
EP 0 380 295 B1 Description This invention relates to a silver catalyst to
be used for the production of ethylene oxide by the catalytic gas-phase
oxidation of ethylene with molecular oxygen and to a method for the
manufacture of the silver cat- 5   alyst. For a satisfactory performance of
the function of the silver catalyst which is used in the commercial pro-
duction of ethylene oxide by the catalyticgas-phase oxidation of ethylene
with molecularoxygen, itmust exhibit high selectivity and high activity and
enjoy a long catalyst life. Various studies have been made to date for the
purpose of improving the performance of the silver catalyst 10  and
consequently fulfilling the requirement, and efforts have been made to
improve carriers, reaction promot- ers, silver compounds and the like.
Numerous reports exist, including US-A- 3,207,700 and Japanese Patent
Publications SHO 43(1968)-13,137, SHO 45(1970)-21,373, SHO 45(1970)-22,41 9
and SHO 45(1970)-11,217, Japanese Patent Laid-Open SHO 56(1981)-89,843,
US-A- 2,766,261, 3,172,893, and 3,664,970. Most of these, however, concern
pore distributions and specific surface areas of carriers. 15     In US-A-
2,125,333, there is a description to the effect that an alkali metal salt
containing sodium or po- tassium and a metal salt thereof is used as an
additive for the silver catalyst in the manufacture of ethylene oxide. In
US-A- 2,238,474, there is a description to the effect that sodium hydroxide
improves the activity of the silver catalyst for the production of ethylene
oxide and potassium hydroxide has an adverse effect upon the 20  activity
of the silver catalyst. In US-A- 2,765,283, there is a description to the
effect that the silver catalyst is improved by adding 1 to 2,000 ppm by
weight of an inorganic chlorinated substance such as sodium chloride to the
catalyst carrier be- fore silver is deposited on the carrier. In US-A-
2,799,687 there is a description to the effect that a halide such as sodium
chloride or potassium 25  chloride, used in an amount of 20 to 16,000 ppm,
functions as an inhibitor and induces degradation of the ac- tivity of the
silver catalyst. In US-A- 4,007,135, there is disclosed a catalyst for the
production of alkalene oxide, which catalyst con- tains copper, gold, zinc,
cadmium, mercury, niobium, tantalum, molybdenum, tungsten, vanadium, or
preferably chromium, calcium, magnesium, strontium, and/or more preferably
barium, and preferablyfurther an alkali met- 30  al, in an mount exceeding
the amount naturally present as an impurity or cement in the carrier and
sufficient to manifest the action of a promoter. In US-A- 4,168,247, there
is disclosed a catalyst for the production of alkylene oxide, which
catalyst con- tains silver deposited on a porous heat-resistant carrier
possessing a specific surface area in the range of 0.05 to 10 [err]/g and
further contains sodium and at least one other alkali metal selected from
the group consisting 35  of potassium, rubidium, and cesium in a promoting
amount In excess of the amount naturally present as an impurity or a
binding agent in the carrier. In US-A- 4,278,562, there is disclosure to
the effect that a catalyst for the production of an alkylene oxide is
obtained by depositing silver and optionally sodium or lithium In the
subsequent treatment, depositing there- on the salts of such alkali metals
as potassium, rubidium, and cesium in conjunction with an amine and/or am-
40   monia. In Japanese Patent Laid-Open SHO 55(1980)-145,677, there Is
disclosed a silver catalyst which, as a cat- alyst for the reaction of
oxidation, has silver and, when necessary, further an alkali metal
component or an alkaline earth metal component deposited on a non-acidic
carrier containing alumina, silica, and titania in a total amount of not
less than 99% by weight, containing metal of the Groups Va, Vla. Vill, lb,
and llb of the 45   Periodic Table of Elements in a total amount of less
than 0.1% by weight, and assuming no acid colouron ex- posure to methyl red
having a pKa value of +4.8. In Japanese Patent Laid-Open SHO 56(1981
)-105,750, there is disclosed a silver catalyst for the produc- tion of
ethylene oxide, which silver catalyst is prepared by impregnating a carrier
using a-alumina as a principal component thereof and having a sodium
content of not more than 0.07% by weight and a specific surface area 



50  in the range of 1 to 5 [err]g with an impregnation having 0.001 to 0.05
gram equivalent per kg of complete cat- alyst, of a complex of an alkali
metal with boron, a complex of an alkali metal with molybdenum, and/or a
com- plex of an alkali metal with tungsten contained In a decomposable
silversolution formulated to give a deposition ratio of 5 to 25% by weight
based on the complete catalyst, and then heating and reducing or thermally
de- composing the product of impregnation. 55     In Japanese Patent
Laid-Open SHO 57(1982)-107,241, there is disclosed a silver catalystfor the
produc- tion of ethylene oxide, which catalyst incorporates therein,
besides silver, sodium (Na) as a cationic component and chlorine (CI) as an
anionic component in amounts such that the atomic ratio of Cl/Na will be
less than 1. In US-A- 4,415,476, there Is disclosed a silver catalyst for
the production of ethylene oxide, which silver 2    EP 0 380 295 B1
catalyst contains, besides silver, at least sodium and cesium as cationic
components and chlorine as an anionic component In US-A- 4,368,144, there
is disclosed a silver catalyst for the production of ethylene oxide, which
silver 5   catalyst contains metallic silver particles deposited in a ratio
of 5 to 25% by weight based on complete catalyst on an a-alumina carrier
having a sodium content of not more than 0.07% by weight and a specific
surface area in the range of 0.5 to 5 [err]/g and 0.001 to 0.05 gram
equivalent of at least one alkali metal or alkali metal com- pound per kg
of the complete catalyst and in excess of the amount naturally present in
the carrier. Japanese Patent Laid-Open SHO 63(1988)-116,743 discloses a
silver catalyst for the production of ethy- 10  lene oxide, containing at
least sodium, potassium, rubidium, and/or cesium other than silver as
cationic com- ponents, among other catalytic components, and using a
carriermainly comprising an a-alumina, having a sur- face area in the range
of 0.6 to 2 [err]/g, a water absorption ratio In the range of 20 to 50%, a
silica content in the range of 0.5 to 12% by weight, a silica content per
surface area (% by weight/[err]g) in the range of 0.5 to 12, preferably 1
to 8, and a sodium content in the range of 0.08 to 2% by weight. 15
Numerous silver catalysts have been proposed as described above. Most of
them have their catalytic per- formance enhanced by incorporating in silver
catalysts amounts of alkali falling in restricted ranges. Though these
catalysts manifest satisfactory initial catalytic performance, they are
deficient in terms of service life. Concerning the carrier of the silver
catalyst to be used for the production of ethylene oxide, many points
remain yet to be clarified and many problems still await bettersolutions.
For example, the component substanc- 20  es of the carrier, such physical
properties of the carrier as specific surface area, pore diameter, pore
distrib- ution, pore volume, porosity, particle diameter, and shape, and
the chemical properties owned by the such materials for the carrier as
a-alumina, silicon carbide, silica, and zirconia have room for further
improvements aimed at optimisation. An object of this invention, therefore,
is to provide a novel silver catalyst for the production of ethylene 25
oxide, which silver catalyst combines such qualities as high selectivity,
high activity, and long service life, and to provide a method for Its
production. Anotherobject of this invention is to provide a novel
silvercatalyst forthe production ethylene oxide, which enjoys improved
service life owing to the use of an a-alumina carrier possessing a specific
surface area in the range of 0.75 to 5 [err]g and an apparent porosity In
the range of 45 to 70%, and a method for its production. 30      According
to the Invention, there is provided a catalyst for the production of
ethylene oxide which com- prises silver and cesium 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 amorphous silica, on which the
metallic silver and cesium in finelydividedformaresupported,
thesilverrepresenting 5to25% byweight, basedon theamountofafinished
catalyst, and the cesium representing 0.001 to 0.05 gram equivalent weight
of cesium per kg of the finished 35  catalyst The invention also provides a
method for the production of such a silver catalyst comprising the steps
of: 



impregnating the carrier with an aqueous solution containing colloidal
silica; drying the impregnated carrier by heating; calcining the dried
carrierthereby preparing an a-alumina carrier whose outer surface and the
sur- face of whose pores are coated with amorphous silica; causing 5 to 25%
by weight, based on the amount of 40  a finished catalyst, of finely
divided metallic silver and 0.001 to 0.05 gram equivalent weight of cesium
per Kg of the finished catalyst to be carried by the carrier, activating
the resultant composite thereby effecting de- position of the silver and
cesium on the resultant porous inorganic refractory carrier, and
subsequently sub- jecting the composite to a high temperature heat
treatment in an inert gas at an elevated temperature in the range of
400[err] to 950[err]C. 45      By preparing an a-alumina carrier having Its
outer surface and the surface of its pores coated with amor- phous silica
and then causing 5 to 25% by weight, based on the amount of a finished
catalyst, of finely divided metallic silver and 0.001 to 0.05 gram
equivalent weight of cesium per kg of the finished catalyst to be carried
on the a-alumina carrier, this invention obtains a novel silvercatalystfor
the production of ethylene oxide, which is capable of retaining high
selectivity and high activity over a long time. 60      The present
applicants' research into a carriersuitable for use in asilvercatalystfor
the production of ethy- lene oxide has revealed that when an [err]-alumina
carrier having a specific surface area in the range of 0.075 to 5 [err]/g
and an apparent porosity in the range of 45 to 70% and having its outer
surface and the surface of its pores coated with amorphous silica is used
(rather than a known carrier as previously used generally on a commercial
scale), even though it has a relatively high specific surface area and has
never been used on a 55  commercial scale in the field because of the
insufficient selectivity exhibited by a catalyst produced with such a
carrier, together with a catalyst obtained by causing particularly cesium
and/or a cesium compound to be carried as a reaction accelerator with
silver and cesium and/or a cesium compound carried as an activating agent
on the [err]-alumina carrier, and the resultant composite is subjected to
an activating treatment cesium com- pound on the a-alumina carrier, then
high temperature heat-treating the composite in an inert gas containing 3
EP 0 380 295 B1 oxygen in a concentration of not more than 3% by volume at
an elevated temperature in the range of 400[err] to 950[err]C, the catalyst
produced exhibits a high activity, a high selectivity, and a high
durability never previously attained. The catalysts which are used in the
production of ethylene oxide by the catalysts vapor-phase oxi- 5   dation
of ethylene with molecular oxygen are silvercatalysts and, quite naturally,
mostof them are carried cat- alysts using a carrier. It is also known
widely that the carriers used for these carried silver catalysts are porous
particulate refractories. The porous particulate refractory carrier, simple
as it may be, may vary widely. The physical properties of the carriersuch
asspecific area, pore distribution, pore volume, particle diameter, and
shape, and the chemical 10   properties owned by the component substances
of carrier such as a-alumina, silica, silicon carbide, zirconia, and clay,
greatly affect the produced catalysts. The selection of a carrier having a
specific set of properties, therefore, poses itself as a serious problem
for persons engaged in the art. Among otherproperties, the specificsurface
areadeserves particularattention because it bears also on pore diameter and
affects the performance of a produced catalyst in large measure. 15   From
the standpoint of activity and durability, it is preferable for the
catalyst to have a large specific surface area and, for that reason, it is
preferable for the carrier to have a large specific surface area. For the
carrier to have a large specific surface area, the alumina particles to be
selected as the material for the carrier are required to have a small
diameter. This fact necessarilysignifiesformation of pores of a minute
diameter. How- ever, this fact proves to be disadvantageous from the
standpoint of dispersion and retention of gas and removal 20   of heat of
reaction. It also entails a disadvantage that the area of the exposed
surface of the carrier is conse- quently large. These factors invariably
contribute to impairing the selectivity. In the light of all of these
facts, the statement that a large specific surface area is preferably does
not always hold good but has limits of its 



own. Most carriers so far employed on a commercial scale have specific
surface areas not exceeding 1 [err]g, or even not exceeding 0.5 [err]g.
Exceptionally, some catalysts use carriers having specific surface areas
ex- 25  ceeding 1 [err]/g. They, however, have lower selectivity than those
using carriers of a lower specific surface area. As a result of continuing
a study in search of a solution to this disadvantage, the applicants have
found a method of permitting the effective use of a carrier having a large
specific surface area exceeding 0.75 [err]/g withoutsacrificing
selectivityso allowing a catalyst to be produced with further improved
activity and durability. 30   Briefly, this method is accomplished by the
use of an [err]-alumina carrier having its outersurface and the surface of
its pores coated with amorphous silica. The method is particularly
effective in a carrier which possesses a large specific surface area of not
less than 0.75 [err]g and also effective in an extended catalyst
incorporating a cesium compound. It is a surprising fact that the
disadvantages arising from the physical aspect of such a carrier is
mitigated by the chemical quality of carrier, attributed to the coating of
the outer surface of carrier 35  and the surface of its pores with
amorphous silica. The specific surface areas mentioned in the present spec-
ification represents values determined by the Brunauer-Emmett-Teller
(hereinafter referred to as BET") meth- od. In accordance with this
Invention, the outer surface of carrier and the surface of pores in the
carrier del- icately affect the performance of the produced catalyst and,
in the case of a carrier possessing a specific sur- 40  face area of not
more than 0.5 [err]g and heretofore used generally in the field, this
adverse effect of the aspect of the surfaces decreased in proportion as the
specific surface area decreases and gradually increases be- yond the level
of 0.5 [err]/g. It then increases conspicuously as the specific surfaces
area exceeds 0.75 [err]g. It has been now found that a carrier which
possesses a specific surface area of not less than 0.75 [err]g and which
has failed to find utility because of the insufficient selectivity
exhibited by a catalyst produced with the 45  carrier(i.e. an [err]-alumina
carrierusing secondary alumina particles having a specific surface area in
the range of 0.75 to 5 [err]g, an apparent porosity in the range of 45 to
70%, and a particle diameter in the range of 50 to 100 microns), it is not
only usable in this invention but excels in activity and selectivity. As
demonstrated clearly in the working examples set out below, an a-alumina
carrier having a specific surface area of about 0.89 [err]g is enabled by
coating its outer surface and the surface of pores therein with 50
amorphous silica, to show differences in performance manifested in the
service life of the catalyst produced bythe incorporation therein of life
of the catalyst produced by the incorporation therein of cesium, though
other properties of the carrier may be more or less responsible for the
difference in quality. This is a surprising fact. The mechanism which
underlies this unexpected improvement is still not fully understood. The
presence of amorphous silica in an amount within the prescribed range on
the carrier surfaces has a beneficial effect. The 55   catalyst produced by
causing the deposition of silver and cesium and/or a cesium compound on a
porous in- organic refractory carrier, and then high temperature
heat-treating the composite in an Inert gas containing oxygen in a
concentration of not more than 3% by volume at an elevated temperature In
the range of 400 to 950[err], exhibits an improvement of about 2% in
selectivity as compared with a comparative catalyst which has not undergone
this heat treatment. Further, it is reported that silica is strongly
associated with the status of 4    EP 0 380 295 B1 pH. When all of these
matters are taken into account, it is only logical to conclude that the
presence of the amorphous silica on the outersurface of the carrierand the
surface of pores in the carrier has a strong effect, as associated with the
pH distribution within the carrier, on the deposition and distribution of
silver and more 5   of cesium. This fact is believed to bear upon the
performance of the produced catalyst. The amount of cesium and/or a cesium
compound to be Incorporated favorably in the catalyst of this in- vention
is in the range of 0.001 to 0.05 gram equivalentweight preferably 0.003 to
0.03 gram equivalentweight, and the most preferably in the range of more
than 0.008 gram equivalentweightto 0.03 gram equivalent weight, 



per kg of finished catalyst. 10      The a-alumina carrier of this
invention is required to have a specific area In the range of 0.75 to 5
[err]g, preferably 0.8 to 2 [err]/g, to be used effectively in the present
invention. An a-alumina carrier having a specific surface area of more than
5 [err]/g Is impractical because it fails to produce a substantially
satisfactory catalyst. In addition to the a-alumina and sodium component
(mainly Na2O), the carrier preferably contains such com- ponents in such
amounts that are normal in the field of carriers. 15      The apparent
porosity of the [err]-alumina carrier of this invention is preferable to be
in the range of 45 to 70%, more preferably 50 to 60%. The specific pore
volume of the a-alumina carrier of this invention preferably falls in the
range of 0.1 to 0.8 cc/g, more preferably 0.2 to 0.5 cc/g. The a-alumina
carrier of this invention com- prises preferably not less than 90% by
weight of a main a-alumina component having a particle diameter in the
range of 3 to 20 mm, preferably 7 to 14 mm, and secondary alumina particles
having a particle diameter 20  in the range of 50 to 100 microns. The
carrier to be used in the present invention is a particulate refractory
carrier in the form of beads, pellets, or rings, whose average equivalent
diameter is in the range of 3 to 20 mm, preferably 7 to 14 mm. The
percentage composition of the components of the carrier and bears heavily
on the performance of the produced catalyst. The selection of a carrier so
shaped as to permit easy uniform deposition thereonof silverandcesium
and/oracesium compoundduring the course of production of a catalyst 25  is
a prerequisite for successful production of a catalyst excelling in
selectivity. To be used advantageously in the present invention, the
a-alumina carrier is preferably produced by pre- paring an a-alumina
carrier comprising more preferably not less than 90% by weight of an
a-alumina compo- nent having a BET specific surface area in the range of
0.8 to 2 [err]/g, an apparent porosity in the range of 50 to 60%, a
specific pore volume in the range of 0.2 to 0.5 cc/g, and particle diameter
in the range of 3 to 20 30   mm, impregnating the a-alumina carrier with a
liquid including colloidal silica having a particle diameter in the range
of 5 to 50 milimicrons, preferably 6 to 20 millimicrons dispersed in water
in an amount equaling the im- pregnated a-alumina carrier by heating, and
calcining the dried composite at a temperature in the range of 700 to 1
,500[err]C, preferably 1,000[err] to 1 ,400[err]C, for a period in the
range of 1 to 10 hours, preferably 2 to 6 hours. As a result of the
treatment of this procedure, the produced a-alumina carrier has its outer
surface and the 35  surface of pores therein coated with amorphous silica.
Preferably, the a-alumina carrierof this invention incorporates therein
amorphous silica in a concentration in the range of [err] preferably [err]
as Si perg of the carrier. The preparation of the catalyst is effected by a
method which comprises impregnating the carrier described above with an
aqu- eous solution ora solution in an organic solventof a decomposable
silversalt such as, for example, an aqueous 40  silver nitrate solution, an
ammonia complex of silver with an inorganic or organic acid, an amine
complex of silver with an organic acid, or an aqueous sliver lactate
solution. The cesium and/or cesium compound may be deposited in advance on
the carrier or deposited simultaneously with silver on the carrier by
preliminary incorporation in the silver solution. Otherwise, it is may be
deposited on the carrier on which silver has been already deposited after
the step for decomposition and reduction of silver and the subsequent step
for decom- 45  position and reduction of silver and the subsequent step for
decomposition and removal. Subsequently, the impregnated carrier is heated
for decomposition or reduction of the decomposable silver salt. The product
of this decomposition is then decomposed and removed by the use of a heated
gas. The salts of silver with inorganic and organic acids which are usable
in this invention include silver nitrate, silver carbonate, silversulphate,
silver acetate, silver oxalate, silver lactate, silver succinate, and
silvergluco- 50  late. The amine which are usable for the formation of the
amine complex include alkandamines such as mono-, di-, and tri-
ethanolamines, mono-, di-, and tri-n-propanolamines, mono-, di-, and
tri-isopropanolamines, and alkylamines such as n-butylamine and
isobutylamine. Water is advantageously used as the solvent for the solution
of a decomposable silver salt. The other Sol- 55   vents which are usable
herein include lower aliphatic compounds of 2 to 6 carbon atoms having 1 to
3 alcoholic hydroxyl groups in the molecular unit, such as methanol,
isopropanol, n-propanol, monoethylene glycol, di- ethylene glycol,
triethylene glycol, trimethylene glycol, monopropylene glycol, methyl
cellosolve, ethyl cello- 



solve, methyl carbitol, ethyl carbitol, and glycerol. The cesium compounds
which are usable herein include cesium oxalate, cesium carbonate, cesium
acet- 5    EP 0 380 295 B1 ate, and other salts, and oxides and hydroxides.
It is important that the high temperature heat treatment should be carried
out in an inert gas containing molecular oxygen in a concentrations of not
more than 3% by volume, preferably not more than 1%. Typical 5   effective
inert gases are nitrogen, helium, argon, carbon dioxide and neon. In the
present invention, activation treatment means a heat treatment at a
relatively low temperature, e.g. at least 150[err]C to less than 400[err]C
in a molecular oxygen containing gas such as air for decomposing and dis-
persing an organic compound after precipitating and depositing the used
silver compound and cesium com- pound in a conventional method for
production of silver catalyst. 10     As concerns the preparation of the
silver catalyst using the a-alumina catalyst contemplated by this in-
vention, a silver catalyst to be used in the production of ethylene oxide
by the catalytic vapor-phase oxidation of ethylene with molecular oxygen
can be obtained by adopting a method which comprises preparing an a-
alumina carrier of the invention, impregnating this a-alumina carrier with
a solution of a decomposable silver such as an amine complex of silver with
an organic acid, heating the impregnated a-alumina carrier to a tem- 15
perature in the range of 100[err]C to 300C thereby reducing or thermally
decomposing the silver salt effecting deposition of silver and cesium
and/or a cesium compound on the porous inorganic refractory carrier, and
fi- nally high temperature heat-treating the resultant composite in an
inert gas containing oxygen in a concentra- tion of not more than 3% by
volume at an elevated temperature in the range of 400[err]C to 950[err]C,
preferably 500[err] to 8000C. 20     In the silver catalyst of this
invention silver can be deposited on the surface of the carrier in the form
of a fine powder in an amount in the range of 5 to 25% by weight,
preferably 5 to 20% by weight, based on the amount of a finished catalyst.
The cesium orthe cesium compound may be deposited simultaneously with the
silver or deposited separately either before or after the deposition of the
silver. For any of these manners of deposition, the cesium or the cesium
compound is added in the form of an aqueous solution or an alcohol sol- 25
ution to the silver solution in a concentration in the range of 0.001 to
0.05 gram equivalent weight, preferably 0.003 to 0.03 gram equivalent
weight, per kg of finished catalyst Reaction conditions heretofore known in
the art are all usable in the production of ethylene oxide by the oxidation
of ethylene with molecularoxygen in the presence of the
silvercatalystofthis invention. The reaction conditions generally employed
in the production of ethylene oxide on a commercial scale can be used
advan- 30  tageously. Specifically, the ethylene contentof the feed gas is
in the rangeofO.5 to 40% byvolume, preferably 2 to 20% by volume, the
oxygen content thereof in the range of 3 to 10% by volume, preferably 4 to
8% by volume, the carbon dioxide gas content in the range of 5 to 30% by
volume, preferably 6 to 12% by volume, and the balance of such inert gases
as nitrogen, argon, and steam, lower hydrocarbons such as methane and
ethane, and halides such as ethylene dichloride and diphenyl chloride as
reaction depressants. The spatial 35  velocity of the feed gas is in the
range of 1,000 to 30,000 hr-[err] (STP), preferably 1,000 to 10,000
hr-[err] (STP) and the pressure is in the range of 2 to 40 kg/[err]G,
preferably 10 to 30 kg/[err] G. Now, the present invention will be
described more specifically below with reference to working examples and
controls. It should be noted, however, that this invention is not limited
to these examples. The magnitudes of conversion and the selectivity
reported in the working examples and controls were cal- 40  culated in
accordance with the following formulas. Conversion = (%) Mol numberof
reacted ethylene x 100 Mol number of ethylenein feed gas Selectivity(%) =
Mol numberof ethyleneconverted into ethyleneoxide X 100 



Mol numberof reacted ethylene 45 [Procedure for production of Carrier A] An
[err] (98.9% by weight in purity) carrier (produced by Norton Company and
marketed under trademark designation of "Carrier SA-5102") having a BET
specific surface area of 0.89 m 21g, an apparent porosity of so  52.8%, and
a specific pore volume of 0.28 cc/g was impregnated with a liquid having
colloidal silica 2 to 50 millimicrons in particle diameter dispersed in
water in an amount equaling the water content of carrier. The impregnated
carrierwas concentrated and dried by heating and calcined at
1,000[err]Cforfourhours. Consequent- ly, there was obtained an a-alumina
carrier having a BET specific surface area of 0.89 [err]/g, an apparent
por- osity of 52.8%, and a pre volume of 0.28 cc/g and having the surface
of pores in the carrier of [err] (98A% 55  byweight) coated with amorphous
silica. This a-alumina carrierwas labelled as Carrier A. The amountof amor-
phous silica carried on Carrier A was found by the following method to be 5
x [err] of Si per g of carrier. 6    EP 0 380 295 B1 [Method for
determination of amount of amorphous silica on the outer surface of the
carrier (Carrier A) and the surface of pores in the carrier] 5      1Og of
the carrier was crushed to a size of 8 to 10 mesh, immersed for one hour in
20 ml of an aqueous 46% by weight hydrofluoric acid solution, and filtered.
The filtrate was tested for Si ion content with an atomic absorption
analyzer. Example 1 10 An impregnating solution was prepared by preparing a
slurry containing 830 g of silver oxalate and 200 ml of water, adding this
slurry to 700 ml of ethanolamine, stirring the resultant mixture thoroughly
for solution of solids, thoroughly stirring the resultant solution and 100
ml of water added thereto, and then stirring the resultant solution with a
solution of 14.2g of cesium nitrate in 200 ml of water. 15     In this
impregnating solution, 4,000 ml of the [err]-alumina carrier A, heated in
advance to about 100[err]C was left standing for impregnation. The
impregnated carrierwas concentrated and dried by heating, further heated in
an air bath at 120[err]C for three hours, and then activated in a current
of air at 280C for 48 hours. The catalyst thus obtained was packed in a
closed container of stainless steel adapted to receive an inert gas, swept
with nitrogen gas, and heat-treated in an electric oven at a catalyst bed
temperature of 600[err]C for 20  three hours, to obtain a finished
catalyst. The total cesium content of the finished catalyst was found to be
11 x [err]gram equivalent weight/kg of catalyst [Method for determination
of total cesium content of finished catalyst] 25      A sample, about 20 g,
was pulverised and rolled (with a pressure of 20 kgcm[err] to prepare a
test sheet. A catalyst of known cesium content was similarly treated to
prepare a standard test sheet. The test sheet was evaluated by the use of a
calculation graph obtained from a record data of the standard sample with a
fluor- escent X-ray spectral analyzer. The finished catalyst was
consequently found to have a total cesium content of 11 x [err]gram
equivalent weight/kg of catalyst. 30      The finished catalyst thus
obtained was packed in an externally heated double-pipe length. To the
packed bed of the finished catalyst, a mixed gas containing 20% by volume
of ethylene, 7% by volume of oxygen, 7% by volume or carbon dioxide gas,
and the balance of methane, nitrogen, argon, and ethane and 1 ppm of ethy-
lene dichloride was introduced to induce a reaction under the conditions of
reaction pressure of 24 Kg/[err] G. The results of 10 days reaction and
those of one year's reaction were as shown in Table 1. 35 Example 2 A
reaction was performed by following the procedure of Example 1, except that
the heat treatment was 



carried out under the conditions shown in Table 1. The results of 10 days'
reaction and those of one year's 40  reaction were as shown in Table 1.
Examples 3 and 4 A reaction was performed by following the procedure of
Example 1, except that carrier indicated in Table 45   1 were used instead.
The results of 10 days' reactions and those of one year's reactions were as
shown in Table 1. Controls 1 and 2 50      A reaction was performed by
following the procedure of Example 1, exceptthat the high temperature heat
treatment was carried out under the conditions indicated In Table 1. The
results of 10 days' reaction were as shown in Table 1. Control 3 55 A
reaction was performed by following the procedure of Example 1, except that
the carrier (produced by Norton Company and marketed under trademark
designation of "CarrierSA-5102) was used in its unmodified form. The
results of 10 days' reaction were as shown in Table 1. 7    EP 0 380 295 B1
Control 4 A reaction was performed by following the procedure of Example 1,
except that the carrier (produced by 5   Norton Company and marketed under
trademark designation of "Carrier SA-51 02") was used in its unmodified
form and the cesium content was changed as shown in Table 1 and the heat
treatment was omitted. The results of 10 days' reaction and those of one
years reaction were as shown in Table 1. Control 5 10 A reaction was
performed by following the procedure of Example 1, except that the cesium
content was changed as shown in Table 1 and the high temperature heat
treatment was omitted. The results of 10 days' re- action and those of one
years reaction were as shown in Table 1. 15  Control 6 Areaction was
performed byfollowing the procedure of Example 1, exceptthatthe high
temperature heat treatment was carried out in air Instead of nitrogen
atmosphere. The results of 10 days' reaction and those of one year's
reaction were as shown in Table 1. 20 25 30 35 40 45 50 55 8    EP 0 380
295 B1   



EP 0 380 295 B1 Claims 5 1. Acatalyst for the production of ethylene oxide
which comprises silverand cesium 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 amorphous silica, on which the metallic silver and
cesium in finely divided form are supported, the silver representing 5 to
25% by weight, based on the amount of a finished catalyst, and the cesium
rep- 10      resenting 0.001 to 0.05 gram equivalent weight of cesium per
kg of the finished catalyst. 2. A catalyst as claimed in Claim 1,
characterised in that the a-alumina carrier contains the amorphous silica
In an amount in the range of [err]per g of carrier. 15    3.  A catalyst as
claimed in Claim 1 or Claim 2, characterised In that the a-alumina carrier
possesses an ap- parent porosity in the range of 45 to 70%. 4.  A catalyst
as claimed in any preceding claim, characterised In that the amount of
cesium to be carried is in the range of 0.003 to 0.03 gram equivalent
weight per Kg of the finished catalyst. 20  5. A catalyst as claimed in any
preceding claim, characterised in that the a-alumina carrier contains the
said amorphous silica in an amount in the range of [err]as Si per g of
carrier. 6. A catalyst as claimed in any preceding claim, characterised in
that the alumina carrier possesses a BET specific surface area in the range
of 0.75 to 5 [err]g, a specific porosity in the range of 0.1 to 0.8 cc/g,
and 25      a particle diameter in the range of 3 to 20mm. 7. A method for
the production of a catalyst as claimed in any preceding claim,
characterised by the steps of: impregnating the carrier with an aqueous
solution containing colloidal silica; drying the impregnated carrier by
heating; calcining the dried carrier thereby preparing an a-alumina carrier
whose outer surface 30      and the surface of whose pores are coated with
amorphous silica; causing 5 to 25% by weight, based on the amount of a
finished catalyst, of finely divided metallic silver and 0.001 to 0.05 gram
equivalent weight of cesium per Kg of the finished catalyst to be carried
by the carrier; activating the resultant composite thereby effecting
deposition of the silver and cesium on the resultant porous inorganic
refractory carrier, and subsequently subjecting the composite to a high
temperature heat treatment in an inert gas at an ele- 35      vated
temperature in the range of 400[err] to 950[err]C. 8. A method as claimed
in Claim 7, characterised in that the inert gas contains oxygen in a
concentration of not more than 3% by volume. 40  9. A method as claimed in
Claim 7 or 8, characterised In that coating the carrier with the amorphous
silica is accomplished bydispersing colloidal silica having a particle
diameter in the range of 5 to 50 millimicrons in water of an amount
equaling the water content of carrier, and impregnating the carrier with
the resultant dispersion, then drying and calcing the impregnated carrier.
45 Patentanspruche 1.  Katalysatorzur Herstellung von Ethylenoxid, derauf
einem a-AluminlumaxidtragerSilber und Casium auf- weist, dadurch
gekennzelchnet, daB die au~ere OberflAche des TrAgers und die Oberfliche
der Poren 59      im Trager mit amorphem Slliziumdioxid beschichtet sind,
aufwelchem das metallische Silber und Cisium in fein verteilter Form
aufgetragen sind, das Silber 5 bls 25 Gew.-%, bezogen auf die Menge des
fertigen Katalysators, und das Casium 0,001 bis 0,05 Gramm
Aquivalentgewicht des Casiums pro kg des fertigen Katalysators darstellen.
5is  2.  Katalysator gemrM Anspruch 1, dadurch gekennzeichnet, dall der
a-Aluminiumoxidtrlger das amorphe Siliziumdioxid in einer Menge im Bereich
von 3x 10-4 bis 2 x 10-1 g als Silizium pro g des TrAgers enthalt. 3.
Katalysator gemrli Anspruch I oder 2, dadurch gekennzeichnet, dall der
a-Aluminiumoxidtriger eine scheinbare Porfsitit im Berelch von 45 bis 70 %
besitzt. 10 I 1!1)111111111 HE ,11    11 111 



EP 0 380 295 B1 4.  Katalysator gemAS oinem dervorhorgehenden Ansprfche,
dadurch gekennzoichnet, daB die Menge des aufgetragenen Casiums Im Bereich
von 0,003 bis 0,03 Gramm Aquivalentgewicht pro kg des fertigen Ka-
talysators liogt. 5 5. Katalysator gemAi einom der vorhergehenden
Ansprflche, dadurch gekennzeichnet, daB der a-Alumini- umoxldtragerdieses
amorphe SiliziumdIoxid in olner Menge im Berich von 5 x 10-4 bis I x 10-1 g
als Si- lizium pro g des Tragers enthalt. 10  6.  Katalysator gemASeinem
dervorhergehenden Anspriche, dadurch gekennzeichnet, daB derAluminium-
oxidtrAger einen BET spezifischen Oberflachenberelch im Bereich von 0,75
bis 5 m2/g, eine spezifische Pordsitit im Bereich von 0,1 bis 0,8 cm3/g und
einon Teilchendurchmesser im Bereich von 3 bis 20 mm besitzt. 5  7.
Verfahren zur Herstellung eines Katalysators gemall einem der
vorhergehenden Anspruche, gekenn- zeichnet durch die Schritte, daB man den
Trager mit sinerwAsserigen Losung, die kolloidales Siliziumdi- oxid
enthalt, imprigniert, den imprAgnierten Tragerdurch Erhitzen trocknot, den
getrockneten Trager kal- ziniert, wodurch ein a-Aluminiumoxidtrager
hergestellt wird, dessen auSere Oberflache und Porenober- flache mit
amorphem Siliziumdioxid beschichtet sind, 5 bis 25 Gew.-%, bezogen auf die
Menge des for- 20      tigen Katalysators, fein verteiltes, metallisches
Silber und 0,001 bis 0,05 Gramm Aquivalentgewicht des Casiums pro kg des
fortigen Katalysators mittols des Trager tragen la1t, den erhaltenen
Verbundstoffak- tiviert, wodurch Silber und Casium auf dem resultierenden,
porosen, anorganischen, feuerfesten Trager abgelagertwird, und anschlieoend
den Verbundstoff oiner Hochtbmperatur-Hitzebehandlung in elnem In- ortgas
bei einer erh8hten Tomperatur im Berelch von 4008 bis 950C unterwirft. 25
B. Verfahren gemlB Anspruch 7, dadurch gekennzeichnet, daR das Inertgas
Sauerstoff in elner Konzentra- tion von nicht mehr als 3 Volumen-% onthilt
9. Verfahren gemrE Anspruch 7 oder-8, dadurch gekennzeichnet, daB man den
Trager mit dem amorphen Slliziumdloxid dadurch beschichtet, daB kolloidales
Siliziumdioxid, welches elnen Teilchendurchmesser 90      im Bereich von 5
bis 50 Millimikron aufwelst, In einer Wassermenge dispergiert wird, die dem
Wasserge- halt des Tragers entspricht, und den Trager mit der
resultierenden Dispersion imprigniert, dann trocknet und den ImprEgnierten
Trger kalziniert. 95  Revendlcatlons 1. Catalyseur pour la production
d'oxyde d'6thylbne, qui comprend de lPargent et du cesium sur un support
d'alumine-a, caracterise en ce que la surface externe du support et la
surface des pores du support sont onduites avec de la silice amorphe, sur
laquelle lFargent et Io ceslum metalliques sont plachs sous une 40
forme flnement divisie, I'argent representant 5 A 25% en poids sur base de
la quantlet de catalyseurfini et Is o6sium representant 0,001 A 0,05 9 de
polds 6quivalent de ceslum par kg du catalyseur fini. 2. Catalyseur sulvant
la revendlcaffon 1, caracterise en ce quo le support alumine-aL conffent de
la sliice amorphe en une quantite dans 1'1ntervalle de 3 x 10-4 A 2 x 10-1
g de Si par g de support. 45 3.  Catalyseur suivant la revendication I ou
la revendication 2, caracterise en ce quo le support alumine-a possbde une
porosite apparente dons l'Intervalle de 45 A 70%. 4. Catalyseur sulvant
l'une quelconque des revendications priodentes, caracterise on co quo la
quantite 50      de cdsium a porter se situe dana l'intervalle de 0,003 a
0,03 g de poids equivalent par kg de catalyseur fini. 5. Catalyseur suivant
l une quelconque des revendications precidentos, caracterise en ce quo le
support alumine-a contient de la silica amorphe on une quantite dans
lintbrvalle de 5 x I 0-4 A I x 10-1 de Si par ss      gramme de support. 



6.  Catalyseur suivant I'une quelconque des revendications precedentbs,
caractdrisE en ce quo le support alumine possede une surface specifique BET
dane l'lntbrvalle de 0,75 A 5 m2 par g, une porosite sped- fique dans
I'intervalle de 0,1 A 0,8 cm3 par 9 et un diametre particulaire dans
l'intervalle de 3 A 20 mm. 11 * I CIl   Lij Mil IS  *    EP 0 380 295 B1 7.
Proc6d6 de production d'un catalyseur suivant l'une quelconque des
revendications prc6dentes, carac- terise par les 6tapes de: impr6gnation du
support par une solution aqueuse contenant de la slice colloldale; 5
s6chage du support impregnb par chauffage; calcination du support s6ch6
pour pr6parer un support d'alumine-a dont la surface externe et la surface
des pores sont enduites par de la silice amorphe; transport par le support
de 5 A 25% en poids, sur base de la quantit6 de catalyseur fini, d'argent
metallique finement divis6 et de 0,001 A 0,05 9 d'equivalent en polds de
c6sium par kg de catalyseur fini; 10            activation du composite
r6sultant pour effectuer lo d6pot de I'argent et du cbsium sur le support
r6fractaire Inorganique poreux r6sultant, et ensulte exposition du
composite A un traitement par la chaleur A temperature elev6e dans un gaz
inerte A une tempbrature 6blv6e dans l'intervaile de 4000 A 950C. 15  8.
ProcWd suivantla revendication 7, caract6ris6 en ce quo legaz inerte
contientde l'oxygene A une concen- tration qui n'est pas supirieure A 3% en
volume. 9.  ProcWd suivant Ia revendication 7ou 8, caractbrisb en ce quo le
revetementdu support parls silice amor- phe est r6alis6 par dispersion de
la siclie collo~dale ayant un diametre particulaire dans l'intervalle de 5
20      A 50 nm, dans de l'eau en une quantit6 6quivalente A la teneuren
eau du support et imprbgnation du sup- port avec Ia dispersion r6sultante,
puis s6chage et calcination du support imprbgn6. 26 30 35 40 46 60 55 12
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