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(57) Abstract: The present invention is directed to an improved
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exhaust products from internal combustion engines, especially
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SULFUR TOLERANT ALUMINA CATALYST SUPPORT

BACKGROUND OF THE INVENTION

[0001]} The present invention is directed to an improved catalyst support and to the
resultant catalyst suitable for treating of exhaust products from internal combustion
engines, especially diesel engines. The support of the present invention provides a
means of inhibiting the degradative effects associated with sulfur and sulfurous
compoﬁnds on exhaust gas conversion catalysts found in combustion engine exhaust
products.

[0002] The exhaust products of internal combustion engines are known health hazards
to human beings, animals as well as plant life. The pollutants are, in general, unburnt
hydrocarbons, carbon monoxide, nitrogen oxides, as well as residual amounts of
sulfur and sulfurous compounds.

[0003] Exhaust catalysts have to meet stringent requirements with respect to light-off
performance, effectiveness, long-term activity, mechanical stability as well as cost
effectiveness in order to be suitable for vehicle application. For example, exhaust
catalysts must become active at low operating temperatures initially encountered
under start-up conditions and, at the same time, must be able to cause high percentage
of conversion of the pollutants under varying temperature and space velocity ranges
encountered during normal operation.

[0004] The pollutants of unburnt hydrocarbons, carbon monoxides as well as nitrogen
oxides have been successfully treated by contact with mulitifunctional, noble metal
catalysts which are capable of converting a high percentage of the pollutants into less
harmful products of carbon dioxide, water (steam} and nitrogen. However, the sulfur
and sulfurous compounds present in fuels and, in turn, in exhaust product, have been
known to poison the noble metals resulting in lessening their catalytic effectiveness
and life. Recently, fuels useful for internal combustion engines have come under
stringent regulations with respect to their content of sulfur and sulfur containing
compounds. However, complete removal of these materials, especially from middle
cut petroleum feedstock (Ci and greater hydrocarbons), is difficult to accomplish due
to the complex nature and scope of such compounds. Thus, sulfurous materials are
present in fuels for internal combustion engines, especially in fuels for diesel fuel

combustion engines.
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[0005] The “catalytic converter” used to convert the harmful pollutants into non-
harmful gases, usually consists of three components — the catalytically active metal,
the support on to which the active metal is dispersed, and a substrate on to which the
support is applied or “washcoated”.

[0006] The catalytic metals that are useful to cause effective conversion of harmful
pollutants, like carbon monoxide, nitrogen oxides, and unburnt hydrocarbons under
the varying conditions encountered, are noble metals, usually the metals of the
platinum group, such as platinum, palladium, rhodium and mixtures thereof. These
noble metal catalysts are described in DE-05 38 30 318, which is incorporated herein
in its entirety by reference.

[0007] The noble metals are conventionally supported on high surface area oxides,
such as aluminum oxide (or alumina). The high surface area alumina is applied or
“washcoated” onto a ceramic or metallic substrate, such as in the form of a
honeycomb monolith or wire mesh or the like structure. It is also possible to apply
the noble metals onto the support after washcoating the support material onto the
monolith.

[0008] Various forms of alumina are commonly used as high surface area support
material for emission control catalysts because of their availability, ease of formation,
thermal properties and their ability to promote the catalytic activity of the noble metal.
However, the disadvantage of alumina supports are that they adsorb sulfur and/or
sulfurous compounds, as found in the engine emission stream. When so adsorbed, the
sulfurous compounds are known to poison noble metal catalysts, especially those
formed with platinum metal, causing reduction in activity and effective life of the
catalyst system.

[0009] In contrast to alumina, silica supports are known not to interact with sulfur and
sulfurous compounds. Therefore, noble metal catalysts formed with silica as the high
surface area support material do not exhibit poisoning by sulfur and sulfurous
compounds. However, silica does not exhibit the hydrothermal stability required to
form effective emission control catalyst supports and, therefore, is not a desirable
catalyst support material for such applications.

{00101 In attempts to overcome the poor hydrothermal properties associated with
silica, it has been added to alumina supports either by standard impregnation or co-
precipitation techniques (See US 2,804,433). In both instances, the resultant support

retains a significant amount of exposed alumina and, therefore, these supports still
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exhibit a high degree of susceptibility to sulfur poisoning. Further, the applied silica
tends to precipitate in the pores of the alumina causing a reduction in porosity to, thus,
reduce the surface area upon which the noble metal can reside.

[0011] U.S. Patent 3,925,253 discloses an alumina support that has been impregnated
with silica by applying an aqueous solution or sol of silica to the alumina support
material. Although this material exhibits good attrition resistance, the silica is in the
form of a discontinuous coating. The alumina remains exposed and susceptible to
poisoning by the sulfur in the emission product. [t is known that conventional
impregnation techniques permit the silica to precipitate or agglomerate (due to its
tendency to favor homogenous nucleation of discrete silica particles) to form a
discontinuous coating on the surface of the alumina.

[0012] U.S. Patent 3,923,692 discloses an alumina support, in the form of beads,
spheres, or extrudates, which is first contacted with an agent capable of solubilizing
the alumina at the particles® surface. The thus treated alumina structure is then
impregnated with a silica solution to form a mixed silica-alumina surface. The
resultant support is taught to have enhanced activity as a hydrodesulphurization
catalyst.

[0013) Similarly, RE 29,771 discloses a sulfur adsorbent composed of alumina
support having silica coating to enhance the strength of the material. The reference
states that silica should not be used in greater than 5% in order to leave alumina
exposed to cause sulfur dioxide to be adsorbed. Thus, the teaching directs one to
retain a large amount of exposed alumina surface.

[0014] Alternately, support materials have been formed by coprecipitation of silica
and alumina precursors to achieve a mixed support product.

[0015] U.S. Patent 6,399,530 discloses a silica-alumina coprecipitated product, which
further contains a Y-type zeolite for hydrocrécking of petroleum. The silica-alumina
product has enhanced attrition properties in comparison to alumina supported zeolite
catalysts. Such a product would have large amounts of exposed alumina which may
interact with sulfur containing materials.

[0016] U.S. Patent 3,269,939 discloses a noble metal catalyst using a coprecipitated
silica-alumina support in which silica comprises from 75 to 90 wt. percent of the
support. Because of the large content of silica throughout the formed support, it is
taught to have high tolerance to the presence of sulfur. However, such material would

exhibit poor hydrothermal properties.
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[0017] U.S. Patent 3,703,461 discloses a silica-alumina support formed from an
alumina gel into which a silica-alumina cogel is dispersed. The noble metal is then
added using an ion exchange process.

[0018] Although US’939 and US °461 both provide a support having enhanced sulfur
tolerance, the materials exhibit poor hydrothermal properties. '

[0019] U.S. Patent 6,288,007 discloses an alumina support having its surface treated
with silica either by impregnation or from a gas phase deposition. The impregnation
is conducted by first forming a solution of a silicon compound, contacting the alumina
support with the solution and then, at elevated temperature, treating the support with
air or water to convert it to an oxide.

[0020] It is desired to form an alumina catalyst support capable of enhancing the
activity of noble metals in the conversion of carbon monoxide and hydrocarbon
‘materials to carbon dioxide and water while exhibiting high tolerance to the presence
of sulfur and sulfurous compounds.

[0021] 1t is further desired to form an alumina catalyst support capable of enhancing
the activity of noble metals, especially platinum metal, to convert noxious emission
products of internal combustion engines, especially diesel engines, to more
environmentally benign products and to exhibit such activity over an extended life

because of its enhance tolerance to the presence of sulfur and sulfurous compounds.

SUMMARY OF THE INVENTION

[0022] The present invention is directed to a silica clad high surface area alumina
suitable as a support for forming noble metal catalysts. The resultant catalysts exhibit
resistance to sulfur poisoning and, therefore, are useful in applications directed to
internal combustion engine emission conversion. Specifically, preformed high
surface area alumina treated with an aqueous solution of a water soluble siliceous
compound under conditions fully described herein below forms an ultra-thin,
substantially uniform silica cladding on substantially the entire surface of the alumina.
The resultant silica clad high surface area alumina having from 1 to 40 weight percent
silica exhibits reduction of sulfur uptake to provide a normalized sulfur uptake (NSU)
of less than 15 pg/m? of surface area of support material. Such NSU is far superior to
that of alumina support having the same weight percentage of silica thereon formed

by conventional impregnation or co-precipitation techniques.
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(0023] The present invention provides a highly desired support for noble metal
catalyst application. The resultant catalyst product exhibits enhanced activity in
treating noxious emission products of internal combustion engines, especially diesel
engines while having an extended active period due to its enhanced tolerance to sulfur

and suifurous products.

DETAILED DESCRIPTION

'10024] The present invention is directed to an improved alumina support for forming
noble metal catalysts. The support product fully described herein below is useful in
forming an exhaust catalyst having increased tolerance to the presence of sulfur
normally found in emission product streams of internal combustion engines and the
like and, thereby, achieves lower poisoning of the noble metal of the resultant catalyst
than with catalysts utilizing conventionally formed supports.

[0025]) The support of the present invention is generally in the form of particulate
comprising alumina having a cladding of silica thereon.

[0026] The following terms, used in the present description and the appended claims,
have the following definitions:

[0027] The term “support” refers to a material onto which an active catalytic material
is applied. In the present invention, the support comprises a high surface area alumina
material capable of having a noble-metal deposited on its surface in catalytic amounts.
[0028] The term “particulate” refers to shaped particles in the form of powder, beads,
extrudate, and the like. In this teaching, it is used in reference to cores, supports as
well as the resultant supported noble metal products.

[0029] The term “alumina” refers to any of the forms of aluminum oxide alone or as a
mixture with small amounts of other metal and/or metal oxides.

10030] The term “coating™ refers to a surface covering which is in the form of a
discontinuous coverage on a core particulate. Coatings are formed by conventional
impregnation or co-precipitation processes known in the art and are of relatively
thick, irregular design.

[0031] The term “cladding” refers to a surface covering which is in the form of a
substantially continuous coverage on alumina core particulates. The cladding is
usually an ultra-thin (e.g. molecular thickness) substantially continuous surface

coverage.
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{0032] The term “core” refers to alumina particulate prior to cladding according

to the present invention. Such uncladded alumina particulate materiai has been
utilized as support material by the prior art. The alumina may further contain other
metals and metal and non-metal oxides and the like.

[0033] The term “adsorbed” or “adsorption” shall refer to the phenomena of
adsorption (the ability to hold or concentrate gases, liquid or dissolved substances on
the surface of the adsorbent [e.g. aluminal), absorption (the ability to hold or
concentrate gases, liquids or dissolved substances throughout the body of the
absorbent [e.g. alumina]); either by chemical reaction which may be ionic, covalent or
of mixed nature or by physical forces.

[0034] The term “sulfurous material” refers to sulfur, sulfur oxides and compounds
containing sulfur atoms.

10035] The present improved support is composed of high surface area alumina
particulate having a silica cladding thereon, as fully described herein below.

[0036] The alumina may be selected from any aluminum oxide form desired for the
particular application contemplated. It is well known that alumina or aluminum oxide
occurs in various modifications with the more common ones being:

. - gamma-alumina, a form stable up to about 900°C at which temperature it
converts to delta-alumina;

° delta alumina, a form stable up to about 1000°C at which temperature it
converts to theta-alumina;

° theta-alumina, a form stable up to about 1100°C at which temperature it
converts to alpha-alumina;

. aluminum monohydrate or Bohmite, which is prepared by a variety of
routes such as the addition of ammonium hydroxide to an aqueous solution of
aluminum chloride. The material initially precipitates as an amorphous floc, which
rapidly converts to crystalline Bohmite. Alternately, it is prepared by reaction of

aluminum sulfate with sodium aluminate.

. aluminum trihydate or Gibbsite;
. other forms of hydrated aluminum oxide such as bayerite and the like;
. other forms of alumina, such as eta-alumina and the like

10037] The preferred alumina for use as a core in forming the support of the present

invention is selected from delta-alumina, gamma-alumina or mixtures thereof,
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[0038] The alumina can be doped with conventional dopants, such as transition
metals and metal oxides, alkaline earth metal oxides, rare-earth oxides, silica and the
like and mixtures thereof. Examples of such dopants include rare earth metals and
their oxides (in particular, lanthana), magnesia, calcia, nickel oxide, zinc oxide, silica
and the like with lanthana being a preferred dopant. A dopant, when used, is normally
present in small amounts, such as from 0.1 to 10, preferably from 1 to § weight
percent, of the high surface area alumina particulate core material (prior to cladding
according to the present invention).

[0039] The dopants are normally present in the alumina particulate to impart
particular properties, such as hydrothermal stability, abrasion strength, catalytic
activity promotion and the like, as is well known to the artisan.

[0040) The high surface area alumina particulate may be in the form of powder
(preferred) having a average particle size of from about 1 to 200 pum, preferably from
10 to 100 pum; or beads having an average particle size of from I mm to 10 mm.
Alternately, the alumina particulate can be in the form of pellets or extrudate (e.g.
cylindrical shape). The size and particular shape being determined by the particular
application contemplated.

[0041] In all instances, the base (core) of the support composed of alumina particulate
should have a high (BET) surface area of at least about 20 m2/g, such as from about
20 to about 400 m?/g, preferably from about 75 to 350 m%/g and more preferably from
100 to 250 m*/g. The core alumina particulate of the support has a pore volume of at
least about 0.2 cc/g, such as from 0.2 to 2 cc/g and preferably from 0.5 to 1.2 cc/g and
an average pore diameter within the range of 50 to 1000 Angstroms, preferably from
100 to 300 Angstroms. Such high surface area particulate provides ample surface
area for deposition of a noble metal catalyst and having it readily contacted with the
emission stream to provide effective catalytic conversion of the noxious products to
more benign emission products:

[0042] The particulate aluminum hydrates are normally calcined to remove residual
water and to convert aluminum hydroxyl groups to their oxide counterpart (although
residual hydroxyl groups remain as part of the alumina structure, especially on the
surface of the particles).

[0043] Alumina particulates, suitable as a core for the present clad support product,

are commercially available. However, particular design criteria (such as use of
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particular dopant, particulate pore volume, and the like) for a particular application
may require fabrication of the alumina particulate by known methods.

[0044] It has been presently found that alumina particulate material clad with silica
provides a support for noble-metal catalysts, which exhibit enhanced sulfur tolerance
in comparison to supports having the same silica content formed by conventional
impregnation or co-precipitation methods. It is well known that petroleum feed used
in forming light (gasoline) and moderate (diesel) weight fuels contain sulfur and
sulfur containing compounds (e.g. thiophenes and the like) as part of the feed
material. Although efforts have been made to remove sulfurous materials, this is
increasingly difficult to achieve with respect to fuel product streams of higher
molecular weights (e.g. diese! fuels). Thus, sulfurous materials are known to be
present in hydrocarbon fuels, especially in diesel fuels. The sulfurous materials
present in the emission stream of hydrocarbon fuel-burning engines are known to be
adsorbed by alumina and certain dopants which, in turn, cause poisoning of the noble
metal residing on the support surface. The unexpected high tolerance (lack of
adsorption) to sulfur that is achieved by the silica clad alumina support of the present
invention permits the formation of desired catalyst for effectively treating emission
product streams of internal combustion engines, especially diesel fuel engines.

[0045] 1t has been previously suggested to combine alumina with silica either by
coprecipitation or impregnation techniques to achieve a support product.  As
discussed above, alumina supports having fixed amounts of silica, which are
generated by these techniques still have significant amount of exposed alumina
surface capable of adsorbing sulfurous material at levels far. greater than the silica-
clad alumina of the present invention.

[0046] It has now been found that alumina particulate can be clad with silica to
provide a support that exhibits a high tolerance to the presence of sulfurous materials
and, thereby, provides a catalyst having an extended useful life for emission control.
The formation of silica clad alumina particulate has been accomplished by the
application of certain specific combination of process parameters, as fully described
herein below.

[0047] The alumina particulate is first formed into aqueous slurry in which the solid
concentration is within the range from 5 to 50 weight percent. The slurry should be
sufficiently fluid to readily allow mixing of the slurry with the solution described

below. The specific concentration used within this range will depend on the physical
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properties (e.g. surface area, void volume, etc. as well as particle size and shape) of
the alumina forming the slurry. The concentration of a particular alumina used should
be such that mixing of the slurry can be readily accomplished.

[0048] The slurry is heated to a temperature ranging from 50° to 100°C, preferably
from 80° to 100° C and most preferably from 90° to 95°C. Higher temperatures may
be used but require the use of pressurized vessels. The increased equipment and
handling costs to provided elevated temperatures above that indicated above are not
necessary.

[0049] An aqueous solution of a water-soluble silica precursor compound is used.
The silica precursor compound is preferably selected from an alkali metal silicate,
such as, sodium silicate, potassium silicate and the like and mixtures thereof, with
sodium silicate being preferred. The concentration of the silica precursor compound '
should be from 5 to 30, preferably 10 to 25 weight percent SiO; in the precursor
solution. Although it is preferred to heat the solution to a temperature substantially
the same as that of the alumina slurry prior to introduction into the heated alumina
slurry, this preheating is not required.

[0050] The amount of aqueous solution of water soluble silica precursor compound
will depend on the concentration of precursor in the solution and the desired weight
percent of silica to be part of the resultant clad alumina product. This amount cén be
readily calculated by the artisan.

[0051] The aqueous solution of silica precursor compound is mixed with the alumina
slurry to form a uniform mixture of the materials. The temperature should be
sufficient to maintain the silica precursor compound in solution. Such temperature is
normally in the range of from 50° to 100°C, preferably from 80° to 100°C and most
preferably from 90°-95°C. The mixture is maintained at this elevated temperature for
a period of time of from about 1 to 120 minutes, preferably from about 30 to 60
minutes and most preferably from about 45 to 60 minutes while maintaining sufficient
agitation to maintain a uniform mixture.

[0052] The mixture is then treated with a water soluble acid to lower the pH of the
mixture to a pH within the range of from 5 to 8, preferably 7 to 8. The acid may be
selected from any inorganic mineral acid such as nitric, sulfuric or hydrochloric
(preferred) acid or mixtures thereof. Alternately, one can use a water soluble C, — Cs
(preferably C; — C3) organic acid as, for example acetic, propionic, butanoic,

pentanoic acid and the like and mixtures thereof with acetic acid being preferred. Of
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the acids, those preferred are the inorganic acids, with hydrochloric acid and nitric
acid being most preferred.

[0053] The aqueous solution of acid should be introduced into ‘the prior formed
mixture of silica precursor compound and alumina at a substantially constant rate to
cause the pH of the mixture to be uniformly lowered to an initial pH within the range
of from 7 to 8 (preferably a pH of 7.5) over an addition period of from 5 to 240
minutes, preferably from 5 to 120 minutes and more preferably from 15 to 60
minutes. The acid addition should be conducted at a substantially constant, slow rate
with continuous mixing to cause uniform distribution of the acid throughout the
mixture. High rates of addition should be avoided. This slow, constant addition with
mixing should be conducted at least until the mixture attains the pH value of 8.
Further addition of acid may be accomplished to provide for the desired end point pH
(stated herein above) of the mixture. Still further, the acid in the addition solution can
be of any concentration of acid (preferably from 0.5 to 3 molar) to permit the addition
to be performed in a slow, uniform manner over the time period expressed above.
The pH adjustment of the mixture can be performed at any temperature, such as from
ambient to 100°C, with from 50 to 95°C being preferred.

[0054] The aqueous suspension of the treated alumina particulates is then washed to
remove the alkali metal material from the treatment suspension. The washing may be
conducted using hot water or an aqueous solution of a water-soluble ammonium salt
such as, for example, ammonium nitrate, ammonium sulfate, ammonium hydroxide,
ammonium carbonate and the like or mixtures thereof. Ammonium nitrate,
ammonium hydroxide or ammonium carbonate are preferred agents.

[0055] When the wash water is determined to be free of alkali metal, the aqueous
suspension is filtered and the resultant solid is spray-dried to provide a powder
product. This product is then calcined at elevated temperatures of from 400° to
1000°C with from 600° to 800°C being preferred.

[0056] The resultant product is a high surface area alumina particulate having silica
cladding on substantially the entire surface area. Unlike prior silica treated alumina
products produced by conventional impregnation techniques, the present resultant
product retains its high surface area and pore volume properties (thus, showing that
the present clad product does not result in deposition which cause bridging of the
pores to result in pore blockages). Further, infra-red spectrum analysis of the silica

clad alumina particulate shows attenuation of adsorption peak associate with the Al-
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OH bond relative to the untreated alumina particulate and, at about 5 weight percent,
the Al-OH adsorption peak is no longer present. At the same time, silanol groups (Si-
OH) appear. This is indicative that the silica fully clads the surface of the alumina
particulate material.

[0057] The aqueous silicate solution used to contact the alumina particulate should
have sufficient concentration of silicate to cause the resultant silica clad alumina
product to have from 1 to 40 weight percent silica (SiO;), preferably from 5 to 30
weight percent silica based on the total weight of the resultant product. Because of
the uniformity of the cladding over the surface of the alumina particulate, low
amounts of silica, such as from 8 to 20 weight percent and even from 8 to 15 weight
percent, can be readily used to provide a support material having very low amount of
sulfur adsorption. The silica clad alumina of the present invention is a product having
a low no‘rmalized sulfur uptake (NSU), as described herein below, of up to about 15
ug/m? of support material. It is preferable to have the silica clad alumina have a NSU
of up to about 10 pg/m? of surface area of support material.

[0058] The portion of a resultant silica clad alumina particle is pictorially shown in
Figure I(a). The silica forms a substantially uniform, very thin coating on
substantially the entire surface of the alumina including the pore surfaces without
bridging that may block off the pores.

[0059] The resultant product formed according to the present invention has been
found to have a high degree of tolerance to sulfur and sulfurous compounds (e.g. SO)
normally associated with emission product stream of internal combustion engines. It
is believed, although not mean to be a limitation on the presently claimed invention,
that the presently formed silica clad alumina product is achieved by heterogeneous
precipitation, i.c., precipitation on the alumina support. When other techniques are
used to form a silica modified alumina, such as impregnation or homogeneous
precipitation, the silica forms a coating in a discontinuous form.

[0060] The discontinuous forms of coating of a porous substrate are shown by
pictorial representation of a portion of an alumina particulate in Figure 1(b). These
include: 1) uncoated surface formed by general coating defects (which permit sulfur
poisoning), 2) plugged pores formed by bridging of the coated material to block off
pores (which reduces the surface area and limits the ultimate activity of the catalyst),
and 3) free silica particles formed by homogeneous nucleation of the coating material

(which contaminates the product with small particles of the coating material).
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[0061] The method described above has been found to unexpectedly achieve a
support product having resistance to sulfur adsorption while retaining hydrothermal
stability. It is believed that the present silica clad alumina support, as depicted in
Figure 1(a) has silica cladding substantially over the entire alumina particle surface
without the defects of a discontinuous coating, as described above.
[0062]} Alumina particulate, having the presently required substantially uniform silica
cladding, has superior resistance to sulfur uptake. The uniformity and continuity of
coverage of silica can be shown by the effectiveness and efficiency of the support
product to resist sulfur uptake. Sulfur uptake (SU) of a sample can be measured by
the following “Sulfation Test”. This test is performed by loading 50mg of sample
into -a thermo gravimetric analyzer (TGA). The sample is first treated with 107.5
cc/min of He gas for 1 hour at 300°C. After this treatment, the flow of SO, in He
(1.14% SO,) is introduced at 5 cc/min and simultaneously O, is introduced at 12.5
cc/min. The total flow rate is 125 cc/min and the SO, concentration is 456 ppm. The
sulfur uptake is measured as a function of time. In about 120 minutes, the sulfur
uptake is equilibrated, at which point, no more uptake is possible. The Sulfur Uptake
(SU) is defined as percentage of weight gained after 120 minutes of time-on-stream.
The normalized sulfur uptake (NSU) is calculated by the following formula:
SU(wt%)

100xSA4

where SU is the sulfur uptake in weight percent measured afier 120 minutes of time-

NSU =

on-stream, and SA is the BET surface area of the sample.

[0063] A direct comparison of the silica clad products of the present invention to that
of an unclad alumina products or a silica-alumina product having the same weight
percent silica formed by conventional impregnation or co-precipitation techniques
shows that the present silica clad alumina particulate is superior in sulfur tolerance to
that formed by these conventional techniques.

[0064] The resulting silica clad alumina particulate, especially when in the form of a
powder of from 1 to 200 um, preferably from 10 to 100 pm, can be further used as a
catalytic coating on a low surface area substrate. The substrate structure can be
chosen from a variety of forms for a particular application. Such structural forms
include monoliths, honeycomb, wire mesh and the like. The substrate structure is
normally formed of a refractory mgterial such as, for example, alumina, silica-

alumina, silica-magnesia-alumina, zirconia, mullite, cordierite, as well as wire mesh
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and the like. Metallic honeycomb substrates can also be used. The powder is slurried
in water, peptized by the addition of a small amount of acid (preferably mineral
acids), and then subjected to milling to cause a reduction in particle size suitable for
washcoating application. The substrate structure is contacted with the milled slurry,
such as by dipping the substrate into the slurry. The excess material is removed, such
as by application of blown air, followed by calcining the coated substrate structure to
cause adhesion of the (wash-coat) silica clad high surface area alumina particulates of
the present invention to adhere to the substrate structure.

|0065] Noble metals, usually the metals of the platinum group, such as platinum,
palladium, rhodium and mixtures thereof, can be applied in manners well known to
those skilled in this art either before wash-coating the silica clad alumina particulate
using a suitable conventional noble metal precursor (acidic or basic), or after
washcoating by dipping the washcoated substrate in a suitable noble-metal precursor
solution (eitﬁer acidic or basic).

[0066] Alternately, unclad high surface area alumina can be wash-coated onto a
chosen substrate followed by silica cladding in the manner described herein above.
The resuitant silica clad alumina contained on the substrate can then be subjected to
noble metal application by dipping in a suitable noble metal precursor solution (either
acidic or basic).

[0067] The preferred method is to first form the silica clad alumina followed by
application of the noble metal thereto and, finally, to wash-coating the material onto a
substrate.

10068] Additional functionality can be provided by mixing the silica-clad product
with other oxide supports like alumina, magnesia, ceria, ceria-zirconia, rare-earth
oxide-zirconia mixtures etc, and then wash-coating these products onto a substrate.
[0069] The resultant catalyst can be directly loaded into canisters and the like either
alone or in combination with other materials as part of the exhaust emission system of
an internal combustion engine. Thus, the exhaust products, which normally comprise
oxygen, carbon monoxide, carbon dioxide, hydrocarbons, nitrogen oxides, sulfur,
sulfurous compounds and sulfur oxides, are passed through the exhaust system to
provide contact with the noble-metal supported catalyst. The result provides
conversion of the noxious and harmful exhaust products into more environmentally
acceptable materials. When using a catalyst formed with a support of the present

invention, one achieves a catalyst system having extended active term and of higher
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overall activity than would be achieved with catalysts having supports either with no
silica or with silica-alumina formed from conventional coprecipitation or
impregnation techniques.

[0070] The following examples are given as specific illustration of the claimed
invention. It should be understood, however, that the invention is not limited to the
specific details set forth in the examples. All parts and percentages in the examples
and in the remainder of the specification are by weight unless otherwise specified.
{0071} Further, any range of numbers recited in the specification or claims, such as
representing a particular set of properties, units of measure, conditions, physical states
or percentages, is intended to literally incorporate expressly herein by reference or
otherwise, any number falling within such range, including any subset of numbers

within any range so recited.
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EXAMPLES

Example 1

[0072] A nominal 30 weight percent silica clad alumina was prepared as follows. 80g
of commercial lanthana (4.0 wt.%) doped gamma-alumina (Grace Davison Grade MI-
386) was formed into a slurry with 800g of DI water. The slurry was heated to and
maintained at 97°C for 1 hour. Separately, a 50 vol. % solution of sodium silicate was
prepared by mixing 150cc of DI water with 150cc of sodium silicate (26 wt. % SiO,).
About 213g of a 50 vol. % sodium silicate solution was pumped into the alumina slurry
at a flow rate of 3 co/min. The pH of the resultant mixture was 10. The temperature of
the slurry was maintained at 95°C with stirring for 30 minutes. A 1M HCI solution
was then added at a flow rate of 6 cc/min until the pH reached 7.5. The slurry was
aged at 95°C for an hour and then cooled to 60°C. About one third of the slurry was
washed with IL of 1% solution of ammonium nitrate to remove residual Na. The
resultant filter cake was reslurried in DI water and spray dried at 100°C. The spray-
dried powder was calcined at 700°C for two hours.

[0073] The calcined powder had a BET surface area of 180 m?/g. The Sulfation Test
was performed by loading 50mg of sample into a thermo gravimetric analyzer (TGA).
The sample was initially contacted with 107.5 cc/min of He gas for 1 hour at 300°C.
After this treatment, a flow of SO, in He (1.14% SO,) was introduced at 5 cc¢/min and
simultaneously O, was introduced at 12.5 cc/min. The total flow rate was 125 cc¢/min
and the SO, concentration was 456 ppm. Sulfur uptake measurements were taken
over time. After 120 minutes, the sulfur uptake had equilibrated as indicated by lack
of uptake. The sulfur uptake (SU) of the sample was 0.0% and the NSU was 0.0

pg/m?-sample. The results are given in Table 1 below.

Example 2

[0074) A nominal 5.0% silica clad alumina was prepared by slurring 50 parts of a
commercial un-doped gamma-alumina (Grace Davison Grade MI-307 alumina) in 572.3
parts of DI water. The acid treatment, washing and drying was carried out as described in
Example 1 except that 17.86 parts of 50 vol. % sodium silicate solution was used.

[0075] The surface area (BET) of the sample was determined to be 166 m¥g. The sulfur

uptake (SU) was measured in the same manner as described in Example 1 above. The SU
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of the sample was 0.17 wt. % and the NSU was 10.2 pg/m®-sample. The results are

given in Table 1 below.

Example 3

[0076] A 7% silica clad alumina was prepared and tested in the same manner as described
in Example 1 above, except that the alumina used was an undoped commercial delta-
alumina (Grace Davison Grade MI-407). The BET surface area of the sample was 123
mz/g, the sulfur uptake (SU) was 0.05 wi% and the NSU was 4.1 pg/mz-sample. The

results are given in Table | below.

Example 4

[0077] A nominal 10% silica on alumina (50 g batch) was prepared by slurring 47 parts of
gamma-alumina (Grace Davison Grade MI-386 having 4% lanthana doped alumina) in
540parts of DI water. The acid treatment, washing and drying were carried out in the same
manner as described in Example 1 above except that only 17.86 parts of 50-vol% sodium
silicate sblution was used. The sample was tested in the same manner as described in
Example | above. The BET surface area of the sample was 168 m%/g, the sulfur uptake
(SU) was 0.03 wt% and NSU was 1.6 pg/mz-sample. The results are given in Table 1

below.

Example 5

[0078] A 300g batch of 10.7% silica on alumina was prepared as follows. 284.4
grams of gamma- alumina (Grace Davison Grade MI-307; undoped) was slurried in
3240g of DI water. Separately 300 ml of DI water was mixed with 300 m! of sodium
silicate (26%). 214.3 gms of this diluted sodium silicate mixture was added to the
alumina slurry at a temperature of 95°C. The addition rate was 6 cc/min. After all the
silicate was added, the mixture was maintained at 95°C with stirring for 30 minutes.
This solution was then acidified, washed, dried and calcined, as described in Example
1 above.

[0079] The sample was tested in the same manner as described in Example 1 above. The
BET surface area of the sample was 147 m?*/g, the sulfur uptake (SU) was 0.01 wt% and
NSU was 0.7 pg/m*-sample. The results are given in Table 1 below.

16



WO 2008/045175 PCT/US2007/019799

Example 6

[0080] A 21.6% silica on alumina (50 g batch) was prepared by slurring 42parts of
gamma-alumina (Grace Davison Grade MI-386; a 4% lanthana doped alumina) in 482parts
of DI water. The acid treatment, washing and drying were carried out in the same manner
as described in Example 1 above except that 71.43 parts of 50-vol% sodium silicate
solution was used.

[0081] The sample was tested in the same manner as described in Example 1 above. The
BET surface area of the sample was 157 m%g, the sulfur uptake (SU) was 0.0 wi% and the ‘

NSU was 0.0 pg/m?-sample. The results are given in Table 1 below.

Example 7

[0082] A 29.6% silica on alumina was prepared by slurring 40 parts of gamma-alumina
(Grace Davison Grade MI-307 (un-doped alumina) in 450 parts of DI water. The acid
treatment, washing and drying were carried out in the same manner as described in
Example | above except that 106.5 parts of 50-vol% sodium silicate solution was used.
[0083] The sample was tested in the same manner as described in Example 1 above. The
BET surface area of the sample was 115 m%/g, the sulfur uptake (SU) was 0.0 wt% and the

NSU was 0.0 pg/m>-sample. The results are given in Table 1 below.

Example 8

[0084] An 11.8% silica on alumina was prepared by slurring 1466.2 parts of alumina
(Grace Davison Grade MI-107 (un-doped boehmite alumina; 73.66% Solids) in 12,800
parts of DI water. The acid treatment was carried out in a manner similar to Example 1
above, except that 1.2N nitric acid was used instead of HCl. Washing, drying were carried
out in the same manner as described in Example 1. The sample was calcined at 750°C for
4 hours.

[0085] The sample was tested in the same manner as described in Example 1 above. The
surface area of the sample was 314 m%/g, the sulfur uptake (SU) was 0.17 wt% and the

NSU was 5.3 ;,Lg/mz-sample. The results are given in Table 1 below.
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Example 9

[0086] An 11.3% silica on alumina was prepared by slurring 779.2 parts of alumina (Grace
Davison Grade MI-186 having 4% Lanthana doped boehmite alumina; 69.3% solids) in
6350 parts of DI water. The acid treatment was carried out in the same manner as described
in Example 1, except that 1.2N nitric acid was used instead of HCL. Washing, drying were
carried out in the same manner as described in Example 1. The éample was calcined at
750°C for 4 hours.

[0087] The sample was tested in the same manner as described in Example 1 above. The
BET surface area of the sample was 321 m?/g, the sulfur uptake (SU) was 0.23wi% and
the NSU was 7.2 pug/m*-sample. The results are given in Table 1 below.

[0088] The following examples are given for comparative purposes only and are not

meant to be illustrative of the present invention.

Comparative Example 1

[0089] A commercial lanthana (4 wt%) doped gamma-alumina (Grace Davison Grade M-
386) was tested for sulfur uptake using the standard Sulfur Uptake test described in Example
I above. The BET surface area of the sample was 178 m?/g, the pore volume was 0.77
cc/g, the sulfur uptake (SU) was 1.42 wit% and NSU was 79.8 pg/m*-sample. The results

are also given in Table 1 below.

Comparative Example 2

[0090] A commercial gamma-alumina (updoped) (Grace Davison Grade MI-307) was
tested for sulfur uptake in the manner described in Comparative Example 1 above. The
BET surface area of the sample was 172 mzlg, the pore volume was 0.77cc/g, the sulfur
uptake (SU) was 1.1 wi% and NSU was 64.0 pg/m>-sample. The results are also given in
Table 1 below.

Comparative Example 3

[0091] A commercial delta-alumina (updoped) (Grace Davison Grade Mi-407) was tested
for sulfur uptake. The BET surface area of the sample was 123 m%g, the sulfur uptake
(SU) was 0.66 wt% and NSU was 53.6 pg/m>-sample. The results are also given in
Table 1 below.
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Comparative Example 4

{0092} A commercial 5.5% silica in alumina (Grace Davison Grade MI-120) prepared by
conventional co-precipitation was tested for sulfur uptake. The BET surface area of the
sample was 265 m%/g, the sulfur uptake (SU) was 0.65 wt% and NSU was 24.50 ng/m*-

sample. The results are also given in Table 1 below.

Comparative Example 5

[0093] A commercial product having nominally 10% silica in alumina (Condea Grade
Siral 10) was tested for sulfur uptake after calcinations at 700C for 2 hours. The BET
surface area of the sample was 225 m?%g, the sulfur uptake (SU) was 0.55 wt% and NSU

was 24.2 ug/m>-sample. The results are also given in Table 1 below.

Comparative Example 6

[0094] A commercial product having nominally 30 wt. % silica in alumina (Grace
Davison Grade MI-130) prepared by conventional co-precipitation was calcined at
700°C. The BET surface area of the sample was 350 m?/g, the sulfur uptake (SU) was
0.70 wt% and NSU was 20.0 pg/m>-sample. The results are also given in Table 1

below.

Comparative Example 7

[0095] A nominal 30 wt. % silica containing alumina was prepared as follows. 65.3 parts
commercial bohemite alumina powder (Davison Grade MI-107; tota] solids = 75%) was
slurried 'in 210 parts of DI water and thoroughly mixed. To this slurry, 70 parts of
commercial colloidal silica (Ludox Grade AS-30 with 30% silica) was impregnated and
mixed thoroughly. The slurry was spray dried and calcined at 700°C for 2 hours. The BET
surface area of the sample was 250 m%/g, the sulfur uptake (SU) was 1.07 wt% and NSU

was 42.8;1 /m*-sample. The results are also given in Table 1 below.
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Comparative Example 8

[0096] A 32.4% silica coated alumina was prepared as follows. 3.68 parts of gamma-
alumina powder (Davison Grade M1-386) was impregnated with 3.75 parts of commercial
colloidal silica (Ludox Grade AS-40 with 40% silica) with constant stirring. The sample
was dried in a drying oven at 100°C, and calcined at 700C for 2 hours. The BET surface
area of the sample was 150 m%g, the sulfur uptake (SU) was 0.8 wt% and NSU was 53.3
pg/m?-sample. The results are also given in Table 1 below.
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Table 1

PCT/US2007/019799

Summary of Results for Silica Alumina Samples

Example No Silica (%) Surface Area Sulfur Uptake (SU) Normalized
(m¥g) (%) Sulfur uptake
(NSU)
(ng/m?)

] 30 130 0.00 0.0

2 5.0 166 0.17 10.2

3 7.0 123 0.05 4.1

4 10 168 0.03 1.8

5 10.7 147 0.01 0.7

6 21.6 157 0.00 0.0

7 29.6 115 0.00 0.0

8 11.8 314 0.17 53

9 11.3 321 0.23 7.2
Comp | 0 178 142 79.8
Comp2 0 172 1.10 64.0
Comp 3 0 123 0.66 53.6
Comp 4 5.5 265 0.65 24.5
Comp 5 10 225 0.55 24.2
Comp 6 30 350 0.70 20.0
Comp 7 30 250 1.07 42.8
Comp 8 32.4 150 0.8 53.3
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We Claim

1. A structure comprising alumina core particulate having high porosity of at
least about 0.2 cc/g, a surface area of greater than 20 m?/g and having silica
cladding on the surface area of said alumina core, wherein the structure has
from about 1 to about 40 weight percent silica and has a normalized sulfur
uptake (NSU) of up to 15 pg/m?,

2. The structure of Claim | wherein the particulate comprising alumina core
having an average particle size of from 1 to 200 um and a BET surface area of
from about 20 to 400 m%/g.

3. The structure of Claim 2 wherein the particulate comprising alumina core
having a BET surface area of from 100 to 300 m?%g and a nitrogen pore
volume of from 0.2 to 2 cc/g.

4. The structure of Claim 1 wherein the structure is composed of particulates
having an average particle size of from 1 to 10 mm and a BET surface area of
from about 20 to 400 mz/g.

5. The structure of Claim 1, 2, 3 or 4 wherein the alumina core further comprises
up to about 10 weight percent of a dopant with respect to said alumina.

6. The structure of Claim 1, 2, 3 or 4 wherein the core comprises an alumina
selected from bayerite, bohmite, gibbsite, gamma-alumina, delta-alumina,
theta-alumina or mixtures thereof.

The structure of Claim 6 wherein the alumina core comprises gamma-alumina.
The structure of Claim 6 wherein the silica cladding comprises from 5 to 30
weight percent of the structure.

9. The structure of Claim 7 wherein the silica cladding comprises from 5 to 30
weight percent of the structure.

10.  The structure of Claim 6 wherein the silica cladding comprises from 8 to 20
weight percent of the structure.

1. The structure of Claim 7 wherein the silica cladding comprises from 8§ to 20
weight percent of the structure. '

12. The structure of Claim 5§ wherein said structure has from about 8 to 15 weight
percent silica cladding and has a NSU of less than 10 ng/m®.

13. The structure of Claim 6 wherein said structure has from about 8 to 15 weight

percent silica cladding and has a NSU of less than 10 ug/m?.
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14.

15

16.

18.

19.

The structure of Claim 7 wherein said structure has from about 8 to 15 weight
percent silica cladding and has a NSU of less than 10 pg/m?.

A process for forming an alumina particulate structure useful as a support
component for emission control noble metal catalysts comprising forming an
aqueous slurry comprising from 5 to 50 weight percent of alumina particulate;
heating said slurry to a temperature of 50 to 100°C; contacting said slurry with
an aqueous solution having from 5 to 30 weight percent of a water-soluble
silicate to form a mixture thereof; maintaining said mixture at a temperature of
50° to 100°C for a period of from 1 to 120 minutes; substantially uniformly
adding a water-soluble acid to said mixture to achieve a pH of 7.5 over a
period of from 5 to 240 minutes from commencement of the acid addition and
any further amount of acid sufficient to cause the resultant mixture to have a
pH of from 5 to 8; and separating and recovering a dried powder product
comprising a high surface area alumina core having from 1 to 40 weight
percent of silica in the form of a cladding thereon.

The process of Claim 15 wherein the water solution of silicate is contacted
with the aqueous slurry of alumina in amounts to provide a weight ratio of
silicate (as Si0O,) to alumina of from 1:99 to 40:60

The process of Claim 15 or 16 wherein the water-soluble acid is selected from
at least one inorganic mineral acid, is uniformly introduced to provide a pH of
7.5 during the time period of 30 to 60 minutes from commencement of
addition and the resultant mixture has a pH of from 7 to 8.

The process of Claim 15 or 16 wherein the silicate is an alkali metal silicate
and the separating comprises washing to remove the alkali metal from the
mixture and drying.

The process of claim 15 or 16 wherein the alumina particulate of the slurry has
a BET surface area of at least 20 m%*/g, an average particle size of from 1 to
200 pm, and has a dopant therein in from 0 to 10 weight percent; the water
soluble silicate is selected from alkali metal silicate at a concentration of from
10 to 30 weight percent of said solution; the separating comprises of washing
the resultant mixture with an agent selected from ammonium salt of nitrate,
sulfate carbonate, hydroxide or chloride; and calcining the resultant product by

at temperature of from 400 to 1000°C.
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

The process of claim 17 wherein the alumina particulate of the slurry has a
BET surface area of at least 20 m%*/g, an average particle size of from 1 to 200
um, and has a deposit therein in from 0 to 10 weight percent; the water soluble
silicate is selected from alkali metal silicate at a concentration of from 10 to 30
weight percent of said solution; the separating comprises of washing the
resultant mixture with an agent selected from ammonium salt of nitrate, sulfate
carbonate, hydroxide or chloride; and calcining the resultant product by at
temperature of from 400 to 1000°C.

A catalyst composition comprising a support of Claim 1, 2, 3 or 4 having a
catalytic amount of a noble metal substantially uniformly distributed thereon.
A catalyst composition comprising a support of Claim S having a catalytic
amount of a noble metal substantially uniformly distributed thereon.

A catalyst composition comprising a support of Claim 7 having a catalytic
amount of a noble metal substantially uniformly distributed thereon.

A catalyst composition comprising a support of Claim 8 having a catalytic
amount of a noble metal substantially uniformly distributed thereon.

A catalyst composition comprising a support of Claim 10 having a catalytic
amount of a noble metal substantially uniformly distributed thereon.

The catalyst of Claim 21 wherein the noble metal comprises platinum,
palladium or mixtures thereof.

The catalyst of Claim 22 wherein the noble metal comprises platinum,
palladium or mixtures thereof.,

The catalyst of Claim 23 wherein the noble metal comprises platinum,
palladium or mixtures thereof.,

The catalyst of Claim 24 wherein the noble metal comprises platinum,
palladium or mixtures thereof.

The catalyst of Claim 25 wherein the noble metal comprises platinum,

palladium or mixtures thereof.
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Figure 1

(a) Uniformly Clad Porous Particle

(b) Coated Porous Particle

1. Uncoated surface; 2. Plugged Pores; 3. Free Particles
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