheni of ngatalyst
the catal yst conponent. Though the nol ding step may be
cpndpersdesnsaely ast specifdrosertacararga « pere volume and the

b - i oned ) )
SRRFPat KBrERe 14 1ng sie e oraitl Dt tb ARG, BoPgPREession
:ﬂgfﬁg&;ﬁ%ﬁg&%” 13&1?9%%58{34 1@%&1{3\{?%%%9&897& b4ganic

I'essi deqgra on o

¢ 85:311313{:%%1@{% ﬁrﬂé’? \ﬂ%iléiag.l%su§eﬁcééﬁ peSHsbactn ¥MRAextrusion

pore vo _ As the nol ding nethod, any
MRbhad nglChudS16REPLAGSOOca t@l ¢ b Gac i tiginy e diawged by
or the I'ike may be used. An organic 5 or inorganic
bagdarloaualfl yhies dd raber belusete i prodecekenuegfobhe molded

nol di ng, but [ owering of catalyst activity may be
ceasedyisy. Abe¢i Cosprsisainn mobanG | s H& 9 R el PERE erable

of the nolded catalyst, the _co essign | di ng_i

¢ EEORoERe prérmeii o oFrs breRaEh ATA BBR AL 5 REPERBEReS Of the
and pH %Ecal properties of the 10 catalyst. As the

cgﬁﬁ ession nolding, a roll press nolding

(briquetdd NGhe MRS s4H0n RbLalgl adl +61pr pgess molding
nol ding, tabletting and the I|i keécan be listed. The

PR ®FI ¢ HHlngCo Uit oind 5, usiblhydHadlio plesenmodfding,
preferably 0.2 to 15 5 ton/cn®, further preferably 0.5

t cabliedt/iow andhding heike can be listed. The pressure in

compression is usually 0¢.1 to 10 ton/cm?, preferably 0.2 to
5 ton/cm?, further preferably 0.5 to 2 ton/cm’. When the
pressure is too low, the strength of amolded body 1s sometimes
inadequate. On the other hand, when the pressure is too high,
the physical properties of the catalyst sometimes become
inadequate because pores are broken. In carrying out the
compression molding, it is preferable that a solid containing
a catalyst component contains water in a proper amount, and
a molded body having a sufficient strength can be produced
under lower pressure by this. The water content of the
material to be subjected to the compression molding is
preferably 1 to 70 % by welght, further preferably 5 to 40 %
by weight. The water amount may be adjusted by a dryness degree
during drying of a wet solid, and may be adjusted by adding
water to an adequately dried solid.

In addition, a binder usually used or the like may be



10

15

20

25

/01
;F?Eﬂ?&??“.&”?oo low, the strength of a nolded body is

sometimes inadequate. On the other hand, when the
pressure is too high, the physical properties of the

catal yst soneti mes becone inadequate because pores

are broken. In carrying out th¥ 20 conpr essi on

molding, it is preferable that a solid containing a

cat al yst conponent contains water in a proper anount,
andded wint it abvedpghavi myp abstibtilei epta desangdhpenfiosaance.
produced under |ower pressure by this. The water

cont ent Tbe thapenafcthaimelded k@Y &fakde @nyhghape such as

| di 25 f | 70 % b
CErBheE  SPnfee 'aincgr'é?lgm ; heiGoade é%ség’w@?ah 'yged as it
t t d
o5 hE " BEY B PR vBE 300 5] Db R (0908
add' ng Rl sélt gg?q}usua I tioh s it eﬂnﬁéﬁﬁ:ﬁbn ldan be used for

addi ti on, y ‘'used or the like may be
PﬂiéBE@Q@&lﬁ@i@iéﬂ adsie dxahiphien #nranijet dn t@ epoxidation

obstacle to a desired performance. The shape of the

nof dan bdbefinayybe eompehage vachous oabﬁetlogpnea@tépns of
ring. The nol ded body nay be used as it _is or

perganigi agmpeuadsr bpeause; thes cagalygtahest ao?-aFﬂé surface

t f I
R o ek RSt i BhunB s Baser, mareoer
O&eeéweay&et i%nyggagoogfmfgst@&hé% QR &Sﬂﬁté%s of the

organi ¢ conmpoun ecause the catalyst has a |l arge

Seaiaiﬁsta&fanaa@dﬂ%ﬁ Y dasPRE £ACcmp AR AHN AREN \&& alumina,
sites. "Further, 10 if desired, it is also possible to

i ageeasendctle S:Jatteﬂym‘t tha bealsadeq(ﬁonmﬂ.hyaddtlinmncetalirtic
a third conponent such as alumna, etc. , and the
caeﬁbgtmﬁ-nganeb‘@-used for al kylation, catalytic

reform r‘]r%e catalyst of the present invention can be optimally

can be used for production of an oxirane compound in which
an olefin type compound is reacted with a hydroperoxide, in
particular.

The olefin type compound may be acyclic, mono-cyclic,
di-cyclic or poly-cyclic compounds, and mono-olefin type,
di-olefin type or poly-olefin type compounds. When the number
of olefin bonds is two or more, these may be a conjugated bond
or non-conjugated bond. Olefin type compounds having 2 to
60 carbon atoms are usually preferred. These may have a
substituent, and the substituent is preferably a relatively
stable substituent. Examples of such the hydrocarbon include
ethylene, propylene, l-butene, isobutylene, l-hexene,
2-hexene, 3-hexene, l-octane, l-decene, styrene and
cyclohexene. Apt examples of the di-olefin type compound

include butadiene and isoprene. A substituent may exist, and



10

15

20

25

Tﬁ%m§%?%¥vgpsof the present invention can be optimally

15 can be used for production of an oxirane conpound

in which an olef in type conmpound is reacted with a

hydr operoxide, in particular. The olef in type

conpound may be acyclic, nono-t§clic, di-cyclic or

pol y-cyclic conpounds, and nono-olefin type, 20

di -olefin type or poly-olefin type conmpounds. Wen the
nasbeheobxampflien theksof s 4 imlogemratomhéseliayefe further
conj ugated bond or non-conjugated bond. Aef in type _
cuapdongsstbsthtuents coen‘-&,ijmm aptwFEIen e Sydfym 9F nitrogen
preferred. These may have a sub%tituent and

h .
sBbeM tRsAtheE wieh & ARIFoganePREY P& 9aEB°§t%'b'1't"5? may exist.
bst i . | :
SRRBhEh Sy BRbE s G2 I8 YL oIS AL WP o2en1n
Ztgﬁée MBsat; arls f‘rhfnd lad e&f@?in?EyFénﬁnQB@urated
cycrFohexene. t exanples of the di-olefin type

C AReWRE rboic |diis i b B el B da | 5eD6GER, dnd, as examples
substituent may exist, and PCT/JP2003/016073 16 as the
examriee ft,hal 2ol alcdid bgemrodydnalsohpdtaatd] afldyilichloride are

various substituents containing an oxygen, sul fur or
nltistgedn Basmlcuderhar mqﬂer@%%rwmm/w anr pbkene

atom. may exist. A _particularl r % rable ol ef. in b

PR LBGHod A cttbraters, (a8 Bhdar aPIpsuRy baxope
d | ef i A d

SaSeRt AR S $ ARG eoy (6878 Hillogen, arem,

al 1yl al@fg;&am}]ﬁé)g Yb£ 34 CRP@ropBLoRliagl, chtgahde are

listed. Particularly preferable conpound is an al kene

hayidiepe doxide < atdwbat biste@nd this conpound may be

10 substituted with a hydroxy group or a hal ogen atom

As exanmites @fganhydry@peopsiorwider §anpccompound represented

h{Froperoxides can be |isted.
y the general formula;

R-0-0-H

(R represents a hydrocarbyl group), and is reacted with an
olefin type compound to produce an oxirane compound and a
compound, R-OH. Preferably, the group R is a group having 3
to 20 carbon atoms. Most preferably, this is a hydrocarbyl
group having 3 to 10 carbon atoms, and particularly a
secondary or tertiary alkyl group or aralkyl group. Among them,
tertiary alkyl groups, and secohdary or tertiary aralkyl
groups are particularly preferable, and specific examples
thereof include a tertiary butyl group, tertiary pentyl group,
cyclopentyl group and 2-phenyl-2-propyl group. Further,
various tetralinyl groups formed by eliminating hydrogen fxrom

an aliphatic side chain of a tetralin molecule, are also

listed.

When cumene hydroperoxide as the organic hydroperoxide
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'ﬂ%?mg?ﬂgﬁﬂgwﬁydroperoxide I's a conpound represented
by the general fornmula; 15 RO OH (R represents a
hydrocar byl group), and is reacted with an olefin
type conpound to produce an oxirane conmpound and a
compound, R-OH. Preferably, thE/group Ris a group
having 3 to 20 carbon atons. Most preferably, this is
a hydrocarbyl 20 group having 3 to 10 carbon atonms,

and fsedi cthar besal taerpndanoxyl tesmpanyd alkyl group

or aral kyl group. Anong them tertiary al kyl groups,
apdpbenyildarpropanelt.i afpigr ghaky be @Mﬂﬂﬁ;ﬁﬁQatO @ -methyl
particularly preferable, and specific exanp

t AbYEBRe| RY d@@yalnaérqunar%ﬁqﬁ}tmngr&pmeitéﬂlu F—Q’rene is a
pent roup, n oup and
Ziﬁﬁéﬁ§%iélﬁﬁbHfﬁéginﬁ¥%%£%Q$%a P various tetraliny

gr oups La

al i phat i 8 %@%h rﬂéggad%@%e :Waf@é’lﬁgﬁl:gég{ﬂg gfetg t-pentyl
lthSﬂolV\Bﬁ'ﬂa‘iﬂgﬁnngﬁgﬁ.ﬁgef@f'td%eﬁ%ytlhﬁy@&@@@x@)xlde as the

roper oxi de PCT/ JP2003/016073 17 is used, the

r aﬁghh&&ghwﬂbgérbxaampomada itsse i1 pmrtys t&ags @Eroprecursor
This can be converted to a-nethyl styrene by
deliydsapirener.ca®ertnpeatydt Iﬂt)llcoihtqlr dife 3l useful as a
i ndustrially useful substance. Tert - aq%Pene roduced

0

bpreéﬁyapat odn mert hydy tt%ngﬁntié} HHRPT B EFRedSpgn octane

tert pentyl hydroperoxide as the organic
% 8 oxi de, is a useful substance as a precursor

i sop bLergI REMddtho 2! §i%éﬁeﬁ&ses%§f Wlpatyd

precursor net'hyl tert-penty t is an
Oﬁﬁrﬁ%pe%xﬁ@%ﬁtﬁ anl Sigdnfy  hpdcopetorbiai nsdubgful as a

using t-butyl
precursor of methyl tert-butyl ether which is an octane
booster.

Hydrogen peroxide can be listed as an example other
than organic hydroperoxides.

Hydrogen peroxide is a compound represented by the
chemical formula, HOOH, and can be obtained usually in the
form of an aqueous solution. It reacts with an olefin type
compound to produce an oxirane compound and water.

The organic hydroperoxide and hydrogen peroxide, which
are used as a raw material, may be a thin or dense purified
or non-purified material.

The epoxidation can be carried out in a liquid phase
by using a solvent and/or a diluent. The soivent and diluent
are a substance which are liquid under the pressure and
temperature under which the reaction is conducted, and should

be substantially inert against the reactants and products.

The solvent may be a substance existing in the hydroperoxide
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h§%?§88%%§ﬁﬁé as an organi ¢ hydroperoxide is useful as

a precursor of nethyl tert-butyl ether which is an

octane booster. 15 Hydrogen peroxide can be |isted as

an exanpl e other than organi c hydroperoxi des.

Hydr ogen peroxide is a conmpoundi8represented by the

chem cal formula, HOOH, and can be obtained usually in

the formof an aqueous solution. It reacts with an

okeflut ibypto 1) ugedRoURdrt @xanple c avleen aximeamechydroperoxide
conpound and water. The organi c hydroperoxi de and

hydr agemxperexpfecunhnehhydropgsexide andagumens wiiich is a

may be a thin or dense purified or non-gurified
nEeernater¥ad WrneUat iSoH & SHMBBEERT (RAUSEE 7R A Substitute

:TEE%%P% Fo ety SabertElty et e, sargehe
thar ea??\%ﬁ%pﬁggggﬁgﬁgtu%%?&gggtéﬁgﬁ%ﬁ%gg&ﬁ”ﬁf&m"dﬁtShzoo°c .

spkakarbivayl ¥roRehs BgaidFT .t heneeppédnhgeandy be a pressure
products. "The solvent may be a substance existing in

t Bachytr ape kedp & RCHekRA0N0R i 0T 3rd 81 squidi oisualBy, the
used. For exanpl e, when cunene hydroperoxide is a
npregsarel icumshantagapss ki feomnt0eukent0RAPckPRs a

raw materi al thereof, said cunene can be used _as
subst i t dfdex gompdetdany oft thrt FReKIEEhieral? y‘ajéﬂ’g’idn gixture

I . 5 Th i dat i : I
oot P AR TSRS gL 0 o
P E:%%%ﬂé’% %% PSS UnNRxtENAYEN 11 kEPAniPure can be

reacti mxtdre I1quid. Usually, the pressure is
a?\a&atfa@aow \a fgione e trie S0OQ0 kiRarifid#ticwnpheludas
0

the epoxidation, a liquid mxture 10 containin
d €siarced opradd ddits tddd alid cga s isleyl esddareneed riacdhon . £iltration,
washing and the like. The solvent, catalyst, non-reacted
propylene and non-reacted hydroperoxide can be used again by
recycling.

The reaction in which the catalyst of the present
invention is used, can be carried out in the form of a slurry
or a fixed bed, and, in the case of a large scale of industrial
operation, it is preferable to use a catalyst in the form of
a fixed bed. The present process can be carried out by a
batchwise method, semi-continuous method or continuous
method. When a solution containing a reactant is introduced
through a fixed bed, a liquid mixture obtained from the

reaction zone does not contain catalyst at all or contains

substantially no catalyst.

EXAMPLE

The present invention is illustrated by the following
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cg?gW¥£?mEgHBOS|tlon Next, the liquid m xture can be
purified by a suitable nethod. Purification includes
fractional distillation, selective extraction,
filtration, washing and the |ike. The sol vent,

catal yst, non-reacted 15 propyl2ne and non-reacted
hydr oper oxi de can be used again by recycling. The
reaction in which the catal yst of the present

i Bxenpiles.i s used, can be carried out in the formof a
slurry or a fixed bed, and, in the case of a large
sBxpmpde ilndustrial 20 operation, it is preferable to

use_a catalyst in the formof a fixed bed. The
pr BEPRAERLLROLaRARBLIYEL, POWIEH by a bat chwi se

Then o 4B dE iR fon Febte b bt 8 HE oduced
E Eg&%g@rc lft'r?ﬁ.%tglgﬁzea@mbhgﬁhdhfhfbﬂiﬁeﬁ@léé‘ﬁg sfd'lqmion were

action oes not ctontaln yst at al
Oktgered, Ne midd ¥R iloh N CRI 88 YpartEBYPkEighe of
present invention is illustrated by the foll ow ng
PEELTRACOPFr@PHAT7 Drithdbdarpiastse amkahl @ paPtspbyawedght of
of catalyst powder Wiile 125.1 parts by weight of 16
WRYDEoparede st pidgedh dropmise W&rﬁo%ﬁdé‘%q‘u’e‘e@?erﬂture
solution were stirred, a nm xed solftlon of

D RET gt TS L CopFGpTiote (Hot ] (RRAES BRAWEABBE OF
%rettsx’:g%pé lg ?)&'t%fo S %.i%r cf:%ag{%trewgﬁd%%d ﬁ%iig«g@%s %hteg'eaf ter,

enpera ure strrrin

”‘s%ﬂ&ﬁné@a& E@Hﬁnﬁ)ﬁd"‘@tgﬂgonﬁft éﬁ&fﬁi@tﬂﬂ' 3 hours, and

orthosili'cate were added dropw se. Thereafter,
thus obtained precipitate was filtered. The precipitate

obtained was dried at 70C under vacuum.

Preparation of molded body

Water was added to 10.0 parts by weight of a white solid
obtained by the drying, with a sprayer so that the water
content became 1.3 parts by weight, then mixed thoroughly.
The resultant was subjected to compression-molding with a
roll pressing machine. Thus obtained solid was pulverized,
then molded catélyst of 1.0 to 2.0 mm was obtalned using sieves.
Solid less than 1.0 mm was recycled to conduct compression-
molding again,

Extraction removal of template

Next, 150 g of the molded body obtained as described
above was packed in a glass column of an inside diameter of
20 mm¢ (sheath tube outside diameter; 6 mm¢ ) to height of
1 m, then, (1) 1500 ml of methanol under room temperature,
(2)a mixed solution of 3000 ml of methanol with 60 g of

concentrated hydrochloric acid(content: 36 % by weight), (2)
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S i'ng was continued at roomtenperature for 3

hours, and thus obtained precipitate was filtered.

The precipitate obtained was dried at 70" C under

vacuum Preparation of nol ded body 15 Water was added

to 10.0 parts by weight of a walte solid obtained by

the drying, with a sprayer so that the water content
becanme 1.3 parts by weight, then nmi xed thoroughly.

Theanixsd liguidwas bndceRthetdanodpwstsilord godticagoentrated
with a roll pressing machine. Thus obgcgiu ned_sol i d was
p@wmpbé@ri@oqunume@eaeé&ti@igymf 84, and (D) BGRA ml of

\r/\/agl%:obt allped usi ng Si evegl’gssﬁ%oqél d ﬁ?jhg’%&%‘ﬁo . vas bassed

nEgltPé’%%tdgg’S} &'ﬁ‘%ﬁ tj{ %&éks@ﬁl%{\leﬁﬁ 215&§gove was pa&ftcﬁ t

c f i Mei8§6i87 méPhanol in th
Cofpletida Yz The sf.%‘é"’%‘?%n‘%? LhEELG01A] ndlhanol in the

1 oL ulvte ras( Hraka¥y nfréh teé hbower updet themeof.

tenperature, (2)a m xed solution of 3000 m of

nmetSuebso 1 b £ o165 00 £) @ttreohi‘ent salwdnftydr ochl oric

acid(content: 36 % by wei 33 %e% PCT/ JP2003/ 016073
fo A

20 a ni @@sewrutbv ) 1200 anspenhempted oy 8T was
concentrat ed drochl Oh aC| under heaé L3 of, 45
a

aR@seef SEBoALYoF A B RESArn = BRoREg At qp LHSY

R R gy S e

Offotrhﬁhé'éwdéjtif@Ef@HQ»}aé 1 hber aﬁ'ﬁi UoMmivst&Eai Teéh, toluene

fromthe lower part thereof. Substitution of

exir atie @olamyends Siibsibnednfign 806€0lavenf pacituéhereof .
heated to 80t was passed upwardly through the col um
af terlykatidend, at an LHSV

After the substitution treatment described above, a

mixed solution of 40 g of hexamethyldisilazane and 600 g of
toluene was circulated through the column for 3 hours under
heating of 110C to carry out silylation. After removing the
ligquid, the molded catalyst was dried by f£lowing nitrogen at
a rate of 1500 ml/minute under heating of 120C for 3 hours.
The obtained molded catalyst had an average pore diameter of
35 A, a pore diameter of 5 to 200A in 96% of the total pore
volume and a specific pore volume of 0.79 cm’/g.

Synthesis of propylene oxide(PQO)

The molded catalyst obtained as described above was
evaluated with a batch reaction apparatus (autoclave) using
25 % of cumene hydroperoxide(CHPO) and propylene(C3'). The
catalyst of 1.0 g, 30.0 g of CHPO and 16.6 g of C3' were charged
in the autoclave to react them under autogenous pressure at

a reaction temperature of 85 T for a reaction time of 1.5
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JEFﬁﬂrzgﬁP1&¥% substitute nmethanol with tol uene. The
time required for the substitution was 1 hour and 40

m nutes. Then, toluene in the columm was drained from
the I ower part thereof. Silylation After the
substitution treatnent descri b2l above, a 15 nixed

sol ution of 40 g of hexanethyl disilazane and 600 g of
tol uene was circul ated through the colum for 3 hours
undars keatilndiah teARErtatwss maimingitimnel i orThenfregction
renoving the liquid, the nolded catal yst was dried by
fresihly Aist sbgen dn Tablg d-.of 1500 m/minute under
heating of 120°0 for 3 hours. 20 The obtai ned nol ded
cePRpPpEatANe EX2E8Wdfade pore dianeter of 35 A a pore

di f 5 200A J n 969 : I

ATt SatleRetpBaty ReSTiDR) AP ABNa RS, SOl Tce of
Py 8RY! El'i‘gm‘.%éh@%( FEQ)roUzE;g: i ash Xl @l vdy 0bbRtAeH1iA§ the
descri bed above was eval uated with "a batch

r eR¢theR 18RPabALes H AP RERME)inSiHg safe Snohinenmesein
hydr oper oxi de( CHPO) and propyl ene(C3'). The catal yst

oéxtrfctioldlrémgval dcFHREOmpictEcoE Bxamplis'l koréry the molded
charged in the autoclave to react them under
abpdyenous pressure at a reaction tenperature of 85

9C f tion tine of 1.5 PCT/JP2003/ 016073
nours. (RS BAPRGEPBHPERS: G5 FEY LAAJIAT fefioity Thereatter.

RSt h3ge s YU Ighe] 2006 Lne DORARAL | VR
: out o h . en 4.0 g of
Eggép?gﬂﬁeﬂf$$%%§%§Eeaqéglto not was ?Io§£§ﬁ§nce at a g
rghe pb1laea iy Wddricautie dtddyahat fieas®|dekibemd silylated
contalning the " extraction solvent obtained in the
safidefansatiag an 1e0%0 aot iingeroval of hempimetbydfsilazane
Exanple 1 to dry the nolded body.
and 40.0 g of toluene. After the liquid was separated by
decantation, the molded body was dried at 120C for 2 hours
under vacuum of 10 mmHg to obtain a molded catalyst.
The obtained molded catalyst was evaluated with a batch
reaction apparatus in the same manner as in Example 1. The

reaction result was shown in Table 1.

Table 1
Example 1 Comparative
Example 1
Treatment from extraction to | Substitution | Drying with

silylation with toluene | hot nitrogen

Required time for treatment |1 hour and 40 8 hours
minutes

Reaction result

CHPO conversion (%) 93.2 92.9

PO/C3' selectivity (%) *1 99.1 98.7
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TﬁgT?F%%m?ggﬁired for drying was 8 hours. Thereafter

10 the nol ded body was taken out fromthe colum, then

4.0 g of the nolded body was collected in a gl ass

flask and silylated wunder heating at 110 by using

2.7 g of hexanethylsilazane aB8 40.0 g of tol uene.

After the liquid was separated by decantation, the

nol ded body was dried at 1201 for 2 hours 15 under
vacuumpdf/ ) meHie ctto vdlityai=n (produded e0tmbydreathed Cz;' mol)
obt ai ned nol ded catal yst was evaluated wth a batch

r &dtliln apparatus in the same nmanner as in Exanple 1

The reaction result was shown in Table 1. Table 1

Exanpl e 1Conparative Exanple 1 Treatnent from

extr ctirgt Su iéut'o ying with silylationwth

t ' dtime for treatnentl hour

and 408 i Ctyi R [ ntion,
(993, 20 eRcF LHRUERET slpon iy Lo SERFESYAT Mibnt o
P@Ek&@?@&%ﬂ%ﬂ%ﬁ@hé@ an ePEl EBentepeobesit Yo producing a
(produced PO nol/reacted C3' nol) x 100 Industria

Appdl tiazaihin - don e iAsi g sdililkech akdde, catabysit which caa be used
present invention, there are provided an efficient
pEseseatsioprakiiai ming. fon aXAUm BePHiFgNS FPEBAUNd from

oxi de catal yst, which_can b ed
a hydropeggxide and an ofegin type compound and which can

exhibit high activity, and the catalyst obtained by the

process.
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for reaction obtaining, for exanple, an oxirane

conpound from a hydroperoxi de and an olefin type
compound and whi ch can 10 exhibit high activity, and
the catal yst obtained by the process.

PCT/ JP2003/ 016073 23 CLAI MB: 123 A process for
producing a titaniumcontaining silicon oxide

catal yst satisfying all of the followwng 5 conditions
(1) to (3); (1) an average Qe&IMIli aneter is 101 or
nore, (2) 90% or nore of the total pore volune has a
pore dianeter of 5 to 200A, and (3) a specific pore
volume iis 0.2 cnB/ g or

0_whi ch conprj ses_th
fol | owi rig f f'r BEOFS ot‘rPtr’EErPe&%%Ein?; & G ceptaining

of . L Ni [, t aj,ni C | yst

aiTaBhnsracR B ealaey A i Fhy (E1 S 4F] (RETROIEBng
SQYhE%tidnls YN Wy gedrce and a quaternary ammoni um

ion as a tenplate in a liquid state; 15 second step: a

step of (nomaH ngrdiyd emtat@idnovethes 504 bomarasd
inthe first step by solvent extraction; third step:

a step df2)sydst idmtmone toe the veotalspdréovoilpnwe has a pore
extraction which was cpntained in the solid after the

r dppgtest ofhé ttenA0R4e . @Pdh a sol vent which is

subst anti_al | 20 inert to a sjlylatin gent ,to_bhe

used in ( e%cﬁqe’tﬁ/ﬁ RS hvojs‘luﬁ%;lﬁng'?oﬁi"t‘f]gs?lépr?oﬁe'
step of tal ni Id what I ' R0 .
t he sol iwglq'ocﬁ goﬁ%ﬁsﬁé% )h‘:él%t %‘ig'rl %@#Fg% I%’Ib}g??tglr?% steps
25 2. The Ayt0GeeD 2 Stdp1o£t 0btlzaniny awgenad coftaining a

Sggiig;st component and a template by mixing and stirring a
silica source, a titanium source and a guaternary ammonium
ion as a template in a liquid state;

second step: a step of removing the template.from the
solid obtained in the first step by solvent extraction;

third step: a step of substituting the solvent used
for the extraction which was contained in the solid after the
removal of the template, with a solvent whichis substantial'ly
inert to a silylating agent to be used in the following fourth
step; and

fourth step; a step of obtaining a silylated catalyst
by subjecting thé solid obtained in the third step to
silylation.

2. The process according to claim 1, wherein the solvent
for substitution used in the third step is the same as the
solvent for silylation used in the fourth step.

3. The process according to claim 1 or 2, wherein the

template used in the first step is a quaternary ammonium ion
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FISFEEREOI%R i on used in the third step is the sane as
the solvent for silylation used in the fourth step.

3. The process according to claim1 or 2, wherein the
tenplate used in the first step is a quaternary

anmmoni um i on PCT/ JP2003/ 016073244 represented by the
follow ng general fornmula (I) is used as a tenplate
and then the tenplate is renoved [ NRRZRBR]' M ,
whep eé BenBedrepridse el owing gerngrak divotmla (I) is used as
hydr ocar bon group 5 having 2 to 36 carbon atons, and
R2 templlatepandetihean thiekFempdadifp HaviaRPedo 6
carbon atons, .4, The process) according to any one of
claims INRRR R §herein tHd)process further conprises

t f | di th I i.nj
coipthihe Freenreants ddentetolh Btihdd Bysstarton sroup
Cllxg'lrﬁﬁ 12t“90é’:6 SIS Rddie SAnERE {@Re¥xbpeeiskdt b alkyl
an-areghol -0 6° five process according to claimb5,

W§868h"hhbendl 0kel 6 icarmihat@ns.7. The process
according to any one of clains 1 to 6, 15 wherein the

sol vent 4f orheupsbcesti accosdangytooary bore & cllaims 1 to 3,
process according to claim7, wherein the hydrocarhgn
i wheoednnthe Process Furrhedmempreesia isiGP @f melding the
catal yst obtained by theaﬁ.r cess according to any one

ofolidi Aentalyingy te f@t Y%rtpc%cg%p‘?lb‘?n?ﬁ oduci ng an
o oA Rr e aPSTERGEES SRS I A 1 o <.
thferaidl Yok 961¢eMtMdr extraction is an alcohol.

6. The process according to claim 5, wherein the alcohol
is methanol.

7. The process according to any one of claims 1 to 6,
wherein the solvent for substitution is a hydrocarbon.

8. The process according to claim 7, wherein the
hydrocarbon is toluene.

9. A titanium-containing silicon oxide catalyst
obtained by the process according to any one of claims 1 to
8.

10. A process for producing an oxirane compound, which

comprises reacting an olefin type compound with a

hydroperoxide in the presence of the catalyst of claim 9.



