PROCESS FOR PRODUCI NG OLEFI N OXI DE Background of the Invention The present
I nvention relates to a process for producing olefin oxide 5 including
propyl ene oxide, which is an inportant internediate chemcals for the
production of synthetic reagent, synthetic resin, or rubber. For production
met hod of ol efin oxide, a nethod of reacting olefin wth oxygen in the

. presence of silver catalyst is known (for exanple, 10 JP-A-1-231942, which
corresponds to US 4845253, and JP-T 2002-510306, which corresponds to

W08/ 58921). The produciPiROCESS FORPRODXIGCINGEphERID) OXIBHEot al ways
satisfactory. According to the present invention, olefin oxide can be
readily 15 produced by reacting an olefin with oxygen in the presence of a

silver catalyst and 0O h@e{ or nore of water per nol of the olefin. The
silver cat aljpagk gl}‘i’ét‘tndfﬁé LY$8d9% t he present process is a silver
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conpound. Exanples of the silver catalyst include, for exanple, 25 a

sil ver-containing conmposition obtained by contactlng silver nmetal or a
silver conmpound or_a mxture thereof wth (A) at |east one selected from

the group consi stifh@gr Brodwchiomn athad ofs@iqful OXicre, a gpethodret apactang chefin
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10 JP-A-1-231942, which corresponds to US 4845253, and JP-T 2002-510306,

which corresponds to W098/58921). The productivity of olefin oxide (epoxide)

1s not always satisfactory.

According to the present invention, olefin oxide can be readily
15 produced by reacting an olefin with oxygen in the presence of a silver
catalyst and 0.2 mol or more of water per mol of the olefin.

The silver catalyst that may be used in the present process is a silver
catalyst containing silver or a silver compound or a mixture thereof, and the
silver catalyst usually contains silver 1% by weight or more. The upper limit

20 of the silver content is not particularly limited, and the silver catalyst
containing silver less than 70% by weight may be used.

The silver metal may be a silver metal that is obtained by reducing a
silver compound.

Examples of the silver catalyst include, for exainple,

25 a silver-containing composition obtained by contacting silver metal or
a silver compound or a mixture thereof with

(A) at least one selected from the group consisting of an inorganic

solid oxide, and a metal carbonate, and optionally

(B) at least one selected from the group consisting of an acid and a




2 nitrogen-containing conpound; and cal ci ned conpositions thereof.
Exanpl es of the silver catal yst include, for exanple, a silver-containing
conposition obtained by contacting a silver 5 conpound with 1) an

i norganic solid oxide, and a metal carbonate, or 2) an inorganic solid

oxi de, a nitrogen-containing conpound, anéd a reduci ng agent, or 3) a netal

~carbonate,

and an acid, or 10 4) a netal carbonate, and a

ni trogen-cont ai ni ng conpound or 5) a netal carbonate, an acid and a

ni t rogen- cont ai ni ng conpound,;

to 5) above. Preferred are: i) the silver-cqnt a(iéni ng conposition obtained
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and iii) a srlver-contalning conposition obtai'ned by contacting

Ora asidvdrv@mtaiinguremPositicn Xxéhtaéndd eleofoniattingbh ailvet al
c) an acid, and 25 d) a nitrogen-containing conpound, and
compound with :
1) an inorganic solid oxide, and a metal carbonate, or
2) an inorganic solid oxide, a nitrogen-containing compound, and
a reducing agent, or
3) a metal carbonate, and an acid, or
4) a metal carbonate, and a nitrogen-containing compound or
5) a metal carbonate, an acid and a ﬁitrogen-containing compound;
and a calcined composition of any one of 1) to 5) above.
Preferred are:
i ) the silver-containing composition obtained by contacting a silver
compound with a reducing agent in the presence of a metal carbonate,
ii) the silver-containing composition obtained by contacting
a) silver metal or a silver compound or a mixture thereof, with
b) an inorganic solid oxide,
¢) an acid, and
d) a nitrogen-containing compound; and
iii) a silver-containing composition obtained by contacting
a) silver metal or a silver compound or a mixture thereof with
b) a metal carbonate,
¢) an acid, and
d) a nitrogen-containing compound, and
iv) a calcined silver-containing composition obtained by calcining the
composition of i), ii) or iii) above.
Examples of the silver compound include, for example, silver oxide,

silver carbonate, silver nitrate, silver sulfate, silver cyanide, silver halide

and a cal ci ned conposition of any one of 1)

ra siTver conmpound or a m xture thereof, with



Iv) a calcined silver-containing conposition obtained by cal cining the
copposition of i), ii) or iii) above. Exanples of the silver conpound
~include, for exanple, silver oxide, silver carbonate, silver nitrate,
"silver sulfate, silver cyanide, silver halide 3 (e.g. silver chloride,
silver brom de, and silver iodide), silvergcarboxylate (e.g. silver
acetate, silver benzoate, silver citrate, or silver lactate), and silver
actyl acetonate. Exanpl es of the reducing agent that nmay be used to reduce
the silver 5 compound include, for exanple, a reducing gas such as

hydr ogen, al cohol s such as nethanol, ethanol, propanol, butanol,

et hyl enegl yc@lg. silvegRhl@f¢g| sib@l brohiide An@ silest vdedé)asitver Odrboxylate (e.g.
di met hyl am noet hanol, sacchari des such as glucose, fructose, or gal actose,

al dehyde congitvendscetatd, sdvdrobaatartky ddyenaetrateety ddyer 18ctatopydad ddhgde,
but yr al dehyde, benzal dehyde, hydrazi ne conpounds such as hydrazi ne,
met hyl hydraz@%}aﬂeé@m@/ﬂehydrazi ne, propyl hydrazi ne, butyl hydrazi ne, or
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typically conducted by 20 reacting the silver conpound wth O
mol es of t hepropdlendpdyadeplyceringahlioethandd 1l dimaabHlampicwfthrabl,y, Ot to

2009C.
saccharides such as glucose, fructose, or galactose,
aldehyde compounds such as formaldehyde, acetaldehyde,
10 propylaldehyde, butyraldehyde, benzaldehyde,

hydrazine compounds such as Vhydrazine, methylhydrazine,
ethylhydrazine, propylhydrazine, butylhydrazine, or phenylhydrazine,

metal hydrides such as lithium hydride, sodium hydride, potassium
hydride, calcium hydride, or magnesium hydride,

15 borohydride compounds such as boran, sodium borchydride,
potassium borohydride, or dimethylaminoboran, and |
phosphites such as sodium hydrogen phosphite, or potassium
hydrogen phosphite.

The reduction of the silver compound is typically conducted by

20 reacting the silver compound with 0.1mol to 20 moles of the reducing agent,
usually at -30°C to 300°C, preferably, 0C to 200C.

Examples of the inorganic solid oxide include, for example, a) silicon
oxides, or b) alumina, calcia (calcium oxide), magnesia, titania or zirconia, or
complex metal oxides thereof (e.g. complex metal oxides comprising any two

25  or more of the oxides of Si, Al, Ca, Mg, Ti, or Zr).

Examples of the silicon oxides typically include, silica gel(silicon
dioxide) and silicates.

Examples of the silicates include, for example,

1) water-soluble silicate such as sodium metasilicate or potassium



Exanpl es of the inorganic solid oxide include, for exanple, a) silicon
oxi-des, or b) alumna, calcia (calciumoxide), nmagnesia, titania or
zirconia, or conplex nmetal oxides thereof (e.g. conplex nmetal oxides
conprising any two 25 or nore of the oxides of Si, A, Ca, My, Ti, or Zr).
Exanpl es of the silicon oxides typically #nclude, silica gel(silicon

di oxide) and silicates. Exanples of the silicates include, for exanple, i)
wat er -sol ubl e silicate such as sodiumnetasilicate or potassium4

netasilicate, ii) zeolite, which are typically crystalline silicates,
havi ng isormrghqu_s framewor k structures such as zeolite J3, ZSM5, ZSML1,
ZSM 12, zsmmgtasilisede 22, and 5 i | ) mesoporous silicates having nesopores

with diameters of 2nmtq. 50nm. such as, MCM 41, or 48. .E |l e f _the
silicates of ii) dhd f‘?(ﬁ}teal ﬁ’icﬁcl e, tXQ}FaQ¥a§ﬁW§WH8t aﬁlﬁggﬁgr cz’iagél_lé _
having | ncori@8ﬁ1%rr§ﬂo{[  fréeddik Erudturds h %s’ zﬁ/g}ite!vb’, GHM-BT ZEMiL hin
their framework Structures. e5|f|cateso ii) and 111) may al’'so 10 be

referred to aspwabezsivragigiiensidd aaldes. Preferred silicon oxides that nay
be used for preparing the silver catalyst conposition are silica gel and

t he wat e5- i nsol ubligi) shédopatress sitivaces haefrar nmedopomsswithcdiagedtean df e to
wat er-insoluble silicates of ii) and iii) 15 consisting essentially of
silicon di ox®un, Fheh aeddpdd dds os MCBEY8s descri bed above can be produced,

for exanple, by drol yzin rgani c_sil cqQne campound .such, as,
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metallosilicates having incorporated Ti, Zr, Ga, Fe, B, V, Nb, Cr, Mo, Mn, Co,
or Sn within their framework structures. The silicates of i) and iii) may also

10  be referred to as water-insoluble silicates.

Preferred silicon oxides that may be used for preparing the silver
catalyst composition are silica gel and the water-insoluble silicates, more
preferred are silica gel and the water-insoluble silicates of i) and iii)

15  consisting essentially of silicon dioxide.

The mesoporous silicates described above can be produced, for
example, by hydrolyzing organic silicone compound such as
tetraorthosilicate in the presence of a quaternary ammonium salt (USP
5098684, Zeolite, 18, 404-416 (1997)), a primary amine (Science, Vol. 267,

20 865) or a block co-polymer (Science, vol. 269, 1242) as a template, optionally
followed by hydrothermal crystallization method, and removing the template
by calcining at a temperature of 300 to 800C. Alternatively, the silicate can
be prepared in the presence of the silver compound.

Examples of the metal carbonate include, for example,

25 an alkali metal carbonate such as sodium carbonate, potassium
carbonate, rubidium carbonate,

an alkaline earth metal carbonate such as magnesium carbonate,
calcium carbonate, strontium carbonate, barium carbonate, and

a rare earth metal carbonate such as scandium carbonate, cerium



5098684, Zeolite, 18, 404-416 (1997)), a prinmary am ne (Science, Vol. 267,
20 865) or a block co-polyner (Science, vol. 269, 1242) as a tenpl ate,
optionally followed by hydrothermal crystallization nmethod, and renoving
the tenplate by calcining at a tenperature of 300 to 800°C. Alternatively,
the silicate can be prepared in the pres?nce of the silver conpound.

Exanpl es of the netal carbonate include, tor exanple, 25 an alkali netal
carbonate such as sodi um carbonate, potassium carbonate, rubidium
carbonate, an alkaline earth netal carbonate such as magnesi um carbonat e,
cal cium carbonate, strontium carbonate, barium carbonate, and a rare earth

met al car bongtBosiel &S yEEABAMMEARRNAL e PrefRitédN et d1atAditalages Qre the
ytterbi um carbonate. Préferred nmetal carbonates are the alkaline earth

met al car bondkelindreaati®unétadicatrbenateor ganiagnanit of the deorganid baidrekale or
carbonate that may be used is 0.1 to 120 parts bé wei ght, preferably 0.1
to 30 parts thy wetghtcarbonpte tthey meiyghe uvsed He 8ill ver 130 rpantachy sweighthe

silver nmetal or the silver conpaund or, the m xture “Pmer o%. Exa | es.of . t he
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but anoic acid, citric acid, maleic acid, fumaric acid, or tartaric acid,
and ar omat i cacidibhaxgej forapiadnsles hydeschieriz aictd, avtds adid antroxgmsidanvdfuric
tricarboxybenzene, dicarboxynapht hal ene . . . . .
acid, and perchloric acid. Preferred inorganic acids are nitric acid and
10  nitrous acid.

Examples of the organic acid include, for example, an aliphatic
carboxylic acid such as oxalic acid, propionic acid, butanoic acid, citric acid,
maleic acid, fumaric acid, or tartaric acid, and aromatic carboxylic acid such
as benzoic acid, dicarboxybenzene, tricarboxybenzene, dicarboxynaphthalene

15 and dicarboxyanthracene. Preferred organic acids are aliphatic carboxylic
acid, and more preferred are oxalic acid, or citric acid. An amount of the acid
that may be used is 0.1 mole to 10 moles per mol of the silver contained in
the silver metal or the silver compound or the mixture thereof.

Examples of the nitrogen-containing compound include, for example,

20 ammonia, and a nitrogen-containing organic compound such as an amine
compound or an acid adduct salt thereof such as the amine carboxylate or the
amine hydrochloride, an imine compound, amide compound, a nitrile
compound, an organic nitroso compound, or an organic nitro compound, and
a gquaternary ammonium salt. Preferred are the amine compound and the

25 acid adduct salt thereof such as the amine carboxylate (e.g. the amine
acetate).

An amount of the nitrogen-containing compound that may be used is

usually 0.lmole to 20 moles per mol of the silver contained in the

silver-metal or the silver compound or a mixture thereof.



15 and di car boxyant hracene. Preferred organic acids are aliphatic
carboxylic acid, and nore preferred are oxalic acid, or citric acid. An
anount of the acid that nay be used is 0.1 nole to 10 nol es per nol of the
silver contained in the silver netal or the silver conpound or the m xture
t hereof . Exanpl es of the nitrogen-containifng conpound include, for exanple,
20 ammoni a, and a nitrogen-containi ng organi c conpound such as an am ne
conpound or an acid adduct salt thereof such as the am ne carboxyl ate or
the am ne hydrochloride, an imne conpound, am de conpound, a nitrile
conpound, an organi c nitroso compound, or an rga[l‘ni ni.t ro conpound (g a
quat ernary armoni Uixemiples pf cther papingr eompevaf RElRehpHn§*arPlens Eéag i d

adduct salt thereaqf such as .the am ne carbgxylate (e. he. _am :
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am ne conpoun such as nethylam'ne, ethylam ne, propylam ne, n- butyl am ne,
anyl am ne, h@xyhyhintige, Hgptopyadiniee, dibutylaaminee tridedilybmire, tiwdbylaramene,
stearyl am ne, dinethylam ne, -5 diethylam ne, dipropylam ne, dibutylam ne,
trimet hyl ani ehanolamihg, ani diethamelhariokani nerietdhiagolemonani nediaminoethane,

tri et hanol am ne, di am noet hane, tetranet hyhene i am ne,
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and pi perazi ne. Examples of the imine compound include, for example, ethyleneimine,
10  pyrrolidine, piperidine, and piperazine. |
Examples of the amide compound include, for example, acetamide,
and benzamide.
Examples of the nitrile compound include, for example, benzonitrile,
and butyronitrile.
15 Examples of the nitro compound include, for example, nitrobenzene,
and nitropyridine.
Examples of the nitroso compound include, for example,
nitrosodimethylaniline, and nitrosonaphthol.
Examples of the quaternary ammonium salt include, for example,
20 quaternary ammonium hydroxide such as tetramethylammonium, hydroxide,
tetramethylammonium hydroxide, tetrapropylammonium hydroxide, and a
quaternary ammonium halide such as tetramethylammonium chloride, or
tetraethylammonium bromide.
The silver-containing composition of the present invention can be
25 obtained by contacting silver metal or a silver compound or a mixture thereof
with
(A) at least one selected from the group consisting of an inorganic
solid oxide, and a metal carbonate, and optionally

(B) at least one selected from the group consisting of an acid and a



. Exanpl es of the am de conpound include, for exanple, acetam de, and
benzam de. Exanples of the nitrile conpound include, for exanple,
benzonitrile, and butyronitrile. 15 Exanples of the nitro conpound

i nclude, for exanple, nitrobenzene, and ?itropyridine. Exanpl es of the
nitroso conmpound include, for exanple, nftrosodinethylaniline, and
~nitrosonapht hol. Exanples of the quaternary anmmonium salt include, for
exanpl e, 20 quaternary anmoni um hydroxi de such as tetranet hyl amoni um
hydr oxi de, tetranethyl anmoni um hydroxi de, tetrapropyl anmoni um hydr oxi de,

and a quaterpary amoni um halide such as_ tetranethyl agnoni um chl oni de, or
Lot r aet hy! afHOREHR GPRORITHRS CRRPOIRLy P URTNA8a FHI RO RTL AL PO BAE AL
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conposition

The process of the invention may be conducted in a batch-wise or
continuously, but is preferably conducted in a continuous reaction from an

10 industrial viewpoint.

Catalytically effective amount of the éilver catalyst described above
is used in the present reaction. Typically, the amount of the silver catalyst
that may be used is 0.00005 mol or more in terms of silver per mol of the
olefin.

15 An amount of water that may be used is usually 0.2 mole or more per
mol of the olefin, and upper limit thereof is no particularly limited as long as
the amount of water does not adversely affect the process. The upper limit is
typically 20 moles or less. Preferably the amount of water is 0.2 mole to 10
moles, more preferably 0.3 mole to 8 moles per mol of the olefin. The water

20 may be supplied in a form of steam.

Examples of the olefin include, for example, a C2-6 olefin such as
ethylene, propylene, 1-butene, 2-butene, isobutene, 1-pentene, and 1-hexene,
and preferred is propylene. The olefin may be used as it is, or may be used
as a mixture with an inert gas such as nitrogen, helium, or carbon dioxide.

25 An amount of the inert gas that may be practically adapted is 50 moles or
less per mol of the olefin.

The oxygen may be used alone or may be used as a gas mixture with
the inert gas as described above. An amount of the oxygen that may be used

varies according to the reaction mode, catalyst, reaction temperature, but is




cal cined, or the cal cined conposition nmay be nol ded thereafter. The process
of the invention may be conducted in a batch-wi se or continuously, but is
preferably conducted in a continuous reaction froman 10 industrial :
viewpoint. Catalytically effective anount of the silver catal yst described
above is used in the present reaction. Typically, the anount of the silver
catalyst that may be used is 0.00005 nol or nore in terns of silver per
nol of the olefin. 15 An anount of water that may be used is usually 0.2
mol e or nore per nol of the olefin, and upper limt thereof is no
particularly limted as long as the anount of water does not adversely

af fect the pusesdis 0.0healpperl( moles, preforpblaDIGs g®lentd & moldseps: mol of
Preferably t&eq&ﬁnggnt of water is 0.2 nole to 10 noles, nore preferably
0.3 nole to -per nol of the olefin. The water 20 may be supplied in
a formof steam mples,.of .the ol efin _include r le,,a C2- l.efin
such as et hyl ene%ﬁ?&ﬁ??té%,te’fpﬁﬁ? & 1831 nlaO(S ?%3‘%?@@11(111 ’Fﬁfglf?g’,lyand
1-hexene, apgypsepprred is propylene. The olefin may be used as it is, or
may be used as a mxture with an inert gas such as nitrogen, helium or

carbon digoxi de. 25TH8 paeBakRt ofofhe Hifren®Ri! ist@ndutabd WYa BEadHAL td BBkl dture
adapted is 50 noles or less per nol of the olefin. The oxygen may be used
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above. An anount, of the oxygen that may be used varies according to the
reaction nodéackigpapiessure gapee dn thenpsprrsgnee afuvates, shengbyaglpfinooxide sl e

to 100 mol espr ru%‘éﬁ r\%?tlhy g%b83p1q%u%t11v?ty$0 'ﬂ?el %gagt?crm n&] tl?g in%gl?tigallell;liary}' be
conducted typically at a pressure range of 0.01 to 1MPa absolute, preferably
10 0.02 to 0.5 MPa absolute. )
- In the present reaction, the silver catalyst, water and olefin are
mixed to bring them in contact with each other.
After the reaction, the reaction liquid or the reaction gas is collected
and isolated by conventional separation method such as distillation.
15 Examples of the olefin oxide thus obtained include, for example,

ethylene oxide, propylene oxide, butene oxide, and pentene oxide.

Examples
The present invention is explained by way of examples in more detail

20 as follows, but it is not limited thereto.

Reference Example 1
4g of crystalline silica having a framework MFI structure
isomorphous to that of ZSM-5 and 40g of ion-exchange water are added to a
25 flask at 20-25 C and under agitating 2.1g of silver nitrate are added
thereto and after having agitated at an inner temperature of 60 T for 1
hour, the resulting was dried by evaporation to give a solid material. The
obtained powder was molded by a tablet molding device, and the molded

material was sieved out with 24-48 mesh-screen and the sieved material was



The reaction tenperature is usually 100 to 400. "C, and is preferably 120
to 300cC. 5 The process of the invention is conducted at a reaction
tenperature of slightly reduced pressure to slightly pressurized pressure
and under such reaction pressure range in the co-presence of water,
thereby olefin oxide is produced with ggod productivity. The reaction of
~the invention may be conducted typically at a pressure range of 0.01 to
1MPa absolute, preferably 10 0.02 to 0.5 MPa absolute. In the present
reaction, the silver catalyst, water and olefin are mxed to bring themin
contact with each other. After the reaction, the reaction liquid or the
reaction g%ﬁa} ?e&ﬁitbea‘:&&l@mﬁ%qwb%%ﬁ&@@f blaseamsdlchnal usépeaatinofiowetthod
such as distilTation |l es of the ol efin oxide thus obtained

i ncl ude, faNoexbARINEte adtHOy) &hefom& leyrspoapyt ermlvexicdealyistit ene oxi de, and
pent ene oxi de. Exanples The present invention is explained by way of
exanples in nore detail 20 as follows, but it is not limted thereto.

Ref er ence Exanple 1 g)of crystalline silica having a franmework MF
structure i ?0 that of ZSM5 and 40g of ion-exchange water are

added tg a 25 f'asﬁdagftggrzfgm R P Ao Lgig) 2t e

are add theretg an I nner tenperature of 60
Cfor 1b€Fe B 08 HARDA tl'()ﬁihﬂl@lsgiev@la@@b@klai

mat er i aI ?%%g %Eﬁ:ﬁ %H é%%gqm?dgd 8y a ta%l et nol di ng device, and
the nol ded atﬁ?ds@hle?ac \fﬁés@h@védomspandéw t34-04BViPes hetsoheteh abida t herctioaved

mat eri al was
temperature of 200 C, propylene was fed at 360mL/Hr, air was fed at
360mL/Hr, and water was supplied in such an amount as shown in table 1

10 and reacted. The results are shown in the following Table 1.

Table 1
Example Ex.1 Ex.2 Ex.3 Comparative
Conditions Ex.1
Water feed (mL/Hr) 0.3 1 2 0
Conv. of Propylene (%) 1.4 3.4 3.8 0.7
Propylene oxide 29 61 79 1
{ . mol/Hr)

Comparative example 1
15 In Example 1, the experiment was carried out in a similar manner as
example 1 except that water was not supplied. The result is shown in table

1.

Reference Example 2
20 In the reference Example 1, a silver catalyst was prepared in a
similar manner as the reference Example 1 except that 1g of silver nitrate

was used.



charged into a cal cining tube made of glass and cal ci ned under an air flow
of 100mL./m nute at 500 'C for 3 hours to give a silver catal yst. Exanples
1to 35 2nL of the silver catalyst obtained in the reference exanple 1
charged into a fixed-bed glass tube reactor having 10mm i nsi de dianmeter, at
at nospheric pressure (corresponds to 0. 1VFAa absolute) at a reaction
~tenperature of 200 'C, propylene was fed at 360nL/H, air was fed at
360nL/ Hr, and water was supplied in such an anount as shown in table 1 10
and reacted. The results are shown in the followng Table 1. Table 1
Exanmpl e Ex.1 Ex.2 Ex. 3 Conparative Conditions Ex.1 Witer feed (nb/Hr) 0.3
120 Conv. of Propylene (%9 1.4 3.4 3.8 0.7 Propylene oxide 29 61 79 1
(u nol/Hr) Conparative exanple 1 15 In Exanple 1, the experinent was
carried out Enammedi| ar manner as exanpl e 1 except that water was not

7ol or once Bxampl e TheSXRET PR HPA YREuGEE 1 & SuPLh heARCk B tp Sl CF

ref erence Exanpl e i"Ma s

E;lgrr{)lmceezfe NCEx YR TRLE the SHGEPLatd1PLt Bgta%e& ih VRE rBEdrbabE rxi@Dlé 988 as 18ed

5 in place of the catalyst used in Example 1 and that reaction temperature was

as

set at 180°C, and propylene oxide was obtained. Propylene conversion was

0.4%, and propylene oxide formation rate was 10 & mol/Hr.

Comparative Example 2
10 In example 4, the experiment was carried out in a stmilar manner as
example 4 except that water was not supplied, and it was confirmed that
propylene oxide was not generated. In addition, propylene conversion was

0.2%.

156  Reference Example 3
In the reference example 1, a silver catalyst was prepared in a
similar manner as the reference example 1 except that mesoporous silicate
prepared according to the method disclosed in Zeolite, 18, 408-416 (1997) was
used in place of the crystalline silica having a framework structure

20  isomorphous to that of ZSM-b.

Example 5
The experiment was carried out in a similar manner as example 1
except that silver catalyst obtained in the reference example 3 was used in
25 place of the silver catalyst obtained in the .reference example 1. Propylene

conversion was 0.2%, and propylene oxide formation rate was 5 1 mol/Hxr.

Comparative example 3

In example 5, the experiment was carried out in a similar manner as



The experinent was conducted in a simlar manner as in Exanple 1 except
that the silver catalyst obtained in the reference rxanple 2 was used 5 in
pl ace of the catalyst used in Exanple 1 and that reaction tenperature was
set at 1801, and propyl ene oxi de was obtained. Propylene conversion was
0.4% and propyl ene oxide fornmation rate yas 10 u nol/Hr. Conparative
Exanple 2 10 In exanple 4, the experinment was carried out in a simlar
manner as exanple 4 except that water was not supplied, and it was
confirmed that propyl ene oxide was not generated. In addition, propylene
conversion was 0.2% 15 Reference Exanple 3 In the reference exanple 1, a

silver catal ygdmys 5RxeOE thtl Water whEhbakupplBe! a8d it WascohfivanRdetRxanp! e
1 except that mesoporous silicate prepared according to the nethod

di scl osed i npZgiléhe oxidd, wa88rot ¥6r10 2897 n waditiosethe prqpydese obntdreion was
crystalline silica having a framework structure 20 isonorphous to that of
ZSM 5. ExanpPd% The experiment was carried out in a simlar manner as
exanple 1 except that silver catalyst obtained in the reference exanple 3
was used in 25 place of the silver catalyst obtained in the reference
exanpl e Propyl ene—conversj on was 0.2% and propyl ene oxide formation
rate vvas]% gkﬁg‘%{ﬁlﬁ Ecxégh@r tive exanple 3 In exanple 5, the experinent

e e L
formed. In aWdgt bpm-dbdeydipyd ensl 60Ty of SSilverwaidrate charged in a flask was
added dropwise a solution containing 44g of ethanol and 30.4g of
tetraethylorthosilicate at 20-25 T under stirring and was further stirred
10  at the same temperature for 20 hours.
Precipitated solid material was collected by filtration and washed
with 70 ml of ethanol thrice, and dried under reduced pressure at 70°C.
The obtained powder was molded by tablet molding device, and sieved out

with 24-48 mesh-screen and charged into a glass pipe and calcined under an

15  air flow of 100mL/ minute, at 500 C for 3 hours to prepare a silver catalyst.

Examples 6 to 7
2 ml of the silver catalyst prepared in the reference example 4 was
charged into a fixed-bed glass tube reactor having an inner diameter of 10
20 mm and at atmospheric pressure, which corresponds to 0.1MPa absolute,
and at a reaction temperature of 200, propylene was fed at 360mL/hr, air
was fed at 360mL/Hr, and water was fed as listed in Table .2 to the reactor to

carry out the reaction. The results are shown in the following Table 2.

25



0.1%
wat er ,

5 Reference Exanple 4 To a solution containing 77g of
60g of ethanol,
charged in a flask was:

I on- exchange
7.3g of n-dodecyl am ne and 6. 7g of silver nitrate
added dropwi se a sol ution contai ning 44g of ethanol

and 30.4g of tetraethylorthosilicate at 20-25 ' C under stirring and was
further stirred 10 at the same tenperatul? for 20 hours. Precipitated
solid material was collected by filtration and washed wth 70 m of
et hanol thrice, and dried under reduced pressure at 70t. The obtai ned
powder was nol ded by tabl et nolding device, and sieved out wth 24-48
mesh-screen and charged into a glass pipe and cal ci ned under an 15 air
flow of 100ntablgi%ute, at 500 'C for 3 hours to prepare a silver catalyst.
Exanpl es 6 2 M of the siTyer catalygi preparedjin the refergence
exanple 4 was ¢ elxamiplea f{xedERed gllassBExule react @onbi@vi ngl an i nner
di aneter of| 10 20 mm at at pospheric pressure, which corresponds to
O 1MPa abso] ut@ndindnat a r on tenperdture of 200 C Bxapyl ene was fed
at 360nL/hry air was fed at 360nL/H, and water was|fed as Iistelami n Tabl e
.2 to the repabher feed €adv¥rdut |t he deactilon. Ol8e refults Bre shown in the
follow ng Tpble 2. 25 12 Tabl e|2 Exanple |[Ex. 6 Ex. 7{Conp. Condiftions Ex.4
Water feed [(Gonwrof Bropyleme (Bony. of2.#ropyl enel@4 2|4 1.8.9.7
Propylene oxide 39 14 0
( £ mol/Hr)
Comparative example 4
In example 6, the experiment was carried out same as example 6
5  except that water was not supplied. The result is shown in Table 2.
Reference Example 5
3g of silver carbonate and 10g of ion-exchange water were charged
into a flask and at 20-25 C under stirring 4 g of aqueous 28wt % ammonia
10 was added thereto and was further stirred for 10 minutes. 2 g of oxalic acid,
and 7.2g of calcium carbonate were added thereto and stirred for 1 hour at
the temperature.
The resulting mixture was dried at 70C and the obtained powder
was molded by tablet molding device, and sieved out with 24-48 mesh-screen
15 and charged into a glass pipe and calcined under an air flow of 100mL/
minute at 350 C for 3 hours to prepare a silver catalyst.
Examples 8to 9
2 ml of the silver catalyst prepared in the reference example 5 was
20 charged into a fixed-bed glass tube reactor having an inner diameter of 10

mm and at atmospheric pressure, which corresponds to 0.1MPa absolute,

and at a reaction temperature of 200C, propylene was fed at 360mL/hr, air



Propyl ene oxide 39 14 0 (9 nol/H) Conparative exanple 4 In exanple 6, the
experinment was carried out sane as exanple 6 5 except that water was not
supplied. The result is shown in Table 2. Reference Exanple 5 3g of silver
carbonate and 10g of ion-exchange water were charged into a flask and at
20-25 t under stirring 4 g of agueous 2848 % amonia 10 was added thereto
and was further stirred for 10 mnutes. 2 g of oxalic acid, and 7.2g of

cal ci um carbonate were added thereto and stirred for 1 hour at the
tenperature. The resulting mxture was dried at 70t and the obtai ned powder
-was nol ded by tablet nol ding device, and sieved out_w th 24-48 nesh-screen

15 and char gext fedt at a360 i podanateravas fﬁhaamwdam%bﬂe 5|f@v&h@fref@m¥u
m nute at 350 'C for 3hoursto repare a si ver gée@ 8t09
2 m of thetgichywy owlathy yeactiope é&S}l Staa‘és Wéw% L%Bf“@

charged into a fixed-bed glass tube reactor having an inner dianeter of 10
nm and at atnospheric pressure, which corresponds to 0.1MPa absolute, and
at a reactl%néta;gperature of 2001, propylene was fed at 360nmL/hr, air 13

was fed at and water was fed as. listed in Iabl—e—3—t—e——t—he r eact or
Tabl e 3 Bxdnpl 6 Ex-e BAaBEDpar ot feS Cohd! tEoNs By, Gomparatiid’d TaCle 3

Conditions Ex.5

Water feed (mL/Hr) - 0.3 1 0

Conv. of Propylene (%) 3.8 4.9 0.6

Propylene oxide 92 110 12

( 4 mol/Hr) |
5

Comparative Example 5
In example 8, the experiment was carried out same as example 8

except that water was not supplied. The results are shown in Table 3.

10  Reference Example 6
6.3g of ethylenediamine, 1.9g of ion-exchange water, 6.6g of oxalic

acid and 10.9g of silver oxide (I) were charged into a flask at 20-25 Cunder
stirring and was further stii-red for 1 hour. 2.2 g of ethanolamine, 9.2g of
calcium carbonate and 30g of ion-exchange water were added thereto and

15  stirred for 4 hours at the temperature. The resulting mixture was dried at
110%C and the obtained powder was molded by tablet molding device, and
sieved out with 24-48 mesh-screen and charged into a glass pipe and calcined
under an air flow of 100mL/minute at 350 C for 3 hours to prepare a silver
catalyst.

20
Examples 10-11

9 ml of the silver catalyst prepared in the Reference Example 6 was



Water feed (nm/H) 0.3 1 0 Conv. of Propylene (%9 3.8 4.9 0.6 Propyl ene
oxi-de 92 110 12 (u not/Hr) 5 Conparative Exanple 5 In exanple 8, the
experinment was carried out same as exanple 8 except that water was not
supplied. The results are shown in Table 3. 10 Reference Exanple 6 6.3g of
et hyl enedi am ne, 1.9g of ion-exchange watkt, 6.6g of oxalic acid and 10.9g
of silver oxide (I) were charged into a flask at 20.25 tunder stirring and
was further stirred for 1 hour. 2.2 g of ethanolam ne, 9.2g of calcium
carbonate and 30g of ion-exchange water were added thereto and 15 stirred
for 4 hours at the tenperature. The resulting mxture was dried at 110 C
and the obt absedepinten famed-hed dddsbypubalrbattondiadiing adeviney, dmetegi vy
out with 24-48 nmesh-screen and charged into _a gl ass pi pe and | ci neij

under an ai roft @Rdoft ASDMSPRERG Bregsunsowhick cprrespends t@oo-al\@garaé)sa we} ver

talyst. 20 I 0-11 2 m _of. t ' tal yst k1 he
carlvet, 2RI el el bR YRS R et
navi 09 o | 9gE g U010 oo R LTSNS PEATEM € o
propyl eng was da@eh aiit RO Ft4dtion. THe r&Adt HRE sMowabRIMHdTabRNY baRiver was fed

as listed in Table 4 to the reactor

Table 4
Example Ex.10 Ex.11 Comparative
Conditions Ex.6
Water feed (mL/Hr) 0.3 1 0
Conv. of Propylene (%) 4.9 6.3 0.7
Propylene oxide 100 107 14
( 1 mol/Hr)

Comparative Example 6
10 In example 10, the experiment was carried out in a similar manner
as example 10 except that water was not supplied. The result is shown in

Table 4 above.

Reference Example 7

15 At 20-25 C, 126g of an aqueous silver nitrate solution containing
26g of silver nitrate was added dropwise over 30 minutes to 657.7g of a 7
slurry containing 57.7 g of calcium carbonate and stirred for 2 hours. The
resulting solid material was collected by filtration and washed four times
with 100 ml of ion-exchange water to give 91 g of a mixture of silver

20  carbonate/calcium carbonate. 9.1g of the silver carbonate/calcium carbonate
mixture was charged into a ﬂésk, and 10 g of ion-exchange water and 5.4g of

26 wt% aqueous tetramethylammonium hydroxide were added thereto under



5 to carry out the reaction. The result was shown in the Table 4 bel ow
Tabl e 4 Exanple Ex. 10 Ex. 11 Conparative Conditions Ex.6 Wter feed
(m./H) 0.3 10 Conv. of Propylene (%9 4.9 6.3 0.7 Propyl ene oxide 100 107
14 (cc nmol/Hr) Conparative Exanple 6 10 I n exanple 10, the experinent was
carried out in a simlar manner as exan?kp 10 except that water was not
~supplied. The result is shown in Table above. Reference Exanple 7 15 At
20-25 t, 126g of an aqueous silver nitrate solution containing 26g of
silver nitrate was added dropw se over 30 mnutes to 657.7g of a slurry
containing 57.7 g of calciumcarbonate and stirred for 2 hours. The

resulting sqli.d: ri al... Il i ahdeMpshind dfmesstitares
with 100 m %g#g}ngogx%%gﬁggfag? g%ﬁ?%rfgg}l@ie{t‘%lf %éﬁ;dh‘?am xt%re of siI?ve? 120

car bonat e/ cajtcigim §aAkRBALRe oDthBredipdwidersihy eroldad bgratabletnol dimgotavhanat e
m xture was charged into a flask, and 10 g of ion-exchange water and 5. 4g
of 26 Wt % amiibsiesed et avieh B4 And® mashr soycemxanid then eharkesdinth e gess pifer

15 stirring for 1 hour. The resulting njxture was dri.ed und educed
pressure atreagtat amdicelesred pé 3@@%85& fgé@%@ﬂﬁe\m aRdH “69{330{’5’8#%9 to

nmol di.ng device and SierEd %]g{t with 24 to 48 nesh-screen, and then charged
into a gPasPIsPpES 2% €F 52t8H8tcal ci ned at 3501 for 3 hours under an air
flow of 100m /min to

Example 12
9 ml of the silver catalyst prepared in the Reference Example 7 was
charged into a fixed-bed glass tube reactor having an inner diameter of 10
10 mm and at an atmospheric pressure, which corresponds to 0.1MPa absolute,
and at a reaction temperature of 200°C, propylene was fed at 360mL/hr, air
was fed at 360mL/Hr, and water was fed as listed in Table 5 to the reactor to

carry out the reaction. The result is shown in the following Table 5.

15 Table b
Example Ex.12 Comparative
Conditions Ex.7
Water feed (mL/Hr) 0.3 0
Conv. of Propylene (%) 4.9 3.6
Propylene oxide 84 42
( # mol/Hr)

Comparative Example 7

In example 12,the experiment was carried out in a similar manner as
example 12 except that water was not supplied. The result is shown in Table

20 &

Reference Example 8



5 prepare a silver catalyst. Exanple 12 2 ml of the silver catalyst
prepared in the Reference Exanple 7 was charged into a fixed-bed gl ass
tube reactor having an inner dianeter of 10 10 mm and at an atnospheric
pressure, which corresponds to O 1MPa absolute, and at a reaction
~tenperature of 200t, propylene was fed atyg360ni/hr, air was fed at

- 360nL/Hr, and water was fed as listed in Table 5 to the reactor to carry
out the reaction. The result is shown in the following Table 5. 15 Table 5
Exanmpl e Ex. 12 Conparative Conditions Ex.7 Water feed (nmb/H) 0.3 0
Conv. of Propylene (%9 4.9 3.6 Propylene oxide 84 42 (u nol/Hr)

Conpar ative Exanplgeid of th&Xaid @arbénhfi@cA¥RAh IcABRéndRSmeafrk @d fRdpaldl f
simlar manner as eXxanple 12 except that water was not supplied.” The

result is shierReferdaded Exaiplb.7, Befdel@gasf ik anxphaenge nted wareatharged shtover
car bonat e/ cal ci um carbonate m xture as prepared in the Reference Exanple 7,

and 10 g of 4 dlaséxcinth el svd eathwdere ditmige dricht202g off oxadic aged weregadded
et hyl enedi a%e and 2(9 g%hoxa I ¢ ac| re added thereto at 20 to 25t,
and stirred Fetp 10 GO FheA b EHRFREAHGT i 34 e was dried at 100' C and t hen
the obtagned The resulting mixture was dried at 100C and then the obtained
powder was molded by tablet molding device and sieved out with 24 to 48
mesh-screen, and then charged into a glass pipe and calcined at 350°C for 3

hours under an air flow of 100ml/min to prepare a silver catalyst.

10 Examples 13-14
2 ml of the silver catalyst prepared in the Reference Example 8 was
charged into a fixed-bed glass tube reactor having an inner diameter of 10
mm and at an atmospheric pressure, which corresponds to 0.1MPa absolute,
and at a reaction temperature of 200°C, propylene was fed at 360mL/hr, air
15 was fed at 360mL/Hr, and water was fed as listed in Table 6 to the reactor to

carry out the reaction. The result is shown in the following Table 6.

Table 6
Example Ex.13 Ex.14 | Comparative
Conditions ' Ex.8
Water feed (mL/Hr) 0.3 1 0
Conv. of Propylene (%) 3.6 4.5 0.4
Propylene oxide 70 86 7
( & mol/Hr)

Comparative example 8 .
20 In Example 13, the experiment was carried out same as Example 13

except that water was not supplied. The result is shown in Table 6.



powder was nol ded by tabl et nolding device and sieved out with 24 to 48
mesh-screen, and then charged into a glass pipe and calcined at 350°C for 3
hours under an air flow of 100m /mn to prepare a silver catalyst. 10
Exanples 13-14 2 ml of the silver catalyst prepared in the Reference
Exanple 8 was charged into a fixed-bed gl.ass tube reactor having an inner
~dianeter of 10 mmand at an atnnsphericqgfessure, whi ch corresponds to

0. 1MPa absolute, and at a reaction tenperature of 200C, propylene was fed
at 360nL/hr, air 15 was fed at 360nL/H, and water was fed as listed in
Table 6 to the reactor to carry out the reaction. The result is shown in
the foll ow Table]§ Tagag 6 Exanple Ex. 13 Ex. 14 Conparative Conditions
Ex. 8 vater 5P 1 0 Conv. of Propylene (%9 3.6 4.5 0.4

Propyl ene oxide 7Q, ﬁggoitheaeﬁ@élfda&im& &g 'rff%a?aa{mb%&t&% b8 pRBaRIdEIn] 3,

the experinent was ed out sane as e 13 except that water was

not suppl i edhe et aRE BxampId TVANAM.OT ngfQOﬁ ex&ﬂangeﬁmeﬁ@aerﬁmmged M 1g
of the silver carbonate/cal Cium carbonate m xture as prepared in

Ref er ence Bea,ﬂp!sle, #nd drtg dDoxpléd acidrwere hdded therese ated®te Rilgeand ﬁtlbl'eda
flask, and 1. % of oxalic acid were added thereto 20 to, 25t rfg% red
5 for 1 Bouror TreoureJher vasylting mmpduy vas dagd st ahd theathepbts ned

powder was molded by a tablet molding device and sieved out with 24 to 48
mesh-screen, and then charged into a glass pipe and calcined at 350C for 3

hours under an air flow of 100ml/min to prepare the silver catalyst.

10 Examples 15-16
2 ml of the silver catalyst prepared in the Reference Example 9 was
charged into a fixed-bed glass tube reactor having an inner diameter of 10
mm and at an atmospheric pressure, which corresponds to 0.1MPa absolute,
and at a reaction temperature of 200, propylene was fed at 360mL/hr, and
15  air was fed at 360mL/Hr, and water was fed as listed in Table 7 to the reactor

to carry out the reaction. The result is shown in the following Table 7.

Table 7
Example Ex.15 Ex.16 Comparative
Conditions _ Ex.9
Water feed (mL/Hr) 0.3 1 0
Conv. of Propylene (%) 1.6 3.7 0.4
Propylene oxide 30 54 12
( £ mol/Hx)

Comparative Example 9
In Example 15, the experiment was carried out in a similar manner
20 as Example 15 except that water was not supplied. The result is shown in

Table 7.



powder was nol ded by a tablet nolding device and sieved out with 24 to 48
nmesh-screen, and then charged into a gl ass pipe and cal cined at 3501 for 3
hours under an air flow of 100m /mn to prepare the silver catalyst. 10
Exanples 15-16 2 ml of the silver catalyst prepared in the Reference
Exanple 9 was charged into a fixed-bed glass tube reactor having an inner
~dianeter of 10 mm and at an atnospheric E essure, which corresponds to

0. 1MPa absolute, and at a reaction tenperature of 2001, propylene was fed
at 360nL/hr, and 15 air was fed at 360nL/Hr, and water was fed as listed in
Table 7 to the reactor to carry out the reaction. The result is shown in

the follow b |l e Ex. 15 Ex.16 Conparative Conditions
Ex.9 Water eeg %%f)ﬁa%ﬁglagl?t 18E’gnv of Propylene (%9 1.6 3.7 0.4

Propyl ene oxi de 303¢llef iohtexPRhhEE )eva@@{mﬁh%tr'c‘é?bé%ﬁﬂmheth% éxﬂoﬁiﬁ%@'lﬁt&&

the experinent was carried out in a simlar nmanner 20 as Exanple 15 except

that water was Table s§ppnide@8%Theyuedsisl bniraoahaunviere dédd® t6. alflasReherence

Exanples 10 to 13 30 m of ion-exchange water, silver carbonate in the

amount as | |t§mﬁra+tﬁrerdl§m§980f &Qéczwm%‘iqﬂeoussadmrda:m%m @@I@d Qadcmm

flask at 52 ture r(f\d‘n%e of 20t tog In said orde Ther}

cal ci um car nA e was added thereto to produce slurry, and a so ution of mix ure of
hydrazine monochydrate in the amount as listed in Table 8 and 10 ml of water
was added thereto over 10 minutes. After keeping the temperature for 1 hour,
solid material was collected by filtration using flter paper. The solid
material was washed with ion-exchange water and dried at 100C for 5 hrs

10  to give the catalyst .

Table 8
No. AgeCO; (g) 28% NHs (g) NHsNH: - H2O {g)
Ref Ex. 10 2.16 3.72 0.38
Ref. Ex. 11 1.58 2.2b 0.23
Ref Ex. 12 0.79 1.13 0.12
Ref. Ex. 13 0.39 0.567 0.06

Examples 17 to 20
1 ml of the silver catalyst prepared in the Reference Examples 10 to
13 were each charged into a glass pipe reactor having an inner diameter of
15 10 mm and at an atmospheric pressure, which corresponds to 0.1MPa
absolute, and at a reaction temperature of 200°C, propylene was fed at
360ml/hr, air was fed at 360mI/Hr, and water was fed at 1 mI/Hr to the
reactor to carry out the reaction. The results are shown in the following
Table 9.
20

25



5 carbonate was added thereto to produce slurry, and a solution of mixture
of hydrazi ne nonohydrate in the anount as |listed in Table 8 and 10 m of

water was added thereto over 10 minutes. After keeping the tenperature
1 hour, solid material was collected by filtration using filter paper.

f or
The

solid material was washed with ion-exchagge water and dried at 1001 for 5

hrs 10 to give the catalyst . Table 8 . Ag2CB (g) 28%N\Hs (g) NH2NH2

H20 (g) Ref. Ex. 10 2.15 3.72 0.38 Ref. Ex. 11 1.58 2.25 0.23 Ref. Ex.

12

0.79 1.13 0.12 Ref. Ex. 13 0.39 0.57 0.06 Exanples 17 to 20 1 m of the

silver catalyst prepared in the Reference Exanples 10 to 13 were each
charged int

at an at nog pressure, whi-ch-—corresboen to 1IMPa oha

@% géass pi pe reactor having an inner dianeter of 15 10 nm and
erlc

reaction tenp ure 20 9(:',E7E>Ir'oﬁyn@nea%sg@‘é‘apgtﬂm Bgﬁﬂlﬁﬁ\); %ﬁl elﬁlﬁ’éf

a
ed

at 360nL/H, and warefXREP-fadlat| Exrtd bl o Exdl [ Bcy Bx 1% c?é)rryElSdt‘?' fhe
reaction. [henddienss are wn ibh the flollgwing [Tablb 9. 24 25119 Fabl e

9 Ex. Conp| HRatalpsp Ex. Conp. Ex| Conp. Exanple [17 Ek.10 18 Ex.{11 19
Ex. 12 20 EX. {Ref Ex. No.) 10| 10 |11} 11 12| 12 |13 | 13

Conv. of Propylene | 4o | 05 [39| 05 |25| 02 (22| 02
(%)

Propylene oxide 59 8 75 10 28 3 28 2
( 1z mol/Hr)

Comparative Example 10 to 13
Reactions were carried out in a similar manner as Examples 17 to 20
respectively except that water was not supplied in Examples 17 to 20. The

5 results are shown in Table 9.

Reference Example 14 to 16
30 ml of ion-exchange water, silver carbonate in the amount as listed
in Table 10, and 28% aqueous ammonium were added to a flask at a
10 temperature range of 20T to 25C in said order. Then 5 g of calcium
carbonate was added thereto to produce slurry, and a solution of aqueous 5%
HCHO in the amount as listed in Table 10 was added thereto over 10
minutes. After keeping the resulting mixture at 100C for 3 hours and cooled
to room temperature, resulting solid material was collected by filtration
15  using filter paper. The solid material was washed with ion-exchange water

and dried at 100C for 5 hours to give the catalyst .

Table 10
No. AgsCOs (g) 28%NH: (g) |aq.5%HCHO (g
Ref. Ex.14 2:15 3.72 27.6
Ref. Ex.15 1.58 2.26 16.7
‘Ref. Ex.16 0.79 1.13 8.4




Conditions Catalyst (Ref. Ex. No.) 10 10 11 11 12 12 13 13 Conv. of
Propylene 4.2 0.5 3.9 0.5 2.50.2 2.2 0.2 (9% Propylene oxide 59 8 75 10
28 328 2 ( tt nol/H) Conparative Exanple 10 to 13 Reactions were carried
out in a simlar manner as Exanples 17 to 20 respectively except that

wat er was not supplied in Exanples 17 t@®2®0. The 5 results are shown in

. Table 9. Reference Exanple 14 to 16 30 ml of ion-exchange water, silver
carbonate in the amount as listed in Table 10, and 28% aqueous anmpni um
were added to a flask at a 10 tenperature range of 200C to 25t in said
order. Then 5 g of cal cium carbonate was added thereto to produce slurry,
and a sol ut EQAnffleaUeeES 5% HCHO in the anpunt as listed in Table 10 was
added thereto over 10 mnutes. After keeping.the resulting,m xture 1;t 1001
for 3 hours and cbehleef theosilvaneatahyrirRIenAES p@%pﬁ@i‘@resrme?%}t i"r% 1\‘? fas

collected by filtration_15 usiing filte per. The sali '
washed wi t hleomemeﬁ@lngbamfbﬁng%ﬁ 1&?4'98335%3%3}18? &Faﬁ%gﬁé‘z{ﬂrgghﬁ}@gef he
catalyst . Table 10 Ag2 289 % 1£19)corRebonfx td4
2.15 3.72 2 %Benﬁé@ff.ofﬁ(? f%‘%l%‘)é é‘%g %ﬁ‘g&}%# Bieseh ’8”% 1.13 8?)211
5 0.1MPa absolute, and at a reaction temperature of 200, propylene was fed
at 360mL/br, air was fed at 360mL/Hr, and water was fed at 1 ml/Hr to the

reactor to carry out the reaction. The results are shown in the following

Table 11.
10 Table 11 )
Ex. | Comp. | Ex. | Comp.|Ex. | Comp.
xample |97 |Ex.14 |22 |[Ex.15 {23 |Ex.16
Conditions
Catalyst 14 14 156 15 16 16
(Ref. Ex.No.)

Conv. of Propylene 94 0.2 3.5 0.3 2.9 0.2
(%)

Propylene oxide 68 3 47 5 56 3
(£ moV/Hr)

Comparative Examples 14 to 16

Reactions were carried out in a similar manner as Examples 21 to 23
respectively except that water was not supplied in Examples 21 to 23. The

15 results are shown in Table 11.

Reference Examples 17 to 19

30 ml of ion-exchange water, silver carbonate in the amount as listed
in Table 12, and 28% aqueous ammonium were added to a flask at a
90 temperature range of 20 to 95°C in said order. Then 5 g of calcium

carbonate was added thereto to produce slurry, and ethanol in the amount as



20 Exanples 21 to 23 1 m of the silver catalyst prepared in the Reference
Exanples 14 to 16 were each charged into a fixed-bed glass tube reactor
having an inner dianeter of 10 mm and at an at nospheri.c pressure, which
corresponds to 5 O 1MPa absolute, and at a reaction tenperature of 2001,
propyl ene was fed at 360n/hr, air was f at 360nm./ H, and water was fed
at 1 m/H to the reactor to carry out the reaction. The results are shown
inthe followng Table 11. 10 Table 11 Ex. Conp. Ex. Conp. Ex. Conp.
xanmpl e 21 Ex.14 22 Ex.15 23 Ex. 16 Conditions Catalyst 14 14 15 15 16 16
(Ref. Ex.No.) Conv. of Propylene 2.4 0.2 3.5 0.3 2.9 0.2 (% Propylene

oxi de 68 3 45334 FableUdRh HddeAARAE R Ao EXaheSht kel g Tenehions
were carried out 1n a simlar nmanner as Exanples 21 to 23 respectively
except that MEI€r MAS3 Notwsuapli esbled foxaopheseRpetatuz8, thheresifitingssdlic
are shown in Table 11. Reference Exanples 17 to 19 30 ml of _ion-exchange
wat er, sil venataibbwaseollacteidfibuationmsing fidter napeTabhe selid materegoyas

agueous ammoni um were added to a fl ask at ) }
a washed with 1on-exchange water and 3r1ed at 100°C for 5 hours to give the

5 catalyst.
Table 12
No. Ag2C0;s (g) 28% NH;s (g) Ethanol (g)
Ref Ex.17 2.15 3.72 30
Ref. Ex.18 1.58 2.25 30
Ref. Ex.19 0.79 1.13 30

Examples 24 to 26

10 1 m] of the silver catalyst prepared in the Reference Examples 17 to
19 were each charged into a fixed-bed glass tube reactor having an inner
diameter of 10 mm and at an atmospheric pressure, which corresponds to
0.1MPa absolute, and at a reaction temperature of 200°C, propylene was feed
at 360mL/hr, air was fed at 360mI/Hr, and water was fed at 1 ml/Hr to the

15  reactor to carry out the reaction. The results are shown in the following

Table 13.
Table 13
Ex. | Comp. |Ex. | Comp. | Ex. | Comp.
.. —Example |94 |Ex17 |25 |Ex18 |26 |Ex.19
Conditions
Catalyst 17 17 18 18 19 | 19
(Ref. Ex.No.)

Conv. of Propylene 3.1 0.1 4.0 0.2 2.6 0.1
(%)

Propylene oxide 69 0 87 2 32 | O
(£ mol/Hr)




20 tenperature range of 20t to 251t in said order. Then 5 g of cal cium
carbonate was added thereto to produce slurry, and ethanol in the anpunt as
21 listed in Table 12 was added thereto. After keeping the resulting -

m xture at 100C for 3 hours and cooled to roomtenperature, the resulting
solid material was collected by filtration using filter paper. The solid
~material was washed with ion-exchange 3%ater and dried at 1001 for 5 hours
to give the 5 catalyst. Table 12 No. Ag2CO3 (g) 28%N\H3 (g) Ethanol (Q)
Ref. Ex.17 2.15 3.72 30 Ref. Ex.18 1.58 2.25 30 Ref. Ex.19 0.79 1.13 30
Exanples 24 to 26 10 1 m of the silver catalyst prepared in the Reference
Exanples 17 to 19 were each charged into a fixed-bed gl ass tube reactor
havi ng an Comparatidvalixberplet 1¥0onit and at an at nospheric pressure, which
corresponds to _0.1MPa absolute, and at a reaction te rature of 20%,
propyl ene was f EsRchgnsIveNfsariedHyt igad spatay mapesy 3 ,"am@ﬁ;ﬁé‘) s fed

t 1 mM/H_to the,15 t t the,. thon. T
hown | n CRESeSHHGeD LR ME4ET T B0k swmief B Pthnplgical 53 g, ¥ ©
xampl e 24 Yelunts 228 sHSwiSirtPabis 1P Conditions Catalyst 17 17 18 18 19 19



(Ref. Ex.No.) Conv. of Propylene 3.1 0.1 4.00.2 2.6 0.1 (% Propylene
oxide 69 0 87 2 32 0 (u nol/H) 22 Conparative Exanples 17 to 19
Reactions were carried out in a simlar manner as Exanples 24 to 26
respectively except that water was not supplied in Exanples 24 to 26. The
results are shown in Table 13. 23 Cdainx 1. A process for producing
propyl ene oxi de, which conprises reacting propylene with oxygen in the
presence of a silver catalyst and 0.2 nole or nore of water per nol of 5
propyl ene, wherein the silver catalyst is a silver-containing conposition
obt ai ned b¢laiasit acting i) a silver conpound with a reducing agent in the
presence of an alkaline earth or rare earth netal carbonate, ii) a silve
metal or a silver conmpound or a mixture thereof, with an inorganic 10

L1108, e Rt GRERASOLE N COMS i by i

netal or a S|Ive compou ure théreo met bonat e
acid, and axydehriagie-presehed of agilvenpatalyst, aridv).2amelel sremooso o viaket pnrtnhnlarf

agent. 16 DoRAlce BBFeD B IE AT et 81 e BORAOS, CORRS S AR By o
silver CO”P&HELQm‘Q‘ th a metal carbonate, and a nitrogen-containing
i) a silver compound with a reducing agent in the presence of an alkaline
earth or rare earth metal carbonate,
1) a silver metal or a silver compound or a mixture thereof, with an inorganic
10 solid oxide, an acid, and a nitrogen-containing compound,
1ii) a silver metal or a silver compound or a mixture thereof with a metal
carbonate, an acid, and a nitrogen-containing compound,
1) a silver compound with an inorganic solid oxide, a nitrogen-containing
compound, and a reducing agent,
15 v) a silver compound with a metal carbonate, and an acid,
vi) a silver compound with a metal carbonate, and a nitrogen-containing
compound, or
vii) a calcined silver-containing composition obtained by calcining the
composition of 1), ii), iii), iv), v}, or vi) above.
20
2, A process according to claim 1, wherein the inorganic solid oxide is a) silicon

oxides, b) alumina, calcia, magnesia, titania or zirconia, or complex metal oxides thereof.

3. A process according to claim 1, wherein the reaction of propylene with oxygen in
25 the presence of a silver catalyst and 0.2 mole or more of water per mol of propylene is

conducted at a pressure range of 0.01 to 1 MPa absolute,

4. A process according to claim 1, wherein the amount of water is 0.2 mole to 20

moles per mol of the propylene.
30

r

an



conpound, or vii) a calcined silver-containing conposition obtained by
calcining the conposition of i), ii), iii), iv), v), or vi) above. 20 2. A
process according to claiml, wherein the inorganic solid oxide is a)
silicon oxides, b) alumna, calcia, magnesia, titania or zirconia, or

conpl ex netal oxides thereof. 3. A process according to claim1l1, wherein
the reaction of propylene with oxygen in 25 the presence of a silver
catalyst and 0.2 nole or nore of water per nol of propylene is conducted
at a pressure range of 0.01 to 1 MPa absolute. 4. A process according to
claimi1, wherei A pRResnavediditd to\eladh 1,Swherdinnbkesikver 2italydises sflesr cavdlyaf
the propylene. 30 24 5. A process according to claim1, wherein the silver
cat al yst i sorgaising\sdrerckp & ye¥o bycweighli ni ng silver 1%to 70% by weight. 6. A
process according to claim2, wherein the silicon oxide is water-insol uble
5 silicate or silica gel. 7. A process according to claim®6, wherein the
wat er - i nsopubl e Astdce@t 8cdosdiAgabi dlinPr2, wirgeinohe usticonl bride ds WateBinsdluble
process according to claim1, wherein the netal carbonate is alkaline earth
nmetal car Bbage er silica gel.

7. A process according to claim 6, wherein the water-insoluble silicate is zeolite or

mesoporous silicate.

10 8. A process according to claim 1, wherein the metal carbonate is alkaline earth metal

carbonate.



