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DESCRIPTION

Technical Field

[0001] The present invention relates to a heat-generating device that generates heat by
application of a voltage, and particularly to a heat-generating device that efficiently keeps heat
generation for a long time at a low cost while saving power, and a method for producing the
same.

Background Art

[0002] Heat-generating devices from an electric pot to various heaters such as an oil heater, a
ceramic heater, and the like are widely utiized, and have become important goods
Indispensable to our lives.

[0003] On the other hand, the heat-generating device requires, for example, hundreds of watts
to 1 kilowatt of electricity as a heat source in order to boil water like an electric pot, and further
requires continuous power In order to maintain a heat retention state. For example, like an oll
heater, a housing Is large, and therefore it Is not easy to handle the heater. Additionally, some
oll heaters have high power consumption, and have a disadvantage of being not easily often
used.

[0004] From these reasons, a heat-generating device capable of increasing a temperature for
a short time while saving power Is eagerly desired.

[0005] Examples of a conventional heat-generating device include a heating device including:
a plurality of glass tubes; resistors provided around the glass tube, the resistor being
configured to generate heat by allowing electricity to flow In the resistors; and a steam
generation part that heats water by utilization of the heat of the resistors to generate steam In
order to attain introduction into the glass tubes (refer to Patent Literature 1).

[0006] The examples of the conventional heat-generating devices include a filter for fluid
temperature rise that i1s a filter for a purpose of increasing the temperature of fluid, contains
silicon and silicon carbide, and i1s used by being heated by microwaves (refer to Patent
Literature 2).

[0007] JPS62172684A discloses a device according to the preamble of claim 1.

Citation List



DK/EP 3454626 T3

Patent Literature

[0008]
Patent Literature 1: Japanese Patent Laid-Open No. 2015-222648

Patent Literature 2 : Japanese Patent Laid-Open No. 2011-236070

Summary of Invention

Technical Problem

[0009] In the conventional heat-generating devices, there I1s a device that heats water by
utilizing heat of the resistors that generate heat by allowing electricity to flow, and generate
steam, like the above Patent Literature 1. However, the heat of the resistors iIs once converted
Into steam, and therefore a loss of heat energy i1s generated with this conversion, an amount of
heat energy capable of being actually utilized to a total of the generated energy is low, and
efficiency remains low.

[0010] In the conventional heat-generating devices, there is a filter used by being heated by
microwaves or the like, like the above Patent Literature 2. However, high energy is required In
order to perform heating as a presupposition, and the efficiency of energy remains low. The
filter 1s a filter limited by use for increasing the temperature of fluid, and therefore Is poor In
versatility in terms of enabling utilization for various uses.

[0011] Thus, In the conventional heat-generating devices, a part of obtained heat energy iIs
utilized for other state change, and high energy is added In order to generate heat energy,
energy efficiency remains low, and sufficient power saving is not attained.

[0012] The present invention has been made In order to solve the above problem, and an
object of the present invention iIs to provide a heat-generating device capable of efficiently
maintaining heat generation for a long time at a low cost while saving power.

Solution to Problem

[0013] The present invention is defined by the appended claims.
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[0014] As a result of intensive studies, the present inventors have found a new heat-
generating device that obtains an unprecedented heat generation property of causing
temperature rise in a short time, and thereafter maintaining the temperature constant after a
fixed time, when a voltage is applied in a state where a certain kind of powder is mixed, that
performs heat generation while saving power by utilizing this heat generation property, and that
IS portable by a compact configuration.

[0015] That is, a heat-generating device disclosed In the present application includes: a hollow
vessel having an electrically insulated inner part; a pair of counter electrodes housed inside the
vessel, and separated from and opposing each other; and a heat-generating body housed
between the counter electrodes inside the vessel, and composed of silicon powder and carbon
powder In a mixed state.

[0016] Thus, the hollow vessel having the electrically insulated inner part; the pair of counter
electrodes housed inside the vessel, and separated from and opposing each other; and the
heat-generating body housed between the counter electrodes inside the vessel, and
composed of the silicon powder and the carbon powder in the mixed state, and therefore a
current I1s propagated to the carbon powder having a conductive property by application of a
voltage to the counter electrodes, the silicon powder that coexist in the mixed state has heat
along with the carbon powder by the propagation of the current, the heat-generating body
generates heat, and the heat-generating device can generate heat while saving power by a
simple configuration, and can be utilized as an optimum heat source for maintaining a heat
retention state.

[0017] In the heat-generating device disclosed In the present application, the vessel Is formed
from a heat conductive material having at least an inner part subjected to electrically insulating
treatment, as necessary. Thus, the vessel i1s formed from the heat conductive material having
at least the inner part subjected to the electrically insulating treatment, and therefore the heat-
generating device Is formed from the vessel having thermal conductivity, the inner part of this
vessel 1s electrically insulated, and the heat-resisting property of the inner part of this vessel is
enhanced at the same time, and a heat-generating device that Is strong against heat
generation from the heat-generating body, and becomes easy to carry i1s implemented.

[0018] The heat-generating device disclosed In the present application includes an elastic
body near non-opposite surface sides of the counter electrodes, as necessary. Thus, the
elastic body Is provided near the non-opposite surface sides of the counter electrodes, and
therefore also Iin a case where the volume of the inner part of the vessel expands due to the
heat generation by the heat-generating body, the elastic body acts as an absorber that
absorbs the expansion, durability of the vessel Is enhanced, and a heat-generating device that
IS strong against the heat generation from the heat-generating body and Is easy to carry Is
Implemented.

[0019] In the heat-generating device disclosed In the present application, but not forming part
of the claimed invention, the vessel iIs composed of an elastic body, as necessary. Thus, the
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vessel Is composed of the elastic body, and therefore also In a case where the volume of the
Inner part of the vessel expands due to the heat generation by the heat-generating body, the
vessel itself acts as the absorber that absorbs the expansion, durability of the inner part of the
vessel Is enhanced, and a heat-generating device that i1s strong against the heat generation
from the heat-generating body and is easy to carry i1s implemented.

[0020] In the heat-generating device disclosed In the present application, the silicon powder
and the carbon powder each have a particle diameter of 5 to 150 uym, as necessary. Thus, the
silicon powder and the carbon powder each have a particle diameter of 5 to 150 ym, and
therefore a powder mixed state in which a current is easily conducted between the counter
electrodes Is formed, and it is possible to stably improve heat exchange efficiency.

[0021] In the heat-generating device disclosed in the present application, the heat-generating
body contains Incinerated ash, as necessary. Thus, the heat-generating body contains the
Incinerated ash, and therefore even when the carbon powder expands by electric conduction
(electrical conduction), connection relation between the silicon powder and the carbon powder
IS uniformized, and electrical conductivity in the whole heat-generating body can be maintained
constant. Furthermore, a discrete state of the silicon powder and the carbon powder is made
uniform by this incinerated ash, and even when the carbon powder expands by electric
conduction (electrical conduction), a heating value (Joule heat) can be determined by a
constant conductive property in this heat-generating body.

[0022] A method for producing a heat-generating device disclosed In the present application
Including the step of mixing the silicon powder and the carbon powder to obtain the heat-
generating body. Thus, the heat-generating body Is formed only by mixing these powders, and
therefore It Is possible to produce an excellent heat source at a low cost.

[0023] In the method for producing a heat-generating device disclosed In the present
application, the silicon powder and the carbon powder are mixed by agitation and/or vibration,
as necessary. Thus, these powders are mixed by agitation and/or vibration, and therefore the
mixed state Is formed In a higher dispersion state, and it is possible to produce an excellent
heat source by a simple method.

[0024] In the method for producing a heat-generating device disclosed In the present
application, a heating value of the heat-generating body i1s controlled on the basis of particle
sizes, particle diameters, and/or a compounding ratio of the silicon powder and the carbon
powder, as necessary. Thus, the heating value of the heat-generating body is controlled on the
basis of the particle sizes, the particle diameters, and/or the compounding ratios of the silicon
powder and the carbon powder, and therefore the heat-generating body having a desired
heating value Is easily obtained In accordance with the use, and an excellent heat source
having a heat generation property in accordance with the use can be produced at a low cost by
a simple configuration.

Brief Description of Drawings
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[0025]

[Figure 1] Figure 1 illustrates a configuration diagram by a sectional view of a heat-generating
device according to a first embodiment of the present application not forming part of the
present invention.

[Figure 2] Figure 2 illustrates a configuration diagram by a sectional view of a heat-generating
device according to a second embodiment of the present application.

[Figure 3] Figure 3 illustrates a configuration diagram by a sectional view of a heat-generating
device according to a third embodiment of the present application not forming part of the
claimed invention.

[Figure 4] Figure 4 Illustrates a configuration diagram by a perspective view of a heat-
generating device according to a fourth embodiment of the present application.

[Figure 3] Figure 5 Illustrates a configuration diagram by a perspective view of a heat-
generating device according to a fifth embodiment of the present application.

[Figure 6] Figure 6 Illustrates a configuration diagram by a perspective view of a heat-
generating device according to a sixth embodiment of the present application.

[Figure 7] Figure 7 Illustrates a configuration diagram by a perspective view of a shape
example of the heat-generating device according to the sixth embodiment of the present
application.

[Figure 8] Figure 8 Illustrates a configuration diagram by a perspective view lllustrating a
configuration example of a heat-generating device according to another embodiment of the
present application.

[Figure 9] Figure 9 Illustrates a result obtained by applying a voltage to a heat-generating
device according to Example 1 for 30 minutes.

[Figure 10] Figure 10 illustrates a result obtained by applying a voltage to a heat-generating
device according to Example 1 for 30 minutes.

Description of Embodiments

(First Embodiment)

[0026] A heat-generating device according to a first embodiment of the present application, but
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not forming part of the claimed invention, will be described Iin accordance with a configuration
diagram of Figure 1.

[0027] As Illustrated In Figure 1 (a), the heat-generating device according to the first
embodiment includes a hollow vessel 1 having an electrically insulated inner part, a pair of
counter electrodes 2 housed inside this vessel 1, and composed of a first electrode 2a and a
second electrode 2b separated from and opposing each other, and a heat-generating body 3
housed between the counter electrodes 2 inside this vessel 1, and composed of silicon powder
3a and carbon powder 3b In a mixed state.

[0028] As long as the inner part is electrically insulated, a material of the vessel 1 even metal
or non-metal i1s not particularly limited, but is preferably formed from a heat conductive material
1b having a surface coated with an inside Insulation part 1a having at least the inner part
(inside surface) of the vessel 1 subjected to electrically insulating treatment, as illustrated In

Figure 1(b).

[0029] As the heat conductive material 1b, even metal or non-metal, any material having
thermal conductivity is not particularly limited, and aluminum, copper, or ceramics iIs preferable.

[0030] As long as an Insulating property 1s provided, the Inside Insulation part 1a 1s not
particularly limited. As an example, coating by alumite treatment can be used. In addition to
this, ceramics can be used. As the heat conductive material 1b, any metal having thermal
conductivity such as aluminum and copper can be used. In addition to this, ceramics can be
used.

[0031] For example, In a case where aluminum iIs used as the heat conductive material 1b,
coating by alumite treatment having high affinity with aluminum is preferably used as the inside
iInsulation part 1a. In this case, reduction In weight i1s implemented by aluminum, the heat
conductive material 1b 1s formed by simply subjecting the surface of aluminum to alumite
treatment, and production and handling become easy. For example, in a case where ceramics
IS used as the heat conductive material 1b, ceramics can be used also as the inside insulation
part 1a, and production and handling become easy by a simple configuration.

[0032] Furthermore, the material of the vessel 1 Is preferably formed from the heat conductive
material 1b having a surface coated with an outside insulation part 1¢c having an outer surface
(outside surface) of this vessel 1 subjected to electrically insulating treatment, as illustrated In
Figure 1(b). Similarly to the inside insulation part 1a, also in the outside insulation part 1c, for
example, iIn a case where aluminum iIs used as the heat conductive material 1b, coating by
alumite treatment I1s preferably used. For example, in a case where ceramics Is used as the
heat conductive material 1b, ceramics can be used also for the outside insulation part 1¢, and
production and handling become easy. Additionally, temperature retaining capability I1s high,
and therefore a heat storage property can be enhanced. Furthermore, it Is possible to maintain
a high temperature state generated by a heater for a long time while saving power.
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[0033] Thus, also In the outer surface of this vessel 1, an insulating property and a heat-
resisting property of an outer part of this vessel 1 are simultaneously enhanced by the outside
Insulation part 1c¢ subjected to the electrically insulating treatment, and it i1s possible to
generate heat while suppressing Influence of temperature change of the outer part. For
example, liquid such as water can be easily directly heated by the insulating property of the
outer surface of this vessel 1, and as this application, utilization as a heat pipe utilizing
movement of heat generated by contact with hydraulic fluid i1s possible.

[0034] The material of vessel 1 Is not imited to the heat conductive material 1b coated with the
above ¢ and the outside insulation part 1¢c. For example, as illustrated in Figure 1(c), formation
from a heat conductive material 1b having a surface coated with an inside insulation part 1a
having only an inner part subjected to electrically insulating treatment is sufficiently preferable
from a viewpoint of exerting a high insulating property and a high heat-resisting property.

[0035] For example, in a case where aluminum iIs used as this heat conductive material 1b,
and coating by alumite treatment is used as this inside insulation part 1a, this vessel 1 Is
formed from aluminum in which at least the inner part is subjected to the alumite treatment,
and therefore by aluminum subjected to the alumite treatment, the vessel 1 Is formed of
aluminum that is lightweight metal, and the inner part of this vessel 1 i1s electrically insulated,
and the heat-resisting property of the inner part of this vessel 1 1Is enhanced at the same time.
Additionally, the device becomes strong against temperature increase by heat generation from
the heat-generating body of the inner part, and becomes easy to carry. For example, in a case
where ceramics IS used as the heat conductive material 1b, ceramics can be used also as the
Inside insulation part 1a, and production and handling become easy by a simple configuration.

[0036] The material of the vessel 1 Is not limited to the above, and, for example, a resin
material such as plastics and glass can be used.

[0037] Shapes of the first electrode 2a and the second electrode 2b composing the counter
electrodes 2 are not particularly limited, and can be linear shapes, or planar shapes, but are
more preferably the planar shapes. When the shapes are the planar shapes, the areas are
changed in accordance with various uses, so that it is possible to freely control so as to obtain
a desired temperature rise speed.

[0038] As an applied voltage, an alternating current or a direct current can be utilized.
Therefore, power supply design such as power supply from a small dry cell, large-capacity
power supply from an AC power receptacle is freely performed, and flexible designing such as
space saving or increase In size Is possible In accordance with purposes.

[0039] As lllustrated In Figure 1(d), the heat-generating body 3 Is formed as a mixed state
where the silicon powder 3a and the carbon powder 3b are mixed with each other. As to this
mixed state, the degree of mixing of the power is not particularly limited, the silicon powder 3a
and the carbon powder 3b only need to be uniformly dispersed, and is preferably a state where
powder Is uniformly mixed. A method for forming this mixed state i1s not particularly limited, and
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for example, the mixed state can be formed by agitating or vibrating these silicon powder 3a
and carbon powder 3b.

[0040] The silicon powder 3a that becomes a raw material Is not particularly limited,
regenerated silicon that is secondarily exhausted and disposed Iin a great quantity at the time
of semiconductor production can be used as a raw material, and resources can be effectively
reused. From such a point, the silicon powder 3a may contain silicon carbide powder as other
component.

[0041] Although the carbon powder 3b I1s not particularly limited, carbon (for example, carbon
black) that i1s secondarily exhausted and disposed in a great quantity at the time of production
of batteries such as secondary batteries I1s preferably used as a raw material, and there iIs
excellent advantages that it i1s possible to suppress not only production cost but also
environmental load by effective use by reuse of resources.

[0042] As the method for producing the heat-generating device according to the first
embodiment, a method for obtaining the heat-generating body 3 by mixing these silicon
powder 3a and carbon powder 3b i1s used. Thus, the heat-generating body 3 is formed only by

mixing these powders, and therefore it Is possible to produce an excellent heat source at a low
cost by a simple configuration.

[0043] As the method for producing the heat-generating device, these silicon powder 3a and
carbon powder 3b can be mixed by agitation and/or vibration. For example, an agitator can be
used for the agitation, and for example, an ultrasonic vibrator can be used for the vibration.
Thus, these powders are mixed by agitation and/or vibration, and therefore the mixed state Is
formed In a higher dispersion state, and it is possible to produce an excellent heat source by a
simple method.

[0044] As the method for producing the heat-generating device, a heating value of the heat-
generating body 3 can be controlled on the basis of the particle sizes, the particle diameters,
and/or the compounding ratio of the silicon powder 3a and the carbon powder 3b.

[0045] The particle diameters of these silicon powder 3a and carbon powder 3b are not
particularly Iimited, but each of these silicon powder 3a and carbon powder 3b preferably has a
particle diameter of 5 to 150 um. Thus, the silicon powder 3a and the carbon powder 3b each
have a particle diameter of 5 to 150 um, so that powder mixed state in which a current is easily

conducted I1s easily formed between the counter electrodes 2, and it i1s possible to stably
Improve heat exchange efficiency.

[0046] The particle diameters of these silicon powder 3a and carbon powder 3b are not
particularly limited, but each are more preferably a particle diameter of 30 to 100 ym from a
viewpoint that a resistance value suitable for causing heat generation as the whole heat-
generating body 3 Is easily obtained. This suitable resistance value is preferably 7 to 10 Q, and
IS more preferably 8 Q. This resistance value Is a resistance value measured from a power
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supply device side, and therefore power supply design becomes easy. Additionally, control of
power supply can be performed not by CC but by CV, and therefore driving can be performed
not by a dedicated power supply but by a general inexpensive power supply device. Even In a
case where a commercially available dry cell is used as a power supply, stable heat generation
can be performed.

[0047] The control of the heating value can be performed by particle diameter control of these
silicon powder 3a and carbon powder 3b. For example, these silicon powder 3a and carbon
powder 3b having small particle diameters are used, so that the resistance value Is reduced,
and the heating value can be Iincreased. Additionally, these silicon powder 3a and carbon
powder 3b having large particle diameters are used, so that the resistance value Is increased,
and control for suppressing the heating value can be performed.

[0048] The particle sizes of these silicon powder 3a and carbon powder 3b are not particularly
imited. However, a conductive property can be enhanced by uniformizing the particle sizes,

and the resistance value (heating value) can be increased by making the particle sizes
ununiform.

[0049] The compounding ratio of these silicon powder 3a and carbon powder 3b Is adjusted,
so that a heat generation property can be controlled. For example, in a case where the ratio of
the silicon powder 3a Is Iincreased, a heating value can be increased from a viewpoint that the
component easily generates heat, and the ratio of the component of the insulating property
easlly Increases. In a case where the ratio of the carbon powder 3b Is increased, control for

further suppressing the heating value can be performed from a viewpoint that the ratio of the
electrically conductive component is easily increased.

[0050] Thus, the heating value of the heat-generating body 3 can be controlled on the basis of
the particle sizes, the particle diameters, and/or the compounding ratio of the silicon powder 3a
and the carbon powder 3b, and therefore an excellent heat source having a heat generation
property in accordance with the use Is easily obtained, and it is possible to freely perform
power supply design, and produce this heat-generating device at a low cost.

[0051] Respective pH values of these silicon powder 3a and carbon powder 3b are not
particularly limited, but are each preferably near a neutral region. However, the pH values are
not limited to this, and can be an acid region or an alkaline region.

[0052] The shape of the heat-generating device according to the first embodiment Is not
particularly limited, but i1s preferably a cylindrical shape from a point of easily handling as
llustrated in Figure 1(e). In addition to this, as long as the shape is hollow, the shape of the
heat-generating device may be a cube, a rectangular parallelepiped or the like, and is not
particularly limited. Furthermore, for example, the shape of the heat-generating device can be
a bent shape (for example, an S-shape, a U-shape), a spherical shape, or an elliptical shape In
which the inner part is in a hollow state.
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[0053] With such a configuration, In the heat-generating device according to this embodiment,
even power saving, the rise speed of the heat source Is fast, and a desired temperature setting
Is facilitated. Furthermore, for example, the heat-generating device can be utilized for heat
retention for a long time by utilizing surplus power such as midnight power. It is confirmed that
the heat-generating device according to this embodiment exerts excellent heat generating
performance of sufficiently generating heat even a small power of about 3(10) watts (refer to
an example described below).

[0054] From this, In the heat-generating device according to this embodiment, even weak
power of natural energy such as solar power generation, wind power generation, and small
hydroelectric generation can be utilized. Even In a condition where commercial power I1s not
provided, or such a region, an excellent effect capable of utillizing for heat generating use
without any problem is exerted.

[0055] Thus, a detailled mechanism In which the heat-generating device according to this
embodiment exerts the excellent effects i1s not clarified in detail. However, the silicon powder 3a
and the carbon powder 3b composing the heat-generating body 3 1s formed Iin a mixed state,
so that a current propagates to the carbon powder 3b having a conductive property when a
voltage Is applied to the counter electrodes 2. By this propagation of the current, the silicon
powder 3a that coexists in the mixed state generates heat and acts. Additionally, it Is guessed
that the silicon powder 3a and the carbon powder 3b squeeze In a narrow region at high
Integration, and the heat-generating body generates heat at an atomic level. The silicon
powder 3a and the carbon powder 3b are In the mixed state in contact with each other, and
therefore the electrically oriented state of each powder are arrayed in a state where a current
easlly flows by applying a voltage to each powder. It is guessed that a situation in which heat
from the silicon powder 3a mainly having an insulating property depending on conduction of a
current

[0056] Thus, the heat-generating device according to this embodiment can generate heat
while power saving by a simple configuration, and can be utilized as an optimum heat source
for the maintenance of a heat retention state. Additionally, for example, snowing treatment In
snowing time In a cold area or the like can be utilized.

(Second Embodiment)

[0057] A heat-generating device according to a second embodiment of the present application
will be described in accordance with a configuration diagram of Figure 2.

[0058] The heat-generating device according to the second embodiment includes the vessel 1,
a pair of the counter electrodes 2 composed of the first electrode 2a and the second electrode

2b, and the heat-generating body 3 composed of the silicon powder 3a and the carbon powder
3b similarly to the heat-generating device according to the above first embodiment, and further

Includes elastic bodies 4 (a first elastic body 4a and a second elastic body 4b) disposed near
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non-opposite surface sides of the respective counter electrode (a first electrode 2a and a
second electrode 2b), as illustrated in Figure 2(a).

[0059] This elastic bodies 4 are not particularly limited, but for example, heat-resisting rubber,
Teflon, ceramics or the like can be used.

[0060] As lllustrated In Figure 2(b), when the heat-generating body inside the vessel 1
generates heat, and thermally expands, the elastic bodies 4 change their shapes to absorb the
expansion as buffer materials, and can suppress damage of the vessel 1 due to the heat
generation of the heat-generating body. That Is, the elastic bodies 4 are provided near the
non-opposite surface sides of the counter electrodes 2, and therefore also in a case where the
volume of the inner part of the vessel 1 expands due to the heat generation by this heat-
generating body 3, the elastic body acts as an absorber that absorbs the expansion, durability
of the inner part of this vessel 1 Is enhanced, and a heat-generating device that is stronger
against the heat generation from the heat-generating body 3 and easy to carry is implemented.

(Third Embodiment)

[0061] A heat-generating device according to a third embodiment of the present application,
but not forming part of the claimed invention, will be described In accordance with a
configuration diagram of Figure 3.

[0062] The heat-generating device according to the third embodiment includes the vessel 1, a
pair of the counter electrodes 2 composed of the first electrode 2a and the second electrode
2b, and the heat-generating body 3 composed of the silicon powder 3a and the carbon powder
3b similarly to the heat-generating device according to the above first embodiment, and the
vessel 1 1s formed from an elastic body as illustrated in Figure 3(a).

[0063] The elastic body forming this vessel 1 is not particularly limited, but for example, the
rubber, ceramics or the like can be used.

[0064] As lllustrated In Figure 3(b), when the heat-generating body inside the vessel 1
generates heat, and thermally expands, the vessel 1 formed from this elastic body functions
also as a buffer material, receives the thermal expansion to change a shape, absorbs the
expansion, and can suppress damage of the vessel 1 from the thermal expansion due to the
heat generation of the heat-generating body 3. That is, this vessel 1 is formed from the elastic
body, and therefore even in a case where the volume of the inner part of the vessel 1 expands
due to the heat generation by this heat-generating body 3, the vessel 1 functions also as an
absorber that absorbs the expansion by action of the elastic body, durability of this vessel 1 Is
enhanced, and a heat-generating device that is stronger against the heat generation from the
heat-generating body 3 and easy to carry is mplemented.

(Fourth Embodiment)
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[0065] A heat-generating device according to a fourth embodiment of the present application
will be described In accordance with a configuration diagram of Figure 4.

[0066] The heat-generating device according to the fourth embodiment includes the vessel 1,
a pair of the counter electrodes 2 composed of the first electrode 2a and the second electrode
2b, the heat-generating body 3 composed of the silicon powder 3a and the carbon powder 3b,
and the elastic bodies 4 composed of the first elastic body 4a and the second elastic body 4b
similarly to the heat-generating device according to the above second embodiment, and iIs
further configured as a stick-shaped heat-generating device as illustrated in Figure 4.

[0067] Thus, since the heat-generating device according to this embodiment has a simple
structure, and the number of necessary components Is reduced, operation of the device iIs
stabilized, and a low-cost and freely portable heat-generating device is obtained. With this
shape, for example, a compact configuration i1s implemented by utilizing a small microcell as a
power source. Additionally, with this compact configuration, for example, the heat-generating
device I1s mounted on an inner part of a palm portion of a robot, so that an outer surface of the
palm of the robot can be warmed to a moderate body temperature similar to human skin (for
example, about 40°C to 50°C), and it is possible to implement a human skin robot that gives
warm feeling like human skin at the time of shaking hands.

(Fifth Embodiment)

[0068] A heat-generating device according to a fifth embodiment of the present application will
be described in accordance with a configuration diagram of Figure 5.

[0069] The heat-generating device according to the fifth embodiment includes the vessel 1, a
pair of the counter electrodes 2 composed of the first electrode 2a and the second electrode
2b, the heat-generating body 3 composed of the silicon powder 3a and the carbon powder 3b,
and the elastic bodies 4 composed of the first elastic body 4a and the second elastic body 4b
similarly to the heat-generating device according to the above fourth embodiment. Additionally,
a plurality of the heat-generating devices are formed In stick shapes, and the heat-generating
device Is further configured from a housing vessel 100 that houses a plurality of the heat-
generating devices, as illustrated in Figure 5. The housing vessel 100 is not particularly limited,
but an insulator such as plastics can be used.

[0070] Thus, the heat-generating device according to this embodiment is configured from the
housing vessel 100 that houses a plurality of the stick-shaped heat-generating devices, and
therefore heat generation Inside the housing vessel 100 In a superimposed manner Is
performed, efficient heat generation i1s maintained for a long time, and the heat-generating
device can be utilized as a further enlarged heat-generating device. For example, oill as a
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heating medium Is Introduced into the inner part, so that for example, application as an oll
heater of about 1500 W is possible. Additionally, hydraulic fluid is introduced into the housing
vessel 100, so that the heat-generating device can be utilized as a heat pipe.

(Sixth Embodiment)

[0071] A heat-generating device according to a sixth embodiment of the present application
will be described in accordance with a configuration diagram of Figure 6 and Figure 7.

[0072] The heat-generating device according to the sixth embodiment includes the vessel 1, a
pair of the counter electrodes 2 composed of the first electrode 2a and the second electrode
2b, the heat-generating body 3 composed of the silicon powder 3a and the carbon powder 3b,
and the elastic bodies 4 composed of the first elastic body 4a and the second elastic body 4b
similarly to the heat-generating device according to the above fith embodiment, and is further
configured from a storing vessel 200 that houses a plurality of the housing vessels 100,
circulates fluid from an introduction port 201 for introducing the fluid to an exhaust port 202 for
exhausting the fluid, as illustrated in Figure 6. The fluid can be gas or liquid. A shape of the
heat-generating device I1s not particularly limited as long as the shape is hollow, and for
example, can be a cylindrical body as lillustrated in Figure 6(a). Additionally, as illustrated In
Figure 6(b), the shape of the heat-generating device can be a rectangular parallelepiped, and
device design having a desired shape can be freely performed in accordance with the use.

[0073] Thus, In the heat-generating device according to this embodiment, fluid comes into
contact with the heat-generating devices of the inner part of the storing vessel 200 to be
circulated, and therefore this fluid is stably heated, stable fluid temperature rise 1s maintained
for a long time, and the heat-generating device can be utilized as a multipurpose heat-
generating device using fluid. That 1s, the heat-generating device Is applicable as a kettle
having a simple configuration, or a water heater for a bathtub or a kitchen.

[0074] The shape of the heat-generating device is not particularly limited to a cylindrical body
as exemplified in each of the above embodiments, as long as the shape iIs hollow. As an
example of such various shapes, a bent shape such as a U-shape, an S-shape, a circular
shape as illustrated in Figures 7(a) to 7(c), a microcell shaped columnar shape or a box shape
as lllustrated in Figures 7(d) to 7(e), or a spherical shape as illustrated in Figure 7(f) can be
used. Thus, the shape and the size of the heat-generating device can be freely designed, and
therefore the heat-generating device having the desired shape and size In various uses Is
utilized, so that it is possible to apply the heat-generating device to heat generation use in a
wide field.

[0075] Thus, In the heat-generating device according to this embodiment, fluid comes into
contact with the heat-generating devices of the inner part of the storing vessel 200 to be
circulated, and therefore this fluid is stably heated, stable fluid temperature rise Is maintained
for a long time, and the heat-generating device can be utilized as a multipurpose heat-
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generating device using fluid. That i1s, the heat-generating device Is applicable as a kettle
having a simple configuration, or a water heater for a bathtub or a kitchen.

(Other Embodiments)

[0076] In the heat-generating device according to each of the above embodiments, the heat-
generating body 3 contains the silicon powder 3a and the carbon powder 3b as constitutive
substances. However, other constitutive substances are not particularly Iimited, and various
substances can be mixed in accordance with purposes or uses.

[0077] As other constitutive substances contained in this heat-generating body 3, a particle
diameter, or the likke I1s not preferably particularly Iimited, but powdery substances are
preferable, and the constitutive substances more preferably contain incinerated ash. As the
Incinerated ash, Incinerated ash that Is secondarily exhausted in a great quantity in an
iIronworks or a thermal power plant can be used, fly ash is more suitably used. In addition to
these, blast furnace slag powder, silica fume, or the like can be used. The particle diameter of
the Incinerated ash is not particularly Iimited, but a particle diameter of about 30 to 70 pym is
suitably preferable.

[0078] As Illustrated In Figure 8(a), the carbon powder 3b contained in a mixed state expands
In this heat-generating body 3 by electric conduction with the lapse of heat generation time, a
contact surface a between the carbon powder 3b Is iIncreased. However, the carbon powder 3b
has a conductive property, and therefore by the increase of this contact surface a, the
conductive property in this heat-generating body 3 Is enhanced, and a resistance component Is
lowered, so that the heat generating property tends to slightly lower slowly with time.

[0079] On the other hand, as illustrated in Figure 8(b), In a case where Incinerated ash 5 Is
contained In this heat-generating body 3, when the carbon powder 3b contained in a mixed
state expands by electric conduction with the lapse of heat generation time, this incinerated
ash 5 Is contained, so that increase of a contact surface a formed between the carbon powder
3b Is suppressed, the conductive property in this heat-generating body 3 Is suppressed, and
lowering of a resistance component is suppressed, so that it is possible to maintain a high heat
generating property with time.

[0080] That is, as Illustrated in Figure 8(c), In a case where the Iincinerated ash 5 is not
contained In this heat-generating body 3, the carbon powder 3b expands by electric conduction
(electrical conduction) In this heat-generating body 3 In a state where the silicon powder 3a
and the carbon powder 3b are mixed, the contact surface a between the carbon powder 3b Is
Increased, and the heat generating property tends to slightly lower slowly with time. On the
other hand, in a case where the incinerated ash 5 is contained in this heat-generating body 3,
even when the carbon powder 3b expands In this heat-generating body 3 by electric
conduction (electrical conduction) as illustrated in Figure 8(d), increase of the contact surface a
between the carbon powder 3b Is suppressed, and it Is possible to maintain a high heat
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generating property with time.

[0081] Thus, as Iillustrated In Figure 8(e), the Iincinerated ash 5 I1s contained In this heat-
generating body 3, so that even when the carbon powder 3b expands by electric conduction
(electrical conduction), connection relation between the silicon powder 3a and the carbon
powder 3b Is uniformized, and electrical conductivity in the whole heat-generating body 3 can
be maintained constant. Furthermore, a discrete state of the silicon powder 3a and the carbon
powder 3b I1s made uniform by this incinerated ash 5, and even when the carbon powder 3b
expands by electric conduction (electrical conduction), a heating value (Joule heat) can be
determined by a constant conductive property In this heat-generating body 3.

[0082] In order to further clarify characteristics of the present invention, an example Is
described below. However, the present invention is not limited to this example.

(Example 1)

[0083] In accordance with the above fourth embodiment, as illustrated in Figure 4, a sample of
a stick-shaped heat-generating device formed in a columnar shape, having an outer shape of
12 mm, and a whole length of 1/0 mm was prepared. As a vessel, a housing was formed of
ceramics, copper was used for counter electrodes in the housing, silicon powder of 30 to 60
um that utilized regenerated silicon, carbon powder of 30 to 60 um that was disposed for
production of a battery such as a secondary battery were housed in the housing, the housing
was fastened by a cap made of plastics, and an outer part of the cap was fixed by a nut. A
constant power (6 cases of 3 W, 12 W, 35 W, 54 W 62 W and 90 W) was applied to the
sample for 30 minutes.

[0084] As to a result obtained by applying a voltage to the sample of the above heat-
generating device for 30 minutes, a result of temperature rise with time per electric energy (W)
IS lllustrated in Figure 9. From the obtained result, it has been confirmed from Figure 9 that a
steep temperature rise after one or two minutes iIs confirmed, and even when 30 minutes
elapse, the increased temperature I1s not lowered, and a constant temperature 1s maintained.
Particularly, from the obtained result, after approximately 8 to 12 minutes in the elapsed time In
the figure, minute fluctuation in temperature change is confirmed, and therefore it iIs guessed
that a mixed state of silicon powder and carbon powder changes in this time frame, electrical
conductivity and thermal conductivity are changed by the change of the powder mixed state, so
that it has been confirmed that transition from a temperature rising situation to a constant
temperature maintaining situation is performed.

[0085] Furthermore, by being scaled up, as to a result obtained by applying a voltage up to
electric energy 450 W to a sample of the above heat-generating device obtained by adding fly
ash powder of 30 to 70 um In the above housing, a result of temperature rise with time per
electric energy (W) is illustrated in Figure 10. From the obtained result, it has been confirmed
that the increased temperature reaches 1000°C.
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Reference Signs List

[0086]

1
vessel
1a
Inside insulation part

1b

heat conductive material
1c

outside insulation part
2

counter electrode
2a

first electrode
2b

second electrode
3

heat-generating body
3a

silicon powder
3b

carbon powder
4

elastic body
42

first elastic body
4b

second elastic body
5

Incinerated ash
100

housing vessel
200

storing vessel
201

Introduction port
202

exhaust port
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Patentkrav
1. Varmegenereringsanordning, der omfatter:

en hul beholder (1) med en elektrisk 1soleret, indvendig del (1a);

et par modelektroder (2a, 2b), der befinder sig inde 1 beholderen (1), er adskilt fra
hinanden og er over for hinanden;

et varmegenererende legeme (3), der befinder sig mellem modelektroderne (2a, 2b) inde
1 beholderen og bestar af silictumpulver (3a) og carbonpulver (3b) 1 en blandet tilstand; og
kendetegnet ved, at varmegenereringsanordningen endvidere omfatter et par elastiske legemer

(4a, 4b), der er placeret 1 nerheden af ikke-modstaende overtladesider af de tilsvarende

modelektroder (2a, 2b).

2. Varmegenereringsanordning ifglge krav 1, hvor beholderen (1) er dannet af et
varmeledende materiale (1b) med mindst en indvendig del (1a), der er faet en elektrisk isolerende

behandling.

3. Varmegenereringsanordning 1felge et hvilket som helst af kravene 1 til 2, hvor

silictumpulveret (3a) og carbonpulveret (3b) hvert har en partikeldiameter pa 5 til 150 um.

1. Varmegenereringsanordning ifelge et hvilket som helst af kravene 1 til 3, hvor det

varmegenererende legeme (3) indeholder braendt aske (5).

S. Fremgangsmade til fremstilling af en varmegenereringsanordning, hvilken
varmegenereringsanordning er varmegenereringsanordningen ifeolge et hvilket som helst af
kravene 1 til 4, hvilken fremgangsmade omfatter trinnet med blanding af silictumpulveret (3a)

og carbonpulveret (3b) for at opna det varmegenererende legeme (3).

6. Fremgangsmade til fremstilling af en varmegenereringsanordning ifelge krav 5, hvor

silictumpulveret (3a) og carbonpulveret (3b) blandes ved omregring og/eller vibration.

7. Fremgangsmade til fremstilling af en varmegenereringsanordning ifglge krav 5 eller krav
6, hvor en varmevardi af det varmegenererende legeme (3) styres pa basis af partikelstorrelser,

partikeldiametre og/eller et blandingsforhold for silictumpulveret (3a) og carbonpulveret (3b).
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