
EP 0 558 346 B1 on the amount of the perfected catalyst, and subjecting the
impregnated carrier to thermal reduction or thermal decomposition. Japanese
Patent Laid-Open No. 57-107,241(1982) discloses a silver catalyst for the
production of ethylene oxide which contains at least sodium (Na) as a
cationic component and chlorine (Cl) as an anionic 5  component besides
silver in amounts such that the atomic ratio of Cl/Na is less than 1. U.S.
Patent No. 4,415,476 discloses a silver catalyst for the production of
ethylene oxide which contains at least sodium and cesium as cationic
components and chlorine as chloride as an anionic component in addition to
the silver. E.P. 247414 discloses a silver catalyst for the production of
ethylene oxide which contains at least 10 sodium, potassium, rubidium,
and/or cesium as cationic components in addition to silver as a catalytic
component and uses a carrier consisting mainly of alpha-alumina and having
a surface area in the range of from 0.6 to 2 [err]/g, an absorption ratio
in the range of from 20 to 50%, a silica content in the range of from 0.5
to 12% by weight, a silica content in the range of from 0.5 to 12,
preferably from 1 to 8, (weight %/[err]/g) per surface area, and a sodium
content in the range of from 0.08 to 2% by weight. 15     Numerous
pertinent reports have been published as demonstrated above and most of
them are directed to enhancing the catalytic qualities of a silver catalyst
by the addition of alkali metals falling in a limited range to the silver
catalyst. Though the catalysts disclosed therein exhibit ideal initial
catalytic properties, they are deficient in terms of service life. The
carriers used in the silver catalysts for the production of ethylene oxide
have many problems not 20 yet elucidated and required to be further
improved. For example, the choice of composition of the components for the
carrier, the physical properties of carrier such as specific surface area,
pore diameter, pore size distribution, pore volume, porosity, particle
diameter, and particle shape, and the chemical properties of such carrier
materials as alpha-alumina, silicon carbide, silica, and zirconia remain
yet to be improved for optimization. 25     An object of this invention,
therefore, is to provide a novel silver catalyst for the production of
ethylene oxide which combines high selectivity, high activity, and a
lasting service life. Another object of this invention is to provide a
novel silver catalyst for the production of ethylene oxide which enjoys an
enhanced service life owing to the use of an alpha-alumina carrier having a
specific surface area in the range of from 0.75 to 5[err]/g and an apparent
porosity in the range of from 45 to 70%. 30     The present inventors have
been pursuing a study concerning the composition of components and the
specific surface area of an ideal carrier to be used in a silver catalyst
for the production of ethylene oxide. As disclosed in EP-A-380295
(US-A-5077256), they have already developed a silver catalyst which is able
to exhibit high selectivity and maintain this high selectivity for a long
time by using an alpha-alumina carrier having the outer surface thereof and
the surface of the pores therein coated with amorphous silica. After 35
further continuing the study, they have found that a silver catalyst using
an alpha-alumina carrier having the outer surface of carrier and the
surface of pores therein coated with an amorphous silica-alumina mixture
exhibits higher selectivity and maintains this higher selectivity for a
longer time than the silver catalyst using the amorphous silica coating on
the outer surface of carrier and the surface of pores therein. This
invention has been perfected as a result. 40     The objects described
above are accomplished by a silver catalyst for the production of ethylene
oxide which comprises an a-alumina carrier having the outer surface of
carrier and the surface of pores therein coated with an amorphous
silica-alumina mixture and having a total Si and Al content in the
amorphous 



silica-alumina mixture in the range from 33 x ][err] to 2 x 10-[err]/g of
carrier and a Si/AI ratio in the amorphous mixture in the range of from
0.05 to 50.0 g/g and 5 to 25% by weight based on perfected 45 catalyst of
minute metallic silver particles and 0.0001 to 0.05 gram equivalent per kg
of perfected catalyst of cesium deposited on the a-alumina carrier. The
present invention concerns a novel silver catalyst for the production of
ethylene oxide which is able to exhibit high selectivity and maintain the
high activity for a long time by using an a-alumina carrier having the
outer surface of carrier and the surface of pores therein coated with an
amorphous silica-alumina 50 mixture whose Si and Al contents account for a
prescribed ratio and depositing on the a-alumina carrier 5 to 25% by weight
based on perfected catalyst of minute metallic silver particles and 0.0001
to 0.05 gram equivalent weight per kg of perfected catalyst of cesium. An
[err]alumina carrier exhibiting a specific surface area in the range of
from 0.75 to 5 [err]/g and an apparent porosity in the range of from 45 to
70% and having the outer surface of carrier and the surface of 55 pores
therein coated with an amorphous silica, according to the research on ideal
carriers for use in silver catalysts for the production of ethylene oxide,
has not found popular acceptance in the commercial-scale applications on
account of lower selectivity in catalysis as compared with the carrier
heretofore adopted generally for the commercial-scale applications of
catalysis. Even this carrier of relatively high specific 3    EP 0 558 346
B1 surface area can be effectively utilized in the present invention. It
has been found in the present invention that the catalyst which is obtained
by depositing on this carrier cesium and/or a cesium compound as a reaction
promoter, then subjecting the reaction promoter-deposited carrier to an
activation treatment thereby inducing deposition of silver and cesium
and/or cesium compound on the a-alumina carrier, and heat- 5  treating the
resultant precursory catalyst in an inert gas at an elevated temperatures
in the range of from 400 * to 950 [err] C exhibits activity, selectivity,
and durability at heretofore unattainable high levels. The catalysts to be
used in the production of ethylene oxide by the catalytic vapor-phase
oxidation of ethylene with molecular oxygen are silver catalysts. It goes
without saying that most of these silver catalysts are supported catalysts
using a carrier. It is also universally known that the carriers to be used
in supported 10 catalysts are porous granular refractory materials. The
porous granular refractory carriers, though simple in utterance, are widely
varied. The physical properties such as specific surface area, pore size
distribution, pore volume, particle diameter, and shape which are possessed
by such carriers and the chemical properties possessed by a-alumina,
silica, silicon carbide, zirconia, and clay which are components for
carriers have profound effects on the qualities of 15 catalysts produced
with these carriers. The quality of the carrier to be selected is a grave
problem for most persons of ordinary skill in the art. Of the properties of
the carrier, the specific surface area dictates close attention because it
bears on the pore diameter and exerts a great influence on the catalyst
behavior. Specifically, from the standpoint of activity and durability, the
specific surface area of catalyst is preferably large and the specific
surface area 20 of the carrier is consequently preferably large. For the
carrier to have a large specific surface area, the alumina particles
selected as the material for carrier must be of a small diameter. This
requirement necessarily implies formation of pores of a small diameter.
This fact proves to be disadvantageous in 



respect of diffusion and stagnation of gas and removal of the heat of
reaction. It is further disadvantageous in that the surface of exposure of
the carrier is prone to increase. These factors invariably result in a
decline 25 of the selectivity. In the light of these facts, it is not
always right to say that the specific surface area should be larger than
not. This property has its own limit. Most of the carriers heretofore
adopted on a commercial scale have specific surface areas of not more than
1 [err]g, even not more than 0.5 m2/g. Exceptionally, some of these
carriers have specific surface areas exceeding 1 m2/g and they are more
deficient In selectivity than those of smaller specific surface areas. 30
We have continued a study in search of a way of eliminating the drawbacks
mentioned above and have consequently found a method for maintaining and
promoting high activity and durability of a carrier with a specific surface
area of not less than 0.75 m2/g while improving and not sacrificing
selectivity. A silver catalyst using an a-alumina carrier of the present
invention which has the outer surface of carrier and the surface of pores
therein coated with an amorphous silica-alumina mixture, when adopted for
the production 35 of ethylene oxide, exhibits higher selectivity and
retains this selectivity for a longer time than that using the a-alumina
carrier having the outer surface of carrier and the surface of pores
therein as already disclosed by us in EP-A-380295 (US-A-5077256).This fact
is conspicuous in a carrier having a high specific surface area of not less
than 0.75 [err]g and in a catalyst incorporating therein an increased
amount of a cesium compound. It is surprising to note that the
aforementioned disadvantage from the standpoint of physical 40 properties
is overcome more effectively by improving the chemical properties of
carrier, namely by using the a-alumina carrier having the outer surface of
carrier and the surface of pores therein with the amorphous silica-alumina
mixture instead of the a-alumina carrier using an amorphous silica coat.
The specific surface areas mentioned in the specification hereof are
numerical values determined by the Bruneuer-Emmett-Teller (hereinafter
referred to briefly as "BET") method. 45    In accordance with the present
invention, the outer surface of carrier and the surface of pores therein
delicately affect the catalytic performance. The adverse phase of the
effect decreases in proportion as the specific surface area decreases and
gradually increases as the specific surface area exceeds 0.5 [err]g and
becomes conspicuous as the surface area exceeds 0.75 [err]/g. Owing to the
a-alumina carrier of our former development having the outer surface of
carrier and the so surface of pores therein coated with an amorphous silica
has permitted use of a carrier having a theretofore impracticable specific
surface area exceeding 0.75 m2/g. It has been established by the present
invention that a silver catalyst which uses the a-alumina carrier of the
present invention having the outer surface of carrier and the surface of
pures therein coated with an amorphous silica-alumina mixture, when used in
producing ethylene oxide, exhibits better activity and selectivity than
that using the a-alumina carrier having 55 the outer surface of carrier and
the surface of pores therein with an amorphous silica. Though the
improvement enjoyed by the catalyst depends more or less on the properties
of the carrier as demonstrated in the working examples to be cited herein
below, the incorporation of cesium in the catalyst makes the distinction in
service life stand out to a surprising extent. The mechanism which is 4
EP 0 558 346 B1 responsible for the excellent service life remains yet to
be elucidated. The substance to coat the outer surface of carrier and the
surface of pores therein performs better when it is an amorphous
silica-alumina 



mixture than when it is an amorphous silica. The catalyst which is obtained
by depositing cesium on the carrier, then subjecting the cesium-deposited
carrier to an activating treatment thereby inducing deposition 5  of silver
and cesium and/or a cesium compound on a porous inorganic refractory
carrier, and heat-treating the resultant precursory catalyst in an inert
gas at an elevated temperature in the range of from 400[err] to 950 [err] C
enjoys an improvement of about 1% in selectivity as compared with the
catalyst using an amorphous silica. It is reported in the literature that
the adsorption of metallic ions onto alumina and silica depends greatly on
pH. In consideration of these facts, it is logically concluded that the
amorphous silica-alumina 10 mixture, rather than the amorphous silica
deposited on the outer surface of the carrier and the surface of pores
therein, when impregnated with a solution containing silver and cesium,
affects more strongly the distribution of deposition of silver and, to a
greater extent, of cesium and the binding force of such deposited metals
with the carrier. This fact seems to bear on the catalytic performance.
Ideally, the amount of cesium and/or cesium compound to be added in this
invention is in the range of 15 from 0.0001 to 0.05 gram equivalent weight,
preferably from 0.001 to 0.03 gram equivalent weight, per kg of perfected
catalyst. Particularly, this amount is desired to exceed 0.008 gram
equivalent weight and to be not more than 0.03 gram equivalent weight. The
specific surface area of the a-alumina carrier to be used effectively in
this invention is in the range of from 0.75 to 5 [err]/g, preferably from
0.8 to 2 m2/g. If the specific surface area exceeds 5 m2/g, the carrier 20
fails to acquire subsantially satisfactory quality. The carrier components
other than a-alumina and sodium (mainly Na20) are desired to be those which
are commonly contained in carriers passing in the field and in such amounts
as accepted commonly in the field. The apparent porosity of the a-alumina
carrier of this invention is desired to be in the range of from 45 to 70%,
preferably from 50 to 60%. 25     The specific pore volume of the a-alumina
carrier of this invention is desired to be in the range of 0.1 to 0.8
[err]/g, preferably 0.2 to 0.5 cm3/g. The a-alumina carrier which is
effectively used in the present invention is an [err]-alumina carrier
comprising mainly an a-alumina having a particle diameter in the range of
from 3 to 20 mm, preferably an alumina powder having an a-alumina content
of not less than 90% by weight, possessing a secondary 30 particle diameter
in the range of from 20 to 200 [err]formed of primary a-alumina particles
0.1 to 10 [err] in diameter and possessing a specific surface area in the
range of from 0.1 to 10 m2/g. The carrier to be used in the present
invention is a refractory carrier in the form of spheres, pellets, rings,
and other particulate pieces. The average equivalent diameter is in the
range of from 3 to 20 mm, preferably from 5 to 10 mm. Particularly, the
composition of components for the carrier and the specific surface area of
the carrier bear 35 largely on the catalyst performance. In the manufacture
of the catalyst, the selection of a carrier shape capable of facilitating
uniform deposition of silver and cesium and/or cesium compound on the
carrier forms the key to successful production of a catalyst excelling in
selectivity. The [err]-alumina carrier is  preferable, for example, to be
formed mainly of an [err]-alumina having a BET specific surface area in the
range of from 0.8 to 2 m2/g, an apparent porosity in the range of from 50
to 40 60%, a pore volume in the range of from 0.2 to 0.5 [err]/g, and a
particle diameter in the range of from 3 to 20 mm, preferably a carrier of
an a-alumina content of not less than 90% by weight. Ideally, this
a-alumina carrier has the outer surface thereof and the surface of pores
therein coated with an amorphous silica- alumina mixture and is obtained by
adopting as a main raw material, an alumina powder having a secondary
particle diameter in the range of from 20 to 200 [err]formed of primary
a-alumina particles 0.1 to 45 10 [err] in diameter and possessing a
specific surface area in the range of from 0.1 to 10 m2/g, preferably 



from 1 to 5 m2/g, mixing this main raw material with alumina and silica
particles having a diameter in the range of from 1 to 300 nm, preferably
from 1 to 20 nm, and assuming a colloidal form, thoroughly kneading the
resultant mixture with an organic binding agent and water commonly used in
the pelletization of carrier by the use of a blending device such as a
kneader, extrusion molding and pelletizing the blend, drying the 50
resultant pellets, and firing them at a temperature in the range of from
1,000 [err] to 1,600[err] C, preferably from 1,200 [err] to 1,500 [err] C,
for a period in the range of from 1 to 10 hours, preferably from 2 to 10
hours. The alumina and silica particles having a diameter in the range of
from 1 to 300 nm are generally preferable to be used in the form of an
aqueous solution of alumina sol and colloidal silica on account of ease of
dispersion. The preparation of alumina sol and colloidal silica is dealt
with in "Handbook on 55 Development and Application of Ultrafine Powder,"
April 5, 1989, Science Forum K.K. The alumina sol can be produced by a
method which comprises hydrolyzing an aluminum salt or a method which
comprises neutralizing an aqueous aluminum salt solution with an alkali
thereby forming a gel provisionally and subsequently deflocculating the
gel. 5    EP 0 558 346 B1 The colloidal silica can be produced by a method
which comprises neutralizing an aqueous sodium silicate solution with an
acid thereby forming a gel provisionally and subsequently deflocculating
the gel or a method which comprises subjecting an aqueous sodium silicate
solution to ion exchange thereby expelling sodium from the solution. As
commercial products of alumina sol, "Alumina Sol 100, Alumina Sol 5  200,
and Alumina Sol 500" which are marketed by Nissan Chemical Industry Co.,
Ltd. are available. As a commercial product of colloidal silica, "Snowtex
O" marketed by Nissan Chemical Industry Co., Ltd. is available. The
a-alumina carrier of the present invention ideally contain an amorphous
silica-alumina mixture so that the total Si and Al content per gram of
carrier falls in the range of from [err]g/g of 10 carrier, preferably from
5 x [err]of carrier. Particularly preferably, the a-alumina carrier has an
amorphous silica-alumina mixture content such that the SI/Al ratio is in
the range of from 0.05 to 50.0, preferably from 0.5 to 10.0. For the
preparation of the catalyst is adopted a method which comprises
impregnating the carrier of the kind described above with an aqueous
solution or solvent solution of a decomposable silver salt such as, for 75
example, an aqueous silver nitrate solution, an ammonia complex of the
silver salt of an inorganic or organic acid, an amine complex of the silver
salt of an organic acid, or an aqueous silver lactate solution. Cesium
and/or a cesium compound can be deposited preparatorily on the carrier or
it can be incorporated in a silver solution and then deposited
simultaneously with silver on the carrier. Otherwise, it can be deposited
on the carrier which has undergone a step for decomposition and reduction
of silver and a subsequent step 20  for decomposition and expulsion and
which consequently has silver deposited thereon. Then, the impreg- nated
carrier produced as a consequence is heated to decompose or reduce the
decomposable silver salt and the product of this decomposition is
decomposed and removed with a heated gas. For the preparation of a catalyst
using the a-alumina carrier of the present invention, specifically a silver
catalyst to be used in the manufacture of ethylene oxide by the catalytic
vapor-phase oxidation of ethylene 25 with molecular oxygen, a method can be
adopted which comprises adopting an a-alumina carrier of this 



invention, impregnating this carrier with a solution of a decomposable
silver salt such as an amine complex of the silver salt of an organic acid,
heating the impregnated carrier to a temperature in the range of from
100[err] to 300[err]C to effect reduction or thermal decomposition and
induce deposition of silver and cesium and/or a cesium compound on a porous
inorganic refractory carrier, and finally heat-treating the resultant 3o
precursory catalyst in an inert gas containing oxygen in a concentration of
not more than 3% by volume at an elevated temperature in the range of from
400  to 950[err] C, preferably from 5000 to 800[err] C. In the silver
catalyst of the present invention, the silver can be deposited in the form
of minute particles on the inner and outer surfaces of the carrier in an
amount in the range of from 5 to 25% by weight, preferably from 5 to 20% by
weight, based on the amount of the catalyst. The cesium or cesium compound
is added in the form 35  of an aqueous solution or alcoholic solution in an
amount in the range of from 0.0001 to 0.05 gram equivalent weight,
preferably in the range between the lower limit of 0.003 gram equivalent
weight and the upper limit of 0.03 gram equivalent weight, to a silver
solution and caused to be deposited simultaneously with the silver.
Otherwise, it may be deposited on the carrier either before or after the
silver has been deposited thereon. 40     The reaction conditions to be
adopted for the production of ethylene oxide by the oxidation of ethylene
with molecular oxygen through the agency of the silver catalyst of the
present invention can be selected from all of the conditions heretofore
known in the art. Specifically, the general conditions adopted for
commercial-scale production, i.e. a raw material gas composition comprising
0.5 to 40% by volume of ethylene, 3 to 10% by volume of oxygen, 5 to 30% by
volume of carbon dioxide, and the balance to make 45  up 100% by volume of
such inert gas as nitrogen, argon, and steam, a lower hydrocarbon such as
methane and ethane, ethylene dichloride as a reaction inhibitor, and a
halide such as diphenyl chloride, a space velocity in the range of from
1,000 to 30,000 hr[err] (STP), preferably from 3,000 to 8,000 hr[err]
(STP), and a pressure in the range of from 2 to 40 kg/[err]G, preferably
from 15 to 40 kg/[err] G. can be advantageously used. 50     Now, the
present invention will be described more specifically below with reference
to. working examples and controls. The magnitudes of conversion and
selectivity which are mentioned in the working examples and controls are
numerical values by the calculations of the following formulas. Conversion
(%) = [(Number of mols of ethylene consumed in reaction/Number of mols of
ethylene in raw 55                                       gas)] x 100
Selectivity (%) = [(Number of mols of ethylene converted into ethylene
oxide/Number of mols of ethylene consumed in reaction)] x 100 6    EP 0 558
346 B1 Method of production of carrier A 5 In a kneader, 93 parts by weight
of a commercially available alumina powder (having a primary particle
diameter of a-alumina of 1 to 2 [err], an average secondary particle
diameter of 50 to 60 [err], and a BET specific surface area of 2.5 to 3.5
[err]g) and 5 parts by weight of an organic binding agent were thoroughly
mixed. The resultant mixture in the kneader and 4 parts by weight (as [err]
content) of an alumina sol io  having a particle diameter in the range of
from 2 to 20 nm, 3 parts by weight (as [err] content) of a colloidal 



silica having a particle diameter in the range of from 2 to 20 nm, and 40
parts by weight of water added thereto were thoroughly mixed. The resultant
alumina mixture was extrusion molded, pelletized, and then dried at 1,450
[err] C for 2 hours to obtain a carrier. The product was an a-alumina
carrier possessing a BET specific surface area of 1.26 [err]/g, an apparent
porosity of 55.7%, and a pore volume of 0.40 cc/g, having 15  the outer
surface thereof and the surface of pores therein coated with an amorphous
silica-alumina mixture, and assuming the form of rings measuring 7 mm in
outside diameter, 3 mm in inside diameter, and 7 mm in length. It was
designated as Carrier A. By the method of determination indicated below,
the silica content and the alumina content in the amorphous silica-alumina
mixture deposited on the Carrier A were found respectively to be 1.2 x
[err] g/g of carrier and 1.0 x 10-2 g/g of carrier, the Si/Al ratio being
1.2 g/g. 20 Method for determination of silica and alumina contents of
amorphous silica-alumina mixture deposited on outer surface of a-alumina
carrier A and on surface of pores therein A 10g sample of the carrier was
pulverised to a seize of 2.38mm to 1.68mm (8 to 10 mesh), immersed 25  in
20 ml of an aqueous 46 wt% hydrogen fluoride solution at normal room
temperature for 1 hour, and filtered. The solution obtained as a filtrate
was tested for Si ion concentration and Al ion concentration by the use of
an atomic absorption analyser. Example 1 30 A slurry obtained by blending
830 g of silver oxalate with 200 ml of water was thoroughly stirred with
700 ml of ethanolamine. The resultant solution and 100 ml of water added
thereto were thoroughly stirred. The produced mixture and a solution of 7.5
g of cesium nitrate in 200 ml of water were stirred to prepare an
impregnating solution. 35    In this impregnating solution, 3,000 g of the
a-alumina carrier A heated in advance to about 100 [err]C was left standing
for impregnation, heated for concentration, dried, further heated in an air
bath at 120[err]C for 3 hours, and then activated in a current of air at
280 [err] C for 48 hours. The precursory catalyst thus obtained was placed
in a tightly closed stainless steel vessel adapted to introduce an inert
gas from an external source. In an electric furnace which was swept with
nitrogen gas, the 40 catalyst bed in the vessel was heat-treated at a
temperature of 530[err]C for 3 hours to produce a finished catalyst. The
perfected catalyst was found to have a total cesium content of 11 x 10-3
gram equivalent weight per kg of catalyst. 45  Method for determination of
total cesium content of perfected catalyst A sample, about 20 g, of the
perfected catalyst was powdered and compressed (at a pressure of 20
kg/[err]) into a test sheet. A sample catalyst of a known cesium
concentration was similarly treated and used as a standard. The test sheet
was tested with a fluorescent X-ray spectroscope and the result of this
test 50 was evaluated in accordance with a calculating graph obtained of
the recorded data of the standard sample. As a result, the total cesium
content was found to be 0.15% by weight. This value indicates that the
total cesium content of the perfected catalyst was 11 x 10-3 gram
equivalent weight per kg of catalyst. The perfected catalyst was placed in
an externally heated type double-pipe stainless steel reaction vessel 25 mm
in inside diameter and 11,000 mm in length. To the catalyst bed thus
formed, a mixed gas 55 consisting of 20% by volume of ethylene, 7% by
volume of oxygen, 7% by volume of carbon dioxide, and the balance of
methane, nitrogen, argon, and ethane and further containing 1 ppm of
ethylene dichloride was introduced. The catalyst bed as the site of the
reaction was heated at a reaction pressure of 24 kg/cm2 



G, a space velocity of 5,500 hr[err], and a heat medium temperature of 230
[err] C to induce a reaction. The 7    EP 0 558 346 B1 results of the
reaction after 10 days of continued operation and those of the reaction
after one year of continued operation are shown in Table 1. Example 2 An
oxidation was carried out by following the procedure of Example 1, except
that the heat treatment was performed under the conditions shown in Table
1. The results of the reaction after 10 days of continued operation and
those of the reaction after one year of continued operation are shown in
Table 1. 10  Examples 3 and 4 Oxidations were carried out by following the
procedure of Example 1, except that carriers shown in Table 1 were used
instead. The results of the reaction after 10 days of continued operation
and those of the reaction after 1 year of continued operation are shown in
Table 1. 15 Controls 1 and 2 Operations were carried out by following the
procedure of Example 1, except that the heat treatment was performed under
the conditions shown in Table 2. The results of the reaction after 10 days
of continued 20  operation and those of the reaction after one year of
continued operation are shown in Table 2. Control 3 An operation was
carried out by following the procedure of Example 1, except that a
commercially 25  available carrier (produced by Norton Co. and marketed
under product code of "SA-5205") was used in its unaltered form. The
results of the reaction after 10 days of continued operation and those of
the reaction after one year of continued operation are shown in Table 2.
Control 4 30 An operation was carried out by following the procedure of
Example 1, except that a commercially available carrier (produced by Norton
Co. and marketed under product code of "SA-5102") was used in its unaltered
form. The results of the reaction after 10 days of continued operation and
those of the reaction after one year of continued operation are shown in
Table 2. 35 Controls 5 and 6 An operation was carried out by following the
procedure of Example 1, except that a carrier produced by impregnating a
carrier (produced by Norton Co. and marketed under product code of
"SA-5102") with 40  colloidal silica (2 to 50 nm), heating the impregnated
carrier for concentration, drying and calcining at 1,.000[err]  C for 5
hours and coated on the outer surface of the carrier and the surface of the
pores therein with an amorphous silica was used instead, and the coated
carrier was subjected to a high temperature heat treatment at a temperature
shown in Table 2. The results of the reaction after 10 days of continued
operation and those of the reaction after one year of continued operation
are shown in Table 2. 45 Control 7 



An operation was carried out by following the procedure of Example 1,
except that a carrier produced by Norton Co. and marketed under product
code of SA-5102 was used in its unaltered form , the cesium 50  content was
as shown in Table 2, and the heat treatment was omitted. The results of the
reaction after 10 days of continued operation and those of the reaction
after one year of continued operation are shown in Table 2. Control 8 55 An
operation was carried out by following the procedure of Example 1, except
that the cesium content was as shown in Table 2 and the heat treatment was
omitted. The results of the reaction after 10 days of continued operation
and those of the reaction after one year of continued operation are shown
in Table 2. 8    EP O 558 346 B1    EP 0 558 346 B1    * C   L   M   S *
[err] 10    EP 0 558 346 B1 catalyst of cesium, deposited on an a-alumina
carrier characterised in that the outer surface of the carrier, and the
surface of pores in the carrier are coated with an amorphous silica-alumina
mixture having a total Si and Al coritent in the range of from [err]g/g of
carrier and an Si/Al ratio in the range of from 0.05 to 50.0 g/g. 5 2. A
catalyst as claimed in Claim 1, characterised in that the specific surface
area of the carrier is in the range of from 0.75 to [err]/g and/or its
apparent porosity is in the range of from 45 to 70%. 3. A catalyst as
claimed in Claim 1 or Claim 2, characterised in that the cesium content is
In the range of 10     from 0.001 to 0.03 gram equivalent weight per kg of
perfected catalyst and/or the total metallic silver content is in the range
of from 5 to 20% by weight based on the amount of perfected catalyst. 4. A
catalyst according to any preceding Claim, characterised in that the
coating of amorphous silica- alumina mixture has a total Si and A1 content
in the range of [err]/g of carrier and an 15     Si/Al ratio in the range
of from 0.5 to 10.0 g/g. 5. A catalyst as claimed in any preceding Claim,
characterised in that the carrier has a main component, 



secondary a-alumina particles 20 to 200 [err] in diameter formed of primary
a-alumina particles 0.1 to 10 [err] in diameter. 20 6. A catalyst as
claimed in any preceding Claim, characterised in that the carrier has a
particle size of an average equivalent diameter in the range of from 3 to
20mm. 7. A catalyst as claimed in any preceding Claim, characterised in
that the specific pore volume of the 26     carrier is in the range of from
0.1 to 0.8cm [err]. 8. A catalyst as claimed in Claim 7, characterised in
that the specific pore volume of the carrier is in the range of from 02 to
0.5 [err]/g. 3o PatentansprUche 1. Katalysator zur Herstellung von
Ethylenoxid, aufweisend 5 bis 25 Gew.-%, bezogen auf den endgllti- gen
Katalysator, feine metallische Silberpartikel, und 0,0001 bis 0,05
Grammfquivalentgewichte pro kg des endgUltigen Katalysators an Casium, das
auf einen a-Aluminiumoxidtrager aufgebracht wurde, 35     dadurch
gekennzelchnet, daB die auBere Oberflache des Tragers und die Oberfilche
der Poren in dem Trager mit einer amorphen
Siliciumoxid-Aluminiumoxidmischung Oberzogen sind, die einen Gesamtgehalt
an Silicium und Aluminium im Bereich von 3 * 10-4 bis 2 * 10-1 g/g Trager
und ein Si/AI-VerhAltnis im Bereich von 0,05 bis 50,0 g/g aufweist. 40  2.
Katalysator nach Anspruch 1, dadurch gekennzelchnet, daB die spezifische
Oberfl~che des Tr~gers im Bereich von 0,75 bis 5 m2/g und/oder die
scheinbare Porositat im Bereich von 45 bis 70 % liegt. 3  Katalysator nach
Anspruch 1 oder 2, dadurch gekennzelchnet, daB der Clsiumgehalt im Bereich
von 0,001 bis 0,03 Gramliquivalentgewichten pro kg des fertigen
Katalysators und/oder daB der Gesamtge- 45     halt an metallischem Silber
im Bereich von 5 bis 20 Gew.-%, bezogen auf die Menge des fertigen
Katalysators, betragt. 4. Katalysator gemaB einem der vorhergehenden
Ansprache, dadurch gekennzeichnet, daB der Ober- zug der amorphen
Siliciumoxid-Aluminiumoxid-Mischung einen Gesamtgehalt an Si und Al im
Bereich so     von 5 * 104 bis 1 * 10-1 g/g Trager und ein SVAI-Verhaltnis
von 0,5 bis 10,0 g/g aufweist. 5. Katalysator nach einem der vorhergehenden
Ansprtche, dadurch gekennzelchnet, daB der Trager als Hauptkomponente
sekundare a-Aluminiumoxidpartikel mit 20 bis 200 Um Durchmesser aufweist,
die aus primaren a-Aluminlumoxidpartikeln mit 0,1 bis 10 im Durchmesser
gebildet werden. 55 6. Katalysator nach einem der vorhergehenden AnsprOche,
dadurch gekennzelchnet, daB der Trager eine PartikelgrdBe mit einem
mittleren Aquivalenzdurchmesser im Bereich von 3 bis 20 mm aufweist. 11
EP 0 568 346 Bi 1                     1111111 hll  j 111 111 lI Il 7.
Katalysator nach einem der vorhergehenden AnsprOche, dadurch
gekennzelchnet, daB das spezifi- sche Porenvolumen des Tragers im Bereich
von 0,1 bis 0,8 cm3/g liegt. & Katalysator nach Anspruch 7, dadurch
gekennzelchnet, daB das spezifische Porenvolumen des 5      Tragers im
Bereich von 0,2 bis 0,5 cm3lg liegt. Revendlcatlons 1. Catalyseur pour la
production d'oxyde d'ethylene, comprenant de 5 a 25% en poids sur base du 



10     catalyseur final de particules minuscules d'argent m6tallique, et de
0,0001 a 0,05 g equivalent en poids par kg du catalyseur final de c~sium,
d6pos6 sur un support en a-alumine, caracterise en ce que la surface
ext6rieure du support et la surface des pores dans le support sont enduites
d'un m~lange amorphe de s7lice-alumine, ayant une teneur totale en Si et Al
situee dans l'intervalle de 3 x 10-4 & 2 x 10-1 g par g de support et un
rapport Si/Al situ6 dans l'intervalle de 0,05 a 50,0 g par g. t5 2.
Catalyseur suivant la revendication 1, caract*ris4 en ce que la surface
specifique du support se situe dans l'intervalle de 0,75 a 5 m2 par g et/ou
sa porosite apparente se situe dans l'intervalle de 45 a 70%. 20  &
Catalyseur suivant la revendication 1 ou 2, caracterise en ce que la teneur
en cesium se situe dans l'intervalle de 0,001 a 0,03 g equivalent en poids
par kg de catalyseur acheve et/ou la teneur totale en argent metallique se
situe dans l'intervalle de 5 & 20% en poids sur base de la quantite de
catalyseur acheve. 25  4. Catalyseur suivant l'une quelconque des
revendications pr6c6dentes, caracteris6 en ce que le revete- ment du
melange amorphe de silice-alumine a une teneur totale en Si et Al situee
dans l'intervalle de 5 x 10-4 & 1 x 10-1 g par g de support et un rapport
Si/Al situe dans l'intervalle de 0,5 a 10,0 g par g. 5. Catalyseur suivant
l'une quelconque des revendications pr6c6dentes, caracteris6 en ce que le
support 30     comprend un composant principal, des particules secondaires
d'a-alumine de 20 a 200 am de diambtre, form6es de particules primaires
d'a-alumine de 0,1 a 10 um de diambtre. 6. Catalyseur suivant l'une
quelconque des revendications precedentes, caractnris6 en ce que le support
a une taille des particules d'un diametre equivalent moyen situd dans
l'intervalle de 3 a 20 mm. 35 7. Catalyseur suivant l'une quelconque des
revendications precedentes, caracterise en ce que le volume specifique des
pores du support se situe dans l'intervalle de 0,1 & 0,8 cm3 par g. 8.
Catalyseur suivant la revendication 7, caract~ris6 en ce que le volume
sp~cifique des pores du support 40     se situe dans l'intervalle de 0,2 a
0,5 cm3 par g. 45 50 55 12    


