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(57) ABSTRACT

A heat generating device includes a pair of heaters provided
with an interval therebetween; and a plurality of heat gen-
erating elements that are capable of occluding hydrogen and
generating heat using a heat generating reaction by quantum
diffusion of the hydrogen caused by heat of the pair of
heaters, in which the plurality of heat generating elements
are arranged with an interval between each other and are
arranged between the pair of heaters.
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HEAT GENERATION DEVICE

DESCRIPTION
Technical Field
[0001] The present invention relates to a heat generating
device.
Background of Art
[0002] It has been proposed to use a hydrogen storage

alloy such as a palladium alloy to occlude hydrogen, so as
to obtain thermal energy by utilizing a heat generating
reaction that occurs during quantum diffusion of hydrogen.
Patent Literature 1 discloses that a heat generating element
that occludes hydrogen is heated by a heater and evacuated
to cause quantum diffusion of hydrogen, thereby generating
excess heat higher than a heating temperature by the heater.

CITATION LIST

Patent Literature

[0003] Patent Literature 1: JP2019-168221A
SUMMARY OF INVENTION
Technical Problem
[0004] As disclosed in Patent Literature 1, in a device that

generates excess heat by heating a heat generating element
with a heater, it is required to improve a ratio (COP) of an
amount of heat generated by the heat generating element to
electric power input to the heater.

[0005] As a method for heating the heat generating ele-
ment with the heater, there is a so-called heater/heat gener-
ating element alternating arrangement method in which a
plurality of heaters and a plurality of heat generating ele-
ments are arranged alternately and each heat generating
element is heated by the heaters on both sides. In the
heater/heat generating element alternating arrangement
method, when the number of the heat generating elements is
n, the number of the heaters is n+1, and a ratio Rn of the
number of the heaters to the number of the heat generating
elements satisfies Rn=(n+1)/n. When n, which is the number
of the heat generating elements, is increased, Rn becomes 1.
That is, one heater is always required for one heat generating
element. Therefore, in the heater/heat generating element
alternating arrangement method, it is difficult to improve the
ratio (COP) of the amount of heat generated by the heat
generating element to the electric power input to the heater.
[0006] Accordingly, an object of the present invention is to
provide a heat generating device that can improve the ratio
of the amount of heat generated by the heat generating
element to the electric power input to the heater.

Solution to Problem

[0007] Theheat generating device according to the present
invention includes a pair of heaters provided with an interval
therebetween; and a plurality of heat generating elements
that are capable of occluding hydrogen and generating heat
using a heat generating reaction by quantum diffusion of the
hydrogen caused by heat of the pair of heaters, in which the
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plurality of heat generating elements are arranged with an
interval between each other and are arranged between the
pair of heaters.

Advantageous Effects of Invention

[0008] According to the present invention, it is possible to
improve the ratio of the amount of heat generated by the heat
generating element to the electric power input to the heater.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a schematic diagram showing a configu-
ration of a heat generating device according to the present
invention.

[0010] FIG. 2A is a cross-sectional view showing a cross-
sectional configuration of a heat generating element. FIG.
2B is a schematic diagram for explaining excess heat
generated in a multilayer film.

[0011] FIG. 3 is an enlarged cross-sectional view of a heat
generating structure shown in FIG. 1.

[0012] FIG. 4 is a schematic diagram showing the adjacent
heat generating elements.

[0013] FIG. 5 is a graph showing a relation between an
interval between the adjacent heat generating elements and
a radiation heat loss coefficient.

[0014] FIG. 6 is an explanatory diagram for explaining a
heat generating element of a first modification having a first
layer, a second layer, and a third layer.

[0015] FIG. 7 is an explanatory diagram for explaining a
heat generating element of a second modification having a
first layer, a second layer, a third layer, and a fourth layer.

DESCRIPTION OF EMBODIMENTS

[0016] Hereinafter, an embodiment of the present inven-
tion will be described in detail based on the drawings.

(1) Overall Configuration of Heat Generating
Device of Present Invention

[0017] FIG. 1 is a schematic diagram showing a configu-
ration of a heat generating device 1 of the present invention.
As shown in FIG. 1, the heat generating device 1 includes a
container 2 into which a hydrogen-based gas that contributes
to heat generation is introduced, and a heat generating
structure 3 provided inside the container 2. In the heat
generating device 1, after the hydrogen-based gas is intro-
duced into the container 2, a heat generating element 35
(described later) in the heat generating structure 3 is heated
by aheater 6, so that the heat generating element 5 generates
excess heat exceeding a heating temperature. As the hydro-
gen-based gas introduced into the container 2, a deuterium
gas and/or a natural hydrogen gas can be used. Note that the
natural hydrogen gas refers to a hydrogen-based gas con-
taining 99.985% or more of protium gas.

[0018] The container 2 is made of, for example, stainless
steel (SUS306 or SUS316), and an interior of the container
2 can be made to a closed space. The container 2 includes a
window 2a formed of a transparent member such as Kovar
glass, so that an operator can directly visually check the
inside of the container 2 while maintaining a sealed state of
the container 2. Note that SUS306 and SUS316 are stainless
steels specified by the Japanese Industrial Standards (JIS).
[0019] The container 2 is connected with a hydrogen-
based gas introduction path 16, and a hydrogen-based gas is
introduced into the container 2 through the hydrogen-based
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gas introduction path 16. When a certain amount of the
hydrogen-based gas is stored inside the container 2, adjust-
ment valves 17a and 175 provided in the hydrogen-based
gas introduction path 16 are closed, and introduction of the
hydrogen-based gas from the hydrogen-based gas introduc-
tion path 16 to the inside of the container 2 is stopped.
[0020] The container 2 is connected to a vacuum evacu-
ation unit 19 via an evacuation path 18. The vacuum
evacuation unit 19 includes, for example, a dry pump. By
discharging the gas inside the container 2 to the outside of
the container 2 through the evacuation path 18, vacuum
evacuation, pressure adjustment and the like can be per-
formed. The evacuation path 18 is provided with an adjust-
ment valve 17¢, and when the adjustment valve 17¢ is
closed, the evacuation of gas from the container 2 is stopped.
[0021] The container 2 is provided with a plurality of
temperature measurement units 11a, 115, 124, 125, and 12c¢.
In this embodiment, the temperature measurement units 11a
and 115 are provided along an inner wall of the container 2,
and can measure a temperature of the inner wall. The
temperature measurement units 12a, 125, and 12¢ are pro-
vided on a holder 4 that holds the heat generating element 5
in the heat generating structure 3, and can measure a
temperature of the holder 4. The temperature measurement
units 12a, 126, and 12¢ have different lengths, and can
measure temperatures of portions of the holder 4. The
portions are at, for example, a lower stage near the heat
generating element 5, an upper stage away from the heat
generating element 5, and a middle stage between the lower
stage and the upper stage.

[0022] The heater 6 is, for example, a plate-shaped
ceramic heater. The heater 6 is connected to an external
heating power supply 13 via wirings 10a and 105, and heats
the heat generating element 5 to a predetermined tempera-
ture. The heater 6 has a built-in thermocouple, and can
measure a temperature using the thermocouple. An amme-
ter-voltmeter 14 is provided on the wirings 10a and 105, and
an input current and an input electric power applied to the
heater 6 are measured by the ammeter-voltmeter 14. The
heating temperature when heating the heat generating ele-
ment 5 with the heater 6 varies depending on a type of a
hydrogen storage metal that constitutes the heat generating
element 5, but is at least 300° C. or higher, preferably 500°
C. or higher, and more preferably 600° C. or higher.

(2) Regarding Heat Generating Element

[0023] Next, the heat generating element 5 will be
explained with reference to FIG. 2. FIG. 2A is a cross-
sectional view showing a cross-sectional configuration of
the heat generating element 5, and FIG. 2B is a schematic
diagram for explaining the excess heat generated in a
multilayer film 25.

[0024] As shown in FIG. 2A, the heat generating element
5 includes a base 22 made of a hydrogen storage metal, a
hydrogen storage alloy, or a proton conductor, and a multi-
layer film 25 formed on a surface of the base 22. The
multilayer film 25 is supported by the base 22. Ni, Pd, V, Nb,
Ta, and Ti can be used as the hydrogen storage metal that
makes the base 22, and LaNis, CaCus, MgZn,, ZiNi,, ZrCr,
TiFe, TiCo, Mg,Ni, and Mg,Cu can be used as the hydrogen
storage alloy that makes the base 22. Examples of the proton
conductor include BaCeQO,-based (for example, Ba(Ce,
95Y 05)05_5), SrCeOj;-based (for example Sr(Cegg5Y0s)
0,_5), CaZrO;-based (for example, CaZr,o5Y, 050

3—&)5

Dec. 26, 2024

Sr7ZrO5-based (for example, SrZr, Y, ,05_,) proton con-
ductors, pPAL,O,, and pGa,0O; proton conductors.

[0025] The multilayer film 25 includes a first layer 23
made of a hydrogen storage metal or a hydrogen storage
alloy, and a second layer 24 made of a hydrogen storage
metal or a hydrogen storage alloy different from the first
layer 23, or a ceramic. The first layer 23 and the second layer
24 are alternately stacked, and a heterogeneous material
interface 26 is formed between the first layer 23 and the
second layer 24.

[0026] The first layer 23 is preferably made of, for
example, any one of Ni, Pd, Cu, Mn, Cr, Fe, Mg, Co, and
alloys thereof. The alloy of the first layer 23 may be an alloy
in which an additional element is added to Ni, Pd, Cu, Mn,
Cr, Fe, Mg, and Co, and an alloy containing two or more of
Co Ni, Pd, Cu, Mn, Cr, Fe, Mg, and Co is particularly
preferable.

[0027] The second layer 24 is preferably made of, for
example, any one of Ni, Pd, Cu, Mn, Cr, Fe, Mg, Co, alloys
thereof, and SiC. The alloy of the second layer 24 may be an
alloy in which an additional element is added to Ni, Pd, Cu,
Mn, Cr, Fe, Mg, and Co, and an alloy containing two or more
of Co Ni, Pd, Cu, Mn, Cr, Fe, Mg, and Co is particularly
preferable.

[0028] As a combination of the first layer 23 and the
second layer 24, when types of elements in the combination
are expressed as “first layer 23-second layer 24”, it is
preferably Pd—Ni, Ni—Cu, Ni—Cr, Ni—Fe, Ni—Mg, and
Ni—Co. When the second layer 24 is made of a ceramic, it
is preferable that “first layer 23-second layer 24” is Ni—SiC.
[0029] Since it is preferable that the first layer 23 and the
second layer 24 maintain nanostructures that do not exhibit
bulk properties, a thickness of the first layer 23 and the
second layer 24 is preferably less than 1000 nm. Further-
more, it is more preferable that the thickness of the first layer
23 and the second layer 24 is less than 500 nm so as to
maintain nanostructures that completely do not exhibit bulk
properties.

[0030] The heat generating element 5 has a configuration
in which the first layer 23 and the second layer 24 have a
nano-sized (less than 1000 nm) film thickness, and the first
layer 23 and the second layer 24 are alternately formed, and
therefore, hydrogen (hydrogen atoms) can pass through each
heterogeneous material interface 26 between the first layer
23 and the second layer 24.

[0031] FIG. 2B is a schematic diagram showing that the
first layer 23 and the second layer 24 are hydrogen storage
metals with a face-centered cubic structure, and showing
how hydrogen in a metal lattice in the first layer 23 passes
through the heterogeneous material interface 26 and moves
into a metal lattice in the second layer 24.

[0032] When the hydrogen-based gas is introduced into
the container 2 (see FIG. 1), hydrogen (deuterium or pro-
tium) is occluded by the multilayer film 25 and the base 22
of the heat generating element 5. Even when the introduction
of the hydrogen-based gas into the container 2 is stopped,
the multilayer film 25 and the base 22 maintain a state in
which hydrogen is occluded. When heating of the heat
generating element 5 by the heater 6 (see FIG. 1) is started,
hydrogen occluded in the multilayer film 25 and the base 22
is released, and quantum diffusion occurs during hopping
within the multilayer film 25.

[0033] It is known that hydrogen is light and hops in a
manner of quantum diffusion in hydrogen-occupied sites
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(octahedral sites or tetrahedral sites) of substance A and
substance B. By heating the heat generating element 5 by the
heater 6 in a vacuum state, hydrogen passes through the
heterogeneous material interface 26 between the first layer
23 and the second layer 24 by quantum diffusion, or hydro-
gen diffuses in the heterogeneous material interface 26, so
that excess heat equal to or higher than the heating tem-
perature is generated in the heat generating element 5. In
other words, the heat generating element 5 generates heat
using a heat generating reaction that occurs during quantum
diffusion of hydrogen.

[0034] In the example shown in FIG. 2A and FIG. 2B, a
plurality of first layers 23 and a plurality of second layers 24
are alternately stacked, and the multilayer film 25 includes
two or more heterogeneous material interfaces 26. The
present invention is not limited thereto, and at least one first
layer 23 and at least one second layer 24 may be provided,
and there may be one heterogeneous material interface 26.
In other words, the multilayer film 25 only needs to have one
or more heterogeneous material interfaces 26.

[0035] The heat generating element 5 shown in FIG. 2A
and FIG. 2B can be manufactured as follows. First, the
plate-shaped base 22 is prepared, and the hydrogen storage
metal or hydrogen storage alloy that makes the first layer 23
or the second layer 24 is made into a vapor phase using an
evaporation device, and then the first layer 23 and the second
layer 24 are alternately formed as a film on the base 22 by
aggregation or adsorption. In this way, the heat generating
element 5 can be manufactured.

[0036] As the evaporation device for forming the first
layer 23 and the second layer 24, a physical evaporation
device that vaporizes a hydrogen storage metal or a hydro-
gen storage alloy by a physical method can be used. The
physical vapor deposition device is sputtering device that
deposits the hydrogen storage metal or the hydrogen storage
alloy on the base 22 by sputtering, a vacuum evaporation
device, or a chemical vapor deposition (CVD) device. The
hydrogen storage metal or the hydrogen storage alloy may
be deposited on the base 22 by electroplating, and the first
layer 23 and the second layer 24 may be formed as a film
alternately.

[0037] Note that it is preferable that the first layer 23 and
the second layer 24 are continuously formed as a film in a
vacuum state when manufacturing the heat generating ele-
ment 5, so that no natural oxide film but only the heteroge-
neous material interface 26 is formed between the first layer
23 and the second layer 24.

(3) Regarding Heat Generating Structure

[0038] FIG. 3 is an enlarged cross-sectional view of the
heat generating structure 3. In FIG. 3, illustration of the
holder 4 is omitted. As shown in FIG. 3, a pair of heaters 6
are provided with an interval therebetween, and a plurality
of heat generating elements 5 are provided between the pair
of heaters 6. In the example shown in FIGS. 1 and 3, the heat
generating structure 3 includes five heat generating elements
5, but the number of the heat generating elements 5 may be
two or more. A spacer 7 is provided between the adjacent
heat generating elements 5.

[0039] Here, as one index in consideration of heating
efficiency of the heaters 6, a ratio Rn of the number of the
heat generating elements 5 to the number of the heaters 6
may be used. When the number of the heat generating
elements 5 is n and the number of the heaters 6 is m, the ratio
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Rn of the number of the heaters 6 to the number of the heat
generating elements 5 satisfies Rn=m/n.

[0040] In a so-called heater/heat generating element alter-
nating arrangement method in the related art, the plurality of
the heaters 6 and the plurality of the heat generating ele-
ments 5 are arranged alternately and each heat generating
element 5 is heated by the heaters 6 on both sides, and the
number m of the heaters 6 is n+1, and the ratio Rn of the
number of the heaters 6 to the number of the heat generating
elements 5 satisfies Rn=(n+1)/n. When the number n of the
heat generating elements 5 is increased, the ratio Rn
becomes extremely close to “1”. That is, one heater 6 is
always required for one heat generating element 5. There-
fore, in the heater/heat generating element alternating
arrangement method, it is difficult to improve the ratio
(COP) of the amount of heat generated by the heat gener-
ating elements 5 to the electric power input to the heaters 6.

[0041] In the present embodiment, since the plurality of
heat generating elements 5 are provided between the pair of
heaters 6, the number m of the heaters 6 is “2”, and the ratio
Rn of the number of the heaters 6 to the number of the heat
generating elements 5 satisfies Rn=2/n. When the number n
of the heat generating elements 5 is increased, the ratio Rn
becomes extremely close to “0”. In other words, the electric
power input to the heaters 6 can be made extremely small
relative to the amount of heat generated by the heat gener-
ating elements 5, and an improvement in the ratio (COP) of
the amount of heat generated by the heat generating ele-
ments 5 to the electric power input to the heaters 6 can be
expected.

[0042] Inthe presentembodiment, if an interval h between
the adjacent heat generating elements 5 is too small, the gas
between the adjacent heat generating elements 5 will not be
exhausted even when the vacuum evacuation unit 19 is used,
and the hydrogen-based gas introduced into the container 2
through the hydrogen-based gas introduction path 16 does
not circulate between the adjacent heat generating elements
5. As aresult, the heat generating element 5 may not be able
to occlude a sufficient amount of hydrogen, and the expected
COP increasing effect may not be obtained. If the interval h
between the adjacent heat generating elements 5 is too large,
the amount of heat radiated from a heat generating surface
of the heat generating elements 5 to the surrounding
increases. As a result, radiation heat loss increases, and the
expected COP increasing effect may not be obtained. There-
fore, the interval h at which the COP increasing effect can be
expected is to be acquired.

[0043] First, considering the gap between the adjacent
heat generating elements 5 as a slit, a lower limit value of the
interval h is acquired from a vacuum conductance. Here, it
1s assumed that the adjacent heat generating elements 5 form
a flow path cross section (referring to a cut section perpen-
dicular to a vacuum evacuation direction) in a rectangular
shape. In this case, the interval h between the adjacent heat
generating elements 5 corresponds to a short side dimension
of the rectangular flow path cross section, as shown in FIG.
4. Assuming that a dimension of the heat generating element
5 in a direction along a long side of the flow path cross
section is “a”, and a dimension of the heat generating
element 5 in the vacuum evacuation direction is “b”, a
vacuum conductance C in air at 20° C. is expressed, using
a correction coefficient Ks, as C=30.9Ks(ah?*/b) [cm’/s]
(Equation 1).
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[0044] When transforming Equation 1, h={C/(30.9Ks)x
(b/a)}*"? (Equation 2) is obtained, and a value calculated by
Equation 2 becomes the lower limit value of the interval h.
Note that in Equation 2, the correction coefficient Ks can be
treated as “1”.

[0045] The vacuum conductance C in the gap between the
adjacent heat generating elements 5 is expressed, using a
rated vacuum evacuation flow rate Q of the vacuum evacu-
ation unit, and a difference Ap between a pressure between
the adjacent heat generating elements 5 and a pressure
around the heat generating elements 5 during vacuum evacu-
ation, as C=Q/Ap [cm’/s] (Equation 3).

[0046] For example, when the dimensions a and b of the
heat generating element 5 are 2.5 cm and 2.5 cm, respec-
tively, and the rated vacuum evacuation flow rate Q of the
vacuum evacuation unit is 2.79E-2 cm?-Pa/s, and the pres-
sure between the adjacent heat generating elements 5 is 0.1
Pa, and the pressure around the heat generating element 5
during vacuum evacuation is 1E-5 Pa, the interval h
acquired from Equation 2 is 0.095 cm, that is, 0.95 mm.
Therefore, the lower limit value of the interval h is 0.95 mm.
[0047] Next, considering the adjacent heat generating ele-
ments 5 as parallel flat plates with a finite width, an upper
limit value of the interval h is acquired from a relation
between the interval h between the adjacent heat generating
elements 5 and a radiation heat loss coefficient He. It is
known that the radiation heat loss coefficient He of the
adjacent heat generating elements 5 becomes maximum
when the dimensions a and b of the heat generating elements
5are 2.5 cm and 2.5 cm, respectively, and in this case, there
is a relation between the interval h between the adjacent heat
generating elements 5 and the radiation heat loss coeflicient
Hc as shown in the graph shown in FIG. 5. In the graph
shown in FIG. 5, a horizontal axis is the interval h between
the adjacent heat generating elements 5, and a vertical axis
(logarithmic axis) is the radiation heat loss coeflicient Hc.
Since it is known that the radiation heat loss coefficient He
is preferably 0.1 or less, from FIG. 5, the upper limit value
of the interval h between the adjacent heat generating
elements 5 is 1.2 mm.

[0048] Therefore, in the present embodiment, the interval
h between the adjacent heat generating elements 5 is set to
a value that satisfies the following inequation.

{C/30.9Ks)x(b/a)}VP<h [mm]<1.2

[0049] Therefore, hydrogen is supplied without hindering
vacuum evacuation between the adjacent heat generating
elements 5, and it becomes possible for the plurality of heat
generating elements 5 to occlude a sufficient amount of
hydrogen. It is also possible to reduce radiation heat loss
from the heat generating surface of the heat generating
element 5. Therefore, the ratio of the amount of heat
generated by the heat generating element 5 to the electric
power input to the heater 6 can be further improved.
[0050] A spacer 7 having a linear expansion coeflicient
equal to or lower than a linear expansion coefficient of the
heat generating elements 5 is provided between the adjacent
heat generating elements 5. Therefore, thermal stress at a
contact surface between the heat generating element 5 and
the spacer 7 is reduced as compared with a case where the
linear expansion coeflicient of the spacer 7 is larger than the
linear expansion coeflicient of the heat generating element 5.
Therefore, damage to the heat generating element 5 at the
contact surface can be prevented.

(Inequation 4)
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[0051] When the heat generating element 5 is made of Ni
(whose linear expansion coeflicient is approximately 12.8E-
6/° C.), examples of the material for the spacer 7 can include
Ni, SUS430 (whose linear expansion coefficient is approxi-
mately 104E-6/° C.), SUS410 (whose linear expansion
coeflicient is approximately 9.9E-6/° C.), SUS630 (whose
linear expansion coefficient is approximately 10.8E-6/° C.),
alumina (whose linear expansion coefficient is approxi-
mately 7.0E-6/° C.), silicon carbide (whose linear expan-
sion coeflicient is approximately 4.0E-6/° C.), silicon
nitride (whose linear expansion coefficient is approximately
3.0E-6/° C.), zirconia (whose linear expansion coefficient is
approximately 10.0E-6/° C.), and aluminum nitride (whose
linear expansion coefficient is approximately 5.0E-6/° C.).
Note that SUS430, SUS410, and SUS630 are stainless steels
specified by the Japanese Industrial Standards (JIS).
[0052] Ceramics such as alumina, silicon carbide, silicon
nitride, zirconia, and aluminum nitride have a smaller linear
expansion coefficient than metals such as Ni and alloys such
as SUS430, SUS410, and SUS630, and therefore are pref-
erable from the viewpoint of thermal stress, but ceramics are
brittle as compared with metals and alloys, and may be
damaged when being placed between the adjacent heat
generating elements 5. For this reason, the spacer 7 is
preferably made of metals or alloys.

[0053] Although the embodiments and Examples of the
present invention have been described above, the present
invention is not limited to the above-described embodiments
and Examples, and can be appropriately modified within the
scope of the gist of the present invention.

[First Modification]

[0054] In the above embodiment, an example has been
described in which the heat generating element 5 includes
the multilayer film 25 in which the first layer 23 and the
second layer 24 are alternately stacked, but the present
invention is not limited thereto, and a heat generating
element 5A shown in FIG. 6 may be used. The heat
generating element 5A includes a multilayer film 25A
formed by stacking, in addition to the first layer 23 and the
second layer 24, a third layer 24a made of a hydrogen
storage metal or a hydrogen storage alloy different from the
first layer 23 and the second layer 24, or a ceramic. As with
the first layer 23 and the second layer 24, a thickness of the
third layer 24a is preferably less than 1000 nm.

[0055] Theheat generating element 5A provided with such
a third layer 24a has a stacking configuration in which the
first layer 23, the second layer 24, the first layer 23, and the
third layer 24a are stacked in order on the base 22, and the
first layer 23 is interposed between the second layer 24 and
the third layer 24a, and has a configuration in which this
four-layer stacking configuration is repeatedly provided.
Fven in such a configuration, hydrogen passes through the
heterogeneous material interface between the first layer 23
and the second layer 24 and a heterogeneous material
interface between the first layer 23 and the third layer 24 by
quantum diffusion, so that excess heat equal to or higher
than the heating temperature can be generated.

[0056] Forexample, it is preferable that the third layer 24a
is made of one of Ni, Pd, Cu, Cr, Fe, Mg, Co, alloys thereof,
SiC, Cao, Y,0;, TiC, LaBy, SrO, and BaO. An alloy of the
third layer 24a may be an alloy in which an additional
element is added to Ni, Pd, Cu, Cr, Fe, Mg, or Co, but is
particularly preferably an alloy containing two or more types
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of Ni, Pd, Cu, Cr, Fe, Mg, and Co. Among these, when the
third layer 24a made of one of Ca0, Y,0,, TiC, LaBy, SrO,
and BaO is provided, a storage amount of hydrogen in the
heat generating element 5 increases, and the amount of
through hydrogen that passes the heterogeneous material
interfaces can be increased, which increases the excess heat
to be obtained.

[0057] However, CaO, Y,0;, TiC, LaBy, SrO, and BaO
are difficult for hydrogen to pass, and therefore the third
layer 24a made of one of CaO, Y,0,, TiC, LaB,, SrO, and
BaO preferably has a thickness of less than 1000 nm, and
particularly preferably has an extremely small thickness of
less than 10 nm. The third layer 24a made of one of CaQ,
Y,0;, TiC, LaBy, SrO, and BaO may not be formed in a
complete film shape but may be formed in an island shape.
The first layer 23 and the third layer 24a are also continu-
ously formed while maintaining a vacuum state, and it is
preferable that a heterogeneous material interface is pro-
duced without forming a natural oxide film between the first
layer 23 and the third layer 24a.

[0058] Note that the heat generating element 5A provided
with such a third layer 24a may have a stacking configura-
tion in which the second layer 24 and third layer 24a is
stacked in any order, such as changing the order of the
second layer 24 and the third layer 24q in FIG. 6, and the
first layer 23 is interposed between the second layer 24 and
the third layer 24a, and also may have a configuration in
which this four-layer stacking configuration is repeatedly
provided. The third layer 24a may be formed for one or more
layers in the heat generating element 5A.

[0059] Especially, as a combination of the first layer 23,
the second layer 24, and the third layer 24a, when types of
elements in the combination are expressed as “first layer
23-third layer 24a-second layer 24”, it is preferably Pd—
CaO—Ni, Pd—Y,0,—Ni, Pd—TiC—Ni, Pd—LaB,—Ni,
Ni—CaO—Cu, Ni—Y,0,—Cu, Ni—TiC—Cu, Ni-LaB,—
Cu, Ni—Co—Cu, Ni—CaO—Cr, Ni—Y,0,—Cr,
Ni—TiC—Cr, Ni—LaBs—Cr, Ni—CaO—Fe, Ni—Y,0;,—

Fe, Ni—TiC—Fe, Ni—LaBs—Fe, Ni—Cr—Fe,
Ni—CaO—Mg, Ni—Y,0,—Mg, Ni—TiC—Mg,
Ni—LaB,—Mg, Ni—CaO—Co, Ni—Y,0,—Co,
Ni—TiC—Co, Ni—LaBs—Co, Ni—CaO—SiC,
Ni—Y,0,—8iC, Ni—TiC—SiC, and Ni—LaB,—SiC.
[Second Modification]

[0060] Aheat generating element 5B shown in FIG. 7 may

be used. The heat generating element 5B includes a multi-
layer film 25B formed by stacking, in addition to the first
layer 23, the second layer 24, and the third layer 24a, a
fourth layer 245 made of a hydrogen storage metal or a
hydrogen storage alloy different from the first layer 23, the
second layer 24, and the third layer 24a, or a ceramic. As
with the first layer 23, the second layer 24, and the third layer
24a, a thickness of the fourth layer 245 is preferably less
than 1000 nm.

[0061] For example, the fourth layer 245 may be made of
one of Ni, Pd, Cu, Cr, Fe, Mg, Co, alloys thereof, SiC, Cao,
Y,0,, TiC, LaB, SrO, and BaO. An alloy of the fourth layer
24b may be an alloy in which an additional element is added
to Ni, Pd, Cu, Cr, Fe, Mg, or Co, but is particularly
preferably an alloy containing two or more types of Ni, Pd,
Cu, Cr, Fe, Mg, and Co.

[0062] It is preferable that the heat generating element 5B
provided with the fourth layer 245 has a stacking configu-
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ration in which the second layer 24, the third layer 24a, and
the fourth layer 245 are stacked in any order, and the first
layer 23 is provided between each two of the second layer
24, the third layer 24a, and the fourth layer 245, and has a
configuration in which this six-layer stacking configuration
is repeatedly provided. That is, it is preferable that the heat
generating element 5B is formed by stacking in an order of
the first layer 23, second layer 24, first layer 23, third layer
24aq, first layer 23, and fourth layer 245 as shown in FIG. 7,
or other orders (not shown) such as the first layer 23, fourth
layer 24b, first layer 23, third layer 24a, first layer 23, and
second layer 24. The fourth layer 245 may be formed for one
or more layers in the heat generating element 5B.

[0063] Especially, as a combination of the first layer 23,
the second layer 24, the third layer 24a, and the fourth layer
24b, when types of elements in the combination are
expressed as “first layer 23-fourth layer 24b-third layer
24a-second layer 247, it is preferably Ni—CaO—Cr—TFe,
Ni—Y,0,—Cr—Fe, Ni—TiC—Cr—Fe, and Ni—LaB,—
Cr—TFe.

[0064] When the fourth layer 245 made of one of CaO,
Y,0,, Tic, LaBg, SrO, and BaO is provided, the storage
amount of hydrogen in the heat generating element 5B
increases, and the amount of hydrogen that passes through
the heterogeneous material interfaces can be increased,
which increases the excess heat to be obtained. The fourth
layer 24b made of one of Ca0, Y,0;, TiC, LaB, SrO, and
BaO preferably has a thickness of less than 1000 nm, and
particularly preferably has an extremely small thickness of
less than 10 nm. The fourth layer 245 made of one of CaO,
Y,0;, TiC, LaBg, SrO, and BaO may not be formed in a
complete film shape but may be formed in an island shape.
The first layer 23 and the fourth layer 245 are also continu-
ously formed while maintaining a vacuum state, and it is
preferable that a heterogeneous material interface is pro-
duced without forming a natural oxide film between the first
layer 23 and the fourth layer 244.

REFERENCE SIGNS LIST

1 heat generating device
5, 5a, 5b heat generating element
6 heater
7 spacer
1. A heat generating device, comprising:
a pair of heaters provided with an interval therebetween,
and
a plurality of heat generating elements that are capable of
occluding hydrogen and generating heat using a heat
generating reaction by quantum diffusion of the hydro-
gen caused by heat of the pair of heaters, wherein
the plurality of heat generating elements are arranged with
an interval between each other and are arranged
between the pair of heaters.
2. The heat generating device according to claim 1, further
comprising:
a vacuum evacuation unit that vacuum-evacuates gas
between the adjacent heat generating elements, wherein
the adjacent heat generating elements are provided with
an interval h that satisfies the following inequality:
{C/(30.9Ks)x(b/a) } (1/2)<h [mm]=1.2, wherein
C represents a vacuum conductance in a gap between
the adjacent heat generating elements,
Ks represents a correction coefficient,
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a represents a dimension of each of the heat generating
elements in a direction along a long side of a flow
path cross section, and

b represents a dimension of each of the heat generating
elements in a vacuum evacuation direction.

3. The heat generating device according to claim 1, further

comprising:

a spacer provided between the adjacent heat generating
elements and having a linear expansion coefficient
equal to or lower than a linear expansion coefficient of
the adjacent heat generating elements.

I T I
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