A PROCESS FOR PRODUCI NG PROPYL Af{gROU D OF TH NI he) d
of the l.nvention The present mqmﬁaép tds t ﬁ)a procgsemﬁr %@?ng
propylene oxide. Mure particularly, the present invention relates to a
process for produci ng propyl ene oxide by reacting propylene with

et hyl benzene hydroperoxide in high yield hnd high selectivity. Description

of the Related Art It is known that propylene oxide can be produced by
reacting propylene with ethyl benzene hydroperoxi de. For exanple, USP

4367342 di scl oses a process for producing propyl ene .oxide 1 n the presence
of a titaniumcontaining silicon oxide catalyst.'Fbmezﬁp/égnventjonal

met hods are nct BRAGED? &R PRABIGING FROBYLENE &F¥dRTFound in high yield and
hi gh selectivity. SUMMARY OF THE | NVENTI ON Under these circunstances, the
present inventors have studied intensively for a process for producing
propyl ene oxide in high yield and high selectivity, and have found that
propyl ene oxi CRAGKHERYEND) QI RFEY INVENRAPN/i el d and high selectivity in the
presence of a titaniumcontaining silicon

Field of the Invention
The present invention relates to a érocess for
producing propylene oxide. More particularly, the present'
invention relates to a process for producing propylene oxide
- by reacting propylene with ethylbenzene hydroperoxide in

high yield and high selectivity.

Description of the Related Art

It is known that propylene oxide can be produced by
reacting propylene with ethylbenzene hydroperoxide. For
example, USP 4367342 discloses a process for producing:
propylene oxide in the presence of a titanium-containing
silicon oxide catalyst. However conventional methods are
not suitable for producing a oxiran coﬁpound in high yield

and high selectivity. : -

SUMMARY OF THE INVENTION
~ Under these circumstances, the present inventors have
studied intensively for a process for producing propylene

oxide in high yield and high selectivity, and have found that
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oxi de gatalyst. Nanely, the present invention relates to a process for
produci ng propyl ene oxi de by reacting propyl ene with ethyl benzene

hydr operoxi de in the presence of a titaniumcontaining silicon oxide

catal yst satisfying all of thefollowi ng conditions (1) to (4): (1): an
average pore size of 10A or nore,. (2): a2pore size of 90% or nore of the
total pore volunme of 5 to 200A, (3): a specific pore volunme of 0.2
cnferr]/g or nore, and (4): a quarternary anmoniumion represented by the
fol l ow ng general fornula (I) is used as a tenprate and then said tenplate
I's renoved by a sol vent extraction operation;

[ NR[ err] R err] RbeopyBEeer bkiider tan be ptbﬁumﬁérennh1§@ey1¢lde@n@sbngh a
l'i near or branched hydrocarbon chain having 2 to 36 carbon atons, and
Rlerr] to R err§eleptiavéty iamthe b_:y:lesgncapoflavﬁi@mium-@mimﬁmgasmhcon
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The catal yst used in the
present inventioride agatal@byst conprising a titaniumcontaining silicon
oxi de satisfying all of the followi ng conditions (1) to (4). The object of
- 3- _ Namely, the present invention relates to a process for
producihg propylene oxide by reacting propylene with
ethylbenzene hydroperoxide in the presence of a
titanium-containing silicon oxide catalyst satisfying all
of the following conditions (1) to (4):
(1): an average pore size of 10A or more,
| (2): a pore size of 90% or more of the total pore volume
of 5 to 2004,
(3): a specific pore volume of 0.2 cm*/g or more, and
(4): a quarternary ammonium ion represented by the
following general formula (I) is used as a template and then
said template is removed by a solvent extraction opei;ation;
[NR'R*’R’R*]* (1)
wherein, R' represents a linear or branched hydrocarbon chain

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

group having 1 to 6 carbon atoms.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The catalyst used in the present invention is a catalyst
comprising a titanium-containing silicon oxide satisfying

all of the following conditions (1) to (4). The object of



-

the present invention is to produce propyl ene oxide by reacting propyl ene
wi t h et hyl benzene hydroperoxide in high yield and high selectivity. The

obj ect of the present invention can be fully acconplished by using said
catalyst. The condition (1) is that an average pore size of the catalyst is
10A or nore. The condition (2) is that a38pore size of 90%--or nore of the
total pore volune of the catalyst is 5 to 200A. The condition (3) is that a
specific pore volunme of the catalyst is 0.2 cniferr]/g or nore.
Thespeci fi cporevol uneneans pore volunme per 1 g of the catalyst.
Measurenments of these conditions (1) to (3) can be conducted by known

net hods such ashe pEeAe IGYSRTIONo A Snith BFAdIGRy PFRPYS edgc RXadenblr ogen,
argon and the like. The condition (4) is that the catal yst is _obtained by
‘usi ng a quart eraRASLINGBAPBLESR Yih efdlhensenaBYEEPPEEPH§dg ke hdigh
formula (1) as a tenplate and then renoving the tenplate bX a sol vent
extraction opervitglsh;anqd\iial |selactyimidy-] REBer pppeft] of thepregpptein,

Rlerr] represents a |inear or branched hydrocarbon chain having 2 to 36

carbon atons, aMVegtEkan cas e Gulilyr apreBrhisBRAAKE1IG80ILASRARSYEL-0 6

carbon atons. The condition (4) will be illustrated in detail_in a nethod

for producing said @aghppggi ion {1) is that an average pore size of the
cétalyst is 10A or more.

The condition (2) is that a pore siie of 90% or more
of the total pore volume of the catalyst is 5 to 200A.

The condition (3) is that a specific pore volume of the
catalyst is 0.2 cm’/gormore. The specific pore volume means
pofe volume per.l g of the catalyst.

Measurements of these conditions (1) to (3) can be
conducted by known methods such as a physical absorption
method.using gases such as nitrogen, argon and the like.

The condition (4) is that the catalyst is obtained by
.using a quartetnary ammonium ion represented by the
following géneral formula (I) as a template and then removing
the template by a solvent extraction operation;

[NR'R’R’R*]* (1)
wherein, R' represents a linear or branched hydrocarbon chain
having 2 to 36 carbon atoms, and R’ to R' represent an alkyl
group having 1 to 6 carbon atoms.

The condition (4) will be illustrated in detail in a method

for producing said catalyst.



-4- A catalyst of the present invention preferably has at | east one peak
showi ng an interplanar spacing (d) of larger than 18A, or no peak show ng
an interplanar spacing (d) in a X-ray diffraction (XRD). The peak show ng
an interplanar spacing (d) as herein referred to neans a peak derived from
the crystallinity and the regularity of -#solid, and a broad peak derived
from an anor phous part nay exist. Wen, a peak show ng an interplanar
spacing (d) of larger than 18A exists in a X-ray diffraction, it is
preferable that this peak is a part of a peak group .show ng the structure
of a hexagonal system The catal yst of the present _invention preferably has
an absorption peak Ancahelysh@f dheopyessentpjryenptionpreiefahkedas at
absorption spectrum This peak is considered to correspond to a titanium

i ntroduced i nt €a35%i PRe PedicFEOVANI IR IAEeARIANIF SPRELPAE@N1OF AREAEKON
can be produced by the follow ng method conprising the follow ng steps. The
first step: A shep i8Awiozhna peak shostimocen interphpnar stpacngi{d)ain
quarternary ammoniumion as a tenplate are mxing and stirring in_a solvent
to obtain a soRi ¥ EWtHiLfinFtdona{ 3Rt T EsaKt SRAYLRGAR dRpRAPANTKe

second step: A step in which a catalyst is_obtained .
spacing (d) as herein referred to means a peak derived from

the crystallinity and the regularity of a solid, and a broad
peak derived from an amorphous part may exist. When, a peak
showing an.interplanar spacing (d) of larger than 18A .exists
in a X-ray diffraction, it is preferable that this peak is
a part of a peak group showing the structure of a hexagonal

system.

The catalyst of the present invention preferably has .
an absorption peak in the rangeof 960 * 5cm™ in the infrared
absorption spectrum. This peak is considered to correspond

to a titanium introduced into a silica skeleton.

The catalyst of the present invention can be produced
by the following method comprising the following steps.
| The first step; A step in which a silica source, a
titanium source and a quarternary ammonium ion as a template
-are mixing and stirring in a solvent to obtain a solid
containing a catalyst component and the template.

The second step: A step inwhich a catalyst is obtained



-5- by extracting the obtained solid in a solvent to renove the tenplate.
The first step is a step in which a silica source, a titaniumsource and a
quarternary anmoniumion as a tenplate are mxing and stirring in a solvent
to obtain a solid containing a catal yst conponent and the tenplate. Wen a
reagent to be used is solid, it may be us&d- by dissolving in a solvent, or
di spersing in a solvent. Exanples of the silica source include anorphous
silica and al koxysilane such as tetranmethyl orthosilicate, tetraethyl
orthosilicate, tetrapropyl orthosilicate and the |ike. Exanples of the
titanium source include titanium al koxi des such as tetranethyl titanate,
tetraet hyl titbhyatxetractimprtheybbtainedtsglidtimassplopyt o ramave, the
tetrabutyl titanate, tetraisobutyl titanate, tetra-2- ethyl hexyl titanate,
tetraoct adecyl tempdabee, and titanium (1V) oxyacetyl acetonate, titani um
(1'V) diisopropoxybisacetyl acetonate and the like, and titanium halides
such as tltanlun1tetrachlor|de titaniumtetrabrom de, titaniumtetraiodi de
and the |ike.
The first step is a step in which a silica source, a

titanium source and a quarternary ammonium ion as a template

are mixing and stirring in a solvent to obtain a solid

‘containing a catalyst component and the template. When a

reagent to be used is solid, it may be used by dissolving

" in a solvent, or dispersing in a solvent.

Examples of the silica source include amorphous silica
and alkoxysilane such as tetramethyl orthosilicate,
tetraethyl orthosilicate, tetrapropyl orthosilicate and the

like.

Examples of the titanium source include titanium
alkoxides such as’ tetramethyl titanate, tetraethyl
titénate, tetrapropyl titanate, tetraisopropyl titanate,
tetrabutyl titanate, tetraisobutyl titanate, tetra-2- -
ethylhexyl titanate, tetraoctadecyl titanate, and titanium i
(IV) oxyacetylacetonate, titanium (IV)
diisopropoxybisacetyl acetonate and the like, and‘titanium
halides such as titanium tetrachloride, titanium

tetrabromide, titanium tetraiodide and the like.



"As a tenplate, a quarternary ammoni umion represented by the foll ow ng
general fornmula (1) is used. [NRerr]Rerr]Rerr]Rerr]][err] (n
(wherein, R represents a linear or branched hydrocarbon chain having 2 to
36 cairbon atons, and Rerr] to R err] represent an alkyl group having 1 to
6 carbon atons). Rerr] represents a | i ne&r or branched hydr ocar bon chain
having 2 to 36 carbon atons, preferably 10 to 18 carbon atons. R2 to R4
represent an al kyl group having 1 to 6 carbon atons, and preferably each of
Rlerr] to Rlerr] is a nethyl group. Specific exanples of the quarternary
ammoni um i on represented by the general fornula (1) include cations such as
hexadecyl t ri nmet hyl ammoni um dodecyl tri nmet hyl anmoni um -
benzyl tri met hyl ammoni um di net hyl di dodecyl anmoni um hexadecyl pyri di ni um
and the like. Exanphes $emplateel aemaxttrinary samenlymdiancetpresenteds
met hanol , ethanol, n-propanol, 2-propanol, n-butanol, sec-butanol,
t-butanol, vingy Bheofellowlnrylgenewhbl fooyeldhekhnt$ usrthzyl al cohol and
the like, and diols, OJzaiqffture thereof, and the |ike. A suitable m xing
ratio of a solvent [BR&RIRA source (I)
(wherein, R' represents a linear or branched hydrocarbon
chain having 2 to 36 carbon atoms, and R® to R' represent
an alkyl group having 1 to 6 carbon atoms).
R' represents a linear or branched hydrocarbon chain
* having 2 to 36 carbon atoms, preferably 10 to 18 carbon atoms.
R’ to R represent an alkyl group having 1 to 6 carbon
atoms, and preferably each of R? to R' is a methyl group.
Specific examples of the quarternary ammonium ion
represented by the general formula (I) include cations such
as héxadecyltrimethylammonium, dodecyltrimethylammonium,
benzyltrimethylammonium, dimethyldidodecylammonium,

hexadecylpyridinium, and the like.

Exampleé of the solvent include water and alcohol such
as methanol, ethanol, n-propanol, 2-propanol, n-butanol, .
sec-butanol, t-butanol, vinyl alcohol, allyl aléohol,
cyciohexanol, benzyl alcohol and the like, and diols, or a

mixture thereof, and the like.

A suitable mixing ratio of a solvent to silica source



varies according to a kind of silica source to be used. Wen using al koxy
silane and diluting it by using an al cohol having the same or sinilar
property as an al koxide |igand, a catal yst having no peak show ng an

i nt er-pl anar spacing (d) in X-ray diffraction can be obtained. The anount
used of the titaniumsource based on th&-silica source is preferably from
10[err] to 1, nore preferably from0.00008to 0.4 in terns of nolar ratio.
The amount used of the quarternary ammoni umion based on the total anount
of silica source and titaniumsource is preferably. from10[err] to 2 in
terms of nolar ratio. For pronoting the reaction of the silica source and
t he titani unvapiesegacadrdingtefekibdeof siliparsowt&altionbe pwsed .acWheny to
the m xed solution. As the alkali source, quarternary anmoni um hydroxi des
are pref er abhsingredlmxanpikane hadabflutnioigide dyeus angamyd eotonl bavhpdr oxi de,
t et raet hyl ammoni um hydr oxi de, tetrapropyl ammoni um hydroxi de and the |ike.
Exanpl es of the szmialor sdmideri propmrtiyxascirdslkoxhdead igpadechtatatyati d,
sul furic acid, nitric acid and the like, and organic acids such as formc
aci d, acetichavidg pogmalnishoating andintherplarar spacing (d) in X-ray

‘diffraction can be obtained.

The émognt used of the titanium source based on the
silica source is preferably from 10~ to 1, more preferably
from 0. 00008 to 0.4 in terms of molar ratio. The amount used
of the quérternary ammonium ion based on the total amount
of silica source and titanium source is preferably from 107

to 2 in terms of molar ratio.

For promoting the reaction of the silica source and the
titanium source, it is preferable to impart alkalinity or
aéidity to the mixed solution. As the alkali source,
quarternary ammonium hydroxides are preferablé, and

examples thereof include tetramethylammonium hydroxide,

{

tetraethylammonium hydroxide, tetrapropylammonium
hydroxide and the like. Examples of the acid include
iﬁorganic acids such as hydrochloric acid, sulfuric acid,
nitric acid and thellike, and organic acids such as formic

acid, acetic acid; propionic acid and the like.



-8- The mxing and stirring tenperature is usually from-30 to 100[err]C.
Solidis formed by mxing and stirring, -and the solid may be aged for
further growth thereof. The aging time is usually 180 hours or |ess, and
aging- tenperature is usually fromO to 200[err]C. Wen heating is required
in aging, it is preferable that the nmixt&re is transferred into a pressure
vessel and heating is conducted in a closed pressure vessel for avoiding
vapori zation of the solvent. The second step is a step in which a catal yst
I s obtained by extracting the obtained solid in a solvent to renove the
tenplate. A technique extracting a tenplate in a solvent

; ; IS _reported_hy

Wi tehurst et al. (38& msping 23878510y Rg ﬁ@ﬁrpeaééanenl%%ﬁﬁa&lwgﬁr%yw
include a solvent which can dissolve a conpound used as the tenplate. Oxa
and/ or oxo sub#pi 100&d. hidldshdSofiormadi hy Bixboa amrEtbFring o amsothel12 in
the liquid state_at. roomtenperature are usually used as a sol vent. .
Sui t abl e exanpFedigimay be agrd ERECUReheR grawsshthereqkt ofde 294 M€ and
cyclic) ethers, esters., Exanples thereof include a hydrocarbon substituted
by hydroxyl gr dfpSRrh- B4 BRHHFPY LlesKandnd agiRgI ERPYI3dbIe 1 NsHRA dde
gl ycol, i1sopropanol, n-butanol' or octanol, a : .

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

preferable that the mixture is transferred into a pressure

vessel and heating is conducted in a closed pressure vessel

for avoiding vaporization of the solvent.

The second step is a step in which a catalyst is obtained
by extréctihg the obtained solid in a solvent to remove the
template.

A technique extracting a templaté in a solvent is
reported by Whitehurst et al. (see USP 5143879)

A solvent us ed in extraction may include a solvent whic_:h
can dissolve a compound used as the template. Oxa and/or
oxo substituted hydrocarbons having carbon atoms of 1 to
about 12 in the liquid state at room temperature are usually
used as a solvent. Suitable examples of such solvents
include slcohols; ketones, (acyclic and cyclic) ethers,
esters.

Exaimples thereof inc'lude a hydrocarbon substituted by
hydroxyl group such as methanol, ethanol, ethylene glycol}

propylene glycol, isopropanol, n-butanol or octanol, a



-9- hydrocarbon substituted by oxo group such as acetone, diethyl ketone,
nmet hyl et hyl ketone or nethyl . isobutyl ketone, an ether of a hydrocarbon
such as diisobutyl ether or tetrahydrofuran, an ester of a hydrocarbon such
as nmethyl acetate, ethyl acetate, butyl acetate or butyl propionate, and
the Iike. The weight ratio of the solve®&-to the catalyst is usually from1l
to 1000, preferably from 10 to 300. For inproving efficiency of the
extraction, acids or salts thereof may be added to these sol vents. Exanples
of acids used i nclude inorganic acids such as hydrochloric acid, sulfuric
acid, nitric acid, bromic acid and the like, organic acids such as formc
aci d. acetic BEFEOCAFBEN oPmlsbitwtes DY HeXP | FEOUREHER &S ACSEHPRS! t her eof
i nclude alkali metal salt, alkaline earth netal salt, ampnjum salt and the
like. The condéathylikatene acrethpl &byl Kﬁ%@%%f°¥cm%ﬁh¥%kkﬁpb%¢¥%eferably
10 nol /1 or less, further preferably 1 nol/l or |ess. Wen_ t
concent r at | onk8EORET RR Gthen Fh‘éY‘éTf'ﬁc%’éb% Sffe@si gl%ﬁBbHFQ'FI ethexrl ytic

activity may be | owered by eluting titaniumin the catalyst
.7 or tetrahydrofuran, an ester of a hydrocarbon such as methyl

acetate, ethyl acetate, butyl acetate or butyl propionate,
and the like.
The weight ratio of the solvent to the catalyst is

usually from 1 to 1000, preferably from 10 to 300.

For improving efficiency of the extraction, acids or
salts thereof may be added to these solvents.

Examples of acids used include inorganic acids such as
hydrochlorié acid, sulfuric écid, nitric acid, bromic acid
and 'l_:he like, organic acids such as formic acid, acetic acid,
propionic acid and the like. Examples of salts thereof
include alkali metal salt, alkaline earth metal salt,
ammonium salt and the like.

The concentr'ation of acids or salts thereof to be added
is preferably 10 mol/l or less, further preferablj 1 mol/1
or-less._ When the concentration of acids or salts thereof
fo be added is too high, catalytic activity may be lowered

by eluting titanium in the catalyst.

A catalyst having no.peak showing interplanar spacing



A catal yst having no peak show ng interplanar spacing -10- (d) in X-ray
diffraction can be obtained, when the weight ratio of water in a solvent to
a catalyst is 0.8 or nore. The weight ratio is varied depending on a
extraction tenperature or acid content. After fully mxing a catalyst with
a solvent, a liquid portion is separat e'd"By filtration, decantation and the
| ike. This operation is repeated required tinmes. The catal yst can be

obtai ned by extracting the catalyst |layer with a solvent for washing. The
term nation of washing can be known by analyzing the liquid portion. The
extraction tenperature is preferably O to 200[err]C- further preferably 20
to 100[ err] C. (BisiBad-BRYudiR§rantiaBosr et PRrRENeD VD T8 Medhdn can
be conducted by usi nctl a super critical fluid. As a super critical

f1ui d, carbon &R&SPAELi Wasesr dpapl 8°LVEBRtCEP  cGRtakyplerds U} H AT ®QTFon

di oxi de is about 31[err]C or, nmore. Therefore, the extraction tenperature is
preferably 31The Ve3E&L Fetioydshdardess depanding of oEF RSt ¥PRe criti cal
pressure of carbon dioxide is about 7.4 MPa, so the extraction pressure is
preferably 10te8PsFapmpze PRe agHuFOr e uper critical carbon di oxi de used

for extraction is referableO,tp 500 . _ L.
fter fully mixing a catalyst with a solvent, a liquid

portion is separated by filtration, decantation and the like.
This operation is repeated required times. The catalyst
can be obtained by extracting the catalyst layer with a
solvent for washing. The termination of washing can be known
by analyzing the liguid portion. The extraction temperature
is preferably 0 to 200°C, further preferably 20 to 100°C.
| Instead of using the above—mentibned solvent,

extraction can be conducted by using a super critical fluid.
As a super critical fluid, carbon dioxide is preferable. The
critical .temperature of carbén aioxide is about 31°C or more.
Therefore, the extraction temperature is p;eferably 31 to
100°C, further preferably 35 to 60°C. The critical pressure
of carbon dioxide is about 7.4 MPa, so the extraction pressure
is preferably 10 to 30 MPa. The amount of super critical
carbon dioxide used for extraction is preferably 50 to 500
g/min. per 1 liter of catalyst. The extraction time is
preferably 4 to 20 hours.

The resulted solid after extraction may be dried.

Drying is conducted preferably at a temperature of 10 to 800°C,



g/mn. per 1 liter of catalyst. The extraction tinme is preferably 4 to 20
hours. The resulted solid after extraction may be dried. Drying is
conducted preferably at a tenperature of 10 to 800[err]C, further
preferably 50 to 300[err] C under an atnosphere of non-reduci ng gas such as
ni trogen, argon, carbon dioxide, or oxygen-containing gas such as air. In
order to obtain a catalyst of the present invention, it is preferable that
the followng third step is conducted followed by the above-nentioned first
step and second step. The third step: A step irn which a silylation treated
catalyst is obtained by a silylation treatnment- of the catal yst obtained in

the second %h@i@nefh?ré‘féthalyosottsabtmfa drfdess W latmorpthesiee Oy
contacting the catalyst obtained in the second step with a silylation

agent, and aeaweetiuedng Hy8roxyh ¥ Alitwgeai, aggon,t barbunf aiexsnéet he
catalyst into a silyl group. Exanples of the silylation agent include an

organi c sil arepxggenrgontainihyl gaknguchnasrgapic silylam de and
derivatives thereof, and-an organic silazane and other silylation agents.
Exanpl es of the organic silane include _

In order to obtain a catalyst of the present invention,
it is preferable that the followiné third step is conducted
followed by the abdve-—mentioned first step and second step.

The third step: A step in which a silylation treated

- catalyst is obtained by a silylation treatment of the
catalyst obtained in the second step. The silylation
treatment is usuaily conducted by-contacting-the catalyst
obtained in the second step with a silylation agent, and

converting a hydroxyl.group existing on the surface of the

catalyst into a silyl group.

Examples of the silylation agent include an organic
silane, an organic silylamine, an organic silylamide and
" derivatives thereof, and an organic silazane and other

silylation agents.

{

Examples of the organic silane include
chrolotrimethylsilane, dichlorodimethylsilane,
chlorobromodimethylsilane, nitrotrimethylsilane,

chlorotriethylsilane, iododimethylbutylsilane,



chrol otrinethyl silane, dichlorodinethylsilane, chlorobronodinethylsilane,

nitrotrimethylsilane, chlorotriethylsilane, iododinethylbutylsilane,

-12- chl or odi et hyl phenyl si | ane, di chl orodi net hyl si | ane,

di met hyl - n- propyl chl orosi | ane, di met hyl i sopropyl chl orosil ane, t-

but yl di et hyl chl orosi |l ane, tripropyl chkdidsil ane,

di met hyl octyl chl orosil ane, tributylchlorosilane, trihexylchlorosil ane,

di mretyl et hyl chl or osi | ane, di net hyl oct adecyl chl orosi |l ane, n-

but yl di met hyl chl or osi | ane, brononet hyl di net hyl chl or.osi | ane,

chl or onet hyl di net hyl chl orosi | ane, 3- chl oropropyl di nmet hyl chl orosi | ane,

di met hoxynet hghtdtodmetEykphehyis ildpdendicihl orodihebhylsilane,

tri et hoxychl orosil ane, di net hyl phenyl chl orosil ane,

nethylphenylvdnméth?b+mspt®p¥ickmaugdIﬂanehylchlor03|Iane

di phenyl di chl orosi | ane, di phenyl net hyl chl or osi | ane,

dlphenyIV|nyIdhmetbgliampropyl¢h%am¢siﬂames|tane 3-

cyanopr opyl di met hyl chl or osi'l ane.
butyldimethylchlorosilane, tripropylchlorosilane,
dimethyloctylchlorosilane, tributylchlorosilane,
trihexylchlorosiléne, dimetylethylchlorosilane,
diﬁethyloctadecylchlorosilane, n-
butyldimethylchlorosilane,

* bromomethyldimethylchlorosilane,
chloromethyldimethylchlorosilane, 3-
chloropropyldimethylchlorosilane,
diméthoxymethylchlorosilane, dimethylphenylchlorosilane,
tr1ethoxychlorosxlane, dimethylphenylchlorosilane,
methylphenylVLnylchlorosLlane,
benzyldimethylchlorosilane, diphenyldichlorosilane,
diphenylmethylchlgrosilane, diphenylvinylchlorosilane,
tribenzylchlorosilane, 3-

cyanopropyldimethylchlorosilane.

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

N—trimethylsilyldimethylamine, N-



Exanpl es of the organic silylamne include N- trinethylsilylimdazole,
N-t-butyldinmethylsilylimdazole, N-dinethylethylsilylimdazole,
N-di met hyl -n- propylsilylimdazole, N-dinmethylisopropylsilylimdazole,
N-trinmethyl silyldinmethylamne, N -13- trinethylsilyldiethylam ne,
N-trinethylsilylpyrrole, N trinmethylsilBy pyrrolidine,
N-trimethylsilyl pi peridine, 1-cyanoethyl (diethylam no)di net hyl sil ane,

pent af | uor ophenyl di et hyl si | yl am ne. Exanpl es of the organic silylam de and
derivatives include N, O bistrinethylsilylacetam de, N, O
bistrinmethylsilyltrifluoroacetam de, N trinethylsilylacetam de,

N-ret hyl - N- trimethylsilyldiethydamine| nét+trimethylsilylpyrrole, N-
trimethylsilyltrifluoroacetamde, N nethyl-N -
trimet hyl si | yrhmethyladipbpyyrohidine N-N+trimethylsilylpiperidine,

butyl di nethylsilyl)-N-trifluoroacetam de, N, O

bi s(di et hyl hydepanpethyl i diebhpharine) dnetxphpilanaf the organic sil.azane
i ncl ude hexanet hyl di si |l azane, hept anet hyl di silazane, 1,1, 3, 3-

t et r amet hyl dpéntagineroph@nyldimethylsilylamine.

Examples of the orgahic silylamide and derivatives
include N,O0-bistrimethylsilylacetamide, N,O- |
bistrimethylsilylﬁrifluoroacetamide, N-

- trimethylsilylacetamide, N-methyl-N-
trimethylsilylacetamide, N-metyl-N-
trimethylsilyltrifluoroacetamide, N-methyl-N-
trimethylsilylheptafluorobutylamide, N-(t-
butyldimethylsilyl)-N-trifluoroacetamide, N,0O-

bis(diethylhydrosilyl)trifluoroacetamide.

Examples of the organic silazane include
hexamethyldisilazane, heptamethyldisilazane, 1,1,3,3~
tetramethyldisilazane, 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,O0-bistrimethylsilyltrifluoroacetamide, N-



bi s(chl oronet hyl )tetramet hyl di sil azane, 1, 3-di vinyl -
1,1,3,3-teteranet hyl di sil azane, 1, 3- dlphenyltetranethyld|3|Iazane
Exanpl es of the other silylation agent include N

met hoxy- N, O-bistrinethylsilyltrifluoroacetam de, N . - 14-

met hoxy- N, O-bi strimethylsilyl carbamateél4 N, O bistrinmethylsilyl sulfamate,
trimethylsilyltrifluoronethane sulfonate, N,N - bistrinmethylsilylurea. The
preferable silylation agent is hexanethyl disilazane. A catalyst of the
present invention can be used in any physical formof, for exanple, a
powder, a fl ake, spherical particle, ellet and the lLike. A catalyst of
t he present |ﬂ@éﬁpﬁaan§‘§&§F55m9t§¥é§lﬂU §apPaaateiroN /8 propyl ene oxi de
by reacting propyl ene with ethyl benzene hydroperoxide. Hydroxyl conpound
obt ai ned by r bAStrigeshasEdiieulAPMASEer oxi de i s 1-phenyl ethanol, and
this can be converted_to_styrene, Wich is an |ndustr|all§ usef ul

subst ance. Etﬁ?ﬂ@ﬁéﬁ?&ﬁé1H9GF6§&P6%Pﬂ€tﬂﬁP@h5P§f9§éﬁeas aN'aw material may

be a thin or dense purified, or a non urifie
bistrimethylsilylurea. e preferable silylation agent is

hexamethyldisilazane.

A catalyst of the present invention can be used in any
physical formof, for example, a powder, a flake, a spherical

particle, a pellet and the like.

A catalyst of the present invention is suitably used
for a production of propylene oxide by reacting propylene
with ethylbenzene hydroperoxide. Hydroxyl compound
obtained by reacting ethylbenzene hydroperoxide is l-phenyl
ethanol, and this can be converted to styrene, Which is an

industrially useful substance.

Ethylebenzene hydroperoxide which is used as a raw
material may be a thin or dense purified, or a non-purified

substance.

The epoxidation reaction can be conducted by contacting
propylene and ethylbenzene hydroperoxide with a catalyst.

The epoxidation reaction may also be carried out in a liquid



substance. The epoxidation reaction can be conducted by contacting
propyl ene and et hyl benzene hydroperoxide with a catal yst. The epoxi dation
reaction may also be carried out in a‘'liquid -15- phase by using a
solvent and/or a diluent. This solvent and diluent are preferably a
substance which are liquid under the-prgssure and tenperature when the
reaction is conducted, and substantially inactive against the reactants and
t he product. The solvent nmay be a substance existing in the hydroperoxide
sol ution. For exanple, when ethyl ebenzene hydroperoxi de (EBHP) conprises a
m xture of EBHP and et hyl benzene which is a raw material thereof, said EBHP
can be used pimase bybssitgtaesbdvehhambiorentdiltdobt Shdsi $otwehy addi ng a
solvent. The reaction tenperature of the epoxidation is usually fromO to
200[ ert] C, piefwmnblard porefZrably?2@0pabst&ncéhehiehcarenl joywesd mreldrs
preferably from 100 to 10000 kPa. A liquid m xture containing desired
product is eadse pyesspzexmi tbnperatozbarhyesi thenmpzstticomiafdardwttest,m nati on
of the epoxidation reaction.” Then the liquid mxture is purified by a
sui t abl e netdrodl subsitrre inldesi irettpirvapdgaimst the reactants and the
product. The solvent may be a substance existing in the
hydroperoxide solution. For example, when éthylebenzene
hydroperoxide (EBHP) comprises a mixture of EBHP and
ethylbenzene which is a raw material thereof, said EBHP can
be used as a substitute foi:_ the solvent without specifically

adding a solvent.

The reaction temperature of the epoxidation is usually

from 0 to 200°C, preferably from 25 to 200°C. The reaction

| pressure is preferably from 100 to 10000 kpPa. .

A liquid mixture containing desired product is easily
separated'from a catalyst composition after a termination
of the epoxidation reaction. Then the liquid mixture is
purified by a suitable method to obtain desired propylene .
oxide. -Purification includes fractional distillation, i
fractional extraction, filtration, washing and the like.
The solvent, the catalyst, non-reacted propylene and

non-reacted hydroperoxide can be used again by recycling.

The process of the present invention can be advantageously



oxide. Purification includes fractional distillation, fractional
extraction, filtration, washing and the |Iike. The solvent, the catalyst,
non-react ed propyl ene and non-reacted hydroperoxi de can be used agai n by
recycling. The process of the present invention can be advantageously
-16- carried out by using a catalyst +A6the formof a slurry or a fixed
bed. In the case of a |arge scale of industrial operation, it is preferable
to use a catalyst in the formof a fixed bed. The process of the present
i nvention can be carried out by a batchw se nethod, a sem -conti nuous _
met hod or a continuous nethod. Wen a solution containing a reactant is
i ntroduced tdaonied odt bgydukdng a tatalygst kb utke divtrai wdd af sdurrgaeti on
sol ution does not contain catalyst at all or contain substantially no
catal yst. Prapfirzxed bedde Inarchee case afi ed Yargm saqadestafi dindpstgsdfall
product by pol ynerization reaction or copol ynerization reaction. As
descri bed aboperatiomanitelsppmdfitehiimtton yseoeesatbdyspr aduthagfermpyl ene
oxi de by reacting propylene with ethyl benzene hydroperoxide in high yield
and hi gh seleftaviixed rbedie Fhespmoeest aft thenpussenht ahwvengienl ¢gnn

be carried out by a batchwise method, a semi-continuous

method or a continuous method. When a solution containing

a reactant is introduced through a fixed bed, a ligquidmixture

obtained from reaction solution does not contain catalyst

- at all or contain substantially no catalyst.

Propylene oxide can be converted to an industrially
‘useful product by polymerization reaction or

copolymerization reaction.

As described above, it can be provided thgt a process
for producing propylene oxide by reacting propylene with
ethylbenzene hydroperoxide in high yield and high
selectivity in the presence of a titaniﬁm-—containing silicon

oxide catalyst. : -

EXAMPLE
The present invention will be described by way of
examples , which should not be construed as 1imiting the scope

of the invention.



oxi de catal yst. EXAMPLE The present invention will be described by way of
exanpl es, which should not be construed as linmting the scope of the - :
i nventi on. -17- Exanple 1 Preparation of a catalyst Wth 130 g of water
was :m xed 21 g of cetyltrinethyl anmoni um brom de and 36 g of 25 wt % aqueous
t et ramet hyl anmoni um hydr oxi de sol ution; 1dnd to this mixture was added a

m xture of 57 g of tetramethyl orthosilicate and 3.8 g of 75 wt % titanium
(I'V) diisopropoxy bisacetyl acetonate at roomtenperature. The m xture was
allowed to continue to stir for 3 hours, then, the .resulting precipitate
was filtered off and washed with water. The washi ng. was conducted until the
washi ng sol ution becane neutral. The filtered precipitate was put into a
flask and stirred to mx with 500 mM of a m xed solution of hydrochloric -
aci d/ et hanol Esdwmpgehi oric acid (0.1 nol/l)). The solution was heating at
60[err] C for one hour with stirring, and cooling to 40[err]Cthen filtered

to remove solpmsearafiiven seifrea pratcekivg e

With 130 g of water was mixed 21 g of
cetyltrimethylammonium bromide and 36 g of 25 wt% aqueous
tetramethylammonium hydroxide solution, and to this mixture
was added a mixture of 57 g of tetramethyl orthosilicate and
3.8 g of 75 wt% titanium (IV) diisopropoxy

y bisacetylacetonatg at roém temperature. The mixture was
allowed to continue to stir for 3 hours, then, the resulting
precipitate was filtered off and washed with water. The
washing was conducted until the washing solution became'
neutral. The filtered precipitate was put into a flask and
stirred tomix with 500 ml of a mixed solution of hydrochloric
acid/efhanol (hydrochloric acid (0.1 mol/l) ). The solution
was heating at 60°C for one hour with stirring, and cooling
to 40°C, then filtered to remove solvent. The same procedure
was repeated once more. Finally, the filtered white solid
was transferred to a tubular furnace, heated at 150°C for ~
6 hours under nitrogen flow.

This substance (5 g), hexamethyldisilazane (3.4 g) and
toluene (50 g) weré mixed, and the mixture was heated for
1 hour under reflux with stirring. Liquid was removed by

filtration from themixture. It was washed with toluene (100



was repeated once nore. Finally, the filtered white solid was transferred
to a tubular furnace, heated at 150[err]C for 6 hours under nitrogen flow.
Thi s substance (5 g), hexanethyldisilazane (3.4 g) and toluene (50 g) were
m xed, and the m xture was heated for 1 hour under reflux with stirring.

Li quid was renmoved by filtrationfromheidBxture. Itwaswashedwi thtol uene(100
-18- g), and dried under reduced pressure (120[err]C, 10 mmHg, 3 hours) to
obtain a catal yst. Thus obtained catal yst had a specific surface area of
893 nferr]/g, an average pore size of 28A and a por.e volunme of 0.6 cc/g,
and a pore size distribution range of from5A to 80A Synthesis of

propyl ene oxigle dmddrilegundennedicest prgssuxd (§R0°Gr dpyimsie, Bioupsland

et hyl ebenzene sol ution (24 g) containing 35% et hyl benzene hydroper oxi de
(EBHP) were &tapBEaipm EQGagES‘Gf- afheshtadnedeatabysshadpspeaifdd | and
an epoxi dation reaction was conducted at 80[err]C for 90 m nutes by a batch
reaction. Theunfiade argee ofhé@d mh/ Jaine averagepoxes d.zExafpl8 Al and

Preparation of titanium supported catal yst . ) . .
a pore volume of 0.6 cc/g, and a pore size distribution range

of from 54 to 80A.

Synthesis of propylene oxide (PO)
Thus obtained catalyst (1 g), propylene (i7 g) and
- ethylebenzene solution (54 g) containing 35% ethylbenzene
.-hydroperoxide (EBHP) were chafged in 150 cc of an autoclave
made of stainless steel, and an epoxidation reaction was

conducted at 80°C for 90 minutes by a batch reaction. The

results are shown in Table 1.

Comparative Example 1

Preparation of titag' ium supported catalyst
Acetylacetone (1.6 g) was slowly added dropwise to a

solution of tetraisopropyl titanate (2.2 g) in isopropanol

(20 ml) with stirring under nitrogen flow, then, the mixture

{

was stirred a.t room temperature for 30 minutes. To amixture
of a commercially available silicagel (10 to 20 mesh, surface
area 333 ﬁtzlg, avefage pore diameter 100A)(50 g) and

isopropanol (230 ml) were added the above-described soiution

dropwise, then, the mixture was stirred at room temperature



Acetyl acetone (1.6 g) was slowy added dropwi se to a sol ution of

tetrai sopropyl titanate (2.2 g) in isopropanol (20 m) with stirring under
nitrogen flow, then, the mxture was stirred at roomtenperature for 30
mnutes. To a mxture of a commercially available silica gel (10 to 20
mesh, surface area 333 nR2/g, average -pb¥e di aneter 100A) (50 g) and _

i sopropanol (230 m )were added the above-descri bed sol ution dropw se, then,
the m xture was stirred at roomtenperature - 19 - for 1 hour, and
filtered. The solid portion was washed with isopropanol three tines (total
250 m). The solid portion was dried at 150C for 2 hours under air

at nospher e. fPreldwiuxl, podifoltewred { ulheesodtitportiion wagoyasheéd width 4 hours
under air atnosphere. This substance (10 g), hexanethyl di silazane (4 g) and
t ol uene (50 igprpropanslxsirgadtines ritptah@3emlod fBhelstbid newddon ef | ux.
Liquid was renoved fromthe m xture by filtration. It was washed with

t ol uene (10&vay) daicddaited S@Adefor e2iliveur presder cait 28fmospiierd) mhdy, 3
hours) to obtain a catalyst. Thus obtained catal yst had a specific surface
area of 275 sold pogt ian wvasef egehen calsiinedat B3RACafidrat hbouesvoldere of

air atmosphere.

This substance (10 g), hexamethyldisilazane (4 g) and
toluene (50 g) were mixed and stirred, and heated for 1 hour
under reflux. Liquid was removed from the mixture by

g filtration. It was washéd with toluene (100 g) and dried
under reduced pressure (120°C, 10 mmHg, 3 hours) to obtain
a catalyst. |

Thus obtained catalyst had- a specific surface area of
275 m’/g, an average pore size of 138A and a pore volume of
1.0 cc/g, and a pore size distribution range of from 54 to
2004. |

The reaction‘ was e_valuated in. the same manner as in
Example 1. The results of the epoxidation reaction are shown

in Table 1.



1.0 cc/g, and a pore size distribution range of from5A to 200A. The
reaction was evaluated in the sanme manner as in Exanple 1. The results of

t he epoxi dation reaction are shown in Table 1. -20- Table 1 Exanple 1
Conparative exanple 1 Catal yst properties Average pore size A -

28 138 Pore distribution rang@0A 5*[err] 80 5*[err] 200
Specific pore volune cnferr]/g 0.6 : 1.0 Use of tenplate

Yes No X-ray diffraction Peak showi ng interplanar spaci ng d>18A
Yes No Reaction results EBHP conversion % 90.9

83.4 PO selectivity % 96. 0 94.8-*1 : The m ni num val ue

of pore size BaBLRi bution is the limt of neasurenment according to the

ni trogen absprptiomTettod Example 1 | Comparative
exanmple 1
Cgtglﬁgt grgge;ties
Average pore size A 28 | 138
 Pore distribution range A | 5*!-80 5+1.200
Specific pore volume cm’/g 0.6- _ 1.0
Use of template Yes No
X-ray diffraction
Peak showing interplanar
spacing d>18A . Yes No
Reaction results _
EBHP conversion % - 90.9 83.4
PO selectivity 3 96.0 94.8

*]1 : Theminimumvalue of poresizedistribution is the limit
of measurement according to the nitrogen absorption method

utilized.



utilized. -21- What is clainmed is: 1. A process for producing propyl ene
oxi de by reacting propylene with ethyl benzene hydroperoxide in the presence
of a titaniumcontaining silicon oxide catalyst satisfying all of the
foll-omi ng conditions (1) to (4): (1): an average pore size of 10A or nore,
(2): a pore size of 90% or nore of thetetal pore volune of 5 to 200A, (3):
a specific pore volune of 0.2 cnferr]/g or nore, and (4): a quarternary
anmoni um i on represented by the followi ng general formula (lI) is used as a
tenplate and then said tenplate is renoved by sol vent extraction operation;
[NR[err]R[err]R[err]R[err]][err] (I') wherein, Rerr] represents a
| i near or brrectheis hyldriomesd bice chain having 2 to 36 carbon atons, and
Rlerr] to Rlerr] represent an alkyl group having 1 to 6 carbon atoms. 2.
The process accorlkdi nd proagss ot prdthrcing propydeakysstidmbyatedaabng one
peak showi ng an interplanar spacing (d) of larger than 18A in a X-ray
di f fracti on.ppylleneruidds etaydbedzrget bydrapar2xideeiri the Ipressnce
of a titanium-containing silicon oxide catalyst satisfying
all of the following conditions (1) to (4):
(1): an average pore size of 10A or more,
(2): a pore size of 90% or more of the total pore volume
of 5 to 2004,
(3): a specific pore volume of 0.2 cm’/g oi‘ more, and
(4): a quarternary ammonium ion represented by the
following general formula (I) is used as a template and then
said template is removed by solvent extraction operation;
[NR'R’R'R*]* (1)
wherein, R' represents a linear or branched hydrocarbon chain
having 2 to 36 carbon atoms, and R? to R® represent an alkyl

group having 1 to 6 carbon atoms.

2. The process according to claim 1, wherein the
cataljzst has at least one peak showing an interplanar spacing .

(d) of larger than 18A in a X-ray diffraction.

3. The process according to claim 2, wherein the peak
in a X-ray diffraction is a part of the peak group showing

a hexagonal system.

e [+ L M § %



in a X-ray diffraction is a part of the peak group show ng a hexagonal
system -22 - 4. The process according to claim1, wherein the catal yst
has no peak showi ng an interplanar spacing (d) in a X-ray diffraction. 5.
The -process according to claim11l, wherein the catal yst has.an absorption
peak in the range of 960 5 cnferr] in2ke infrared ray absorption

spect rum

4. The process according to claim 1, wherein the
catalyst has no péak showing an interplanar spacing (d) in

a X-ray diffraction.

5. The process according to claim 1, wherein the

catalyst has an absorption peak in the range of 960 * 5 cm™

in the infrared ray absorption spectrum.
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