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Description

Background of Invention

1. Field of Invention.

[0001] This invention relates to catalyzed diesel par-
ticulate matter exhaust filters and more particularly to a
catalyzed diesel particulate exhaust filter which includes
a porous filter substrate and a catalytic material, wherein
the catalytic material is comprised of an alkaline earth
metal vanadate and a precious metal. The invention al-
so includes a process of manufacture of the catalyzed
exhaust filter and a process of use of that catalyzed ex-
haust filter.

2. Background Art.

[0002] Diesel engines, as a result of their operating
characteristics, emit very fine particles. The particulate
materials are referred to as particulate matter (PM). In
addition to the emission of particulate materials, other
types of gaseous compounds are also emitted by diesel
engines, such as hydrocarbons, sulfur oxides, nitrogen
oxides and carbon monoxide.
[0003] It is well known in the art to provide diesel en-
gines with exhaust filters which trap particulate materi-
als from exhaust gas streams during engine operation.
These filters are generally made of a porous, solid ma-
terial having a plurality of pores extending therethrough
and small cross-sectional sides, such that the filter is
permeable to the exhaust gas which flows through the
filter and yet capable of restraining most or all of the par-
ticulate materials from passing through the filter with the
exhaust gas. As the mass of collected particulate mate-
rials increases in the filter, the flow rate of the exhaust
gas through the filter is gradually impeded, resulting in
an increased back pressure within the filter, which re-
sults in a reduced engine efficiency. Conventionally,
when the back pressure reaches a certain level, the filter
is either discarded, if it is a replaceable filter, or removed
and regenerated by burning the collected particulate
materials off at a temperature in excess of about
600-650°C so that the filter can be reused. Regenera-
tion of filters in situ can sometimes be accomplished by
periodically enriching the air fuel mixture. This enrich-
ment produces a higher exhaust gas temperature. This
higher exhaust temperature burns off the particulate
materials contained in the filter. The concept of a filter
which will regenerate at a temperature lower than
600-650°C is disclosed in various patents, for example,
U.S. Patent Nos. 5,100,632 and 4,477,417.
[0004] The composition of diesel exhaust particulate
filters has been the subject of a number of patents. Many
of these patents disclose the use of a combination of
particular vanadium compounds and a platinum com-
pound which are washcoated onto a support material.
The washcoated support material is then heated to se-

cure the washcoat material to the support material. For
example, U.S. Patent No. 6,013,599 discloses a diesel
exhaust particulate filter which can be regenerated in
situ, which is formed from a porous refractory support
material onto which a washcoating is secured, wherein
the washcoating in one embodiment is formed by mixing
an acidic iron-containing compound and a copper-con-
taining compound, adding an aqueous alkali metal salt
solution and an acidic vanadium-containing compound
and finally adding to that mixture an alkaline earth metal
compound slurry.
[0005] U.S. Patent No. 4,510,265 discloses a coated
diesel exhaust particulate filter formed by coating a so-
lution comprising a platinum group metal and a silver
vanadate onto a ceramic monolithic support material. A
process of manufacture of a catalyst coating for a diesel
exhaust particulate filter containing a silver vanadate is
also disclosed by U.S. Patent No. 4,477,417.
[0006] Another diesel exhaust particulate filter is dis-
closed in U.S. Patent No. 4,588,707 in which a catalyt-
ically active substance formed from lithium oxide, cop-
per chloride, a vanadium oxide/alkali metal oxide com-
bination or precious metal materials is coated onto a fil-
ter substrate. Another vanadium-based material for
coating a filter for the purification of exhaust gases from
diesel engines is disclosed in U.S. Patent No.
4,828,807.
[0007] An open cell monolithic catalyst for the purifi-
cation of diesel exhaust gases, which monolith is coated
with oxides containing vanadium and platinum group
metals as active components is disclosed in U.S. Patent
No. 5,514,354. See also U.S. Patent No. 5,157,007.
[0008] Another catalyst for purifying diesel exhaust
gases containing platinum and vanadium oxide is dis-
closed in U.S. Patent No. 4,617,289. See also U.S. Pat-
ent No. 5,911,961, 4,902,487, 4,515,758, 5,884,474,
5,746,989 and 4,900,517 for other catalysts for purifying
exhaust streams.
[0009] Another exhaust gas purifying catalyst com-
prising copper, vanadium, a precious metal, such as
platinum, rhodium or palladium, and a transition metal
selected from the group consisting of zirconium, alumi-
num, nickel, iron, manganese, chromium, zinc, lead or
certain other metals coated on a filter substrate is dis-
closed in U.S. Patent No. 4,711,870. See also U.S. Pat-
ent No. 4,759,918.
[0010] U.S. Patent No. 5,100,632 discloses another
catalyzed diesel exhaust particulate filter comprising a
platinum group metal and an alkaline earth metal oxide,
preferably magnesium oxide, wherein the materials are
impregnated on a monolithic substrate. The use of va-
nadium is not disclosed.
[0011] A method of cleaning nitrogen oxide containing
exhaust gases is disclosed in U.S. Patent No.
5,213,781, wherein a catalyst is supported on a ceramic
layer, wherein the catalyst consists essentially of at least
one of an alkali metal, copper and vanadium and at least
one rare earth element. See also U.S. Patent No.
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5,340,548.
[0012] Other diesel exhaust gas purification catalysts
are disclosed in U.S. Patent Nos. 5,000,929, 5,330,945
and 5,294,411.
[0013] While these patents disclose a number of dif-
ferent compositions of material for use as filters for die-
sel particulate matter, there are still significant problems
associated with increased pressure drop during use of
these filter. Further, the amount of pressure drop may
increase dramatically depending upon the catalyst load-
ing of the substrate material. In addition, some of the
diesel combustion catalysts do not have good sulfur poi-
son resistance and can be deactivated if the tempera-
ture of the exhaust gas is too high.
[0014] Accordingly, it is an object of the invention to
produce a filter for diesel particulate matter.
[0015] It is a further object of the invention to disclose
a diesel particulate matter exhaust filter produced from
a porous filter substrate which is impregnated with a cat-
alytic material.
[0016] It is a further object of the invention to disclose
a diesel particulate matter exhaust filter produced from
a porous filter substrate impregnated with a catalytic
material, wherein the catalytic material comprises an al-
kaline earth metal vanadate and a precious metal.
[0017] It is a further object of the invention to disclose
a catalyzed diesel particulate matter exhaust filter pro-
duced from a porous filter substrate impregnated with
magnesium, calcium and/or barium vanadate and plat-
inum.
[0018] It is a further object of the invention to disclose
a process for the manufacture of a diesel exhaust filter
wherein a porous filter substrate is impregnated with a
catalytic material comprising an alkaline earth metal
vanadate and a precious metal.
[0019] It is a further object of the invention to disclose
a process of use of the catalyzed diesel particulate mat-
ter exhaust filter, wherein the exhaust filter comprises a
porous filter substrate impregnated with a catalytic ma-
terial comprising an alkaline earth metal vanadate and
a precious metal whereby during use there is a reduced
back pressure drop and high thermal stability.
[0020] These and other objects of the invention will
be apparent from the catalyzed diesel particulate matter
exhaust filter of the invention and the process of manu-
facture and process of use of that exhaust filter.

Summary of Invention

[0021] The present invention comprises a catalyzed
diesel particulate matter exhaust filter comprising a po-
rous filter substrate impregnated with a catalytic mate-
rial comprising an alkaline earth metal vanadate, pref-
erably a magnesium, calcium or barium vanadate, and
a precious metal, preferably platinum.
[0022] The invention further comprises a process for
forming a diesel particulate matter exhaust filter com-
prising forming a porous filter substrate and impregnat-

ing that substrate with a catalytic material, wherein the
catalytic material comprises an alkaline earth metal
vanadate, preferably magnesium, calcium or barium
vanadate, and a precious metal salt, preferably a plati-
num salt, which catalytic material is then reduced.
[0023] The invention further comprises a method of
filtering particulate matter from a diesel exhaust using a
diesel exhaust filter comprising passing the diesel ex-
haust over a diesel exhaust filter comprising a porous
filter substrate impregnated with a catalytic material,
wherein the catalytic material comprises an alkaline
earth metal vanadate, preferably magnesium, calcium
or barium vanadate, and a precious metal, preferably
platinum.

Brief Description of Drawings

[0024]

Figure 1 is a comparison of the regeneration tem-
perature of the catalyzed diesel particulate matter
exhaust filter of Example 1 and the comparative
particulate matter exhaust filter of Example 3.
Figure 2 is a comparison of the regeneration tem-
perature of the catalyzed diesel particulate matter
exhaust filter of Example 2 and the comparative
particulate matter exhaust filter of Example 3.

Detailed Description of a Preferred Embodiment

[0025] This invention relates to a catalyzed diesel par-
ticulate matter exhaust filter for use with diesel ex-
hausts. In the practice of the invention, the catalyzed
diesel particulate material exhaust filter is placed in a
filter housing mounted in an exhaust gas handling sys-
tem of a diesel engine. The filter and filter housing, along
with any other gas line elements which may be present,
are placed between the exhaust gas manifold of the en-
gine and the end of the exhaust pipe, which pipe is open
to the atmosphere. Preferably, the filter is placed as
close as possible to the engine exhaust manifold so that
the exhaust gases, which are heated to high tempera-
tures by the exhaust manifold, can be used to burn off
filtered particulate matter trapped by the filter and thus
continuously regenerate the filter. Placed in the filter
housing is the catalyzed diesel particulate matter ex-
haust filter of the present invention.
[0026] The catalyzed diesel particulate matter ex-
haust filter is comprised of a porous filter substrate for
filtering the diesel particulate matter from the exhaust
stream, impregnated with a catalytic material. The po-
rous filter substrate is formed from a conventional filter-
ing product, such as a thin, porous, walled honeycomb,
monolith or foam structure through which the exhaust
gases can pass to be filtered. Preferably, the filter sub-
strate has a significant flow-through capacity so as not
to prevent or restrict significantly the flow of exhaust
gases through the filter substrate. However, it must also
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contain sufficiently convoluted passageways to cause
the particulate matter which is present in the diesel ex-
haust gas to drop out of the exhaust gas stream and be
retained by the filter substrate.
[0027] The filter substrate may be produced, for in-
stance, from conventional filter materials, such as alu-
mina, titania, zirconia, boria, corundum, silica, magne-
sia, potassium titanate, silica-alumina, silica-zirconia, ti-
tania-zirconia, titania-silica, silicon carbide, titania-coat-
ed alumina, alumina coated with tungsten oxide, alumi-
na coated with zirconia, ceramic cordierite, mullite and
mixtures and combinations thereof. Preferable sub-
strates are formed from ceramic materials and silicon
carbide materials.
[0028] The porous filter substrate is impregnated with
the catalytic material. The catalytic material is preferably
formed from a combination of an alkaline earth metal
vanadate and a precious metal. While alkali metal vana-
dates may also be used, alkaline earth metal vanadates
are preferred as they have higher thermal stability. In
addition, oxides of these preferred alkaline earth metals,
if formed during preparation of the alkaline earth metal
vanadate, exhibit high thermal stability. Any alkaline
earth metal can be combined with vanadium to form the
alkaline earth metal vanadate although magnesium,
barium or calcium vanadates, are preferred with mag-
nesium vanadate being the most preferred. Where mag-
nesium oxide is utilized with vanadium oxide, the pre-
ferred ratio of vanadium oxide to magnesium oxide is
from about 1:1 to about 1:10, preferably from about 1:1
to about 1:5.
[0029] The second component of the catalytic mate-
rial is the precious metal. The precious metal is selected
from the group consisting of platinum, palladium, rho-
dium, ruthenium, rhenium and osmium. The preferred
precious metals are platinum, palladium and rhodium,
with the most preferred being platinum.
[0030] The preferred ratio of the platinum to the alka-
line earth metal vanadate which is impregnated on the
filter substrate is from about 1:1 to about 1:50, prefera-
bly from about 1:5 to about 1:20, and most preferably
about 1:10, with the ratio measured by weight. In com-
puting this ratio, the weight of the alkaline earth metal
and vanadium oxides, if any, are included with the alka-
line earth metal vanadates. All measurements are by
weight after coating of the filter substrate.
[0031] Depositing the catalyst material on the walls of
the filter substrate, such as a monolithic ceramic mate-
rial, a foamed ceramic material or a silicon carbide ma-
terial, can be carried out in any conventional process.
For example, the filter substrate may be impregnated
with the catalytic material or the catalytic material may
be washcoated onto the filter substrate. The preferred
method for depositing the catalytic material on the filter
substrate is to impregnate the filter substrate with a cat-
alytic material. In one preferred embodiment for impreg-
nating the filter substrate with the catalytic material, an
aqueous solution of salts of the alkaline earth metal and

the vanadium are first prepared. The filter substrate is
then contacted with the aqueous solution of the alkaline
earth metal salt, such as magnesium nitrate or acetate
and the vanadium salt, such as vanadium oxalate, am-
monium vanadate or vanadium citrate, at a temperature
of about 550°C for about 3 hours. In order to produce
magnesium vanadate, the atomic ratio of the vanadium
to the magnesium in the solutions is preferably about 2:
3. Well known salts of other alkaline earth metals such
as calcium or barium, may also be used to produce the
alkaline earth metal vanadate.
[0032] Once the filter substrate is coated with the al-
kaline earth metal and vanadium salts, any excess salt
solution is drained away and the impregnated filter sub-
strate is dried at a temperature of about 100 to 150°C
for about 2 hours, followed by calcining of the coated
filter at a temperature of about 500 to 600°C for about
three hours to secure the magnesium vanadate onto the
filter substrate.
[0033] Following impregnation of the filter substrate
with the alkaline earth metal vanadate, a precious metal
salt is then impregnated onto the coated filter substrate.
In one preferred embodiment, this is accomplished by
bringing the alkaline earth metal vanadate coated filter
substrate into contact with an aqueous solution of the
precious metal salt. For example, when the precious
metal chosen is platinum, one preferred salt solution is
platinum sulfite acid. The coated filter element is coated
with the precious metal salt solution. It is then dried at
a temperature of about 100 to 150°C and calcined at
about 500 to 600°C for about 3 hours.
[0034] Impregnation of the filter substrate with the al-
kaline earth metal, the vanadium material and the pre-
cious metal compound can also be conducted in a one
step process. When the filter substrate is impregnated
with the appropriate materials in a one step process, the
preferred process is to first form an aqueous solution
containing an alkaline earth metal salt, a vanadium salt
and a precious metal salt. For example, when magne-
sium is the alkaline earth metal, one preferred salt is
magnesium acetate. One preferred vanadium salt for
the single step process is vanadium citrate. These two
salts are mixed with the platinum compound, such as
platinum sulfite acid. The filter substrate is then dipped
into the solution of these compounds and any extra liq-
uid is removed by means of a conventional process,
such as the use of vacuum suction. The coated filter is
then dried at a temperature of about 100 to about 150°C
for about 2 hours, followed by calcining at a temperature
of about 500 to about 600°C for about 3 hours to form
the coated filter material.
[0035] In preparing the catalyzed diesel particulate
matter exhaust filter, the catalyst material is preferably
present on the filter substrate at an alkaline earth metal
vanadate loading of from about 7,1 to 35,5 g/l (200 to
1000 g/ft3), preferably 10,7 g/l to about 24,9 g/l (300 to
about 700 g/ft3) and most preferably about 17,8 g/l (500
g/ft3) and a precious metal loading of about 0,7 to about
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10,7 g/l (20 to about 300 g/ft3), preferably about 0,7 to
about 3,6 g/l (20 to about 100 g/ft3) and most preferably
about 1,8 g/l (50 g/ft3). The total catalyst material loading
on the filter substrate is from about 7,1 to about 35,5 g/
l (200 to about 1000 g/ft3). Preferably the weight ratio of
the platinum to the magnesium vanadate is about 1:1 to
about 1:50, more preferably from about 1:5 to about 1:
20 and most preferably about 1:10.
[0036] Many of the prior art exhaust filters for diesel
particulate matter use a washcoating process to coat the
filter substrate with the active catalyst material. It has
been surprisingly discovered that the impregnation
method of coating the filter substrate results in reduced
back pressure drop as a result of reduced pore block-
age. It has also been surprisingly discovered that when
the impregnation method of the invention is utilized,
there is almost no pressure drop increase with a coating
of the catalyst material up to about 17,8 g/l (500 g/ft3).
In comparison, there are pressure drop increases of
about 100 percent with catalyst loading of up to about
17,0 g/l (480 g/ft3) using the washcoating process of U.
S. Patent No. 6,013,599 and about a 260 percent pres-
sure drop increase with a catalyst loading of about 36
g/l (1030 g/ft3). While not being bound by the particular
theory, it is believed that the alkaline earth metal vana-
date, such as magnesium vanadate, that is formed usu-
ally consists of a combination of magnesium orthovana-
date (Mg3(VO4)2), magnesium pyrovanadate
(Mg2V2O7) and magnesium metavanadate (MgV2O6).
These three phases usually coexist and will form in var-
ious manner depending on the operating conditions. It
has been discovered that magnesium vanadate has
high thermal stability. It has also been discovered that
the various forms of magnesium vanadate are formed
"in situ" on filter surfaces. As a result, the catalyst of the
invention has higher dispersion than prior art composi-
tions which leads to reduced back pressure increase.
[0037] It has also been surprisingly discovered that
when the catalyst material of the invention is utilized,
the temperature for effective regeneration of the catalyst
is reduced significantly. When uncatalyzed porous filter
substrates are regenerated, the light off temperature of
the particulate material on the filter substrate is in the
range of 500 to 550°C. In contrast, the regeneration of
the exhaust filter of the invention takes place at temper-
atures around 400°C, often as low as 380°C. As the
temperature of a typical diesel engine exhaust can
reach this temperature during ordinary operations, par-
tial or even complete regeneration of a filter loaded with
the catalyst material of the invention can occur during
normal operations. A reduction in the temperature of re-
generation of this extent is a significant improvement
over the prior art.

Examples

EXAMPLE 1 (the invention)

[0038] A Corning cordierite ceramic monolith diesel
particulate filter element (EX-80, 14,4 cm (5,66 inch) di-
ameter and 15,2 cm (6 inch length, 31 cells par cm2 (200
cells per square inch) was used for preparation of the
example. The ceramic monolith element was dipped in
500 ml of an aqueous solution containing 15 g/l of mag-
nesium in the form of magnesium nitrate, 20 g/l of va-
nadium in the form of vanadyl oxalate. After impregna-
tion, any extra liquid was removed from the filter element
by a vacuum suction. Following impregnation, the coat-
ed filter element was dried at 125°C for 2 hours and then
calcined at 550°C for 3 hours. The magnesium vanad-
ate loading was 10,6 g/l (300 g/ft3). After cooling to room
temperature, the filter element was dipped in a 500 ml
aqueous solution of platinum sulfite acid (H4Pt(SO4)4)
containing 10 g/l platinum. Extra liquid was removed by
vacuum suction. Following impregnation, the coated fil-
ter element was dried at 125°C for 2 hours and calcined
at 550°C for 3 hours. The platinum loading on a by
weight basis was 1,8 g/l (50 g/ft3).
[0039] A core of the filter element sized with a 4,4 cm
(1.75 inch) diameter and 15,2 cm (6 inch) length with a
magnesium vanadate loading of 10,6 g/l (300 g/ft3) , and
a platinum loading of 1,8 g/l (50 g/ft3) was removed from
the full size element and tested for regeneration.
[0040] A Lister-Petter LPA2 0.726 liter 2 cylinder die-
sel engine was used for testing. The filter core was in-
stalled in the exhaust pipe of this engine. The tempera-
ture of the exhaust from the exhaust pipe ranged from
160 to 230°C when the engine was running. After 5
hours the engine was turned off and the filter was in-
spected. It was cooled and weighed. A total particulate
loading of 1.4 grams was obtained.
[0041] The filter loaded with particulate matter was
then subjected to off-line regeneration. Warm air was
used as the external heat source of regeneration and
the space velocity was 25000 h-1. A pressure drop
caused by the filter was monitored with a Dywer 475 dig-
ital manometer. The temperature of the warm air was
increased by 10°C every five minutes. Once the partic-
ulate matter was burned off, the temperature of the
warm air was held for 2 hours until complete combustion
of the particulate matter. Attached Figure 1 shows the
pressure drop profile against filter temperature of the fil-
ter of this Example 1 in comparison with a non-catalyzed
exhaust filter of Example 3.
[0042] The results clearly showed that the pressure
drop caused by the particulate-loaded filter increases
with temperature and reaches a plateau when the tem-
perature is about 380°C. This indicates that the com-
bustion of the diesel particulate matter occurs at this
temperature. When the temperature is about 410°C, the
pressure drop decreases abruptly, indicating that sub-
stantially all of the particulate matter has been burned
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off.

EXAMPLE 2 (the invention)

[0043] A Corning cordierite ceramic monolith diesel
particulate filter element (EX-80, 14,4 cm (5.66 inch) di-
ameter and 15,2 cm (6 inch)) length, 31 cells per cm2

(200 cells per square inch)) was used for preparation of
the example. An aqueous solution containing 15 g/l of
magnesium as magnesium acetate, 20 g/l of vanadium
as vanadium citrate and 10 g/l of platinum as platinum
sulfite acid was prepared. The diesel particulate filter el-
ement was dipped into 500 ml of this solution. Any extra
liquid was removed by a vacuum suction. The element
was then subjected to drying at 125°C for 2 hours and
calcination to 550°C for 3 hours. The final catalyst had
a nominal platinum loading of 1,8 g/l (50 g/ft3) and a
magnesium vanadate loading at 10,6 g/l (300 g/ft3). A
core filter element sized with a 4,4 cm (1.75 inch) diam-
eter and a 15,2 cm (6 inch) length was removed from
the full size element and tested for regeneration. The
same engine was used to test this filter element as is
discussed in Example 1. The filter loaded with particu-
late matter was then subjected to off-line regeneration.
Warm air was used as the external heat sources of re-
generation and the space velocity was 2500 H-1. The
pressure drop caused by the filter was monitored with a
Dywer 475 digital manometer. The temperature of the
warm air was increased by 10° every five minutes. Once
the particulate matter was burned off, the temperature
of the warm air was held for 2 hours until complete com-
bustion of the particulate matter. Attached Figure 2
shows the pressure drop profile against filter tempera-
ture of the filter of this Example 2 in comparison with a
non-catalyzed exhaust filter of Example 3. The results
clearly show that the pressure drop caused by the filter
increases with temperature reaching a plateau when the
temperature was about 380 to 410°C. This indicates that
the combustion of the diesel particulate matter occurs
at this temperature. When the temperature was about
410°C, the pressure drop decreases abruptly, indicating
that the particulate matter had been burned off.

EXAMPLE 3 (comparative example)

[0044] An uncatalyzed filter media element was pre-
pared in the same manner as in Example 1. When the
same tests were run on this uncatalyzed filter media, the
burn off temperature of the diesel particulate matter was
about 510°C, as shown in Figures 1 and 2.
[0045] The results clearly show the enhanced per-
formance of the filter coated with the catalytic material
of the invention over a filter media element that was not
coated with the catalytic material.

Claims

1. A catalyzed diesel particulate matter exhaust filter
comprising

a porous filter substrate for filtering a diesel
particulate matter exhaust impregnated with a cat-
alytic material, wherein the catalytic material com-
prises an alkaline earth metal vanadate and a pre-
cious metal, preferably platinum, rhodium, palladi-
um, ruthenium, rhenium and osmium, and more
preferably platinum.

2. The exhaust filter of Claim 1 wherein the alkaline
earth metal is selected from the group consisting of
calcium, magnesium and barium, preferably mag-
nesium.

3. The exhaust filter of any of Claims 1 or 2 wherein
the weight ratio of the precious metal to the alkaline
earth metal vanadate is from 1:1 to 1:50, preferably
from 1:5 to 1:20.

4. The exhaust filter of any of Claims 1 to 3 wherein
the composition of the porous filter substrate is se-
lected from a group of materials consisting of a ce-
ramic, alumina, titania, zirconia, boria, corundum,
silica, magnesia, potassium titanate, silica-zirconia,
titania-zirconia, titania-silica, silica-alumina, silicon
carbides, titania-coated alumina, alumina coated
with tungsten oxide, alumina coated with zirconia
cordierite, mullite, and mixtures and combinations
thereof, preferably a ceramic material or silicon car-
bide.

5. The exhaust filter of any of Claims 1 to 4 wherein
the quantity of the catalyst material coating the filter
substrate is at least 7,1 g/l (200 g/ft3) , preferably
from 7,1 g/l (200 g/ft3) to 35,3 g/l (1000 g/ft3).

6. A method of filtering particulate matter from a diesel
exhaust using an exhaust filter comprising passing
the diesel exhaust through the exhaust filter of any
of Claims 1 to 5.

7. A process of forming a diesel particulate exhaust
filter comprising

preparing a porous filter substrate,
impregnating the substrate with a catalytic

material comprising an alkaline earth metal vanad-
ate and a precious metal, preferably selected from
the group consisting of platinum, rhodium, palladi-
um, ruthenium, rhenium and osmium, more prefer-
ably platinum, and

calcining the impregnated filter substrate to
form the exhaust filter.

8. The process of Claim 7 wherein the alkaline earth
metal is selected from the group consisting of mag-
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nesium, barium and calcium, preferably magnesi-
um.

9. The process of any of Claims 7 or 8 wherein the
weight ratio of the precious metal to the alkaline
earth metal vanadate is from 1:1 to 1:50, preferably
from 1:5 to 1:20.

10. The process of any of Claims 7 to 9 wherein the
composition of the porous filter substrate is selected
from a group of materials consisting of alumina, ti-
tania, zirconia, boria, corundum, silica, magnesia,
potassium titanate, silica-alumina, silica-zirconia,
silicon carbides, titania-zirconia, titania-silica, tita-
nia-coated alumina, alumina coated with tungsten
oxide, alumina coated with zirconia, cordierite, mul-
lite, and mixtures and combinations thereof, prefer-
ably a ceramic material or silicon carbide.

11. The process of any of Claims 7 to 10 wherein the
quantity of the catalyst material impregnated on the
filter substrate is at least 7,1 g/l (200 g/ft3) , prefer-
ably from 7,1 g/l (200 g/ft3) to 35,3 g/l (1000 g/ft3)
(35.3 g/l).

Patentansprüche

1. Katalytischer Abgasfilter für Dieselteilchen, enthal-
tend ein poröses Filtersubstrat für die Filtration von
Dieselabgasteilchen, das mit einem katalytischen
Material getränkt ist, wobei das katalytische Mate-
rial ein Erdalkalimetallvanadat und ein Edelmetall,
vorzugsweise Platin, Rhodium, Palladium, Ruthe-
nium, Rhenium und Osmium, am meisten bevor-
zugt Platin, umfasst.

2. Abgasfilter gemäß Anspruch 1, worin das Erdalka-
limetall ausgewählt ist aus der Gruppe bestehend
aus Calcium, Magnesium und Barium, vorzugswei-
se Magnesium.

3. Abgasfilter gemäß einem der Ansprüche 1 oder 2,
worin das Gewichtsverhältnis des Edelmetalls zu
Erdalkalimetallvanadat 1:1 bis 1:50 beträgt, vor-
zugsweise 1:5 bis 1:20.

4. Abgasfilter gemäß einem der Ansprüche 1 bis 3,
worin die Zusammensetzung des porösen Filter-
substrats ausgewählt ist aus der Gruppe der Mate-
rialien, bestehend aus Keramik, Aluminiumoxid, Ti-
tanoxid, Zirkonoxid, Boroxid, Korund, Kieselsäure,
Magnesiumoxid, Kaliumtitanat, Kieselsäure-Zir-
konoxid, Titanoxid-Zirkonoxid, Titanoxid-Kiesel-
säure, Kieselsäure-Aluminiumoxid, Siliciumcarbi-
den, mit Titanoxid beschichtetem Aluminiumoxid,
mit Wolframoxid beschichtetem Aluminiumoxid, mit
Zirkonoxidcordierit beschichtetem Aluminiumoxid,

Mullit, und Gemischen und Kombinationen davon,
vorzugsweise einem keramischen Material oder Si-
liciumcarbid.

5. Abgasfilter gemäß einem der Ansprüche 1 bis 4,
worin die Menge des auf das Filtersubstrat aufge-
brachten katalytischen Materials mindestens 7,1 g/
l (200 g/ft3), vorzugsweise 7,1 g/l (200 g/ft3) bis 35,3
g/l (1000 g/ft3) beträgt.

6. Verfahren zum Filtern von Teilchen aus einem Die-
selabgas unter Verwendung eines Abgasfilters, wo-
bei [das Verfahren] das Durchleiten des Dieselab-
gases durch den Abgasfilter gemäß einem der An-
sprüche 1 bis 5 umfasst.

7. Verfahren zur Erzeugung eines Dieselteilchen-Ab-
gasfilters, umfassend
Herstellung eines porösen Filtersubstrats,
Imprägnieren des Substrats mit einem katalyti-
schen Material, umfassend ein Erdalkalimetallva-
nadat und ein Edelmetall, vorzugsweise ausge-
wählt aus der Gruppe, bestehend aus Platin, Rho-
dium, Palladium, Ruthenium, Rhenium und Osmi-
um, am meisten bevorzugt Platin, und
Calcinieren des imprägnierten Filtersubstrats, um
den Abgasfilter zu bilden.

8. Verfahren nach Anspruch 7, worin das Erdalkalime-
tall ausgewählt ist aus der Gruppe, bestehend aus
Magnesium, Barium und Calcium, vorzugsweise
Magnesium.

9. Verfahren nach einem der Ansprüche 7 oder 8, wor-
in das Gewichtsverhältnis des Edelmetalls zu Erd-
alkalimetallvanadat 1:1 bis 1:50 beträgt, vorzugs-
weise 1:5 bis 1:20.

10. Verfahren nach einem der Ansprüche 7 bis 9, worin
die Zusammensetzung des porösen Filtermaterials
ausgewählt ist aus einer Gruppe, bestehend aus
Aluminiumoxid, Titanoxid, Zirkonoxid, Boroxid, Ko-
rund, Kieselsäure, Magnesiumoxid, Kaliumtitanat,
Kieselsäure-Aluminiumoxid, Kieselsäure-Zirkon-
oxid, Siliciumcarbiden, Titanoxid-Zirkonoxid, Titan-
oxid-Kieselsäure, mit Titanoxid beschichtetem Alu-
miniumoxid, mit Wolframoxid beschichtetem Alumi-
niumoxid, mit Zirkonoxid beschichtetem Alumini-
umoxid, Cordierit, Mullit, und Gemischen und Kom-
binationen davon, vorzugsweise einem kerami-
schen Material oder Siliciumcarbid.

11. Verfahren nach einem der Ansprüche 7 bis 10, wor-
in die Menge des auf dem Filtersubstrat imprägnier-
ten katalytischen Materials mindestens 7,1 g/l (200
g/ft3), vorzugsweise 7,1 g/l (200 g/ft3) bis 35,3 g/l
(1000 g/ft3) beträgt.

11 12



EP 1 368 107 B1

8

5

10

15

20

25

30

35

40

45

50

55

Revendications

1. Filtre catalytique pour filtrer les particules des gaz
d'échappement de diesel comprenant :

un substrat de filtre poreux pour filtrer un gaz
d'échappement contenant une matière particu-
laire de diesel, imprégné d'un matériau cataly-
tique, dans lequel le matériau catalytique com-
prend un vanadate de métal alcalino-terreux et
un métal précieux, de préférence le platine, le
rhodium, le palladium, le ruthénium, le rhénium
et l'osmium et, de préférence encore, le platine.

2. Filtre d'échappement selon la revendication 1, dans
lequel le métal alcalino-terreux est choisi dans le
groupe formé par le calcium, le magnésium et le ba-
ryum, de préférence le magnésium.

3. Filtre d'échappement selon l'une quelconque des
revendications 1 ou 2, dans lequel le rapport en
poids du métal précieux au vanadate de métal al-
calino-terreux est compris entre 1/1 et 1/50, de pré-
férence entre 1/5 et 1/20.

4. Filtre d'échappement selon l'une quelconque des
revendications 1 à 3, dans lequel la composition du
substrat de filtre poreux est choisie dans le groupe
de matériaux constitué de céramique, alumine, oxy-
de de titane, zircone, oxyde de bore, corindon, sili-
ce, magnésie, titanate de potassium, silice-zircone,
oxyde de titane-zircone, oxyde de titane-silice, sili-
ce-alumine, carbures de silicium, alumine enduite
d'oxyde de titane, alumine enduite d'oxyde de
tungstène, alumine enduite de zircone, cordiérite,
mullite et leurs mélanges et combinaisons, de pré-
férence un matériau céramique ou du carbure de
silicium.

5. Filtre d'échappement selon l'une quelconque des
revendications 1 à 4, dans lequel la quantité de ma-
tériau catalytique déposé sur le substrat de filtre est
d'au moins 7,1 g/l (200 g/pied3), de préférence de
7,1 g/l (200 g/pied3) à 35,3 g/l (1 000 g/pied3).

6. Procédé de filtration de matière particulaire à partir
d'un gaz d'échappement de diesel utilisant un filtre
d'échappement, comprenant le passage du gaz
d'échappement de diesel à travers le filtre d'échap-
pement selon l'une quelconque des revendications
1 à 5.

7. Procédé de fabrication d'un filtre pour filtrer la ma-
tière particulaire à partir du gaz d'échappement de
diesel, comprenant :

la préparation d'un substrat de filtre poreux,
l'imprégnation du substrat avec un matériau ca-

talytique comprenant un vanadate de métal al-
calino-terreux et un métal précieux, choisi de
préférence dans le groupe formé par le platine,
le rhodium, le palladium, le ruthénium, le rhé-
nium et l'osmium, plus préférentiellement le
platine, et
la calcination du substrat de filtre imprégné afin
de former le filtre d'échappement.

8. Procédé selon la revendication 7, dans lequel le
métal alcalino-terreux est choisi dans le groupe for-
mé par le magnésium, le baryum et le calcium, de
préférence le magnésium.

9. Procédé selon l'une quelconque des revendications
7 ou 8, dans lequel le rapport en poids du métal pré-
cieux au vanadate de métal alcalino-terreux est de
1 / 1 à 1 / 50, de préférence de 1/5 à 1/20.

10. Procédé selon l'une quelconque des revendications
7 à 9, dans lequel la composition du substrat de filtre
poreux est choisie dans le groupe de matériaux for-
mé par l'alumine, l'oxyde de titane, la zircone, l'oxy-
de de bore, le corindon, la silice, la magnésie, le
titanate de potassium, la silice-alumine, la silice-zir-
cone, les carbures de silicium, l'oxyde de titane-zir-
cone, l'oxyde de titane-silice, l'alumine enduite
d'oxyde de titane, l'alumine enduite d'oxyde de
tungstène, l'alumine enduite de zircone, la cordiéri-
te, la mullite et leurs mélanges et combinaisons, de
préférence un matériau céramique ou un carbure
de silicium.

11. Procédé selon l'une quelconque des revendications
7 à 10, dans lequel la quantité de matériau cataly-
tique déposé sur le substrat de filtre est d'au moins
7,1 g/l (200 g/pied3), de préférence de 7,1 g/l (200
g/pied3) à 35,3 g/l (1 000 g/pied3).
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