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Description

Background of the Invention and Related Art Statement

[0001] The present invention relates to a honeycomb structure for carrying a catalyst to be used in an exhaust gas
purification device of heat engines such as internal combustion engines or the like or a combustion device such as
boilers or the like, or in a reforming device for liquid fuel or gaseous fuel, or a honeycomb structure used as a filter.
[0002] The honeycomb structure carrying a catalyst component has conventionally been used in an exhaust gas
purification device of heat engines such as internal combustion engines or reforming devices for liquid fuel or gaseous
fuel. In addition, it is known that a honeycomb structure is used as a filter for trapping a particulate matter contained
in dusty fluid such as exhaust gas from a diesel engine.
[0003] Such a honeycomb structure is exposed to a rapid temperature change and local generation of heat due to
exhaust gas, and non-uniform temperature distribution inside is easy to be caused, thereby causing a problem of having
a crack. In order to solve such a problem, there has been proposed a method to relieve thermal stress to act on a
structure by unitarily joining plural honeycomb segments with an elastic bonding material to form an integrated hon-
eycomb structure.
[0004] EP-A-1142619 describes a ceramic filter assembly having improved exhaust gas processing efficiency. The
ceramic filter assembly is produced by adhering with a ceramic seal layer outer surfaces of a plurality of filters, each
of which is formed from a sintered porous ceramic body.
[0005] US-A-5914187 describes a ceramic structural body having improved material properties of a sealing member,
such as adhesion properties, and having improved durability. The ceramic structural body comprises an assembly of
a plurality of ceramic members integrally adhered by interposing a sealing member of an elastic material.
[0006] However, when multiple honeycomb segments are joined to be used as one honeycomb structure, because
the outer walls to be joining planes of a honeycomb segment was smooth conventionally, joining strength was weak
and the joining of honeycomb segments became loose or disjointed due to vibration or exhaust back pressure in use,
and sometimes a honeycomb segment shifted or fell to pieces.

Summary of the Invention

[0007] The present invention has been made in view of such circumstances and aims to provide a honeycomb struc-
ture excellent in durability by which honeycomb segments do not move due to vibration or exhaust back pressure in use.
[0008] According to the present invention, there is provided a honeycomb structure comprising multiple honeycomb
segments joined by means of a bonding material, each of the honeycomb segments having a plurality of passages
which are defined by partition walls and extend in an axial direction,

wherein flatness of outer walls to be joining planes of the honeycomb segments is 0.2mm or more.
[0009] In the present invention, "outer walls to be joining "planes" means planes of each outer wall which is joined
by bonding material, other than a comer part (such as a rounded corner).
In addition, "flatness" is as defined by JISB0621-1984.

Brief Description of the Drawings

[0010] Fig. 1(a) is a side elevation showing one example of an embodiment of a honeycomb structure of the present
invention, and Fig. 1(b) is an A-A sectional view thereof.

Detailed Description of the Preferred Embodiments

[0011] Fig. 1(a) is a side elevation showing one example of an embodiment of a honeycomb structure of the present
invention, and Fig. 1(b) is an A-A sectional view thereof.
[0012] As shown in these figures, in the honeycomb structure 1 of the present invention, multiple honeycomb seg-
ments 3 each having a lot of passages (cell passageways) which extend in an axial direction and are defined by partition
walls are joined by means of a bonding material 5.
[0013] In addition, as the constitution peculiar to the present invention, joining strength between honeycomb seg-
ments is raised by setting flatness of outer walls to be joining planes of the honeycomb segments 3 to be a predeter-
mined value or more to prevent honeycomb segments from shifting or falling to pieces caused by being shifted due to
vibration or exhaust back pressure in use. In other words, if there are moderate unevenness and undulation on outer
walls, joining planes are hard to come off; and even if one came off, an individual honeycomb segment is hard to be
shifted, which gives a honeycomb structure superior in durability.
[0014] Specifically, flatness of outer walls to be joining planes of the honeycomb segments 3 is set to be 0.2 mm or
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more. If the flatness of the outer walls is less than 0.2 mm, it is inferior in durability as a honeycomb structure because
sufficient joining strength is hardly obtained, and honeycomb segments are easily shifted. Incidentally, when flatness
of outer walls is increased too much, thickness of the bonding material 5 among the honeycomb segments 3 increases
with it, and a flow path area (an aperture rate) of the honeycomb structure 1 decreases, which is not practical. Therefore,
it is desirable that flatness of the outer walls to be joining planes of the honeycomb segments 3 is 1.5mm or less.
[0015] In addition, a problem of shift of a honeycomb segment due to vibration or exhaust back pressure in use of
a honeycomb structure is easily caused in a honeycomb structure composed with relatively big honeycomb segments
having such a size that a cross-section perpendicular to the axial direction of passages of a honeycomb segment can
include a circle having a diameter of 25 mm (it protrudes from the circle of a diameter of 25 mm) and is hardly caused
in a honeycomb structure composed with the relatively small honeycomb segments having the aforementioned cross-
section which can fit into inside of a circle having a diameter of 25 mm. Therefore, the present invention is preferably
used for a honeycomb structure composed with relatively big honeycomb segments such as described above.
[0016] In the present invention, it is preferable that the honeycomb segments 3 have as the main crystal phase one
kind selected from the group consisting of cordierite, SiC, SiN, alumina, mullite and lithium-aluminum silicate(LAS) in
view of strength, heat resistance, etc., and SiC, whose thermal conductivity is high, is particularly preferred in respect
of easy heat-radiation. As a method to give desired flatness to outer walls to be joining planes of the honeycomb
segments 3, there may be employed a method in which a board having unevenness is pressed against the outer walls
to be joining planes after molding of a honeycomb segment or a method in which unevenness is provided to outer walls
by means of grinding or the like after firing.
[0017] A preferable cell density of the honeycomb segments 3 is 6-2000 cell / square inch (0.9-310 cell /cm2). When
the cell density is less than 6 cell / square inch (0.9 cell /cm2), strength as a honeycomb segment and available GSA
(geometric surface area) are lacked. When the cell density exceeds 2000 cell / square inch (310 cell /cm2), pressure
loss when gas flows increases.
[0018] It is preferable that each partition wall of the honeycomb segments 3 has a thickness of 50-2000 µm. When
the thickness of each partition wall is less than 50 µm, strength as a honeycomb segment is short. When the thickness
of each partition wall exceeds 2000 µm, available GSA of a honeycomb segment falls, and pressure loss when gas
flows increases. In addition, it is preferable that a cross-section (cell shape) of a passage of the honeycomb segments
3 is triangular, quadranglar or hexagonal from a viewpoint of production.
[0019] As a bonding material 5 to join the honeycomb segments 3, it is preferable to use ceramic fiber having thermal
resistance, ceramic powder, cement or the like individually or in the form of a mixture thereof. If an organic binder, an
inorganic binder or the like is further mixed in the material as necessary to be used, joining function preferably improves.
[0020] When a honeycomb structure of the present invention is to be used in purification of exhaust gas from a heat
engines such as an internal combustion engine or in reforming of liquid fuel or gaseous fuel as a catalyst carrier, metal
having catalytic ability is made to be carried to the honeycomb segments. Representative metals having catalytic ability
are Pt, Pd, and Rh, and it is preferable that at least one of these is carried on a honeycomb segment.
[0021] On the other hand, when a honeycomb structure of the present invention is to be used as a filter such as a
particulate filter for a diesel engine to trap a particulate matter contained in dusty fluid, an individual honeycomb segment
has such a structure that partition walls of passages have filtration ability, an end of predetermined passages is sealed,
and the other end of the rest of the passages is sealed.
[0022] When dusty fluid is sent to a honeycomb structure composed with such honeycomb segments from an end
surface of the honeycomb structure, the dusty fluid flows into the honeycomb structure from the passages which are
not sealed at the end of the end surface side, passes through porous partition walls having filtration ability, and enters
the other passages which are not sealed at the end of the other end surface side of the honeycomb structure. When
the dusty fluid passes the partition walls, particulate matter in the dusty fluid is captured by the partition walls, and
purified fluid from which a particulate material is removed is discharged from the other end surface of the honeycomb
structure.
[0023] Because clogging is caused, and a function as a filter falls when captured particulate materials accumulate
on the partition walls, the particulate matter is regularly removed by combustion by heating the honeycomb structure
with a heating means such as a heater to revitalize the filter function. In order to promote the combustion of particulate
matter during this revitalization, the honeycomb segments may be made to carry a metal having catalytic ability as
described above.
[0024] The present invention is hereinbelow described in more detail on the basis of examples. However, the present
invention is by no means limited to these examples.

(Example 1)

[0025] There were prepared eight kinds of SiC honeycomb segments each having dimensions of 30mm 3 30mm 3

150mm (length), thickness of each partition wall of 0.3mm, cell density of 31 cell /cm2, and a flatness of the outer walls
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to be joining planes of 0.05mm, 0.1mm, 0.15mm, 0.2mm, 0.3mm, 0.6mm, 1mm or 1.5mm. Each of the desired flat-
nesses was given to the honeycomb structure except for the one having a flatness of 0.05mm by pressing a board
having unevenness against the outer walls to be joining planes after molding.
[0026] The honeycomb segments having each of eight kinds of flatnesses were arranged into 5 3 5 (25 in total) of
honeycomb segments as in Fig. 1(b) and joined with a bonding material prepared by mixing colloidal silica and alumina
fiber with water. The thickness of a bonding material in a joint was 1.5-3mm (a little variance depending on flatness).
After the joining, honeycomb structures having a sectional diameter of 150mm were obtained by grinding the circum-
ference.
[0027] A ceramic non-intumescent mat was wound round each of these honeycomb structures as a holding material,
and each of the honeycomb structures was pushed into a can for canning made of SUS409 to obtain a canning structure,
which was then subjected to a heat-vibration test. Conditions of the test were inlet gas temperature of 900°C, vibration
acceleration of 50G, and vibration frequency of 200Hz with vibration being given in the axial direction of a honeycomb
structure while the heated exhaust gas was sent to the canning structure. An individual honeycomb segment was
measured for shift every 20-50 hours , and as evaluation (s) was given to the one having a shift of 0.5mm or less as
usable, (∆) was given to the one having a shift of 0.5-1mm as requiring care, and (3) was given to the one having a
shift of 1mm or more as unusable.
[0028] The results of the test are shown in the following table 1. As for the honeycomb structures made of the hon-
eycomb segments having flatness of outer walls to be joining planes of 0.2mm or more, shifting of an individual hon-
eycomb segment was hardly found even after 200 hours of test, and high durability was shown.

(Example 2)

[0029] Honeycomb segments same as example 1 except for the dimensions of 60mm 3 90mm 3 200mm(length)
were arranged into vertically 5 3 horizontally 4 (20 in total) of the honeycomb segments in view from the side of an
end surface and joined in the same manner as in example 1 to produce a honeycomb structure of about 306mm 3

about 364.5mm 3 200mm(length). After making this into a quadranglar canning structure, the canning structure was
subjected to the same heat-vibration test as in example 1, and the same results as in example 1 were obtained.
[0030] As discussed above the honeycomb structure of the present invention was superior in durability because the
individual honeycomb segment which composes the honeycomb structure does not easily shift due to vibration or
exhaust back pressure in use.

Claims

1. A honeycomb structure (1) comprising multiple honeycomb segments (3) joined by means of a bonding material
(5), each of the honeycomb segments (3) having a plurality of passages which are defined by partition walls and
extend in an axial direction,

wherein flatness of the planes of the outer wall which are joined by bonding material, other than a corner
part, of said honeycomb segments (3) is 0.2 mm or more.

2. A honeycomb structure (1) according to claim 1, wherein said flatness of the planes of the outer wall which are
joined by bonding material, other than a corner part, of said honeycomb segments (3) is 1.5 mm or less.

TABLE 1

Test time (hours) Flatness of joining planes (mm)

0.05 0.1 0.15 0.2 0.3 0.6 1 1.5

20 ∆ s s s s s s s

40 ∆ s s s s s s s

60 3 ∆ s s s s s s

80 ∆ s s s s s s

100 3 ∆ s s s s s

150 3 s s s s s

200 s s s s s
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3. A honeycomb structure (1) according to claim 1 or 2, wherein said honeycomb segments (3) have such a size that
a cross-section perpendicular to the axial direction of said passages of said honeycomb segments (3) includes a
circle having a diameter of 25 mm.

4. A honeycomb structure (1) according to any one of claims 1 to 3, wherein said honeycomb segments (3) contain
as a main crystal phase one component selected from cordierite, SiC, SiN, alumina, mullite and lithium-aluminum
silicate (LAS).

5. A honeycomb structure (1) according to any one of claims 1 to 4, wherein metal having catalytic ability is carried
on said honeycomb segments (3) to be used for purification of exhaust gas from an internal combustion engine
or reforming of liquid fuel or gaseous fuel.

6. A honeycomb structure (1) according to claim 5, wherein said metal having catalytic ability is at least one selected
from the group consisting of Pt, Pd and Rh.

7. A honeycomb structure (1) according to any one of claims 1 to 6, wherein said cross-section of the passages of
the honeycomb segments (3) is triangular, quadrangular or hexagonal.

8. A honeycomb structure (1) according to any one of claims 1 to 7, wherein each of said honeycomb segments (3)
has a structure that said partition walls of said passages have filtration ability and one end of each of predetermined
passages is sealed and the other end of each of the rest of said passages is sealed.

9. A honeycomb structure (1) according to claim 8, wherein the honeycomb structure (1) is sued as a filter for trapping
a particulate matter contained in dusty fluid.

Patentansprüche

1. Wabenstruktur (1), die mehrere Wabensegmente (3) umfasst, die mithilfe eines Bindematerials (5) verbunden sind,
wobei jedes der Wabensegmente (3) eine Vielzahl von Durchgängen aufweist, die durch Trennwände abgegrenzt
sind und sich in axialer Richtung erstrecken,

worin die Ebenheit der Außenwandflächen der Wabensegmente (3), die durch das Bindematerial verbunden
sind, mit Ausnahme der Eckteile, 0,2 mm oder mehr beträgt.

2. Wabenstruktur (1) nach Anspruch 1, worin die Ebenheit der Außenwandflächen der Wabensegmente (3), die durch
das Bindematerial verbunden sind, mit Ausnahme der Eckteile, 1,5 mm oder weniger beträgt.

3. Wabenstruktur (1) nach Anspruch 1 oder 2, worin die Wabensegmente (3) so groß sind, dass der zur axialen
Richtung der Durchgänge der Wabensegmente (3) orthogonale Querschnitt einen Kreis mit einem Durchmesser
von 25 mm umfasst.

4. Wabenstruktur (1) nach einem der Ansprüche 1 bis 3, worin die Wabensegmente (3) als Hauptkristallphase eine
aus Cordierit, SiC, SiN, Tonerde, Mullit und Lithiumaluminiumsilicat (LAS) ausgewählte Komponente umfassen.

5. Wabenstruktur (1) nach einem der Ansprüche 1 bis 4, worin Metall mit katalytischer Wirkung auf den Wabenseg-
menten (3) getragen wird, das zur Reinigung von Abgas aus einem Verbrennungsmotor oder zum Reformieren
von flüssigen Brennstoffen oder gasförmigen Brennstoffen dient.

6. Wabenstruktur (1) nach Anspruch 5, worin das Metall mit katalytischer Wirkung zumindest ein aus der aus Pt, Pd
und Rh bestehenden Gruppe ausgewähltes ist.

7. Wabenstruktur (1) nach einem der Ansprüche 1 bis 6, worin der Querschnitt der Durchgänge der Wabensegmente
(3) dreieckig, viereckig oder sechseckig ist.

8. Wabenstruktur (1) nach einem der Ansprüche 1 bis 7, worin jedes der Wabensegmente (3) eine solche Struktur
aufweist, dass die Trennwände der Durchgänge Filtrationsfähigkeit aufweisen und ein Ende von einzelnen vorge-
gebenen Durchgänge abgedichtet ist, während bei den restlichen Durchgängen das andere Ende abgedichtet ist.
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9. Wabenstruktur (1) nach Anspruch 8, worin die Wabenstruktur (1) als Filter zum Einfangen von in einem staubhäl-
tigen Fluid enthaltenen Feststoffteilchen dient.

Revendications

1. Structure en nid d'abeilles (1) comprenant de multiples segments en nid d'abeilles (3) joints au moyen d'un matériau
de liaison (5), chacun desdits segments en nid d'abeilles (3) ayant une pluralité de passages qui sont définis par
des parois de séparation et s'étendent dans une direction axiale,

dans laquelle la planéité des plans de la paroi extérieure qui sont joints par un matériau de liaison, autre
qu'une partie d'angle, desdits segments en nid d'abeille (3) est de 0,2 mm ou plus.

2. Structure en nid d'abeille (1) selon la revendication 1, dans laquelle ladite planéité des plans de la paroi extérieure,
qui sont joints par un matériau de liaison, autre qu'une partie d'angle, desdits segments en nid d'abeille (3), est
de 1,5 mm ou moins.

3. Structure en nid d'abeilles (1) selon la revendication 1 ou 2, dans laquelle lesdits segments en nid d'abeille (3) ont
une telle taille qu'une coupe transversale perpendiculaire à la direction axiale desdits passages desdits segments
en nid d'abeille (3) comprend un cercle ayant un diamètre de 25 mm.

4. Structure en nid d'abeille (1) selon l'une quelconque des revendications 1 à 3, dans laquelle lesdits segments en
nid d'abeille (3) contiennent, comme principale phase cristalline, un composant choisi parmi la cordiérite, le SiC,
le SiN, l'alumine, la mullite et le silicate de lithium et d'aluminium (LAS).

5. Structure en nid d'abeille (1) selon l'une quelconque des revendications 1 à 4, dans laquelle un métal ayant une
capacité catalytique se trouve sur lesdits segments en nid d'abeille (3) à utiliser pour la purification des gaz d'échap-
pement provenant d'un moteur à combustion interne ou le reformage de combustible liquide ou combustible ga-
zeux.

6. Structure en nid d'abeille (1) selon la revendication 5, dans laquelle ledit métal ayant une capacité catalytique est
au moins un métal choisi dans le groupe composé de Pt, Pd et Rh.

7. Structure en nid d'abeille (1) selon l'une quelconque des revendications 1 à 6, dans laquelle ladite coupe trans-
versale des passages des segments en nid d'abeille (3) est triangulaire, quadrangulaire ou hexagonale.

8. Structure en nid d'abeille (1) selon l'une quelconque des revendications 1 à 7, dans laquelle chacun desdits seg-
ments en nid d'abeille (3) a une structure selon laquelle lesdites parois de séparation desdits passages ont une
capacité de filtration et une extrémité de chacun de passages prédéterminés est scellée et l'autre extrémité de
chacun du reste desdits passages est scellée.

9. Structure en nid d'abeille (1) selon la revendication 8, dans laquelle la structure en nid d'abeille (1) est conçue
comme un filtre pour piéger une matière particulaire contenue dans un fluide poussiéreux.
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