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(54) HEATING ELEMENT

(57) Provided is a heat generating element, which
has excellent heat generation characteristics, and has a
shape that can be easily adjusted. A heat generating
element according to an embodiment of the present
invention includes a plurality of honeycomb structure
units each including a honeycomb structure portion that
includes partition walls, and is configured to generate
heat by energization, the partition walls defining and
forming a plurality of cells that extend from a first end
surface to a second end surface of the honeycomb
structure portion, and serve as fluid flow passages.
The plurality of honeycomb structure units include a first
honeycomb structure unit and a second honeycomb
structure unit, and a fluid having passed through the first
honeycomb structure unit passes through an insulating
portion that is formed between the first honeycomb struc-
ture unit and the second honeycomb structure unit, and
then passes through the second honeycomb structure
unit.
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Description

Technical Field

[0001] The present invention relates to a heat gener-
ating element.

Background Art

[0002] There has been proposed a configuration in
which a honeycomb structural body that is used as a
catalyst carrier or the like is energized to generate heat.
For example, as disclosed in Patent Literature 1, at the
time of treatment of a harmful substance in an exhaust
gas emitted from a vehicle engine, when a temperature of
a catalyst is low, the temperature of the catalyst is pre-
vented from being increased up to a predetermined
temperature, and hence there is a problem in that the
exhaust gas is not sufficiently purified. In order to solve
such a problem, there has been proposed a honeycomb
structural body that can be used as a catalyst carrier, and
can also function as a heat generating element.

Citation List

Patent Literature

[0003] [PTL 1] JP 6438939 B2

Summary of Invention

Technical Problem

[0004] Incidentally, it may be desired to utilize a heat
generating element also in applications other than pur-
ification of an exhaust gas emitted from an internal com-
bustion engine. For example, it has been desired that a
shape of the heat generating element can be easily
adjusted in accordance with the application.
[0005] In view of the above, the present invention
provides a heat generating element, which has excellent
heat generation characteristics, and has a shape that can
be easily adjusted.

Solution to Problem

[0006]

1. According to an embodiment of the present inven-
tion, there is provided a heat generating element,
including a plurality of honeycomb structure units
each including a honeycomb structure portion that
includes partition walls, and is configured to gener-
ate heat by energization, the partition walls defining
and forming a plurality of cells that extend from a first
end surface to a second end surface of the honey-
comb structure portion, and serve as fluid flow pas-
sages, wherein the plurality of honeycomb structure

units include a first honeycomb structure unit and a
second honeycomb structure unit, and wherein a
fluid having passed through the first honeycomb
structure unit passes through an insulating portion
that is formed between the first honeycomb structure
unit and the second honeycomb structure unit, and
then passes through the second honeycomb struc-
ture unit.

2. In the heat generating element according to the
above-mentioned item 1, the plurality of honeycomb
structure units may each include a pair of electrode
portions configured to energize and heat the honey-
comb structure portion.

3. In the heat generating element according to the
above-mentioned item 2, the honeycomb structure
portion may include an outer peripheral wall that
surrounds the partition walls. The pair of electrode
portions may be provided on the outer peripheral
wall, and when the honeycomb structure portion is
viewed from an extending direction of the cells, the
pair of electrode portions may be arranged on one
side from a center of the honeycomb structure por-
tion.

4. In the heat generating element according to any of
the above-mentioned items 1 to 3, an extending
direction of the cells in the first honeycomb structure
unit and an extending direction of the cells in the
second honeycomb structure unit may be aligned
with each other.

5. In the heat generating element according to any of
the above-mentioned items 1 to 4, the insulating
portion may include an insulating member made of
an insulating material.

6. In the heat generating element according to the
above-mentioned item 5, the insulating member may
be arranged in contact with the first honeycomb
structure unit and the second honeycomb structure
unit.

7. In the heat generating element according to the
above-mentioned item 5 or 6, the insulating member
may be joined to the first honeycomb structure unit
and the second honeycomb structure unit.

8. In the heat generating element according to any of
the above-mentioned items 5 to 7, the insulating
member may include partition walls that define
and form a plurality of cells serving as fluid flow
passages.

9. In the heat generating element according to the
above-mentioned item 8, an open area ratio per unit
area of a plane orthogonal to the extending direction
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of the cells in the honeycomb structure portion may
be smaller than an open area ratio per unit area of a
plane orthogonal to an extending direction of the
cells in the insulating member.

10. In the heat generating element according to the
above-mentioned item 8 or 9, a hydraulic diameter of
each of the cells in the honeycomb structure portion
may be smaller than a hydraulic diameter of each of
the cells in the insulating member.

11. In the heat generating element according to any
of the above-mentioned items 5 to 10, when the first
honeycomb structure unit is viewed from an extend-
ing direction of the cells, a region in which the hon-
eycomb structure portion of the first honeycomb
structure unit and the insulating member do not
overlap each other may be defined.

12. In the heat generating element according to the
above-mentioned item 11, when the first honeycomb
structure unit is viewed from the extending direction
of the cells, a region without the insulating member
may be defined in a center part of the honeycomb
structure portion of the first honeycomb structure
unit.

13. In the heat generating element according to any
of the above-mentioned items 5 to 12, the insulating
member may be made of ceramics.

14. In the heat generating element according to any
of the above-mentioned items 5 to 13, the insulating
member may include a catalyst.

15. In the heat generating element according to any
of the above-mentioned items 1 to 14, the honey-
comb structure portion may be made of ceramics.

16. In the heat generating element according to any
of the above-mentioned items 1 to 15, the honey-
comb structure portion may include a catalyst.

Advantageous Effects of Invention

[0007] According to an embodiment of the present
invention, a heat generating element, which has excel-
lent heat generation characteristics, and has a shape that
can be easily adjusted can be provided.

Brief Description of Drawings

[0008]

FIG.1 is a schematic view for illustrating a schematic
configuration of a heat generating element accord-
ing to a first embodiment of the present invention, as
viewed from above.

FIG. 2 is a perspective view for illustrating a sche-
matic configuration of a first honeycomb structure
unit forming the heat generating element illustrated
in FIG. 1.

FIG. 3 is a view for illustrating an example of a cross
section taken along the line III-III of FIG. 1.

FIG. 4 is a view for illustrating an example of a cross
section of the heat generating element illustrated in
FIG. 1.

FIG. 5 is a sectional view for illustrating a schematic
configuration of a honeycomb structure unit in a
modification example.

FIG.6 isa sectional view forschematically illustrating
a schematic configuration of a heat generating ele-
ment according to a second embodiment of the pre-
sent invention.

Description of Embodiments

[0009] Embodiments of the present invention are de-
scribed below with reference to the drawings. However,
the present invention is not limited to these embodi-
ments. For clearer illustration, some widths, thicknesses,
shapes, and the like of respective portions may be sche-
matically illustrated in the drawings in comparison to the
embodiments. However, the widths, the thicknesses, the
shapes, and the like are each merely an example, and do
not limit the understanding of the present invention. In
addition, in the drawings, the same or similar compo-
nents are denoted by the same reference symbols, and
repetitive description thereof may be omitted.
[0010] A heat generating element according to the
embodiments of the present invention includes a plurality
of honeycomb structure units. FIG. 1 is a schematic view
for illustrating a schematic configuration of a heat gen-
erating element according to a first embodiment of the
present invention, as viewed from above. FIG. 2 is a
perspective view for illustrating aschematic configuration
of a first honeycomb structure unit forming the heat
generating element illustrated in FIG. 1. FIG. 3 is a view
for illustrating an example of a cross section taken along
the line III-III of FIG. 1. FIG. 4 is a view for illustrating an
example of a cross section of the heat generating ele-
ment illustrated in FIG. 1.
[0011] A heat generating element 100 includes a first
honeycomb structure unit 1 and a second honeycomb
structure unit 2. The first honeycomb structure unit 1 and
the second honeycomb structure unit 2 each include: a
honeycomb structure portion 10 that can generate heat
by energization; and a pair of electrode portions 20 and
20 that energize and heat the honeycomb structure por-
tion 10.
[0012] As illustrated in FIG. 2, the first honeycomb
structure unit 1 includes the honeycomb structure portion
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10 and the pair of electrode portions 20 and 20. The
honeycomb structure portion 10 includes partition walls
14 and an outer peripheral wall 16. The partition walls 14
define and form a plurality of cells12,which extend from a
first end surface 10a to a second end surface 10b of the
honeycomb structure portion 10 (in a lengthwise direc-
tion), and can serve as fluid flow passages. The outer
peripheral wall 16 is located on an outer periphery of the
honeycomb structure portion10,and surrounds the parti-
tion walls 14.Although FIG. 2 shows the first honeycomb
structure unit 1 illustrated in FIG. 1 as a representative,
the second honeycomb structure unit2also has the same
configuration.
[0013] As illustrated in FIG. 4, in the heat generating
element 100, the first honeycomb structure unit 1 and the
second honeycomb structure unit 2 are arranged so that
extending directions of the cells 12 (lengthwise direc-
tions) in the respective honeycomb structure portions 10
are aligned with each other. The arrow of FIG. 1 indicates
a flowing direction of a fluid. The fluid having passed
through the first honeycomb structure unit 1 may pass
through the second honeycomb structure unit 2. In the
heat generating element 100, the first honeycomb struc-
ture unit1and the second honeycomb structure unit2are
arranged away from each other. The heat generating
element 100 includes an insulating portion 30 formed
between the first honeycomb structure unit 1 and the
second honeycomb structure unit 2. The fluid having
passed through the first honeycomb structure unit 1
passes through the insulating portion 30 formed between
the first honeycomb structure unit 1 and the second
honeycomb structure unit 2, and then passes through
the second honeycomb structure unit 2.
[0014] In the illustrated example, the heat generating
element includes two honeycomb structure units, but
may include three or more honeycomb structure units.
For example, an insulating portion 30 is provided in
advance on an end surface of the second honeycomb
structure unit 2 on a side on which no first honeycomb
structure unit 1 is arranged, and another honeycomb
structure unit may be further provided through interme-
diation of this insulating portion 30. The three or more
honeycomb structure units may be arranged so that
extending directions of the respective cells in the three
or more honeycomb structure units are aligned with each
other. The three or more honeycomb structure units may
be arranged away from each other.
[0015] When the plurality of honeycomb structure por-
tions that can generate heat by energization are arranged
through intermediation of the insulating portion, the heat
generating element can have extremely excellent heat
generation characteristics. Specifically, energy applied in
each of the honeycomb structure units can be efficiently
utilized for increasing a temperature of the honeycomb
structure portion serving as fluid flow passages. Gener-
ally, a difference in temperature of the honeycomb struc-
ture portion may occur between an upstream side and a
downstream side of the fluid flow passages (for example,

the temperature on the downstream side may be higher
than that on the upstream side), but in each of the
honeycomb structure units, the temperature of the fluid
flow passages can be satisfactorily controlled. In addi-
tion, a short circuit between the honeycomb structure
portions can be prevented, and for example, a failure
such as damage on a device or a circuit that supplies
electric power to the heat generating element can be
prevented. Further, when the plurality of honeycomb
structure portions are arranged through intermediation
of the insulating portion, a shape of the heat generating
element to be obtained can be adjusted in accordance
with the application.
[0016] The outer peripheral wall 16 of the honeycomb
structure portion 10 extends in the lengthwise direction.
The plurality of cells 12 are each defined as a space
extending in the lengthwise direction. In the illustrated
example, a cross section of each of the cells 12 that is
perpendicular to the lengthwise direction has a quadran-
gular shape, but may have any other polygonal shape, or
may have any other shape such as a circular shape. A
thickness of the partition wall 14 is, for example, from 70
µm to 500 µm. The number of the cells 12 per unit area in
a plane orthogonal to the extending direction of the cells
12 is, for example, from 15 cells/cm2 to 150 cells/cm2.
The thickness of the partition wall 14 and the number of
cells 12 can be measured with, for example, a digital
microscope.
[0017] An open area ratio of the honeycomb structure
portion 10 is, for example, from 65% to 90%. Herein, the
open area ratio of the honeycomb structure portion 10
refers to an open area ratio per unit area in the plane
orthogonal to the extending direction of cells 12 in the
honeycomb structure portion 10. Specifically, the open
area ratio of the honeycomb structure portion 10 is a ratio
of the sum of areas of void portions of the cells12 to a total
area of the plane orthogonal to the extending direction of
the cells 12 in the honeycomb structure portion 10. The
open area ratio of the honeycomb structure portion 10
can be measured with, for example, a digital microscope.
[0018] A hydraulic diameter of the cell 12 in the hon-
eycomb structure portion 10 is, for example, from 0.7 mm
to 1.8 mm. Herein, the hydraulic diameter of the cell 12 in
the honeycomb structure portion 10 is calculated, based
on a peripheral length (unit: mm) surrounded by the
partition walls 14 and a sectional area (unit: mm2) of
the cell 12, by the expression of 4× (sectional area)/(-
peripheral length). Further, the peripheral length sur-
rounded by the partition walls 14, and the sectional area
of the cell 12 can be measured with, for example, a digital
microscope.
[0019] In the illustrated example, a cross section of the
outer peripheral wall 16 that is perpendicular to the
lengthwise direction has a quadrangular shape, but
may have any other polygonal shape, or may have any
other shape such as a circular shape. A thickness of the
outer peripheral wall 16 is, for example, from 0.5 mm to 5
mm. In the example illustrated in FIG. 1, the honeycomb
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structure portions of the two honeycomb structure units
forming the heat generating element have the same
shape and size, but the heat generating element may
include a plurality of honeycomb structure unit portions
having different shapes and sizes. The thickness of the
outer peripheral wall 16 can be measured with, for ex-
ample, a digital microscope.
[0020] The pair of electrode portions 20 and 20 are
provided on the outer peripheral wall 16 of the honey-
comb structure portion 10. The pair of electrode portions
20 and 20may be formed of electrode terminals, respec-
tively. One of the electrode terminals may be connected
to a positive pole of a power source, and another one of
the electrode terminals may be connected to a negative
pole of the power source. When the honeycomb structure
portion 10 is viewed from the extending direction of the
cells 12, the pair of electrode portions 20 and 20 are
arranged on one side from a center of the honeycomb
structure portion 10. With such arrangement, extremely
excellent assemblability of the heat generating element
can be achieved. Further, such arrangement can also
contribute to space saving at the time of installing the heat
generating element. The arrangement of the pair of elec-
trode portions 20 and 20 is not particularly limited as long
as the honeycomb structure portion 10 can be energized
and heated. For example, when the honeycomb structure
portion 10 is viewed from the extending direction of the
cells 12, the pair of electrode portions 20 and 20may be
arranged with the center of the honeycomb structure
portion 10 located therebetween.
[0021] In the illustrated example, the electrode term-
inal having a columnar shape is provided as each of the
electrode portions 20, but a shape and a size of the
electrode terminal are not particularly limited. For exam-
ple, the shape of the electrode terminal may be a pris-
matic shape or a comb shape. Although not shown, the
electrode portion 20 may be configured by forming an
electrode layer (not shown) on the outer peripheral wall
16 of the honeycomb structure portion 10 and providing
an electrode terminal through intermediation of this elec-
trode layer. A thickness of the electrode layer is, for
example, from 100 µm to 5 mm.
[0022] An insulating member 31made of an insulating
material may be arranged in the insulating portion 30.For
example, from the viewpoint of space saving, the insulat-
ing member 31 is arranged in contact with the first hon-
eycomb structure unit 1 and the second honeycomb
structure unit 2. For example, from the viewpoint of
assemblability, it is preferred that the insulating member
31 be joined to the first honeycomb structure unit 1 and
the second honeycomb structure unit 2. A method of
joining the insulating member 31 is not particularly lim-
ited. For example, the insulating member 31 may be
joined to the honeycomb structure unit with use of an
adhesive material or a joining component. Further, for
example, at the time of manufacturing the honeycomb
structure unit (honeycomb structure portion 10), the in-
sulating member 31may be formed integrally therewith.

[0023] When the first honeycomb structure unit 1 is
viewed from the extending direction of the cells 12, a
region 40 in which the honeycomb structure portion 10 of
the first honeycomb structure unit 1 and the insulating
member 31 do not overlap each other may be defined in
the insulating portion 30. In the illustrated example, when
the first honeycomb structure unit 1 is viewed from the
extending direction of the cells 12, the region 40 without
the insulating member 31 is defined in a center part of the
honeycomb structure portion 10 of the first honeycomb
structure unit1.As illustrated in FIG.4,a space portion42
surrounded by an inner peripheral wall 38 of the insulat-
ing member31 is defined in the insulating portion30.With
the space portion 42 being defined in the insulating
portion 30, a pressure loss caused by a fluid passing
through the insulating portion 30 can be reduced.
[0024] The insulating member 31 includes partition
walls 34 and an outer peripheral wall 36. The partition
walls 34 define and form a plurality of cells 32, which
extend from a first end surface 31a to a second end
surface 31b of the insulating member 31 (in the length-
wise direction), and can serve as fluid flow passages. The
outer peripheral wall 36 is located on an outer periphery
of the insulating member 31, and surrounds the partition
walls34.The insulating member31 is arranged so that an
extending direction of the cells 32 in the insulating mem-
ber 31 is aligned with the extending direction of the cells
12 in the first honeycomb structure unit 1 and the extend-
ing direction of the cells 12 in the second honeycomb
structure unit 2.With the insulating member 31 having a
honeycomb structure, a pressure loss caused by a fluid
passing through the insulating portion30can be reduced.
Regarding details of the honeycomb structure of the
insulating member 31, the same description as that given
with regard to the honeycomb structure portion 10 as
described above can be applied.
[0025] When the insulating member 31 has a honey-
comb structure, the open area ratio of the honeycomb
structure portion10as described above may be designed
to be smaller than an open area ratio of the insulating
member 31. Specifically, from the viewpoint of ensuring
an area of contact with a fluid, the open area ratio of the
honeycomb structure portion 10 may be designed to be
smaller. Meanwhile, from the viewpoint of reducing a
pressure loss caused by a fluid passing through the
insulating portion 30, the open area ratio of the insulating
member 31may be designed to be larger. The open area
ratio of the insulating member 31 is preferably from 70%
to 92%. Herein, the open area ratio of the insulating
member 31 refers to an open area ratio per unit area in
a plane orthogonal to the extending direction of the cells
32 in the insulating member 31. Specifically, the open
area ratio of the insulating member31 is a ratio of the sum
of areas of void portions of the cells32 to a total area of the
plane orthogonal to the extending direction of the cells 32
in the insulating member 31. In the illustrated example,
the open area ratio of the insulating member 31 is a ratio
of the sum of the areas of the void portions of the cells 32
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to an area of a region surrounded by the outer peripheral
wall 36 excluding the space portion 42, in the plane
orthogonal to the extending direction of the cells 32 in
the insulating member 31.
[0026] When the insulating member 31 has a honey-
comb structure, the hydraulic diameter of the cell12 in the
honeycomb structure portion 10as described above may
be designed to be smaller than a hydraulic diameter of the
cell 32 in the insulating member 31.Specifically, from the
viewpoint of ensuring an area of contact with a fluid, the
hydraulic diameter of the cell 12 in the honeycomb struc-
ture portion 10 may be designed to be smaller. Mean-
while, from the viewpoint of reducing a pressure loss
caused by a fluid passing through the insulating portion
30, the hydraulic diameter of the cell 32 in the insulating
member 31may be designed to be larger. The hydraulic
diameter of the cell 32 in the insulating member 31 is
preferably from 0.9 mm to 2 mm. Herein, the hydraulic
diameter of the cell 32 in the insulating member 31 is
calculated, based on a peripheral length (unit: mm) sur-
rounded by the partition walls 34 and a sectional area
(unit: mm2) of the cell 32, by the expression of 4×(sec-
tional area)/(peripheral length).
[0027] FIG. 5 is a sectional view for illustrating a sche-
matic configuration of a honeycomb structure unit in a
modification example. In this modification example, the
honeycomb structure portion 10 has a first slit 17 and a
second slit 18.Specifically, the first slit 17 extends from a
first portion P1 toward a second portion P2, which face
each other, of the outer peripheral wall 16 (side surfaces
of the honeycomb structure portion 10). The second slit
18 extends from the second portion P2 toward the first
portionP1,which face each other, of the outer peripheral
wall 16. Such slits can function as electrical insulating
portions. When the first slit 17 is defined so as to extend
from the first portion P1 located between the pair of
electrode portions 20 and 20, a short circuit between
the pair of electrode portions 20 and 20 can be effectively
prevented, and hence the honeycomb structure portion
10 can be caused to stably generate heat. Further, when
the second slit 18 is defined so as to be located between
first slits 17 and 17 that are arranged adjacent to each
other, the entire honeycomb structure portion 10 can be
caused to more uniformly generate heat.
[0028] A volume resistivity of the honeycomb structure
portion 10 is, for example, 0.001 Ω·cm or more, prefer-
ably 0.01 Ω·cm or more, more preferably 0.1 Ω·cm or
more. With such a volume resistivity, a failure such as an
excessive electric current flowing, which may be caused
depending on the applied voltage, can be prevented.
Meanwhile, a volume resistivity of the honeycomb struc-
ture portion 10 is, for example, 200 Ω·cm or less, pre-
ferably 100 Ω·cm or less. With such a volume resistivity,
the honeycomb structure portion 10 can sufficiently gen-
erate heat by energization. The volume resistivity may be
a value measured at a temperature of 25°C using a four-
terminal method.
[0029] The honeycomb structure portion 10 is prefer-

ably made of ceramics. With the adoption of ceramics,
the above-mentioned volume resistivity can be satisfac-
torily satisfied. Further, ceramics has a low thermal ex-
pansion coefficient, and hence can have excellent shape
stability as well.
[0030] The honeycomb structure portion10 is made of,
for example, a material containing silicon carbide. The
honeycomb structure portion 10 is preferably made of a
material containing a silicon carbide material or a silicon-
silicon carbide composite material as a main component.
Herein, the expression "containing as a main compo-
nent" means that the content of the component in the
material is, for example, 80 mass% or more, preferably
90 mass% or more.
[0031] The above-mentioned silicon carbide material
may be a material impregnated with silicon (silicon-im-
pregnated silicon carbide). The silicon-silicon carbide
composite material may be a material in which a plurality
of silicon carbide particles are bonded to each other by
metal silicon. In the silicon-silicon carbide composite
material, silicon carbide particles may function as aggre-
gate, and silicon may function as a binding material. With
the use of the material as described above, the above-
mentioned volume resistivity can be satisfactorily
achieved. The volume resistivity of the honeycomb struc-
ture portion 10 may also be controlled by adjusting a
porosity thereof.
[0032] Typically, the honeycomb structure portion 10
can be obtained by drying and firing a molded body
obtained by molding of a molding material containing a
ceramic raw material. When the honeycomb structure
portion 10 is made of the above-mentioned silicon-silicon
carbide composite material, the above-mentioned mold-
ing material may contain silicon carbide (for example,
silicon carbide powder) and metal silicon (for example,
metal silicon powder). Examples of other raw material
that may be contained in the molding material include a
binder, a dispersant, and an additive.
[0033] Typically, the honeycomb structure portion 10
may be used as a catalyst carrier, and a catalyst may be
supported on the partition walls 14 of the honeycomb
structure portion 10.For example, CO, NOx, and a hydro-
carbon in a fluid (e.g., gas) passing through the cell 12
can be changed to a harmless substance by a catalytic
reaction. The catalyst may preferably contain a precious
metal (e.g., platinum, rhodium, palladium, ruthenium,
indium, silver, or gold), aluminum, nickel, zirconium, ti-
tanium, cerium, cobalt, manganese, zinc, copper, tin,
iron, niobium, magnesium, lanthanum, samarium, bis-
muth, barium, and combinations thereof.
[0034] The volume resistivity of the electrode portion
20 varies depending on a configuration and a constituent
material of the electrode portion 20, but is typically from
1×10‑6 Ω·cm to 10 Ω·cm, preferably from 0.01 Ω·cm to
10 Ω·cm.
[0035] The electrode portion 20 may include any ap-
propriate material. For example, a metal, conductive
ceramics, or a composite material (cermet) of a metal
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and conductive ceramics may be used as a constituent
material of the electrode portion 20. Examples of the
metal include Cr, Fe, Co, Ni, Si, and Ti. Those materials
may be used alone or in combination. When two or more
kinds thereof are used in combination, an alloy of two or
more kinds of metals may be used. Examples of the
conductive ceramics include: silicon carbide (SiC); and
metal compounds, for example, metal silicides, such as
tantalum silicide (TaSi2) and chromium silicide (CrSi2).
Specific examples of the composite material (cermet) of a
metal and conductive ceramics include a composite ma-
terial of a metal silicon and silicon carbide, and a com-
posite material of the metal silicide, a metal silicon, and
silicon carbide. In addition, specific examples of the
composite material (cermet) of a metal and conductive
ceramics include composite materials obtained by add-
ing one kind or two or more kinds of insulating ceramics,
such as alumina, mullite, zirconia, cordierite, silicon ni-
tride, and aluminum nitride, to one kind or two or more
kinds of the above-mentioned compounds or a metal
from the viewpoint of reducing thermal expansion.
[0036] When a constituent material of the electrode
terminal forming the electrode portion 20 is a metal, it is
preferred that the shape of the electrode terminal be a
comb shape. When the constituent material of the elec-
trode terminal is conductive ceramics or a composite
material (cermet) of a metal and conductive ceramics,
it is preferred that the shape of the electrode terminal be a
circular shape or a prismatic shape. When the constituent
material of the electrode terminal is conductive ceramics
or a composite material (cermet) of a metal and conduc-
tive ceramics, metal portions may be joined to both end
parts of the electrode terminal, respectively. The elec-
trode terminal made of ceramics and the metal portions
may be joined to each other by employing, for example,
swaging, welding, or a conductive adhesive. An example
of a material of the metal portion may be a conductive
metal, such as an iron alloy or a nickel alloy.
[0037] It is preferred that at least a part of the electrode
portion 20 be made of a material having the same quality
as that of the material of the honeycomb structure portion
10. With such a configuration, a difference in thermal
expansion coefficient between the honeycomb structure
portion 10 and the electrode portion 20 can be reduced,
and hence joining strength therebetween can be in-
creased. Further, the above-mentioned configuration
can also contribute to an improvement in productivity.
The volume resistivity of the electrode portion 20may be
controlled by adjusting a porosity thereof.
[0038] From the viewpoint of ensuring an excellent
insulating property, a volume resistivity of the insulating
member 31 is preferably 1×1010 Ω·cm or more, more
preferably 1×1012 Ω·cm or more. Meanwhile, the volume
resistivity insulating member 31 is, for example, 1×1016

Ω·cm or less.
[0039] The insulating member 31may be made of any
appropriate material that can satisfy the above-men-
tioned volume resistivity. The insulating member 31 is

preferably made of ceramics. With the adoption of cera-
mics, the above-mentioned volume resistivity can be
satisfactorily satisfied. Further, ceramics has a low ther-
mal expansion coefficient, and hence can have excellent
shape stability as well. In addition, with the adoption of
ceramics, a difference in thermal expansion coefficient
between the honeycomb structure portion 10 and the
insulating member 31 can be reduced, and hence a
thermal shock resistance can be improved. Examples
of the ceramics include cordierite, mullite, alumina, spi-
nel, silicon carbide, silicon nitride, and aluminum titanate.
Those ceramics may be used alone or in combination.
[0040] A catalyst may be supported on the partition
walls 34 of the insulating member 31. For example, CO,
NOx, a hydrocarbon, or the like in a fluid (for example,
gas) passing through the cells 32 can be changed to a
harmless substance by a catalytic reaction. Specific ex-
amples of the catalyst are as described above.
[0041] FIG. 6 is a sectional view for schematically
illustrating a schematic configuration of a heat generating
element according to a second embodiment of the pre-
sent invention. A heat generating element200 is different
from the heat generating element 100 of the first embodi-
ment in that no space portion 42 is defined in the insulat-
ing portion 30 (no inner peripheral wall 38 is formed in the
insulating member 31). Specifically, the heat generating
element200 is different from the heat generating element
100 of the first embodiment in that, when the first hon-
eycomb structure unit 1 is viewed from the extending
direction of the cells 12, no region 40 in which the hon-
eycomb structure portion 10of the first honeycomb struc-
ture unit 1 and the insulating member 31 do not overlap
each other is defined in the insulating portion 30.With no
space portion 42 being defined in the insulating portion
30, an excellent mechanical strength can be achieved.
Further, a more excellent insulating property can be
achieved in some cases.
[0042] The present invention is not limited to the
above-mentioned embodiments, and various modifica-
tions may be made thereto. For example, the configura-
tions described in the above-mentioned embodiments
may each be replaced by substantially the same config-
uration, a configuration having the same action and
effect, and a configuration that can achieve the same
object.

Industrial Applicability

[0043] The heat generating element according to each
of the embodiments of the present invention may be used
as, for example, a catalyst carrier having a catalyst
supported thereon.

Reference Signs List

[0044] 1 honeycomb structure unit, 2 honeycomb
structure unit, 10 honeycomb structure portion, 12 cell,
14 partition wall, 16 outer peripheral wall, 17 first slit, 18
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second slit, 20 electrode portion, 30 insulating portion, 31
insulating member, 32 cell, 34 partition wall, 36 outer
peripheral wall, 42 space portion, 100 heat generating
element, 200 heat generating element

Claims

1. A heat generating element, comprising a plurality of
honeycomb structure units each including a honey-
comb structure portion that includes partition walls,
and is configured to generate heat by energization,
the partition walls defining and forming a plurality of
cells that extend from a first end surface to a second
end surface of the honeycomb structure portion, and
serve as fluid flow passages,

wherein the plurality of honeycomb structure
units include a first honeycomb structure unit
and a second honeycomb structure unit, and
wherein a fluid having passed through the first
honeycomb structure unit passes through an
insulating portion that is formed between the
first honeycomb structure unit and the second
honeycomb structure unit, and then passes
through the second honeycomb structure unit.

2. The heat generating element according to claim 1,
wherein the plurality of honeycomb structure units
each include a pair of electrode portions configured
to energize and heat the honeycomb structure por-
tion.

3. The heat generating element according to claim 2,

wherein the honeycomb structure portion in-
cludes an outer peripheral wall that surrounds
the partition walls, and the pair of electrode
portions are provided on the outer peripheral
wall, and
wherein, when the honeycomb structure portion
is viewed from an extending direction of the
cells, the pair of electrode portions are arranged
on one side from a center of the honeycomb
structure portion.

4. The heat generating element according to claim 1 or
2, wherein an extending direction of the cells in the
first honeycomb structure unit and an extending
direction of the cells in the second honeycomb struc-
ture unit are aligned with each other.

5. The heat generating element according to claim 1,
wherein the insulating portion includes an insulating
member made of an insulating material.

6. The heat generating element according to claim 5,
wherein the insulating member is arranged in contact

with the first honeycomb structure unit and the sec-
ond honeycomb structure unit.

7. The heat generating element according to claim 5,
wherein the insulating member is joined to the first
honeycomb structure unit and the second honey-
comb structure unit.

8. The heat generating element according to claim 5,
wherein the insulating member includes partition
walls that define and form a plurality of cells serving
as fluid flow passages.

9. The heat generating element according to claim 8,
wherein an open area ratio per unit area of a plane
orthogonal to the extending direction of the cells in
the honeycomb structure portion is smaller than an
open area ratio per unit area of a plane orthogonal to
an extending direction of the cells in the insulating
member.

10. The heat generating element according to claim 8,
wherein a hydraulic diameter of each of the cells in
the honeycomb structure portion is smaller than a
hydraulic diameter of each of the cells in the insulat-
ing member.

11. The heat generating element according to claim 5,
wherein, when the first honeycomb structure unit is
viewed from an extending direction of the cells, a
region in which the honeycomb structure portion of
the first honeycomb structure unit and the insulating
member do not overlap each other is defined.

12. The heat generating element according to claim 11,
wherein, when the first honeycomb structure unit is
viewed from the extending direction of the cells, a
region without the insulating member is defined in a
center part of the honeycomb structure portion of the
first honeycomb structure unit.

13. The heat generating element according to claim 5,
wherein the insulating member is made of ceramics.

14. The heat generating element according to claim 5,
wherein the insulating member includes a catalyst.

15. The heat generating element according to claim 1 or
5, wherein the honeycomb structure portion is made
of ceramics.

16. The heat generating element according to claim 1 or
5, wherein the honeycomb structure portion includes
a catalyst.
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