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DESCRIPTION

Field of the Invention

[0001] The present invention relates generally to catalyst compositions. An embodiment of the
present invention provides a thin-walled honeycomb-Ilike monolithic structural catalyst.

Background of the Invention

[0002] The high toxicity of nitrogen oxides and their role in the formation of acid rain and
tropospheric ozone have resulted in the imposition of strict standards limiting the discharges of
these chemical species. To meet these standards, it iIs generally necessary to remove at least
part of these oxides present In the exhaust gases from stationary or mobile combustion
sources.

[0003] Denitration or selective catalytic reduction (SCR) technology iIs commonly applied to
combustion-derived gases for removal of nitrogen oxides. The denitration reaction comprises
the reaction of nitrogen oxide species In the gases, such as nitric oxide (NO) or nitrogen
dioxide (NO»), with a nitrogen containing reductant, such as ammonia or urea, resulting in the

production of nitrogen gas (N5) and water.

[0004] It would be desirable to provide a monolithic structural catalyst body comprising an
advanced thin-walled catalyst structure/composition that maintains an adequate strength for
commercial or industrial use and demonstrates a superior utilization of catalyst activity within
the thin-walled catalyst structure for the selective catalytic reduction of nitrogen oxides.

[0005] DE4215481 discloses a catalytic body in which e.g. molybdenum oxide, tungsten oxide
or vanadium oxide are incorporated into a titanium oxide body. The body may comprise glass
fibres. Wall thicknesses of 0.1-0.3mm are disclosed.

[0006] EPO631805 discloses catalytically active bodies and describes but does not exemplify
iInner partition walls less than 0.22mm.

[0007] US6159578 discloses a hexagonal-cell honeycomb structure for use as a carrier for
catalysts, having wall thicknesses in the range 0.08-0.15mm..

summary of the Invention

[0008] The present invention provides monolithic structural catalysts, and methods for using
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the catalysts, as claimed in the Claims. The catalysts provide advantages over heretofore
utilized and suggested catalysts.

[0009] Catalyst bodies of the present invention comprise an outer peripheral wall and a
plurality of inner partition walls arranged within the outer peripheral wall. The inner partition
walls have a thickness less than 0.22 millimeters. As used herein with reference to the inner
partition wall, thickness refers to the thickness upon formation of the catalyst body not including

any additional catalytic material deposited thereon or Iincreased or decreased thickness
resulting from use for an intended purpose.

[0010] The outer peripheral and inner partition walls are formed from a chemical composition
containing a catalytically active material. The formation of inner partition walls from a chemical
composition containing catalyst material precludes the need to deposit catalyst material on
catalytically inactive outer peripheral and inner partition walls as suggested in United States
Patent No. 5,494, 881 to Machida et al.. In an embodiment of the present invention, however,
the outer peripheral and inner partition walls are formed from a chemical composition
containing catalytically active material and the walls further comprise deposited catalytically
active material. The deposited catalytically active material or materials may be deposited within
portions of the catalytic structural body, such as end coatings. The deposited catalytically active
materials may be deposited in successive layers on the catalytic structural body. The deposited
catalytically active materials may be different from each other and different from the catalytic
material that comprises the outer peripheral and inner partition walls.

[0011] For use In Industrial and commercial applications, it I1Is advantageous that catalyst
bodies of the present invention are of sufficient strength and durability to withstand high
temperatures, typically between 300-400°C in a range from 150-600°C, and structural support

stress often In the form of compression resulting from sealing of the catalyst body within
another structure.

[0012] A catalyst body of the present invention may be constructed with an outer peripheral
wall that has a thickness greater than or equal to that of the inner partition walls. The increased

thickness of the outer peripheral wall may assist in enhancing the overall mechanical strength
of the catalyst body:.

[0013] The overall mechanical strengths and structural integrities of prior monolithic catalyst
bodies have been limited by the inability to achieve a reduced inner wall thickness while
maintaining adequate strength and porosity. The strength requirements for SCR catalyst
bodies have often resulted In the underutilization of the entire catalytic activity potential of the
catalyst compositions due to a combination of a minimum inner wall thickness necessary for
mechanical strength coupled with resultant mass transport limitations for diffusion. As a result
of these constraints, catalyst deep within the inner partition walls I1s not used as effectively or
efficiently as catalyst near the surface of the inner partition walls.

[0014] Embodiments of the present invention minimize these problems with heretofore known
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catalysts.

[0015] One feature and advantage of the present invention is that an embodiment of a catalyst
body of the present invention may weigh less than heretofore known catalyst bodies while
achieving similar amounts of selective catalytic reduction of nitrogen oxides.

[0016] Another feature and advantage of the present invention is that an embodiment of a
catalyst body of the present invention weighing the same as heretofore known catalyst bodies
will achieve greater levels of denitration or selective catalytic reduction of nitrogen oxides.

[0017] A further feature and advantage of the present invention 1s that an embodiment of a
catalyst body of the present invention displays a catalyst having a lower thermal mass for
reaching catalytic operating temperatures more quickly.

[0018] A still further feature and advantage of the present invention is that an embodiment of a
catalyst body of the present invention demonstrates a reduced pressure drop sustained by the
fluids caused to flow through the longitudinal flow channels, thereby reducing the energy
expended for fluid flow through the catalyst body.

[0019] With the foregoing and other advantages and features of the invention that will become
hereinafter apparent, the nature of the invention may be more clearly understood by reference
to the following non-limiting detailed description of the invention and to the several views
llustrated in the drawings.

Brief Description of the Figures

[0020]

Figure 1 Illustrates a honeycomb-like monolithic structural catalyst body according to an
embodiment of the present invention.

Figure 2 illustrates a method according to an embodiment of the present invention.

Figure 3 Illustrates a honeycomb-like monolithic structural catalyst body according to an
embodiment of the present invention.

Figure 4 illustrates the dependency of fluid pressure drop on the inner wall thickness of a
catalyst body.

Figure 5 Illustrates the dependency of fluid pressure drop on the inner wall thickness of a
catalyst body according to an embodiment of the present invention.

Figure 6 Iillustrates the pore size distribution and incremental pore volume of a honeycomb-like
monolithic structural catalyst body according to an embodiment of the present invention.



DK/EP 2620215 T3

Figure 7 illustrates the overall and internal utilizations of catalytic activity of a honeycomb-like
monolithic structural body according to an embodiment of the present invention.

Detailed Description of the Invention

[0021] The present invention provides monolithic structural catalyst bodies as set out in Claims
1-13

[0022] Moreover, the present invention provides methods for the selective catalytic reduction
of nitrogen oxides as set out in Claims 14-15.

[0023] The monolithic structural catalyst body comprises a uniform chemical composition
comprising 50-99.9% by weight an inorganic oxide composition and at least 0.1% by weight a
catalytically active metal functional group.

[0024] The uniform chemical composition may comprise 70-95%, by weight, the Inorganic
oxide composition. The catalytically active metal functional group may comprise 1-30%, by
weight of the structural catalyst body, typically 5- 15%, by weight. The uniform chemical
composition may further comprise fillers, reinforcement agents, and the like, as discussed
herein. The Inorganic oxide composition includes, but i1s not Iimited to, titania (TiO5), alumina

(Al,O3), zirconia (ZrO»), and/or mixtures thereof. Moreover, the catalytically active metal
functional group Includes, but Is not IImited to, vanadium pentoxide (V-0s), tungsten oxide

(WO3), molybdenum oxide (MoO3) and/or mixtures thereof.

[0025] The catalyst body comprises a catalytically active outer peripheral wall comprising the
uniform chemical composition and a pluralty of catalytically active inner partition walls
comprising the uniform chemical composition. The inner partition walls are arranged within the
outer peripheral wall and demonstrate a thickness of less than 0.22 mm. The Inner partition
walls define a plurality of flow channels, which extend longitudinally through the monolithic
structural catalyst body. In addition, the monolithic structural catalyst body can have a
macroporosity of greater than or equal to 0.05 cc/g In pores of diameter ranging from 60nm-
500nm (600-5,000 Angstroms), and has a hydraulic diameter greater than or equal to 100 mm,

and a transverse compressive strength of at least 147 kPa (1.5kg/cm?).

[0026] Reference Is made below to specific embodiments of the present invention. Each
embodiment Is provided by way of explanation of the invention, not as a limitation of the
iInvention. In fact, it will be apparent to those skilled in the art that various modifications and
variations can be made In the present invention without departing from the scope of the
Invention. For instance, features illustrated or described as part of one embodiment may be
Incorporated into another embodiment to yield a further embodiment. Thus, it is intended that
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the present invention cover such modifications and variations as come within the scope of the
appended claims.

[0027] Referring now to the figures wherein like numerals indicate like elements throughout the
several figures, Figure 1 Illustrates a honeycomb-like monolithic structural catalyst body
according to an embodiment of the present Iinvention. The honeycomb-like monolithic
structural catalyst of Figure 1 displays a catalytically active outer peripheral wall 10 and a
plurality of catalytically active inner partition walls 11. The Inner partition walls 11 define a
plurality of flow channels or cells 12 which extend longitudinally through the honeycomb-like
monolithic structural catalyst body.

[0028] According to the present invention, the monolithic structural catalyst body comprises a
uniform chemical composition comprising 50-99.9% by weight an inorganic oxide composition
and at least 0.1 % by weight a catalytically active metal functional group.

[0029] The Inorganic oxide composition includes, but is not limited to, titania (T10O5), alumina
(Al,O4), zirconia (ZrO5), and/or mixtures thereof. Moreover, the catalytically active metal
functional group Includes, but is not limited to, vanadium pentoxide (V-0Os5), tungsten oxide
(WO3), molybdenum oxide (MoO3) and/or mixtures thereof. The uniform chemical composition
can comprise up to 30% by weight other oxides such as silicon dioxide (S105), reinforcement

agents such as glass fibers, and/or extrusion aids.

[0030] The plurality of catalytically active inner partition walls comprising the uniform chemical
composition have an average thickness of less than 0.22 mm. The Iinner partition walls can
display an average thickness ranging from 0.05 mm to 0.22 mm. The inner partition walls can
have an average thickness ranging from 0.05 mm to 0.20 mm. The inner partition walls can
have an average thickness of 0.10 mm to 0. 18 mm. Moreover, the catalytically active outer
peripheral wall comprising the uniform chemical composition in embodiments of the present

Invention can have an average thickness of at least the average thickness of the inner partition
walls.

[0031] The plurality of catalytically active inner partition walls and outer peripheral wall
comprising the uniform chemical composition can be deposited with additional catalytic
material to provide multi-functional catalysis or enhanced surface reactivity, by using one or
more additional deposition or treatment steps on the green or fired catalytic structural body.
Additional catalytic material can include, but is not Iimited to, platihnum group metals, gold,
silver, iridium, cerium, other noble metals and/or mixtures thereof. The depositing of additional
catalytic material in or on the Inner partition walls can be accomplished by aqueous
impregnation, dip coating, washcoating, chemical vapor deposition, spraying of droplets, or
other suitable technigues including any surface pre- treatment or post-treatments needed such
as treatment with acid solution or thermal post-treatment. The catalytically active inner partition
walls comprising the uniform chemical composition has an average thickness of less than 0. 22
mm prior to depositing additional catalytic material. The inner partition walls comprising the
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uniform chemical composition can have an average thickness ranging from 0.05 mm to 0.22
mm prior to depositing additional catalytic material. The inner partition walls comprising the
uniform chemical composition can have an average thickness ranging from 0.05 to 0.20 mm
prior to depositing additional catalytic material. The inner partition walls comprising the uniform
chemical composition can have an average thickness of 0.10 mm to 0.18 mm prior to
depositing additional catalytic material. Moreover the catalytically active outer peripheral wall
comprising the uniform chemical composition can be deposited with additional catalytic
material. In such embodiments, the outer peripheral wall can have an average thickness prior
to deposition of at least the average thickness of the inner partition walls comprising the
uniform chemical composition prior to deposition.

[0032] The thickness of the outer peripheral wall and inner partition walls are determined with
a caliper or micrometer with a resolution of 0.01 mm. Figure 2 Illustrates a method of
determining the average thickness of the outer peripheral wall 10 and inner partition walls 11.

[0033] The thickness of the outer peripheral wall 10 1s measured In twelve (12) different
locations on the catalyst body sample. The twelve measuring locations comprise three points
on each side of the square outer peripheral wall as demonstrated in Figure 2. The average
thickness of the outer peripheral wall 10 is calculated by averaging the values obtained from
the twelve (12) measurements. Similarly, the average thickness of the inner partition walls 11 Is
determined by Initially measuring the thickness of the inner partition walls 11 at twelve (12)
different locations throughout the catalyst body. The inner partition walls 11 are measured In
the horizontal and vertical directions as displayed in Figure 2. The average thickness of the

inner partition walls 11 1s calculated by averaging the values obtained In the twelve
measurements.

[0034] In an embodiment of the present invention, the monolithic structural catalyst body
comprises a plurality of flow channels defined by the inner partition walls, the flow channels
extending longitudinally through the honeycomb-like catalyst body. Figure 3 illustrates flow
channels 12 defined by the inner partition walls 11 iIn a honeycomb-like monolithic structural
catalyst body according to an embodiment of the present invention. The inner partition walls 11
and their junctures with the outer peripheral wall serve as boundaries for adjacent flow
channels 12. When a portion of the outer peripheral wall 10 serves as a boundary for a flow
channel 12, that portion may be referred to as an outer peripheral wall segment 13. Outer
peripheral wall segments 13 are important in determining the total wall count for a monolithic
catalyst body in embodiments of the present invention. In some embodiments, the axial length
In the direction of flow can be 150 mm In length. In other embodiments, the axial dimension of
a flow channel can vary depending on the preferred application of the catalyst body. The
outside of the outer peripheral wall bounds the overall cross-sectional size dimension and
overall geometrical cross-sectional shape of the structural catalytic body:.

[0035] The monolithic structural catalyst body has an average cross-sectional size dimension
characterized by a hydraulic diameter of greater than or equal to about 100 mm. The catalyst
body can have a hydraulic diameter of greater than or equal to 150 mm. The hydraulic
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diameter of the catalyst body Is defined as being equal to the cross-sectional area
perpendicular to the direction of flow of the catalyst body multiplied by four and divided by the
value of the outer perimeter of the outer peripheral wall. VWhen the monolithic structural catalyst
body displays a circular cross-sectional geometry, the hydraulic diameter i1s equal to the
diameter of the circular cross-sectional area. In the case of a square cross-sectional geometry,
the hydraulic diameter i1s equal to the length or width of a side.

[0036] In an embodiment of the present invention, the cross-sectional profile of the flow
channels can be nominally polygonal such as triangular, square, rectangular, or hexagonal. In
another embodiment of the present invention, the cross-sectional profile of the flow channels
can be corrugated, round, oval, or combinations with polygonal and curved shapes such as
annular sectors. In some embodiments, the cross-sectional profile of the outer peripheral wall
of the catalyst body can be square, rectangular, round, oval, circular sectors such as pie slices
or quadrants, or any other geometric shape or shapes convenient for a given application.

[0037] The thin-walled catalyst structure of the monolithic structural catalyst body of the
present invention can provide several advantages not present in prior monolithic catalyst
bodies. For example, in an embodiment of the present invention, the thin-walled catalyst
structure can facilitate the use of less catalyst weight to achieve the same amount of catalytic
activity, for example the reduction of nitrogen oxides.

[0038] Catalyst bodies with thicker inner partition walls suffer from mass transport limitations
wherein, for example, reactants do not always substantially reach the catalyst composition
deep within the Iinner partition walls, leading to an ineffective use of catalyst. The thin-walled
catalyst structure of the present invention can reduce mass transport limitations associated
with counter-diffusing reactants and products within the catalyst walls wherein catalytic reaction
takes place on catalytically active sites contained therein, as well as reducing the overall effects
of combined boundary layer or external mass transfer in conjunction with internal mass
transfer and reaction within the walls. The reduction in mass transport limitations allows for the
use of less catalyst In achieving the same or similar amounts of catalytic reaction as
demonstrated by catalytic bodies with thicker inner partition walls.

[0039] Advantages In catalyst body weight reduction may be realized in reducing the amount
of weight that must be supported. The reduction In weight may reduce the amount and
expense of the support structure for the catalysts including the amount of steel required for
catalyst support assemblies In certain applications as well as the amount of space. Reducing
catalyst body weight may advantageously decrease the size and weight of the ductwork
support framework and foundation materials required for stationary applications, especially
electric power generation applications, at a commercial or industrial installation. Moreover, In
retrofit applications where the thin-walled catalyst structure of the present Iinvention is
displacing a prior catalyst body, the weight reduction can additionally result in reduced
mechanical stress on the existing support structure.

[0040] In addition to reducing the weight of the monolithic structural catalyst body, the thin-



DK/EP 2620215 T3

walled catalyst structure can reduce catalyst body production costs. The ability to achieve the
same or similar amounts of catalytic activity with less catalyst material reduces the amount of
catalyst material that must be purchased In constructing catalyst bodies of the present
iInvention.

[0041] The thin-walled catalyst structure In an embodiment of the present invention can
additionally provide a catalyst with a lower thermal mass (the product of heat capacity and
catalyst weight), which, along with thinner walls, allows the catalyst to achieve operating
temperatures more quickly. In achieving operating temperatures more quickly, the catalyst can
reduce start-up emissions. Moreover, the lower thermal mass of the catalyst can produce
quicker responses to transient changes in operating conditions.

[0042] Further, iIn an embodiment of the present invention the thin-walled catalyst structure
can reduce the pressure drop sustained by fluid flow through the monolithic structural catalyst
body. The thin-walled catalyst structure can increase the open frontal area of the monolithic
structural catalyst body, the open frontal area being that portion of the cross- section available
for flow on a cross-sectional surface perpendicular to the direction of flow.

[0043] An Increased frontal area can result in more efficient fluid flow characteristics within the
catalyst body, which can decrease the pressure drop sustained by fluids passing through the
catalyst body. The reduction In pressure drop Is advantageous In many applications. For
example, In electrical power generation, a reduction In pressure drop decreases parasitic
power losses.

[0044] The pressure drop sustained by gases passing through the flow channels of the
catalyst body sample can be measured with a slant-tube vacuum monometer across the total
length of the sample under a controlled temperature, gas flow rate, and gas composition.

[0045] Similar techniques may be utilized for other fluids.

[0046] Figure 4 illustrates theoretical curves for pressure drop per unit length of monolithic
catalyst versus inner wall thickness at various superficial gas velocity, Uys, being corrected to

normal conditions of 1 atmosphere pressure and a temperature of 0°C. The experimental
parameters used for generating the curves were a catalyst pitch (cell size plus inner wall
thickness as shown In Figure 3) of 2.15 mm, a temperature of 315°C, and a gas composition
comprising 16.5% O» (dry), 5.4% water vapor, 2.4% CO» (dry), and balance N». As displayed In

Figure 4, the pressure drop per unit length sustained by the flowing gases decreased with
decreasing catalyst inner wall thickness substantially independent of the gas flow rate
expressed in Nm/s.

[0047] In some embodiments of the present invention, the monolithic structural catalyst body
can have a macroporosity of greater than or equal to 0.05 cc/g In pores of diameter ranging
from 600-5,000 Angstroms. In other embodiments, the monolithic structural catalyst body can
have a macroporosity greater than 0.09 cc/g in pores of diameter ranging from 600-5,000
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Angstroms. In further embodiments, the catalyst body can have a macroporosity ranging from
0.05 cc/g to 0.35 cc/g In pores of diameter ranging from 600-5,000 Angstroms. Similarly, In
another embodiment, the catalyst body can have a porosity of at least 0.24 cc/qg.

[0048] The macroporosities of a catalyst body in an embodiment of the present invention may
be determined from analysis of the appropriate pore size ranges of the catalyst body pore size
distributions. Pore size distributions and porosities or total pore volumes in embodiments of the
present invention may be measured according to ASTM Method UOP578-02"Automated Pore
Volume and Pore Size Distribution of Porous Substances by Mercury Porosimetry,"wherein
sample preparation for measurements include an oven pre- treatment at 300°C for one (1)
hour as opposed to the vacuum oven pretreatment at 150°C for eight (8) hours as called for by
the ASTM procedure. The remaining steps in the ASTM procedure may be followed without
alteration.

[0049] In an embodiment of the present invention, the monolithic structural catalyst body can
have a transverse compressive strength greater than 3kg/cm. In other embodiments of the
present invention, the monolithic structural catalyst body can display a transverse compressive

strength greater than 4kg/cm?.

[0050] The transverse compressive strengths of the monolithic structural catalyst bodies of the
present invention may be measured with a compressive testing apparatus such as Tinius
Olson 60,000 Ib. Super'L"Compression Testing Machine that displays a maximum
compression load of 30,000 kg and can be obtained from Tinius Olsen of Willow Grove,
Pennsylvania. Samples for transverse compressive strength testing may be prepared by
cutting a monolithic structural catalyst into sections typically of 150 mm In length, but at least
50 mm In length, wherein each section can serve as an individual test sample.

[0051] Ceramic wool of 6 mm thickness may be spread under and over the pressure surface
of the sample, and the wrapped sample set in a vinyl bag in the center of the pressure plates.

[0052] The pressure plates used in the testing may be stainless steel with dimensions of 160
mm x 160 mm. Transverse compression strength is quantified with the side surface on the
bottom with the compressive load applied in the direction parallel to the cross-section of the
honeycomb structure and perpendicular to the partition walls. The compressive load Is thus
applied In the direction perpendicular to the direction of flow In the flow channels. The
compressive load can be applied as delineated in Table 1.

Table 1-Compressive Loads

CQQC§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50Qﬁ.ﬁﬁ.ﬁﬁ.ﬁQ.QQ.QQ.QQCQﬁ\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

15.000 kg 125 kgls
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[0053] The maximum transverse compressive load W (kg) withstood by the samples Is
registered by the apparatus. The transverse compressive strength is subsequently calculated
from the maximum compressive load In kilograms-force (kgf) by dividing the value of the
maximum compressive load by the surface area over which the load was applied.

[0054] In an embodiment of the present invention where the catalyst body does not lie flat,
such as when the catalyst body has an overall circular or oval cross-sectional geometry, a
subsection of the catalyst body Is cut from the overall sample for testing. The subsection is cut
so as to produce a sample with upper and lower flat surfaces. The remainder of the strength
testing proceeds in a manner consistent with that previously described.

[0055] Another advantage of an embodiment of the present invention relates to the
minimization of defects within the structure of the inner partition walls. Defects comprise
discontinuities In the structure of the inner partition walls. For example, a missing juncture
between several Inner partition walls at the cross-sectional face being examined Is a
discontinuity for each of the several inner partition walls for the purposes of defect analysis In
embodiments of the present invention. Another example of a defect is a single discontinuity In
a single inner partition wall or outer peripheral wall segment at the cross- sectional face being
examined.

[0056] A defect analysis may be conducted by visually observing and counting the number of
iInner partition walls and outer peripheral wall segments with discontinuities at the location of a
single cleanly-cut cross-sectional face of a sample and expressed as a percentage of the total
number of walls within the sample.

[0057] In some embodiments of the present invention, the monolithic structural catalyst body
can display a defect level of 2% or less. In other embodiments, the monolithic structural
catalyst body can have a defect level of 0.3% or less.

[0058] A monolithic structural catalyst body of the present invention may be produced by
mixing up to 50-99.9% by weight an inorganic oxide composition, or a precursor which yields
an Inorganic oxide composition and at least 0.1 % by weight a catalytically active metal
functional group, or a precursor which yields a catalytically active metal functional group.

[0059] The Inorganic oxide composition includes, but is not limited to, titania (T105), alumina
(AloO3), zirconia(ZrO»), and/or mixtures thereof. Moreover, the catalytic metal functional group
Includes, but is not limited to, vanadium pentoxide (V-0s5), tungsten oxide (WO3), molybdenum
oxide (MoO3) and/or mixtures thereof. The resulting catalytic mixture can be kneaded into a

clay-like substance and subsequently extruded from an extrusion molding machine to form a
honeycomb-like monolithic catalyst structure comprising the outer partition wall, inner partition
walls and longitudinal flow channels.

[0060] In some embodiments, when the monolithic structural catalyst body is extruded, the
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extrusion formulation can comprise any number of peptizing agents, binding agents, extrusion
aids, lubricants, plasticizers, reinforcement agents, and the likke to assist in the extrusion
process and/or generate the desired structural and pore properties for an intended application.
Examples of materials that may be included in an extrusion formula include, but are not Iimited
to, glass fibers or strands, silicon carbide fibers, inorganic acids (e.g. phosphoric acid, nitric
acid, etc.) organic acids (e.g. acetic acid, citric acid, formic acid, etc.), salts of organic acids
(e.g. ammonium formate, ammonium acetate, ammonium citrate, etc.) cellulose compounds,
starches, polyethylene oxide, stearic alcohols, alcohols, graphite, stearic acid, amines, oills,
fats, and polymers. The extruded product may subsequently be dried or thermally treated.
Moreover, In some embodiments, the extruded product may be subsequently deposited as
explained herein with additional catalyst material such as a platinum group metal or other
noble metal.

[0061] A monolithic structural catalyst body of the present invention may be produced by
methods generally used Iin the art, including extruding, molding and the like. The starting
material for extruding may be generally produced by admixing the chemical compositions
utilized In the catalyst body. As described herein, the chemical compositions may comprise
Inorganic oxides, including inorganic oxides or other metals with catalytic functionality. To the
extent utilized, fillers, binders, extrusion aids, lubricants, reinforcing agents, and the like, may
also be admixed with the chemical compositions. The resulting catalytic mixture can be mixed
with water, kneaded into a paste that is form-stable up to the yield point of the material, and
subsequently extruded from an extrusion molding machine to form a form- stable honeycomb-
like monolithic catalyst structure comprising the outer partition wall, inner partition walls and
longitudinal flow channels. The extrusion system may include extruder machines, a filter or
screen, and an extrusion die. The filter or screen may be utilized to facilitate passage of the
mixture through the die, for example to reduce clogging of the die, without removing filler,
binders, and reinforcement aids that provide advantageous product properties. The extruded
product may subsequently be dried or thermally treated.

[0062] It iIs generally desirable, when extruding embodiments of the present invention to use
sufficient energy to achieving intimate mixing of the compositional ingredients while minimizing
additional energy that may have an adverse impact on particle packing characteristics that
provide advantageous product properties.

[0063] Additional energy iIs utilized in the mixing equipment to increase form-stability, and In
the extrusion system to move the extrusion mixture through the extruder machines, filter or
screen and die. As set forth above, lubricants and extrusion aids may be utilized in the starting
composition for the catalyst body to minimize this additional energy. Other means of reducing
additional energy known iIn the art, include maximizing mixer and extruder efficiency and
minimizing wall friction in the screen and die.

[0064] In another aspect, the present invention provides methods for catalyzing reactions In a
fluid comprising contacting the fluid with a catalyst body of the present invention.
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[0065] An embodiment of a method of the present invention for reducing the nitrogen oxide
content of a fluid comprises contacting the fluid with, for example by flowing the fluid through, a
monolithic structural catalyst body of the present invention comprising a chemical composition
suitable for the selective catalytic reduction of nitrogen oxides.

[0066] In some embodiments of a method of reducing the nitrogen oxide content of a fluid, the
fluid can comprise combustion-flue gases or any other gas containing nitrogen oxides.

[0067] Moreover, iIn another embodiment, the temperature of the gas flowing through the
honeycomb-like monolithic structural catalyst body can range from about 150°C to about

600°C.

[0068] Similar techniques may be utilized for catalyzing multiple reactions in combustion-flue
gases or reactions in other fluids.

[0069] The embodiments described above in addition to other embodiments can be further
understood with reference to the following examples. The tests used and reported on In the
following Examples were as described above.

Example 1-Prior Art

[0070] Example 1 describes a prior art honeycomb-like monolithic structural catalyst bodly.

[0071] This example 1s provided to set forth a basis of comparison for the following examples
of embodiments of the present invention.

[0072] The honeycomb-like monolithic structural catalyst body of Example 1 was produced by
a generally utilized extrusion technique. The compositional parameters and physical properties
of the catalytic body are summarized in Table 2. The catalytic body displayed a catalyst
composition comprising 75.6% titania (TiO5), 8.9% tungsten trioxide (WO3), 3.4% vanadium

pentoxide (V5,0s5), and 12.1 % other components comprising Si0O5, CaO, Al>,0O3, Fes04, SOy,

and minor species.

[0073] The thickness of the inner partition walls of the catalyst body was 0.27 mm while the
thickness of the outer peripheral wall was 0.65 mm, the walls being measured in accordance
with the twelve (12) point method previously described. The flow channels enclosed by the
Inner partition walls and outer peripheral wall were nominally square in cross-sectional profile.
The outer perimeter of the outer periphery was nominally square Iin cross-sectional profile with
a hydraulic diameter of 150 mm.

[0074] The honeycomb-like monolithic structural catalyst so prepared consisted of a total of
4 900 cells comprising longitudinal flow channels and a total of 9,940 walls comprising the
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iInner partition walls and outer peripheral wall segments.

[0075] The transverse compressive strength of the catalyst body of Example 1 was measured
according to the method previously discussed. The catalyst body displayed a transverse

compressive strength of 5.8kg/cm<?. The porosity and macroporosity of catalyst body were
determined in a manner consistent with the ASTM mercury intrusion porosimetry procedure
previously described for calculating these parameters. The porosity was measured to be
0.30cm3/g while the macroporosity in pores of diameter ranging from 600 to 5,000 Angstroms
was measured to be 0.04cma3/g.

[0076] In addition, a cleanly cut cross-sectional surface of a sample of the catalyst body of
Example 1 was visually inspected for defects comprising inner partition wall and outer
peripheral wall discontinuities. The sample was determined to have a defect level of 0.22%.

[0077] The honeycomb-like monolithic structural catalyst body of Example 1 was subsequently
tested for the selective catalytic reduction of nitrogen oxides in a gas.

[0078] Performance testing of the catalytic body for the selective reduction of nitrogen oxides
was conducted In accordance with the VGB Guideline VGB-R 302He ("Guideline for the Testing
of DENOX Catalysts”),2nd revised edition (1998). The catalytic performance was measured In
a microreactor at a temperature of 300°C In a gas stream comprising 2% oxygen on a dry
basis, 10% water vapor, 180 ppmv nitrogen monoxide on a dry basis, 216 ppmv ammonia on a
dry basis, and balance N», following the VGB Guideline using a square subsectional piece cut

from a sample of the honeycomb-like monolithic structural catalyst body such that the
subsectional piece had no outer peripheral walls. The catalytic performance test was
conducted at an area velocity of 22.9 normal cubic meters of gas flow per hour per square
meter of geometric surface area. The geometric surface area is equal to the perimeter of the
flow channels times the length of the flow channels multiplied by the number of flow channels

contained within the structural catalytic body.

[0079] The honeycomb-like monolithic structural catalyst body of Example 1 demonstrated a
93.9% reduction In nitrogen oxide of the gas stream passed through the catalyst body. The
calculated catalytic activity for the catalyst body was determined to be 64.0 normal cubic
meters per hour per square meter as calculated according to the VGB Guideline. These results
are summarized in Table 2.

Table 2
Example 1
Titanium Dioxide (TiO») Content, Wt. % 75.6

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

Tungsten Trioxide (WQO5) Content, Wt. % “
Vanadium Pentoxide (V5,035) Content, Wt. %

Other Components (SiO,, Ca0, Al,O3, Fe>03, SO4, and other minor 12,1
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xampie 1

Nominal Cross-Sectional Shape
Outer Wall Thickness (mm)
Inner Wall Thickness (mm)

species), VWt. %

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

Hydraulic Diameter (mm)
Total Cells 4 900
Total Walls 9.940

0§§0§§0§§0§§0§§0§§0§§Cw§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50§§0w§0§§0§§0‘50‘50‘50‘50‘50‘50‘50‘\ 000000000000000000000000000000000000

Transverse Compression Strength (kg/cm?)
Porosity, cm®/g

Macroporosity (pore volume In pores of diameter ranging from 600 to {0.04
5,000 Angstroms), cm?/g

LY
.........................................................................................................................................................................................................................................
L)
-~
L
L]
..........................................................................................................................................................................................................................................

[0080] A honeycomb-like monolithic structural catalyst body of the present invention was
prepared by extrusion according to the method of described herein for producing a structural
catalyst body of the present invention wherein energy loss was minimized by the use of a
lubricant and die clogging was minimized by the use of a screen as described herein. The
compositional parameters and physical properties of the catalytic body are summarized In
Table 3. The catalytic body displayed a catalyst composition comprising 78.3% titania (TiO5),

7.7% tungsten trioxide (WO?®), 3.5% vanadium pentoxide (V,Os), and 10.5% other comprising
S105, Cal, Al,O3, Fes03, SO4, and minor species.

[0081] The thickness of the inner partition walls of the catalyst body was 0.21 mm while the
thickness of the outer peripheral wall was 0.57/mm, the walls being measured in accordance
with the twelve (12) point method previously described. The flow channels enclosed by the
iInner partition walls in were nominally square in cross-sectional profile. The outer perimeter of
the outer periphery was nominally square in cross-sectional profile with a hydraulic diameter of
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151 mm.

[0082] The honeycomb-like monolithic structural catalyst so prepared demonstrated a total of
4 900 cells comprising longitudinal flow channels and a total of 9,940 walls comprising the
iInner partition walls and outer peripheral wall segments.

[0083] The transverse compressive strength of the catalyst body was measured according to

the method previously discussed. The catalyst body displayed a transverse compressive

strength of 5.8kg/cm?. Moreover, the porosity and macroporosity of catalyst body were

determined In a manner consistent with the ASTM mercury intrusion porosimetry procedure
previously described for calculating these parameters. The porosity was measured to be

0.31cm3/g while the macroporosity in pores of diameter of 600-5000 Angstroms was

measured to be 0.09cm?/g.

[0084] In addition, a cleanly cut cross-sectional surface of a sample of the catalyst body was
visually inspected for defects comprising Inner partition and outer peripheral wall
discontinuities. The sample was determined to have a defect level of 0.15%.

[0085] The honeycomb-like monolithic structural catalyst body was subsequently tested for the
selective catalytic reduction of nitrogen oxides in a gas. Performance testing of the catalytic

body for the selective reduction of nitrogen oxides was conducted in accordance with the VGB
Guideline VGB-R 302He ("Guideline for the Testing of DENOX Catalysts”™), 2"revised edition

(1998). The catalytic performance was measured in a microreactor at a temperature of 300°C
IN a gas stream comprising 2% oxygen on a dry basis, 10% water vapor, 180 ppmv nitrogen
monoxide on a dry basis,216 ppmv ammonia on a dry basis, and balance N,, following the

VGB Guideline using a square subsectional piece cut from a sample of the honeycomb-like
monolithic structural catalyst body such that the subsectional piece had no outer peripheral
walls. The catalytic performance test was conducted at an area velocity of 25.9 normal cubic
meters of gas flow per hour per square meter of geometric surface area.

[0086] The honeycomb-like monolithic structural catalyst body demonstrated a 93.9%
reduction in nitrogen oxide of the gas stream passed through the catalyst body. The calculated
catalytic activity for the catalyst body was determined to be 72.2 normal cubic meters per hour
per square meter.

EXAMPLE 2

Titanium Dioxide (TiO,) Content, Wt. %

Tungsten Trioxide (WQO3) Content, Wt. % [.7

- 4 - 4

n
£y -« 4 -« 4 -« 4 - -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 - -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 - - -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 -« 4 \
Vanad 1] V2O C VWt % 3.5
anadium Pentoxide ( 5) ontent, WWt. % .
*

Other Components (SiO,, Ca0, Al,O3, Fe»03, SO4, and other minor §{10.5

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 \
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EXAMPLE 2
species), Wt. % N
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Nominal Cross-Sectional Shape Square

Outer Wall Thickness (mm)

QCCQCCQCCQCCQCCQCCQCCQCCQCCQCCHCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQC>‘CCQCCQCCQCCQCCQCCQCCQCCQCCQC\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

Inner Wall Thickness (mm)

Hydraulic Diameter (mm) 1571

Total Cells 4 900

Total Walls 9.940
Transverse Compression Strength (kg/cm2)

.........................................................................................................................................................................................................................................

Porosity, cm3/g 0.31

Macroporosity (pore volume In pores of diameter ranging from 600 to t

5,000 Angstroms), cm/g

ty
........................................................................................................................................................................................................................................
\J

NO, Reduction Observed in Test, % of Inlet NO,, 93. 9

Catalytic Activity (K) Result of Test, Nm®/ (hr-m?)

[0087] Comparison of the honeycomb-like monolithic structural catalyst of Example 2 with that
of Example 1 demonstrates the advantages of the thin-walled catalyst structure of the present
Invention. The catalyst bodies in Examples 1 and 2 display similar catalyst compositions. The
iInner partition walls of the honeycomb-like monolithic structural catalyst body in Example 2,
however, are 0.06 mm thinner than the inner partition walls in Example 1. Moreover, although
the two examples displayed similar nitrogen oxide reduction percentages, the catalyst structure

of Example 2 produced catalytic activity of 72.2Nm%/ (hr-m%) while the catalyst structure of

Example 1 produced a catalytic activity of 64.0Nm?/ (hr-m<). In addition, the catalyst body of
Example 2 demonstrated a higher porosity, macroporosity, and a reduced defect level when
compared to the catalyst body of Example 1.

[0088] In addition to producing a higher catalytic activity, the thin-walled catalyst of a
honeycomb-like monolithic structural catalyst body reduces the pressure drop sustained by
gases when flowing through the catalytic body. The pressure drop sustained by a gas flowing
through the thin-walled honeycomb-like monolithic structural catalyst body of Example 2 was
measured with a slant-tube vacuum manometer across the total length of the sample under
the conditions of a catalyst pitch (cell size plus inner wall thickness) of 2. 15 mm, a temperature
of 315°C, and a gas composition comprising 16.5% O» (dry), 5.4% water, 2.4% CO, (dry), and

balance N2 with a gas flow rate of 2.37 Nm/s. Figure 5 illustrates a data point corresponding to
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the results of the pressure drop measurement of Example 2 plotted on theoretical curves for
pressure drop per unit length of monolithic catalyst versus inner wall thickness at various gas
flow rates being corrected to normal conditions of 1 atmosphere pressure and a temperature
of 0°C. The data point of the catalyst body of Example 2 experimentally confirms the directly
proportional relationship between sustained pressure drop per unit length experienced by a
gas and inner partition wall thickness of the catalyst body:.

[0089] Figure © Illustrates the pore volume distribution of Example 2 in comparison with
Example 1. The pore size distribution range for Example 2 is delineated in the plot by the solid
vertical line at 600 Angstroms and the dashed vertical line at 5,000 Angstroms. As
demonstrated in Figure 6, the catalyst body of Example 2 displays a greater incremental pore
volume for the pore diameter range of 600-5,000 Angstroms when compared to the catalyst
body of Example 1. As a result, the catalyst body of Example 2 has a thinner inner partition wall
structure and a greater macroporosity than the catalyst body of Example 1. The catalyst body
of Example 2, nevertheless, retains adequate mechanical strength in light of the thinner inner
partition walls and greater macroporosity. The transverse compressive strength of both

Examples 1 and 2 was 5.8kg/cm?.

[0090] Furthermore, the thin-walled catalyst structure of the honeycomb-like monolithic
structural catalyst body of Example 2 advantageously reduces mass transfer problems
encountered by catalyst bodies with thicker inner partition walls. Figure 7 illustrates a plot of
effectiveness factor vs. inner wall thickness. Figure 7 displays chemical engineering model
estimates of the overall utilization ("Overall® curve) of the inherent catalyst activity in the
structural body as limited by external or boundary-layer mass transfer and internal mass
transfer within the porosity of the catalytic structural body's walls. Figure 7 additionally displays
a second curve for the "Internal” utilization of the inherent catalyst activity based on the
calculated nitrogen oxide concentration at the external surface of the structural body's walls.
The curves of Figure 7 are an extrapolation of the selective catalytic reduction test conditions
for the catalyst body of Example 2. As the inner wall thickness Is decreased, the effectiveness
factor or catalyst utilization factor increases significantly for both the Internal and Overall
effectiveness. As a result of more effective utilization of catalyst composition, catalyst bodies
comprising a thin-walled catalyst structure can use less catalyst to achieve similar levels of
selective catalytic reduction of nitrogen oxides as displayed by catalyst bodies containing
greater amounts of catalyst composition.

Example 3

[0091] A honeycomb-like monolithic structural catalyst body of the present invention was
prepared by extrusion according to the method of described herein for producing a structural
catalyst body of the present invention wherein energy loss was minimized by the use of a
lubricant and die clogging was minimized by the use of a screen as described herein. The
compositional parameters and physical properties of the catalytic body are summarized In
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Table 4. The catalytic body displayed a catalyst composition comprising 72.6% titania (T105),
19.2% tungsten trioxide (WO3), 0% vanadium pentoxide (V50s5), and 8.2% other components
comprising SIO5,, Ca0, Al,O4, Feo04, SO4, and minor species.

[0092] The thickness of the Inner partition walls of the catalyst body was 0.20 mm while the
thickness of the outer peripheral wall was 0.56 mm, the walls being measured In accordance
with the twelve (12) point method previously described. The flow channels enclosed by the
iInner partition walls and outer peripheral wall were nominally square in cross-sectional profile.
The outer perimeter of the outer periphery was nominally square in cross-sectional profile with
a hydraulic diameter of 151 mm.

[0093] The honeycomb-like monolithic structural catalyst so prepared demonstrated a total of
4 900 cells comprising longitudinal flow channels and a total of 9,940 walls comprising the
iInner partition walls and outer peripheral wall segments.

[0094] The transverse compressive strength of the catalyst body was measured according to
the method previously discussed. The catalyst body displayed a transverse compressive

strength of 6.2kg/cm?. Moreover, the porosity and macroporosity of catalyst body were
determined In a manner consistent with the ASTM mercury intrusion porosimetry procedure
previously described for calculating these parameters. The porosity was measured to be 0.31

cm?/g while the macroporosity in pores of diameter of 600-5,000 Angstroms was measured to
be 0.06cm?/g.

[0095] In addition, a cleanly cut cross-sectional surface of a sample of the catalyst body was
visually inspected for defects comprising inner partition wall discontinuities and outer peripheral
wall discontinuities. The sample was determined to have a defect level of 0.20%.

[0096] The honeycomb-like monolithic structural catalyst body was subsequently tested for the
selective catalytic reduction of nitrogen oxides in a gas. Performance testing of the catalytic
body for the selective reduction of nitrogen oxides was conducted in accordance with the VGB
Guideline VGB-R 302He ("Guideline for the Testing of DENOX Catalysts™),2nd revised edition
(1998). The catalytic performance was measured in a microreactor at a temperature of 450°C
IN a gas stream comprising 10.1% oxygen on a dry basis, 15% water vapor, 25 ppmv nitrogen
monoxide on a dry basis, 30 ppmv ammonia on a dry basis, and balance N5, following the VGB

Guideline using a square subsectional piece cut from a sample of the honeycomb-like
monolithic structural catalyst body such that the subsectional piece had no outer peripheral
walls. The catalytic performance test was conducted at an area velocity of 14.5 normal cubic
meters of gas flow per hour per square meter of geometric surface area.

[0097] The honeycomb-like monolithic structural catalyst body demonstrated a 89.2%
reduction in nitrogen oxide of the gas stream passed through the catalyst body. The calculated
catalytic activity for the catalyst body was determined to be 32.3 normal cubic meters per hour
per square meter.
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Table 4
EXAMPLE 3

Titanium Dioxide (TiO5) Content, Wt. %

Tungsten Trioxide (WO3) Content, Wt. % 19.2
Vanadium Pentoxide (V,0g5) Content, Wt. % 0.0

X \l i
g
o)

Other Components (SiO,, Ca0, Al,O3, Fe>03, SO4, and other minor 8.2
species), VWt. %

Nominal Cross-Sectional Shape

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

Outer Wall Thickness (mm)
Inner Wall Thickness (mm)
Hydraulic Diameter (mm)

..........................................................................................................................................................................................................................................

Total Cells 4900

Total VWalls 9940

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

Transverse Compression Strength (kg/cm?)
Porosity, cm>®/g

Macroporosity (pore volume In pores of diameter ranging from 600 to
5,000 Angstroms), Cm3/g

Defects, % 0. 20

..........................................................................................................................................................................................................................................

Area Velocity in Performance Test, Nm*/ (hr-m?)

NOX Reduction Observed in Test, % of Inlet NO,, 89. 2

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

Catalytic Activity (K) Result of Test, Nm3/ (hr-m?)

[0098] Comparison of the honeycomb-like monolithic structural catalyst body of Example 3 with
the catalyst bodies of Examples 1 and 2 demonstrates that the presence of vanadium

pentoxide (V,Os5) Is not necessary to achieve the selective catalytic reduction of nitrogen

oxides by catalyst bodies of the present invention. The catalyst body of Example 3 contained
0% vanadium pentoxide and displayed a nitrogen oxide reduction of 89.2%. The 19.2%
tungsten trioxide (WO3) content of the catalyst body of Example 3 provided the necessary
catalytic activity for the selective reduction of nitrogen oxide molecules In the inlet gas stream.

The catalytic activity expressed in Nm®/(hr-m?) of the catalyst body of Example 3 was lower
than the preceding examples due to differences in the catalytic chemical composition.



DK/EP 2620215 T3

Example 4

[0099] A honeycomb-like monolithic structural catalyst body of the present invention was
prepared by extrusion according to the method of described herein for producing a structural
catalyst body of the present invention wherein energy loss was minimized by the use of a
lubricant and die clogging was minimized by the use of a screen as described herein. The
compositional parameters and physical properties of the catalytic body are summarized In
Table 5. The catalytic body displayed a catalyst composition comprising 79.5% titania (TiO5),

10.0% tungsten trioxide (WO3), 1.8% vanadium pentoxide (V>0s5), and 8.7% other components
comprising Si105, Ca0, Al,O3, Fes04, SO4, and minor species.

[0100] The thickness of the inner partition walls of the catalyst body was 0.20 mm while the
thickness of the outer peripheral wall was 1.20mm, the walls being measured In accordance
with the twelve (12) point method previously described. The flow channels enclosed by the
iInner partition walls and outer peripheral wall were nominally square In a cross-sectional
profile. The outer perimeter of the outer periphery was nominally square Iin cross-sectional
profile with a hydraulic diameter of 147 mm. The honeycomb-like monolithic structural catalyst
so prepared demonstrated a total of 13,456 cells comprising longitudinal flow channels and a
total of 27,144 walls comprising the inner partition walls and outer peripheral wall segments.

[0101] The transverse compressive strength of the catalyst body was measured according to
the method previously discussed. The catalyst body displayed a transverse compressive

strength of 6.1kg/cm?. Moreover, the porosity and macroporosity of catalyst body were
determined in a manner consistent with the ASTM mercury intrusion porosimetry procedure
previously described for calculating these parameters. The porosity was measured to be

0.34cm3/g while the macroporosity in pores of diameter of 600-5000 Angstroms was measured

to be 0.05 cm?/g.

[0102] In addition, a cleanly cut cross-sectional surface of a sample of the catalyst body was
visually inspected for defects comprising inner partition wall discontinuities and outer peripheral
wall discontinuities. The sample was determined to have a defect level of 0.28%.

[0103] The honeycomb-like monolithic structural catalyst body of Example 4 was not

performance tested for selective catalytic reduction of nitrogen oxides in a gas stream.
Table 5

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

Tungsten Trioxide (WQO3) Content, Wt. %
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Vanadium Pentoxide (V5,0s5) Content, Wt. %

Other Components (Si05, Ca0, Al,O4, Fes03, SO4, and other minor 8.7
species), VWt. %

Nominal Cross-Sectional Shape
Outer Wall Thickness (mm)

....................................................................................................................................................................................................

Inner Wall Thickness (mm)
Hydraulic Diameter (mm)
Total Cells
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Total Walls

Transverse Compression Strength (kg/cm?)

- 4
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Macroporosity (pore volume In pores of diameter ranging from 600 to 0.05
5,000 Angstroms), cm3/g

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

Defects, % 0.28

Area Velocity In Performance Test, Nm3/(hr-m2) -

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

NO, Reduction Observed in Test, % of Inlet NO,

Catalytic Activity (K) Result of Test, Nm*/(hr-m?) m

[0104] The honeycomb-like monolithic structural catalyst body of Example 4 demonstrates the
advantages of a thin-walled catalyst structure in the production of a catalyst body exhibiting a
large surface area. Thin catalytic walls allow for the placement of a greater number of inner
partition walls within the outer peripheral wall of the catalyst body without disrupting efficient
gas flow characteristics through the catalyst body. The thin-walled catalyst structure of
Example 4 produced a total cell count of 13,456 and a total wall count of 27,144. The cell and
wall counts of Example 4 are significantly greater than 4,900 cell count and 9,940 wall count of
Example 1. The increased wall and cell counts of Example 4 produce approximately 50%
greater geometric surface area per unit bulk volume while maintaining efficient gas flow
characteristics through the catalytic body.

[0105] It Is to be understood that the foregoing description and specific embodiments are
merely illustrative of the best mode of the invention and the principles thereof, and that various
modifications and additions may be made to the apparatus by those skilled in the art.
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Patentkrav

1. Monolitisk strukturelt katalysatorlegeme, som er katalytisk aktivt for den se-
lektive katalytiske reduktion af nitrogenoxider, som omfatter en ydre perifer vaeg
0g en raekke indre skillevaegge arrangeret | den ydre perifere vaeg, hvori den yd-
re perifere vaeg og de Indre skilleveegge er tildannet af en ensartet kemisk
sammensaetning omfattende 50 - 99,9 veegt% uorganisk oxidsammensaetning
inklusive titaniumoxid (TiO2), aluminiumoxid (Al203), zirconiumoxid (ZrO2)
og/eller blandinger deraf og mindst 0,1 vaegt% katalytisk aktivt metalfungerende
gruppe Inklusive vanadiumpentoxid, wolframoxid, molybdaenoxid og/eller blan-
dinger heraf, og omfatter forsteerkningsmidler,

og kendetegnet ved, at

det monolitiske strukturelle katalysatorlegeme omfatter indre skilleveegge med
en gennemsnitlig tykkelse mindre end 0,22 mm,

har en hydraulisk diameter starre end eller lig med 100 mm, og

har en gennemgaende kompressionsstyrke pa mindst 147 kPa (1,5 kg/cm?),

2. Monolitisk strukturelt katalysatorlegeme ifelge krav 1, hvor de indre skKille-

veegge har en gennemsnitlig tykkelse fra 0,05 mm til 0,22 mm.

3. Monolitisk strukturelt katalysatorlegeme ifelge krav 2, hvor den gennem-
snitlige tykkelse af de indre skilleveegge ligger i omradet fra 0,05 mm til 0,20

mm.

4.  Monolitisk strukturelt katalysatorlegeme ifelge krav 3, hvor den gennem-

snitlige tykkelse af de indre skilleveegge ligger i omradet fra 0,1 mm til 0,18 mm.

S. Monolitisk strukturelt katalysatorlegeme ifelge krav 1, hvor den hydrauliske

diameter er starre end eller lig med 150 mm.

6. Monolitisk strukturelt katalysatorlegeme ifalge krav 1, hvor den tveergaende

kompressionsstyrke er starre end 294 kPa (3 kg/cm?).
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7. Monolitisk strukturelt katalysatorlegeme ifalge krav 6, hvor den tvaergaende

kompressionsstyrke er starre end 392 kPa (4 kg/cm?).

8. Monolitisk strukturelt katalysatorlegeme ifalge et vilkarligt af kravene 1 til 7,
hvor det monolitiske strukturelle katalysatorlegeme har et fejlniveau pa 2% eller

mindre.

9. Monolitisk strukturelt katalysatorlegeme ifelge krav 8, hvor det monolitiske

strukturelle katalysatorlegeme har et fejlniveau pa 0,3% eller mindre.

10. Monolitisk strukturelt katalysatorlegeme ifalge et vilkarligt af de foregaende

krav, hvor forstaerkningsmidlerne omfatter glasfibre.

11. Monolitisk strukturelt katalysatorlegeme ifalge et vilkarligt af de foregaende

krav, hvor forsteerkningsmidlerne omfatter siliciumcarbidfibre.

12. Monolitisk strukturelt katalysatorlegeme ifalge et vilkarligt af de foregaende

kKrav, hvor den uorganiske oxidsammensaetning er titaniumoxid.

13. Monolitisk strukturelt katalysatorlegeme ifalge et vilkarligt af de foregaende

krav, som yderligere omfatter yderligere aflejret katalytisk materiale.

14. Fremgangsmade til at reducere nitrogendioxidindholdet i en forbreendings-
reggas omfattende: at lede forbreendingsraggassen gennem et monolitisk struk-

turelt katalysatorlegeme ifalge et vilkarligt af kravene 1 - 13.

15. Fremgangsmade ifalge krav 14, hvor temperaturen af forbraendingsrag-

gassen ligger i omradet fra 150°C til 600°C.
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