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(87) Abstract: The present invention i1s directed to a method of forming titania clad high surface area alumina suitable as a sup-
port for forming noble metal catalysts. The resultant catalysts exhibit resistance to poisoning by sulfurous materials and, therefore,
are useful i applications directed to internal combustion engine emission conversion and the like. The present mvention provides
a commercially feasible and cost effective method of forming a highly desired support for noble metal catalyst application. The
process comprises forming a slurry of porous alumina particulate suitable as a catalyst support for the mntended application, mixing
said slurry with a solution of titanyl sulfate having a pH of about 1, increasing the pH of the mixed slurry/solution at a slow rate of
from 0.05 to 0.5 pH unit per minute to a pH of < 4 by the addition of a basic solution, allowing the resultant slurry to age for a pe-
riod of from 10 to 120 minutes, separating the treated porous alumina particulates and washing same free ot sultate with a weak

base, d

r'ying and calcining said particulates to produce titania clad alumina particulate product. The resultant material exhibits a

normalized sulfur uptake of less than about 45 pg/m?*-sample. Such material can subsequently be coated with a noble metal to
form the catalyst material.




CA 02777021 2012-04-05
WO 2011/043995 PCT/US2010/051072

SULFUR TOLERANT ALUMINA CATALYST SUPPORT

Backqground of the Invention
[0001] The present invention Is directed to a method of forming titania clad

alumina particulates having high resistance to sulfur degradation. The products
formed by the present method provide improved catalyst supports and resultant
catalysts. These catalysts include those useful for treating internal combustion
engine exhaust products, especially exhaust products of diesel engines, as well as
other applications, including those used in Fischer-Tropsch and other hydrogenation
reactions. The method of the present invention provides an economical and
commercially desirable means of forming a substantially uniform cladding of titania
on alumina particulate. The product achieved by the present invention retains the
high surface area and porosity of the initial alumina while substantially reducing the
alumina surface not having a protective titania coating thereon from those attained
by conventional impregnation processes.

[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. These pollutants have been
successfully treated by contact with multifunctional, 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 and agents present in fuels, especially from middle cut petroleum
feedstock (C1o and greater hydrocarbons), and, in turn, in exhaust streams have
been known to poison the noble metals resulting in lessening their catalytic
effectiveness and life. The removal of such sulfurous materials has been deemed
difficult to accomplish due to the complex nature and scope of such materials.
[0003] The sulfurous materials contained in fuels tend to oxidize in the
combustion process to form sulfur oxides. In turn, these sulfur oxides may then
react with the alumina supports of the catalytic materials located downstream of the
engine to convert it into sulfates that reside on the surface of the aluminum oxide
support. Itis believed that such coverage of the alumina surface with sulfate

generally causes a loss in catalyst activity. In addition, the sulfates initially residing
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on the alumina surface may further convert into sulfuric acid which is then carried out
of the system as part of the exhaust stream.

[0004] Catalytic supports are generally formed of high porosity inorganic
oxides, such as alumina and titania. For example, titania 1s known to have a much
lower tendency to react with sulfates and, therefore, exhibits a greater durability Iin
the presence of gaseous vapors that contain sulfurous materials and the like.
However, when titania 1s used as a support, it does not exhibit the hydrothermal
stability required to form effective emission control catalyst supports. When exposed
to equivalent temperatures, titania sinters to a greater extent than alumina and, thus,
causes the material to have lower surface area and, hence, lower catalytic activity
than its alumina counterpart. Thus, titania, per se, does not provide a desirable
catalyst support material.

[0005] In attempts to overcome the poor hydrothermal properties associated
with titania, alumina supports have been coated with titania either by conventional
impregnation or by co-precipitation techniques (See US Published Application
2005/0272827). In both instances, the resultant support retains a significant amount
of exposed alumina because of the tendency of the titania or its precursor to be
rejected by the alumina and because the titanium material, when initially deposited,
acts as nucleating cite for further deposition. The result is a coating that is
composed of discontinuous islands of titanium material coated over the alumina
underlayment support. Conventionally coated supports still have large amounts of
exposed alumina surface area and, therefore, exhibit a high degree of susceptibility
to sulfur poisoning. Further, titania applied by conventional methods tends to
precipitate in the pores of the alumina causing blockages of the pores and, thus,
reducing the surface area upon which the noble metal may reside.

[0006] US Patent 4,759,918 discloses a catalytic composite deemed useful in
the treatment of diesel soot. The composite comprises a sulfur resistant refractory
Inorganic oxide, such as alumina that has been wash coated with an aqueous slurry
of preformed titania. Although the product may exhibit some resistance to sulfur
degradation, the coating does not protect the entire surface of the alumina or must
be applied in such large quantities that it not only covers the surface but also bridges

the pore openings of the alumina.
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[0007] US Patent 4,705,770 discloses a method of preparing an anatase
titania catalyst support by forming a solution of ammonium titanyl sulfate from
titanium tetrachloride and impregnating a porous substrate multiple times with the
formed solution. After each impregnation, the deposited material is decomposed by
treating it to high temperatures and then calcined to transform the titanium into
anatase titania. The resultant product has a thick, irregular coating of titania and a
substantial loss of porosity of the substrate.

[0008] US Published Application 2005/0272827 discloses a catalyst used In
hydrogenation and Fischer-Tropsch reactions composed of cobalt on a titania coated
support. The titania coated support is formed by conventional impregnation
techniques using organotitanate compounds and organic liquids to achieve its
coatings. Such processes require expensive organic starting compounds and liquids
that call for special techniques and equipment (e.g. explosion proof equipment, etc.)
which makes the process prohibitive for commercial application.

[0009] US Patent 7,169,433 discloses a process of coating a base particle,
such as iron, by forming an aqueous suspension of the base particle having a pH of
between 7 and 12, adding a hydrogen peroxide/ammonia solution also having a pH
of from 7 to 12 and containing peroxotitanic acid. As the peroxotitanic acid solution
IS Introduced into the suspension, it decomposes and forms a titania film coating on
the base powder.

[0010] Japanese Laid Open Application 2000-345072 discloses a method of
forming a blue powder having smooth surfaces. The powder is formed by first
coating iron magnetite powder with silica followed by precipitation of preformed
titania. The titania was initially formed from an aqueous solution of titanyl sulfate
held at a buffered pH of 5.4 and elevated temperature to cause the water to
hydrolyze the titanyl sulfate to titania. Very dilute amounts of the titania formed
solution was then contacted with the silica coated magnetite under ultrasonic
agitation to provide a coating thereon.

[0011] Vapor deposition using titanium tetrachloride has been suggested (See
US Patent 4,459,372) to achieve a uniform coating of titania. However, such a
process Is not commercially desirable due to the handling problems associated with
titanium tetrachloride reactant and the elaborate equipment required for vapor

deposition processing. Further efforts to produce a titania cladding has included

_3-



CA 02777021 2012-04-05
WO 2011/043995 PCT/US2010/051072

chemical vapor deposition of titania onto the surface of alumina (See US Published
Application 2005/0129601; US Published Application 2003/0143421 and US Patent
7022640). Again such a method requires elaborate equipment and processing.
[0012] The present invention brings together both of the beneficial aspects of
the materials forming titania clad alumina particulates and the feasible and cost
effective method steps that readily forms an improved final catalyst capable of
exhibiting high sulfate resistance, durability, and catalyst activity after exposure to
high temperatures and processing or exhaust streams containing sulfurous
materials. The present invention is directed to an economical and commercially
feasible method to form a highly dispersed, substantially uniform layer of titania on a
support oxide composed of the thermally stable alumina. Further, the presently
achieved titania cladding has dimensions that allow it to be formed on the surface of
the alumina without causing blockages of its pores to, thus, substantially retain the
high surface area of the initial alumina particulate.

[0013] It iIs desired to provide an economical and commercially feasible
method to form a titania clad 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.

[0014] It Is further desired to form an alumina catalyst support having titania
cladding on the support’s surface. The cladding should be substantially continuous
over the surface of the alumina, cause no or only minor reduction of the surface area
of the porous alumina (e.g. by not clogging the pores) and provide high efficiency to
tolerate the presence of sulfur and sulfurous compounds and agents.

[0015] It has been presently found that alumina particulate material clad with
titania formed according to the present invention provides a support for noble-metal
catalysts. The resultant supports exhibit enhanced sulfur tolerance in comparison to
supports having the same titania content formed by conventional impregnation or co-
precipitation methods. The method of the present invention provides an economic
and commercially feasible method of forming the desired titania clad alumina support
product.

[0016] The method of the present invention permits the economical formation

of desired alumina support and resultant catalyst for effectively treating emission
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product streams of internal combustion engines, especially diesel fuel engines, as
well as other applications. The thin, substantially uniform nature of the titania
cladding achieved by the present invention allows for improved mass transfer while
not iImparting bridging of the pore surfaces which would reduce the porosity of the
alumina core. All of the benefits can be achieved using readily available, easily
handled and processed materials and steps to, thus, provide an economic,

commercially feasible method described herein below in full.

Summary of the Invention
[0017] The present invention is directed to a method of forming titania clad,

high surface area alumina suitable as a support for noble metal catalysts and to the
product thus formed. The titania clad product of the present method and catalysts
formed therefrom exhibit high resistance to poisoning by sulfurous materials. The
resultant product is especially useful in applications directed to internal combustion
engine emission conversion.

[0018] Specifically, the present invention is directed to a novel, commercially
feasible and cost effective method of forming high surface area alumina particulate
having from about 1 to 50 weight percent, preferably from 5 to 40 and most
preferably from 10 to 30 weight percent titania with respect to the resultant support in
the form of a thin, substantially uniform titania cladding on the surface of the alumina.
[0019] The resultant titania clad high surface area alumina particulate formed
according to the present invention unexpectedly exhibits enhanced efficiency In
sulfur tolerance of less than about 40 pg/m® as shown by normalized sulfur uptake
(NSU) described herein below. The achieved NSU efficiency is about two fold
greater when compared to supports formed by conventional impregnation
techniques. Thus, the present method provides a resultant supported catalyst
having superior performance and effective life in comparison to that of alumina
support having the same weight percentage of titania thereon formed by
conventional techniques.

[0020] In addition, the titania clad alumina particulate material formed
according to the present invention provides a support wherein the titania remains In
an amorphous state even after subjection to high temperatures, such as those used

In calcining of the support product.
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[0021] The method of the present invention comprises forming a slurry of
porous alumina particulate suitable as a catalyst support for an intended application,
mixing said slurry with a solution of titanyl sulfate having a pH of about 1, increasing
the pH of the slurry mixture at a slow controlled rate of from 0.005 to 0.5 pH unit per
minute by the addition of an dilute aqueous solution of base to raise the pH of the
slurry to about 3.5 to 4, separating the treated porous alumina particulates and
washing same free of sulfate ions followed by drying and calcining the resultant
particulates to produce titania clad alumina product. Such material can be

subsequently coated with a noble metal to form a desired catalyst material.

Detailed Description
[0022] The support formed by the method of the present invention is generally

In the form of particulate comprising alumina having a cladding of titania thereon.
[0023] The present invention is directed to a method of providing an improved
alumina support that is highly resistant to poisoning by sulfurous materials. The
method fully described herein below is useful in forming a support for noble metal
exhaust catalysts having enhanced tolerance to the presence of sulfurous materials
normally found in emission product streams of internal combustion engines and the
like.

[0024] The following terms, used in the present description and the appended
claims, have the following definitions:

[0025] The term “support” refers to a material onto which an active catalytic
material is applied. In the present invention, the support product achieved by the
present process comprises a high surface area, titania clad alumina particulate
capable of having catalytic amounts of metals , e.g. noble-metal deposited on its
surface.

[0026] The term “particulate” refers to shaped particles in the form of powder,
beads, extrudates, and the like. In this teaching, it is used in reference to cores,
supports as well as the resultant supported noble metal products. The particulates
of alumina useful in the present process normally have particle size of from about 1
to about 200 um.
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[0027] The term “alumina” refers to any of the forms of aluminum oxide alone
or as a mixture with small amounts of other metals and/or metal and non-metal
oxides.

[0028] The term “core” refers to alumina particulate prior to cladding according
to the present invention. Such unclad alumina particulate material has been utilized
as support material by the prior art.

[0029] The term “coating” refers to a surface covering which is in the form of a
discontinuous coverage of irregular thickness on core particulates. Coatings are
conventionally formed by impregnation and co-precipitation processes known in the
art and are of relatively thick, irregular design. Where the coating exists, it
commonly has a thickness of at least about ten (10) molecule (titania) thickness.
With respect to titania coated alumina products, the coating can be viewed as a
discontinuous film on the alumina substrate as shown by the high normalized sulfur
uptake (NSU) exhibited by coated products.

[0030] The term “cladding” or “clad” refers to a surface covering which is in the
form of a relatively thin (e.g. a mono-, di- or tri-molecular layer, substantially uniform
and continuous coverage on alumina core particulates. Normally, the thickness is
less than half of the average pore diameter of the pores of the alumina support and
generally 1s a thickness of from 5 to 50 Angstroms, preferably from 5 to 25
Angstroms. Thus, a clad support provides a distinctly more efficient coverage per
unit of the deposited material than attainable by coated products formed by
conventional impregnation or co-precipitation methods. Clad particulate material
exhibit lower NSU values (defined below) than titania-coated alumina product having
the same weight percent titania formed by conventional impregnation techniques.
[0031] 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. alumina]) or absorption (the ability to hold or
concentrate gases, liquids or dissolved substances throughout the body of the
absorbent [e.g. alumina]) or both, which can be conducted either by chemical
reaction of an ionic, covalent or mixed nature or by physical forces.

[0032] The term “sulfurous matenial” refers to sulfur, sulfur oxides and

compounds and species containing sulfur atoms.
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[0033] The present process readily provides an improved support composed
of high surface area alumina particulate having a titania cladding thereon in sufficient
amount and form to exhibit superior inhibition to adsorption of sulfurous material, as
fully described herein below.

[0034] The alumina may be selected from any form or mixtures of aluminum
oxide desired for the particular application contemplated. It is long been known that
alumina i1s not simply represented by the formula Al,O3. Instead such materials
usually are "hydrates” in the sense that they contain varying amounts of water which
can be removed by treatment to elevated temperatures. In large part the “hydrates”
are manifested as surface hydroxyl groups , themselves important modifiers of the
surface properties of the alumina. Further, it is well known that alumina or aluminum
oxide occurs Iin various crystalline 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 (a preferred material);

. 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 1s prepared by a variety of
routes such as the addition of ammonium hydroxide to an agueous solution of
aluminum chloride. The material initially precipitates as an amorphous floc, which
rapidly converts to crystalline Bohmite. Alternately, it 1s prepared by reaction of

aluminum sulfate with sodium aluminate:

° aluminum trinydate 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.

[0035] Although any of the above aluminas may be utilized, the preferred

alumina for use as a core In forming the support by the present invention is selected
from delta-alumina, gamma-alumina or mixtures thereof.

[0036] 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 such as magnesia, calcia, nickel oxide, zinc oxide,
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silica and the like with lanthania 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 5
welght percent of the high surface area alumina particulate core material (prior to
cladding according to the present invention).

[0037] 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 i1s well known to the artisan.

[0038] he high surface area alumina particulate may be in the form of
powder (preferred) having a average particle size of from about 1 to 200 ym,
preferably from 10 to 100 ym; or beads having an average particle size of from 1 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.

[0039] 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 m?/g, such as
from about 20 to about 400 m?/g, preferably from about 75 to 350 m*“/g and more
preferably greater than 100 m2/g, such as from 100 to 250 m2/g. The core alumina
particulate 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 greater than 100 Angstroms, such as from 100 to
500 Angstroms and more 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, for example, an emission stream to provide
effective catalytic conversion of the noxious products to more benign emission
products or a reaction stream to enhance the catalytic reaction rate.

[0040] 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).

[0041] Alumina particulates, suitable as a core for the present clad support
product, are commercially available. However, particular design criteria (such as use
of particular dopant, particulate pore volume, and the like) for a particular application

may require fabrication of the alumina particulate by known methods.
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[0042] It has been previously suggested to combine alumina with titania either
by co-precipitation or impregnation techniques to achieve a support product. As
discussed above, alumina supports having fixed amounts of titania, 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 titania-
clad alumina achieved by the present invention.

[0043] When the titania is made part of the support by conventional
iImpregnation techniques of the prior art (See, for example, US Patent 4705770), the
titania is deposited on the surface of the alumina core particulate. In this case, the
titania provides a patch-like pattern of relatively thick, discontinuous coverage which
results in lower ratios of titania to alumina surfaces with respect to the resultant
product. Further, the titania coatings formed by impregnation tends to cause
blockages of the pores of the alumina and, thus, reduce the surface area of the
resultant coated support.

[0044] It has now been found that alumina core particulate can be clad by a
commercially feasible and economic method with small amounts of titania to provide
a support that exhibits a high tolerance to the presence of sulfurous materials per
unit of titania relative to titania coated alumina. The method of the present invention
provides a support product capable of forming, in commercially desirable manner, a
catalyst having an extended useful life for emission control. The formation of the
present titania clad alumina particulate has been accomplished by the application of
certain specific combination of process parameters, as fully described herein below.
[0045] The alumina particulate is first formed into an aqueous slurry in which
the solid concentration is within the range from 1 to 30, preferably from 2 to 20 and
most preferably from 5 to 15 weight percent. The slurry should be sufficiently fluid to
readily allow mixing of the slurry with the titanyl sulfate solution described below.
The specific concentration used within this range will depend on the physical
properties (e.g. surface area, void volume, etc. as well as particle size and shape) of
the alumina forming the slurry. The concentration should be such that mixing of the
slurry can be readily accomplished.

[0046] The slurry can have a temperature ranging from ambient to 100°C,
preferably from 20° to 50° C and most preferably from 20° to 35°C. Although

elevated temperature conditions may be used, they are not required. Higher
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temperatures may be used but require the use of pressurized vessels. The
iIncreased equipment and handling costs to provided elevated temperatures above
that indicated above are not necessary.

[0047] An aqueous acidic solution of titanyl sulfate is used. The pH of the
solution should be from 0.5 to 1.5 with 0.9 t0 1.2 being preferred. The acid providing
the pH Is preferably sulfuric acid although other inorganic acids, such as nitric or
hydrochloric acid or mixtures thereof may be used. The titanyl sulfate material
should not be associated with organic anions, such as alkoxides and the like. The
concentration of the titanyl sulfate (as titania) should be from 1 to 30, preferably from
10 to 30 and most preferably from 20 to 30 weight percent in the solution. Although
it 1s preferred to cause the solution to have a temperature substantially the same as
that of the alumina slurry prior to mixing of the solution with the slurry, this condition
IS not required.

[0048] The amount of acidic titanyl sulfate agueous solution to be introduced
iInto the alumina slurry will depend on the concentration of titanyl sulfate in the
solution and the amount required for cladding. The amount required can be readily
calculated based on the knowledge of the surface area of the alumina being used,
the titanyl sulfate to titania molecular weight conversion and the desired cladding
thickness to be part of the resultant clad alumina product. This amount can be
readily calculated by the artisan.

[0049] Normally, the amount of titanyl sulfate used with respect to the solution
(calculated as titania) to total oxides (i.e. alumina + titania) of the resultant clad
product should be from 1 to 50, preferably from 5 to 40 and most preferably from 5 to
30 weight per cent. The appropriate amount can be readily determined by the
artisan.

[0050] The aqueous solution of titanyl sulfate is mixed with the alumina slurry
to form a uniform mixture of the materials. The temperature of the mixture should be
sufficient to maintain the titanyl sulfate in solution. Such temperature 1s normally In
the range of from ambient to 100°C preferably from 20° to 50 *C and most preferably
from 20° to 35°C. The mixture should be maintained within this temperature range
for a period of time of from about 1 to 120 minutes, preferably from about 1 to 30
minutes and most preferably from about 1 to 15 minutes while maintaining sufficient

agitation to cause and maintain a uniform mixture.
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[0051] During the initial agitation, if necessary to maintain the pH at from 0.5
to 1.5, the mixture may be treated with a water soluble acid in sufficient amounts to
cause the pH of the mixture to be about 1 with a pH of from 0.5 to 1.5 with from 0.9
to 1.2 being preferred. The acid may be selected from any inorganic mineral acid
with sulfuric acid being preferred.

[0052] It is believed, though not meant to be a limitation on the claimed
iInvention that at the low pH described above, the titanyl species can be generally
represented by the stoichiometry specie [TIOSO4]'-nH>0. The actual nature of the
titanium-containing species in titanyl sulfate solutions is actually not well determined.
Cotton and Wilkinson (Advanced Inorganic Chemisty, 4" edition, p. 696) state that
there are infinite zigzag -Ti-O-Ti-O- chains with coordinated sulfate groups and
water. The species that are likely to be present in concentrated aqueous sulfate
solutions can also be inferred from the crystal structure of solid titanyl sulfate
monohydrate (Gatehouse, et al., Acta. Cryst. (1993) B49, 428-435). These studies
show that the structure consists of chains of [Ti-O],°™ groups in one dimension that
are linked by sulfate groups to form the three-dimensional structure. The titanyl
species present at the low pH at the commencement through termination of the
present titration may be attracted to the alumina through displacement of the
coordinated sulfate and condensation of the unsaturated titanium centers with
hydroxyl groups located throughout the surface of the alumina. The above leads to
the consideration that the species present in the highly acidic titanyl sulfate solutions
required by the present process are unique and can not be attained in other ways.
[0053] The mixture forming the acidic slurry is then treated with an aqueous
solution of a base. The base can be selected from an inorganic base or organic
base with inorganic bases being preferred. Examples of suitable inorganic bases
are ammonium hydroxide, ammonium carbonate, ammonium bicarbonate, an alkal
metal hydroxide or carbonate or bicarbonate or an alkaline earth metal hydroxide,
carbonate or bicarbonate or mixtures thereof. Alternately, water soluble, organic
bases may be used as, for example, quaternary amines such as tri(C+-Cs)
alkylammonium compounds as well as mono-, di- and tri-(C1-C3) alkanolamines.
Preferred bases are weak inorganic bases, such as a base selected from ammonium
hydroxide, ammonium carbonate and ammonium bicarbonate. The base should be

added at a substantially constant rate to cause the pH of the mixture to rise to a pH
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of between 3.4 and 4 (e.qg. 3.5 to 4), preferably between 3.5 and 3.7 and most
preferably up to about 3.6. The addition of the base should be conducted at a
substantially constant, slow rate with continuous mixing to cause uniform distribution
of the base throughout the mixture. In general, the addition of the base should be
such as to raise the pH of the mixture at a rate of from 0.05 to 0.5 pH unit per
minute, preferably from 0.05 to 0.25 pH unit per minute. High rates of addition

should be avoided.

[0054] he resultant mixture is allowed to age at the terminal pH of 3.4 to 4 for
a period of time of from about 10 to 120 minutes (e.g. 15 to 60 minutes) with from 30
to 60 minutes being preferred. If the pH of the resultant mixture fluctuates to a pH
outside of the indicated pH range, it should be adjusted to be within the indicated
range during the aging period.

[0055] The pH adjustment of the mixture can be performed at any
temperature, such as from ambient to 100°C, with from 20° to 50°C being preferred
and 20° to 35°C being most preferred.

[0056] The formed clad alumina particulates may then be separated from the
slurry by filtration (preferred), decanting of excess liquid or the like or may be allowed
to remain in the slurry while being washed to remove the sulfate anions. The
washing may be conducted using hot water or an aqueous solution of a base, such
as ammonium hydroxide, ammonium carbonate, ammonium bicarbonate (preferred),
an alkall metal hydroxide or mixtures thereof. The pH of the wash solution should be
from about 7 to about 11. Normally the volume amount of wash solution used to
treat either the slurry or the solid clad alumina particulate material i1s in excess of the
volume of initial slurry used, with from 2 to 4 times, preferably from 2.5 to 3.5 times
being preferred. The exact amount may be readily determined by the amount of
wash solution required to provide a product that is substantially free of sulfate. Itis
preferred to cause the product having less than 0.5, more preferably less than 0.3
and most preferably less than 0.2 weight percent sulfate. The appropriate amount of
wash solution will depend on the amount of titanyl sulfate used in the nitial steps of
the process, the type and concentration of base used in the wash solution
determined to provide a product substantially free of sulfate. Such amount can be

readily determined by those skilled in the art by analytical means.
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[0057] The washed product may be formed into a powder product by spray
drying, flash drying, drum drying or the like. The substantially dried powder product
IS then calcined at elevated temperatures of from 400° to 1000°C with from 600" to
300°C being preferred. This calcination is normally conducted for a period of from
about 15 minutes to about 8 hours, with from 1 to 4 hours being preferred and from 1
to 2 hours being most preferred. The resultant powdery product is titania clad
alumina. The surface area of the product is substantially the same as that of the
starting alumina.

[0058] It has been further unexpectedly found that the titania cladding formed
according to the present invention remains in an amorphous state even when
subjected to calcining temperatures of up to about 750°C although prior art has
Indicated that titania forms into its anatase crystalline form at much lower
temperatures. This may be further evidence of the thin, spread out nature of the
titania cladding presently formed.

[0059] The present process forms a highly desired titania clad alumina
particulate product using readily available materials, which are treated under easily
attained conditions. The present process does not require elaborate equipment,
such as explosion proof reactors and the like, the use of hard to handle materials,
such as titanium tetrachloride nor the use of costly reactants, such as organotitanyl
compounds. Thus, the present process provides a cost effective, commercially
feasible process that provides an enhanced titania clad alumina particulate that is
resistant to degradation by sulfurous materials.

[0060] The resultant product is a high surface area alumina particulate having
titania cladding thereon. Unlike prior titania 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 pore walls to result
In pore blockages).

[0061] The aqueous titania solution used to contact the alumina particulate
should have sufficient concentration of titanyl sulfate to cause the resultant clad
alumina product to have from 1 to 50 weight percent titania (TiO3), preferably from 5
to 40 and most preferably from 5 to 30 weight percent titania based on the total

weight of the resultant product. Because of the uniformity of the cladding over the
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surface of the alumina particulate, low amounts of titania, 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 titania clad
alumina of the present invention is a product having a low normalized sulfur uptake
(NSU), as described herein below, of less than about 40 pg/m®. It is preferable to
have the titania clad alumina have a NSU of less than about 35 pg/m“and NSU
values of less than 20 pg/m? can be readily achieved.

[0062] Further, the titania clad alumina of the present invention is a product
that has a percent reduction in normalized sulfur uptake (i.e. efficiency) when
compared to that of unclad alumina that is at least about twice the percentage
achievable with the normalized sulfur uptake of titania coated alumina product
attained by conventional impregnation processes. The efficiency value achieved by
the present product is at least about 45 percent.

[0063] 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. SO2) normally associated with emission product stream of internal combustion
engines and the like. Itis believed, although not mean to be a limitation on the
presently claimed invention, that the presently formed titania clad alumina product is
achieved by heterogeneous precipitation, i.e., precipitation on the alumina support.
When other techniques are used to form a titania modified alumina, such as
iImpregnation or homogeneous precipitation, the titania forms a coating of a
discontinuous form wherein there is large amounts of: 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 titania particles formed by
homogeneous nucleation of the coating material (which contaminates the product
with small particles of the titania material).

[0064] The method of the present invention described above has been
unexpectedly found to readily achieve a titania clad support product having a high
efficiency which resists sulfur adsorption while retaining hydrothermal stability. The
uniformity and breadth of coverage of titania over the alumina surface can be shown
by the effectiveness 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
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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% SO5,) 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 1s equilibrated, at which point, no more
uptake 1s 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%)
100x54

where SU Is the sulfur uptake in weight percent measured after 120 minutes of time-

NSU =

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

[0065] A direct comparison of the titania clad products of the present invention
to that of an unclad alumina products (NSUy) or a titania-coated alumina product
having the same weight percent titania formed by conventional impregnation
techniques (e.g. slurry impregnation) shows that the present titania clad alumina
particulate 1s superior in sulfur tolerance to that of its coated counterpart. In general,
the presently formed titania clad alumina support (NSU+ia) has efficiency, as defined
herein below, of at least 45 % and in most cases about 50 percent higher than
comparable uncoated alumina support products. Further, this percentage Is about
two fold or greater than comparable titania coated alumina formed by impregnation
techniques.

[0066] The percent normalized sulfur uptake efficiency () of an alumina
having a coating or cladding of titania thereon (NSU+ja used herein below
represents titania clad or coated product) is calculated by the following formula:

¢ = 100-(NSUa -NSUri/al)

[0067] The resulting titania clad alumina particulate, especially when in the
form of a powder of from 1 to 200 um, preferably from 10 to 100 um, 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
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forms include monoliths, honeycomb, wire mesh and the like. The substrate
structure is normally formed of a refractory matenal such as, for example, alumina,
silica-alumina, silica-magnesia-alumina, zirconia, mullite, cordierite, as well as wire
mesh 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 wash coating 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 titania clad high surface area alumina
particulates of the present invention to the substrate structure.

[0068] Noble metals, usually the metals of the platinum group, such as
platinum, palladium, rhodium and mixtures thereof, can be applied to the present
support in manners well known to those skilled in this art either before wash-coating
the titania clad alumina particulate onto a substrate using a suitable conventional
noble metal precursor (acidic or basic), or after wash-coating by dipping in a suitable
noble-metal precursor soluticn (either acidic or basic). These noble metal catalysts
are described in DE-05 38 30 318.

[0069] The preferred method is to first form the titania clad alumina followed
by application of the noble metal thereto and, finally, to wash-coat the material onto a
substrate.

(0070] Additional functionality can be provided by mixing the titania-clad
product with other oxide supports like, magnesia, ceria, ceria-zirconia, rare-earth
oxide-zirconia mixtures etc, and then wash-coating these products onto a
honeycomb substrate.

[0071] 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 intemmal 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
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environmentally acceptable materials. When using a catalyst formed with a support
provided by the method of the present invention, one achieves a catalyst system
having extended active term and of higher overall activity than would be achieved
with catalysts having supports either with no titania or with titania-alumina formed
from conventional co-precipitation or impregnation techniques.

[0072] 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 detalls 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.
[0073] 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.

EXAMPLES

Comparative Core Material Example 1-CM

Q0T 4] & commercial lantnana (4 wit) doped y-aluming {race Davison Grade Mi-

356) having a BET surface area of 182 mig and pore volume of 0.77 cofg, was tested for
suifur uptake by loading 50mg of sample into a thermo gravimetric analyzer (TGA).
The sample was 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% S0O,) 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. The sulfur uptake was measured as a
function of time over a 120 minute period. The Sulfur Uptake (SU) as a percentage
of weight gained after 120 minutes of time-on-stream was calculated and the
normalized sulfur uptake (NSU) was also calculated to be suifur upiake {(SU} aGua

101,258 wi% and NSU squal to 88.7 ug/m®and is reported in Table 1 herein below.

Comparative Core Material Example 2-CM

FOT S A commercial ianthana (4 wit ) doped v-alumina Grace Liavison Grade Mi-

386 was lested for sullur uplake in the same manner as desoribad in Example 1 herain
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above except that the sample was first calcinations at 1000°C for 2 hours in g muffle
furnace. The BET surface area of the calcined sample was 135 m/g. The sulfur upiake
(S was 0.97 wits and NSU was 71.9 ug/m -sample and these resulls are reported in

Table 1 heram baeiow.

Comparative Core Matenal Example 3-CM

V8] A commercial undoped y-aluming (Grace Lavison Grade Mi-307 ) was

tested for suifur upiake i INe Same Manner a8 desonbaed i Exampis 1 Rerein apove.

The sample was analyzed © have 2 BET surface area of 175 mYg and the pore volume
was U.7700/g. The sulfur uptake (SUYwas 081 wi¥% and NSU was &5 ;.sgm‘e:‘lsan‘a OIS

and inase rasuils are reportad in Tabie 1 harain balow.

Comparative Core Material Example 4-CM

7T & comimercial unaoped S-aluming {Grace Davison rade Mi-407 ) was

tesied for sulfur upiake In e same Mmanner as descrbed in txampis T hersin above.

The sample was analvzed to have a BET surface area of 123 m%g. The sulfur uptake
(SL) was (.86 wi%h and NSU was 53.6 ug/m=sample. These resuls are reportad in

Table 1 hareain helow.

Comparative Coated Example 1-C

FROT 8] A 5% TiO; coating on alumina (MI-386) was prepared as follows. 10
parts of MI-386 was slurried in 40 parts of water. 2.5g of titanium dioxide sol
(Millenium Chemicals) containing 20 wt% T102 was added to the slurry with constant
stirring. The mixture was evaporated to dryness on a hot plate with constant stirring

to get a free flowing powder. The powder was then calcined at 700°C for 2 hours.

The sample was analyzed to have a BET surface area of 184 m?/g. The sulfur uptake
(SU) was analyzed in the same manner as described in Example 1-CM and
determined to be 0.97%, and have an NSU of 52.7 ug/mi~-sampie. Thasea rasulls arg

reported i Tadie 1 herain balow,
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Comparative Coated Example 2-C

{4 A 1% Tile coating on aluming (Mi-388 ) was preparad in the same manner

4% descnbed in Comparative txampie 1-0, except that 5.0 g of Trsolution was added 1o

a stury containing Y.48 parts of aluming particuiate (Mi-3886). The powder was then

calcined at 700°C for 2 hours. The sample was analyzed o have g BET surface areg of
179 m“/g. The sulfur uptake (SU) was analyzed in the same manner as described in
Example 1-CM and determined to be 0.94%, and have an NSU of 52.5 wigim®™

SEMIDS. T HOSe rosuils ars reporiad i 1abig 1 harain Delow.

Comparative Coated Example 3-C

{ OS] The sample was preparad in the same manner as descnbsd n

Comparative Example 2-C, except that the sample was calcined at 1000°C for 2 hours.

The sampie was analvzed o have & BT surface arsa of 129m2/g. The sulfur uptake
(SU) was analyzed in the same manner as described in Example 1-CM and
determined to be 0.82%, and have an NSU of 63.6 ug/m*sampie. These rasulls are

raporiad i Tabis 1 heremn below,

Comparative Coated Example 4-C

G811 A 20% Ti0, coating on alumina (MI-386) was prepared in the same
manner as described in Comparative Example 1-C, except that 10 g of Ti-sol was
reslurried in a slurry containing 8.42 parts of alumina particulate (MI-386). The
powder was then calcined at 700°C for 2 hours. The sample was snalyzed ©© have 3
BET surface area of 169 m?/g. The sulfur uptake (SU) was analyzed in the same
manner as described in Example 1-CM and determined to be 0.94%, and have an

NSU of 55.6 ua/m*-sample. These resulls are reported in Table 1 herain below,

Comparative Coated Example 5-C

B A 30% TiG: coating on alumina (ME386) was preparad in the same

manner as described n Comparative bxampie -0, except that 15 g of Ti-sol was
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resiumed in a stury containng 7.30 parts of alumina particuiate (MI-380). The powder
was then calcined at 700°C for 2 hours. The sample was analyrad io have a BET
surface srea of 163m°/g. The sulfur uptake (SU) was analyzed in the same manner
as described in Example 1-CM and determined to be 0.81%, and have an NSU of

q_._l (

50.0 ugim“-aampie. These rosulls are reportad in Table 1 herain balow.

Comparative Coated Example 6-C

DRG] A 1% Tild: coating on aluming (ME307) was prepared in the same

MANNEr as dascnbed n Comparative bxampie -0, except thal 5.0 g of T80 was
resiurmed in g slurry containing 8.48 parts of aiuming (Mi-307)3. The powder was then
calcined at 700°C for 2 hours. The sample was analyzed to have a BET surface area of
169m?/g. The sulfur uptake (SU) was analyzed in the same manner as described in
Example 1-CM and determined to be 0.71%, and have an NSU of 42 ;;g,fmgwsam;:ﬁa
THese resulls arg reportad in Table 1 harein Deiow,

S xampie 1
KR A nominat 20 wit% tilania claddad alumina was prapared as follows.

21.05¢ of commergiatl lanthana 4.0 wi% ) dopsd alumma {(Grace Davison Grads
M- 258 was stumied in 225¢g of hwaler,  To this siumry, 54.7¢g of g tHany! sulfate
sgiution {sguivaiant to 8.17wiS T2 was pumpsd inlo the alumina slurry at a flow
rate of & oofrain, The oM of the resuitant miklure was 1.0 and the temperaiure of
the slurry was maintamned with stirmng at 257C tor 30 minudes. A SN N DM
SOHON was Ihen added dropwise 1o maintain a pi rate noreass of aboul .08

oF inorgasaiminuie unlii the pH reached 3.5, The siurry was hen shirrad for an
PO

REE Y The resultant slurry was then fiiterad and the filtar cake was
washed with 1200 mi of a2 1% ammaonium Bicarbonate selution foilowead by 300 mi
of hot L water, The resuilant soiid material was anaiveed 1o have less than 0.04
welight percent sulfate contamination.

{RO8E] Tne rasuitant filler cake was resiumied mn D waler and spray dried

\r‘-\n1

al 100°C. The spray-driad powder was caloined at 700°C for fwo howrs, Ths

caloined powder was analyzed 1o have a BET surface ares 0f 170 m%/g. The sulfur

uptake (SU) was analyzed in the same manner as described in Example 1-CM
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and determined to be 0.59 wt.%, and have an NSU of 34.7 pg/m“sample.

These resulls are reportad i Tabia 1 hearain Delow,

[0087] 1S S2MPie 0a8n rectly compared wilh Sampias of txampies i-
CAL and 4-C. The anabvlical resulls show that the present ¢lad matenial has
much iower NGU than the unciad matanal (08,7 v, 34.7} and aiso 1.0 foid iowear

NSU whan compared 1o the conventionally coated sample of 4-C {55.6? Ve, 3471

..'f..

the ceated proquct (19 v, 481

Example 2

LEY: A nominal 0% tania clad aluming was prepared in he same way &

cxample 1, except thal 18.42¢ of anthana doped alumina (M350 was used and 1o
which 1.8 of titanyt sulfate was added. The siurry was washed, spray aned and
catcinged at 700°C in the same manner as describad in Example 1.

L OERY 1he caloined powder was anahyzed 1o have 8 Bkl surface grea ¢f
160 m?/g. The sulfur uptake (SU) was analyzed in the same manner as
described in Example 1-CM and determined to be 0.55 wt.%, and have an NSU
of 34.3 ug/m=sampls. These resulls are reportsd in Tabie 1 herein balow.

[0090] TS Sampia can o directly compared with Sampias of Exampies 1~
GRE and 500 The analvlical resuils show that the present olad meatenad hag a
much ower NGU than the unciad matenal (88,7 vs. 34.3) and also almost a 1.5
foid iower NGU when compared 10 the conventionally coated sample of 4.0 {50
Ve, 24031 In addiion the efficiency of the prasent olad product 18 about 2.0 oid

graater than tihe coated proguct (47 vs. DU L

Example 3
LETEEE: A nominal 10% tiana ciad aluming was prepared in the same mannear
a5 descriped in BExample 1, except that 23.7¢ of aluming {(Mi-280) was used and i
winCh 27.3g of bamd sulfalte was added. The shumy was washed, spray dned ang
calcined at 700°C in the sama marnner as descoribad in Example 1.
Q0HE] The caicined powder was analyzad 0 have a Bl surtace ares of

175 m°/g. The sulfur uptake (SU) was analyzed in the same manner as
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described in Example 1-CM and determined to be 0.62 wt.%, and have an NSU

of 35.4 ugfm*sample. These resuils are reported in Tabis 1 herein below.

X

OIS TS sample can e directly comparad wiih Sampias of xampies 1-
CM and 2-C. The anabstical resulls show that the present clad maternial has

much owear NSU than the undiad maderal (88,7 vs. 35.4) and also aimost a 1.5
foid lower NSU whean comparad o the conventionally coated sample of 4.0 {(82.5

VE., 3040

Lrampie 4
LE A nominal 10% titania clad alumina was prepared in the same way
as Example 3, except that undoped v-aiuminag (MI-307 of Grace Davison) was
used. The slurry was washed, soray dried and calcined 2t T00°C in the sams
MANNer 48 descniped N exampis 1.
LG The caloined powder was analyzed 1o have a BT surtace area of
167 m°/g. The sulfur uptake (SU) was analyzed in the same manner as
described in Example 1-CM and determined to be 0.24 wt.%, and have an NSU
of 14.4 yg/m--sample. These resulls are reported in Table 1 herein balow.
LEHY This sample can e directly compared with Sampies of bxampiss 3-
Lad and ool Tne anabvtical rasuiis show hat the prasent clad malanai has &
much Dwear NSU than the unciad matenal (52 v, 14,4} and also aimost & thres
Toid ower NSU when comparad 1 the conventionatiy coatad sampie of £ (44
va, 44} In addiion the efficiency of the present clad product s about 3.8 1ol

agraater than the coated product (18 vs. 74.3).

Example 5
Ly A nominat 10% ttama clad aluming (Mi-307) sampie was prepared in
the same manner s desaribed in Example 4 except that it was calcined at 1000°C
for 2 hours.
{ BOGE) The caicined powder was analyzed o have a BET surface area of 66
m°/g. The sulfur uptake (SU) was analyzed in the same manner as described in
Example 1-CM and determined to be 0.09 wt.%, and have an NSU of 13.7

sg/m-sample. These resulis are reported in Table 1 herein below.
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Laampie b
LHES A nominal 10% titania clad alumina was prepared in the same way as

Example 3, except that undoped & -aiumina (MI-407 of Grace Davison) was used.
The slurry was washed, spray dried and calcined at 700°C in the same manner as

gescrbad i Exampia S

RENREH The gaicinad powder was analyzed o have g BT surtace area of
108m*/g. The sulfur uptake (SU) was analyzed in the same manner as
described in Example 1-CM and determined to be 0.17 wt.%, and have an NSU

of 17.6 ug/m -sample. These resulis are reporied in Table 1 herain halow,

Example 7

3101} A nominal 10% titania clad alumina was prepared in the same way as
Example 6. The siurry was washed, spray dried and caicined in ihe same mannser 3s
described in Example 3.except thaet the caloinations was conducied at 1000°C. The
caloined powder was analyzed to have a BET surface area of 67m°/g. The sulfur

uptake (SU) was analyzed in the same manner as described in Example 1-CM and

are raporad in Table 1 haramn bhelow,

[0102] Table 1 below shows that all of the titania clad alumina products
formed according to the present invention exhibited approximately two fold or greater
NSU and efficiencies over the coated samples formed by conventional slurry

Impregnation.
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Table 1
Example THania | Alumina Calcinalion Surface NoU Percent
No. {¥9) Temp ArED ALY Reduction
o0 (o) - in NSU
S (%)
Core Naternal
- 0 MI-386 - 182 68.7
2L 0 MI-386 1000 135 71.9
3~ 0 MI-307 - 175 52
G-{ 1 0 MI[-407 - 123 53.6
L0ated
1-C D W358 700 184 52.7 23.2
2-C 10 MI[-386 700 179 52.5 23,3
3-C 10 MI-386 1000 129 63.60 7.5
4-C 20 MI[-386 700 169 55.60 19.0
5-C 30 MI[-386 700 103 50 27.2
o-C 10 MI-307 700 169 47 19,2
Clad
1 20 MI-386 700 170 34.7 49.5
2 30 MI[-386 700 160 34.3 50.0
3 10 MI[-386 700 175 35.4 48.5
4 10 MI-307 700 167 14.4 72.3
5 10 MI-307 1000 00 13.7 73.60
6 10 MI[-407 700 108 17.6 67.2
{ 10 MI[-407 1000 Y 14.7 /2.0
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What is claimed 1s:

1. A method of forming a titania clad alumina particulate comprising:

a)

mixing an aqueous slurry of from 1 to 30 weight percent alumina particulate
with an aqueous solution of titanyl sulfate having a pH of from 0.5 to 1.5 for a

period of time to provide a uniform mixture;

b) raising the pH of the mixture at a rate of from 0.05 to 0.5 pH unit/minute to a
resultant pH of between 3.4 and 4 by the addition of an aqueous basic solution;

c) allowing the resultant slurry to remain at said resultant pH for a period of from
10 to 120 minutes;

d) removing sulfate ions from the treated solid particulate to form a material
containing less than 0.5 wt% sulfate;

e) drying the solid particulate followed by heating said solid particulate at from
400 to 1000 C for a period of from 15 to 480 minutes; and

f) recovering solid titamia clad alumina particulate.

2. The method of Claim 1 wherein the imitially formed uniform mixture of alumina

particulate and titanyl sulfate has a concentration of titanyl sulfate in a ratio of titanyl

sulfate, calculated as titania, to total oxides of from 1 to 50 and has a pH of from 0.5 to

1.5.

3. The method of Claim 1 wherein the pH of the uniform mixture is raised from the

initial pH 0.9 to 1.2 to a pH range of from 3.5 to 4 at a rate of 0.05 to 0.025 pH unit

per minute under constant agitation followed by maintaining said mixture at said

raised pH for from 15 to 60 minutes.

4 The method of Claim 1 wherein the base of the aqueous basic solution of b) is

ammonium hydroxide, ammonium carbonate, ammonium bicarbonate, an alkali

metal hydroxide, an alkali metal carbonate, an alkali metal bicarbonate an alkaline

226-
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earth metal hydroxide, an alkaline earth metal carbonate, an alkaline earth metal
bicarbonate, a tri(C;-C3)alkyl ammonium compound, a mono-, di- or tri(Ci-

Cj)alkanolamine or mixtures thereof.

The method of Claim 4 wherein the base is ammonium hydroxide, ammonium

carbonate, ammonium bicarbonate or mixtures thereot.

The method of Claim 1 wherein the sulfate 1ons are removed from the treated solid
particulate of d) by contacting said solid particulate with sutficient amount of water,
ammonium hydroxide, ammonium carbonate, ammonium bicarbonate, an alkali metal

hydroxide or mixtures thereof.

The method of Claim 6 wherein the solid particulate is treated with an aqueous solution

of ammonium carbonate, ammonium bicarbonate or mixtures thereof.

The method of Claim 6 or 7 wherein the solid particulate of €) has less than 0.5 weight
percent sulfate and the resultant solid particulate is dried to a powder material and then

heated to a temperature of from 600 to 800 C for a period of from 1 to 4 hours.

A titania clad alumina particulate formed by the process of Claim 1, 2, 3,4, 5, 6, or 7
and having a normalized sulfur uptake (NSU) of less than 45 png/m*-sample.

A titania clad alumina particulate formed by the process of Claim 8 having an NSU of

less than 45 pug/m?-sample.

The product of Claim 9 wherein the titania clad alumina particulate has an average

particle size of from 1 to 200 pm.

The product of Claim 10 wherein the titania clad alumina particulate has an average

particle size of from 1 to 200 pm.
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