1 METHOD FOR PRODUCI NG PROPYLENE OXI DE BACKGROUND OF THE | NVENTFTheee -

Field of the Invention The present invention relates to a net hd@¥ or
producifnng propyl ene oxide. Mrre particularly, the present invention
relates to a method for producing propylsene oxide by reacting a

hydr oper oxi de with propylene by a fixed bed flow reaction in the presence
of a titaniumcontaining solid catalyst to inprove the selectivity of the
i ntended propyl ene oxide and to suppress the deconposition of the

hydr oper oxi de . Description of the Related Art Propyl ene oxide is
one of useful METHO FIOR RROSUCIMGS PROPYA.ENE OXXDE| e as a raw material in
produci ng a polyurethane, and the |iKke. It is known that an

ol efin-type conpound and an organi c hydroperoxide are reacted in the
presence of a titaniumcontaining solid catalyst to convert the
ol efi n-type cBACKGROUND @FaMTHEX IN¥ENTIOMpound. The titani um containing
solid catalyst used is usually
Field of the Invention
Thepresentinventianrelatestoan@thodforproducing
propylene oxide. More particularly, the present invention
relates to a method for producing propylene oxide by
reacting a hydroperoxide with propylene by a fixed bed flow
reaction in the presence of a titanium-containing solid
catalyst to imbrove the selectivity of the intended

propylene oxide and to suppress the decomposition of the

hydroperoxide.

Description of the Related Art

Propylene oxide is one of useful industrial chemicals
used for example as a raw material in producing a
polyurethane, and the like.

It is known that an olefin-type compound and an
organic hydroperoxide are reacted in the presence of a
titanium-containing solid catalyst to convert the
olefin-type compound into an oxirane compound. The
titanium-containing solid catalyst used is usually
prepared by a method in which titanium is supported on a
silica carrier and the like (see, e.g., Japanese Patent

Application Publication (JP-B) Nos. 56-35941, 54-40525,



prepared by a nethod in which titaniumis supported on a silica carrier
and the |like (see, e.g., Japanese Patent Application Publication (JP-B)
Nos. 56-35941, 54-40525, 2 54- 40526
and 50- 30049, Japanese Patent Appli catign Lai d- Open (JP-A) No. 8-269031,
and the like). However, when an epoxidation reaction of propylene is
conducted by a fixed bed flow reaction by using a catal yst prepared by
t hese net hods, there occurred problens that a unpreferable by-product was
formed and the selectivity of propylene oxide was insufficient, and that
t he deconpos?4+4®526 cand i ot~ P04 hyTampree9xi et ent Appéiertied due to heat
generati on. SUMMARY OF THE | NVENTI ON Under these circunstances, the
present i nvebrbd<sOp¢myveIPrmkb$d vedy2 6101 edand nelrdobikei - pristesieny
propyl ene oxi dewhi ch does not have the above-descri bedproblens and as a
resul t, fourdhemhan wpoxigedipneneackioe ¢£ pranivkere iy cooducited by
hydr operoxi de with propylene by a fixed bed flowreaction, formation of a
by- product carfixed bpedr £4g€d,reaction by using a catalyst prepared by

these methods, there occurred problems that a unpreferable

by-product was formed and the selectivity of propylene

oxide was insufficient, and that the decomposition

reaction of a hydroperoxide was accelerated due to heat

generation.

SUMMARY OF THE INVENTION

Under these circumstances, the present inventors
have intensively studied a method for producing propylene
oxide which does not have the above;-described problems and
as a result, found that when propylene oxide is produced
by reacting a hydroperoxide with propvlene by a fixed bed
flow reaction, formation of a by-product can be suppressed,
the selectivity of the intended propylene oxide can be
improved and the decomposition of the hydroperoxide can
be suppressed, by using a titanium-containing solid
catalyst diluted with a diluent comprising a solid
inorganic compound, and completed the present invention.

Namely, the present invention relates to a method for
producing propylene oxide by reacting a hydroperoxide with

propylene by a fixed bed flow reaction in the presence of



the selectivity of the intended propyl ene oxide can be inproved and the
deconposi tion of the hydroperoxide can be suppressed, by using a
titaniumcontaining solid catalyst diluted with a diluent conprising a
solid inorganic conpound, and conpletqp the present invention.
Nanel y, the present invention relates t© a nmethod for producing propyl ene
oxi de by reacting a hydroperoxide with propylene by a fixed bed flow
reaction in the presence of a titaniumcontaining solid
catal yst, wherein said catalyst is diluted with a diluent conprising a
solid i norgamnctaninpounthteiircing sdlnattdatma st hevteaein asradhd has a heat
conductivity at 400 K of about 10 Wierr]K [err]or nore. . The cat al yst
used in the qataslprdt i v el ivred wizh ta tdlivertherenprid g adescrided as
"Ti") -containing solid catalyst. As the Ti-containing solid catalyst, for
exanpl e, commmnguhiqndmmpummdbwhiuppbstimqptd?étEﬁﬂ|mmEC@apoumdnoandvarious
carriers, conpounds conplexed with other oxides by a coprecipitation
met hod or sdagel heet hahdwrd.vizgobtt4dbased axdwed ocwmt & hiomgnét&ani um are’
listed. So-called titaniumsilica catalyst containing titanium
The catalyst used in the present invention is a
titanium(hereinafter, described as *Ti”)-containing solid
catalyst. AstheTi-containingsolidcatalyst, for example,
compounds prepared by supporting a titanium compound on
various carriers, compounds complexed with other oxides by
a coprecipitation method or sol-gel method, and
zeolite-based oxides containing titanium are listed.
So-called titanium-silica catalyst containing titanium
bonded chemically with solid silica and/or inorganic
silicate can be preferably used. This catalyst can be
produced by methods disclosed in JP-B Nos. 56-35941,
54-40525, 54-40526, 50-30049 and the like.
An epoxidation reaction is carried out by reacting a
hydroperoxide with an olefin by a fixed bed flow reaction
by using a Ti-containing solid catalyst.
Examples of the hydroperoxide include organic
hydroperoxides.
The organic hydroperoxide is a compound represented
by the general formula R-0-0O-H (wherein, R is a monovalent

hydrocarbyl group), and this reacts with an olefin-type

compound to form an oxirane compound and a compound



bonded chemcally with solid silica and/or inorganic silicate can be
preferably used. This catalyst can be produced by nethods disclosed in
JP-B Nos. 56-35941, 54-40525, 54-40526, 50-30049 and the like. An
epoxi dation reaction is carried out by reacting a hydroperoxide with an
olefin.by a fixed bed flow reaction by4USing a Ti-containing solid

cat al yst . Exanpl es of the hydroperoxide include organic

hydr oper oxi des. The organi ¢ hydroperoxide is a conpound represented
by the general formula R-O-0-H (wherein, Ris a nonoval ent hydrocar byl
group), and tdepragsanied byt bthanfermila-Ryqre. eeefewathlyq thenyasupxrrane
conpound and a conpound 4 r epr esent ed

by the fornuliz B Gdoubrréeindly. .td 29 gaelenRatbfsa gMesp dgwefidtrBlyo 20
carbon atons. Mst preferably, it is a hydrocarbyl group having 3 to 10

carbon atonsitand apardietdzsntly grosgchaddny dred a0t carpoal XKybmglr camd or
aral kyl group. Among them a tertiary alkyl group and a secondary or

tertiary aralgartigrdyriare seardndatyact t gyiefanall Ryl antbus pedd fd Tkyexanpl es
thereof include a tertiary butyl group, tertiary pentyl group, cyclopentyl
group, 1-phegyloatchyl Alhong them, a tertiary alkyl group and a secondary
or tertiary aralkyl group are particularly preferable, and
specific examples thereof include a tertiary butyl group,
tertiary pentyl group, cyclopentyl group, l-phenylethyl-1
group and 2-phenylpropyl-2 group, furthermore, there are
alsolistedvarioustet;alinylgroupsgeneratmibyremoving
a hydrogen atom from an aliphatic side chain of a tetralin
molecule.

When ethylbenzene hydroperoxide is used, the
resulting hydroxyl compound is l-phenylethanol, and it can
be converted to styrene by a dehydration reaction. When
cumene hydroperoxide is used, the resulting hydroxyl
compoun& is 2-phenyl-2-propanol. This can be converted to
a -methylstyrene by a dehydration reaction. Both styrene
and « -methylstyrene are industrially useful substances.

Tertiary amylene generated by the dehydration
reaction of tertiary pentyl alcohol obtained by using
tertiary pentyl hydroperoxide is a useful substance as the
precursor of isoprene. Tertiary pentyl alcohol is also

useful as the precursor of methyl tertiary pentyl ether

which is an octane booster. t-Butyl alcohol obtained by



group and 2-phenyl propyl -2 group, furthernore, there are also |isted
various tetralinyl groups generatedby renoving a hydrogen atom from an

al i phatsi c side chain of a tetralin nolecule. When et hyl benzene

hydr operoxi de is used, the resulting hégroxyl conmpound is 1-phenyl ethanol,
and it .can be converted to styrene by dehydration reaction. \Wen cunene
hydropéroxide I s used, the resulting hydroxyl conpound is

2- phenyl - 2-propanol .. This can be converted to a -nethylstyrene by a
dehydration reaction. Both styrene and a-nethylstyrene are industrially

useful substantiasy t-butylefiydidyersi@se 0eaeqdsed]l Buddardahydragdson
reaction of tertiary pentyl al cohol obtained by using

tertiarypent yWremnoner o dethHySatsehithsuhsiane aiaasc hes 1 edsy  of
i soprene. Tertiary pentyl alcohol is also wuseful as the precursor of

methyl terti dopgietyl ether which is an octane booster. t-Butyl alcohol
obt ai ned by 5 using t-butyl
hydr oper oxi de i s asuagfestanilles b&n€ife a8,/ dFsoeRseidd $¥heef t B Ytgdn it vl

ether which is an octane booster.
hydroperoxides, hydrogen peroxide can be listed.
Hydrogen peroxide is a compound represented by the
chemical formula HOOH, and can be obtained usually in thé
form of an agueous solution. It reacts with an olefin-
type cc'ampound to form an oxirane compound and water.
The hydroperoxide which is used as a raw material may
be a thin or dense purified or non-purified substance.
The epoxidation reaction may also be carried out in
a liquid phase by using a solvent. This solvent is
preferably a substance which is liquid under the pressure
and temperature in the reaction and substantially inactive
against the reactants and product. The solvent may be a
substance existing in the hydroperoxide solution. For
example, when ethylbenzene hydroperoxide (EBHP) is a
mixture composed of EBHP and ethylbenzene which is a raw
material thereof, ethylbenzene can also be used as a
substitute for the solvent without specifically adding the
solvent.
As the industrial practical embodiment of the present
invention, there is suitably adopted a continuous method

by a fixed bed flow reaction which is excellent in economy



As an exanple of the hydroperoxi de other than organic hydroperoxides,
hydr ogen peroxi de can be |i sted. Hydr ogen peroxide is a conpound
represented by the chemcal forrmula HOOH, and can be obtained usually in
the formof an aqueous solution. It regcts with an olefin- type conpound

to for.m an oxirane conpound and water. The hydr operoxi de which is
used as a raw material may be a thin or dense purified or non-purified
subst ance. The epoxi dation reaction may al so be carried out in a

l'i quid phase by using a solvent. This solvent is preferably a substance
which is |igahd gpesprtipe PreBsHE¥- and tenperature in the reaction and
substantially inactive against the reactants and product. The sol vent nmay
be a substance ekisthagfixedheeqyiliopermadedanl Wanomrxammle.exd@anpl e, when
et hyl benzene hydroperoxide (EBHP) is_a_m xture conposed of EBHP and

et hyl benzenecafpéistscampased i ar sallicherddrt éshseBerdfedereantaloso be
used as a substitute for the solvent without specifically adding the

sol vent . tubpg 8RE 2 NANEXoReN oA tiavals Biodihend §FoPNd e @M
invention, there is suitably adopted_a continuous nmethod by a fixed bed

f1 ow react i oRAHARERIPSUEL¥ PR et LoWrdchnokdow through the tube. The

° reaction temperature is preferably from about 0C to about
200C, and more preferably from about 30T to about 150TC.
When the temperature is lower, the reaction speed may
sometimes become slow, and when the temperature is higher,
the reaction selectivity may sometimes decrease. The
reaction pressure is preferably from about 1 atm to about
100 atm, and more preferably from about 10 atm to about 70
atm. When the pressure is lower, propylene may vaporize,
and on the contrary, when the pfessure is higher, equipment
cost may become too high.

The characteris.tic of the method of the present
invention is in theuse of a solid inorgénic compound which
is inactive against the reaction and has a heat conductivity
at 400 K of about 10 WmK™! or more, preferably about 20
WmK! or more as a diluent for the catalyst to be filled
in a fixed bed flow reaction vessel. The heat
conductivity of a solid inorganic compound can be measured
in general by using a stationmary heat flow method (for

example, a method in which a heat source is placed on one

end of a cylindrical sample, and temperatures are measured



and operation property. In the fixed bed flow reaction, for exanple,
a catalyst conposed of a solid pellet is kept in a reaction tube, and a
hydr oper oxi de raw sol uti on and propyl ene may advantageously be allowed to
fl ow through the tube. The reaction tenperature is preferably from about O
Cto about 200[err]C, and nore preferably from about 30[err]C to about 150
C. \Wen the tenperature is lower, the reaction speed nay sonetines becone
sl ow, and when the tenperature is higher, the reaction selectivity my
soneti mes decrease. The reaction pressure is preferably fromabout 1 atm
to about 100a&t hwvoapdinbsehpvéhgr dbfffetream dbstant@safmomotaleobea?0 atm
When the pressure is |ower, propylene nmay vaporize, and on the contrary,
when t he pressonecesahi ghetiorguiyprentitdost . nelhdedorellooohi ghe The
characteristic of the method of the present invention is in the use of a
sol i d i nor ganineasunpogmietindd lere sleistadiiede iagaibmik t'HE" resbicti@m Shich has a
heat conductivity at 400 K of about 10 Wrferr]K[err] or nore, preferably
about 20 W &ikké&rn|[RagdkwKomar e (pebadidhedeny MARUZRN Coatlal ysl .td, e fill ed
in a fixed bed flow reaction vessel. The heat conductivity of a solid
i norgani ¢ conpddnadrchthésaimaesw £dheileafenendhchyvasi g vasiats eodiyg heat
flow nethod (for exanple, a nethod in which a heat source is placed on one

inorganic compounds are described in a bock *Kagaku Binran”

(Nippon Kagaku Kai edit., published by MARUZEN Co.) and the

like. By diluting a catalyst using as a diluent an

inorganic compound having a heat conductivity at 400 K of

about 10 Wm™K™! or more measured by as described above and

by conducting the reaction, the formation of a by-product

can be suppressed, and the selectivity of the intended

propylene oxide (hereinafter, described as “PO”) can be

enhanced. PFurthermore, the decomposition reaction of

hydroperoxide can be suppressed (the reason for this is

hypothesized that local and steep increase in temperaturé

in a catalyst bed due to epoxidation reaction heat is

suppressed by use of a diluent).

Examples of the solid inorganic compound include metal
oxides, metal carbides, metal nitrides, as well as other
various solid ceramics. It is preferable that the solid
inorganic compound has small surface area since the diluent
is required to be inactive against the reaction. Therefore,

the surface area of the diluent is preferably about 100 m?/g

or less, more preferably about 10 m?/g or less, further



end of a cylindrical sanple, and tenperatures are neasured

7 at two points having different distances fromthe heat source
stationary condition). The details of the neasuring nmethod are descri bed
in a book "4[err] edition Shin Jikken gagaku Koza" (published by MARUZEN

Co.), .vol .

4, p. 419, and the values o

solid” inorganic conpounds are described in a book "Kagaku Bi nran"
edit., published by MARUZEN Co.) and the Ilike. By diluting a
catal yst using as a diluent an inorganic conmpound having a heat
conducti vi t ypaefdBabkyafbowabauh® /oWl e | KSpelcilf ier examnel 8 asfisadhby as
descri bed above and by conducting the reaction, the formation of a

Kagaku Kai

by- pr oduct

dabubetsupprlesked] uvaina | haghelsdat, i 811 cad chbeidet endetie

propyl ene oxi de (hereinafter, described as "PO') can be enhanced.
Furthernore, 1iRe, des@ s ukleOBf I 3GV halyBEODEw Gttt s &téppressed
(the reason for this is hypot hesi zed that | ocal and steep increase
t enperat ure papticadbalysprbédrabdet 0 epoxi dation reaction heat is

suppressed by use of a diluent).

at

t he heat conductivity of various

(Ni ppon

I n

Exanpl es of the solid inorganic

conpound i ncl ude m®tahe matiied, foetdd lwaity descattelvst nvith deschas wel | as

ot her

diluent, there are listed a method in which a diluent is
filled in a reaction vessel together with a catalyst formed,
amethod inwhich a formed mixture of a catalyst and a diluent
is filled in a reaction vessel, and the like, however, the
dilution method is not limited to them.

The addit;ion ratio (dilution ratioc) of a diluent to
a catalyst is not particularly restricted, and preferably
from about 10% by weight to about 90% by weight , more
preferably from about 30% Hy weight to about 70% by weight .
When the dilution ratio is too low, the effect for improving
the PO selectivity may sometimes be poor, and when the
dilution ratio is too high, sometimes the reaction vessel
volume may increase, the productivity may decrease and
economical efficiency may lower.

Unreacted propylene in thus obtained epoxidation
reaction solution can be recycled to the epoxidation
reaction process again after separation by distillation.
The separation of propylene oxide from the reaction
solution after most of the unreacted propylene has been

removed can be easily conducted by usual operation such as



various solid ceramcs. It is preferable that the solid inorganic conpound
has smal|l surface area since the diluent
i srequj redt obei nacti veagai nstthereaction. Therefore, the surface area of
the diluent is preferably about 100 n[eér]/g or less, nore preferably
about 10 nR/g or less, further preferably about 1 nferr]/g or
| ess. *Specific exanples of such diluents include alum na, nagnesi a,
silicon carbide and the |ike, and the use of a -alum na having | ow surface
area is particularly preferable. As the nmethod for diluting a
catal yst wit@isutbhlatidhl ueashihbeaadachel idked a nethod in which a dil uent
is filled in a reaction vessel together with a catal yst forned,
armet hodi nwhi cha fatcoeddingute oheaprasahysinaeedatlbhyuernheni srépyliedein a
reaction vessel, and the |li ke, however, the dilution nmethod is not limted
to them oxided sptdoduoad bat readtihdgt iydropid rax iafe wi dh loaenty lleme a
catalyst is not particularly restricted, and preferably from about 10% by
wei ght to abbut a90%xby hedgfilow mbezctpowef en atthy fpoesdoce 30y wei ght
t oabout 70%y wei ght. When the dilution ratio is too |low, the effect for
| mpr ovi ng titanium-containing solid catalyst, formation of a by-
product can be suppressed, the selectivity of the intended
propylene oxide can be enhanced and the decomposition of

the hydroperoxide can be suppressed.

EXAMPLE

Reference Example 1

A commercially available silica gel (10 to 40 mesh,
surface area 300 m?, average pore size 10 nm, 50g),
tetraisopropyl titanate (2.2 g), acetylacetone (1.64 g) and
isopropanol (206 ml) were mixed, stirred for 30 minutes at
room temperature, then, the mixture was filtered. The
solid paltrt was immersed in isopropanol (50 ml), stirred,
washed, then, the solution was separated by filtration.
This procedure was repeated three times. The solid part
was dried at 500C for 2 hours under nitrogen flow. It was
further calcinated for 4 hours at 600C under air flow.
This substance (10 g), hexamethyldisilazane (4 g) and
toluene (50 g) were mixed, and stirred with heating for 1

hour at 200°C under pressure. The liquidpartwas distilled



the PO selectivity may sonetimes be poor, and when the dilution ratio is
too high, sonetines the reaction vessel volunme may increase, the
productivity may decrease and econom cal efficiency nay | ower.
Unr eact ed propyl ene in thus obtai ned epoiédation reaction solution can be
recycl.ed to the epoxidation reaction proCess again after separation by
distillation. The separation of propylene oxide fromthe reaction
solution after nost of the unreacted propyl ene has been renoved can be
easily conducted by usual operation such as
9 di sti | | atifdn,£rees lrieg maerdturlee byi faltrationAccdrtdwag washhd prigbkent
I nvention, when propylene oxide is produced by reacting hydroperoxide with
propyl ene by taluened (568dgf |, oandedeiednuhdetrheeguesdnpeessune (1207,
titaniumcontaining solid catalyst, formation of a by- product can be
suppr essed, tHé gwlHgct Bviopres) the obtadnded casedygltene oxi de can be
enhanced and the deconposition of the hydroperoxide can be suppressed.
EXAMVPLE (Alkali washing of EBHP solution)
An EBHP solution (15 % by weight, 2000 g) and sodium
hydroxide (0.5 g by weight, 1000 g) were stirred with

mixing for 15 minutes at 60

T, allowed to stand still for 15 minutes at the same
temperature, then, the solution was separated. The
separated oil layer was washed with 1000 g of water at 60T
for 15 minutes. The resulted oil layer was concentfated

at 60°C, 50 mmHg, to obtain a 35 wt% EBHP solution.

Eﬁcample 1

A catalyst synthesized according to the preparation
method of Reference Example 1 (Ti content: 0.7% by weight)
was diluted with « -alumina (heat conductivity at 400 X:
26 Wm™*K!) at a volume ratio of 1:1 and the mixture was filled
in a reaction vessel, and an epoxidation reaction was
conduéted in a fixed bed flow reaction apparatus using an
EBHP solution (EBHP 35% by weight, EB 58% by weight) obtained
by the washing method of Reference Example 1 and propylene.
A stainless steal tube having an internal diameter of 10
mm was used as a reaction tube, and a thermocouple was

inserted into the tube and inner temperature was measured.



Ref erence Exanple 1 A comercially available silica gel (10 to 40
mesh, surface area 300 nferr], average pore size 10 nm 509),
tetraisopropyl titanate (2.2 g), acetylacetone (1.64 g) and isopropanol
(200 M) were m xed, stirred for 30 rri\rllvgées at roomtenperature, then, the
m xture was filtered. The solid part I mmersed in isopropanol (50 m),
stirred, washed, then, the solution was separated by filtration. This
procedure was repeated three tines. The solid part was dried at 500[err]C
for 2 hours under nitrogen flow. It was further calcinated for 4 hours at
600 C under gihe rkawtiokhiss sudshaned 4t0 propydeaey ERHPINsL hazeateid 4 Q)
and toluene (50 g) were mxed, and stirred with heating for 1

hour at 200[ er I @2yndeL.HSVessér bt Thekegmsdopathewastal sf1oweamount of

10 off fromthe mxture by filtration. It was washed with toluene (50
g), and dri edhen@®BHE echilosd qur essliprodpd2@ene tolOcankiyys8 froluse to obtain a
catalyst. (Al kali washing of EBHP sol ution) An EBHP solution (15 % -

by wei ght, 3@@Mtg)irmndy sodlilment, and a reaction pressure of 40 kg/cm?.

The results are shown in Table 1.

Comparative Example 1

The reaction was conducted in the same manner as in
Example 1 except that the catalyst was diluted with silica
(heat conductivity at 400 X: 1 wmk?l) at a volume ratio

of 1:1. The results are shown in Table 1.

Comparative Example 2
The reaction was conducted in the same manner as in
Example 1 except that the dilution of the catalyst was not

conducted. The results are shown in Table 1.

In Example 1 satisfying the conditions of the present
invention, the reaction temperature decreases, the
temperature increase in a catalyst bed is small, and the
selectivity of the intended propylene oxide becomes high.
Formation of acetophenone which is a decomposition product
of ethylbenzene hydroperoxide is low. On the other hand,
in Comparative Example 1 in which a diluent having low heat

conductivity at 400 K is used and Comparative Example 2 in



hydroxi de (0.5 g by weight, 1000 g) were stirred with mxing for 15
mnutes at 60 C, allowed to stand still for 15 mnutes at the sane
tenperature, then, the solution was separated. The separated oil |ayer was
washed with 1000 g of water at 60 C for,J15 mnutes. The resulted oil |ayer
was copcentrated at 60t, 50 mmHg, to ob& in a 35 w % EBHP sol ution

Exanple 1 A catal yst synthesized according to the preparation nethod
of Reference Exanple 1 (Ti content: 0.7% by weight) was diluted with a
-alum na (heat conductivity at 400 Ki 26 Wrierr]K[err]) at avolune ratio
of 1:1 and t hehigh @ dikaentiis ret usrda femmd t o WESSE t ogtish ée aRAHH]at i on
reaction was _conducted in a fixed bed flow reaction apparatus using an
EBHP sol uti onl$ BEPP-B508Bgt Wei lgige ,Bind &¥ehye Iet ght) tpbfaimnesn t by dbe
washi ng nmethod of Reference Exanple 1 and propylene. A stainless steal
tube havi ng aPreRPYEeRal o¥iderierlaf. 10 mmwas used as a reaction tube, and
a thernocouple was inserted into the tube and inner tenperature was

nmeasur ed.

o



The reaction was conducted at a propyl ene/ EBHP nol ar ratio
internms of the total

6 h-[err]
propyl ene to

pressure of 40 kg/cnR.

Exanple 1

catal yst vol une

fl ow amount of
cont ai ning no diluent,
The results are
The reacti on was conduc
Exanpl’e 1 except that the catalyst was diluted with silica

conductivity at 400 Ki 1 Wri{err]K[err]) at a volunme ratio

results are s

was conduct ed Tabléelsane nmanner as in
of the catal yst was not

reaction tenp
is small, and
hi gh. Fornat
et hyl benzene
Exanple 1 in
and Conparati

hown in Table 1.

Conmparative

Exanpl e 2

Conpar at i

(heat

12, a LHSV =
the EBHP sol uti on and
and a reaction
hown in Table 1.
ed in the same manner as in

ve

of 1:1. The

The react

i on

Exanpl e 1 except that the dilution
conducted. The results are shown in Table 1.

In Exanple 1 satisfying the conditions of the present invention, the
Fat-t-e—geet-eases—th erperattH-e—hRereaseTH—a ca{a!y:t bed
the selectivity of Qgﬁkpignpedcpmpgmduﬂwgq»@qmpabecuwec
on of acetophenone which TS a decengresia ilon [ praxdaele of
YOTOPET OXT a8 175 oW | OT the otherttand; 1N mparativ

ML Ll saadi | uent having | ow heat conductivit% at 400 K ig used
V CerdpdRge2C N
Inlet temperature of 57.2 70.3 72.6
catalyst bed
Maximum temperature 59.7 78.5 79.4
of catalyst bed
AT 2.5 8.2 6.8
Reaction result
EBHP conversion 86.9 90.0 90.5
PO selectivity 97.5 1.3 93.9
ACP selectivity 1.1 2.0 2.2

AT: Temperature increase in catalyst bed (TC)

ACP: Acetophenone (decomposition product of EBHP)

PO produced (mol)

PO selectivity

X 100

EBHP reacted (mol)

ACP selectivity =

ACP produced

{mol)

EBHP reacted

{mol)

(%)

X 100 (%)



12 which a diluent is not used, formation of acetophenone which

is a

by-product is large, and the selectivity of the intended propylene oxide
is | ow. 13 Table 1

Exanple 1 Conparative Conparative 1

exanmple 1 exanple 2 Reaction tenperékure C Inl et tenperature of
57.2 ° 70. 3 72.6 cat al yst bed Maxi mum t enper at ure

59.7 78.5 79. 4 of catal yst bed AT

2.5 8.2 6.8 Reaction result EBHP conver si on

86.9 Wk Ois claimed®Q b PO sel ectivity 97.5 91.3
93.9 ACP selectivity 1.1 2-0 2.2

1. A method for producing propylene oxide by reacting

a hydroperoxide with propylene by a fixed bed flow reaction

" in the presence of a titanium-containing solid catalyst,

wherein said catalyst is diluted with a diluent comprising
a solid inorganic compound which is inactive to the
reaction and has a heat conductivity at 400 K of about 10
Wm k! or more.

2. The method according to Claim 1, wherein the
hydroperoxide is an organic hydroperoxide.

| 3. The method according to Claim 2, wherein the
organic hydroperoxide is ethylbenzene hydroperoxide.

4. The method according to Claim 1, wherein the
diluent is a diluent comprising a solid inorganic compound
which has a heat conductivity at 400 K of about 20 Wm K™
or more. .

5. The method according to Claim 1, wherein the
diluent is a diluent having a surface area of about 10 m?/g
or less.

6. The method according to Claim 1, wherein the
diluent is a diluent having a surface area of about 1 m?/g
or less.

7. The method according to Claim 1, wherein the

diluent is at least one compound selected from the group

I



[err]T: Tenperature increase in catalyst bed (C ACP: Acetophenone

(deconposi tion product of EBHP) PO produced (nmol) PO
selectivity = X 100 (% EBHP
reacted (nol) ACP p{iduced (rmol) ACP selectivity =

X 100 (% EBHP reacted (nol)

14 What is clained is: 1. A nmethod for producing propyl ene oxide

by reacting ahydroperoxidew thpropyl enebyafi xedbedfl ow reaction in the
presence of a titaniumcontaining solid catalyst, wherein said catalyst is
di | uted wit hcandiistiemy cfmaliusing, aagakisdal, nangamid icompeartbidai.ch is
inactive to the reaction and has a heat conductivity at 400 K of about 10
Wn [err]K-[err] or nore. 2. The nethod according to Caim1l, wherein

t he

T



hydr operoxi de i s an organi c hydr oper oxi de. 3. The nethod according to
Claim2, wherein the organic hydroperoxide is ethyl benzene hydroperoxi de.
4. The method according to Claim1, wherein the diluent is a diluent
conprising a solid inorganic conpound qyich has a heat conductivity at 400

K of gbout 20 Wrierr]Klerr] or nore. 5. The method according to
Claiml, wherein the diluent is a diluent having a surface area of about
10 n2/g or |ess. 6. The nethod according to Claim1, wherein the

diluent is a diluent having a surface area of about 1 nR/g or |ess.

7. The nmet hoRBSRRAQN OF {IHECIDUSALDSURE:rein the diluent is at |east one
conmpound sel ected fromthe group 15
consi sting oMEZHOR AAR ABYPESTNG BRAFPYXLENEOQRXEREDI de.

A method for producing propylene oxide by reacting a
hydroperoxide with propylene by a fixed bed flow reaction
in the presence of a titanium-containing solid catalyst,
wherein said catalyst is diluted with a diluent comprising
a solid inorganic compound which is inactive.to the
reaction and has a heat conductivity at 400 XK of about 10

wm 'K or more.



