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1. A process for preparing a supported silver catalyst for the vapor-phase

oxidation of ethylene to ethylene oxide, comprising the steps of:

(a) impregnating a porous support having a surface area of about 0.2
to 2.0 m%g with a hydrocarbon solution of an organic silver salt of an acid
sufficient to provide 3 to 25 wt % silver on the support;

(b) subjecting the silver impregnated support of step (a) to activation
by heating at a first temperature in the range of 150° to 200°C. for less than an
hour, heating at a second temperature in the range of from greater than 200°C.
to 300°C. for less thar ene hour, heating at a third temperature in the range df
from greater than 300°C. to 400°C. for less than one hour and finally heating at
a fourth temperature of greater than 400°C. to 500°C. for less than an hour,
wherein all the heating steps are carried out in a substantially inert atmosphere
consisting predominantly of one or more inert gases; and

(c) impregnating the activated silver impregnated support of step (b)
with a substantially anhydrous alcoholic solution containing an alkali metal
compound to obtain a finished catalyst having about 1 to 6x10™ yew of the

alkali metal per kg of catalyst.
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15. A process for the production of ethylene oxide comprising the steps of:

(@) impregnating a porous suppont having a surface area of about 0.2
to 2.0 m*/g with a hydrocarbon solution of a silver salt of a neo acid sufficient to
provide 3 to 20 wt % sitver on the support;

(b)  subjecting the silver impregnated support of step (a) to activation
in a substantially inert atmosphere by heating at a first temperature in the range
of 150° to 200°C. for less than an hour, heating at a second temperature in the
range of from greater than 200°C. to 300°C. for less than one hour, heating at a
third temperature in the range of from greater than 300°C. to 400°C. for less
than one hour and finally heating at a fourth temperature of from greater than

400°C to 500°C; and
(c) passing ethylene and molecular oxygen over the silver

impregnated support of step (b) at a temperature of between 150°C. to 400°C.

and pressure of between 0.5 to 35 bar.

30. In the method of activating a supported silver catalyst for the vapor-
phase oxidation of ethylene to ethylene oxide prepare.: i

(a)  impregnating a porous support having a surface area of about 0.2
to 2.0 m?/g with a hydrocarbon solution of a silver salt of a neo acid sufficient to
provide 3 to 20 wt% silver on the support and

{b) subjecting the silver impregnated support of step (a) to activation
by heating at a first temperature in the range of 150° tc 200°C. for less than an
hour, heating at a second temperature in the range of from greater than 200°C.
to 300°C. for less than one hour, heating at a third temperature in the range of
from greater than 300°C. to 400°C. for less than one hour and finally heating at
a fourth temperature of greater than 400°C. to 500°C. for less than an hour,
wherein all the heating steps are carried out in a substantially inert atmosphere
consisting predominantly of one or more inert gases; and wherein the method
further comprises controlling the combustion of the neo acid portion of the silver

sait by controlling the amount of cxygen present in said atmosphere during said

heating.
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{57) Abstract

An improved si'  -atalyst for the oxidation of ethylenc with molecular oxygen is made by impregnsting g porous support with a
silver salt of an acid,; ~« 'ing the impregnated support to 8 multi-stage activation in an atmosphiere containing less oxygen than air by
heating at a first temperaiure in the range of 150 to 200 °C for less than an hour, heating at a second empsrature in the range of from
greater than 200 *C to 300 *C for less than one hour, heating at 8 third temperature in the range of from greater than 300 °C o 400 *C for
less than one hour and finally heating at a fourth temperature in the range of from greater than 400 °C to 500 °C; and post impregnating
the support with an alkali metal, preferably cesium, from an anhydrous alcohol solution followed by washing with alcohol solvent and rapid

drying to produce a finished catalyst having from 1-¢, x 103 gew of the alkali metal per kg of catalyst.
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PROCESS FOR PREPARING SILVER CATALYST
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates generally to a supported
silver catalyst useful for the vapor-phase oxidation of
ethylene to ethylene oxide. More particularly, the present
invention relates to a method of preparing an improved
supported silver catalyst post impregnated with cesium.
Related Art

The use of supperted silver catalysts for the oxidation
of ethylene to ethylene oxide has been long known in the
art. Additionally, over the years various promoting metals
have been added to further enhance performance. In
particular, the use of alkali metals has been disclosed in
various amounts and added by different methods. A very
extensive review of the patent literature is given in G.B.
No. 2,043,481A. Such disclosures have been somewhat
inconsistent in their teachings, as can be seen by
comparing U.S. Pat. No. 2,238,474 in which sodium and
lithium hydruxides were suggested as promoters and
potassium and cesium were shown to be poisons to U.S Pat.
No. 2,671,764 where rubidium and cesium sulfates were
suggested as promoting compounds.

Although alkali metals were suggested generally in the
earlier disclosures, it is also generally true that more
recent workers in the field have considered potassium,
rubidium, and cesium as the preferred alkali metals. For
example, see the series of patents to Nielson, et al., in
which these materials were used in small amounts co-
deposited with the silver -~ U.Ss. Pat. Nos. 3,962,136;
4,010,115, and 4,012,425. Still more recently the art has
emphasized synergistic combinations of the alkali metals.
For example, see G.B. No. 2,043,481A cited above and U.S.
Pat. Nos. 4,212,772 or 4,226,782. The art teaches, in
addition, that the alkali metals may be used to rejurnate
used catalysts, as for example U.S. Pat. Nos. 4,123,385;
4,033,903; 4,177,169; and 4,186,106, The art teaches that
the alkali metals may be deposited either before the silver
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is placed on the support (pre-deposited)--U.S. Pat. No.
4,207,210; at the same time the silver is deposited {co-
deposited)~--U.S. Pat. Nos. 4,066,575 and 4,248,741; or
subsequent to deposition of the silver (post-deposited)--
G.B. No. 2,045,636A.

The amount of alkali metal was suggested to be in quite
a wide range in the older art. It was cften indicated that
large quantities, e.g. up to several per cent of an alkali
metal could be used. More recently, the art generally has
taught that small qguantities of alkali metals produce the
optimum effect no matter when the silver and the alkali
metals were deposited. Kilty in U.S. Pat. No. 4,207,210
related the optimum amount of alkali metal to the surface
area of the .support. Exceptions to the above include
patents issued to ICI which teach the use of large amounts
of sodium alone (G.B. No. 1,560,480) and potassium in
combination with smaller amounts of rubidium and cesium
(U.S. Pat. No. 4,226,782). However, the art generally
teaches that the optimum will be found in substantially
lower gquantities, perhaps on the order of 50-500 ppm by
weight.

It has long been recognized that the method of preparing
the catalyst affects its performance. The differing heat
“reactivations'"® bear witness to this. Additionally, the
impregnating solutions used and the intermediate steps have
been found to effect the final catalyst. For example,
Winnick in commonly assigned U.S. Pat. No. 4,066,575
discloses an impregnating solution containing silver
lactate, lactic acid, barium acetate, hydrogen peroxide and
water. As a class the lactate based catalyst are very
stable but exhibit low selectivity. The support is
impregnated with the solution and then first activated by
heating in an inert atmosphere at 350°C for and then dried
in air at 200°C for 12 hours. The "activated" catalyst is
then impregnated with a cesium sclution and dried in air at
130°C for 3 hourz. The use of the inert atmospkere during
the activation step produced a catalyst that was more
selective, but much less stable, i.e., the catalyst lost
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its activity fairly quickly resulting in shorter run length
for a given end of run temperxature.

Armstrong, in commonly assigned U.S. Pat. No. 4,555,501
disclosed using an impregnating solution containing the
silver salt of a neo acid. Thke impregnated support was
then “activated" at temperatures of about 200°'C to 600°C in
the presence of air or reduced oxygen atmospheres, the
presence of some oxygen being desirable. The alkali metal,
if desired, was then deposited in small quantities (in the
range of 260 wppn).

Cesium how appears to be the preferred alkali metal.
Various sources of cesium are catalogued in the prior art,
for example, cesium hydroxide, cesium nitrate, cesium
chloride, cesium chlorate, cesium bicarbonate, cesiunm
carbonate, and other anion functicnalities such as

formates, acetates and the like.

U.S. Pat, No. 4,374,260 discloses the coprecipitation of
silver and cesium salt, such as the carbonate from a silver
carboxylate/amino complex.

U. S. Pat. No's 4,350,616 and 4,389,338 both show the
deposition of CsCO; on to activated silver catalyst from
alcohol solution where the silver was derived from aqueous
silver salt =rlution.

U. S. Pat. Ne's 4,066,575 and 4,033,903 disclose the
preparation of silver catalyst from both agqueous and non
agqueous salt solutions and subsequent treatment of the
activated silver catalyst with post deposition of an alkali
metal salt such as cesium and anions from lower alcohol and
preferable from aquesus solutions. Similarly U.S. Pat. No.
4,342,667 discloses the post degysition of cesium on to
silver catalyst derived from agueous solutions.

what is most clear is from the prior art relating to
post deposition alkali metal is the general
interchangeability of aguedus and non agqueous procedures,
i.e. silver catalyst may be prepared by either agueocus or
non agueous procedures and the post deposition of alkali
metal may be agueous or non agueous. Furthermore, the salt
of silver or alkali metal is not specific. Generally the
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procedures tended to favour the presence of water

It has now been found that water at any stage and in any amount is
detrimental to the performance of the final catalyst Thus, the present
preparation is charactenzed as being substantially anhydrous with post
disposition of alkali metal, e g. cesium.

it is an advantage of the present invention that catalysts of exceptional
stability in use for the preparation of ethylev.e oxide are produced, which have
high selectivity at high conversions for the ethylene oxide process.

SUMMARY OF THE INVENTION

Briefly stated one aspect of the present invention is a process for

preparing a supporied silver catalyst for the vapor-phase oxidation of ethylene
to ethylene oxide, consisting essentially of the steps of.

(a) impregnating a porous support having a surface area of about 0.2
to 2.0 mzlg with a hydrocarbon solution of an organic silver salt of an acid
sufficient to provide 3 to 25 wt % silver on the support;

(b)  subjecting the silver impregnated support of step (a) to activation
by heating at a first temperature in the range of 150° to 200°C. for less than an
hour, heating at a second temperature in the range of from greater than 200°C.
to 300°C. for less than one hour, heating at a third temperature in the range of
from greater than 300°C. to 400°C. for less than one hour and finally heating at
a fourth temperature of greater than 400°C. to 500°C. for less than an hour in a

substantially inert atmosphere consisting predominantly of one or more inert

gases, and

(©) impregnating the activated silver impregnated support of step (b)
with a substantially anhydrous alcoholic solution containing an alkali metal
compound to obtain a finished catalyst having about 1 to 6x10™ gew of the
alkali metal per kg of catalyst.

Preferably each of the heating steps is from 1 to 30 minutes in duration.
The heating atmosphere is controlied to eliminate uncontrolied combustior: of

the organic portions of the silver sait or solvents by controliing and adjusting the

£ WARNVORTUENATNOOELE *5\ 58e8. 34 IN0C



L
L2 1)

10

4A
amount of oxygen present during said heating. Preferably the atmosphere

contains less than 3 vol?s oxygen of the total atmosphere The activation
produces a support containing the activated silver.

According to a further aspect of the present invention there is provided a
process for the production of ethylene oxide comprising the steps of:

(a)  impregnating a porous support having a surface area of about J.2
to 2.0 mzlg with a hydrocarbon solution of a silver salt of a nec acid sufficient to
provide 3 to 20 wt % silver on the support;

(b)  subjecting the silver impregnated support of step (a) to activation
in a substantially inert atmosphere by heating at a first temperature in the range
of 150° to 200°C. for less than an hour, heating at a second temperature in the
range of from greater than 200°C. to 300°C. for less than one heur, heating at a
third temperature in the range of from greater than 300°C. to 400°C. for less
than one hour and finally heating at a fourth temperature of from greater than
400°C to 500°C; and

{c) passing ethylene and molecular oxygen over the silver
impregnated support of step (b) at a temperature of between 150°C. to 400°C.
and pressure of between 0.5 to 35 bar.

The solution should be substantially free of

£ AVIRRRORTAE IR VINODEL E F “S8at 32 00T
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both water and acid as this aspect has been shown to be
especially beneficial to catalyst performance and hence
preferred. The impregnated support is activated by heating
wherein, the improvement is the control of the combustion
of the organic materials.

In order to modify the activated silver catalyst an
alkali metal, preferably cesium, is added.

Another aspect of the invention the activated silver
catalyst is a substantially anhydrous post impregnation
with an alkali metal, preferably cesium, to produce a
finished catalyst by immersing the support in a stationary
or circulating stream of the alkali metal in a anhydrous
solvent such as ethanol. The optimum amount of alkali
metal(s) added will be selected to optimize catalyst
performance and will be dependent upon the surface area of
the support chosen. That is, more alkali metal will be
used on supperts which have larger surface area than on
those having relatively small surface area. The term
anhydrous as used herein means as free of water as
possible, but in any event 1less than 1% water, i.e.,

subs an&i\.ally anhydrous.
ad ec
A I\:l:h:i:nt. aspect of the present invention is the washing

of cesium modified silver catalyst with a lower alcohol.
Preferably methanol, ethanol, isopropancl or the like are
contacted with and impregnated into the catalyst, removed
from the catalyst and the catalyst dried.

It is believed that the ionic cesium contacting the
alumina of the support, not covered by silver, is more
firmly attached to the polar alumina surface than that on
the surface of the silver metal. The wash as described
preferentially leaches or removes some ©of the less firmly
held cesium on the silver while leaving the desirable
modifying cesium on the alumina sites,

The stability achieved by the =multi-stage heat
activation of silver catalyst is retained and the
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selectivity is enhanced by bath the anhydrous preparation and the final solvent

wash.
The catalyst of the present invention may be employed under oxidizing

conditions typical to the art for preparing ethylene oxide by the vapor phase
oxidation of ethylene with improved results especially catalyst stability.

The term “inert” as used herein means any gaseous material under the
conditions of wctivation which does not react with silver or any other component of
the silver impregnated support. Preferred inert matenals include nitrogen, helium
and carbon dioxide, but other specific materals including neon, argon, and the

like may be used. The limitation of oxygen during the activation is of principal

concern.
Throughou! the description and claims of this specification, the word

“comprise” and variations of the word, such as “comprising” and “comprises’, is

not intended to exclude other additives, components, integers or steps.

A C AR SHENE JODEL TS el N
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selectivity 1is enhanced by both thé anhydrous preparaticn
and the final solvent wash.

The catalyst of the present invention may be employed
under oxidizing conditions typical to the art for preparing
ethylene oxide by the vapor phase oxidation of ethylene
with improved results, especially catalyst stability.

The term "inert® as used” herein means any gaseous
material under the cond;tiés of activation which does not
react with silver /e{/ any other component of the silver
impregnated supxért. Preferred inert materials include
elium and carbon dioxide, but other specific

e limitation of oxygen during the activation is of

principal concern.
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DETAILED DESCRIPTION AND PREFERRED EMBODIMENT

The catalyst of the present invention may contain from
3 to 25 wt% silver on the support. Preferred catalysts
prepared in accordance with this invention contain from 3
up to about 203 by weight of silver, expressed as metal,
deposited upon the surface and throughout the pores of a
porous refractory support. Silver contents higher than 20%
by weight of total catalyst are effective, but result in
catalysts which are unnecessarily expensive. Silver
contents, expressed as metal, of about 5-13% based on
weight of total catalyst are preferred, while silver
contents of 8-11% are especially preferred.

Catalysts may be made with supports comprising aiumina,
silica, silica-alumina or combinations thereof. Preferred
supports are those containing principally alpha-alumina,
particularly those containing up to about 15 wt} silica.
Especially preferred supports have a porosity of about 0.1~
1.0 cc/g and preferably about 0.2-0.5 cc/qg. Preferred
supports also have a relatively low surface area, 1i.e.
about 0.2-2.0 mné/g, preferably 0.4-1.6 m?/g and most
preferably 0.5-1.3 m2/g as determined by the BET method.
See J. A. Chem. Sc. 60, 309-16 (1%38). Porosities are
determined by the mercury porosimeter method; see Drake
and Ritter, "“Ind. Eng. Chem. Anal. Ed.,"“ 17, 787 (1945).
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Pore and pore diameter distributions are determined from
the surface area and apparent porosity measurements.

For use in commercial ethylene oxide production
applications, the supperts are desirably formed into
regularly shaped pellets, spheres, rings, etc. Desirably,
the support particles used have "“equivalent diameters™ in
the range from 3-15 mm and preferably in the range of 4-8
mm, which are usually compatible with the internal diameter
of the tubes in which the catalyst is placed. ®Equivalent
diameter” is the diameter of a sphere having the same
external surface (i.e. neglecting surface within the pores
of the particle) to volume ratio as the support particles
being employed.

The silver is added to the support by immersion of the
support into a solution containing a silver salt of an

organie acid which is substantially free of water and said

acid, such as the neo acids (particularly those having at
least seven carbon atoms) described in U. S. Patent No.
4,864,042 which is incorporated hereia in its entirety.
The silver containing 1liquid penetrates by absorption,
capillary action and/or vacuum into the pores of the
support. A single immersion or & series of immersions,
with or without intermediate drying, may be used,
depending in part upon the concentration of the silver salt
in the solution. To obtain catalysts having silver
contents within the preferred range, suitable impregnating
solutions will generally contain from 5-50 wt% silver,
expressed as metal, but supplied as silver salts of organic
acids. The exact concentrations employed, of course, will
depend upon, amang other factors, the desired silver
content, the nature of the support, the viscesity of the
liquid, and solubility of the acid silver salt.
Impregnation cof the selected support is achieved in a
conventional manner. The support material is placed in the
silver solution until all of the solution is absorbed by
the support. Preferably the quantity of the silver
solution used to impregnate the porous support is no more
than is necessary to fill the pore volume of the porous
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support.
The impregnating solution, as already indicated, is

characterized as a substantially water free and acid free
orgaunic solution of a silver salt of an organic acid. A
hydrocarbon solvent 1is employed, such as toluene,
cyclohexane, xylene, ethyl benzene, cumene or nonene which
would normally be water free. Since water is considered to
be detrimental to the preparation of silver catalysts when
the method of the invention is used, it should be present
in no more than about 0.1 vol? in the silver impregnating
solution, preferably less than about 0.01 volg.

After the multi-stage activation the support may be
impregnated with the alkali metal if desired. It is the
purpose of alkali metal to modify the catalyst and raise
selectivity while leaving the iwproved stability intact.
Wher used the amount of the alkali metal on the finished
catalyst is generally similar to those employed heretofore.
Thus the amount deposited will be genzrally up to about 8 X
103 gew/kg catalyst, preferably up to about 7 X 103
gew/kg, and particularly about 1 toc 6 X 10”3 gew/kg (gew =
gran equivalent weight). The alkali metals of the pericdic
table include sodium, lithium, potassium, rubidium and
cesium. For purposes of the present invention, the latter
three alkali metals are particularly preferred, especially
cesium, although sodium and 1lithium are not necessarily
excluded. The alkali metal salts are dissolved in alcchol
solutions, preferably substantially free of water.

In the absence of water in the alcohol solvent, the
cesium compound, &2lthough poorly soluble, remains evenly
distributed through the solvent durirg evaporization and
drying, hence is more evenly distributed over the silver
catalyst. Preferably the alkali metal impregnated
catalysts are dried rapidly, e.g. one to two =minutes at
high temperature, e.g. at least 100°C up to &00°'C,
preferably arcund 200°C to 600 *C. This may be readily
achieved by using a moving belt as described herein or by
placing it in a tube and allowing a fast current of hot air
to remove the solvent. The drying may be conducted in air
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or an inert gas,

Catalysts prepared by the procedures above have improved
performance, especially stability, for wuse in the
production of ethylene oxide by the vapor phase oxidation
of ethylene with molecular oxygen. These usually involve
reaction temperatures of about 150°C to 400°C, usually
about 200°C to 300°C, and reaction pressures in the range
of from 0.5 to 35 bar. Reactant feed mixtures contain 0.5
£o 20 % ethylene and 3 to 15 % oxygen, with the balance
comprising comparatively inert materials including such
substances as nitrogen, carbon dioxide, methane, ethane,
argon and the like. Only a portion of the ethylene usually
is reacted per pass over the catalyst and after separation
of the desired ethylene oxide product and the removal of
appropriate purge streams and carbon dioxide to prevent
uncontrolled build up of inerts and/or by-products,
unreacted materials are returned to the oxidation reactor.

In the following examples the catalysts were made from a
cumene solution of a silver salt of neo-decanoic acid as
described above. The characteristics of suitable supports
are set out below.

The finished catalysts are then tested for activity and
selectivity by crushing and placing 36 grams in a micro
reactor consisting of a 1/4 inch stainless steel tube which
is heated in a salt bath. A feed mixture of 7% oxygen, 8%
€05, 15% CpH4, 70% N; 1is passed over the catalyst with a
gas space velocity of 5500 hr-l, The pressure is
maintained at 300 psig (21.69 bar) and the temperature
between 200°C and 300°C as required tec maintain an ocutlet
concentration of 1.5 volt (160 Kg per hour per m3> of
catalyst) ethylene oxide. The activity of the catalyst is
expressed as the temperature necessary to maintain the
outlet concentration at 1.50 vol% ethylene oxide, the lower
the temperature, the more active the catalyst. The
selectivily of the catalyst is expressed as the molet of
the total ethylene converted to ethylene oxide at the
outlet concentration of 1.50 vol% ethylene. The stability
of the catalyst is measured by the increase in temperature
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required to maintain the ethylene oxide at 1.50 volsg
divided by 100 hours and is expressed as °C/100 hr.
EXAMPLE 1 (Comparative)

In this example a conventipnal activation with aqueous
Cs deposition was carried out.

The support used for this preparation was obtained from
Norton Company and was made primarily of a-alumina in the
form of 5/16 inch cylinders. The support has a surface
area of 0.55 m2/g, pore volume of .3 cc/g, and medium pore
diameter of 1.5u. A 95 parts of a cumene solution of
silver neodecanocate, containing 26 wt% silver, was added to
225 parts of the hot support and the mixture was mixed for
20 minutes. The catalyst was prepared using one step
activation with air at 500°'C and was impregnated with
cesium hydroxide solution in water/alcohol solvent, which
was subsequently dried with wvacuum. The catalyst was

‘tested under the condition as outlined above. After 150

houtrs of reaction time the selectivity to ethylene oxide
w=s 80.9% and the reaction temperature was 232°C. The
catalyst's performance did not improve with longer reaction
time.

EXAMPLE 2

In this example multi-stage activation was carried out
with anhydrous Cs deposition.

The support used for this preparation was obtained from
Norton Company and was made primarily of a-alumina in the
form of 5/16 inch cylinders. The support has a surface
area of 0.55 mzjg, pore volume of .3 cc/g, and medium pore
diameter of 1.5u. A 95 parts of a cumene solution of
silver neodecancate, containing 26% silver, was added to
225 parts of the hot support and the mixture was mixed for
20 minutes. The deposition of '
silver compound was induced by heating the catalyst to a
temperature that did not exceed 200°C in a stream of
nitrogen. The residence time of the catalyst in the heated
zona was 2 minutes on a moving belt. This step was
repeated at 300°C and 400°C.

The catalyst was then impregnated for twc hours at room
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temperature in an anhydrous ethanolic solution that
contained 525 ppm cesium bicarbonate. The catalyst was
superficially dried by a stream of nitrogen followed by
heating on a moving belt at 200°C. The results of the
catalyst test are summarized in TABLE 1.

TABLE 1
Results of Catalyst Test
Life, hr Temp. °C  Selectivity
%, to EO
145 237 82.8
500 237 82.8
575 237 83.0
715 236 83.0
EXAMPLE 3

The support used for this preparation was obtained from
Norton Company and was made primarily of a-alumina in the
form of 5/16 inch eylinders. The support has a surface
area of 0.55 m2 /9, pore volume of .3 cc/g, and medium pore
diameter of 1.5 u. A batch of 225 parts of the support was
heated to 80°C and placed under vacuum, 50 mm Hg, then 95
parts of a cumene solution of silver neodecanoate,
containing 26% silver, was added and the mixture was mixed
for 20 minutes. The deposition o©of silver compound was
induced by heating the catalyst to a temperature that did
not exceed 200°C in a stream of nitrogen the residence
time of the catalyst in the heated zone was 2 ninutes.
This step was repeated at 300°C and at 400°C.

The catalyst was then impregnated for two hours at room
temperature in an anhydrous ethanolic solution that
contained 525 ppm cesium bicarbonate. The catalyst was
dried by heating on a moving belt at 200°C The results of
the catalyst test are summarized in the Table 2.



»
4

10

20

30

35

WO 926/04074 PCT/US94/08833

12
TABLE 2
Results of Catalyst Test
Life, hr Temp. *C Selectivity
§, to EO
100 231 82.5
300 230 82.7
450 230 83.0
EXAMPLE 4

The support used for this preparation was obtained from
Norton Company and was made primarily of e-alumina in the
form of 5/16 inch cylinders. The support has a surface area
of 0.55 m2/g, pore volume of 0.3 cc/g, and medium pore
diameter of 1.5 p. 95 parts of a cumene solution of silver
neodecanoate, containing 26% silver, was added to 225 parts
of the support and the mixture was mixed for 30 minutes.

The deposition of silver was induced by heating the
catalyst up to the decomposition temperature of the silver
salt. This was achieved via heating in a furnace that has
several heating zones in a controlled atmosphere. The
catalyst was loaded on a moving belt that entered the
furnace at ambient temperature, which was gradually
increased as the catalyst passed from one zone to the
next. The temperature was increased, up to 400°C as the
catalyst passed thirough seven heating zones. After the
heating zones the belt passed through a cooling 2one that
gradually cooled the catalyst to « temperature lower than
100*C. The total residence time in the furnace was 22
ninutes. The atmosphere of the furnace was ~ontrolled to
eliminate uncontrolled combustion of the erganic portion of
the silver salt and solvent. This was achieved via using
nitrogen flow in the different heating Zuiies. The amount of
nitrogen was sufficient to inhibit any combustion and to
remove any evolved fumes during the calcination process.

The cataiyst was then impregnated for two hours at room
temperature in an anhydrous ethanolic solution containing
525 ppe 6f cesium bicarbonate. The solution was drained and
an equal volume of ethanol was added. The catalyst was
mixed with the fresh ethanol to remove any excess cesium
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present on its surface. The liquid was drained, and the
catalyst was dried by placing it on a belt that travellad
through a heated zone of a furnace in a current of 200°C
air. The residence time in the hot zone, the air flow and
the furnace temperature were sufficient to dry all the
solvent in the shortest time possible. The catalyst was
crushed and charged in a tube that was heated by a salt
bath. A gas mixture containing 15% ethylene, 7% oxygen, and
78% inert, mainly nitrogen and carbon dioxide, was allowed
to flow over the catalyst under 300 p.s.i. The temperature
of the reaction was adjusted in order to obtain ethylene
oxide productivity of 160 Kg ethylene oxide per hour per m3
of catalyst. The results of the catalyst test are
summarized in table 3:

TABLE 3
Results of Catalyst Test
Life, hr Temp. °C Selectivity, %
350 227 82.8
EXYAMPLE 5

The support used for this preparation was obtained from
Norton Company and was made primarily of a-alumina in the
form of 5/16 inch cylinders. The support has a surface area
of 0.55 mz/g, pore volume of 0.3 cc/g, and medium pore
diameter of 1.5 . 95 parts of a cumene solution of silver
neodecanocate, containing 26% silver, was added to 225 parts
of the hot support and the mixture was mixed for 30
ninutes. The deposition of silver was induced by heating
the catalyst to a temperature that did not exceed 150°C in
a stream of nitrogen. The residence time of the catalyst in
the heated zone was two minutes. This process was repeated
at 200, 250, and 300°C and at 400°C.

The catalyst was then impregnated for two hours at room
temperature in an anhydrous ethanolic solution containing
525 ppm of cesium bicarbonate. The solution was drained and
an equal volume of ethanol was added. The catalyst was
mixed with the fresh ethanol to remove any excess cesium
present on its surface. The liquid was drained, and the
catalyst was dried by placing it on a belt that travelled
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through a heated zone of a furnace in a current of 200°C
air. The residence time in the hot zone, the air flow and
the furnace temperature were sufficient to dry all the
solvent in the shortest time possible.

After drying the catalyst, it was tested in a tube that
is heated by a salt bath. A gas mixture containing 15%
ethylene, 7% oxygen, and 78% inert, mainly nitrogen and
carbon dioxide, was allowed to flow over the catalyst under
300 p.s.i. The temperature of the reaction was adjusted in
order to obtain ethylene oxide productivity of 160 Xg per
hour per m3 of catalyst. The results of the catalyst test

are summarized in table 4:

TABLE 4
Life, hr Temp. °C Selectivity, %
200 230 83.7
900 230 83.7
EXAMPLE 6

The support used for this preparation was cbtained from
Norton Company and was made primarily of e-alumina in the
form of 5/16 incd cylinders. The support has a surface area
of 0.55 m2/g, pore volume of 0.3 cc/g, and medium pore
diameter of 1.5 u. 95 parts of a cumene solution of silver
neodecanocate, containing 26% silver, was added to 225 parts
of the hot support aind the mixture was mixed for 20
minutes. The deposition of silver was induced by heating
the catalyst to a temperature that did not exceed 150°C in
a stream of a gas nrixture containing 2.5% oxygen in
nitrogen. The residence time of the catalyst in the heated
zone was two minutes. This process was repeated at 200°C,
250°C, 300°C and at 400°C.

The catalyst was then impregnated for two hours at room
temperature in an anhydrous ethanolic solution containing
525 ppm of cesium bicarbonate. The catalyst was dried and
tested in a tube that is heated by a salt bath. A gas
mixture containing 15% ethylene; 7% oxygen, and 78% inert,
mainly nitrogen and carbon dioxide, was allowed to flow
over the catalyst under 300 p.s.i. The temperature of the
reaction was adjusted in order to obtain ethylene oxide
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productivity of 160 Kg per hour per m3 of catalyst. The
results of the catalyst test are summarized in table 5:

TABLE 5
Results of Catalyst Test
Life, hr Temp. Selectivity
*C 2
200 225 8l1.64
EXAMPLE 7

The support used for this preparation was obtained from
Norton Company and was made primarily of a-alumina in the
form of 5/16 inch cylinders. The support has a surface area
of 0.55 mz/g, pore volume of 0.3 cc/g, and medium pore
diameter of 1.5 u. 95 parts of a cumene solution of silver
neodecancate, containing 26% silver, was added to 225 parts
of the hot support and the mixture was mixed for 20
minutes. The deposition of silver was induced by heating
the catalyst in a stream of nitrogen.

The catalyst was divided into several equal batches.
Each batch was impregnated for two hours at room
temperature in an ethanolic solution that contained a
specific concentration of water and 525 ppm cesium
bicarbonate. The liquid was drained and followed by heating
on a moving belt in a current of 200°C air.

A sample of the catalyst was tested in a tube that is
heated by a salt bath. A gas mixture containing 15%
ethylene, 7% oxygen, and 78% of inert, mainly nitrogen and
carbon dioxide, was allowed to flow over the catalyst under
300 p.s.i. The temperature of the reaction was adjusted in
order to obtain ethylene oxide productivity of 160 Kg per
hour per m3 of catalyst. The results of the catalyst test

are summarized in table 6:
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TABLE 6
Effect of Water in Cesium Solution
Performance* at 150 Hr

EX. 7 H,0% Sel (T*C)
A <0.1 83.0 (231)
B 0.3 82.7 (230)
c 1 82.5 (232)
D 2 82.0 (228)
E 4 82.1 (225)

*AEO=1.5.

EXAMPLE 8

The msthod used to dry the solvent is of importance to
the catalyst performance. After impregnation with cesium
solution, it is rather important to deposit the cesium salt
on the catalyst as fast as possible. It was discovered that
drying the solvent in a current of hot gas, example heated
air, is one of the efficient ways to achieve the fast
deposition of the salt. The temperature of the gas has to
be high enough to insure the fast precipitation of the
cegziam salt. Drying the catalyst at a slow rate, as in
vacuum or via a current of a low temperature gas, gives a
catalyst with poor cesium dispersion and does not lead to
the full benefit o¢f the effect of the promoter. The
following examples will illustrate the impact of the drying
method:

A large batch of catalysts was prepared by impregnating
a commercial alpha-alumina support with a solution of
silver neodecanocate in cumene, followed by calcining the
catalyst via heating at 500°C in a stream of nitrogen. The
batch was divided into 245 g portions and each portion was
impregnated for two hours with 300 g of ethanol solution
that contain 525 ppm cesium. The wet catalysts were dried
using different methods. Table 7 illustrates the effect of
the different cesium salts and the drying method on the

catalyst's performance:
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TABLE 7
The effect of anhydrous Cesium solution
and the drying method on Selectivity

Example 8 Temp.*C Sel. § Notes
100 hr 200 hr 100 hr 200 hr
A 233 232 81.8 82.3 Anhydrous
Cs,CO05,
Dried fast on
belt
B 236 237 80.7 80.8 CsOH in H20/

ethanol, dried
by vacuum for
17 hrs

c 231 230 80.8 81.0 CsOH in H20/
ethanol, dried
on belt, 500°C

4 EO=1.5 SV=5500

Example 8A illustrates the effect of both anhydrous

" cesium salt and the fast drying method. Example 8B is the

standard case in which the cesium solution was not
anhydrous and the catalyst was dried via maintaining its
temperature below 50°C under reduced pressure, 100 mm Hg,
for 17 hours. Example 8C is similar to 8B except a fast
drying method was used.

EXAMPLE S

The support used for this preparation was obtained from
Norton Company and was made primarily of a-alumina in the
form of 5/16 inch cylinders. The support has a surface area
of 0.55 m2/g, pore volume of 0.3 cc/g, and medium pore
diameter of 1.5 u. 95 parts of a cumene solution of silver
neodecanocate, containing 26% silver, was added to 225 parts
of the hot support and the mixture was mnixed for 30
minutes. The deposition of silver was induced by heating
the catalyst to a temperature that did not exceed 500°C in
a stream of nitrogen. The residence time of the catalyst in
the heated zone was two minutes.

The catalyst was then impregnated for two hours at room
temperature in an anhydrous ethanolic solution containing
525 ppr of cesium chloride. The solution was drained and an
equal volume of ethanol was added. The catalyst was mixed
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with the fresh ethanol to remove any excess cesium present
on its surface. The liquid was drained, and the catalyst
was dried by placing it on a belt that travelled through a
heated zone of a furnace in a current of 200°C air. The
residence time 1in the hot 2zone, the air flow and the
furnace temperature were sufficient to dry all the solvent
in the shortest time possible.

After drying the catalyst, it was tested in a tube that
is heated by a salt bath. A gas mixture containing 15%
ethylene, 7% oxygen, and 78% inert, mainly nitrogen and
carbon dioxide, was allowed to flow over the catalyst under
300 p.s.i. The temperature of the reaction was adjusted in
order to obtain ethylene oxide productivity of 160 Kg per
hour per n3 of catalyst. The results of the catalyst test
are summarized in table 4:

TABLE 8
Time in Reactor Selectivity Reaction Temperature
Hr : *C
140 82.2 233
EXAMPLE 10

The support used for this preparation was obtained from
Norton Company and was made primarily of e-alumina in the
form of 5/16 inch cylinders. The support has a surface area
of 0.55 m2/q, pore volume of 0.3 cc/g, and medium pore
diameter of 1.5 u. 95 parts of a cumene solution of silver
neodecanocate, containing 26% silver, was added to 225 parts
of the hot support and the mixture was mixed for 30
minutes. The deposition of silver was induced by heating
the catalyst to a temperature that did not exceed 200°C in
a stream of nitrogen. The residence time of the catalyst in
the heated zone was two minutes. This process was repeated
at 300°*C and 400°C.

The catalyst was then impregnated for two hours at room
temperature in an anhydrous ethanolic solution containing
525 ppm of cesium carbonate. The liquid was drained, and
the catalyst was dried by placing it on a belt that
travelled through & heated zcne of a furnace in a current
of 200°C 2ir. The residence time in the hct zone, the air
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flow and the furnace temperature were sufficient to dry all
the solvent in the shortest time pessible.

After drying the catalyst, it was tested in a tube that
is heated by a salt bath. A gas mixture containing 15%
ethylene, 7% oxygen, and 78% inert, mainly nitrogen and
carbon dioxide, was allowed to flow over the catalyst under
300 p.s.i. The temperature of the reaction was adjusted in
order to obtain ethylene oxide productivity of 160 Kg ger
hour per m3 of catalyst. The results of the catalyst test
are summarized in table 5:

TABLY 9
Time in Reactor Selectivity Reaction Temperature
Hr 3 °C
100 82.5 231
300 82.7 230
450 83.0 230
EYAMPLE 11

The support used for this preparation was obtained from
Norton Company and was made primarily of a-alumina in the
form of $/16 inch cylinders. The support has a surface area
of 0.55 m2/g, pore volume of 0.3 cc/g, and medium pore
diameter of 1.5 u. 95 parts of a cumene solution of silver
neodecanocate, containing 26% silver, was added to 225 parts
of the hot support and the mixture was mixed for 30
minutes.

The deposition of silver was induced by heating the
catalyst up to the decomposition temperature of the silver
salt. Th's was achieved via heating in a furnace that has
several heating zones in a controlled atmosphere. The
catalyst was lcaded on a moving belt that entered the
furnace at anmbient temperature, which was gradually
increased as the catalyst passed from one zone to the
next. The temperature was increase, up to 500°C, as the
catalyst passed through seven heating gzones. After the
heating zones the belt passed through a cooling zone that
gradually cooled the catalyst to & temperature lower than
100°C. The total residence time in the furnace was 22
minutes. The atmosphere of the furnace was controlled to
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eliminate uncontrolled combustion of the organic portion of
the silver salt and solvent. This was achieved via using
nitrogen flow in the different heating zones. The amount
of nitrogen was sufficient to inhibit any combustion and to
remove any evolved fumes during the calcination process.

The catalyst was then impregnated for two hours at room
temperature in an ethanolic solution of cesium bicarbonate.
The catalyst was dried and tested in a tube that is heated
by a salt bath. A gas mixture containing 15% ethylene, 7%
oxygen and 78% inert, mainly nitrogen and carbon dioxide,
was allowed to flow over the catalyst under 300 p.s.i. The
temperature of the reaction was adjusted in order to cbtain
ethylene oxide productivity of 160 Kg per hour per m3 of
catalyst. The results of the catalyst test are summariged
in Table 10 below:

TABLE 10
Catalyst life, hr Temp. °C Selectivity, %
200 229 82.55
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The claims defining the invention are as follows:

1. A process for preparing a supported siiver catalyst for the vapor-phase
oxidation of ethylene to ethylene oxide. comprising the steps of:

(@) impregnating a porous support having a surface area of about 0.2
to 2.0 m%g with a hydrocarbon solution of an organic silver salt of an acid
sufficient to provide 3 to 25 wt % silver on the suppon;

(b)  subjecting the silver impregrated support of step (a) to activation
by heating at a first temperature in the range of 150° to 200°C. for less than an
hour, heating at a second temperature in the range of from greater than 200°C.
to 300°C. for less than one hour, heating at a third temperature in the range of
from greater than 300°C. to 400°C. for less than one hour and finally heating at
a fourth temperature of greater than 400°C. to 500°C. for less than an hour,
wherein all the heating steps are camed out in a substantially inert atmosphere
consisting predominantly of one or more inert gases; and

(c)  impregnating the activated silver impregnated support of step (b)
with a substantially anhydrous alcoholic solution containing an alkali metal
compound to obtain a finished catalyst having about 1 to 6x10~° gew of the
alkali metal per kg of catalyst.

2. The process according to claim 1 wherein said activation is carried out
on a moving belt.

3. The process according to any one of the preceeding claims wherein said
retention time of the impregnated support at said first temperature is from about
1 to 30 minutes.

4 The process according to any of the preceeding claims wherein said
retention time of the impregnated support at said second temperature is from
about 1 tn 30 minutes

5. The process according to any one of the preceeding claims wherein said
retention time of the impregnated support at said third temperature 1s from
about 1 to 30 minutes

6. The process according to any one of the preceeding claims wherein said
alkali metal is cesium,

7. The process according to claim 1 wherein said activation of step (b) is

CWWINDCRNER TEWR Rl S DOT



(X ]
»

* s
seaw
.
ase

.
ses

4
* ¥4 gop
(] .
* #s
L X ] e

P8P boob vosen
e

* o8

10

15

20

25

22
carried out in a series of stages of increasing heat in an atmosphere containing
inert gas to eliminate uncontrolled combustion of the organic portion by
controlling the amount of oxygen present in said atmosphere during said
healng.
8 The process according to claim 6 wherein said cesium impregnated
silver catalyst is further washed with an aicohol soiution and dried.
Q. The process acceording to claim 8 wherein there are multiple alcohol
washes. _
10. The process according ic claim 8 or 9 wherein sad catalyst is dred
rapidiy.
11. The process according to claia 1 wherein said atmosphere s

substantially nitrogen.
12. The process according to clam 1 wherein said atmosphere is

substantially carbon dioxide.
13. The process according to clam 1 wherein said atmosphere is

substantially helium.

14.  The process according to any one of the preceeding claims wherein the
quantity of said hydrocarbon solution used to impregnate said porous supportis
no more than necessary to fill the pore volume of saia porous support.

15. A process for the production of ethylene oxide comprising the steps of.

(8) impregnating a porous support having a surface area of about 0.2
to 2.0 m*/g with a tdrocarbon solution of a silver salt of a neo acid sufficient to
provide 3 to 20 wt % stlver on the support;

{b)  subjecting the silver impregnated support of step (a) to activation
in a substantially inert atmosphere by heating at a first temperature in the range
of 150° to 200°C. for less than an hour, heating at a second temperature in the
range of from greater than 200°C to 300°C for less than one hour, heating at a
third temperature in the range of from greater than 300°C to 400°C. for less

than one hour and finally heating at a fourth temperature of from greater than

400°C to 500°C; and
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(©) passing ethylene and molecular oxygen over the silver

impregnated support of step (b) at a temperature of between 150°C. to 400°C.
and pressure of between 0.5 to 35 bar.

16.  The process according to claim 15 wherein said first activation is carried
out in an atmosphere containing less than 20 vol% oxygen.

17.  The process according to claim 16 wherein said activation is carried out
on a moving belt.

18. The process according to claim 17 wherein the retention time of the
impregnated support at said first temperature is from about 2 tc 30 minutes.

19.  The process according to claim 17 wherein the retention time of the
impregnated support at said second temperature is from about 2 to 30 minutes.
20. The process according to claim 17 wherein the retention time of the
impregnated support at said third temperature is from about 2 to 30 minutes.

21.  The process according to any one of ciaims 15 to 20 fu'rther comprising
the step of impregnating the activated silver impregnated support of step (b)
with a solution containing an alkali metal to obtain a finished catalyst having
about 1 to 6x10™ gew of the alkali metal per kg of catalyst.

22.  The process accordirg to elaim 21 wherein said alkali metal is cesium.
23. The process according to claim 22 wherein said cesium is ¢ontained in a
substantially anhydrous alcohol solution.

24. The process according o claim 23 wherein said cesium impregnhated
silver catalyst is washed with an alcchol solution and dried.

25. The process according to claim 24 whereir there are multiple alcchol
‘washes.

26. The process according to claim 16 wherein said atmosphere is

substantially nitrogen.
27. The process according to ciaim 16 wherein said atmosphere is

substantially carbon dioxide.
28. The process according to claim 16 wherein said atmosphere is

G WINWORDUENNYWODELE TEV7SS45- 04 0O
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substantiatly helium.

29. The process according to any one claims 15 to 28 wherein the quantity
of said hydrocarbon solution used to impregna‘e said porous support is no
more than necessary to fill the pore volume of said porous support.

30. In the method of activating a supported silver catalyst for the vapor-
phase oxidation of ethylene to ethylene oxide prepared by

(a) impregnating a porous support having a surface area of about 0.2
to 2.0 m?/g with a hydrocarbon solution of a silver salt of a neo acid sufficient to
provide 3 to 20 wt% silver on the support and

(by  subjecting the silver impregnated support of step (a) to activatien
by heating at a first temperature in the range of 150° to 200°C. for less than an
hour, heating at a second temperature in the range of from greater than 200°C.
to 300°C. for less than one hour, heating at a third temperature in the range of
from greater than 300°C. to 400°C. for less than one hour and finally heating at
a fourth temperature of greater than 400°C. to 500°C. for less than an hour,
wherein all the heating steps are carried out in a substantially inert atmosphere
consisting predominantly of one or more inert gases; and wherein the method
further comprises controlling the combustion of the ne¢ acid portion of the silver
salt by controlling the amount of oxygen present in said atmosphere during said
heating.

31. The method according to claim 30 wherein the oxygen present in said
atmosphere during the heating is less than 3 vol%.

32. In the method of activating a supported silver catalyst for the vapor-
phase oxidation of ethylene to ethylene oxide prepared by

(a) impregnating a porous support having a surface area of about 0.2
to 2.0 m%g with a hydrocarbon solution of a silver sait of a neo acid sufficient to
provide 3 to 20 wt% silver on the support,

(b)  subjecting the silver impregnated support of step (a) to activation
by heating at a first temperature in the range of 150° to 200°C. for less than an
hour, heating at a second temperature in the range of from greater than 200°C
to 300°C. for less than one hour, heating at a third temperature in the range of
from greater than 300°C. to 400°C. for less than one hour and finally heating at
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a fourth temperature of greater than 400°C. to 500°C. for less than an hour,

wherein all the heating steps are carried out in a substantially inert atmosphere

consisting predominantly of one or more inert gases; and

5 (©) impregnating the activated silver impregnated support of step (b)
with a solution containing an alkali metal to obtain a finished catalyst having
about 1 to 6x10~° gew of the alkali metal per kg of catalyst,

wherein the method further comprises said solution of step (c) being
substantially anhydrous.
10 33. The method according to claim 32 where in the amount of water in said

solution of step () is less than 1%.

0 34. A process according to claim 1 or claim 15 substantially as hereinbefore
. described with reference to any one of the examples.
. 35. A method according to claim 30 substantially as hereinbefore described
15  with reference to any one of the examples.

. 20 DATED: 24 March, 1997
PHILLIPS ORMONDE & FITZPATRICK
e oo, Attorneys for:

SCIENTIFIC DESIGN COMPANY, INC

\J\ i“q{

< Ve \
s N e “ & VINDOWSITEMPI7SS48-04 00C
% d\k
el



Intcrnational application No.
PCT/US94/08833

INTERNATIONAL SEARCH REPORT

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(5) :BO1J 37/08, 37/00, 23/66; CO7D 301/10
US CL  :502/347, 348; 549/534
According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
U.S. 1 502/347, 348, 549/534

Documentation scarched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

APS, CAS Oniine, Inpadoc
search terms: ethylene, ethene, epoxide, ethylene oxide, ethene oxide, silver, alkali, cesium

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*’ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US, A, 4,555,501 (Armstrong) 26 Noevember 1985; col. 2,] 1-36
lines 15-68; and col. 3, line 5, through col. 7, line 15.

Y US, A, 4,066,575 (Winnick) 3 January 1978, col. 4, lines 6-] 1-36
68; col. 5, line 44, through col. 8, line 42; and col. 9, lines
29-47.

A Us, A, 5,173,469 (Wunde et al.) 22 December 1992.

A US, A, 5,008,413 (Liu) 16 April 1991.

A US, A, 4,897,376 (Liu) 30 January 1990.

A US, A, 4,760,042 (Armstrong) 26 July 1988.

[X] Further documents arc listed in the continuation of Box C. [ ]  See patent family annex.

. Special categorions of cited decuments: ™ hader & blisked after the ool filing dede or priority
At document defining the guneral state of the ast which is wot coasidered m.:.mmmmw»wu
0 be of particular relevence: . i
O eartior ¢ Mished on o Afor the § osal flling dets > m:wﬁw;uuh & ‘".;:.- anut:

‘L docusssnt which may theow dowbts oa pridrity claimd(s) or whick s whan the docurnan: ia mken alose
cited o estsblish the publication dese of amother cikmtion oF other N ik . "
special ressca (s spacified) Y mu»mhreu uvnm:'Im ot m.:
o WMEQNMMMQM combined with one or move other such d mich combi
boing obvious 0 8 person-skillad in the ast
i o "&* docussant member of the seme patent fanily

mwmhuwﬁmunmm
the priority dais claimed

Date of the actual completion of the international sesrch

09 DECEMBER 1994

Date of mai ﬁof the international scarch report

JAN 1935

Name and mailing address of the ISA/US
Commrofmu'rm

e

wuaaum. D.c. 2011
Facsimile No. (703} 305-3230 4 Telephone No (703) 308-3805

Form PCT/ISA/210 (second sheet)(uly 1992)w




-

LI

INTERNATIONAL SEARCH REPORT Intemational application No.
PCT/USS4/08833

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category®

Citation of document, with indication, where appropriate, of the relevant passages Relevant o claim No.

2 - - - - - .

US, A, 4,663,303 (Becker et al.) 05 May 1987.

US, A, 4,389,338 (Mitsuhata et al.) 21 June 1983.

US, A, 4,374,260 (Cavitt) 15 February 1983.

US, A, 4,350,616 (Boussert) 21 September 1982.

US, A, 4,342,667 (Armstrong et al.) 03 August 1982.

US, A, 4,033,903 (Maxwell) 0S5 July 1977,

EP, A, 0,241,391 (Cognion et al.) 14 October 1987.

GB, A, 2,043,481 (Bhasin et al.) 08 October 1980.

IP, A, 56,108,533 (Nippon Shokubai Kagaku) 28 August 1981,

JP, A, 55,015,427 (Mitsubishi Chem Ind KK) 02 February 1980.

Form PCTASA/210 (continuation of second sheat)July 1992)w




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	SEARCH_REPORT

