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(57) ABSTRACT

A honeycomb structured body includes a plurality of silicon
carbide-based honeycomb fired bodies and adhesive layers.
The plurality of silicon carbide-based honeycomb fired bod-
ies each include silicon carbide particles and cell walls. The
silicon carbide particles have a surface coated with a silicon-
containing oxide layer. The cell walls are provided along a
longitudinal direction of the plurality of silicon carbide-based
honeycomb fired bodies to define cells. Each of the cells has
a first end and a second end opposite to the first end along the
longitudinal direction. Either the first end or the second end is
sealed. The adhesive layers are provided between the plural-
ity of silicon carbide-based honeycomb fired bodies to bond
the plurality of silicon carbide-based honeycomb fired bod-
ies. The adhesive layers include alumina fibers and inorganic
balloons.
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FIG.4
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HONEYCOMB STRUCTURED BODY,
EXHAUST GAS PURIFYING HONEYCOMB
FILTER, AND EXHAUST GAS PURIFYING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation applica-
tion of International Application No. PCT/JP2012/058471,
filed Mar. 29, 2012. The contents of this application are incor-
porated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a honeycomb struc-
tured body, an exhaust gas purifying honeycomb filter, and an
exhaust gas purifying device.

[0004] 2. Discussion of the Background

[0005] Exhaust gases discharged from internal combustion
engines (e.g. diesel engines) contain particulate matter (here-
inafter, referred to also as PM) such as soot. In recent years,
the PM has been a problem as it is harmful to the environment
and the human body. Since exhaust gases also contain harm-
ful gas components such as CO, HC and NO,, the influence of
the harmful gas components on the environment and the
human body has also been concerned.

[0006] Therefore, various honeycomb structured bodies
have been developed as exhaust gas purifying devices that are
connected to an internal combustion engine to collect PM in
exhaust gases and convert the harmful gas components con-
tained in exhaust gases, such as CO, HC and NO_ into non
harmful gas. Such honeycomb structured bodies are formed
from a porous ceramic material (e.g., cordierite, silicon car-
bide).

[0007] One of those honeycomb structured bodies pro-
posed is a honeycomb structured body that includes a plural-
ity of pillar-shaped porous ceramic honeycomb fired bodies
bonded with one another by adhesive layers residing therebe-
tween. The pillar-shaped porous ceramic honeycomb fired
bodies each include a large number of cells longitudinally
disposed in parallel with one another with a cell wall being
interposed therebetween, and either one end of each of the
cells is sealed to allow the honeycomb structured body to
function as a filter.

[0008] As an example of such conventional honeycomb
structured bodies, WO 03/067041 discloses a honeycomb
filter that can have reduced thermal stress, is less likely to
have cracks, and is excellent in strength and durability even in
local temperature changes caused by local combustion or the
like.

SUMMARY OF THE INVENTION

[0009] According to one aspect of the present invention, a
honeycomb structured body includes a plurality of silicon
carbide-based honeycomb fired bodies and adhesive layers.
The plurality of silicon carbide-based honeycomb fired bod-
ies each include silicon carbide particles and cell walls. The
silicon carbide particles have a surface coated with a silicon-
containing oxide layer. The cell walls are provided along a
longitudinal direction of the plurality of silicon carbide-based
honeycomb fired bodies to define cells. Each of the cells has
a first end and a second end opposite to the first end along the
longitudinal direction. Either the first end or the second end is
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sealed. The adhesive layers are provided between the plural-
ity of silicon carbide-based honeycomb fired bodies to bond
the plurality of silicon carbide-based honeycomb fired bod-
ies. The adhesive layers include alumina fibers and inorganic
balloons.

[0010] According to another aspect of the present inven-
tion, an exhaust gas purifying honeycomb filter disposed in an
exhaust passage of an internal combustion engine and con-
figured to filter particulate matter discharged from the inter-
nal combustion engine includes a honeycomb structured
body. The honeycomb structured body includes a plurality of
silicon carbide-based honeycomb fired bodies and adhesive
layers. The plurality of silicon carbide-based honeycomb
fired bodies each include silicon carbide particles and cell
walls. The silicon carbide particles have a surface coated with
a silicon-containing oxide layer. The cell walls are provided
along a longitudinal direction of the plurality of silicon car-
bide-based honeycomb fired bodies to define cells. Each of
the cells has a first end and a second end opposite to the first
end along the longitudinal direction. Either the first end or the
second end is sealed. The adhesive layers are provided
between the plurality of silicon carbide-based honeycomb
fired bodies to bond the plurality of silicon carbide-based
honeycomb fired bodies. The adhesive layers include alumina
fibers and inorganic balloons.

[0011] According to further aspect of the present invention,
an exhaust gas purifying device includes a casing, an exhaust
gas purifying honeycomb filter accommodated in the casing,
and a holding sealing material. The holding sealing material
is wound around the exhaust gas purifying honeycomb filter
and disposed between the exhaust gas purifying honeycomb
filter and the casing. The exhaust gas purifying honeycomb
filter includes a honeycomb structured body. The honeycomb
structured body includes a plurality of silicon carbide-based
honeycomb fired bodies and adhesive layers. The plurality of
silicon carbide-based honeycomb fired bodies each include
silicon carbide particles and cell walls. The silicon carbide
particles have a surface coated with a silicon-containing
oxide layer. The cell walls are provided along a longitudinal
direction of'the plurality of silicon carbide-based honeycomb
fired bodies to define cells. Each of the cells has a first end and
a second end opposite to the first end along the longitudinal
direction. Either the first end or the second end is sealed. The
adhesive layers are provided between the plurality of silicon
carbide-based honeycomb fired bodies to bond the plurality
of silicon carbide-based honeycomb fired bodies. The adhe-
sive layers include alumina fibers and inorganic balloons.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by reference
to the following detailed description when considered in con-
nection with the accompanying drawings.

[0013] FIG. 1 is a schematic perspective view illustrating
an example of the honeycomb structured body of the first
embodiment of the present invention.

[0014] FIG. 2A is a schematic perspective view illustrating
an example of a honeycomb fired body that constitutes the
honeycomb structured body of an embodiment of the present
invention. FIG. 2B is an A-A line cross-sectional view of the
honeycomb fired body illustrated in FIG. 2A.

[0015] FIG. 3A is a schematic explanatory view showing
the bonded state of silicon carbide particles constituting hon-
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eycomb fired bodies. FIG. 3B is a partially enlarged view of
the silicon carbide particles shown in FIG. 3A.

[0016] FIG.4isacross-sectional view illustrating a process
of forming an aggregate of honeycomb fired bodies using an
adhesive paste.

[0017] FIG. 5is a schematic cross-sectional view illustrat-
ing an example of the exhaust gas purifying device according
to the first embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0018] The embodiments will now be described with refer-
ence to the accompanying drawings, wherein like reference
numerals designate corresponding or identical elements
throughout the various drawings.

[0019] The honeycomb structured body according to a first
aspect of the embodiments of the present invention includes a
plurality of silicon carbide-based honeycomb fired bodies
bonded with one another by adhesive layers residing therebe-
tween,

[0020] the plurality of silicon carbide-based honeycomb
fired bodies each including a large number of cells longitu-
dinally disposed in parallel with one another with a cell wall
being interposed therebetween,

[0021]

[0022] wherein the honeycomb fired bodies contain silicon
carbide particles having a surface coated with a silicon-con-
taining oxide layer, and
[0023] the adhesive layers contain at least alumina fibers
and inorganic balloons.

[0024] In the honeycomb structured body according to the
first aspect of the embodiments of the present invention, the
silicon carbide particles constituting the honeycomb fired
bodies have a surface coated with a silicon-containing oxide
layer. When the oxide layer is exposed to high temperatures of
1500° C. to 1600° C., the endothermic reaction represented
by the below equation (1) or (2) proceeds.

[0025] Due to this endothermic reaction, the temperature of
the honeycomb fired bodies is less likely to increase, which
prevents the honeycomb structured body from reaching a
high temperature. The equations (1) and (2) each represent
the amount of heat absorbed by one mole of SiO, through the
below reaction.

either one end of each of the cells being sealed,

Si0,=Si0 (g)+450,800 kJ/mol (1
Si0,+C=SiO (g)+CO700 kl/mol 2
[0026] Thus, the amount of heat applied to the adhesive

layers can be reduced, and crystallization (cristobalitization)
of the silica component in the adhesive layers can be pre-
vented. This can prevent the adhesive layers from further
expanding the cracks in the honeycomb fired bodies due to the
thermal expansion changes and from promoting the leakage
of particulate matter. Additionally, using alumina fibers to
reduce the amount of the silica component in the adhesive
layers can further enhance this effect.

[0027] Inthe embodiments of the present invention, a sili-
con carbide-based fired body refers to a fired body that con-
tains 60 weight % or more silicon carbide. The silicon car-
bide-based fired body may contain other materials in addition
to silicon carbide. For example, the silicon carbide-based
fired body may contain 40 weight % or less of metal silicon as
a material other than silicon carbide. If a silicon carbide-
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based fired body contains metal silicon, the surface of the
metal silicon is also coated with a silicon-containing oxide
layer.

[0028] Silicon carbide particles constituting a honeycomb
fired body have constricted parts called “necks” therebetween
which appear when two particles are bonded. Silicon carbide
particles are bonded with one another through the necks.

[0029] If the surface of the silicon carbide particles is not
coated with an oxide layer, the bond angle at a neck is small
and the end ofthe bonded part at the neck is sharp. Thus, when
a honeycomb fired body containing such silicon carbide par-
ticles receives an external force or heat impact, a stress is
concentrated on the end of the bonded part at the neck.

[0030] In contrast, if the surface of the silicon carbide par-
ticles is coated with an oxide layer, the bond angle of a neck
is large and the end of the bonded part at the neck is smooth.
Thus, stress concentration on the end of the bonded part at the
neck can be reduced. As a result, the honeycomb fired body
presumably has improved mechanical strength.

[0031] The adhesive layers contain at least alumina fibers
and inorganic balloons. Alumina fibers, when used as a mate-
rial of the adhesive layers, do not cause meltdown or phase
transformation until about 1400° C., and thus can have an
effect of suppressing expansion of cracks even at high tem-
peratures of not less than 1200° C. Thus, the strength of the
adhesive layers is less likely to be deteriorated. Inorganic
balloons also have an effect of suppressing expansion of
cracks, and thus can prevent mechanical deterioration of the
adhesive layers. Furthermore, adhesive layers containing
inorganic balloons have a low thermal capacity, and thus can
have a large thermal conductivity and reduce the difference in
thermal stress caused by PM combustion between the honey-
comb fired bodies and the adhesive layers. As a result, cracks
in the adhesive layers due to thermal stress difference can be
suppressed, and thereby cracks in the honeycomb fired bodies
can be suppressed.

[0032] In the honeycomb structured body according to a
second aspect of the embodiments of the present invention,
the alumina fibers have an average length of 25 to 100 um, and
the inorganic balloons have an average particle size of 70 to
300 pm.

[0033] The adhesive layers constituting the honeycomb
structured body according to the second aspect of the embodi-
ments of the present invention contain alumina fibers with
appropriate lengths (average length: 25 to 100 um). Thus, the
alumina fibers in the adhesive layers can have a fine dispers-
ibility. Thereby, portions not having inorganic balloons in the
adhesive layers can have a reduced number of voids, a dense
structure, and improved mechanical strength, and are less
likely to have cracks. In addition, alumina fibers with such
lengths have an effect of suppressing expansion of cracks, and
thus can suppress expansion of cracks even if the adhesive
layers have cracks.

[0034] Inaddition, the adhesive layers constituting the hon-
eycomb structured body according to the second aspect of the
embodiments of the present invention contain inorganic bal-
loons with an average particle size of 70 to 300 um. Since
these inorganic balloons have appropriate sizes for the
lengths of the alumina fibers, both the alumina fibers and the
inorganic balloons tend to be more finely dispersed, voids are
uniformly dispersed, and portions not having inorganic bal-
loons in the adhesive layers can have a more dense structure.
Furthermore, finely dispersed inorganic balloons also have an
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effect of suppressing expansion of cracks. Thus, even if the
adhesive layers have cracks, expansion of the cracks can be
surely suppressed.

[0035] Moreover, adhesive layers containing inorganic bal-
loons have a low thermal capacity and thus can have increased
thermal conductivity. Accordingly, the thermal stress differ-
ence caused by PM combustion between the honeycomb fired
bodies and the adhesive layers can be reduced. As a result,
cracks in the adhesive layers due to the thermal stress differ-
ence can be suppressed, and thereby cracks in the honeycomb
fired bodies may be suppressed.

[0036] Alumina fibers with an average length of shorter
than 25 pm, which are too short, tend to coagulate and reduce
its dispersibility. Alumina fibers have an effect of suppressing
expansion of cracks. However, if alumina fibers have too
short a length, the effect of suppressing expansion of cracks is
less likely to be achieved. On the other hand, alumina fibers
with an average length of longer than 100 pm, which is too
long, tend to be oriented in one certain direction and reduce
their dispersibility.

[0037] Inorganic balloons with an average particle size of
smaller than 70 um, which is too small, deteriorate the dis-
persibility of alumina particles, an inorganic binder, and inor-
ganic particles, tend to cause voids at portions not having the
inorganic balloons in the adhesive layers, and are less likely to
achieve a dense structure, thereby reducing the strength of the
adhesive layers. In contrast, inorganic balloons with an aver-
age particle size of greater than 300 um, which is too large for
the thickness of the adhesive layers, tend to cause portions
with low strength in the adhesive layer.

[0038] In the honeycomb structured body according to a
third aspect of the embodiments of the present invention, the
alumina fibers have an aspect ratio (fiber length/fiber diam-
eter) of 3 to 30.

[0039] This ratio enables further improvement in mechani-
cal strength of the adhesive layers, and even if the adhesive
layers have cracks, expansion of the cracks can be more
surely suppressed.

[0040] Alumina fibers with an aspect ratio of less than 3
tend to fail to achieve the effect of improving mechanical
strength and the effect of suppressing expansion of cracks.
Alumina fibers with an aspect ratio of more than 30 tend to
cause breakage of alumina fibers during formation of the
adhesive layers, and thus tend to fail to achieve the above
effect.

[0041] In the honeycomb structured body according to a
fourth aspect of the embodiments of the present invention, the
oxide layer has a thickness of 100 to 600 nm.

[0042] Typically, when PM is combusted in a honeycomb
structured body which is used as a honeycomb filter of an
exhaust gas purifying device, the honeycomb structure body
is under oxidizing atmosphere, and thereby an oxide layer is
presumably formed on the honeycomb structured body. How-
ever, under such a condition of PM combustion, the honey-
comb structured body does not have uniformed temperature
distribution and thus the thickness of the resulting oxide layer
becomes nonuniform. Thus, formation of an oxide layer with
a uniform thickness of 100 to 600 nm is difficult in such a
condition.

[0043] In contrast, the honeycomb structured body of the
embodiments of the present invention, which is coated with
an oxide layer with a thickness of not less than 100 nm before
use, tends to achieve the effects of the embodiments of the
present invention.
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[0044] Anoxidelayerwith athickness of 100to 600 nm can
reduce the amount of heat applied to the adhesive layers, and
thus can prevent crystallization (cristobalitization) of the
silica component in the adhesive layers. Furthermore, the
ends of bonded parts at necks become smooth as mentioned
above, which improves the mechanical strength of the adhe-
sive layers.

[0045] An oxide layer with a thickness of less than 100 nm,
which is too thin, reduces the amount of heat absorbed by the
above endothermic reaction and tends to cause crystallization
of'the silica component. In addition, an oxide layer with such
a thickness may fail to achieve a sufficient eftect of reducing
the stress concentration on the ends of bonded parts at necks.
On the other hand, an oxide layer with a thickness of more
than 600 nm, which causes too small bonded parts of the
silicon carbide particles at necks, may reduce the mechanical
strength. Besides, further increase in the thickness of the
oxide layer cannot improve the effect of suppressing crystal-
lization of the silica component in the adhesive layers any
further.

[0046] In the honeycomb structured body according to a
fifth aspect of the embodiments of the present invention, the
adhesive layers further contain inorganic particles and an
inorganic binder.

[0047] Thereby, the alumina fibers, inorganic balloons, and
inorganic particles in the adhesive layers are bonded with the
inorganic binder to provide adhesive layers with more excel-
lent mechanical characteristics. Besides, the adhesive layers,
which contain inorganic particles, can have a more dense
structure and improved mechanical characteristics. Further-
more, the inorganic binder and the inorganic particles pen-
etrate the pores in the outer surface of the honeycomb fired
bodies to enhance the bonding strength.

[0048] In the honeycomb structured body according to a
sixth aspect of the embodiments of the present invention, the
amount of the inorganic balloons is 5.0 to 50.0 vol %.
[0049] This can maintain the mechanical characteristics of
the honeycomb structured body as a filter.

[0050] Inorganic balloons in an amount of less than 5.0 vol
%, which is too small an amount, deteriorate the dispersibility
of the adhesive layer components, tend to cause voids, and
may result in reduction in strength of the adhesive layers.
Besides, the thermal capacity of the adhesive layers cannot be
reduced, thereby failing to reduce the difference in thermal
stress caused by PM combustion between the honeycomb
fired bodies and the adhesive layers. As a result, the adhesive
layers have cracks, which induces cracks in the honeycomb
fired bodies and causes soot leakage. Inorganic balloons in an
amount of more than 50 vol %, which is too large an amount
to the contrary, excessively reduce the amount of other com-
ponents and tend to cause reduction in strength and expansion
of cracks in the adhesive layers.

[0051] In the honeycomb structured body according to a
seventh aspect of the embodiments of the present invention,
the amount of the alumina fibers in the adhesive layers is 5.0
to 50.0 vol %.

[0052] Thereby, the alumina fibers in the adhesive layers
can be finely dispersed.

[0053] The alumina fibers in an amount of less than 5.0 vol
%, which is too small an amount, fail to achieve sufficient
effect of reinforcing the adhesive layers by the fibers. Also,
the effect of suppressing expansion of cracks is less likely to
be achieved. The alumina fibers in an amount of more than
50.0 vol %, which is too large an amount, reduce the dispers-



US 2015/0013284 Al

ibility of the alumina fibers and tend to cause biased mechani-
cal characteristics in the adhesive layers.

[0054] In the honeycomb structured body according to an
eighth aspect of the embodiments of the present invention, the
inorganic balloons are fly ash balloons.

[0055] Fly ash balloons each have a nearly spherical shape
and consist of silica and alumina. Accordingly, fly ash bal-
loons will not cause meltdown or the like even when exposed
to high temperatures of not lower than 1200° C. Moreover, fly
ash balloons, which have a small specific gravity, can reduce
the thermal capacity of the adhesive layers. Fly ash balloons,
which can reduce the thermal capacity of the adhesive layers
as mentioned, can thus reduce the thermal stress difference
between the adhesive layers and the honeycomb fired bodies.
As a result, cracks in the adhesive layers due to the thermal
stress difference, cracks in the honeycomb fired bodies, and
soot leakage can be suppressed.

[0056] In the honeycomb structured body according to a
ninth aspect of the embodiments of the present invention, the
inorganic particles are silicon carbide particles.

[0057] Thereby, the resulting adhesive layers are excellent
in heat resistance and mechanical characteristics.

[0058] In the honeycomb structured body according to a
tenth aspect of the embodiments of the present invention, the
inorganic binder is a solidified product of silica sol or alumina
sol.

[0059] Since silica sol or alumina sol is used as a raw
material for forming the inorganic binder, the resulting adhe-
sive layers can have excellent heat resistance.

[0060] The exhaust gas purifying honeycomb filter accord-
ing to an eleventh aspect of the embodiments of the present
invention is disposed in an exhaust passage of an internal
combustion engine and is configured to filter particulate mat-
ter discharged from the internal combustion engine. The
exhaust gas purifying honeycomb filter includes the honey-
comb structured body according to any one of the first to tenth
aspects of the embodiments of the present invention.

[0061] Thereby, even if the exhaust gas purifying honey-
comb filter is exposed to high temperatures of higher than
800° C., particularly not lower than 1200° C., the filter is less
likely to have cracks. Even if the filter has cracks, expansion
of'the cracks can be suppressed, whereby the leakage amount
of'particulate matter such as soot can be controlled to be lower
than the regulation value.

[0062] The exhaust gas purifying device according to a
twelfth aspect of the embodiments of the present invention
includes a casing; an exhaust gas purifying honeycomb filter
accommodated in the casing; and a holding sealing material
wound around the exhaust gas purifying honeycomb filter and
disposed between the exhaust gas purifying honeycomb filter
and the casing,

[0063] wherein the exhaust gas purifying honeycomb filter
includes the exhaust gas purifying honeycomb filter accord-
ing to the eleventh aspect of the embodiments of the present
invention.

[0064] Thereby, even if the exhaust gas purifying device is
exposed to high temperatures of higher than 800° C., particu-
larly not lower than 1200° C., the adhesive layers are less
likely to have cracks. Even in the case where the adhesive
layers have cracks, the expansion of the cracks can be sup-
pressed, whereby the leakage amount of particulate matter
such as soot can be controlled to be lower than the regulation
value.
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First Embodiment

[0065] In the following, a first embodiment which is the
honeycomb structured body of an embodiment of the present
invention is described referring to the figures.

[0066] FIG. 1 is a schematic perspective view illustrating
an example of the honeycomb structured body according to a
first embodiment of the present invention. FIG. 2A is a sche-
matic perspective view illustrating an example of a honey-
comb fired body that constitutes the honeycomb structured
body of the embodiment of the present invention. FIG. 2B is
anA-A line cross-sectional view of the honeycomb fired body
illustrated in FIG. 2A.

[0067] In a honeycomb structured body 100 illustrated in
FIG. 1, a plurality of honeycomb fired bodies 110 having a
configuration shown in FIG. 2A and F1G. 2B are bonded with
one another by an adhesive layers 101 residing therebetween
to form a ceramic block 103. The ceramic block 103 further
includes a coat layer 102 formed on its periphery.

[0068] The honeycomb fired body 110 illustrated in FIG.
2A and FIG. 2B has a large number of cells 111 longitudinally
(inthe direction shown by “a” in FIG. 2A) disposed in parallel
with one another with a cell wall 113 being interposed ther-
ebetween. Either one end of each of the cells 111 is sealed
with a plug 112. Therefore, exhaust gas G flowed into one of
the cells 111 that is open at one end surely passes through the
cell wall 113 that defines the cells 111 and then flows out from
other cells 111 that are open at the other end.

[0069] Thus, the cell wall 113 functions as a filter for col-
lecting matters such as PM.

[0070] Next, a honeycomb fired body 110 constituting the
honeycomb structured body 100 according to the first
embodiment of the present invention will be described.
[0071] The honeycomb structured body 100 of the present
embodiment includes silicon carbide-based honeycomb fired
bodies 110. The silicon carbide-based honeycomb fired bod-
ies 110 mean fired bodies that contain 60 weight % or more of
silicon carbide and 40 weight % or less of metal silicon. The
honeycomb fired bodies 110 may not include other ceramics
than silicon carbide or may be formed by bonding silicon
carbide particles with the metal silicon or the like.

[0072] In the honeycomb structured body 100 of the
present embodiment, the silicon carbide particles have a sur-
face coated with a silicon-containing oxide layer (hereinafter,
also simply referred to as an oxide layer).

[0073] The lower limit of the thickness of the oxide layer is
preferably 100 nm, more preferably 200 nm. The upper limit
of'the thickness of the oxide layer is preferably 600 nm, more
preferably 400 nm.

[0074] When the honeycomb fired bodies 110 are exposed
to high temperatures of 1500° C. to 1600° C., the endothermic
reaction represented by the below equation (1) or (2) of silica
constituting the oxide layer proceeds. Due to this endother-
mic reaction, the temperature of the honeycomb fired bodies
110 is less likely to increase, and thus the honeycomb struc-
tured body 100 including the honeycomb fired bodies 110 can
be prevented from reaching high temperatures. The equations
(1) and (2) each represent the amount of heat absorbed by one
mole of SiO, through the below reaction.

Si0,=Si0 (g)+420,800 kI/mol (1)
SiO,+C=SiO (g)+CO700 kl/mol 2
[0075] Thereby, the amount of heat applied to the adhesive

layers 101 can be reduced, and thus crystallization (cristo-
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balitization) of the silica component in the adhesive layers
101 can be prevented. Thus, the adhesive layers 101 can be
prevented from further expanding the cracks in the honey-
comb fired bodies 110 due to the thermal expansion changes
accompanied with crystallization of the silica component and
from promoting leakage of particulate matter.

[0076] Inthe honeycomb fired body 110, a large number of
the silicon carbide particles as aggregates may be bonded
with one another with a large number of pores residing ther-
ebetween, or a plurality of silicon carbide particles each con-
taining pores inside may be bonded with one another.
[0077] FIG. 3A is a schematic explanatory view showing
the bonded state of silicon carbide particles constituting the
honeycomb fired bodies 110. FIG. 3B is a partially enlarged
view of the silicon carbide particles shown in FIG. 3A.
[0078] As shown in FIG. 3A and FIG. 3B, silicon carbide
particles 31 constituting the honeycomb fired bodies 110 are
bonded with one another through necks 31a. The surface of
the silicon carbide particles 31 is coated with a silicon-con-
taining oxide layer 32.

[0079] Ifthe oxide layer 32 is formed on the surface of the
silicon carbide particles 31, the bond angle at a neck 31a is
large, and the end of the bonded part at the neck 31a is
smooth. Thus, the stress concentration on the end of the
bonded part at the neck 31a can be reduced. This presumably
results in improvement in the mechanical strength of the
honeycomb fired bodies.

[0080] Meanwhile, the silicon carbide particles constitut-
ing the honeycomb fired bodies 110 have an average particle
size of about 11 to 20 pum. Thus, the oxide layer with a
thickness of 100 to 600 nm, which is extremely thin for the
particle size of the silicon carbide particles, will not adversely
affect the pressure loss when the resulting honeycomb struc-
tured body is used as a filter.

[0081] The thickness of the oxide layer may be measured
by X-ray photoelectron spectroscopy (XPS). XPS is an analy-
sis method in which the surface of a sample is irradiated with
X-ray and generated photoelectron energy is measured with a
device called energy analyzer. XPS can analyze the constitu-
ent elements of the sample and their electronic state. Alter-
nately repeating X-ray photoelectron analysis and ion sput-
tering can show composition changes of the sample in the
depth direction (thickness direction).

[0082] For the honeycomb structured body of the present
embodiment, the surface of a sample is eroded by ion sput-
tering at a constant rate and the composition of the sputtered
matters is analyzed by XPS to determine the depth (thickness)
of the oxide layer. According to the results given by such a
measurement method, an oxide layer with a thickness of 100
to 600 nm is presumably formed on the surface of the silicon
carbide particles.

[0083] The porosity of the honeycomb fired body 110 is not
particularly limited and is preferably about 40 to 70 vol %. A
porosity of less than 40 vol % tends to cause the honeycomb
structured body 100 to have clogging. A porosity of more than
70 vol % tends to reduce the strength of the honeycomb fired
body 110 and thereby cause breakage of the honeycomb fired
body 110. The porosity may be measured by mercury intru-
sion technique, for example.

[0084] The average pore diameter of the honeycomb fired
body 110 is preferably 5 to 100 pm. An average pore diameter
of'smaller than 5 um tends to cause particulate matter to easily
cause clogging. An average pore diameter of greater than 100
um tends to cause particulate matter to pass through the pore,
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which reduces the capability of collecting particulate matter,
and thus deteriorates the function as a filter.

[0085] The thickness of the cell wall 113 of the honeycomb
fired body 110 of the embodiment of the present invention is
not particularly limited, and is preferably 0.1 to 0.4 mm.
[0086] The cell wall 113 of the honeycomb fired body 110
with a thickness of less than 0.1 mm, which is too thin for a
cell wall supporting the honeycomb structure, may fail to
hold the strength of the honeycomb fired body 110. The cell
wall 113 of the honeycomb fired body 110 with a thickness of
more than 0.4 mm may increase the pressure loss of the
honeycomb structured body 100.

[0087] The thickness of an outer wall (external wall) of the
honeycomb fired body 110 that constitutes the honeycomb
structured body 100 of the embodiment of the present inven-
tion is not particularly limited, and is preferably 0.1 to 0.4
mm, which is the same as the thickness ofthe cell wall 113 of
the honeycomb fired body 110.

[0088] The cell density (number of cells per unit area) in a
cross section perpendicular to the longitudinal direction of
the honeycomb fired body 110 is not particularly limited. A
preferable lower limit thereof is 16.0 pes/cm? (100 pes/inch?),
a preferable upper limit thereof is preferably 93.0 pcs/cm?
(600 pes/inch?), a more preferable lower limit is 38.8 pcs/cm?
(250 pes/inch?), and a more preferable upper limit is 77.5
pes/cm? (500 pes/inch?).

[0089] Next, adhesive layers 101 constituting the honey-
comb structured body 100 of the first embodiment of the
present invention will be described.

[0090] In the honeycomb structured body 100 of the
present embodiment, the adhesive layers 101, which make the
honeycomb fired bodies 110 be bonded with one another,
contain at least alumina fibers and inorganic balloons.
[0091] The lower limit of the average length of the alumina
fibers is preferably 25 um, more preferably 40 pm. The upper
limit of the average length of the alumina fibers is preferably
100 um, more preferably 60 pm.

[0092] Alumina fibers with an average length of shorter
than 25 pm, which are too short, tend to coagulate and have
reduced dispersibility. Alumina fibers have an effect of sup-
pressing expansion of cracks. However, alumina fibers with
too short a length are less likely to achieve the effect of
suppressing the expansion of cracks. Alumina fibers with an
average length of longer than 100 pum, which are too long,
tend to be oriented in one certain direction and have reduced
dispersibility.

[0093] The aspect ratio (fiber length/fiber diameter) of the
alumina fibers is preferably 3 to 30. The alumina fibers having
such an aspect ratio can further improve the mechanical
strength of the resulting adhesive layer, and can more surely
suppress the expansion of cracks even if the adhesive layers
have cracks.

[0094] The alumina fibers may contain alumina (Al,O;)
only, or may contain silica (Si0,) in addition to alumina.
[0095] Specifically, the composition of the alumina fibers is
preferably Al,0;:S5i10,=65:35 to 99:1, more preferably
Al,04:S10,=70:30 to 99:1, still more preferably Al,O;:
Si0,=72:28 to 98:2, based on weight ratio.

[0096] Using the alumina fibers as inorganic fibers, which
reduces the amount of the silica component in the adhesive
layers, can reduce the above mentioned thermal expansion
changes caused by crystallization of the silica component.
[0097] The inorganic balloons are not particularly limited
and examples thereof include alumina balloons, glass
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microballoons, shirasu balloons, fly ash balloons (FA bal-
loons), and mullite balloons. Fly ash balloons are preferred
among these.

[0098] The lower limit of the average particle size of the
inorganic balloons is preferably 70 um, more preferably 150
um. The upper limit of the average particle size of the inor-
ganic balloons is preferably 300 um, more preferably 200 pm.
[0099] Inorganic balloons typically have a spherical shape,
and thus the average particle size thereof is the average diam-
eter of spherical particles.

[0100] Inorganic balloons with an average particle size of
smaller than 70 pm, which are too small, deteriorate dispers-
ibility of the alumina particles, inorganic binder, and inor-
ganic particles, tend to cause the adhesive layers to have voids
at portions not having the inorganic balloons, are less likely to
achieve a dense structure, and thus lower the strength. Inor-
ganic balloons with an average particle size of greater than
300 pwm, which are too large for the adhesive layer, tend to
cause the adhesive layers to have portions with low strength.
[0101] The adhesive layers may further include inorganic
particles and an inorganic binder.

[0102] Examples of the inorganic particles include ceramic
particles including nitride ceramics such as aluminum nitride,
silicon nitride, boron nitride, and titanium nitride; and carbide
ceramics such as silicon carbide, zirconium carbide, titanium
carbide, tantalum carbide, and tungsten carbide. These may
be used alone or in combination of two or more thereof.
Among the inorganic particles, silicon carbide particles are
preferred because of their excellent thermal conductivity.
[0103] The lower limit of the average particle size of the
inorganic particles is preferably 0.01 pm, more preferably 0.1
um. The upper limit of the average particle size of the inor-
ganic particles is preferably 100 um, more preferably 15 pm,
still more preferably 10 um. Inorganic particles with a particle
size of smaller than 0.01 um may increase the cost, while
inorganic particles with a particle size of greater than 100 pm
may deteriorate the filling rate and lower the bonding strength
and the thermal conductivity.

[0104] Examples of the inorganic binder include solidified
products of silica sol, alumina sol, and titania sol. These may
be used alone or in combination of two or more kinds thereof.
The inorganic binder is solidified silica, alumina, or titania,
which is generated from a fine oxide suspended in an aqueous
solution when the adhesive layers are dried or fired, and has a
function of bonding the alumina fibers, inorganic balloons,
inorganic particles and the like included in the adhesive layer.
The inorganic binder also has a function of bonding adhesive
layers to the honeycomb fired bodies. Among the inorganic
binders, a solidified product of silica sol or alumina sol is
preferred.

[0105] The solidified product refers to silica, alumina, tita-
nia or the like which contains little water and may be formed
by forming an adhesive paste layer and then drying the adhe-
sive paste layer or heating the adhesive layers at a temperature
higher than the temperature for drying. Such a solidified
product may contain OH group(s), crystal water or the like.
[0106] The lower limit of the amount of the alumina fibers
included in the adhesive layers 101 is preferably 5.0 vol %,
more preferably 10vol %, based on solids content. The upper
limit of the amount of the alumina fibers is preferably 50 vol
%, more preferably 30 vol %, based on solids content.
[0107] The alumina fibers in an amount of less than 5.0 vol
%, which is too small an amount, reduce the reinforcing effect
of the adhesive layers by the fibers. In addition, the effect of
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suppressing expansion of cracks is less likely to be achieved.
The alumina fibers in an amount of more than 50.0 vol %,
which is too large an amount, reduce the dispersibility of the
alumina fibers and tend to cause biased mechanical charac-
teristics in the adhesive layers.

[0108] The lower limit of the shot content of the alumina
fibers is preferably 1 vol %. The upper limit thereof is pref-
erably 10 vol %, more preferably 5 vol %, still more prefer-
ably 3 vol %.

[0109] A shot content of 1 vol % is difficult to achieve due
to manufacturing reasons. A shot content of more than 10 vol
% may damage the wall surface of a honeycomb fired body
20. The shot content in the alumina fibers means a weight
percentage of the shot (non-fibrous particles), which cannot
become fiber and remains as particles, in the alumina fibers.

[0110] The lower limit of the amount of the inorganic bal-
loons contained in the adhesive layers 101 is preferably 5.0
vol %, more preferably 10 vol %, based on solids content. The
upper limit of the amount of the inorganic balloons is prefer-
ably 50.0 vol %, more preferably 45 vol %, based on solids
content. The inorganic balloons in an amount of less than 5.0
vol %, which is too small an amount, deteriorate the dispers-
ibility of the adhesive layer components, tend to cause voids,
and may reduce the strength of the adhesive layers. In addi-
tion, since the thermal capacity of the adhesive layers cannot
be reduced, the thermal stress difference caused by PM com-
bustion between the honeycomb fired bodies and the adhesive
layers cannot be reduced. Thereby, the adhesive layers have
cracks, which induce cracks in the honeycomb fired bodies,
and then results in soot leakage. The inorganic balloons in an
amount of more than 50.0 vol %, which is too large an amount
to the contrary, reduce the amounts of other components, and
thus tend to cause reduction in strength and expansion of
cracks.

[0111] The lower limit of the amount of the inorganic par-
ticles contained in the adhesive layers 101 is preferably 3 vol
%, more preferably 10 vol %, still more preferably 20 vol %,
based on solids content. The upper limit of the amount of the
inorganic particles is preferably 80 vol %, more preferably 60
vol %, still more preferably 40 vol %, based on solids content.
The inorganic particles in an amount of less than 3 vol % may
reduce the thermal conductivity. The inorganic particles in an
amount of more than 80 vol % may reduce the bonding
strength when the adhesive layers 101 are exposed to high
temperatures.

[0112] The lower limit of the amount of the inorganic
binder contained in the adhesive layers 101 is preferably 1 vol
%, more preferably 5 vol %. The upper limit of the amount of
the inorganic binder is preferably 30 vol %, more preferably
15 vol %, still more preferably 9 vol %. The inorganic binder
in an amount of less than 1 vol % may reduce the bonding
strength, while the inorganic binder in an amount of more
than 30 vol % may reduce the thermal conductivity.

[0113] The thickness of the adhesive layers 101 is prefer-
ably 0.3 t0 3.0 mm.

[0114] Inthe honeycomb structured body 100 according to
the first embodiment of the present invention, the adhesive
layers 101 having the above configuration penetrate the hon-
eycomb fired bodies 110 at the interfaces of the honeycomb
fired bodies 110, the adhesive layers 101 and the honeycomb
fired body 110 are firmly bonded with a solidified product of
the inorganic binder or the like, and the coat layer 102 is
formed on the periphery.
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[0115] The coat layer 102 may be made of the same mate-
rials and the same weight percentage thereof as those of the
adhesive layers 101. The thickness of the coat layer 102 is
preferably 0.1 to 3 mm.

[0116] Ifthehoneycomb structured body 100 does not have
grooves exposed at the side face and is formed by combining
multiple kinds of honeycomb fired bodies each having an
outer wall on an entire side face, a coat layer is not necessary.
[0117] Next, the method for manufacturing the honeycomb
structured body according to the first embodiment of the
present invention will be described.

[0118] In the following description, an example where the
ceramic constituting the honeycomb fired bodies contains
silicon carbide will be described. However, the material of the
honeycomb fired bodies may consist of silicon carbide and
metal silicon.

[0119] (1) In the method for manufacturing a honeycomb
structured body according to the present embodiment, first, a
molding process is performed by extrusion molding a wet
mixture of silicon carbide powder and a binder to form a
honeycomb molded body. Specifically, first, a wet mixture for
manufacturing a honeycomb molded body is prepared by
mixing silicon carbide powder with different average particle
sizes, an organic binder, a liquid plasticizer, a lubricant, and
water. Subsequently, the wet mixture is charged into an extru-
sion molding machine and then extrusion molded to form a
honeycomb molded body with a predetermined shape.
[0120] (2) The honeycomb molded body is cut into a pre-
determined length and is dried using a dryer such as a micro-
wave drying machine, a hot air drying machine, a dielectric
dryer, a low pressure dryer, a vacuum dryer, or a freeze dryer,
and then a sealing process is performed in which predeter-
mined ends of the cells are filled with a plug paste for a plug
to seal the cells. The plug paste may be the above mentioned
ceramic materials (wet mixture).

[0121] The conditions for the cutting process, the drying
process and the sealing process may be conditions conven-
tionally adopted for manufacturing a honeycomb fired body.
[0122] (3) A degreasing process is performed in which
organic substances in the honeycomb molded body are heated
in a degreasing furnace, and the resulting honeycomb molded
body is conveyed to a firing furnace. Then, a firing process is
performed to manufacture a honeycomb fired body. The con-
ditions for the degreasing process and the firing process may
be conditions conventionally adopted for manufacturing a
honeycomb fired body. For example, in the degreasing pro-
cess, the honeycomb molded body may be heated at 300° C.
to 650° C. under an oxygen-containing atmosphere. In the
firing process, the honeycomb molded body may be heated at
2000° C. to 2200° C. under a non-oxidizing atmosphere to
sinter silicon carbide particles in the honeycomb molded
body.

[0123] Through these processes, a honeycomb fired body
with a predetermined shape can be manufactured.

[0124] (4) An oxidation process is performed in which the
honeycomb fired bodies are oxidized by heating under oxi-
dizing atmosphere at 1100° C. to 1400° C. for 1 to 30 hours.
[0125] By the oxidation process, an oxide layer is formed
on the surface of the silicon carbide particles constituting the
honeycomb fired bodies.

[0126] The oxidation process should be performed under
oxygen-containing atmosphere. From the view point of cost,
it is preferably performed under air atmosphere.
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[0127] The oxygen concentration (the amount in terms of
oxygen) in oxidizing atmosphere is not particularly limited,
and is preferably 5 to 21 vol %. From the viewpoint of cost,
using air is preferred.

[0128] Atmosphere for oxidation with an oXxygen concen-
tration of less than 5 vol % causes unstable oxidation of the
surface of the silicon carbide particles of the honeycomb fired
bodies, which makes it difficult to form an oxide layer with a
desired thickness. Atmosphere for oxidation with an oxygen
concentration of less than 5 vol % also requires long term heat
treatment, which tends to deteriorate manufacturing effi-
ciency. On the other hand, oxidizing atmosphere with an
oxygen concentration of more than 21 vol % requires a pro-
cess for generating oxidizing atmosphere, such as preparing
oxygen gas, which tends to deteriorate manufacturing effi-
ciency.

[0129] The heat treating temperature in the oxidation pro-
cess is preferably 1100° C. to 1400° C.

[0130] A heat treating temperature of lower than 1100° C.
makes it difficult to form an oxide layer with a desired thick-
ness. In addition, long term heat treatment is required to form
an oxide layer with a desired thickness. On the other hand, a
heat treating temperature of higher than 1400° C. makes it
difficult to control the thickness of the oxide layer.

[0131] The time for heat treatment in the oxidation process
is preferably 1 to 30 hours, but may be appropriately deter-
mined according to factors such as the heat treating tempera-
ture and the thickness of the desired oxide layer.

[0132] Specifically, if the heat treating temperature is
1200° C., the time for heat treatment is preferably 20 to 22
hours, and if the heat treating temperature is 1400° C., the
time for heat treatment is preferably 4 to 5 hours.

[0133] If the time for heat treatment is shorter than the
lower limit, formation of an oxide layer with a desired thick-
ness is difficult. If the time for heat treatment is longer than
the upper limit, the resulting oxide layer has alarger thickness
than the desired thickness.

[0134] The time for heat treatment herein means the time
for maintaining a desired heat treating temperature which is
achieved by heating. Thus, the entire time for heating the
honeycomb fired body in the oxidation process includes the
time required for heating and cooling in addition to the time
for heat treatment.

[0135] Performing the oxidation process under the above
conditions enables formation of an oxide layer with a desired
thickness (preferably a thickness of 100 to 600 nm) on the
surface of the silicon carbide particles constituting the hon-
eycomb fired bodies.

[0136] (5) An adhesive paste layer is formed on the side
face of the honeycomb fired body using an adhesive paste.
[0137] FIG. 4is across-sectional view illustrating a process
of forming an aggregate of honeycomb fired bodies using the
adhesive paste.

[0138] The method for forming the adhesive paste layer is
not particularly limited. For example, as shown in FIG. 4, a
support 400 having a V-shape cross section is prepared, and
one honeycomb fired body 110 (ref. FIGS. 2A and 2B) is
placed on the support along the V-shape. The adhesive paste
is applied to two up-facing side faces (110a and 1105) of the
honeycomb fired body 110 using a squeegee or the like, to
form an adhesive paste layer 130 with a predetermined thick-
ness.

[0139] Next, another honeycomb fired body 110 is placed
on the adhesive paste layer 130. Then, the adhesive paste is
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further applied to the up-facing side faces of the another
honeycomb fired body 110 to form an adhesive paste layer
130, and the process of placing still another honeycomb fired
body 110 the adhesive paste layer 130 is repeated, to form a
honeycomb aggregate body which includes a predetermined
number of the honeycomb fired bodies with the adhesive
paste layers inserted therebetween.

[0140] The adhesive paste preferably contains at least alu-
mina fibers, inorganic balloons, and an inorganic binder (e.g.
silica sol), and more preferably further contains inorganic
particles. The alumina fibers, inorganic balloons, inorganic
binder (e.g. silica sol), and inorganic particles may be the
same as those described for the honeycomb structured body
according to the present embodiment.

[0141] Concerning the percentages of the components, if
the alumina fibers, inorganic balloons, and inorganic binder
are included as main components, the preferred range of each
component forming the adhesive paste is as follows. That is,
when the adhesive paste is applied to side faces of the hon-
eycomb fired bodies to bond the honeycomb fired bodies and
then the honeycomb fired bodies are degreased at 700° C., the
solid content concentration of each component is preferably:
alumina fibers: 5 to 15 vol %, inorganic balloons: 35 to 45 vol
%, and inorganic binder: 10 to 15 vol %.

[0142] If the inorganic particles are further added to the
above components, the amount of the inorganic particles after
degreasing is preferably in a range of 30 to 40 vol %.

[0143] The adhesive paste may contain an organic binder.
However, if the adhesive paste containing an organic binderis
used for an exhaust gas filter for a vehicle, the adhesive layers
are exposed to high temperatures and thus tend to cause
degradative loss, which can be a cause of fluctuations in the
bonding strength. Thus, the amount of the organic binder is
preferred to be as small as possible.

[0144] Examples of the organic binder include polyvinyla-
Icohol, methylcellulose, ethylcellulose, and carboxymethyl-
cellulose. These may be used alone or in combination of two
or more thereof. Among these organic binders, carboxymeth-
ylcellulose is preferred.

[0145] The lower limit of the amount of the organic binder
in the adhesive paste is preferably 0.1 vol %, more preferably
0.2 vol %, still more preferably 0.4 vol %, based on solids
content. The upper limit of the amount of the organic binder
is preferably 5.0 vol %, more preferably 1.0 vol %, still more
preferably 0.6 vol %, based on solids content. The organic
binder in an amount of less than 0.1 vol % makes it difficult to
suppress the migration of the adhesive layers 101, while the
organic binder in an amount of more than 5.0 vol % causes
burning out of the organic binder when the adhesive layers
101 are exposed to high temperatures, easily resulting in
reduction in bonding strength.

[0146] When the adhesive paste is prepared, a dispersion
solution may be used. Examples of the dispersion solution
include water, organic solvents such as acetone, and alcohols
such as methanol.

[0147] After the raw materials are mixed, the viscosity of
the adhesive paste is adjusted by adding a dispersion solution
or the like such that the resulting adhesive paste has a constant
viscosity before use. The viscosity of the adhesive paste is
preferably 15 to 25 Pa-s (10,000 to 20,000 cps (cP)).

[0148] In the above bonding process, the adhesive paste is
applied to predetermined side faces of a honeycomb fired
body, in which a predetermined end of each cell is sealed, to
form an adhesive paste layer, and then the process of stacking
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another honeycomb fired body on the adhesive paste layer is
repeated in series to form a honeycomb block. Alternatively,
a honeycomb block may be formed in the following process.
[0149] That is, both ends of a predetermined number of
honeycomb fired bodies having various shapes are supported
and fixed at a predetermined position to form an aggregate
body with a predetermined shape such as a round pillar shape,
in which the honeycomb fired bodies are combined with
predetermined intervals. The aggregate body is preferably
accommodated in a case with a predetermined shape, and the
case with a predetermined shape preferably has substantially
the same capacity and shape as those of the aggregate body.
[0150] Next, the adhesive paste is poured into the space
formed between the honeycomb fired bodies from an inlet
formed on the case, to form adhesive paste layers between the
honeycomb fired bodies. The resulting product is then dried
and cured to manufacture an aggregate of honeycomb fired
bodies which has a large rectangular pillar shape and adhesive
layers.

[0151] (6) Through the above bonding process, an aggre-
gate of honeycomb fired bodies with a large rectangular pillar
shape is formed. Then, a cutting process is performed using a
cutter such as a diamond cutter to obtain a honeycomb block
with a round pillar or cylindroid shape. Finally, a coat layer
forming process, in which a coating agent paste is applied to
the periphery of the honeycomb block and then dried and
cured to form a coat layer, is performed. The coating agent
paste may be the same as or different from the above adhesive
paste. Through the above processes, the honeycomb struc-
tured body of the present embodiment may be manufactured.
[0152] Inthe above mentioned method for manufacturing a
honeycomb structured body, the bonding process is per-
formed to form an aggregate of honeycomb fired bodies with
a large rectangular pillar shape. Alternatively, a honeycomb
block with a predetermined shape such as a round pillar shape
may be formed by bonding honeycomb fired bodies, which
have various shapes and an outer wall on their side faces, with
an adhesive, and then a coat layer may be formed on the
periphery. Here, the coat layer is not necessarily required and
may be formed only if needed. If the coat layer is formed, the
adhesive paste and the coating agent paste may be dried and
solidified at the same time.

[0153] Inthe above mentioned method for manufacturing a
honeycomb filter, the oxidation process is performed after
manufacturing the honeycomb fired bodies (i.e. between the
firing process and the bonding process).

[0154] Alternatively, in the method for manufacturing a
honeycomb filter of the first embodiment of the present inven-
tion, the oxidation process may be performed between the
bonding process and the periphery processing process,
between the periphery processing process and the periphery
coat layer forming process, or after the periphery coat layer
forming process. In addition, the oxidation process may be
performed to a ceramic block around which a periphery coat
layer has not been formed.

[0155] The exhaust gas purifying device according to the
first embodiment of the present invention will be described.
[0156] The exhaust gas purifying device according to the
first embodiment of the present invention includes the above
honeycomb filter according to the first embodiment of the
present invention.

[0157] FIG. 5 is a schematic cross-sectional view illustrat-
ing an example of the exhaust gas purifying device according
to the first embodiment of the present invention.
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[0158] An exhaust gas purifying device 200 shown in FIG.
5 includes a metal casing 220 provided with a gas inlet side
221 and a gas outlet side 222; and a honeycomb filter 120
accommodated in the metal casing 220.

[0159] The exhaust gas purifying device 200 shown in FIG.
5 includes a honeycomb filter 120 that has the same configu-
ration to the honeycomb structured body 100 shown in FIG. 1.
[0160] Similar to the configuration of the honeycomb fired
body 110 shown in FIG. 2A and FIG. 2B, either one end of
each cell 21 of a honeycomb fired body 20 constituting the
honeycomb filter 120 is sealed with a plug 24.

[0161] A holding sealing material 230 is disposed between
the honeycomb filter 120 and the metal casing 220, whereby
the holding sealing material 230 supports the honeycomb
filter 120.

[0162] The holding sealing material 230 is wound around
the honeycomb filter 120.

[0163] The holding sealing material is made of a mat-like
material that mainly contains inorganic fibers such as alumina
and has a substantially rectangular shape in a plane view.
[0164] At the gas inlet side 221 of the metal casing 220, an
inlet pipe is disposed for introducing exhaust gas discharged
from an internal combustion engine such as a diesel engine
into the exhaust gas purifying device 200. At the gas outlet
side 222 of the metal casing 220, an outlet pipe is disposed for
discharging the exhaust gas which has passed through the
exhaust gas purifying device 200.

[0165] A method for purifying exhaust gas according to the
first embodiment of the present invention using the exhaust
gas purifying device 200 that includes the honeycomb filter
120 will be described referring to FIG. 5.

[0166] AsshowninFIG. 5, exhaust gas discharged from the
internal combustion engine (in FIG. 5, exhaust gas is indi-
cated by G and flow of exhaust gas is indicated by the arrows)
flows through the gas inlet side 221 of the metal casing 220
into the exhaust gas purifying device 200. Subsequently, the
exhaust gas G flows from one end 25 of the honeycomb fired
body 20 into the honeycomb filter 120. Specifically, exhaust
gas G flows into a cell 21 that is open at one end 25 of the
honeycomb fired body 20.

[0167] The exhaust gas G passes through a cell wall 22 that
defines the cells 21. At this time, PM in the exhaust gas G is
collected at the cell wall 22 and thereby exhaust gas G is
purified.

[0168] The purified exhaust gas G flows into another cell 21
that is open at the other end 26 of the honeycomb fired body
20 and then is discharged from the honeycomb filter 120.
Then, the exhaust gas G is discharged from the gas outlet side
222 of the metal casing 220 to outside of the exhaust gas
puritying device 200.

[0169] When PM containing soot is collected by the above
method, PM accumulates on the cell wall 22 of the honey-
comb filter 120 and the pressure loss increases. Thus, when a
predetermined amount of PM accumulates, a regenerating
process is required in which soot contained in PM is com-
busted and thereby removed.

[0170] In a vehicle with a diesel engine, a common-rail
diesel engine is often mounted. In such a case, the engine may
be operated at full load to increase the temperature of exhaust
gas, and thereby the soot contained in PM accumulating in the
honeycomb filter can be forcedly combusted.

[0171] Here, the honeycomb filter is generally heated to
about 800° C. However, if the regenerating process is not
timely performed and the amount of accumulating soot is
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larger than usual, in other words, if the regenerating process is
performed under the state of excessive collecting, the tem-
perature of the honeycomb filter may be increased to not
lower than 1200° C.

[0172] The honeycomb filter of the present embodiment,
which includes the honeycomb structured body according to
the first aspect of the embodiments of the present invention, is
less likely to have cracks even when the temperature of the
honeycomb filter reaches a temperature not lower than 1200°
C. Even if the honeycomb filter has cracks, the cracks in the
honeycomb filter do not expand entirely, and thus the leakage
amount of particulate matter such as soot can be controlled to
be not higher than the regulation value.

[0173] Inthe exhaust gas purifying device according to the
first embodiment of the present invention, a metal casing may
accommodate only a honeycomb filter according to the first
embodiment of the present invention, or the honeycomb filter
along with a honeycomb structured body to be used as a
catalyst support.

[0174] In the following, the method for manufacturing an
exhaust gas purifying device according to the first embodi-
ment of the present invention will be described.

[0175] A honeycomb filter which is according to the first
embodiment of the present invention and is manufactured by
the above method is placed in a metal casing. Specifically, a
mat, which is mainly made of inorganic fibers and has a
substantially rectangular shape in a plane view, as a holding
sealing material is prepared and wound around the honey-
comb filter. Then the honeycomb filter around which the mat
is wound is stuffed into a metal casing having a substantially
cylinder shape to provide an exhaust gas purifying device.
[0176] Alternatively, the metal casing may be prepared as
separable parts consisting of a first metal casing and a second
metal casing. A honeycomb filter around which a mat made of
inorganic fibers is wound is placed in the first metal casing
and then covered with the second metal casing, and then the
casings are sealed to provide an exhaust gas purifying device.
[0177] Inthe following, function effects of the honeycomb
structured body and the method for manufacturing a honey-
comb structured body of the present embodiment will be
listed.

[0178] (1) The surface of the silicon carbide particles con-
stituting the honeycomb fired bodies is coated with a silicon-
containing oxide layer. When the oxide layer is exposed to
high temperatures of 1500° C. to 1600° C., the above men-
tioned endothermic reaction proceeds. Due to this endother-
mic reaction, the temperature of the honeycomb fired bodies
is less likely to be increased, and thereby the honeycomb
structured body can be prevented from reaching high tem-
peratures.

[0179] Thus, the heat applied to the adhesive layers can be
reduced, and crystallization (cristobalitization) of the silica
component in the adhesive layers can be prevented. Thereby,
the adhesive layers can be prevented from further expanding
the cracks in the honeycomb fired bodies due to thermal
expansion changes and from promoting leakage of particulate
matter. Furthermore, using alumina fibers and thereby reduc-
ing the silica content in the adhesive layers can further
improve this effect.

[0180] (2) The silicon carbide particles constituting the
honeycomb structured body of the present embodiment have
constricted parts called “necks”, which appear when two
particles are bonded with each other. The silicon carbide
particles are bonded through the necks.



US 2015/0013284 Al

[0181] If the surface of the silicon carbide particles is not
coated with an oxide layer, the bond angle at a neck is small
and the end of the bonded part at the neck is sharp. Thus, if
honeycomb fired bodies containing such silicon carbide par-
ticles receive an external force or heat impact, a stress is
concentrated on the end of the bonded part at the neck.

[0182] In contrast, if the surface of the silicon carbide par-
ticles is coated with an oxide layer, the bond angle at the neck
is large, and the end of the bonded part at the neck is smooth.
Thus, the stress concentration on the end of the bonded part at
the neck can be reduced. This presumably improves the
mechanical strength of the honeycomb fired bodies.

[0183] (3) The adhesive layers constituting the honeycomb
structured body of the present embodiment contain at least
alumina fibers and inorganic balloons. Alumina fibers, when
used as a material of the adhesive layers, do not cause melt-
down or phase transformation until about 1400° C., and thus
provide an effect of suppressing expansion of cracks even at
high temperatures of not lower than 1200° C. Thus, the
strength of the adhesive layers is less likely to be deteriorated.
Inorganic balloons also have an effect of suppressing expan-
sion of cracks, and thus can prevent mechanical deterioration
of the adhesive layers. In addition, use of inorganic fibers
reduces the amount of the silica component in the adhesive
layers. Thus, thermal expansion changes due to crystalliza-
tion of the silica component are reduced.

[0184] Moreover, adhesive layers containing inorganic bal-
loons have a low thermal capacity and thus can have increased
thermal conductivity. Accordingly, the thermal stress differ-
ence caused by PM combustion between the honeycomb fired
bodies and the adhesive layers can be reduced. As a result,
cracks in the adhesive layers due to the thermal stress differ-
ence can be suppressed, and thereby cracks in the honeycomb
fired bodies may be suppressed.

[0185] (4) The adhesive layers constituting the honeycomb
structured body of the present embodiment contain inorganic
balloons with an average particle size of 70 to 300 pm. These
inorganic balloons have appropriate sizes for the lengths of
the alumina fibers. Thus, both the alumina fibers and the
inorganic balloons tend to be more finely dispersed, voids are
uniformly dispersed, and the adhesive layers have a more
dense structure at portions not having the inorganic balloons.
Moreover, finely dispersed inorganic balloons also have an
effect of suppressing expansion of cracks. Thus, even when
the adhesive layers have cracks, expansion of the cracks can
be surely suppressed.

[0186] Furthermore, adhesive layers containing inorganic
balloons, which have a reduced thermal capacity, have a large
thermal conductivity, and thereby can reduce the difference in
thermal stress upon PM combustion between the honeycomb
fired bodies and the adhesive layers. As a result, cracks in the
adhesive layers due to the difference in thermal stress can be
suppressed, and thus cracks in the honeycomb fired bodies
can be suppressed.

[0187] (5) The adhesive layers constituting the honeycomb
structured body of the present embodiment contain alumina
fibers with appropriate lengths (average length: 25 to 100
um). Thus, the dispersibility of the alumina fibers in the
adhesive layers becomes favorable. Thereby, portions not
having inorganic balloons in the adhesive layers have a
reduced amount of voids, a dense structure, and improved
mechanical strength, and are less likely to have cracks. Alu-
mina fibers with the above lengths have an effect of suppress-
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ing expansion of cracks. Thus, even when the adhesive layers
have cracks, expansion of the cracks can be suppressed.
[0188] (6) The adhesive layers constituting the honeycomb
structured body of the present embodiment include alumina
fibers with an aspect ratio of 3 to 30. Thus, the mechanical
strength of the adhesive layers is further improved, and even
ifthe adhesive layers have cracks, expansion of the cracks can
be more surely suppressed.

[0189] (7) In the honeycomb fired bodies constituting the
honeycomb structured body of the present embodiment, the
thickness ofthe oxide layer coating silicon carbide particles is
100 to 600 nm. Thus, heat applied to the adhesive layer can be
reduced, and thereby crystallization (cristobalitization) of the
silica component in the adhesive layers can be prevented.
Furthermore, as mentioned above, the ends of the bonded
parts at necks become smooth, which improves the mechani-
cal strength. The thickness of the oxide layer is smaller than
the particle size of the silicon carbide particles. Thus, forma-
tion of an oxide layer on the silicon carbide particles does not
adversely affect the pressure loss and the like of the honey-
comb filters.

[0190] (8) The adhesive layers constituting the honeycomb
structured body of the present embodiment further include
inorganic particles and an inorganic binder. Thus, the alumina
fibers, inorganic balloons, and inorganic particles in the adhe-
sive layers are bonded one another by the inorganic binder to
provide adhesive layers more excellent in mechanical char-
acteristics. In addition, the adhesive layer, which contains
inorganic particles, has improved mechanical characteristics.
Moreover, the inorganic binder helps the adhesive layers and
the honeycomb fired bodies to bond with each other.

[0191] (9) The adhesive layers constituting the honeycomb
structured body of the present embodiment may contain fly
ash balloons as inorganic balloons. Fly ash balloons, which
have nearly spherical shapes and consist of silica and alu-
mina, have excellent compatibility with alumina fibers,
achieve better dispersion of the alumina fibers in the state that
part of the alumina fibers is bonded with fly ash balloons, and
thus favorably suppress expansion of cracks and the like.
[0192] (10) The amount of the inorganic balloons in the
adhesive layers constituting the honeycomb structured body
of the present embodiment is 5.0 to 50.0 vol %. Thus,
mechanical characteristics as a filter can be maintained.
[0193] (11) The amount of the alumina fibers in the adhe-
sive layers constituting the honeycomb structured body of the
present embodiment is 5.0 to 50.0 vol %. Thus, the alumina
fibers in the adhesive layers can be finely dispersed.

[0194] (12) The adhesive layers constituting the honey-
comb structured body of the present embodiment may
include fly ash balloons as inorganic balloons. Fly ash bal-
loons, which have nearly spherical shapes and are made of
silica and alumina, will not cause meltdown even if they are
exposed to high temperatures of not lower than 1200° C.
Furthermore, fly ash balloons have a small specific gravity,
and thus can reduce the thermal capacity of the adhesive layer.
Thus, fly ash balloons can reduce the thermal capacity of the
adhesive layers and thus can reduce the thermal stress difter-
ence between the adhesive layers and the honeycomb fired
bodies. As a result, cracks in the adhesive layers due to the
thermal stress difference, cracks in the honeycomb fired bod-
ies, and soot leakage can be suppressed.

[0195] (13) The adhesive layers constituting the honey-
comb structured body of the present embodiment may
include silicon carbide particles as inorganic particles. Adhe-
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sive layers including silicon carbide can serve as adhesive
layers excellent in heat resistance and mechanical character-
istics.

[0196] (14) The adhesive layers constituting the honey-
comb structured body of the present embodiment may
include a solidified product of silica sol or alumina sol, as an
inorganic binder. Use of a solidified product of silica sol or
alumina sol as a raw material for preparing an inorganic
binder provides adhesive layers excellent in heat resistance.
[0197] (15) In the honeycomb filter of the present embodi-
ment, even if the temperature of the honeycomb filter reaches
atemperature not lower than 1200° C. due to the reasons such
as performing a regenerating process under a state of exces-
sive collecting, cracks do not expand entirely, and the leakage
amount of particulate matter such as soot can be controlled to
be not higher than the regulation value.

EXAMPLES

Example 1

[0198] Following describes examples in which the first
embodiment of the present invention is more specifically
described. It should be noted that the present invention is not
limited to this example.

(Honeycomb Fired Body Preparation Process)

[0199] Coarse powder of silicon carbide (average particle
size: 22 um, 52.8 weight %) and fine powder of silicon car-
bide (average particle size: 0.5 um, 22.6 weight %) were dry
blended. To the mixture were added an acrylic resin (2.1
weight %), an organic binder (methylcellulose, 4.6 weight
%), a lubricant (Unilube, manufactured by NOF Corporation,
2.8 weight %), glycerin (1.3 weight %) and water (13.8
weight %). The mixture was kneaded to give a mixed com-
position, and the composition was subjected to an extrusion
molding process by which the composition was extrusion
molded. Thereby, a raw honeycomb molded body, which had
substantially the same shape as that shown in FIG. 2A and had
non-sealed cells, was prepared.

[0200] Next, the raw honeycomb molded body was dried
using a microwave drying machine to give a dry honeycomb
molded body. Then, a paste having the same composition as
that of the above raw honeycomb molded body was stuffed in
predetermined cells and dried using the drying machine.

[0201] The dry honeycomb molded body was subjected to
a degreasing process in which the dry honeycomb molded
body was degreased at 400° C., and then subjected to a firing
process under an argon atmosphere at 2200° C. and ordinary
pressure for three hours, whereby a honeycomb fired body
(porosity: 42%, average pore diameter: 9 um, size: 34.3
mmx34.3 mmx150.5 mm, number of cells (cell density): 148
pes/inch?, thickness of cell wall: 0.40 mm) made of a silicon
carbide sintered body was manufactured.

[0202] The resulting honeycomb fired body was subjected
to the following oxidation process.

[0203] In the oxidation process, under air atmosphere, the
honeycomb fired body was heated from room temperature at
a heating rate of 1° C./min. When the maximum temperature
reached 1200° C., the temperature was kept for 3 hours by
heating. Then, the temperature was gradually cooled to room
temperature, and the honeycomb fired body was taken out
from the furnace at room temperature (25° C.)
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[0204] By this oxidation process, the surface of the honey-
comb fired body was oxidized.

(Preparation of Adhesive Paste)

[0205] An adhesive paste was prepared by mixing and
kneading alumina fibers (mullite fibers consisting of Si0,: 20
wt %, Al,O5: 80 wt %, average fiber length: 60 um), fly ash
balloons (average particle size: 300 um), silicon carbide par-
ticles (average particle size: 0.5 um), silica sol (solid content
concentration: 30 weight %), carboxymethylcellulose, poly-
vinylalcohol, and water.

(Bonding Process)

[0206] A support 400 having a V-shaped cross section as
shown in FIG. 4 was prepared. The honeycomb fired body
was placed on the support 400 along the V-shape. The adhe-
sive paste with the above composition was applied to up-
facing side faces of the honeycomb fired body 110 using a
squeegee, to form an adhesive paste layer. Subsequently, the
process of stacking another honeycomb fired body 110 on the
adhesive paste layer was repeated in series to form an object
including 16 honeycomb fired bodies 110 bonded with the
adhesive paste layers residing therebetween. The adhesive
paste layer was dried and solidified at 180° C. for 20 minutes.
Thus, a honeycomb aggregate body having a rectangular
pillar shape and 1-mm-thick adhesive layers 101 was pre-
pared.

(Periphery Processing Process and Coat Layer Forming
Process)

[0207] Next, the periphery of the honeycomb aggregate
body was ground with a diamond cutter to have a round pillar
shape, thereby forming a ceramic block 103.

[0208] Subsequently, a coating agent paste having the same
materials as those for the adhesive paste was formed into a
0.2-mm-thick coating agent paste layer on the periphery of
the ceramic block. Then, the coating agent paste layer was
dried at 120° C. to manufacture a honeycomb structured body
(honeycomb filter) which had a round pillar shape (diameter:
143.8 mmxlength: 150.5 mm) and a coat layer 102 on the
periphery. Table 1 shows the characteristics of the compo-
nents in the adhesive layers constituting the manufactured
honeycomb structured body and the composition of the adhe-
sive layer.

Comparative Example 1

[0209] A honeycomb structured body was manufactured in
the same manner as in Example 1, except that, in the prepa-
ration of the adhesive paste, bio-soluble fibers (SiO,: 62.4 wt
%, Al,05: 1.2 wt %, CaO: 34.2 wt %, ZrO,: 0.01 wt %, K,O:
1.0 wt %, Na,O: 0.13 wt %) were used in place of the alumina
fibers, inorganic balloons were not used, and the oxidation
process of the honeycomb fired bodies was not performed.
[0210] Table 1 shows the characteristics of the components
in the adhesive layers constituting the manufactured honey-
comb structured body and the composition of the adhesive
layer.

Evaluation of Honeycomb Structured Body
(1) Measurement of the Thickness of Oxide Layer by X-Ray
Photoelectron Spectroscopy (XPS)

[0211] Concerning each honeycomb structured body
according to the example and the comparative example, the
thickness (nm) of the oxide layer of a honeycomb fired body
was measured.
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[0212] As asample for XPS measurement, a piece (2 cmx2
cmx0.25 mm) of silicon carbide was cut out from each hon-
eycomb fired body manufactured in the example and the
comparative example. A surface not being the fracture surface
of the sample for XPS measurement was observed.

[0213] The XPS device used was Quantera SXM, manu-
factured by ULVAC-PHI, and the X-ray source used was
monochromated Meausurement conditions were set as fol-
lows: electric voltage: 15 kV, output power: 25 W, measure-
ment region: 100 um¢. lon sputtering conditions were set as
follows: ion species: Art, electric voltage: 1 kV, sputtering
rate (in terms of Si0,): 1.5 nm/min.

[0214] Usingthe XPS device, the sample for XPS measure-
ment was subjected to qualitative analysis (wide scan) and
depth profile analysis on C, O, and Si. From the results of the
depth profile analysis, the thickness of the oxide layer was
calculated based on the time taken until the middle strength
between the maximum strength and the minimum strength of
SiO, profile and the sputtering rate (in terms of SiO,) of the
sample for XPS measurement.

[0215] Table 1 shows measurement results of the thick-
nesses of the oxide layers coating the silicon carbide particles
constituting the honeycomb fired bodies of Example 1 and
Comparative Example 1.

(2) Measurement of the Amount of PM (Number of PM)
Leaking after Regenerating Process

[0216] The number of PM leaking after the regenerating
process was measured using the following PM leakage
amount measurement device.

[0217] The PM leakage amount measurement device
includes a 2-L (litter) common-rail diesel engine, an exhaust
gas tube for passing through exhaust gas from the engine, a
metal casing which is connected to the exhaust gas tube and in
which a honeycomb filter is fixed with a holding sealing
material, and a PM counting device (MEXA-100SPCS,
manufactured by HORIBA) which can accumulatively count
the number of PM passed through the honeycomb filter for a
certain period of time.
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was mounted at the position nearer to the gas inlet side than
the honeycomb filter to provide an exhaust gas purifying
device.

[0220] Subsequently, the engine was operated under the
conditions of rotation speed of engine: 1500 min~!, torque: 50
Nm, and thereby exhaust gas was passed through the honey-
comb filter. Next, the operating conditions were changed to
rotation speed of engine: 2000 min~!, torque: 90 Nm, and the
engine was operated until the engine went stable, and thereby
the honeycomb filter was allowed to collect 21 g/I. of PM,
which was a larger amount than a usual collecting amount.
[0221] Then, post injection was continued until the tem-
perature at the exhaust gas inlet side of the honeycomb filter
reached about 550° C. to increase the pressure difference
between the front and the rear of the honeycomb filter,
whereby PM was combusted.

[0222] Then, the increased pressure difference between the
front and the rear of the honeycomb filter was reduced due to
PM combustion. At 10 seconds from the reduction, the driv-
ing condition was returned to idling.

[0223] Subsequently, the engine was operated in a usual
mode at a rotation speed of engine of 1500 min~" and a torque
0f'50 Nm, and thereby the number of PM (#/km) leaking from
the honeycomb filter was measured using the PM counting
device.

[0224] The number of PM indicates the number of PM
leaking from the honeycomb filter at the point where the
vehicle is assumed to have driven 1 km by operating the
engine.

(Evaluation Method of PM Leakage)

[0225] The numbers of leaking PM of not more than 1.0x
10" were evaluated as good in Table 1, which means that the
leakage amount was small and the filter performance was
good. The numbers of leaking PM of not less than 1.0x10">
were evaluated as poor in Table 1, which means that the
leakage amount was large and the filter performance was
insufficient.

[0226] Table 1 shows the results.

TABLE 1

Adhesive laver

Solidified ~ Silicon Characteristics

Fly ash balloons product of carbide Honeycomb  of honeycomb
Alumina fibers Average silica sol  powder fired body structured body
Average length Amount particle size Amount Amount Amount Thickness of  Soot
(pm) (vol %) (nm) (vol%)  (vol%) (vol%) oxide layer (nm) leakage
Example 1 60 10.2 300 40.9 12.3 36.6 200 Good
Comparative — 46.6 — 0 10.4 43.0 0 Poor

Example 1

[0218] Each honeycomb structured body (honeycomb fil-
ter) of Example 1 and Comparative Example 1 was subjected
to PM collecting and then to a regenerating process according
to the following procedure.

[0219] First, each honeycomb filter manufactured in
Example 1 and Comparative Example 1 was placed in an
exhaust passage of the engine. Then, a catalyst support (diam-
eter: 200 mm, length: 100 mm, cell density: 400 cells/inch?,
amount of platinum supported: 5 g/I.), which is a honeycomb
structured body made of commercially available cordierite,

[0227] The measurement results of soot leakage measured
before and after the regenerating process of the honeycomb
structured body (honeycomb filter) of Example 1 clarified the
following. In the honeycomb structured body according to the
example, honeycomb fired bodies containing carbide par-
ticles coated with an oxide layer with a thickness of 200 nm
were used, and adhesive layers containing alumina fibers and
fly ash balloons were formed. Thus, the honeycomb struc-
tured body could maintain the strength even when exposed to
heat at high temperatures, suppress expansion of cracks to the
entire honeycomb structured bodies even after exposed to
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temperatures of not lower than 1200° C., and control the
leakage amount of particulate matter such as soot to be not
higher than the regulation value.

[0228] In contrast, in the honeycomb structured body in
Comparative Example 1, bio-soluble fibers were used as inor-
ganic fibers contained in the adhesive layers, inorganic bal-
loons were not used, the honeycomb fired bodies were not
oxidized, and an oxide layer was not formed. Such a honey-
comb structured body does not have an oxide layer on the
honeycomb fired bodies. Thus, if the honeycomb structured
body is exposed to temperatures not lower than 1200° C., the
temperature of the honeycomb fired bodies increases, cracks
expand to the entire honeycomb structured bodies, the
strength of the adhesive layers tends to be reduced, and the
leakage amount of particulate matter such as soot exceeds the
regulation value.

Other Embodiments

[0229] In the honeycomb structured body of the embodi-
ment of the present invention, the ends of cells may not be
sealed. Such a honeycomb structured body can be suitably
used as a catalyst support.

[0230] The shape of the honeycomb fired body is not par-
ticularly limited, and is preferably a shape easily being
bonded when the honeycomb fired bodies are bonded with
one another to prepare a honeycomb structured body.
Examples of the cross section include square, rectangle,
hexagon, and sector.

[0231] The shape of the honeycomb structured body of the
embodiment of the present invention is not limited to round
pillar shapes, and may be any shape such as cylindroid and
rectangular pillar shapes.

[0232] The wet mixture, which is a raw material of the
honeycomb molded body, may contain an organic binder, a
plasticizer, a lubricant, a dispersion solution, and the like in
addition to ceramic powder as a main component of the
honeycomb structured body.

[0233] The organic binder is not particularly limited and
examples thereof include methylcellulose, carboxymethyl-
cellulose, hydroxyethylcellulose, and polyethylene glycol.
Methylcellulose is preferred among these. Typically, the
amount of the organic binder is preferably 1 to 10 parts by
weight for each 100 parts by weight of the ceramic powder.
[0234] The plasticizer is not particularly limited and
examples thereof include glycerin. The lubricant is not par-
ticularly limited and examples thereof include polyoxyalky-
lene compounds such as polyoxyethylene alkylether and
polyoxypropylene alkylether.

[0235] The plasticizer and the lubricant may not be con-
tained in mixed raw material powder if not needed.

[0236] Examples of the dispersion solution include water
and organic solvents such as benzene, and alcohols such as
methanol.

[0237] The wet mixture may further contain a molding aid.
[0238] The molding aid is not particularly limited and
examples thereof include ethylene glycol, dextrin, fatty acids,
fatty acid soap, and polyalcohols.

[0239] Furthermore, the wet mixture may optionally con-
tain pore-forming agents such as balloons which are hollow
microspheres and made from an oxide ceramic component,
spherical acrylic particles, and graphite.

[0240] The balloons are not particularly limited and
examples thereof include alumina balloons, glass microbal-
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loons, shirasu balloons, fly ash balloons (FA balloons), and
mullite balloons. Alumina balloons are preferred among
these.
[0241] The plug paste for sealing cells is not particularly
limited and a plug paste that allows the porosity of the result-
ing plug manufactured through the later processes to be 30 to
75% is preferred. For example, the same paste as that for the
wet mixture may be used.
[0242] The honeycomb structured body may support a
catalyst for purifying exhaust gas. The catalyst to be sup-
ported is preferably a noble metal such as platinum, palla-
dium, or rhodium, more preferably platinum. Other examples
of the catalyst include alkali metals such as potassium and
sodium, and alkaline-earth metal such as barium. These cata-
lysts may be used alone or in combination of two or more
thereof.
[0243] The method for manufacturing the honeycomb
structured body of the embodiment of the present invention
may be a method of preparing a plurality of honeycomb
aggregate bodies, forming adhesive paste layers (adhesive
paste layers including a foaming material) on side faces ofthe
honeycomb aggregate bodies, and bonding the plurality of
honeycomb aggregate bodies one another in a bonding pro-
cess.
[0244] Obviously, numerous meodifications and variations
of the present invention are possible in light of the above
teachings. It is therefore to be understood that within the
scope of the appended claims, the invention may be practiced
otherwise than as specifically described herein.
1. A honeycomb structured body comprising:
a plurality of silicon carbide-based honeycomb fired bod-
ies each comprising:
silicon carbide particles having a surface coated with a
silicon-containing oxide layer; and
cell walls provided along a longitudinal direction of the
plurality of silicon carbide-based honeycomb fired
bodies to define cells, each of the cells having a first
end and a second end opposite to the first end along
the longitudinal direction, either the first end or the
second end being sealed; and
adhesive layers provided between the plurality of silicon
carbide-based honeycomb fired bodies to bond the plu-
rality of silicon carbide-based honeycomb fired bodies,
the adhesive layers comprising:
alumina fibers; and
inorganic balloons.
2. The honeycomb structured body according to claim 1,
wherein the alumina fibers have an average length of about
25 um to about 100 um, and
the inorganic balloons have an average particle size of
about 70 um to about 300 pm.
3. The honeycomb structured body according to claim 1,
wherein the alumina fibers have an aspect ratio of about 3
to about 30.
4. The honeycomb structured body according to claim 1,
wherein the silicon-containing oxide layer has a thickness
of about 100 nm to about 600 nm.
5. The honeycomb structured body according to claim 1,
wherein the adhesive layers further contain inorganic par-
ticles and an inorganic binder.
6. The honeycomb structured body according claim 1,
wherein an amount of the inorganic balloons is about 5.0
vol % to about 50.0 vol %.
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7. The honeycomb structured body according to claim 1,

wherein an amount of the alumina fibers is about 5.0 vol %
to about 50.0 vol %.

8. The honeycomb structured body according to claim 1,

wherein the inorganic balloons comprise fly ash balloons.

9. The honeycomb structured body according claim 1,

wherein inorganic particles comprise silicon carbide par-
ticles.

10. The honeycomb structured body according to claim 1,

wherein an inorganic binder comprises a solidified product
of'silica sol or alumina sol.

11. An exhaust gas purifying honeycomb filter disposed in
an exhaust passage of an internal combustion engine and
configured to filter particulate matter discharged from the
internal combustion engine, the exhaust gas purifying honey-
comb filter comprising:

a honeycomb structured body comprising:

a plurality of silicon carbide-based honeycomb fired
bodies each comprising:
silicon carbide particles having a surface coated with
a silicon-containing oxide layer; and
cell walls provided along a longitudinal direction of
the plurality of silicon carbide-based honeycomb
fired bodies to define cells, each of the cells having
afirst end and a second end opposite to the first end
along the longitudinal direction, either the first end
or the second end being sealed; and
adhesive layers provided between the plurality of'silicon
carbide-based honeycomb fired bodies to bond the
plurality of silicon carbide-based honeycomb fired
bodies, the adhesive layers comprising:
alumina fibers; and
inorganic balloons.

12. An exhaust gas purifying device comprising:

a casing;

an exhaust gas purifying honeycomb filter accommodated
in the casing;

a holding sealing material wound around the exhaust gas
puritying honeycomb filter and disposed between the
exhaust gas purifying honeycomb filter and the casing;
and

14
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the exhaust gas purifying honeycomb filter comprising:
a honeycomb structured body comprising:
a plurality of silicon carbide-based honeycomb fired
bodies each comprising:
silicon carbide particles having a surface coated
with a silicon-containing oxide layer; and
cell walls provided along a longitudinal direction
of the plurality of silicon carbide-based honey-
comb fired bodies to define cells, each of the
cells having a first end and a second end opposite
to the first end along the longitudinal direction,
either the first end or the second end being
sealed; and
adhesive layers provided between the plurality of sili-
con carbide-based honeycomb fired bodies to bond
the plurality of silicon carbide-based honeycomb
fired bodies, the adhesive layers comprising:
alumina fibers; and
inorganic balloons.

13. The honeycomb structured body according to claim 2,
wherein the alumina fibers have an aspect ratio of about 3 to
about 30.

14. The honeycomb structured body according to claim 2,

wherein the silicon-containing oxide layer has a thickness

of about 100 nm to about 600 nm.

15. The honeycomb structured body according to claim 3,

wherein the silicon-containing oxide layer has a thickness

of about 100 nm to about 600 nm.

16. The honeycomb structured body according to claim 2,

wherein the adhesive layers further contain inorganic par-

ticles and an inorganic binder.

17. The honeycomb structured body according to claim 3,

wherein the adhesive layers further contain inorganic par-

ticles and an inorganic binder.

18. The honeycomb structured body according to claim 4,

wherein the adhesive layers further contain inorganic par-

ticles and an inorganic binder.

19. The honeycomb structured body according claim 2,

wherein an amount of the inorganic balloons is about 5.0

vol % to about 50.0 vol %.

20. The honeycomb structured body according claim 3,

wherein an amount of the inorganic balloons is about 5.0

vol % to about 50.0 vol %.
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