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least 1% and preferably at least 5% of the carrier area is provided with
steps or has a stepped struc- The invention relates to a process for
preparing   ture, said steps or stepped structure being ob- a silver
catalyst, in which the silver is applied to a  tained by heating the
[err]-aluminum  oxide carrier thermostable inert carrier material.
5   material with an acid prior to loading with silver Silver catalysts are
used in particular in selec-  particles, exhibit a surprisingly higher
thermostabil- tive oxidations of organic chemical compounds.        ity
than the conventional silver catalysts. As small Processes in which
chemical compounds are pre-        silver particles are stabilized by the
steps on the pared on a large scale by means of silver catalysts   carrier,
the silver area and hence the activity per are the oxidation of ethylene to
ethylene oxide and   10  unit weight of silver is also larger than in
silver the oxidation of methanol to formaldehyde. In addi-    catalysts of
the prior art. It has further been found tion, silver catalysts are used in
the (liquid-phase)  that the surprising improvement of the silver cata-
oxidation of (unsaturated) aldehydes to the cor-      lysts obtained
according to the invention already responding carboxylic acids, such as,
for example,    occurs when the steps on the carrier material are the
oxidation of acrolein or methacrolein to acrylic   15  just a few atomic
layers high. In fact, even then, the acid and methacrylic acid,
respectively.              mobility of silver particles of the carrier
surface is A major drawback of the present silver cata-       effectively
prevented. lysts is their relatively low activity and stability. The
Although there is not certainty about this, the low stability gives the
most difficulties from a tech-  available data suggest that the mobility of
the silver nical point of view. As a result, the activity of the   20
particles deposited on a carrier as such leads to a catalyst continuously
decreases in use. By increas-    decrease of the silver area. The movement
of the ing the temperature of the reactor, the conversion    silver
particles over the carrier surface is analogous can be kept at its level,
albeit at the expense of a  to the Brown movement which colloidal particles
loss in selectivity. At a given moment, however,      perform in a liquid.
When thus moving silver par- activity has declined to the extent that the
con-   25  ticles come into contact with each other, they rap- sequential
increase in temperature leads to an un-    idly coalesce to form a larger
silver particle with a acceptable decrease in selectivity. The reactor
smaller area than that of the original silver particles. must then be taken
offstream so that the catalyst     The rapid coalescence of touching solid
noble met- may be replaced by a fresh catalyst. As the re-       al
particles, which resembles the coalescence of placement of the catalyst is
time-consuming this  30  liquid droplets, has been extensively observed and
leads to a considerable loss in production. Con-      studied in the
electron microscope with small gold sequently, it is highly desirable to
have a catalyst  particles (D.W. Pashley, Advances in Physics, Vol. which,
owing to better stability, permits longer ser-  14, (1965), 327-416). For
small silver particles such vice periods.
a coalescence like liquid droplets has also been The relatively low
activity of silver catalysts  35   described in the literature (R.T.K.
Baker and P. according to the state of the prior art is also a     Skiba
Jr., Carbon 15 (1977) 233-237). The rapid drawback. The low activity is
caused by the cata-     coalescence of metal particles, which are solid and
lysts containing relatively large silver particles. As a  not liquid, is
caused by the large mobility of metal consequence, relatively much silver
is needed in       atoms over metal surfaces. The driving force for order
to realize the silver area in the reactor neces-   40  the coalescence is
the reduction in area and the sary for the technically required conversion.
The     area energy inherent therein. result is that the investment
involved in the silver      In the literature, another explanation is given
for catalyst is high. The availability of catalysts with a  the sintering
of metal particles applied to inert, larger thermostable silver area per
unit weight of    mostly oxidic carriers. silver would render it possible
to considerably de-   45   In it, it is supposed that atomic or molecular
crease investments.                                   units of the metal
particles dissociate to the surface In FR-A 1,137,624 a silver catalyst is
disclosed,  of the carrier or even to the gaseous phase. As the comprising
finely divided silver particles supported  dissociation of these units from
small particles pro- on [err]-[err] having a rugged surface.
ceeds more readily than that from larger particles, It is accordingly an
object of the present inven-   50   a higher concentration of atomic or
molecular units tion to provide a process for preparing a silver      is
formed around smaller particles than around catalyst with a higher
thermostability and a larger   larger particles. This leads to a
concentration gra- silver area per unit of weight of silver, which com-
dient, which results in migration of material from prises depositing silver
particles on an [err]-aluminum    smaller to larger metal particles. In
this way the oxide carrier material having steps or a stepped   55  smaller
particles disappear and in the end only a structure.
small number of large particles remain. This has 



It has been found that silver catalysts in which   often been observed
especially with particles sus- the silver is applied to a carrier material
of which at  pended in a liquid phase. The effect is known by 2    the name
of "Ostwald ripening". The sublimation       ing examples. energy of
silver is relatively high. Therefore, the dissociation of silver atoms is
improbable at the        EXAMPLE I temperature at which silver catalysts
are technically used.                                            5
The example demonstrates the decrease in It is noted that Masson et al. (A.
Masson, Y.Y.    mobility of silver particles on a stepped surface of
Metois, R. Kern, Surface science, Vol. 27, 1971,       an aluminum oxide
carrier. 463) have studied the movement of silver particles         First
silver particles were applied to an a-alu- over a rocksalt surface, when it
was found that a      minum  oxide carrier whose surface hardly con- silver
particle cannot migrate over an atomic step   10  tained steps.
Subsequently, another portion of the on the rocksalt surface. The
publication in question   same carrier material was treated with
hydrochloric does not, however, relate to the preparation and       acid;
the pH of the hydrochloric acid was 0.5 and use of supported (silver) metal
catalysts and the      the carrier was suspended in this acid for 17 hours.
problem inherent therein.                              As will be explained
hereinafter, this treatment so According to the invention the silver
catalysts   15  attacks the carrier surface at the rounded corners can be
prepared by pre-treating the a-aluminum         and edges as to form steps
there. Finally, silver oxide carrier with an acid. It has been found that
by  particles were applied to the pre-treated and care- treating a-aluminum
oxide with acid, originally      fully washed carrier in a manner identical
to the rounded corners and edges of the aluminum oxide
non-pre-treated carrier. The silver particles were particles acquire a
structure in which terraces and   20   obtained by the reduction of silver
ions with formal- steps occur. A study in the scanning electron mi-
dehyde in the presence of the suspended carrier. croscope has shown this.
The treatment with an            When the two catalysts were viewed in the
acid can be effected with various acids, such as       scanning electron
microscope a homogeneous dis- hydrochloric acid, nitric acid, phosphoric
acid, sul-  tribution of the silver throughout the entire carrier furic
acid and organic acids, such as oxalic acid,   25   material was shown.
Fig. 1 shows representative with a pK value of no more than 3. The
concentra-      pictures. Fig. 2 shows both catalysts after calcina- tion
of the acid is preferably taken between 0.4N      tion in air at a
temperature of [err] for 19 hours. and 0.001 N. In connection with the use
as a cata-     It is clearly seen that, whereas both laden carriers lyst
and with the subsequent application of silver to  exhibit the same uniform
distribution of silver par- the pretreated carrier, the acid-treated
carrier will  30  ticles over the carrier surface before the thermal have
to be thoroughly washed in most cases to          treatment, this is quite
different after the thermal remove all residues of the acid used as
completely    treatment: In the carrier pre-treated with acid, after as
possible.                                          the thermal treatment
the silver particles are espe- The treatment with acid is advantageously
car-     cially present on those parts of the surface of the ried out by
suspending the carrier in an aqueous   35   carrier where steps are
present. In the carrier not solution of the acid. The process is not
limited to    pre-treated with acid, where steps hardly, if at all, aqueous
solutions, but other solvents may be used.     occur in the surface, the
thermal treatment leads to Aqueous solutions, however, are preferred.
excessive sintering of the silver. It has been found Loading a carrier
having the desired stepped       that a fraction of 1% of the carrier
surface covered structure in its surface can be effected in various   40
with steps is sufficient to provide an appreciable ways well-known to those
skilled in the art. One      improvement in thermal stability. Preferably,
this suitable possibility is for the carrier to be impreg-  fraction is 5%
or more. nated with a solution of a silver compound, fol- lowed by removing
the solvent by evaporation. It is    EXAMPLE II also possible to start from
a suspension of carrier   45 in a solution of silver compound, and to
reduce the       As carrier material was used a-aluminum oxide dissolved
silver with a compound such as formal-      (purum) of Fluka A.G. (CH-9470
Buchs). This ma- dehyde or glucose to form  metallic silver. The
terial has a specific area of 0.8 [err] /g and only metallic silver is then
deposited on the carrier.      possesses macropores 28.0 g of this material
was The silver catalysts produced in accordance   50   suspended in an
aqueous solution of hydrochloric with the invention are distinguished by a
high ther-   acid with a pH of about 0.5, and kept in the solution 



mal stability. This renders these catalysts highly     for about 20 hours.
The carrier was then filtered suitable for the selective oxidation of
ethylene to    and thoroughly washed with deionised water until ethylene
oxide. Moreover, the catalysts exhibit a      no chlorine ions could be
demonstrated in the high selectivity for the formation of ethylene oxide,
55   eluent. The carrier was subsequently dried at especially after a
thermal pre-treatment at high       120 C for about 2 hours. temperature.
The carrier thus pre-treated was suspended in The invention is illustrated
in and by the follow-  an oxygen-free ammoniacal silver solution with a 3
5                  EP 0 221 615 B1                     6 [err] of about
10.5. This solution had been prepared    catalyst was prepared, but now the
carrier was not dissolving 3.8g  silver nitrate in 1500 ml water
previously treated with an acid. and then, with stirring, adding a little
concentrated    The catalyst was prepared, starting from 27.8 g ammonia
(25% by weight). The amount of ammo-         carrier material and 3.82 g
silver nitrate. Ultimately nia was just sufficient to form  the ammoniacal
5   the catalyst contained 8.0%  by weight of silver. silver complex. After
stabilization of the suspension  The reactor was loaded in the same manner
as for 1 hour, 20 ml concentrated formaldehyde (35%     described above,
and the reaction mixture was also by weight) was slowly injected into the
suspension   identical to that described above. At a temperature with
vigorous stirring. The reduction of the silver  of 220 C, the selectivity
for the conversion of ions proceeded  virtually  instantaneously. After  10
ethylene into ethylene oxide of the (fresh) catalyst completion, the
catalyst was filtered off and dried  not thermally treated was about 80%
at an eth- at 120 C for about 20 hours. The catalyst thus       ylene
conversion of about 4%. After a thermal prepared contained 7.9% by weight
of silver.         treatment at [err] in air for 19 hours, at a reactor The
activity of the dried silver-laden [err]-alumi-  temperature of 280 C, a
selectivity of about 65% num oxide powder for the oxidation of ethylene
15   was measured with an ethylene conversion of was investigated. For this
purpose, 4.3 g of the     about 4%. powder was pressed to form pellets
having sizes of       The above examples show that, by providing 1-2 mm.
The catalyst was introduced into a tubular   steps on the a-aluminum
surface, the thermal sta- reactor 20 cm long and 8.4 mm in diameter.
bility of the silver particles has been increased. A mixture of 5% by
volume of carbon dioxide,  20   Although the differences between the two
"fresh" 18%  by volume of ethylene, 8%  by volume of         catalysts are
not large, the superiority of the cata- oxygen and balance nitrogen was
passed over the      lyst according to the invention if apparent after the
catalyst at a pressure of 4 ats. 100 ml (stp) of this  thermal
pre-treatment at 850 C. Both a higher ac- gas mixture was passed over the
catalyst per         tivity and a higher selectivity was observed with the
minute. 1 ppm  of ethylene dichloride had been   25  catalyst prepared
according to the invention. added to the gas mixture as a moderator. No
alkali metal, or alkaline earth metal promotor had been added to the
catalyst. At a temperature of [err], the selectivity for   Claims the
conversion of ethylene into ethylene oxide was   30 about 80% at an
ethylene conversion of about 5%.     1. A process for preparing a silver
catalyst, which To determine the thermal stability of the cata-
comprises depositing silver particles on an [err]- lyst, another quantity
of the powdered silver-laden      aluminum oxide carrier material having
steps carrier was kept at 850 C for 19 hours. This tem-        or a stepped
structure, characterized by using perature is considerably higher than that
at which   35  a carrier material in which at least 1% of the silver
catalysts are normally used. Therefore, an        surface is provided with
steps or has a excellent impression of the thermal stability of the
stepped structure, said steps or stepped struc- silver catalyst according
to the invention can be       ture being obtained by heating the
[err]-aluminum obtained in relativelt short period of time, in this
oxide carrier material with an acid prior to case 19 hours.
40       loading with silver particles. 4.0 g of the powder thus thermally
treated was pressed to form pellets (sizes 1 mm - 2 mm) and      2. A
process as claimed in claim 1, characterized introduced into the above
described reactor. A mix-      by using a carrier material in which at
least 5% ture of 5% by volume of carbon dioxide, 18% by           of the
surface is provided with steps or has a volume of ethylene, 8% by volume of
oxygen and   45      stepped structure. 



balance nitrogen was passed over the catalyst at a pressure of 4 ats. 1 ppm
of ethylene dichloride had  3. A process as claimed in claim 1 or 2, char-
been added to the gas mixture at a moderator.            acterized by
heating the carrier material at a Again, no alkali metal or alkaline earth
metal pro-      temperature higher than [err] prior to load- motor had been
added.                           so       ing with silver particles. Under
these reaction conditions, at a reactor temperature of [err] , a
selectivity for the conver-  4. A process as claimed in claim 1-3,
character- sion of ethylene into ethylene oxide of more than       ized in
that the carrier is washed with water 75% was measured at a conversion of
about 8%.            after the treatment with acid. 55 EXAMPLE III
(Comparative example)                    5. A process as claimed in claim
4, characterized in that the carrier is washed until no acid In the same
way as described in Example II, a        residues from the treatment with
acid can be 4    5                   EP  0 221 615 B1
6 of about 10.5. This solution had been prepared      catalyst was
prepared, but now the carrier was not by dissolving 3.8 g silver nitrate in
1500 ml water     previously treated with an acid. and then. with stirring
adding a little concentrated       The catalyst was prepared, starting from
27.8 g ammonia (25%  by weight). The amount of ammo-           carrier
material and 3.82 g silver nitrate. Ultimately nia was just sufficient to
form  the ammoniacal    5   the catalyst contained 8.0%  by weight of
silver. silver complex. After stabilization of the suspension   The reactor
was loaded in the same manner as for 1 hour. 20 ml concentrated
formaldehyde (35%        described above, and the reaction mixture was also
by weight) was slowly injected into the suspension      identical to that
described above. At a temperature with vigorous stirring. The reduction of
the silver     of [err], the selectivity for the conversion of ions
proceeded  virtually  instantaneously. After   10  ethylene into ethylene
oxide of the (fresh) catalyst completion, the catalyst was filtered off and
dried     not thermally treated was about 80%  at an eth- at 120 C for
about 20 hours. The catalyst thus          ylene conversion of about 4%.
After a thermal prepared contained 7.9% by weight of silver.
treatment at 850 C in air for 19 hours, at a reactor The activity of the
dried silver-laden [err]-alumi-     temperature of 280 C, a selectivity of
about 65% num  oxide powder for the oxidation of ethylene   15   was
measured with an ethylene conversion of was investigated. For this purpose,
4.3 g of the        about 4%. powder was pressed to form pellets having
sizes of          The above examples show that, by providing 1-2 mm. The
catalyst was introduced into a tubular      steps on the [err]-aluminum
surface, the thermal sta- reactor 20 cm long and 8.4 mm in diameter.
bility of the silver particles has been increased. A mixture of 5% by
volume of carbon dioxide,   20   Although the differences between the two
"fresh" 18%  by volume of ethylene, 8%  by volume of            catalysts
are not large, the superiority of the cata- oxygen and balance nitrogen was
passed over the        lyst according to the invention if apparent after
the catalyst at a pressure of 4 ats. 100 ml (stp) of this   thermal
pre-treatment at 850 C. Both a higher ac- gas mixture was passed over the
catalyst per            tivity and a higher selectivity was observed with
the minute. 1 ppm  of ethylene dichloride had been   25   catalyst prepared
according to the invention. added to the gas mixture as a moderator. No
alkali metal, or alkaline earth metal promotor had been added to the
catalyst. At a temperature of 250 C. the selectivity for      Claims the
conversion of ethylene into ethylene oxide was   30 about 80% at an
ethylene conversion of about 5%.       1. A process for preparing a silver
catalyst, which To determine the thermal stability of the cata-
comprises depositing silver particles on an [err]- lyst, another quantity
of the powdered silver-laden         aluminum oxide carrier material having
steps carrier was kept at [err] for 19 hours. This tem-           or a
stepped structure, characterized by using perature is considerably higher
than that at which   35     a carrier material in which at least 1% of the
silver catalysts are normally used. Therefore, an           surface  is
provided  with steps or has a excellent impression of the thermal stability
of the        stepped structure, said steps or stepped struc- silver
catalyst according to the invention can be          ture being obtained by
heating the a-aluminum obtained in relativelt short period of time, in this
oxide carrier material with an acid prior to 



case 19 hours.                                     40       loading with
silver particles. 4.0 g of the powder thus thermally treated was pressed to
form pellets (sizes 1 mm - 2 mm) and         2. A process as claimed in
claim 1, characterized introduced into the above described reactor. A mix-
by using a carrier material in which at least 5% ture of 5%  by volume of
carbon dioxide. 18% by             of the surface is provided with steps or
has a volume of ethylene, 8% by volume of oxygen and    45        stepped
structure. balance nitrogen was passed over the catalyst at a pressure of 4
ats. 1 ppm of ethylene dichloride had     3. A process as claimed in claim
1 or 2, char- been added to the gas mixture at a moderator.
acterized by heating the carrier material at a Again, no alkali metal or
alkaline earth metal pro-         temperature higher than [err] prior to
load- motor had been added.                              50      ing with
silver particles. Under these reaction conditions, at a reactor temperature
of [err], a selectivity for the conver-     4. A process as claimed in
claim 1-3, character- sion of ethylene into ethylene oxide of more than
ized in that the carrier is washed with water 75% was measured at a
conversion of about 8%.               after the treatment with acid. 55
EXAMPLE III (Comparative example)                      5. A process as
claimed in claim 4, characterized in that the carrier is washed until no
acid In the same way as described in Example II, a           residues from
the treatment with acid can be    7                       EP0221 615B1
8 '-      demonstrated in the washing water.                6. Proc6d6
selon les revendications 1-5, caract6- 'K~~->   .ris6 en ce que l'on
utilise un acide ayant un 6. A process as claimed in claims 1-5, character-
pKa 5 3. ized by using an acid having a pKa [err] 3. 5   7. Proc6d6 selon
les revendications 1-6, caract6- 7. A process as claimed in claims 1-6,
character-       ris6 en ce que l'acide est choisi dans le grou- ized in
that the acid is selected from the group     pe constitu6 par HCI, HNO3,
H3PO4 et H2SO4, consisting of HCI,  [err] and [err],            et l'acide
oxalique. and oxalic acid. 10  8. Proced6 selon les revendications 1-7,
caracte- 8. A process as claimed in claims 1-7, character-       ris6 en ce
que le support est traite avec une ized in that the carrier is treated with
a solution  solution d'acide ayant un pH < 4. of an acid having a pH < 4.
9. Proc6d6 pour la realisation de reactions cataly- 9. A process for
carrying out catalytic selective   is  tiques s6lectives d'oxydation, en
particulier oxidation reactions, in particular the oxidation
l'oxydation de l'4thylbne en oxyde d'ethylene of ethylene to ethylene oxide
or the oxidation       ou l'oxydation du m6thanol en formaldehyde, of
methanol to formaldehyde, characterized by        caract6ris6 en ce que
l'on utilise un catalyseur using a catalyst produced by the process as
produit par le proc6d6 selon 'une quelconque claimed in any of claims 1-8.
20       des revendications 1-8. Revendications
Anspruche 1. Proced6 de fabrication d'un catalyseur a base   25  1.
Verfahren zur Herstellung eines Silberkatalysa- d'argent, consistant a
d6poser des particules       tors durch Ablagerung von Silberteilchen auf
d'argent sur un mat6riau de support en oxyde         einem
a-Aluminiumoxid-Trggermaterial  mit d'aluminium a, comportant des gradins
ou pre-        Stufen oder einer stufenf6rmigen Struktur, da- sentant une
structure en gradins, caracteris6        durch gekennzeichnet, dar man ein
Tragerma- en ce que l'on utilise un mat6riau de support  30    terial
verwendet, in dem mindestens 1 % der dans lequel au moins 1 % de la surface
est           Oberflache mit Stufen versehen ist oder eine muni de gradins
ou presente une structure en         stufenformige Struktur besitzt, wobei
die Stu- gradins, lesdits gradins ou ladite structure en      fen oder die
stufenformige Struktur durch Er- gradins 6tant obtenus par chauffage du
mat6-         hitzen  des  a-Aluminiumoxid-Trggermaterials riau de support
en oxyde d'aluminium a avec   35     mit einer Saure vor der Beladung mit
den un acide, avant le dep6t des particules d'ar-        Silberteilchen
erhalten wird. gent. 



2. Verfahren nach Anspruch 1, dadurch gekenn- 2. Proc6de selon la
revendication 1, caract6rise         zeichnet, dar man ein Tragermaterial
verwen- en ce que l'on utilise un mat6riau de support  40    det, in dem
mindestens 5 % der Oberflache KJ       dans lequel au moins 5 % de la
surface sont          mit Stufen versehen ist oder eine stufenformi- munis
de gradins ou presentent une structure         ge Struktur besitzt. en
gradins. a Verfahren nach Anspruch 1 oder 2, dadurch 3. Proc6d6 selon la
revendication 1 ou 2, caract6-   45  gekennzeichnet, daB man das
Tragermaterial ris6 en ce que l'on chauffe le mat6riau de           vor dem
Beladen mit Silberteilchen auf eine support a  une  temperature sup6rieure
a            Temperatur von hoher 1000 C erhitzt. 1000 C avant le dep8t des
particules d'argent. 4. Verfahren nach Anspruch 1 bis 3, dadurch 4. Procede
selon les revendications 1-3, caracte-   50   gekennzeichnet, daB der
Trager nach der Be- ris6 en ce que le support est lav6 a l'eau apres
handlung mit Saure mit Wasser gewaschen le traitement avec l'acide.
wird. 5. Proc6d6 selon la revendication 4, caract6rise     5. Verfahren
nach Anspruch 4, dadurch gekenn- en ce que le support est lav6 jusqu'A ce
qu'au-  s5  zeichnet; daB der Trager gewaschen wird, bis cun r6sidu acide
provenant du traitement avec        keine Saurereste aus der Behandlung mit
Sau- I'acide ne puisse plus etre decel6 dans l'eau        re in dem Wasser
nachgewiesen werden kon- de lavage.
nen. IIII Illn1lllill 1lill 1 1 II    5    9                 EP0221 615B1.
10 I  -' Verfahren nach den AnsprUchen 1 bis 5, da- durch gekennzeichnet,
daB man eine Saure verwendet, die einen pka-Wert S 3 besitzt. 7. Verfahren
nach den AnsprUchen 1 bis 6, da-   5 durch gekennzeichnet, daB3 die Saure
ausge- wahit ist aus der Gruppe bestehend aus HCI, HNO3, H3PO4 und H2SO4,
und Oxalsaure. 8. Verfahren nach den AnsprUchen 1 bis 7, da-   10 durch
gekennzeichnet, dar man den Trager mit einer Saurel6sung mit einem pH-Wert
< 4 behandelt. 9. Verfahren zur DurchfOhrung katalytisch selekti-  15 ver
Oxidationsreaktionen, insbesondere der Oxidation von Ethylen zu Ethylenoxid
oder der Oxidation von Methanol zu Formaldehyd; da- durch gekennzeichnet,
daB man einen Kataly- sator verwendet, der nach dem Verfahren nach   20
einem der AnsprUche 1 bis 8 hergestellt wur- de. 30 35 40 45 50 55 6    


