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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a honeycomb structure. The present invention more particularly relates to a
honeycomb structure which solves a problem that it is difficult to satisfy requirements of both a high temperature rise
performance and a high thermal capacity at the same time. The honeycomb structure in use is disposed upstream a
filter for trapping particulate matters (PM) discharged from a diesel engine so that regeneration of the PM trapped by
the filter can smoothly be completed and an exhaust gas can efficiently be purified.

2. Description of the Related Art

[0002] With tightening of regulation of an exhaust gas discharged from a diesel engine, various methods have been
proposed in which a diesel particulate filter (DPF) is used in trapping particulate matters (PM) included in the exhaust
gas from the diesel engine. In general, a method is adopted in which the DPF is coated with a catalyst that oxidizes the
PM, and a honeycomb structure coated with the same catalyst is mounted upstream the DPF. In this honeycomb structure,
the PM generated by depositing NO included in the exhaust gas as NO2 on the DPF are burnt. Alternatively, post injection
is performed by controlling the engine. A non-burnt fuel is oxidized, an exhaust gas temperature is raised, and the PM
deposited on the DPF are burnt and regenerated.
[0003] To smoothly burn and regenerate the PM deposited on the DPF, it is necessary to set the time when the catalyst
with which the above honeycomb structure is coated reaches an activation temperature to be as long as possible.
However, a diesel engine has a low exhaust temperature. Under a small load, the honeycomb structure does not reach
the catalyst activation temperature. Even after an operation under a large load, during rapid transfer to the small load,
the temperature of the honeycomb structure rapidly drops below the catalyst activation temperature in some case. There
have been problems that a burning property of the PM is obstructed and that forced regeneration is not completed.
[0004] In view of the above problem, in general, countermeasures such as thinning of cell partition walls of the hon-
eycomb structure and raising of porosity are performed to reduce a thermal capacity of the honeycomb structure and
improve a temperature rise characteristic of a substrate. In consequence, the catalyst activation temperature is quickly
reached.
[0005] When the thermal capacity of the substrate is reduced, the temperature rise characteristic of the substrate is
improved, and the coated catalyst can quickly reach the catalyst activation temperature. Conversely, when the exhaust
gas temperature drops, the temperature rapidly drops below the catalyst activation temperature. When the exhaust gas
temperature drops, to inhibit the temperature drop of the substrate, the thermal capacity of the substrate is increased.
In this case, the temperature rise characteristic deteriorates, and there is an antinomic relation between the thermal
capacity and the temperature rise characteristic. That is, when the partition wall thickness and porosity of the substrate
are simply changed to change the thermal capacity, it is difficult to lengthen a time when the catalyst with which the
honeycomb structure is coated reaches the activation temperature.

SUMMARY OF THE INVENTION

[0006] The present invention has been developed in view of the above problem, and an object of the present invention
is to provide a honeycomb structure which solves a problem that it is difficult to satisfy requirements of both a high
temperature rise performance and a high thermal capacity at the same time, when the honeycomb structure is disposed
at a previous stage of a filter for trapping particulate matters (PM) discharged from a diesel engine so that regeneration
of the PM trapped by the filter can smoothly be completed and an exhaust gas can efficiently be purified.
[0007] To achieve the above object, according to the present invention, the honeycomb structure as set out in claim
1 is provided.
[0008] Preferably the partition walls are made of at least one ceramic selected from the group consisting of cordierite,
alumina, mullite and lithium aluminosilicate (LAS).
[0009] Preferably, the honeycomb structure is coated with a catalyst.
[0010] The invention further provides a purification device comprising: a filter, and the honeycomb structure of the
invention, which may be coated with the catalyst, upstream the filter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]
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FIG. 1 is a perspective view showing one embodiment of a honeycomb structure according to the present invention;
FIG. 2 is an explanatory view showing one end surface of the honeycomb structure shown in FIG. 1; and
FIG. 3 is an explanatory view showing a definition of a diagonal distance between intersections according to the
present embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0012] The best mode for carrying out the present invention will hereinafter be described specifically with reference
to the drawings. FIG. 1 is a perspective view showing one embodiment of a honeycomb structure according to the
present invention; FIG. 2 is an explanatory view showing one end surface of the honeycomb structure shown in FIG. 1;
and FIG. 3 is an explanatory view showing a definition of a diagonal distance between intersections according to the
present embodiment. As shown in FIG. 1, a honeycomb structure of the present embodiment is a honeycomb structure
10 in which a plurality of cells 2 arranged in parallel with one another to communicate between two end surfaces S1 and
S2 of the honeycomb structure are formed by a plurality of partition walls 1. The plurality of walls 1 are made of a ceramic
described later. As shown in FIG. 2, the cells 2 have a substantially square shape. As shown in FIG. 2, the wall surfaces
at an intersection 3 between the partition walls 1 have a curved shape. As shown in FIG. 3, a value (L/T) of a ratio of a
diagonal distance L between diagonally opposite wall surfaces at the intersection 3 to an average thickness T of the
partition walls 1 is 1.6 or more, preferably 1.8 or more. An open area ratio of the cells 2 is 55% or more, preferably 60%
or more.
[0013] Here, the value (L/T) of the ratio of the diagonal distance L between diagonally opposite curved surfaces at
the intersections 3 to the average thickness T of the partition walls 1 will be described. As shown in FIG. 3, when parallel
lines AB and CD are drawn along the partition walls 1, it is assumed that an average distance between the parallel lines
is "the average thickness T of the partition walls 1". Assuming that intersections between the parallel lines AB and CD
are E, F, G and H, respectively, an average length between curved surfaces at the intersection 3, measured along lines
passing through the intersections E and F and the intersections G and H, is defined as "the diagonal distance L between
the curved surfaces at intersections 3.
[0014] Moreover, the open area ratio of the cells 2 is a ratio of opening portions to the total area of sections obtained
by cutting the honeycomb structure vertically to an axial direction.
[0015] In the present embodiment, when the value (L/T) of the ratio of the diagonal distance L between the intersections
3 to the average thickness T of the partition walls 1 is set to 1.6 or more and the average thickness T of the partition
walls 1 is set to be comparatively small, a temperature rise performance is improved. To prevent drop of a thermal
capacity, as described above, the value (L/T) of the ratio of the diagonal distance L between the intersections 3 to the
average thickness T of the partition walls 1 is set to 1.6 or more. Moreover, the intersection 3 is formed with the curved
shapes to increase a volume of each intersection 3. In consequence, a volume increase effect is sufficient exhibited to
thereby secure the thermal capacity.
[0016] Moreover, in the present embodiment, the open area ratio of the cells 2 is set to 55% or more to prevent output
decrease of an engine due to increase of pressure losses.
[0017] In the present embodiment, the partition walls 1 constituting the honeycomb structure 10 are made of at least
one ceramic selected from cordierite, alumina, mullite and lithium aluminosilicate (LAS). According to such a constitution,
when the partition walls are made of cordierite or the like having a low thermal conductivity, during temperature rise, a
temperature of the comparatively thin partition wall 1 first rises, and a catalyst with which the honeycomb structure is
coated reaches an activation temperature. Subsequently, the intersection 3 having a large thermal capacity is heated.
Therefore, as compared with a case where all of the partition walls 1 are thickened to increase the thermal capacity, a
time required for reaching the catalyst activation temperature can be shortened. Conversely, during drop of an exhaust
temperature, the temperature of the comparatively thin partition wall 1 first drops. However, since heat is stored in the
intersection 3, the temperature drop can be prevented as compared with a structure in which the partition walls 1 usually
have a small thickness. To promote reaction, it is effective to set a temperature distribution of the honeycomb structure
to be as uniform as possible. However, the thermal capacity of the partition wall 1 is reduced, whereas the thermal
capacity of the intersection 3 is conversely increased. In consequence, the whole temperature distribution viewed in a
macro manner can be uniformed, and the reaction can be promoted.
[0018] According to the present invention, a honeycomb structure coated with a catalyst may be provided which is
constituted by coating any of the above honeycomb structures with the catalyst. Here, examples of the catalyst include
an oxidation catalyst, an NOx occluding reduction catalyst and an SCR catalyst.
[0019] Moreover, according to the present invention, a purification device is provided in which the above honeycomb
structures or the above honeycomb structure coated with the catalyst is installed at a previous stage of a filter.
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[Examples]

[0020] The present invention will hereinafter be described more specifically in accordance with examples, but the
present invention is not limited to these examples.

(Example 1)

[0021] Materials such as talc, kaolin, alumina and silica were mixed at a predetermined mixture ratio so that the
materials formed cordierite after being fired. A binder, a surfactant and water were added to the materials and mixed at
a predetermined mixture ratio to obtain a clay. A particle size, components and the like of a cordierite forming material
finally have an influence on porosity and coefficient of thermal expansion, but the material can appropriately be selected
by any person skilled in the art. The binder and the surfactant can appropriately be selected. The resultant clay was
extruded and formed using an extruder provided with a die having an adjusted slit width in consideration of shrinkages
at drying and firing stages so as to obtain a fired cell structure shown in Table 1. The extruded clay was dried and fired
to prepare a honeycomb structure having a diameter of 100 mm, a length of 100 mm and substantially square cells. It
is to be noted that an R (radius) dimension of the intersection shown in Table 1 is set by subjecting an intersection
between slits of the die to R (radius)-processing. When this dimension is set, a diagonal distance between the curved
surfaces of the intersections is also determined. An average thickness of partition walls is determined by adjusting the
slit width of the die. An open area ratio is determined in accordance with the slit width of the die, a cell pitch and the R
dimension. It is to be noted that the dimension of the die is not reflected in the dimension of a cell structure of the
honeycomb structure as it is. The cell structure dimension of the honeycomb structure is influenced by dimensional
shrinkage of a drying/firing step.
[0022] The resultant honeycomb structure was installed, and an exhaust tube of a gasoline engine having an engine
displacement of 2.0 L was subjected to canning. To obtain a repeated cycle of 200°C and 400°C in the engine, an engine
load and the number of rotations were adjusted to measure an exhaust gas temperature immediately after a honeycomb.
Assuming that Comparative Example 1 shown in Table 1 was a reference, a honeycomb structure having an average
exhaust gas temperature rise of 10°C or more was evaluated as �, a honeycomb structure having an average exhaust
gas temperature rise of 3°C to 10°C was evaluated as O, and a honeycomb structure having an average exhaust gas
temperature rise which was less than 3°C was evaluated as �. As shown in Table 1, when a diagonal distance L between
the curved surfaces of intersections 3 is set to be large, the rise of the average exhaust gas temperature can be confirmed.
It has also been found that, when a value (L/T) of a ratio of the diagonal distance L between the curved surfaces of the
intersections 3 to an average thickness T of partition walls 1 is set to 1.8 or more, a more effective result can be obtained.
It is to be noted that the rise itself in the average exhaust gas temperature is about 10°C at most, and this seems to be
apparently a slight difference, but a time when the catalyst with which the honeycomb structure is coated holds a
temperature not less than a catalyst activation temperature lengthens. Therefore, a very large effect of the temperature
rise is obtained.

(Examples 2 to 6, Comparative Examples 1 to 5)

[0023] Honeycomb structures were obtained in the same manner as in Example 1 except that a cell structure of
Example 1 was changed as shown in Table 1. Rises of average exhaust gas temperatures are shown in Table 1.

[Table 1]

Average 
thickness of 

partition 
walls

Diagonal 
distance 
between 

intersections

Shape of 
intersection

Open area 
ratio Ratio

No. of cells Average 
exhaust gas 
temperature

(mm) (mm) (%) cpsi

Comparative 
Example 1

0.203 0.286 - 74.2 1.41 300 Reference

Comparative 
Example 2

0.178 0.251 - 77.2 1.41 300 �

Comparative 
Example 3

0.203 0.321 R 74.1 1.58 300 �

Example 1 0.203 0.329 R 74.1 1.62 300 O
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[0024] A honeycomb structure of the present invention is especially effective for purification of an exhaust gas dis-
charged from a diesel engine having a comparatively low exhaust gas temperature, and can effectively be used as not
only a honeycomb structure for a previous stage of a DPF but also a substrate for a selective catalytic reduction (SCR)
catalyst for purifying NOx included in the exhaust gas and a diesel oxidation catalyst. The honeycomb structure is also
effectively used in treating an exhaust gas discharged from a gasoline engine which discharges the exhaust gas at a
comparatively high temperature.

Claims

1. A honeycomb structure comprising:

a plurality of partition walls (1), and
a plurality of cells (2) arranged in parallel with one another in the length direction to communicate between two
end surfaces of the honeycomb structure formed by the plurality of partition walls,
wherein the plurality of partition walls (1) are made of a ceramic;
wherein, as seen in cross-section perpendicular to the length direction of the cells, the partition walls extend in
straight lines across the honeycomb and intersect each other at intersections located at corners of the cells so
the cells have a substantially square shape, and at each of said intersections the respective wall surfaces of
the partition walls facing each of the four cells are joined by concavely curved wall surfaces, the dimensions
being such that

(i) the value of a ratio L/T is 1.6 or more, where T is the average thickness of the partition walls being defined
as the average distance between parallel lines (A, B, C, D) drawn along the partition wall surfaces between
the intersections, and L is the average distance between diagonally opposite pairs of said concavely curved
wall surfaces at each said intersection along diagonal lines each extending through the diagonally opposite
crossing points (E, F, G, H) of said parallel lines (A, B, C, D) drawn along the surfaces of the partition walls
which cross at the intersection, and
(ii) the open area ratio of the cells is 55% or more.

2. The honeycomb structure according to claim 1, wherein the partition walls are made of at least one ceramic selected
from cordierite, alumina, mullite and lithium aluminosilicate (LAS).

3. The honeycomb structure according to claim 1 or 2 coated with a catalyst.

4. A purification device comprising:

(continued)

Average 
thickness of 

partition 
walls

Diagonal 
distance 
between 

intersections

Shape of 
intersection

Open area 
ratio Ratio

No. of cells Average 
exhaust gas 
temperature

(mm) (mm) (%) cpsi

Example 2 0.203 0.361 R 73.9 1.78 300 O

Example 3 0.203 0.367 R 73.8 1.81 300 �

Comparative 
Example 4

0.152 0.214 - 80.3 1.41 300 �

Example 4 0.152 0.243 R 80.2 1.60 300 O

Example 5 0.152 0.365 R 79.0 2.40 300 �

Comparative 
Example 5

0.127 0.179 - 83.4 1.41 300 �

Example 6 0.203 0.853 R 55.5 4.20 300 �
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a filter, and
the honeycomb structure according to claim 1 or 2 upstream of the filter.

5. A purification device comprising:

a filter, and
the honeycomb structure coated with the catalyst according to claim 3 upstream of the filter.

Patentansprüche

1. Wabenstruktur, die Folgendes umfasst:

eine Vielzahl an Trennwänden (1) und
eine Vielzahl an Zellen (2), die parallel zueinander in Längsrichtung angeordnet sind, um zwischen zwei End-
flächen der Wabenstruktur, die durch die Vielzahl an Trennwänden ausgebildet ist, zu kommunizieren,
worin die Vielzahl an Trennwänden (1) aus einem Keramikmaterial besteht;
worin sich die Trennwände im Querschnitt im rechten Winkel auf die Längsrichtung der Zellen betrachtet in
geraden Linien über die Wabenstruktur erstrecken und einander an Ecken der Zellen vorliegenden Schnitt-
punkten kreuzen, sodass die Zellen eine im Wesentlichen quadratische Form aufweisen, und worin die jeweiligen
einander zugewandten Wandoberflächen der Trennwände der vier Zellen an jedem der Schnittpunkte durch
konkav gekrümmte Wandoberflächen verbunden sind, wobei die Dimensionen so gewählt sind, dass

(i) der Wert des Verhältnisses L/T 1,6 oder mehr beträgt, wobei T die mittlere Dicke der Trennwände ist,
die als mittlerer Abstand zwischen parallelen Linien (A, B, C, D) definiert ist, die entlang der Trennwandober-
flächen zwischen den Schnittpunkten gezogen werden, und L der mittlere Abstand zwischen diagonal
gegenüber liegenden Paaren der konkav gekrümmten Wandoberflächen an jedem Schnittpunkt entlang
der diagonalen Linien ist, die sich jeweils durch die diagonal gegenüber liegenden Kreuzungspunkte (E,
F, G, H) der parallelen Linien (A, B, C, D) erstrecken, die entlang der Oberflächen der Trennwände gezogen
werden, die einander an dem Schnittpunkt kreuzen, und
(ii) der offene Flächenanteil der Zellen 55 % oder mehr beträgt.

2. Wabenstruktur nach Anspruch 1, worin die Trennwände aus zumindest einem aus Cordierit, Aluminiumoxid, Mullit
und Lithium-Aluminosilicat (LAS) ausgewählten Keramikmaterial bestehen.

3. Wabenstruktur nach Anspruch 1 oder 2, die mit einem Katalysator beschichtet ist.

4. Reinigungsvorrichtung, die
einen Filter und
eine vor dem Filter angeordnete Wabenstruktur nach Anspruch 1 oder 2 umfasst.

5. Reinigungsvorrichtung, die
einen Filter und
eine vor dem Filter angeordnete, mit einem Katalysator beschichtete Wabenstruktur nach Anspruch 3 umfasst.

Revendications

1. Structure en nid d’abeilles comprenant :

une pluralité de parois de séparation (1), et
une pluralité de cellules (2) agencées parallèlement les unes aux autres dans la direction de longueur pour
communiquer entre deux surfaces d’extrémité de la structure en nid d’abeilles formée par la pluralité de parois
de séparation,
dans laquelle la pluralité de parois de séparation (1) sont réalisées en une céramique ;
dans laquelle, comme vu en coupe perpendiculairement à la direction de longueur des cellules, les parois de
séparation s’étendent en lignes droites en travers de la structure en nid d’abeilles et se croisent au niveau
d’intersections situées aux coins des cellules, ainsi les cellules ont une forme sensiblement carrée, et au niveau
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de chacune desdites intersections, les surfaces de paroi respectives des parois de séparation faisant face à
chacune des quatre cellules sont jointes par des surfaces de paroi incurvées de manière concave, les dimensions
étant telles que

(i) la valeur d’un rapport L/T est égale à 1,6 ou plus, où T est l’épaisseur moyenne des parois de séparation
qui est définie comme étant la distance moyenne entre des lignes parallèles (A, B, C, D) dessinées le long
des surfaces de paroi de séparation entre les intersections, et L est la distance moyenne entre des paires
diagonalement opposées desdites surfaces de paroi incurvées de manière concave au niveau de chaque
dite intersection le long de diagonales passant chacune par les points de croisement diagonalement opposés
(E, F, G, H) desdites lignes parallèles (A, B, C, D) dessinées le long des surfaces des parois de séparation
qui se croisent à l’intersection, et
(ii) le rapport des vides des cellules est égal à 55 % ou plus.

2. Structure en nid d’abeilles selon la revendication 1, dans laquelle les parois de séparation sont réalisées en au
moins une céramique sélectionnée parmi la cordiérite, l’alumine, la mullite et l’aluminosilicate de lithium (LAS).

3. Structure en nid d’abeilles selon la revendication 1 ou 2 revêtue d’un catalyseur.

4. Dispositif de purification comprenant :

un filtre, et
une structure en nid d’abeilles selon la revendication 1 ou 2 en amont du filtre.

5. Dispositif de purification comprenant :

un filtre, et
la structure en nid d’abeilles revêtue du catalyseur selon la revendication 3 en amont du filtre.
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