
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR)

(19)
EP

3 
43

4 
36

8
B

9
*EP003434368B9*

(11) EP 3 434 368 B9
(12) CORRECTED EUROPEAN PATENT SPECIFICATION

(15) Correction information: 
Corrected version no   1     (W1 B1)
Corrections, see
Claims EN  1

(48) Corrigendum issued on: 
07.12.2022 Bulletin 2022/49

(45) Date of publication and mention 
of the grant of the patent: 
24.08.2022 Bulletin 2022/34

(21) Application number: 17770027.5

(22) Date of filing: 13.03.2017

(51) International Patent Classification (IPC):
B01J 35/04 (2006.01) B01D 53/94 (2006.01)

B01J 29/85 (2006.01) F01N 3/022 (2006.01)

F01N 3/023 (2006.01) F01N 3/035 (2006.01)

F01N 3/24 (2006.01) F01N 3/28 (2006.01)

(52) Cooperative Patent Classification (CPC): 
B01D 46/24492; B01D 53/9409; F01N 3/035; 
B01D 2255/50; B01D 2255/9155; B01D 2255/9202; 
B01D 2279/30; F01N 2510/0682 

(86) International application number: 
PCT/JP2017/010010

(87) International publication number: 
WO 2017/163984 (28.09.2017 Gazette 2017/39)

(54) EXHAUST GAS PURIFICATION DEVICE

ABGASREINIGUNGSVORRICHTUNG

DISPOSITIF D’ÉPURATION DE GAZ D’ÉCHAPPEMENT

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 24.03.2016 JP 2016060430

(43) Date of publication of application: 
30.01.2019 Bulletin 2019/05

(73) Proprietor: Cataler Corporation
Shizuoka 437-1492 (JP)

(72) Inventors:  
• SEKINE, Hiroshi

Iwata-shi
Shizuoka 438-0112 (JP)

• MATSUI, Suguru
Kakegawa-shi
Shizuoka 437-1492 (JP)

(74) Representative: Kramer Barske Schmidtchen 
Patentanwälte PartG mbB
European Patent Attorneys 
Landsberger Strasse 300
80687 München (DE)

(56) References cited:  
EP-A1- 3 153 226 WO-A2-2015/082892
JP-A- 2004 105 792 JP-A- 2005 152 774
JP-A- 2005 224 666 JP-A- 2009 106 926
JP-A- 2010 167 366 JP-A- 2011 194 342



EP 3 434 368 B9

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to an exhaust gas purification device. Specifically, the present invention relates
to an exhaust gas purification device that purifies exhaust gas discharged from an internal combustion engine such as
a gasoline engine.
[0002] Note that the present international application claims priority based on Japanese Patent Application Laid-open
No. 2016-060430 filed on March 24, 2016.

Background Art

[0003] Generally, it has been known that exhaust gas discharged from internal combustion engines contains particulate
matter (PM) mainly composed of carbon, ash made of noncombustible components, or the like and causes air pollution.
Therefore, restrictions on the discharge amount of the particulate matter have been strengthened year by year, besides
restrictions on the discharge amount of components such as hydrocarbon (HC), carbon oxide (CO), and nitrogen oxide
(NOx) contained in exhaust gas. To this end, technologies for collecting the particulate matter from exhaust gas and
removing the same have been proposed.
[0004] For example, a particulate filter for collecting the particulate matter is provided inside the exhaust path of an
internal combustion engine. For example, since a gasoline engine discharges a certain amount of particulate matter
together with exhaust gas although the amount of the particulate matter is smaller than that discharged from a diesel
engine, there is a case that a gasoline particulate filter (GPF) is installed in an exhaust path. As such a particulate filter,
a so-called wall-flow-structured particulate filter has been known in which a base material is constituted by a multiplicity
of porous cells and the entrances and exits of the multiplicity of cells are alternately closed (Patent Literature 1 and 2).
In a wall-flow-type particulate filter, exhaust gas flowing in from the entrances of cells passes through the wall of partitioned
porous cells and is discharged to the exits of the cells. Then, particulate matter is collected by pores inside the partition
wall while the exhaust gas passes through the wall of the porous cells.

Citation List

Patent Literature

[0005]

Patent Literature 1: Japanese Patent Application Laid-open No. 2009-82915
Patent Literature 2: Japanese Patent Application Laid-open No. 2007-185571
Patent Literature 3: WO2015/082892.

Summary of Invention

Technical Problem

[0006] Meanwhile, in recent years, consideration has been given to making the particulate filter carry a precious metal
catalyst to further improve exhaust gas purification performance. For example, Patent Literature 1 describes a filter
catalyst in which a palladium layer serving as a precious metal catalyst is arranged inside a partition wall and a rhodium
layer is laminated on the outside (surface) of the partition wall. However, since the rhodium layer is formed on the outside
of the partition wall according to such a technology, a pressure loss increases with an increase in flow path resistance
where exhaust gas passes through the cells of a filter. As a result, there is a likelihood of engine performance or the like
being adversely affected. The pressure loss is desirably reduced to a greater extent to prevent harmful effects such as
poor fuel economy and engine trouble. Further, Patent Literature 2 describes a filter catalyst in which a platinum layer
serving as a precious metal catalyst and a rhodium layer are separately carried by the inside pores of a partition wall.
However, even if the platinum and rhodium catalyst layers are only arranged inside the pores without any idea like this
official gazette, the use efficiency of platinum and rhodium is poor and thus a further improvement in purification per-
formance as described above cannot be substantially realized.
[0007] The present invention has been made in view of the above circumstances and has a primary object of providing
an exhaust gas purification device having a wall-flow-structured filter catalyst, the exhaust gas purification device being
capable of realizing a further improvement in purification performance while reducing a pressure loss.
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Solution to Problem

[0008] As a result of intensive studies to solve the above problem, the present inventor has found that exhaust gas
purification performance is improved when a catalyst layer is preferentially arranged in large pores having a relatively
large pore size among the inside pores of a partition wall and that the exhaust gas purification performance can be
effectively improved without an increase in pressure loss when the catalyst layer is arranged in a prescribed region in
the thickness direction of the partition wall in an exhaust gas purification device having a wall-flow-structured filter catalyst
in which the catalyst layer is formed in the inside pores of the partition wall. Thus, the present inventor has completed
the present invention.
[0009] That is, the present invention provides an exhaust gas purification device , according to claim 1, that is arranged
in an exhaust path of an internal combustion engine and purifies exhaust gas discharged from the internal combustion
engine. The device includes: a wall-flow-structured base material having input-side cells in each of which only an end
on an exhaust-gas inflow side is opened, output-side cells which are arranged adjacent to the input-side cells and in
each of which only an end on an exhaust-gas outflow side is opened, and a porous partition wall that partitions the input-
side cells and the output-side cells; and a catalyst layer formed inside the partition wall by use of a catalyst layer forming
slurry having a viscosity η400 when a shear speed is 400 s-1 of 50 mPas or less, and the average particle size of the
particles in the slurry being about 1/50 to 1/3 of the average pore size of the partition wall.
[0010] The catalyst layer is formed in a region that extends from a surface of the partition wall contacting the input-
side cells or the output-side cells and that covers at least 90% of a thickness of the partition wall, the catalyst layer being
held by surfaces of inside pores of the partition wall in the region. Further, a relationship among an average filling ratio
A of the catalyst layer held by pores having a pore size of 5 mm or more and less than 10 mm, an average filling ratio B
of the catalyst layer held by pores having a pore size of 10 mm or more and less than 20 mm, and an average filling ratio
C of the catalyst layer held by pores having a pore size of 20 mm or more and less than 30 mm among the inside pores
of the partition wall in which the catalyst layer is held, satisfies a following expression A < B < C. The exhaust gas
purification device having the above configuration can effectively improve exhaust gas purification performance while
reducing a pressure loss.
[0011] According to the exhaust gas purification device of the invention, following expressions 0.9 ≤ P10/P50 ≤ 1.1 and
0.9 ≤ P90/P50 ≤ 1.1 are satisfied when pressure losses obtained by cutting out a part corresponding to 10%, 50%, and
90% of a length of the base material from the end on the exhaust gas inflow side to a downstream side of the base
material and causing gas to flow through the part are assumed as P10, P50, and P90, respectively. When the ratios of
pressure losses fall within such ranges, a reduction in pressure loss and catalyst purification performance can be achieved
at a higher level.
[0012] In a preferred embodiment of the exhaust gas purification device disclosed herein, the average filling ratio C
of the catalyst layer held by the pores having a pore size of 20 mm or more and less than 30 mm is larger by 5% or more
than the average filling ratio B of the catalyst layer held by the pores having a pore size of 10 mm or more and less than
20 mm. When a larger amount of the catalyst layer is arranged in such large pores having a pore size of 20 mm or more
and less than 30 mm, exhaust gas flowing in the pores of the partition wall can be efficiently purified. Therefore, the
effect described above can be more excellently produced.
[0013] In a preferred embodiment of the exhaust gas purification device disclosed herein, the average filling ratio B
of the catalyst layer held by the pores having a pore size of 10 mm or more and less than 20 mm is larger by 5% or more
than the average filling ratio A of the catalyst layer held by the pores having a pore size of 5 mm or more and less than
10 mm. In this manner, exhaust gas flowing in the inside pores of the partition wall can be more efficiently purified.
[0014] In a preferred embodiment of the exhaust gas purification device disclosed herein, the average filling ratio A
is 75% or less, the average filling ratio B is larger than 75% and smaller than 85%, and the average filling ratio C is 85%
or more. Thus, the average filling ratios within the ranges are made different from each other according to each pore
size range, whereby the most preferable exhaust gas purification device with its exhaust gas purification performance
further improved can be obtained.
[0015] In a preferred embodiment of the exhaust gas purification device disclosed herein, an average filling ratio D of
the catalyst layer held by pores having a pore size of 30 mm or more among the inside pores of the partition wall is
smaller than the average filling ratio C of the catalyst layer held by the pores having a pore size of 20 mm or more and
less than 30 mm. Preferably, the relationship among the average filling ratios A, B, C, and D satisfies the following
expression D < A < B < C. Thus, the average filling ratio D of the catalyst layer held by large pores having a pore size
of 30 mm or more is made smaller than the average filling ratio C of the catalyst layer held by the pores having a pore
size of 20 mm or more and less than 30 mm, whereby the above effect can be obtained without excessively increasing
a pressure loss.
[0016] In a preferred embodiment of the exhaust gas purification device disclosed herein, the internal combustion
engine is a gasoline engine. The temperature of exhaust gas from the gasoline engine is relatively high, and thus PM
is hardly deposited inside the partition wall. Therefore, when the internal combustion engine is the gasoline engine, the
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effect described above is more effectively exhibited.

Brief Description of Drawings

[0017]

Fig. 1 is a view schematically showing an exhaust gas purification device according to an embodiment.
Fig. 2 is a perspective view schematically showing the filter of the exhaust gas purification device according to the
embodiment.
Fig. 3 is a cross-sectional view schematically showing the cross section of the filter of the exhaust gas purification
device according to the embodiment.
Fig. 4 is a schematic view of a cross section in which a IV region in Fig. 3 is enlarged.
Fig. 5 is a view schematically showing an absorption coating device according to an embodiment.
Fig. 6 is a view for describing a method for measuring pressure losses P10, P50, and P90.
Fig. 7 is an SEM image of the cross section of a partition wall in Example 1.
Fig. 8 is an SEM image of the cross section of a partition wall in Comparative Example 1.
Fig. 9 is an SEM image of the cross section of a partition wall in Comparative Example 2.
Fig. 10 is a graph in which the NOx purification ratios of the respective Examples are compared with each other.
Fig. 11 is a graph showing the relationship between a coating depth and a pressure loss increasing ratio.

Description of Embodiments

[0018] Hereinafter, a description will be given of preferred embodiments of the present invention based on the drawings.
Note that matters other than matters particularly mentioned in the present specification and necessary for carrying out
the present invention (for example, a general matter such as the arrangement of a particulate filter in an automobile)
can be grasped as design matters for skilled persons based on conventional technologies in the field concerned. The
present invention can be carried out based on contents disclosed in the present specification and technological knowl-
edges in the field concerned.
[0019] First, a description will be given of the configuration of an exhaust gas purification device according to an
embodiment of the present invention with reference to Fig. 1. An exhaust gas purification device 1 disclosed herein is
provided in the exhaust system of an internal combustion engine. Fig. 1 is a view schematically showing an internal
combustion engine 2 and the exhaust gas purification device 1 provided in the exhaust system of the internal combustion
engine 2.
[0020] A mixture containing oxygen and fuel gas is supplied to the internal combustion engine (engine) according to
the present embodiment. The internal combustion engine burns the mixture and converts burning energy into mechanical
energy. The mixture burned at this time is discharged to the exhaust system as exhaust gas. The internal combustion
engine 2 having a configuration shown in Fig. 1 is constituted mainly by the gasoline engine of an automobile.
[0021] A description will be given of the exhaust system of the engine 2. An exhaust port (not shown) that makes the
engine 2 communicate with the exhaust system is connected to an exhaust manifold 3. The exhaust manifold 3 is
connected to an exhaust pipe 4 in which exhaust gas circulates. An exhaust path according to the present embodiment
is formed by the exhaust manifold 3 and the exhaust pipe 4. An arrow in the figure indicates an exhaust gas circulation
direction.
[0022] The exhaust gas purification device 1 disclosed herein is provided in the exhaust system of the engine 2. The
exhaust gas purification device 1 has a catalyst portion 5, a filter portion 6, and an ECU 7, and collects particulate matter
(PM) contained in exhaust gas while purifying harmful components (for example, carbon monoxide (CO), hydrocarbon
(HC), and nitrogen oxide (NOx)) contained in the discharged exhaust gas.
[0023] The catalyst portion 5 is configured to be capable of purifying three-way components (NOx, HC, and CO)
contained in exhaust gas, and is provided in the exhaust pipe 4 communicating with the engine 2. Specifically, the
catalyst portion 5 is provided on the downstream side of the exhaust pipe 4 as shown in Fig. 1. The type of the catalyst
portion 5 is not particularly limited. The catalyst portion 5 may be, for example, a catalyst on which precious metal such
as platinum (Pt), palladium (Pd), and rhodium (Rh) is carried. Note that a downstream-side catalyst portion may be
further arranged in the exhaust pipe 4 on the downstream side of the filter portion 6. Since the specific configuration of
the catalyst portion 5 does not characterize the present invention, its detailed description will be omitted.
[0024] The filter portion 6 is provided on the downstream side of the catalyst portion 5. The filter portion 6 has a gasoline
particulate filter (GPF) capable of collecting and removing particulate matter (hereinafter simply called "PM") contained
in exhaust gas. Hereinafter, a description will be given in detail of a particulate filter according to the present embodiment.
[0025] Fig. 2 is a perspective view of a particulate filter 100. Fig. 3 is a schematic view in which a part of a cross section
obtained by cutting out the particulate filter 100 in an axis direction is enlarged. Fig. 4 is an enlarged schematic view in



EP 3 434 368 B9

5

5

10

15

20

25

30

35

40

45

50

55

which a IV region in Fig. 3 is enlarged. As shown in Fig. 2 to Fig. 4, the particulate filter 100 has a wall-flow-structured
base material 10 and a catalyst layer 20. Hereinafter, the base material 10 and the catalyst layer 20 will be described
in this order.

<Base Material 10>

[0026] As the base material 10, it is possible to use any of base materials having various materials and shapes
conventionally used for this purpose. For example, a base material made of ceramics such as cordierite and silicon
carbide (SiC) or an alloy (such as stainless steel) can be suitably employed. As an example, a base material having a
cylindrical outer shape (present embodiment) is exemplified. However, the base material may have, as its entire outer
shape, an elliptic cylindrical shape or a polygonal cylindrical shape instead of a cylindrical shape. The base material 10
has input-side cells 12 in each of which only an end on an exhaust-gas inflow side is opened, output-side cells 14 which
are arranged adjacent to the input-side cells 12 and in each of which only an end on an exhaust-gas outflow side is
opened, and a porous partition wall 16 that partitions the input-side cells 12 and the output-side cells 14.

<Input-Side Cells 12 and Output-Side Cells 14>

[0027] In each of the input-side cells 12, only an end on the exhaust-gas inflow side is opened, and the output-side
cells 14 are arranged adjacent to the input-side cells 12 and only an end thereof on the exhaust-gas outflow side is
opened. In the present embodiment, the ends of the input-side cells 12 on the exhaust-gas outflow side are sealed by
sealing portions 12a, and the ends of the output-side cells 14 on the exhaust-gas inflow side are sealed by sealing
portions 14a. The input-side cells 12 and the output-side cells 14 may be set to have an appropriate shape and a size
in consideration of the flow rate or the components of exhaust gas supplied to the filter 100. The input-side cells 12 and
the output-side cells 14 may have, for example, a rectangular shape such as a square, a parallelogram, a rectangle,
and a trapezoid, a triangular shape, other polygonal shapes (for example, a hexagon and an octagon), or various
geometric shapes such as a circle. Further, the cross-sectional area (the area of a cross section orthogonal to the length
direction of the base material) of the input-side cells 12 and the cross-sectional area (the area of a cross section orthogonal
to the length direction of the base material) of the output-side cells 14 may be structured to be the same or different from
each other (HAC: High Ash Capacity).

<Partition Wall 16>

[0028] The partition wall 16 is formed between the input-side cells 12 and the output-side cells 14 arranged adjacent
to each other. The input-side cells 12 and the output-side cells 14 are partitioned by the partition wall 16. The partition
wall 16 has a porous structure that allows exhaust gas to pass through. The porosity of the partition wall 16 is not
particularly limited, but is approximately substantially 40% to 70% and preferably 55% to 65%. A pressure loss is likely
to increase when the porosity of the partition wall 16 is too small, while the mechanical strength of the filter 100 is likely
to lower when the porosity of the partition wall 16 is too large. Therefore, the too small and large porosities are not
preferable. The above porosities of the partition wall 16 are also preferable from the viewpoint of preferentially arranging
slurry that will be described later in the large pores of the partition wall 16. Further, the average pore size of the partition
wall 16 is not particularly limited, but is substantially 5 mm to 30 mm and preferably 10 mm to 25 mm from the viewpoint
of PM collection efficiency, reducing an increase in pressure loss, or the like. The above average pore size of the partition
wall 16 is also preferable from the viewpoint of preferentially arranging the slurry that will be described later in the large
pores of the partition wall 16. The thickness of the partition wall 16 is not particularly limited, but may be substantially
about 0.2 mm to 1.6 mm. When the thickness of the partition wall falls within such a thickness range, the effect of reducing
an increase in pressure loss without impairing the PM collection efficiency is obtained. The thickness of the partition wall
16 is also preferable from the viewpoint of preferentially arranging the slurry that will be described later in the large pores
of the partition wall 16.

<Catalyst Layer 20>

[0029] In the present embodiment, the catalyst layer 20 has an upstream-side catalyst layer 20A including the end of
the base material 10 on the exhaust gas inflow side and arranged at an upstream-side part in an exhaust gas circulation
direction, and has a downstream-side catalyst layer 20B including the end of the base material 10 on the exhaust gas
outflow side and arranged at a downstream-side part in the exhaust gas circulation direction.
[0030] The upstream-side catalyst layer 20A is formed in a region that extends from the surface of the partition wall
16 contacting the input-side cells 12 to the side of the output-side cells 14 in the thickness direction of the partition wall
16 and that covers at least 90% of the thickness T of the partition wall 16 (i.e., TA = 0.9T to 1T, preferably 95% to 100%,
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i.e., TA = 0.95T to IT). Further, the downstream-side catalyst layer 20B is formed in a region that extends from the surface
of the partition wall 16 contacting the output-side cells 14 to the side of the input-side cells 12 in the thickness direction
of the partition wall 16 and that covers at least 90% of the thickness T of the partition wall 16 (i.e., TB = 0.9T to 1T,
preferably 95% to 100%, i.e., 0.95T to T). In other words, both the upstream-side catalyst layer 20A and the downstream-
side catalyst layer 20B are formed in the regions extending from the surface of the partition wall 16 contacting the input-
side cells 12 or the output-side cells 14, and covering at least 90% of the thickness T of the partition wall 16 (0.9T ≤ TA
and 0.9T ≤ TB). As described above, the catalyst layer 20 is formed in the region corresponding to at least 90% of the
thickness T of the partition wall 16, whereby exhaust-gas purification performance can be effectively improved without
increasing a pressure loss compared with a conventional filter in which the relationships of 0.9T ≤ TA and 0.9T ≤ TB are
not satisfied.
[0031] In the present embodiment, the upstream-side catalyst layer 20A is formed in a part LA corresponding to at
least 80% of an entire length L of the base material 10 from the end on the exhaust-gas inflow side of the base material
10 to the downstream side (for example, 80% to 100%, i.e., LA = 0.8L to 1L, preferably 90% to 100%, i.e., LA = 0.9L to
1L). Further, the downstream-side catalyst layer 20B is formed in a part LB corresponding to at most 40% of the entire
length L of the base material 10 from the end on the exhaust-gas outflow side of the base material 10 to the upstream
side (for example, 0% to 40% (i.e., LB = 0L to 0.4L, typically 10% to 30%, i.e., LB = 0.1L to 0.3L)). The downstream-side
catalyst layer 20B may be formed to overlap with the upstream-side catalyst layer 20A (i.e., L < LA + LB) or may be
formed not to overlap with the upstream-side catalyst layer 20A (i.e., LA + LB ≤ L) in the length direction (axis direction)
of the base material. Note that since the upstream-side catalyst layer 20A and the downstream-side catalyst layer 20B
have the same configuration except for their arrangement places inside the partition wall 16, each of the upstream-side
catalyst layer 20A and the downstream-side catalyst layer 20B will be collectively described as the catalyst layer 20 below.
[0032] As shown in Fig. 4, the catalyst layer 20 is provided inside the partition wall 16. More specifically, the catalyst
layer 20 is held by the wall surfaces of inside pores 18 of the partition wall 16.
[0033] The particulate filter 100 disclosed herein is such that the relationship among an average filling ratio A of the
catalyst layer 20 held by pores having a pore size of 5 mm or more and less than 10 mm, an average filling ratio B of the
catalyst layer 20 held by pores having a pore size of 10 mm or more and less than 20 mm, and an average filling ratio
C of the catalyst layer 20 held by pores having a pore size of 20 mm or more and less than 30 mm among the inside
pores in which the catalyst layer 20 of the partition wall 16 is held in the region of the partition wall 16 in which the catalyst
layer 20 is formed satisfies the following expression A < B < C. As described above, the average filling ratios of the
catalyst layer held by large pores having a relatively large pore size is made larger than those of the catalyst layer held
by small pores having a relatively small pore size, whereby the exhaust gas purification performance can be effectively
improved. A reason for producing such an effect is not particularly limited but is assumed as follows, for example. That
is, the large pores having a relatively large pore size have a larger flow path for exhaust gas and cause a larger amount
of the exhaust gas to flow than the small pores having a relatively small pore size. Therefore, the catalyst layer is
preferentially arranged in the large pores causing a larger amount of the exhaust gas to flow, whereby the contact
opportunity between the catalyst layer and the exhaust gas increases compared with a conventional embodiment in
which the catalyst layer is uniformly arranged in the large pores and the small pores and the exhaust gas is efficiently
purified. It is presumed that the above reason contributes to the improvement in the purification performance.
[0034] The average filling ratio C of the catalyst layer held by the pores having a pore size of 20 mm or more and less
than 30 mm is only required to be larger than the average filling ratio B of the catalyst layer held by the pores having a
pore size of 10 mm or more and less than 20 mm, and is not particularly limited. For example, the average filling ratio C
of the catalyst layer held by the pores having a pore size of 20 mm or more and less than 30 mm is preferably larger by
2% or more and more preferably 3% or more than the average filling ratio B of the catalyst layer held by the pores having
a pore size of 10 mm or more and less than 20 mm. The exhaust gas purification device disclosed herein can be preferably
carried out, for example, in an embodiment in which the average filling ratio C is larger by 5% or more than the average
filling ratio B. Thus, the exhaust gas purification performance can be more excellently realized. Further, a value obtained
by subtracting the average filling ratio B from the average filling ratio C (i.e., C - B) is preferably 60% or less, more
preferably 50% or less, and still more preferably 40% or less. For example, the value of C - B may be 30% or less, 20%
or less, or 10% or less. A specific example of the average filling ratio C is preferably 80% or more and more preferably
85% or more from the viewpoint of more excellently exhibiting the effect produced by making the average filling ratio C
larger than the average filling ratios A and B (the effect of improving the exhaust gas purification performance) or the
like. The upper limit of the average filling ratio C is not particularly limited, but the average filling ratio C is substantially
95% or less and preferably 90% or less from the viewpoint of reducing an increase in pressure loss or the like.
[0035] The average filling ratio B of the catalyst layer held by the pores having a pore size of 10 mm or more and less
than 20 mm is only required to be larger than the average filling ratio A of the catalyst layer held by the pores having a
pore size of 5 mm or more and less than 10 mm, and is not particularly limited. For example, the average filling ratio B
of the catalyst layer held by the pores having a pore size of 10 mm or more and less than 20 mm is preferably larger by
2% or more and more preferably 3% or more than the average filling ratio A of the catalyst layer held by the pores having
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a pore size of 5 mm or more and less than 10 mm. Thus, the exhaust gas purification performance can be more excellently
realized. For example, the average filling ratio B may be larger by 5% or more and typically 6% or more than the average
filling ratio A. Further, a value obtained by subtracting the average filling ratio A from the average filling ratio B (i.e., B -
A) is preferably 40% or less, more preferably 30% or less, and still more preferably 25% or less. For example, the value
of B - A may be 20% or less and typically 10% or less. A specific example of the average filling ratio B is preferably 45%
or more, more preferably 50% or more, for example 65% or more, and typically 70% or more from the viewpoint of more
excellently exhibiting the effect produced by making the average filling ratio B larger than the average filling ratio A (the
effect of improving the exhaust gas purification performance) or the like. The exhaust gas purification device disclosed
herein can be preferably carried out, for example, in an embodiment in which the average filling ratio B is 75% or more
and typically larger than 75%. The upper limit of the average filling ratio B is not particularly limited, but the average
filling ratio B is substantially 90% or less, preferably 85% or less, and typically smaller than 85% from the viewpoint of
reducing an increase in pressure loss or the like.
[0036] The average filling ratio A of the catalyst layer held by the pores having a pore size of 5 mm or more and less
than 10 mm is not particularly limited so long as the relationship A < B < C is satisfied between the average filling ratio
A and the average filling ratios B and C but is preferably 30% or more, more preferably 40% or more, for example 45%
or more, and typically 50% or more from the viewpoint of improving the exhaust gas purification performance. The
exhaust gas purification device disclosed herein can be carried out, for example, in an embodiment in which the average
filling ratio A is 55% or more and typically 60% or more. The upper limit of the average filling ratio A is not particularly
limited, but the average filling ratio A is substantially 80% or less and preferably 75% or less (for example, smaller than
75%) from the viewpoint of reducing an increase in pressure loss or the like.
[0037] In a preferred embodiment of the technology disclosed herein, an average filling ratio D of the catalyst layer
20 held by pores having a particle size of 30 mm or more is smaller than the average filling ratio C of the catalyst layer
held by the pores having a pore size of 20 mm or more and less than 30 mm among the inside pores in which the catalyst
layer 20 of the partition wall 16 is held. In a preferred embodiment, the relationship among the average filling ratios A,
B, C, and D satisfies the following expression D < A < B < C. As described above, the average filling ratio D of the
catalyst layer held by the large pores having a pore size of 30 mm or more is made smaller than the average filling ratio
C of the catalyst layer held by the pores having a pore size of 20 mm or more and less than 30 mm, whereby the above
effect (for example, the effect of improving the exhaust gas purification performance) can be obtained without excessively
increasing a pressure loss. For example, the average filling ratio D of the catalyst layer 20 held by the pores having a
pore size of 30 mm or more is preferably smaller by 5% or more and more preferably 10% or more than the average
filling ratio C of the catalyst layer held by the pores having a pore size of 20 mm or more and less than 30 mm. Thus,
both the reduction in pressure loss and the improvement in the purification performance can be achieved at a higher
level. For example, the average filling ratio D may be smaller by 20% or more or 30% or more than the average filling
ratio C. Further, a value obtained by subtracting the average filling ratio D from the average filling ratio C (i.e., C - D) is
preferably 60% or less and more preferably 50% or less. A specific example of the average filling ratio D is preferably
30% or more and more preferably 40% or more from the viewpoint of improving the exhaust gas purification performance.
The exhaust gas purification device disclosed herein can be preferably carried out, for example, in an embodiment in
which the average filling ratio D is 45% or more. The upper limit of the average filling ratio D is not particularly limited,
but the average filling ratio D is substantially 85% or less and preferably 70% or less from the viewpoint of reducing an
increase in pressure loss or the like. The average filling ratio D may be, for example, 60% or less and typically 50% or less.
[0038] Note that in the present specification, the pore sizes of the pores provided inside the partition wall and the filling
ratios of the catalyst layer held by the pores are calculated as follows.

(1) The inside pores of the partition wall included in an SEM image of a cross section or a TEM image of the cross
section in which the catalyst layer is held are observed using a scanning electron microscope (SEM) or a transmission
electron microscope (TEM), and pores are separated from a region from which pores having the largest pore size
are extracted in the image.
(2) If the pores are connected to each other, they are partitioned when the sizes of diameters reduce to 50% of the
maximum pore size and separated as single pores (the catalyst layer is treated as the pores at this time).
(3) Then, the diameter of an ideal circle (true circle) having the same area as a cross-section area X of the pores
calculated from the separated pore image is calculated as the pore size of the pores.
(4) Further, a cross-section area Y of the catalyst layer held inside the pores is calculated from the
separated pore image, and the percentage of a value obtained by dividing the cross-section area Y of the catalyst
layer by the cross-section area X of the pores (i.e., 100 3 Y/X) is calculated as the filling ratio (%) of the catalyst layer.
(5) Pores having the second largest pore size after the pores separated in the above process (1) are separated.

[0039] After that, the processes (2) to (5) are repeatedly performed until pores having a pore size of 5 mm or less are
separated, whereby the pore size of the pores provided inside the partition wall and the filling ratios of the catalyst layer
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held by the pores can be calculated. Then, the arithmetic mean of the filling ratio of the catalyst layer for each pore size
range is calculated, whereby the average filling ratio of the catalyst layer for each pore size range can be derived. Note
that the pore size of each pore and the filling ratios of the catalyst layer can be calculated using image analysis software
based on a computer that performs prescribed processing according to a prescribed program.

<Coating Amount of Catalyst Layer>

[0040] The coating amount of the catalyst layer is not particularly limited so long as the average filling ratios A, B, and
C in respective pore size ranges and the forming regions TA and TB inside the partition wall satisfy the above relationships,
but is substantially 300 g/L or less, preferably 250 g/L or less, for example 150 g/L or less, and typically less than 100
g/L per liter of the base material. For example, the coating amount of the catalyst layer may be 80 g/L or less and typically
65 g/L or less. According to the present configuration, the average filling ratios of the catalyst layer held by large pores
having a large pore size is made larger than those of the catalyst layer held by small pores having a small pore size,
whereby the exhaust gas purification performance can be effectively improved while the coating amount of the catalyst
layer is reduced in the entire filter (and thus a reduction in pressure loss and cost reduction are achieved). Accordingly,
even if the catalyst layer is coated by, for example, a small amount of 300 g/L or less (for example, less than 100 g/L
and typically 65 g/L or less) per liter of the base material, the exhaust gas purification device that is excellent in the
purification performance and provides high performance (for example, an increase in pressure loss is not caused when
exhaust gas passes through the base material) can be realized. The lower limit of the coating amount of the catalyst
layer is not particularly limited, but is preferably 30 g/L or more, more preferably 40 g/L or more, and still more preferably
50 g/L or more from the viewpoint of improving the purification performance or the like.
[0041] Note that a state in which "the catalyst layer is held by the inside pores of the partition wall" in the present
specification indicates that the catalyst layer mainly exists inside the partition wall (exists on the wall surfaces of the
inside pores) rather than existing on the surface (i.e., the outside) of the partition wall. More specifically, it is assumed
that the cross section of the base material is, for example, observed by an electron microscope and the ratio of the entire
coating amount of the catalyst layer is 100%. At this time, in the above state, the coating amount of the catalyst layer
existing on the wall surfaces of the inside pores of the partition wall is typically 80% or more (for example, 90% or more),
for example 95% or more, preferably 98% or more, still more preferably 99% or more, and particularly substantially
100% (i.e., the catalyst layer does not substantially exist on the surface of the partition wall). Accordingly, the state is
definitely different from a state in which part of the catalyst layer unintentionally permeates the inside pores of the partition
wall, for example, when the catalyst layer is arranged on the surface of the partition wall.
[0042] A catalyst contained in the catalyst layer 20 is not particularly limited so long as the average filling ratios A, B,
and C in respective pore size ranges and the forming regions TA and TB inside the partition wall satisfy the above
relationships. The catalyst can be, for example, a SCR catalyst, a three-way catalyst, an NSR catalyst, or a catalyst in
which these catalysts are combined together.

<SCR catalyst>

[0043] The catalyst layer 20 can be, for example, a layer containing a SCR (Selective Catalytic Reduction) catalyst.
That is, the filter is configured to carry the SCR catalyst to purify nitrogen oxide (NOx) in exhaust gas. The SCR catalyst
is not particularly limited, but examples of the SCR catalyst include β-type zeolite and SAPO (silicoaluminophos-
phate)-based zeolite. As SAPO, SAPO-5, SAPO-11, SAPO-14, SAPO-17, SAPO-18, SAPO-34, SAPO-39, SAPO-42,
SAPO-47, or the like is exemplified. The SCR catalyst may contain any metal component. As such a metal component,
copper (Cu), iron (Fe), sodium (Na), potassium (K), magnesium (Mg), calcium (Ca), cobalt (Co), nickel (Ni), zinc (Zn),
silver (Ag), lead (Pb), vanadium (V), chromium (Cr), molybdenum (Mo), yttrium (Y), cerium (Ce), neodymium (Nd),
tungsten (W), indium (In), iridium (Ir), or the like is exemplified. With the above metal contained in the SAPO, NOx can
be more efficiently purified. When the catalyst layer 20 contains the SCR catalyst, reducing-agent solution supply means
for supplying a reducing-agent solution (for example, urea water) to generate ammonia may be arranged on the upstream
side of the exhaust pipe with respect to the particulate filter 100.

<Precious Metal>

[0044] The catalyst layer 20 can be a layer containing a three-way catalyst. That is, the catalyst layer 20 may contain
precious metal and a carrier carrying the precious metal. The precious metal contained in the catalyst layer 20 is only
required to have a catalytic function for harmful components contained in exhaust gas. As the precious metal, palladium
(Pd), rhodium (Rh), platinum (Pt), ruthenium (Ru), iridium (Ir), osmium (Os), or the like can be used.



EP 3 434 368 B9

9

5

10

15

20

25

30

35

40

45

50

55

<Carrier>

[0045] The precious metal is carried by a carrier (typically powder). Examples of the carrier carrying the precious metal
include a metal oxide such as alumina (Al2O3), zirconia (ZrO2), ceria (CeO2), silica (SiO2), magnesia (MgO), and titanium
oxide (titania: TiO2) or a solid solution (for example, a ceria-zirconia (CeO2-ZrO2) multiple oxide) in which these com-
ponents are mixed together. Among these components, the alumina and/or the ceria-zirconia multiple oxide are/is
preferably used. Two or more types of these components may be used in combination. Note that other materials (typically
inorganic oxides) may be added to the carrier as accessory components. As a substance that can be added to the
carrier, a rare-earth element such as lanthanum (La) and yttrium (Y), an alkaline earth element such as calcium, other
transition metal elements, or the like can be used. Among the above components, the rare-earth element such as
lanthanum and yttrium is suitably used as a stabilizing agent since it can improve specific surface area at a high tem-
perature without inhibiting the catalytic function.
[0046] The carrying amount of the precious metal in the carrier is not particularly limited, but is appropriately in the
range of 0.01% by mass to 2% by mass (for example, 0.05% by mass to 1% by mass) with respect to the total mass of
the carrier carrying the precious metal of the catalyst layer 20. A method for making the carrier of the catalyst layer 20
carry the precious metal is not particularly limited. For example, carrier powder containing Al2O3 and/or CeO2-ZrO2
multiple oxide is immersed in a solution containing precious metal salt (for example, nitrate salt) or a precious metal
complex (for example, a tetraamine complex) and then dried and burned to be prepared.
[0047] The catalyst layer 20 may contain a NOx absorption material having NOx occlusion performance besides the
precious metal and the carrier. The NOx occlusion material is only required to have NOx occlusion performance by
which NOx in exhaust gas is absorbed when the air-fuel ratio of the exhaust gas is put in a lean state in which oxygen
is excessive and the absorbed NOx is released when the air-fuel ratio is switched to a rich side. As such a NOx absorption
material, a basic material containing one or two or more types of metal that can supply electrons to NOx can be preferably
used. Examples of the NOx absorption material include alkali metal such as potassium (K), sodium (Na), and cesium
(Cs), alkali earth metal such as barium (Ba) and calcium (Ca), rare earth such as lanthanides, and metal such as silver
(Ag), copper (Cu), iron (Fe), and iridium (Ir). Among these components, a barium compound (for example, barium nitrate)
has high NOx occlusion performance and is suitable as the NOx absorption material used in the exhaust gas purification
device disclosed herein.

<Method for Forming Catalyst Layer 20>

[0048] In forming the catalyst layer 20, catalyst-layer forming slurry containing powder in which precious metal is
carried by a carrier and an appropriate solvent (for example, ion-exchanged water) is only required to be prepared.
[0049] Here, the viscosity of the slurry is an important factor from the viewpoint of realizing the relationship (A < B <
C) of the average filling ratios of the catalyst layer described above. That is, the viscosity of the slurry may be adjusted
such that the slurry easily flows in large pores (for example, pores having a pore size of 20 mm or more and less than
30 mm) and hardly flows in small pores (for example, pores having a pore size of 5 mm or more and less than 10 mm)
among the inside pores of the partition wall 16. The viscosity η400 of the slurry when a shear speed is 400 s-1 is 50
mPa·s or less (for example, 1 mPa·s to 50 mPa·s), more preferably 30 mPa·s or less, still more preferably 20 mPa·s or
less, and for example 15 mPa·s or less (for example, 1 mPa·s to 15 mPa·s). The slurry is preferentially arranged in large
pores among the inside pores of the partition wall 16 when the slurry having the specific viscosity described above is
used, and thus the catalyst layer satisfying the relationship (A < B < C) of the average filling ratios can be stably formed.
The viscosity is also suitable from the viewpoint of realizing the forming regions (0.9T ≤ TA and 0.9T ≤ TB) inside the
partition wall. In order to realize the viscosity of the slurry, the
slurry may contain a thickening agent or a dispersing agent. As the thickening agent, a cellulose-based polymer such
as carboxymethyl cellulose (CMC), methylcellulose (MC), hydroxypropylmethyl cellulose (HPMC), and hydroxyethylme-
thyl cellulose (HEMC) is exemplified. The content of the thickening agent occupied in the entire solid content of the slurry
is not particularly limited so long as the viscosity of the slurry satisfies the above ranges, but is substantially 10% by
mass to 50% by mass, preferably 20% by mass to 40% by mass, and more preferably 25% by mass to 35% by mass.
Note that the viscosity of the slurry is viscosity that can be measured by a commercially-available shearing viscometer
at room temperature. When a dynamic viscoelasticity measurement device (rheometer) standard in the field concerned
is used, the viscosity can be easily measured under the condition of the above shear speed range. Here, the "room
temperature" indicates a temperature range of 15°C to 35°C and typically a temperature range of 20°C to 30°C (for
example, 25°C).
[0050] The average particle size of particles (typically, the powder of the carrier carrying the precious metal) in the
slurry is about 1/50 to 1/3 of the average pore size (median value: D50 diameter) of the partition wall 16. The average
particle size of the particles in the slurry is more preferably about 1/40 to 1/5 and still more preferably about 1/30 to 1/10
of the average pore size of the partition wall 16. When the average pore size of the partition wall 16 is, for example, 15
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mm to 20 mm, the average particle size of the particles in the slurry can be 0.3 mm to 3 mm (preferably 0.4 mm to 1 mm
and more preferably 0.5 mm to 0.7 mm). When average particle size of the particles in the slurry falls within such ranges,
the slurry is easily preferentially arranged in large pores among the inside pores of the partition wall 16. Therefore, the
catalyst layer satisfying the relationship (A < B < C) of the average filling ratios can be more stably formed. Note that
the average particle size (median value: D50 diameter) of the particles in the slurry can be
grasped based on a laser diffraction and scattering method.
[0051] In the manufacturing method disclosed herein, the catalyst layer 20 is formed inside the pores of the partition
wall 16 using the slurry. The catalyst layer 20 can be formed by an absorption coating method.
[0052] Meanwhile, the formation of a catalyst layer is generally performed using an immersion method. In the method,
after a base material is immersed in slurry as described above such that the slurry permeates the base material and
flows in the pores of a partition wall, the base material is taken out to adjust the amount of the slurry by an air blow and
a solvent is volatilized to form the catalyst layer inside the pores of the partition wall. According to the method, the slurry
also flows in occluded holes through which exhaust gas does not pass among the pores of a partition wall, and thus the
catalyst layer that does not contribute to exhaust gas purification is likely to be formed. Therefore, there is a likelihood
that purification performance reduces.
[0053] On the other hand, in the absorption coating method disclosed herein, all or part of the slurry is coated on a
part (hereinafter called an "end F") serving as an end on the exhaust-gas inflow side or the exhaust-gas outflow side of
the base material and absorbed from the other end (i.e., a part serving as the end on the exhaust-gas outflow side or
the exhaust-gas inflow side of the base material, hereinafter called an "end R") (the first slurry is input). Specifically, the
slurry is absorbed so as to be coated on a part corresponding to at least 80% (for example, 80% to 100% and preferably
80% to 95%) of the length of the base material from the end F to the end R of the base material, and coated on a region
extending from the surface of the partition wall and covering at least 90% (for example, 90% to 100% and preferably
95% to 100%) of the thickness of the partition wall. Further, where necessary, the rest of the slurry is coated on the end
R of the base material and absorbed so as to be coated on a part corresponding to at most 40% (for example, 5% to
40% and more preferably 5% to 30%) of the length of the base material from the end R to the end F, and coated on a
region extending from the surface of the partition wall and covering at least 90% (for example, 90% to 100% and preferably
95% to 100%) of the thickness of the partition wall (second slurry is input). As described above, when the slurry is caused
to flow in the pores of the partition wall by absorption, the slurry easily preferentially flows in through-holes through which
exhaust gas passes and hardly flows in occluded holes through which the exhaust gas does not pass among the pores
of the partition wall. Therefore, the inconvenience of forming the catalyst layer that does not contribute to the purification
of the exhaust gas as in the immersion method is solved or reduced, and the purification performance can be improved.
[0054] Fig. 5 is a view schematically showing an absorption coating device 40 according to an embodiment. The
absorption coating device 40 shown in Fig. 5 has a lower seat 46, a slurry storage portion 44, a slurry supply portion 42,
and an air chamber 48. The lower seat 46 is a portion onto which the base material 10 is fixed (placed).
[0055] The slurry storage portion 44 has an attachment attached to the upper end of the base material 10. In the
embodiment, the attachment is formed into a cylindrical shape of which lower end has the same size as the outer shape
of the base material 10 and of which diameter expands toward the side of an upper end. The lower end of the attachment
is fitted in the base material 10. The slurry supply portion 42 is a portion that supplies slurry S to the slurry storage portion
44. In the embodiment, the slurry supply portion 42 has a shower-type nozzle and measures and supplies a prescribed
amount of the slurry S to the slurry storage portion 44. The nozzle is not particularly limited so long as it is excellent in
measurement, and a nozzle other than the shower-type nozzle can be appropriately employed.
[0056] The air chamber 48 is a portion of which internal pressure is controlled by an air pressure control mechanism
not shown. In the embodiment, the air chamber 48 is arranged beneath the lower seat 46 and communicates with the
base material 10 via an opening opened in the lower seat 46. In performing absorption coating, air inside the air chamber
48 is absorbed by the air pressure control mechanism to generate negative pressure at which the slurry S stored in the
slurry storage portion 44 can flow in the base material 10. Thus, the slurry S stored in the slurry storage portion 44 is
absorbed into the base material 10.
[0057] The absorption speed (wind speed) of the slurry is not particularly limited, but is appropriately substantially 10
m/s to 80 m/s (preferably 10 m/s to 50 m/s and more preferably 15 m/s to 25 m/s). Further, the absorption time of the
slurry is not particularly limited, but is appropriately substantially 0.1 second to 10 seconds (preferably 0.5 second to 5
seconds and more preferably 1 second to 2 seconds). As preferred examples of the technology disclosed herein, the
absorption speed of the slurry is 10 m/s to 30 m/s and the absorption time of the slurry is 0.5 second to 5 seconds, and
the absorption speed of the slurry is 15 m/s to 25 m/s and the absorption time of the slurry is 1 second to 2 seconds.
When the absorption speed and the absorption time of the slurry fall within such absorption speeds and absorption
times, the slurry is preferentially arranged in large pores among the inside pores of the partition wall 16. Therefore, the
catalyst layer satisfying the relationship (A < B < C) of the average filling ratios can be more stably formed.
[0058] In the manufacturing method disclosed herein, the slurry flowing in the pores of the partition wall 16 is then
dried and burned at a prescribed temperature. Thus, the catalyst layer 20 is held by the wall surfaces of the pores of
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the partition wall 16. In the manner described above, a particulate filter in which the catalyst layer is formed on the wall
surfaces of the pores of the partition wall 16 can be obtained.
[0059] The particulate filter thus obtained is one formed by making the slurry having the specific viscosity preferentially
flow in the large pores of the partition wall according to the absorption coating method. Accordingly, the catalyst layer
satisfying the relationship (A < B < C) of the average filling ratios is stably formed, and the filter excellent in the purification
performance can be obtained. Further, in the manufacturing method disclosed herein, the slurry is coated on the end F
of the base material and absorbed from the other end R. At this time, the slurry is absorbed so as to be coated on the
region extending from the surface of the partition wall and covering at least 90% of the thickness of the partition wall.
Further, where necessary, the rest of the slurry is coated on the end R of the base material and absorbed from the other
end F. At this time, the slurry is absorbed so as to be coated on the region extending from the surface of the partition
wall and covering at least 90% of the thickness of the partition wall. As described above, the slurry is absorbed so as to
be coated on the region extending from the surface of the partition wall and covering at least 90% of the thickness of
the partition wall, whereby an increase in pressure loss can be reduced to a lower level compared with a conventional
filter. Thus, according to the manufacturing method disclosed herein, the filter that generates a lower pressure loss
compared with a conventional filter and is excellent in the purification performance can be formed.
[0060] Further, according to the manufacturing method disclosed herein, the catalyst layer satisfying the relationship
of the average filling ratios can be more uniformly formed (for example, the catalyst layer can be uniformly formed with
a small fluctuation in coating amount in the length direction of the base material). Therefore, the obtained filter can be
one in which a difference in the pressure loss between places in the length direction of the base material is small. When
pressure losses obtained by cutting out parts corresponding to 10%, 50%, and 90% of the length of the base material
from the end on the exhaust gas inflow side to the downstream side of the base material and causing gas to flow through
the parts are assumed as P10, P50, and P90, respectively, the value of the ratio of Pio to P50 can satisfy substantially 0.9
≤ P10/P50 ≤ 1.1 (preferably, 0.95 ≤ P10/P50 ≤ 1.05). Further, the value of the ratio of P90 to P50 can satisfy substantially
0.9 ≤ P90/P50 ≤ 1.1 (preferably, 0.95
≤ P90/P50 ≤ 1.05). As described above, the catalyst layer satisfying the relationship of the average filling ratios is uniformly
formed in the length direction of the base material, whereby the filter having more excellent purification performance
compared with a conventional filter can be formed although the coating amount of the catalyst used in the entire filter is
the same.
[0061] Note that the pressure losses P10, P50, and P90 of the base material can be grasped by measuring the pressure
losses of a specimen obtained by cutting out a specific part of the base material. Specifically, as shown in Fig. 6, a
partition wall 16 of a part corresponding to 10%, 50%, and 90% of the length of the base material 10 is cut out with a
width (width along the length direction of the base material) of, for example, 20 mm from the end on the exhaust-gas
inflow side to the downstream side of the base material 10 that is to be measured to manufacture a specimen. Then,
the specimen is placed in a blower-type pressure loss measurement device, and gas is caused to flow in the radial
direction (in the thickness direction of the partition wall 16, i.e., in the direction orthogonal to the length direction of the
base material) of the specimen to measure pressure losses from the differences between front and rear static pressures.
The flow rate of the gas used in the measurement is set at 200 cc/sec. The measurement of the pressure losses can
be performed using, for example, a commercially-available pressure-loss measurement device.
[0062] According to the technology disclosed herein, the method for manufacturing the particulate filter in which the
catalyst layer satisfying the relationship (A < B < C) of the average filling ratios is provided and the values of the ratios
between the pressure losses P10, P50, and P90 of the base material satisfy the expressions 0.9 ≤ P10/P50 ≤ 1.1 and 0.9
≤ P90/P50 ≤ 1.1 is provided.
[0063] The manufacturing method includes: preparing (purchasing, manufacturing, or the like) the wall-flow-structured
base material having the input-side cells in each of which only an end on the exhaust-gas inflow side is opened, the
output-side cells which are arranged adjacent to the input-side cells and in each of which only an end on the exhaust-
gas outflow side is opened, and the porous partition wall that partitions the input-side cells and the output-side cells;
coating the catalyst-layer forming slurry on the end F (i.e., the part serving as the end on the exhaust-gas inflow side or
the exhaust-gas outflow side) of the base material and absorbing the same from the other end R (i.e., the part serving
as the end on the exhaust-gas outflow side or the exhaust-gas inflow side of the base material); and drying and burning
the base material into which the slurry is absorbed.
[0064] Here, in the above absorption step of the slurry, the slurry is absorbed so as to be coated on the part corre-
sponding to at least 80% of the length of the base material from the end F to the end R of the base material and absorbed
so as to be coated on the region extending from the surface of the partition wall and covering at least 90% of the thickness
of the partition wall. The catalyst-layer forming slurry is set to have a viscosity η400 of 50 mPa·s or less (for example, 15
mPa·s or less) when a shearing speed is 400 s-1.
[0065] The filter manufactured according to the method can be suitably used as the particulate filter of the exhaust
gas purification device.
[0066] In the particulate filter 100, exhaust gas flows in from the input-side cells 12 of the base material 10 as shown
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in Fig. 3. The exhaust gas flowing in from the input-side cells 12 reaches the output-side cells 14 after passing through
the porous partition wall 16. In Fig. 3, routes on which the exhaust gas flowing in from the input-side cells 12 reaches
the output-side cells 14 after passing through the partition wall 16 are indicated by arrows. At this time, since the partition
wall 16 has a porous structure, particulate matter (PM) is collected by the surface of the partition wall 16 and pores inside
the partition wall 16 when the exhaust gas passes through the partition wall 16. Further, since the catalyst layer 20 is
provided inside the pores of the partition wall 16 as shown in Fig. 4, harmful components in the exhaust gas is purified
when the exhaust gas passes through the pores of the partition wall 16. At this time, the exhaust gas is efficiently purified
at the catalyst layer 20 preferentially held by large pores in which a large amount of the exhaust gas flows. The exhaust
gas reaching the output-side cells 14 after passing through the partition wall 16 is discharged to the outside of the filter
100 from an opening on the exhaust-gas outflow side.

<Test Example 1>

[0067] Hereinafter, a description will be given of a test example relating to the present invention, but will not intend to
limit the present invention to the following test example.

(Example 1)

[0068] Zeolite powder and ion-exchanged water were mixed together to prepare catalyst-layer forming slurry S1. The
solid content ratio of the slurry S1 was set at 30% by mass. Further, the slurry S1 had a viscosity η400 of 15 mPa·s when
the shearing speed of the slurry S1 was 400 s-1. Next, using the absorption coating device 40 shown in Fig. 5, 600 g of
the slurry S1 was coated on the part (end F) serving as the end on the exhaust-gas inflow side of the SiC base material
10 (wall-flow-type base material shown in Fig. 2 and Fig. 3: HAC structure) and then absorbed from the other end R
(i.e., the part serving as the end on the exhaust-gas outflow side of the base material 10) to be caused to flow in the
pores of the partition wall 16 (first slurry was input). At this time, absorption conditions (absorption speed 20 m/s,
absorption time 1 second) were set such that the slurry S1 was coated on the part corresponding to 95% of the length
of the base material from the end F to the end R of the base material, and coated on the region extending from the
surface of the partition wall and covering 100% of the thickness of the partition wall (i.e., with a coating width of 95%
and a coating depth of 100%). After drying and burning the slurry S1, 200 g of the rest of the slurry S1 was coated on
the part (end R) serving as the end on the exhaust-gas outflow side of the base material 10 and then absorbed from the
other end F (i.e., the part serving as the end on the exhaust-gas inflow side of the base material 10) to be caused to
flow in the pores of the partition wall 16 (second slurry was input). At this time, absorption conditions were set such that
the slurry S1 was coated on the part corresponding to 30% of the length of the base material from the end R to the end
F of the base material, and coated on the region extending from the surface of the partition wall and covering 100% of
the thickness of the partition wall (i.e., with a coating width of 30% and a coating depth of 100%). Then, the slurry was
dried and burned to form the catalyst layer 20 inside the pores of the partition wall 16. The coating amount of the catalyst
layer per liter of the base material was set at 240 g/L. In the manner described above, a particulate filter having the
catalyst layer 20 was obtained.

(Example 2)

[0069] Except for changes in the ends (coating ends) on which the slurry was coated and the input amount, the coating
width, and the coating depth of the slurry in the input of the first slurry and the second slurry, as indicated in Table 1, a
particulate filter was manufactured in the same procedure as that of Example 1.

(Comparative Example 1)

[0070] A particulate filter was manufactured using an immersion method. Specifically, after the base material was
immersed in the slurry S1 and the slurry S1 was caused to permeate the base material and flow in the pores of the
partition wall, the base material was taken out to adjust the amount of the slurry by an air blow and a solvent was
volatilized to form the catalyst layer inside the pores of the partition wall. The wind speed of the air blow was set at 20
m/s, and a blowing time was set at 1 second. The coating amount of the catalyst layer per liter of the base material was
set at 240 g/L. Except for the above conditions, a particulate filter was manufactured in the same procedure as that of
Example 1.

(Comparative Examples 2 and 3)

[0071] Except for changes in the ends (coating ends) on which the slurry was coated and the input amount, the coating
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width, and the coating depth of the slurry in the input of the first slurry and the second slurry, as indicated in Table 1, a
particulate filter was manufactured in the same procedure as that of Example 1.

[Table 1]



EP 3 434 368 B9

14

5

10

15

20

25

30

35

40

45

50

55

[0
07

2]

Ta
bl

e 
1

C
oa

tin
g 

M
et

ho
d

In
pu

t o
f F

irs
t S

lu
rr

y
In

pu
t o

f S
ec

on
d 

S
lu

rr
y

P
re

ss
ur

e 
Lo

ss
 

In
cr

ea
si

ng
 R

at
io

 
(%

)
C

oa
tin

g 
E

nd
In

pu
t 

A
m

ou
nt

 
(g

)

C
oa

tin
g 

W
id

th
 (%

)
C

oa
tin

g 
D

ep
th

 (%
)

C
oa

tin
g 

E
nd

In
pu

t 
A

m
ou

nt
 

(g
)

C
oa

tin
g 

W
id

th
 (%

)
C

oa
tin

g 
D

ep
th

 (%
)

E
xa

m
pl

e 
1

A
bs

or
pt

io
n

E
xh

au
st

-G
as

 
In

flo
w

 S
id

e
60

0
95

10
0

E
xh

au
st

-G
as

 
O

ut
flo

w
 S

id
e

20
0

30
10

0
12

5

E
xa

m
pl

e 
2

A
bs

or
pt

io
n

E
xh

au
st

-G
as

 
O

ut
flo

w
 S

id
e

60
0

95
10

0
E

xh
au

st
-G

as
 

In
flo

w
 S

id
e

20
0

30
10

0
12

6

C
om

pa
ra

tiv
e 

E
xa

m
pl

e 
1

Im
m

er
si

on
-

-
-

10
0

-
-

-
10

0
12

5 
co

nt
in

ue
d

C
om

pa
ra

tiv
e 

E
xa

m
pl

e 
2

A
bs

or
pt

io
n

E
xh

au
st

-G
as

 
In

flo
w

 S
id

e
40

0
60

52
E

xh
au

st
-G

as
 

O
ut

flo
w

 S
id

e
40

0
60

53
14

7

C
om

pa
ra

tiv
e 

E
xa

m
pl

e 
3

A
bs

or
pt

io
n

E
xh

au
st

-G
as

 
O

ut
flo

w
 S

id
e

40
0

60
51

E
xh

au
st

-G
as

 
In

flo
w

 S
id

e
40

0
60

50
14

6



EP 3 434 368 B9

15

5

10

15

20

25

30

35

40

45

50

55

<Average Filling Ratios>

[0073] For the filters of Example 1 and Comparative Example 1, SEM images of the cross section of the partition wall
of the filters of Example 1 and Comparative Example 1 were taken to measure the pore sizes of the inside pores of the
partition wall in which the catalyst layer was held and the filling ratios of the catalyst layer held by the pores. Then, the
arithmetic mean of the filling ratio of the catalyst layer for each pore size range was calculated to derive an average
filling ratio A of the catalyst layer held by pores having a pore size of 5 mm or more and less than 10 mm, an average
filling ratio B of the catalyst layer held by pores having a pore size of 10 mm or more and less than 20 mm, an average
filling ratio C of the catalyst layer held by pores having a pore size of 20 mm or more and less than 30 mm, and an average
filling ratio D of the catalyst layer held by pores having a pore size of 30 mm or more. Results are shown in Table 2.
Further, an SEM image of the cross section of a partition wall in Example 1 is shown in Fig. 7, an SEM image of the
cross section of a partition wall in Comparative Example 1 is shown in Fig. 8, and an SEM image of the cross section
of a partition wall in Comparative Example 2 is shown in Fig. 9.

[Table 2]

[0074]

[0075] As shown in Table 2, it was found that the relationship among the average filling ratio A of the catalyst layer
held by the pores having a pore size of 5 mm or more and less than 10 mm, the average filling ratio B of the catalyst
layer held by the pores having a pore size of 10 mm or more and less than 20 mm, and the average filling ratio C of the
catalyst layer held by the pores having a pore size of 20 mm or more and less than 30 mm, was expressed as A < B <
C and the catalyst layer was preferentially formed in the pores having a large pore size among the inside pores of the
partition wall in the filter of Example 1 manufactured using the absorption coating method. On the other hand, it was
found that the relationship among the average filling ratio A of the catalyst layer held by the pores having a pore size of
5 mm or more and less than 10 mm, the average filling ratio B of the catalyst layer held by the pores having a pore size
of 10 mm or more and less than 20 mm, and the average filling ratio C of the catalyst layer held by the pores having a
pore size of 20 mm or more and less than 30 mm, was expressed as A > B > C and the catalyst layer was uniformly
distributed in each pore compared with Example 1 in the filter of Comparative Example 1 manufactured using the
immersion method.

<Ratios of Pressure Losses>

[0076] For the filters of Example 1 and Comparative Example 1, pressure losses P10, Pso, and P90 of a part corre-
sponding to 10%, 50%, and 90% of the length of the base material from the end on the exhaust-gas inflow side to the
downstream side of the base material were measured to calculate the values of the ratios P10/P50 and P90/P50. Note
that the pressure losses P10, P50, and P90 were measured by the above pressure loss measurement device using a
specimen cut out from each base material according to the above method. Results are shown in Table 3.

[Table 3]

[0077]

Table 2

Average Filling Ratio 
A (%)

Average Filling Ratio 
B (%)

Average Filling Ratio 
C (%)

Average Filling Ratio 
D (%)

5 to 10 mm 10 to 20 mm 20 to 30 mm 30 mm or more

Example 1 73.1 79.2 85.1 46.7

Comparative 
Example 1

93.1 89.5 47.7 15.4

Table 3

P10/P50 P90/P50

Example 1 1.007 0.995
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[0078] As shown in Table 3, the ratios P10/P50 and P90/P50 in each of the filters of Example 1 and Comparative Example
1 were 0.9 or more and 1.1 or less, and a difference in the pressure loss between the places was small in the length
direction of the base material. From the results, it was found that the catalyst layer satisfying the relationship (A < B <
C) of the average filling ratios can be more uniformly formed at the same level as Comparative Example 1 (for example,
the catalyst layer can be uniformly formed with a small fluctuation in coating amount in the length direction of the base
material) when the slurry was absorbed so as to be coated on the part corresponding to at least 80% of the length of
the base material from the end F to the end R of the base material, and coated on the region extending from the surface
of the partition wall and covering at least 90% of the thickness of the partition wall.

<50% Purification Ratio>

[0079] For the filters of Example 1 and Comparative Example 1, NOx purification performance was evaluated. Spe-
cifically, each of the filters was attached to a diesel engine, exhaust gas was caused to circulate, and urea water was
added from the upstream side of the filter to measure a NOx purification ratio. Here, the NOx purification ratio (%) was
calculated by "(NOx concentration (ppm) of gas containing a catalyst - NOx concentration (ppm) of gas excluding the
catalyst)/NOx concentration (ppm) of the gas containing the catalyst" 3 100. Results are shown in Fig. 10. Fig. 10 is a
graph in which the NOx purification ratios of the respective Examples are compared with each other. Here, the NOx
purification ratios are shown as relative values assuming that the NOx purification ratio of Comparative Example 1 is 100%.
[0080] As shown in Fig. 10, the filter of Example 1 in which the relationship among the average filling ratio A of the
catalyst layer held by the pores having a pore size of 5 mm or more and less than 10 mm, the average filling ratio B of
the catalyst layer held by the pores having a pore size of 10 mm or more and less than 20 mm, and the average filling
ratio C of the catalyst layer held by the pores having a pore size of 20 mm or more and less than 30 mm, had a remarkably
improved NOx purification ratio compared with Comparative Example 1 although the coating amount of the catalyst layer
was the same. From the results, it was found that an improvement in the purification performance was allowed when
the relationship among the average filling ratios of the catalyst layer A < B < C was established.

<Measurement of Pressure Losses>

[0081] The filer of each of the Examples was placed in a blower-type pressure loss measurement device, and a
pressure loss was measured from front and rear static pressure differences. Here, the flow rate of air was set at 6 m3/min.
Further, a filter base material (Reference Example) without a catalyst layer was also subjected to the same test. Results
are shown in Table 1. In Table 1, the relative value (i.e., the pressure loss increasing ratio with respect to the base
material) of each sample is shown assuming that the pressure loss of Reference Example is 100%.
[0082] As shown in Table 1, Examples 1 and 2 in which the coating depth of the slurry was set at 100% had a pressure
loss increasing ratio of 126% or less, and obtained more excellent results in the pressure loss compared with Comparative
Examples 2 and 3 in which the coating depth of the slurry was set at 53% or less. It is presumed that Examples 1 and
2 exhibited a lower pressure loss since the slurry was coated at a depth of 100%. From the above results, it is confirmed
that filters in which the relationship among the average filling ratios of the catalyst layer satisfies A < B < C and slurry is
coated at a depth of 100% can achieve both a low pressure loss and excellent purification performance at a high level.

<Test Example 2>

[0083] In the present Example, in the above manufacturing process of the filters, the SiC base material was changed
to a cylindrical cordierite wall-flow-type base material (having a diameter of 144 mm and an entire length of 150 mm),
and a coating method, the ends (coating ends) on which the slurry was coated, the input amount, the coating width, and
the coating depth of the slurry were made different as shown in Table 1 in the input of the first slurry and the second
slurry to manufacture filters. The catalyst layer was coated at a constant amount of 240 g/L per liter of the base material.
Then, the pressure losses of the obtained filters were measured according to the method described above. Results are
shown in Table 4.

[Table 4]

(continued)

P10/P50 P90/P50

Comparative Example 1 1.008 1.002
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[0085] As shown in Table 4, Examples 3 to 5 in which the coating depth of the first and second slurry was set at 90%
or more had a pressure loss increasing ratio of 120% or less and obtained more excellent results in the pressure loss
compared with Comparative Examples 5 and 6 in which the coating depth of the first and second slurry was set at 70%
or less. From the results, the coating depth of the first and second slurry is preferably set at 90% or more. Note that the
coating depth becomes larger as the coating width is longer in the input of the first slurry, but the coating depth becomes
larger as the coating width is shorter in the input of the second slurry. This is because since air flows in a noncoated
part in the second absorption, the longer coating width in the input of the first slurry (the shorter coating width in the input
of the second slurry) makes a force for drawing the slurry into the partition wall larger in the second absorption. For this
reason, the coating depth increases.

<Text Example 3>

[0086] In the present example, the following test was conducted to confirm the influence of the coating depth of the
slurry on the pressure loss. That is, in the manufacturing process of the filter in Example 1 described above, the coating
depth of the first and second slurry was made different as shown in Table 1 to manufacture filters. Here, the slurry had
a different viscosity η400 of 15 mPa·s (Example 1), 25 mPa·s (Example 6), 60 mPa·s (Comparative Example 7), or 100
mPa·s (Comparative Example 8) to manufacture a filter. The coating width in the input of the first slurry was constantly
set at 95%, the coating width in the input of the second slurry was constantly set at 30%, and the coating amount of the
catalyst layer was constantly set at 240 g/L coated per liter of the base material. Results are shown in Table 5 and Fig.
11. Fig. 11 is a graph showing the relationship between the coating depth of the slurry and the pressure loss.

[Table 5]
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[0088] As shown in Table 5 and Fig. 11, Examples 1 to 6 in which the coating depth of the slurry was set at 90% or
more had a pressure loss increasing ratio of 125% or less and obtained more excellent results in the pressure loss
compared with Comparative Examples 7 and 8 in which the coating depth was set at 75% or less. From the results, the
coating depth of the slurry is preferably set at at least 90%.
[0089] Various modified examples of the particulate filter 100 and the exhaust gas purification device 1 having the
particulate filter 100 are exemplified above, but the structures of the particulate filter 100 and the exhaust gas purification
device 1 are not limited to any of the embodiments described above.
[0090] For example, the length LA of the part of the upstream-side catalyst layer 20A is longer than the length LB of
the part of the downstream-side catalyst layer 20B in the length direction of the base material in the embodiments, but
the configuration of the catalyst layer 20 is not limited to this. For example, like Example 2, the length LB of the part of
the downstream-side catalyst layer 20B may be longer than the length LA of the part of the upstream-side catalyst layer
20A. Further, like Example 3, the slurry may be input once to form the catalyst layer 20 without separating the upstream-
side catalyst layer 20A and the downstream-side catalyst layer 20B from each other. In this case as well, the relationship
among the average filling ratios A, B, and C of the catalyst layer held by the pores in respective pore size ranges satisfies
the above relationship A < B < C, and the catalyst layer is formed in the region extending from the surface of the partition
wall and covering at least 90% of the thickness of the partition wall, whereby both a reduction in the pressure loss and
an improvement in the catalyst purification performance can be achieved at a high level.
[0091] Further, the respective members and the shapes and structures of the portions of the exhaust gas purification
device 1 may be changed. The catalyst portion is provided on the upstream side of the filter portion in the example
shown in Fig. 1, but may be omitted. The exhaust gas purification device 1 is particularly suitable as, for example, a
device such as a gasoline engine that purifies harmful components in exhaust gas that is exhausted at a relatively high
exhaust temperature. However, the purpose of the exhaust gas purification device 1 according to the present invention
is not limited to the purification of harmful components in exhaust gas from a gasoline engine, but the exhaust gas
purification device 1 can be used in various applications to purify harmful components in exhaust gas discharged from
other engines (for example, a diesel engine).

Industrial Applicability

[0092] According to the present invention, it is possible to provide an exhaust gas purification device that can improve
exhaust gas purification performance while reducing a pressure loss.

Claims

1. An exhaust gas purification device that is arranged in an exhaust path of an internal combustion engine and purifies
exhaust gas discharged from the internal combustion engine, the exhaust gas purification device comprising:

a wall-flow-structured base material having input-side cells in each of which only an end on an exhaust-gas
inflow side is opened, output-side cells which are arranged adjacent to the input-side cells and in each of which
only an end on an exhaust-gas outflow side is opened, and a porous partition wall that partitions the input-side
cells and the output-side cells; and
a catalyst layer formed inside the partition wall by the use of a catalyst layer forming slurry having a viscosity
η400 when a shear speed is 400 s-1 of 50 mPas or less, and the average particle size of the particles in the
slurry being about 1/50 to 1/3 of the average pore size of the partition wall, wherein
the catalyst layer is formed in a region that extends from a surface of the partition wall contacting the input-side
cells or the output-side cells and that covers at least 90% of a thickness of the partition wall, the catalyst layer
being held by surfaces of inside pores of the partition wall in the region, and
a relationship among an average filling ratio A of the catalyst layer held by pores having a pore size of 5 mm or
more and less than 10 mm, an average filling ratio B of the catalyst layer held by pores having a pore size of
10 mm or more and less than 20 mm, and an average filling ratio C of the catalyst layer held by pores having a
pore size of 20 mm or more and less than 30 mm among the inside pores of the partition wall in which the catalyst
layer is held, satisfies a following expression A < B < C, the average filling ratio as measured according to the
method defined in the description, and
pressure losses P10, P50 and P90 which are obtained by cutting out a part corresponding to 10%, 50%, and
90% of a length of the base material from the end on the exhaust gas inflow side to a downstream side of the
base material and causing gas to flow through the part satisfy the expressions 0.9 ≤ P10/P50 ≤ 1.1 and 0.9 ≤
P90/P50 ≤ 1.1.
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2. The exhaust gas purification device according to claim 1, wherein
the average filling ratio C of the catalyst layer held by the pores having a pore size of 20 mm or more and less than
30 mm is larger by 5% or more than the average filling ratio B of the catalyst layer held by the pores having a pore
size of 10 mm or more and less than 20 mm.

3. The exhaust gas purification device according to any one of claims 1 or 2, wherein
the average filling ratio B of the catalyst layer held by the pores having a pore size of 10 mm or more and less than
20 mm is larger by 5% or more than the average filling ratio A of the catalyst layer held by the pores having a pore
size of 5 mm or more and less than 10 mm.

4. The exhaust gas purification device according to any one of claims 1 to 3, wherein

the average filling ratio A is 75% or less,
the average filling ratio B is larger than 75% and smaller than 85%, and
the average filling ratio C is 85% or more.

5. The exhaust gas purification device according to any one of claims 1 to 4, wherein
an average filling ratio D of the catalyst layer held by pores having a pore size of 30 mm or more among the inside
pores of the partition wall is smaller than the average filling ratio C of the catalyst layer held by the pores having a
pore size of 20 mm or more and less than 30 mm.

6. The exhaust gas purification device according to any one of claims 1 to 5, wherein
the internal combustion engine is a gasoline engine.

Patentansprüche

1. Abgasreinigungsvorrichtung, die in einem Abgasweg einer Brennkraftmaschine angeordnet wird und Abgas, das
von der Brennkraftmaschine abgegeben wird, reinigt, mit:

einem Wandströmungsstrukturbasismaterial, das eingangsseitige Zellen, in denen jeweils lediglich ein Ende
auf einer Abgaseinströmungsseite geöffnet ist, ausgangsseitige Zellen, die angrenzend an die eingangsseitigen
Zellen angeordnet sind und in denen jeweils lediglich ein Ende auf einer Abgasausströmungsseite geöffnet ist,
und eine poröse Trennwand, die die eingangsseitigen Zellen und die ausgangsseitigen Zellen abtrennt, aufweist;
und
einer Katalysatorschicht, die innerhalb der Trennwand unter Verwendung einer Katalysatorschichtausbildungs-
suspension, die eine Viskosität η400, wenn eine Schergeschwindigkeit 400 s-1 ist, von 50 mPas oder weniger
aufweist, und bei der die durchschnittliche Partikelgröße der Partikel in der Suspension etwa 1/50 bis 1/3 der
durchschnittlichen Porengröße der Trennwand ist, ausgebildet ist, bei der
die Katalysatorschicht in einem Bereich, der sich von einer Oberfläche der Trennwand, die die eingangsseitigen
Zellen oder die ausgangsseitigen Zellen kontaktiert, erstreckt und der mindestens 90% einer Dicke der Trenn-
wand bedeckt, ausgebildet ist und durch Oberflächen innerer Poren der Trennwand in dem Bereich gehalten
wird, und
eine Beziehung zwischen einem durchschnittlichen Füllverhältnis A der Katalysatorschicht, die durch Poren,
die eine Porengröße von 5 mm oder mehr und weniger als 10 mm aufweisen, gehalten wird, einem durchschnitt-
lichen Füllverhältnis B der Katalysatorschicht, die durch Poren, die eine Porengröße von 10 mm oder mehr und
weniger als 20 mm aufweisen, gehalten wird, und
einem durchschnittlichen Füllverhältnis C der Katalysatorschicht, die durch Poren, die eine Porengröße von 20
mm oder mehr und weniger als 30 mm aufweisen, gehalten wird, unter den inneren Poren der Trennwand, in
denen die Katalysatorschicht gehalten wird, einen folgenden Ausdruck A < B < C erfüllt, bei der das durch-
schnittliche Füllverhältnis gemäß dem Verfahren, das in der Beschreibung definiert ist, gemessen wird, und
Druckverluste P10, P50 und P90, die durch Ausschneiden eines Teils, der 10%, 50% und 90% einer Länge des
Basismaterials von dem Ende auf der Abgaseinströmungsseite zu einer Stromabwärtsseite des Basismaterials
entspricht, und Bewirken, dass Gas durch den Teil strömt, erhalten werden, die Ausdrücke 0,9 ≤ P10/P50 ≤ 1,1
und 0,9 ≤ P90/P50 ≤ 1,1 erfüllen.

2. Abgasreinigungsvorrichtung nach Anspruch 1, bei der
das durchschnittliche Füllverhältnis C der Katalysatorschicht, die durch die Poren, die eine Porengröße von 20 mm
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oder mehr und weniger als 30 mm aufweisen, gehalten wird, um 5% oder mehr größer als das durchschnittliche
Füllverhältnis B der Katalysatorschicht ist, die durch die Poren, die eine Porengröße von 10 mm oder mehr und
weniger als 20 mm aufweisen, gehalten wird.

3. Abgasreinigungsvorrichtung nach einem der Ansprüche 1 oder 2, bei der das durchschnittliche Füllverhältnis B der
Katalysatorschicht, die durch die Poren, die eine Porengröße von 10 mm oder mehr und weniger als 20 mm aufweisen,
gehalten wird, um 5% oder mehr größer als das durchschnittliche Füllverhältnis A der Katalysatorschicht ist, die
durch die Poren, die eine Porengröße von 5 mm oder mehr und weniger als 10 mm aufweisen, gehalten wird.

4. Abgasreinigungsvorrichtung nach einem der Ansprüche 1 bis 3, bei der

das durchschnittliche Füllverhältnis A 75% oder weniger ist,
das durchschnittliche Füllverhältnis B größer als 75% und kleiner als 85% ist, und
das durchschnittliche Füllverhältnis C 85% oder mehr ist.

5. Abgasreinigungsvorrichtung nach einem der Ansprüche 1 bis 4, bei der ein durchschnittliches Füllverhältnis D der
Katalysatorschicht, die durch Poren, die eine Porengröße von 30 mm oder mehr aufweisen, unter den inneren Poren
der Trennwand gehalten wird, kleiner als das durchschnittliche Füllverhältnis C der Katalysatorschicht ist, die durch
die Poren, die eine Porengröße von 20 mm oder mehr und weniger als 30 mm aufweisen, gehalten wird.

6. Abgasreinigungsvorrichtung nach einem der Ansprüche 1 bis 5, bei der die Brennkraftmaschine ein Benzinmotor ist.

Revendications

1. Dispositif de purification de gaz d’échappement qui est disposé dans un trajet d’échappement d’un moteur à com-
bustion interne et purifie les gaz d’échappement évacués du moteur à combustion interne, le dispositif de purification
de gaz d’échappement comprenant :

un matériau de base à structure d’écoulement de paroi ayant des cellules du côté de l’entrée dans chacune
desquelles seule une extrémité du côté de l’entrée des gaz d’échappement est ouverte, des cellules du côté
de la sortie qui sont disposées de manière adjacente aux cellules du côté de l’entrée et dans chacune desquelles
seule une extrémité du côté de la sortie des gaz d’échappement est ouverte, et une paroi de séparation poreuse
qui sépare les cellules du côté de l’entrée et les cellules du côté de la sortie ; et
une couche de catalyseur formée à l’intérieur de la paroi de séparation par l’utilisation d’une boue de formation
de couche de catalyseur ayant une viscosité η400 lorsqu’une vitesse de cisaillement est de 400s-1 de 50 mPas
ou moins, et la taille moyenne des particules dans la boue étant d’environ 1/50 à 1/3 de la taille moyenne de
pores de la paroi de séparation, dans lequel
la couche de catalyseur est formée dans une région qui s’étend depuis une surface de la paroi de séparation
en contact avec les cellules du côté de l’entrée ou les cellules du côté de la sortie et qui couvre au moins 90
% de l’épaisseur de la paroi de séparation, la couche de catalyseur étant maintenue par les surfaces des pores
intérieurs de la paroi de séparation dans la région, et
une relation entre un taux de remplissage moyen A de la couche de catalyseur maintenue par des pores ayant
une taille de pores de 5 mm ou plus et inférieure à 10 mm, un taux de remplissage moyen B de la couche de
catalyseur maintenue par des pores ayant une taille de pores de 10 mm ou plus et inférieure à 20 mm, et un
taux de remplissage moyen C de la couche de catalyseur maintenue par des pores ayant une taille de pores
de 20 mm ou plus et inférieure à 30 mm parmi les pores intérieurs de la paroi de séparation dans laquelle la
couche de catalyseur est maintenue satisfait à l’expression suivante : A < B < C, le taux de remplissage moyen
tel que mesuré selon le procédé défini dans la description, et les pertes de pression P10, P50 et P90 qui sont
obtenues en découpant une partie correspondant à 10 %, 50 % et 90 % d’une longueur du matériau de base
depuis l’extrémité du côté de l’entrée des gaz d’échappement jusqu’à un côté aval du matériau de base et en
faisant en sorte que le gaz s’écoule à travers la partie satisfasse les expressions 0,9 ≤ P10/P50 ≤ 1,1 et 0,9 ≤
P90/P50 ≤ 1,1.

2. Dispositif de purification de gaz d’échappement selon la revendication 1, dans lequel
le taux de remplissage moyen C de la couche de catalyseur retenue par les pores ayant une taille de pores de 20
mm ou plus et inférieure à 30 mm est supérieur de 5 % ou plus au taux de remplissage moyen B de la couche de
catalyseur retenue par les pores ayant une taille de pores de 10 mm ou plus et inférieure à 20 mm.
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3. Dispositif de purification de gaz d’échappement selon l’une quelconque des revendications 1 ou 2, dans lequel
le taux de remplissage moyen B de la couche de catalyseur retenue par les pores ayant une taille de pores de 10
mm ou plus et inférieure à 20 mm est supérieur de 5 % ou plus au taux de remplissage moyen A de la couche de
catalyseur retenue par les pores ayant une taille de pores de 5 mm ou plus et inférieure à 10 mm.

4. Dispositif de purification de gaz d’échappement selon l’une quelconque des revendications 1 à 3, dans lequel

le taux de remplissage moyen A est inférieur ou égal à 75 %,
le taux de remplissage moyen B est supérieur à 75 % et inférieur à 85 %, et
le taux de remplissage moyen C est supérieur ou égal à 85 %.

5. Dispositif de purification de gaz d’échappement selon l’une quelconque des revendications 1 à 4, dans lequel
un taux de remplissage moyen D de la couche de catalyseur maintenue par des pores ayant une taille de pores de
30 mm ou plus parmi les pores intérieurs de la paroi de séparation est inférieur au taux de remplissage moyen C
de la couche de catalyseur maintenue par les pores ayant une taille de pores de 20 mm ou plus et inférieure à 30 mm.

6. Dispositif de purification de gaz d’échappement selon l’une quelconque des revendications 1 à 5, dans lequel
le moteur à combustion interne est un moteur à essence.
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