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METHOD OF PREPARING SUCH SYSTEMS

(57) Abstract

A catalyst or membrane system conprising a thermostable, high-porous layer applied on a less porous or nonporous sup-
port layer, in particular on the inner surface of a monolith or sintered metal body, in the inner pores of «-Al,03, of a carbon car-
rier or on the surface of a ceramic membrane. The catalyst system can be prepared by spreading a solution of a suitable me-
tallo-organic compound on the inner surface of the support layer and then converting the organometallic compound into the
oxide. In the high-porous layer thus obtained a catalytically active material can be applied in the conventional manner.
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Title: Catalyst or membrane precursor systems, catalyst or
membrane systems, and method of preparing such systems.

This invention relates to a catalyst oOr membrane precursor
system and a cat lyst or membrane system as well as a method
for preparing such systems.

In an increasing number of catalytic processes, catalysts
are used which are composed of monoliths having catalytic
material applied on their surface. Monoliths as referred to
herein are ceramic or metallic bodies having such - relatively
low - porosity that they offer a relatively 1low flow
resistance to gases flowing through. The best known
applications of monoliths are found in the catalytic
purification of the exhaust gases of motor vehicles and in the
catalytic purification of flue gases. In those applications,
particularly monoliths prepared from ceramic materials are
used, the channels in this ceramic material generally having a
honeycomb structure. In particular in the selective catalytic
reduction of nitrogen oxides in flue gas with ammonia, ceramic
monoliths are generally used.

A drawback of such ceramic structures, however, is the
minor mechanical strength and the low thermal conductivity
thereof. Therefore, monoliths prepared from metal are
sometimes used. These are typically prepared by rolling up a
metal plate provided with ridges or the like and welding
together the contact surfaces thus obtained. Although metal
monoliths are relatively expensive, the use thereof is
attractive, considering the high mechanical strength and the
high heat conductivity in the purification of exhaust gases of
motor vehicles, in particular more expensive ones.

In addition to finding application in the purification of
flue gas and exhaust gas, monoliths can advantageously be used
in other catalytic processes, in particular where it is
significant to maintain a low pressure drop.

It is difficult to apply catalytic material on the wall of
the internal channels in the monoliths in the desired manner
and to the desired extent. Because the catalytic activity is



WO 92/13637 PCT/NL92/00028

10

15

20

25

30

35

proportional to the active surface per unit volume of the
catalyst, small to extremely small particles of the active,
catalyzing material are desirable. This applies in particular
to the use of precious metals because when they are used, it
is desirable to have as many metal atoms on the surface of the
internal channels as is possible, also in view of the high
cost price.

At the temperatures at which catalysts are thermally
pretreated and/or used, however, small particles of most
active materials sinter fast. This involves a strong reduction
of the active surface and leads to a considerable decrease of
the catalytic activity. To avoid this problem, the
catalytically active component is generally applied on a so-
called carrier, i.e., a thermostable, high-porous solid
material which is usually not catalytically active itself.
Known carriers aluminium oxide, silicon oxide and activated
carbon. The catalytically active particles are applied on the
carrier in such a manner that they are not in mutual contact.
By thus applying the catalytically active particles on a
carrier, sintering of those particles is generally prevented.

When applying catalytically active components on the
surface of the channels in monoliths, one generally starts
from small particles, for instance of an average particle size
of 100 um, of a suitable carrier material, on which the active
component is applied. According to a suitable technique, a
suspension is made of the loaded carrier particles in a
suitable 1liguid. Then the monolith is dipped in this
suspension, whereafter the monolith is allowed to drip clean.
This method is known as the so-called "dip-coating method". In
the technical production of monolith-catalysts, this dip-
coating is usually carried out by robots. Studies of catalysts
thus prepared demonstrate that the distribution of the loaded
carrier particles over the surface of the intermal channels of
the monoliths is far from being homogeneous. It has also been
found that the density of the loaded carrier particles present
on the surface is often low. This is a great disadvantage
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because a high density of uniformly distributed particles over
the surface in question is crucial for obtaining a
sufficiently high catalytic activity.

Generally, current catalyst systems have a relatively low
thermal conductivity. Because many catalytic reactions also
involve a large positive or negative heat effect, insufficient
supply or discharge of the reaction heat often leads to
problems. Partly in this connection, it has previously been
proposed to prepare the reactor f£rom porous sintered metal.
According to one of those proposals, a porous sintered metal
body is sintered together with the wall of the reactor. Not
only does a catalytic reactor thus prepared exhibit excellent
heat conductivity, particularly to and via the reactor wall,
but also the flow pattern of the reactants through the
sintered metal body connected to the reactor wall is very
favourable because short-circuit flow along the reactor wall -
a great disadvantage in the use of current, fixed catalyst
beds - does not occur here. Thus, reactors of shorter length
than is usual will suffice.

There are methods known for applying catalytically active
components on the internal surface of reactor elements
consisting of sintered metal. According to one of the most
suitable of those methods, the viscosity of a suspension of
loaded carrier particles is controlled during the drying of
the suspension. Although relatively good results are thus
obtained, it is not possible to thereby obtain a very dense
and uniform distribution of loaded carrier particles over the
internal surface. To obtain a good thermal contact of the
catalyst particles via the carrier via the metal, the carrier
particles must be in intimate contact with the metal. When
applying the loaded carrier particles according to the prior
art method described hereinabove, it appears that this contact
with the metal cannot be properly controlled.

According to one aspect of the invention, a catalyst-
precursor system is provided, wherein a thermostable, high-
porous layer is applied on a 1less porous Or nonporous
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(support) layer. According to this objective, in particular a
catalyst-precursor is provided wherein a dense and uniform
layer of a high-porous, thermostable material is applied on
the inner surface of a monolith or sintered metal body.

According to another aspect of the invention, a catalyst
system is provided which comprises a thermostable, high-porous
layer applied on the - in particular inner - surface of a
monolith or sintered metal body or such system, wherein a
uniform and very dense distribution of catalytically active
material is present in the high-porous layer. Such a catalyst
not only has the advantage of an unconventionally high and
homogeneous distribution of the catalytically active material
in the high-porous layer, but also has the advantage of an
excellent thermal contact of the catalytically active (metal)
particles with the reactor wall.

According to a particular aspect of the invention, a
catalyst-precursor system or catalyst system is provided,
wherein a thermostable, dense and very homogeneous, high-
porous layer of a metal oxide, in particular silicon oxide, is
present on the - particularly inner - surface of a carrier and
specifically of a monolith or sintered metal body.

As stated above, the systems according to the invention
have the advantage that regardless of the spatial structure of
the carrier body a very dense and homogeneous distribution of
catalytically active particles can be provided in the high-
porous layer applied on the carrier body, which catalytically
active particles are also in good heat contact with the
carrier body. There are thus obtained catalysts whose
properties are superior to those of the known catalysts as
described above. Because in a relatively large number of
catalytic reactions the carrier metal either itself exhibits
undesirable catalytic reactions or is attacked, the additional
advantage is obtained that in the systems according to the
invention these problems do not occur because the (inner)
surface of the carrier is fully covered with a dense metal
oxide layer.
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When using solid catalysts, the thermal conductivity of
the catalyst and the mechanical properties of the catalyst
bodies can often be increased by using low-porous carrier
bodies. A very suitable carrier material is aluminium oxide
whose specific surface area is 10 m?/g or less. The low
surface of a-aluminium oxide, however, is a great disadvantage
because this limits the catalytic activity very much. In the
systems according to the invention this problem does not occur
because in this system a dense and homogeneous layer of a
metal oxide, in particular silicon oxide, with a specific
surface area much higher than that of the aluminium oxide, is
applied, optionally in tablet form, in the inner pores of a-
aluminium oxide. When subsequently catalytically active
material, in particular catalytically active metal particles,
is applied in the pores of that silicon oxide - while using
one of the many methods suitable for this purpose -, a
catalyst is provided having the good thermal conductivity of
a-aluminium oxide carriers, but with a surprisingly much
higher activity.

According to an embodiment of the invention the systems do
not contain a metal carrier, but a carbon carrier. Although
the mechanical stability of carbon is excellent at very high
temperatures, carbon will rapidly react with oxygen and steam
at higher temperatures. For this reason, despite the aforesaid
good properties, carbon is almost never applicable at higher
temperatures as a catalyst carrier. In the systems according
to the invention carbon can be excellently used as a carrier
material because, as a result of the metal oxide - in
particular silica - layer applied, which layer is dense and
firmly bonded to the surface, a chemically inert carrier
material is obtained having excellent heat conductivity
properties.

The invention not only relates to catalyst systems and
catalytic applications, but: also to ceramic membranes.
Furthermore, the invention also relates to ceramic membranes,
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wherein the separation function is combined with a catalytic
function applied in or on the membrane.

In principle, any known technique is suitable for applying
the aforesaid oxide layers.

According to a method preferably used the catalyst-
precursor systems or the catalyst systems according to the
invention are prepared by spreading a solution of a suitable
metallo-organic compound of - in particular boron, silicon,
titanium, zirconium, cerium, scandium or yttrium - on the
(inner) surface, removing the solvent by drying and then
converting the organometallic compound into the corresponding
oxide in an oxidizing medium. The organometallic compound
preferably used is a polysiloxane, e.g. as described in
Encyclopedia of Science and Technology, McGraw-Hill Book
Company, New York, 1982, pages 414, 415, 764 ff., or in
Ullmanns Encyklopadie der technischen Chemie, Volume 13
(1977), page 628 ff. A very suitable polysiloxane compound is
the silicone rubber SCS 2211 sold by General Electric Company
of Waterford, New York.

In the method according to the invention the
organometallic compound, and in particular the polysiloxane
compound, is advantageously dissolved in an anhydrous solvent,
e.g. in ethyl acetate, xylene or n-octane. Subsequently, the
carrier body is impregnated, preferably after a preceding
evacuation of the body to be impregnated. Then the body thus
impregnated is air-dried, preferably at a temperature of 60°C,
after which the temperature is gradually raised, in particular
at a rate of 5°C/min., to 400°C and maintained at this
temperature for at least three hours, followed by cooling
gradually, and in particular at a rate of 5°C/min., to room
temperature. The organometallic compound, in particular the
polysiloxane compound, is oxidized by this treatment, and a
high-porous layer of metal oxide, in particular silicon

dioxide, remains on the porous or nonporous carrier body
surface.
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In the method according to the invention the chemical
composition of the high-porous coating layer to be applied may
be varied within broad limits. Thus, for instance, other
elements may be added, if desired, to the solution of the
metallo-organic, in particular the polysiloxane compound,
preferably in the form of a compound or solution miscible with
the solution of the organometallic compound.

The method according to the invention and the systems
obtained using this method have a number of important
advantages. The viscosity of the applied organometallic layer,
and in particular polysiloxane layer, has been found so high,
or so adjustable by a proper selection and concentration of
the solvent, that no migration of the solution applied takes
place after the impregnation and in the following drying
process. In general, migration of the solution will lead to a
strongly inhomogeneous distribution of that solution over the
inner surface of the body to be coated and thus to a later
inhomogeneous oxide layer, which subsequently results in an
undesirable inhomogeneous coating with catalytically active
material.

It has been found that the method according to the
invention gives an excellent bonding of the organometallic
layer, in particular the polysiloxane layer, to the (inner)
surface of a metal carrier body and, partly as a consequence
thereof, after the thermal oxidation of that layer, an
excellently bonded, high-porous oxide layer. This is of
paramount importance because this ensures a proper heat
transfer from the later applied catalytic metal particles to
the reactor wall.

It has further been found that the method according tc the
invention leads to very dense and homogeneous metal oxide
layers, in particular silicon oxide layers, applied on carrier
surfaces, which 1layers additionally exhibit an highly
accessible surface. A measurement according to the known BET
method showed that a silica layer applied using the method
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200 m?2/g silica.

According to a previously proposed method (cf Dutch patent
application 9000417) (extremely) fine-porous ceramic layers
are applied in or on coarse-porous sublayers. According to the
method described a fine-porous layer is applied using a so-
called sol-gel method to the surface of a liquid immiscible
with the liquid of the sol and having a density exceeding that
of the liquid of the sol. The surface of the immiscible liquid
can be applied in the pores of a coarse-porous sublayer; thus
the (extremely) fine-porous layer is deposited in the pores of
the coarse-porous sublayer. When the immiscible liquid £ills
the pores of the coarse-porous sublayer just completely, the
fine-porous layer is formed on the coarse-porous sublayer.
Both with ceramic and with metallic coarse-porous sublayers
good membranes are obtained using the method described. In
this connection particularly the small thickness of the
(extremely) fine-porous layer is attractive because this leads
to high (separation) rates. However, when the method according
to the invention is used, even better results are obtained.

As stated above, (extremely) fine-porous layers can be
applied to coarse-porous sublayers using the method according
to the invention, while obtaining systems suitable for use as
ceramic membranes. In this case a high-viscous solution of a
polysiloxane, in particular of a silicone rubber, is
preferably spread over the porous sublayer. The viscosity of
the solution is adjusted in such a manner that the silicone
rubber does not appreciably penetrate into the pores of the
coarse-porous sublayer. For the purpose of spreading over
larger surfaces the equipment suitably used may be as
developed for the production of photographic films and
magnetic information carriers.

According to a preferred embodiment of this method the
pores of the coarse-porous sublayer are wholly or partly
filled with water. Subsequently, a solution of silicone rubber
having a relatively low viscosity is spread over the surface
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of the coarse-porous sublayer. Upon contact with water the
silicone rubber will cure. When the pores are partly filled
with water, the desired thin layer of fine-porous material is
formed in the pores. When the pores are wholly filled with
water, a continuous layer of fine-porous material is formed on
the porous sublayver.

From the catalyst-precursor systems according to the
invention ready catalysts can be prepared using a method
suitable for this purpose by applying the catalytically active
material in the pores of the oxide layer. Suitable methods are
known to those skilled in the art and described inter alia in
"Catalytic Combustion of Methane in Fixed-Bed Reactors" by
A.Q.M. Boon, Dissertation State University of Utrecht, 1990
and in "Preparation and Properties of Thermostable Alumina-
supported Copper Catalysts", IIM Tyburg, Dissertation State
University of Utrecht (1989).

The invention will further be illustrated by the following
Examples.

Example 1

For the preparation of a ceramic membrane a solution of
silicone rubber (General Electric SCS 221l1) in ethyl acetate
(80 g/1) was applied to a coarse-porous metallic sublayer (RVS
type 316L), using a method as described in Dutch patent
application 9000417. The pores of the sublayer were
temporarily filled with a liquid having a density (water or
1,1,1l-trichloroethane) higher than the silicone solution to be
applied. When this liquid just filled the pores of the coarse-
porous sublayer, a measured amount (80 ml) of the silicone
solution was poured over the metal surface. The low-viscous
solution spread over the metal surface and formed a uniform
layer. The solvent was removed by evaporation, and when the
pores were filled with trichloroethane, it dissolved therein,
and the silicone rubber cured upon contact with water
(vapour). Subsequently, the organometallic compound was
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converted into silica in an oxidizing medium, when the
temperature was raised to 400°C at a rate of 5°C/min. and was
maintained at this temperature for 3 hours. The Scanning
Electron Microscope (SEM) picture shows a ceramic menbrane
prepared by this process. Holes or cracks in the membrane can
be filled with silica by repeating this process or by means of
Chemical Vapour Deposition (CVD) and related techniques.
Photographs 1 and 2 show, under different magnifications, SEM
pictures of a fine-porous silica layer thus formed from
silicone rubber on a coarse-porous metal sublayer. The pore
sizes in the silica layer were found to be approximately 4 nm.

Example 2

A high-viscous solution of the silicone rubber used
according to Example 1 (600 g in 1 1 ethyl acetate) was spread
over the coarse-porous metal surface by means of equipment as
used for the production of photographic films. After air-
curing this coatinuous layer, the same process was followed as
in Example 1.

Example 3

Fine-porous layers on coarse-porous sublayers prepared
according to Examples 1 and 2 were modified in different ways
and for different purposes.

The pores of the ceramic membrane thus obtained were
further reduced by using the sol-gel process as described in
Dutch patent application 9000417. For this purpose an
extremely thin top layer was applied on the surface by
applying an acid catalyzed silica sol obtained from tetraethyl
orthosilicate (TEOS) by the process described in Example 1 and
2l1lowing it to gel.

Photographs 3 and 4 show, under different magnifications,
a SEM picture of a fine-porous silica layer obtained according
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to Example 2, to which an extremely thin top layer is applied
using the above described sol-gel process.

The pores of the fine-porous ceramic layers applied to the
coarse-porous sublayer according to Examples 1 and 2 could be

enlarged by a hydrothermal treatment of the resulting
membranes.

Example 4

Th: ceramic layers on a coarse-porous sublayer, obtained
using the method according to Examples 1-3, were made
catalytically active by applying impregnation or homogeneous
deposition precipitation (as described in “Catalytic
Combustion of Methane in Fixed-Bed Reactors" by A.Q.M. Boon,
Dissertation State University of Utrecht, 1990, and
"Preparation and Properties of Thermostable Alumina-supported
Copper Catalysts", I. I. M. Tyburg, Dissertation State
University of Utrecht, 1989) of a precursor solution of the
catalytically active component.

After calcining the resulting membrane it was found to
have both a separating and a catalytic function.

Examples 5 and 6

Using the process of example 1 a catalytically active
membrane was prepared. In a solution of 14 g silicon rubber in
125 ml ethylacetate 2.20 g ijzeracetylacetonate (example 5)
and 1.70 g nickelacetylacetonate (example 6) were dissolved.
After ultrasonic treatment of the solution it was applied to
the same coarse-porous metallic sublayer (RVS type 316L) as
described in example 1. The material was oxidised at 550°C in
air. The catalyst membrane had a high loading of catalytically
active material or precursor, which was homogeneouslu
distributed in the highly porous silica layer.
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Example 7

A cylindrical 15 cm glass tube having a glass tap at one
end and a septum at the other end was filled with 5 g porous
sintered metal produced by Krebsdge GmbH, Radevormwald,
Germany. This sintered metal body had a BET surface below
1 m?2/g. The glass tube was connected to a water jet pump, and
the tap of this tube was opened to remove the air in the pores
of the porous body as much as possible. After evacuation of
the porous body for 1 hour the tap of the glass tube was
closed without leakage of air into the tube.

A solution of silicone rubber SCS 2211 of General Electric
Plastics of Bergen op Zoom in ethyl acetate (130 g/l) was
introduced into an injector. Subsequently, 20 ml of this
solution were injected through the septum of the glass tube
containing the metal body. As a result of the vacuum in the
glass tube the solution was sucked into the pores of the
metal. After 1 minute the septum was twisted off the glass
tube. The metal body was removed from the glass tube with the
excess of silicone rubber solution. The excess solution was
removed L decanting, after which the porous body was a.r-
dried at 25°C for 2 days. Then the porous metal body was air-
dried at 65°C for 2 days. Subsequently, the sample was heated
to 400°C at a rate of 5°C/min. After calcination at 400°C “or
3 hours the sample was cooled to 20°C at a rate of 5°C/min

The BET surface after calcination was about 8 m2/g of the
assembly, approximately corresponding to about 200 m2/g
silica, and the thickness of the silica layer applied was
found to be approximately 1 um. Photograph 5 shows the inner
side of the carrier with the silica layer applied thereon.

The resulting catalyst-precursor system was impregnated as
in Example 4 with a solution of a complex solution of
copper-EDTA in water, at a concentration of 100 g/l. After
regeneration and oxidation carried out in the conventional
manner at a temperature of about 550°C an excellent copper
catalyst on carrier was obtained.
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Example 8

A porous body of sintered metal (Krebsoge) was impregnated
with a solution of a Tyzor Organic Titanate verbinding in
isopropanol. A solution of triethanolamine titanate chelate
(Tyzor TE) in isopropanol (1/3 vol/vol) or a solution of
ethylaceto-acetate titanate chelate in isopropanol (1/3
vol/vol) was used for this. After impregnation the material
was dri2d for 60 hours at room temperature in air.
Subsequently the temperature was raised to 450°C at a rate of
5°C/min. and was maintained at this temperature for 3 hours.
The material was then cooled at a rate of 5°C per minute.

Scanning elctron microscosy showed that the surface of the
material was provided with a continuous 1layer having a
thickness of about 500 nm.

In case the starting material was a porous sintered metal
having on which a silica layer was deposited, a titanium
dioxide layer could applied to a porous substrate of silica on
metal.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A catalyst or membrane precursor system comprising a thermostable,
continiuous high porous layer applied to a less porous or nonporous support layer,
the high porous layer having been obtained by applying a solution of a metal oxide
precursor in a non-aqueous solvent to the surface of the support layer, evaporating
the solvent and calcining the metal oxide precursor to provide said catalyst or
membrane precursor system.

2. A catalyst or membrane system comprising a thermostable, continuous high-
porous layer applied to a less porous or nonporous support layer, the high porous
layer having been obtained by applying a solution of a metal oxide precursor in a
non-aqueous solvent to the surface of the support layer, evaporating the solvent and
calcining the metal oxide precursor to provide said catalyst or membrane system
wherein said high porous layer comprises a uniform distribution of a catalytically
active material therein.

3. A catalyst precursor system or catalyst system as claimed in claim 1 or 2,
characterized in that the thermostable, high-porous layer is applied on the inner
surface of a monolith or sintered metal body.

4, A catalyst precursor system or catalyst system as claimed in claims 1-3,
characterized in that the thermostable, high-porous layer is applied in the inner
pores of a-Al,0;.

S. A catalyst precursor system or catalyst system as claimed in claims 1-3,
characterized in that the thermostable, high-porous layer is applied on the surface

or in the pores of a carbon carrier.
6. A catalyst or membrane precursor system or catalyst or membrane system

as claimed in claims 1-3, characterized in that the thermostable, high-porous layer

is applied on or in the pores of the coarse-porous surface of a precursor for a

941213,p:\oper\mla, 14144-92.NEW, 14
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ceramic membrane.

7. A catalyst or membrane precursor system or catalyst or membrane system
as claimed in claims 1-6, characterized in that the thermostable, high-porous layer

consists of a metal oxide.

8. A catalyst or membrane precursor system or catalyst or membrane system
as claimed in claims 1-6, characterized in that the thermostable, high-porous layer
consists of silica.

9. A method of making a catalyst or membrane precursor system or catalyst or
membrane system according to claims 1-8, characterized in that a non aqueous
solution of a metal oxide precursor is spread on the (inner) surface of a support
layer, the solvent is removed by drying and the organometallic compound is then
converted in an oxidizing medium into a high porous layer of the corresponding

oxide.

10. A method according to claim 9 wherein said metal oxide precursor is an
organometallic compound of boron, silicon, titanium, zirconium, cerium, scandium
or yttrium.

11. A method as claimed in claim 9, characterized in that the organometallic

compourd is a polysiloxane.

12. A method as claimed in claim 9 or 10, characterized in that the metal oxide
precursor is dissolved in an anhydrous solvent, after which the carrier body is
impregnated with the solution, the body thus impregnated is dried in air and the

metal oxide precursor is then thermally oxidized.
13. A method according to any one of the claims 9-11, wherein the chemical

composition of the high-porous coating layer to be applied is modified by adding

other compounds to the solution of the metal oxide precursor.

941213,p:\oper\mla, 14144-92NEW, 15
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14. A method as claimed in claims 9-12 of making a ceramic membrane,
characterized in that a high-viscosity solution of a polysiloxane is spread over a

porous sublayer, after which the layer is dried and thermally oxidized.

5 15. A method as claimed in claims 9-13 of making a ceramic membrane,
characterized in applying a low-viscosity polysiloxane solution over the surface of
a course-porous sublayer, the pores of which are wholly or partly filled with a liquid
having a density higher than the polysiloxane solution.

10 16. A catalyst or membrane precursor system substantially as hereinbefore

described with reference to any one of the foregoing examples.

TR 17. A method of making a catalyst or membrane precursor system substantially
y as hereinbefore described with reference to any one of the foregoing examples.
e 15

Dated this 13th day of December, 1994

NEDERLANDSE ORGANISATIE VOOR TOEGEPAST-
Nk NATUURWETENSCHAPPELIK ONDERZOEK TNO and
o GASTEC N.V.

20 by DAVIES COLLISON CAVE

‘ N Patent Attorneys for the Applicant(s).
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