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ABSTRACT

(57)

A heat generating device includes a container, a heat gen
erating element, and a heater. A hydrogen - based gas con
tributing to heat generation is introduced into the container.
The heat generating element is provided inside the container.
The heater is configured to heat the heat generating element.
The heat generating element includes a base made of a
hydrogen storage metal, a hydrogen storage alloy , or a
proton conductor, and a multilayer film provided on a
surface of the base . The multilayer film having a stacking
configuration of: a first layer that is made of a hydrogen
storage metal or a hydrogen storage alloy, and a second layer
that is made of a hydrogen storage metal, a hydrogen storage
alloy, or ceramics different from that of the first layer. The
first layer and the second layer have a layer shape with a
thickness of less than 1000 nm .
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HEAT GENERATING DEVICE AND
METHOD FOR GENERATING HEAT

TECHNICAL FIELD

[0001 ] The present invention relates to a heat generating
device and a method for generating heat.
BACKGROUND OF ART

[0002] In recent years, attention has been focused on a

heat generation phenomenon that generates heat using a
hydrogen storage alloy such as a palladium alloy (see , for

example, NTL 1) . As long as a heat generation phenomenon
using a hydrogen storage metal or a hydrogen storage alloy
can be controlled , heat generated by the hydrogen storage
metal or the hydrogen storage alloy can be used as an
effective heat source . In recent years , from the viewpoint of
environmental problems, the arrival of a hydrogen energy
based society is expected , and thus it is desirable to obtain
hydrogen energy that is safe and has a high energy density .
CITATION LIST

Non Patent Literature

[0003 ] NTL 1 : A. Kitamura . et. al “ Brief summary oflatest
experimental results with a mass- flow calorimetry system
for anomalous heat effect of nano -composite metals under
D (H )-gas charging” CURRENT SCIENCE , VOL . 108,
NO . 4 , p . 589-593 , 2015
SUMMARY OF INVENTION
Technical Problem

[0004 ] Under the current circumstances , however , excess
heat with respect to inputpower is as low as several percent
to several tens of percent, and the absolute value of the
amount of heat to be generated is insufficient. For this
reason , development of new heat generating device and
method for generating heat that generate excess heat is
desired .

[0005 ] The present invention has been made in view of the
above problem , and an object thereof is to propose a heat
generating device and a method for generating heat capable
of generating excess heat.
Solution to Problem

[0006 ] In order to solve the above -described problem , a
heat generating device of the present invention includes: a
container into which a hydrogen -based gas contributing to

heat generation is configured to be introduced ; a heat
generating element provided inside the container; and a

heater configured to heat the heat generating element. The
heat generating element includes: a base made of a hydrogen
storage metal, a hydrogen storage alloy, or a proton con
ductor; and a multilayer film provided on a surface of the
base. The multilayer film having a stacking configuration of;
a first layer that is made of a hydrogen storage metal or a
hydrogen storage alloy and has a layer shape with a thick
ness of less than 1000 nm ; and a second layer that is made
of a hydrogen storage metal , a hydrogen storage alloy, or
ceramics different from that of the first layer and has a layer
shape with a thickness of less than 1000 nm .

[0007 ] A heat generating device of the present invention
includes: a container into which a hydrogen -based gas
contributing to heat generation is configured to be intro
duced ; and a plurality of heat generating structures provided

inside the container, each heat generating structure including
a heat generating element and a heater configured to heat the
heat generating element. The heat generating element
includes : a base made of a hydrogen storage metal, a
hydrogen storage alloy, or a proton conductor; and a mul
tilayer film provided on a surface of the base . The multilayer
film having a stacking configuration of: a first layer that is

made of a hydrogen storage metal or a hydrogen storage
alloy and has a layer shape with a thickness of less than 1000
nm ; and a second layer that is made of a hydrogen storage
metal, hydrogen storage alloy , or ceramics different from
that of the first layer and has a layer shape with a thickness
of less than 1000 nm .

[0008 ] A method for generating heat of the present inven
tion includes: a preparation step of preparing a heat gener
ating element including a multilayer film provided on a
surface of a base made of a hydrogen storage metal, a
hydrogen storage alloy, or a proton conductor,the multilayer
film having a stacking configuration of a first layer that is
made of a hydrogen storage metal or a hydrogen storage
alloy and has a layer shape with a thickness of less than 1000
nm and a second layer that is made of a hydrogen storage
metal, a hydrogen storage alloy , or ceramics different from
that of the first layer and has a layer shape with a thickness
of less than 1000 nm ; a preparation step of preparing a
container in which the heat generating element is installed ;
a hydrogen occluding step of introducing a hydrogen -based
gas contributing to heat generation into the container and
occluding hydrogen in the heat generating element; and a
heating step of heating the heat generating element in which
the hydrogen is occluded , to generate excess heat equal to or
higher than a heating temperature .

Advantageous Effects of Invention
[0009 ] According to the present invention , it is possible to

generate excess heat by allowing hydrogen to permeate

through a first layer and a second layer of a multilayer film .
BRIEF DESCRIPTION OF DRAWINGS

[0010 ] FIG . 1 is a schematic diagram illustrating a con
figuration of a heat generating device according to the
present invention .
[0011 ] FIG . 2 is an exploded view illustrating a configu
ration of a heat generating structure.
[0012 ] FIG . 3A is a sectional view illustrating a sectional
configuration of a heat generating element.
[0013] FIG . 3B is a schematic diagram for explanation of
excess heat generated in a multilayer film .

[0014 ] FIG . 4 is a graph illustrating a relation between an
input power and a heater temperature in an Ni-plate simple
substance.

[0015 ] FIG . 5 is a sectional view illustrating a sectional
configuration of a heat generating element according to
Example 1 used in a verification test.
[0016 ] FIG . 6 is a graph illustrating a transition of input
power, heater temperature , and hydrogen introduction pres
sure at the time of verification test .
[0017 ] FIG . 7A is a graph illustrating a transition of excess
heat in Example 1.
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[0018 ] FIG . 7B is a graph illustrating a temperature depen

dence of excess heat in Example 1.
[0019 ] FIG . 8 is a graph obtained by extracting a part of

[0043 ] FIG . 26 is a graph illustrating results of a verifi
cation test of an input power reduction effect in the heat
generating device using the heat generating module .

[0020 ] FIG . 9A is a sectional view illustrating a configu

DESCRIPTION OF EMBODIMENTS

FIG . 7B .

ration of a heat generating element provided with a third
layer.
[0021 ] FIG . 9B is a sectional view illustrating a configu
ration of a heat generating element provided with a third
layer and a fourth layer.
[0022] FIG . 10A is a sectional view illustrating a sectional
configuration of a heat generating element according to
Example 2 .
[0023] FIG . 10B is a graph illustrating a temperature
dependence of excess heat calculated from the results mea
sured using the heat generating element of FIG . 10A .
[0024 ] FIG . 11A is a sectional view illustrating a sectional
configuration of a heat generating element according to
Example 3 .
[0025 ] FIG . 11B is a graph illustrating a temperature
dependence of excess heat calculated from the results mea
sured using the heat generating element of FIG . 11A .
[0026 ] FIG . 12A is a sectional view illustrating a sectional
configuration of a heat generating element according to
Example 4 .
[0027] FIG . 12B is a graph illustrating a temperature
dependence of excess heat calculated from the results mea
sured using the heat generating element of FIG . 12A .
[0028 ] FIG . 13A is a sectional view illustrating a sectional
configuration of a heat generating element according to
Example 5 .
[0029 ] FIG . 13B is a graph illustrating a temperature
dependence of excess heat calculated from the results mea
sured using the heat generating element of FIG . 13A .
[0030 ] FIG . 14 is a graph by summarizing a temperature
dependence of excess heat.
[0031] FIG . 15 is a schematic diagram illustrating a con
figuration of a permeation -type heat generating device.
[0032 ] FIG . 16A is a schematic diagram illustrating a

configuration of a permeation -type heat generating element.
[0033 ] FIG . 16B is a sectional view illustrating a horizon
tal sectional configuration of the heat generating element.
[0034 ] FIG . 17 is a sectional view illustrating a sectional
configuration of the heat generating element.
[0035 ] FIG . 18 is a schematic diagram illustrating a con
figuration a heat generating device using an electrolyte .

[0036 ] FIG . 19 is a graph illustrating a relation between a

thickness ratio of each layer of a multilayer film and excess
[0037 ] FIG . 20 is a graph illustrating a relation between
the number of layers of multilayer films and excess heat.
[0038 ] FIG . 21 is a graph illustrating a relation between a
material of a multilayer film and excess heat.
[0039 ] FIG . 22 is a schematic diagram illustrating a con
figuration of a heat generating module .
heat.

[0040 ] FIG . 23 is an exploded view illustrating a configu

ration of a heat generating structure used for the heat

generating module .
figuration of a heat generating device using the heat gener
ating module.
[0042 ] FIG . 25 is an enlarged exploded view illustrating a
configuration of a main part of the heat generating device
using the heat generating module.

[0041 ] FIG . 24 is a schematic diagram illustrating a con

[0044 ] Embodiments of the present invention will be
described below with reference to the drawings.
( 1 ) Overall Configuration of Heating Generating
Device of the Present Invention

[0045 ] As illustrating in FIG . 1, a heat generating device
1 of the present invention includes a container 2 into which
hydrogen -based gas contributing to heat generation is con
figured to be introduced , and has a configuration in which a
heat generating structure 3 with a built -in heater is provided
inside the container. The heat generating device 1 is con
figured such that after the hydrogen -based gas is introduced
into the container, a heat generating element 5 (which will
be described below ) is heated by a heater (not illustrated ) in
the heat generating structure 3 , and thus the heat generating

element 5 generates excess heat equal to or higher than a
heating temperature. As the hydrogen -based gas introduced
into the container , deuterium gas and/ or natural hydrogen

gas can be applied . The natural hydrogen gas refers to
hydrogen -based gas containing 99.985 % ormore of protium
gas.
[0046 ] The container 2 is formed of, for example , stainless
(SUS306 or SUS316 ), and the inside of the container can be
a sealed space. Reference numeral 2a denotes a window
portion formed of a transparentmember such as Koval- glass
and having a configuration in which an operator can directly
visually check an inside state of the container 2 while
maintaining the sealed state in the container 2. The container
2 is provided with a hydrogen -based gas introduction path
16 , and hydrogen -based gas is introduced into the container
from the hydrogen -based gas introduction path 16 through
regulating valves 17a and 176. Thereafter, the introduction
of the hydrogen -based gas into the container 2 from the
hydrogen -based gas introduction path 16 is stopped by the
regulating valves 17a and 17b , and a certain amount of the
hydrogen -based gas is stored inside the container. Reference
numeral 19 denotes a dry pump, and can exhaust a gas in the
container 2 to the outside of the container 2 through an
exhaust path 18 and a regulating valve 17c as necessary and
can perform a vacuum exhaust, a pressure adjustment, and

the like.

[0047 ] The container 2 includes a plurality of temperature
measuring units lla , 11b , 12a , 12b , and 12c which are
provided therein at predetermined positions. In a case of this

embodiment, the temperature measuring units 11a and 11b

are provided along an inner wall of the container 2 and can
measure a temperature of the inner wall . The other tempera
ture measuring units 12a , 12b , and 12c are provided in a
holder 4 that holds the heat generating element 5 in the heat
generating structure 3 and can measure a temperature in the
holder 4. The temperaturemeasuring units 12a , 12b , and 120
have different lengths, respectively , and can measure tem
peratures of a bottom closer to the heat generating element
5 , a top away from the heat generating element 5 , and an
intermediate part in the middle of the top and the bottom , in
the holder 4 , for example.
[0048 ] The holder 4 includes a heater (to be described
below ) with a built-in thermocouple inside a region where
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the heat generating element 5 is disposed . The heater is
connected to wirings 10a and 10b via an external heating
power source 13 , and can heat the heat generating element
5 to a predetermined temperature and measure a temperature
thereof with the thermocouple . Reference numeral 14
denotes an ammeter-voltmeter that is provided on the wir
ings 10a and 10b and can measure input current/input power
applied to the heater during heating of the heater. A heating
temperature when the heat generating element 5 is heated by
the heater varies depending on types of hydrogen storage
metals forming 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 ) Configuration of Heat Generating Structure
[0049 ] The heat generating structure 3 will be described
below . As illustrated in FIG . 2 , theheat generating structure
3 includes the holder 4 formed by a pair of half-body holders
4a and 4b , and has a configuration in which the heat
generating element 5 , a substrate 7, and the heater 6 are
interposed between the half-body holders 4a and 4b. The
heater 6 is a plate - like ceramic heater, for example , and is
formed in a quadrilateral outer shape. The plurality of
wirings 10a and 10b ( two in FIG . 1 , but four in FIG . 2 )
connected to the heater 6 are disposed in grooves (not
illustrated ) provided in the half-body holders 4a and 4b and
is interposed between the half-body holders 4a and 4b.
[0050 ] The heater 6 includes a thermocouple (not illus
trated ) therein , and can measure a temperature with the
thermocouple. The heater 6 has planes opposite to each
other, the substrates 7 made of, for example, SiO2 are
provided on the planes, respectively , and the plate- like heat
generating elements 5 are provided on the surfaces of these
substrates 7, respectively. Thus, the heat generating structure
3 has a configuration in which the heater 6 is interposed
between the heat generating elements 5 via the substrates 7 .
The substrate 7 and the heat generating element 5 is formed
in the same outer shape as the outer shape of the heater 6 ,
and when the substrate 7 and the heat generating element 5
are superimposed on the heater 6 , the heater 6 , the substrate
7 , and the heat generating element 5 coincide in outer shape
with each other and can be integrated .
[0051 ] The first half-body holder 4a is formed of ceramics
in a rectangular shape , and includes an opening 9a provided
at a predetermined position . In the first half-body holder 4a,
the heat generating element 5 is disposed in the opening 9a
and the heat generating element 5 is exposed from the region
of the opening 9a . As in the first half-body holder 4a , the
second half-body holder 4b is formed of ceramics in a
rectangular shape . The second half-body holder 4b includes
an opening 9b at an overlapping position with the opening
9a of the first half -body holder 4a when being integrated
with the first half - body holder 4a by overlapping.
[0052 ] In the second half-body holder 4b , a stepped por
tion 9c is provided at a peripheral edge of the opening 9b on
a contact surface 9d that contacts with the first half-body
holder 4a. In the stepped portion 9c, the heat generating
element 5 , the substrate 7 , and the heater 6 are fitted and

positioned . Thus, in the second half -body holder 46, when
the heat generating element 5 is fitted into the stepped
portion 9c, the heat generating element 5 is disposed in the

opening 9 and the heat generating element 5 is exposed from
the region ofthe opening 9b . The heat generating element 5 ,
the substrate 7 , and the heater 6 fitted into the stepped

portion 9c are accommodated in the stepped portion 9c and
is built in the holder 4 by being suppressed by an abutting
surface on a peripheral edge of the opening 9a in the first
half-body holder 4a when the half -body holders 4a and 4b
are superimposed on each other.
( 3 ) Heat Generating Element

[0053] The heat generating element 5 will be described
below . As illustrated in FIG . 3A , the heat generating element
5 includes a base 22 made of a hydrogen storage metal, a
hydrogen storage alloy, or a proton conductor, and has a
configuration in which a multilayer film 25 is provided on a
surface of the base 22. The base 22 includes the multilayer
film 25 provided on the surface thereof, and can support the
multilayer film 25. Examples of the hydrogen storage metals
forming the base 22 can include Ni, Pd , V , Nb, Ta , and Ti,
and examples of the hydrogen storage alloys forming the
base 22 can include LaNis, CaCus, MgZn2, ZrNiz , ZrCr2,
TiFe, TiCo, Mg, Ni, and Mg,Cu. Examples of the proton

conductors can include BaCeO2 -based (for example ,
Ba (Ceo . Y..05 )03-6), SrCeO2-based (for example, Sr( Ce .
95Y0.05 )03-6 ), CaZrO2-based ( for example, CaZr0.95Y.
0503-a ), SrZrO2-based ( for example , SrZro.Y0.103-a ),
B -A1,03, and B -Ga Oz.
[0054 ] The multilayer film 25 is formed by alternately
stacking a first layer 23 made of a hydrogen storagemetal or
a hydrogen storage alloy and a second layer 24 made of a
hydrogen storage metal, a hydrogen storage alloy , or ceram
ics different from that of the first layer 23 , and a heteroge
neous material interface can be formed between the first
layer 23 and the second layer 24. For example, the first layer
23 is preferably made of any one of Ni, Pd , Cu, Cr, Fe ,Mg,
Co , and alloys thereof. Examples of the alloys of the first
layer 23 may be alloys obtained by adding an additive
element to Ni, Pd , Cu, Cr, Fe, Mg, or Co , but, more
preferably ,may be alloys made of two ormore of Ni, Pd, Cu ,
Cr, Fe, Mg, and Co.

[0055 ] The second layer 24 is preferably made of any one
of Ni, Pd, Cu , Cr, Fe , Mg, Co , alloys thereof, and SiC .
Examples ofthe alloys of the second layer 24 may be alloys
obtained by adding an additive element to Ni, Pd, Cu, Cr, Fe,
Mg, or Co , but, more preferably, may be alloys made of two
or more of Ni, Pd, Cu, Cr, Fe, Mg, and Co.
[0056 ] Particularly , as a combination of the first layer 23
and the second layer 24 , when a kind of element is expressed
as “ first layer 23 -second layer 24 (second layer 24 - first layer
23 )” , Pd - Ni, Ni - Cu, Ni- Cr, Ni- Fe, Ni- Mg, and Ni
Co are desirable . In addition , when the second layer 24 is
made of ceramics , it is desirable that the “ first layer 23 -sec
ond layer 24 ” is Ni— SiC . Here, the multilayer film 25
formed by the first layer 23 and the second layer 24 will be
described , and other types of multilayer films including
further a third layer and a fourth layer will be described
below .
[0057] Since the first layer 23 and the second layer 24
desirably maintains a nanostructure that does not exhibit
bulk properties, the first layer 23 and the second layer 24
desirably have a thickness of less than 1000 nm . Further, the
first layer 23 and the second layer 24 desirably have a
thickness of less than 500 nm so as to maintain a nanostruc

ture that does not exhibit completely bulk properties .
[0058 ] The heat generating element 5 has a configuration

in which the first layer 23 and the second layer 24 are formed
with a thickness of a nano -size (less than 1000 nm ) and these
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first layer 23 and second layer 24 are alternately provided ,

whereby hydrogen (hydrogen atoms) permeates through
each of the heterogeneousmaterial interfaces 26 between the

first layer 23 and the second layer 24 as illustrated in FIG .

3A .Here, FIG . 3B is a schematic diagram illustrating a state

in which when hydrogen is occluded into the first layer 23
and the second layer 24 of a face - centered cubic structure
made of a hydrogen storage metal and then the first layer 23
and the second layer 24 are heated , hydrogen in a metal
lattice of the first layer 23 permeates through the heteroge
neous material interface 26 and moves into a metal lattice of

the second layer 24 .

[0059 ] In the heat generating element 5 , a hydrogen -based
gas is introduced into the container, and thus hydrogen
(deuterium or protium ) is occluded by themultilayer film 25
and the base 22. In the heat generating element 5 , even when
the introduction of the hydrogen -based gas into the container
is stopped , a state can be maintained in which the hydrogen
is occluded by the multilayer film 25 and the base 22. In the
heat generating element 5 , when heating is started by the
heater 6 , thehydrogen occluded in themultilayer film 25 and
the base 22 is discharged and hops in the multilayer film 25
in a manner of quantum diffusion .
[0060] It is known that hydrogen is light and hops in
hydrogen -occupied sites (octahedral and tetrahedral sites) of
substance A and substance B in a manner of quantum
diffusion . In the heat generating element 5 , heating is
performed by the heater 6 in a vacuum state , thereby
hydrogen permeates through the heterogeneous material
interface 26 between the first layer 23 and the second layer
24 by quantum diffusion or hydrogen diffuses into the
heterogeneous material interface 26 , and thus excess heat
equal to or higher than a heating temperature can be gen
erated . Since the first layer 23 and the second layer 24 are
successively formed in a vacuum state at the time of
manufacturing, a natural oxide film is not formed between
the first layer 23 and the second layer 24 and only the

heterogeneous material interface 26 is desirably formed

therebetween .
[ 0061] In this embodiment, the case is described in which

the plurality of first layers 23 and the second layers 24 are

provided and two or more heterogeneous material interfaces
26 are provided by alternately stacking these first layers 23
and second layers 24 , but the present invention is not limited
thereto ; that is, at least one first layer 23 and at least one
second layer 24 may be provided and at least one hetero
geneous material interface 26 may be provided .

[0062] The heat generating element 5 illustrated in FIGS .

3A and 3B can be manufactured as follows. First, after the

plate- like base 22 is prepared , the hydrogen storage metal or
the hydrogen storage alloy forming the first layer 23 and the
second layer 24 is made into a gas phase state using a
deposition apparatus, and the first layer 23 and the second
layer 24 are alternately formed on the base 22 by aggrega
tion or adsorption. Thus, the heat generating element 5 can
be manufactured . In addition , it is preferable to form
unevenness on the surface of the base 22 using chemical
etching, for example .
[0063] As a deposition apparatus for forming the first layer
23 and the second layer 24 , a physical deposition apparatus
for depositing a hydrogen storage metal or a hydrogen
storage alloy using a physical method can be applied . An
example of the physical deposition apparatusmay preferably
include a sputtering apparatus for depositing a hydrogen

storage metal or a hydrogen storage alloy on the base 22 by
sputtering , a vacuum deposition apparatus, or CVD (Chemi
cal Vapor Deposition ) apparatus . In addition , a hydrogen
storage metal or a hydrogen storage alloy are precipitated on
the base 22 by an electroplating method , and thus the first

layer 23 and the second layer 24 may be alternately formed .
(4 ) Verification Test
(4-1) Ni Plate as Comparative Example

[0064 ] The heat generating device 1 illustrated in FIG . 1

was manufactured , and a verification test was performed as

to whether excess heat equal to or higher than the heating

temperature was generated in the heat generating element 5 .
generating element 5 , a relation between an input power and
a heat generation temperature of the heater 6 was investi

Here , in order to evaluate first the excess heat in the heat

gated only using an Niplate instead of the heat generating
element 5. Specifically , using an Niplate (also referred to as
Ni simple substance ) instead of the heat generating element
5 with the configuration illustrated in FIG . 2, Ni plateswere
respectively provided on both surfaces of the heater 6 via the
substrate 7 made of SiO2, and these were sandwiched
between the ceramic half -body holders 4a and 4b to produce
an Ni plate structure .

[0065 ] As the heater 6 , a micro ceramic heater (MS
1000R ) with a built- in thermocouple (1000 ° C. compatible ;
25 mm square ) manufactured by Sakaguchi E.H VOC Corp.
was used . The substrate 7 has a thickness of0.3 mm and was

installed on the surface of the heater 6. Further, the Ni plate

was installed on the surface of the substrate 7. The Niplate
was formed corresponding to the outer shape of the heater 6
to have length and width of 25 mm and a thickness of 0.1
mm .

[0066 ] As illustrated in FIG . 1, the Ni plate structure
described above instead of the heat generating structure 3
was provided in the container 2 made of stainless , and the Ni
plate was heated by the heater 6 in the container 2 of the
sealed space without introduction of the hydrogen -based gas
into the container. At this time, a temperature wasmeasured
by the thermocouple built in the heater 6. Then , as illustrated
in FIG . 4 , a calibration curve was made by a least -squares
method , the curve indicating a relation between an input
power ( W ) of the heater 6 set when the heater 6 heats a
simple Ni plate not having multilayer films and a tempera
ture ( that is, a heater temperature (° C .)) of theNiplate at the
time of the input power. In FIG . 4 , Y represents a function
indicating a calibration curve , MO represents a constant
term ,M1 represent a first-order coefficient,M2 represents a
second -order coefficient, and R represents a correlation
coefficient.

(4-2 ) Multilayer Film Including First Layer Made
of Pd and Second Layer Made of Ni ( Example 1)
[0067 ] Next, as illustrated in FIG . 5 , a first layer 27a made
of Pd and a second layer 27b made of Ni were alternately
stacked on a base 22a made of Ni, and a heat generating
element 5c including a multilayer film 25c was manufac
tured . Next, a heat generating structure 3 as illustrated in
FIG . 2 was manufactured using the heat generating element
5c . Then , as illustrated in FIG . 1, the heat generating
structure 3 was installed in the container 2 to investigate the
presence or absence of excess heat.
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[0068 ] The heat generating element 5c was manufactured
as follows. First, an Ni base 22a having a length and width
of 25 mm and a thickness of 0.1 mm was prepared . The base
22a was placed inside a sputtering apparatus , and a Pd first
layer 27a was formed using an Ar gas and a Pd target. In
addition , an Ni second layer 27b was formed using an Arr gas
and an Ni target in the sputtering apparatus. The sputtering
apparatus is manufactured using an ion source manufactured
by Miratron Co.
[0069 ] First, the first layer 27a was formed on the base
22a , and then the second layer 27b was formed on the first
layer 27a . The first layer 27a was formed in six layers and
the second layer 27b was formed in five layers, and the first
layers 27a and the second layers 27b were alternately
formed . The first layer 27a had a thickness of 2 nm , and the
second layer 27b had a thickness of 20 nm . The first layer
27a and the second layer 27b were successively formed in
the sputtering apparatus while maintaining a vacuum state .
Thus , a heterogeneous material interface was formed with

out formation of a natural oxide film between the first layer
27a and the second layer 27b .
[0070 ] Then , in a heat generating device 1 in which the
heat generating element 5c is provided inside a container, as
illustrated in FIG . 6 , hydrogen occlusion and heating with a
heater 6 were performed . Specifically, first ,the inside of the
container was heated by the heater 6 and was baked at 200 °
C. or higher for about 36 hours to blow off water or the like
on the surface of the heat generating element 5c . Next, after

the heating with the heater 6 was stopped , a natural hydro
gen gas (produced by Numata Oxygen Co., grade 2 ; purity
99.999 vol % or more ) was introduced into the container at
about 250 Pa, and hydrogen was occluded into the heat
generating element 5c for about 64 hours.
[0071 ] Next,after the introduction of the natural hydrogen
gas into the container was stopped , heating with the heater
6 was started at an input power of 20 W , vacuuming was
started , and the temperature at the time of heating with the
heater 6 was measured ("heatmeasurement” in FIG . 5 ). The
temperature was measured by the thermocouple built in the

heater 6. In this way, a hydrogen occluding step of intro
ducing the natural hydrogen gas into the container to
occlude the hydrogen in the heat generating element 5c and
a heating step of heating the heat generating element 5c in
a vacuum state with the heater 6 were repeated . Then , the
temperature during the heating step was measured by the
thermocouple built in the heater 6 .

[0072 ] As illustrated in FIG . 6 , the input power of the

heater 6 was set to 1 W during baking , and then set to 20 W ,
20 W , 10 W , 10 W , 16 W , 5 W , 24 W , 25 W , and 20 W with

hydrogen occluding step . Then , the temperature of the heat
generating element 5c during the heating step of heating

with each input power was measured .
[0073 ] The input power of the heater 6 and the measured
temperature were compared with the calibration curve of the
blank run (Ni simple substance ) illustrated in FIG . 4 , heat
( excess heat) generated excessively further than the heat at
the input power in FIG . 4 was calculated . Specifically, first,

the input power set in the heater 6 during the heating of the

heat generating element5c was recorded , the temperature of
the heat generating element 5c at this timewasmeasured by
the thermocouple provided in the heater 6 (hereinafter, the
measured temperature of the heat generating element is
referred to as a measurement temperature ). Next, power
corresponding to themeasurement temperature (hereinafter,

referred to as conversion power) was obtained from the
calibration curve of the blank run (Ni simple substance )
illustrated in FIG . 4 .
[0074 ] Next, a difference between the obtained conversion
power and the input power during the heating of the heat
generating element5c was calculated , and the difference was

used as power of excess heat. Thus , a result as illustrated in
FIG . 7A was obtained . FIG . 7A does not illustrate excess
heat when the input power of the heater 6 is 5 W.
[0075 ] In FIG . 7A , an elapsed time was indicated on an

abscissa , and the power of excess heat was indicated on an
generating element 5c provided with the multilayer film 250,
the temperature was equal to or higher than that in the case
of the Niplate and the excess heat equal to or higher than the
heating temperature was generated . For example, when the
heater 6 heats the heat generating element 5c at the input
ordinate . It was confirmed from FIG . 7A that in the heat

power of 25 W , the power of excess heat is “ EX1” in FIG .
7A . When the input power of the heater 6 was 25 W , it was
confirmed that excess heat from 3 W or higher and 4 W or

lower was generated .
[0076 ] Further, investigation results on temperature

dependence of the excess heat were obtained as illustrated in
FIGS. 7B and 8. In FIGS. 7B and 8 , a temperature measured
by the thermocouple built in the heater 6 (measurement

temperature ) was indicated on an abscissa, and power of
parts of data extracted by changing the abscissa of FIG . 7B .
It was confirmed from FIGS. 7B and 8 that the excess heat
had a positive correlation with the temperature .
(5 ) Operational Effects
[0077 ] In the above-described configuration , the heat gen
erating device 1 is configured such that the base 22 made of
the hydrogen storage metal , hydrogen storage alloy, or the
proton conductor and the heat generating element 5 includ
ing themultilayer film 25 provided on the surface of the base
22 were provided inside the container. In addition , the heat
generating element 5 is provided with themultilayer film 25
formed by stacking the first layer 23 , which is made of the
hydrogen storage metal or the hydrogen storage alloy and
has a layer shape with the thickness of less than 1000 nm ,
and the second layer 24 which is made of the hydrogen
storage metal, the hydrogen storage alloy, or the ceramics
different from that of the first layer 23 and has a layer shape
with the thickness of less than 1000 nm .
[0078 ] The heat generating device 1 was configured such
that the hydrogen -based gas was introduced from the hydro
gen -based gas introduction path 16 into the container, the
hydrogen was occluded in the heat generating element 5 , and
excess heat was indicated on an ordinate . FIG . 8 illustrates

then the heat generating element 5 was heated with the
heater 6 and the vacuuming was performed at the same time.
Thus, the heat generating device 1 could generate the excess
heat equal to or higher than the heating temperature by
allowing the hydrogen to permeate through the heteroge
neous material interface 26 between the first layer 23 and the
second layer 24 in a manner of quantum diffusion (see FIGS .
7A , 7B , and 8 ). Thus, the heat generating device 1 can
generate the excess heat by allowing the hydrogen to per
meate through the first layer 23 and the second layer 24 of
the multilayer film 25 .
(6 ) Multilayer Film of Another Embodiment
[0079 ] The above -described embodiment has the configu
ration in which the first layer 23 made of the hydrogen
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storage metal or the hydrogen storage alloy is provided on
the surface of the base 22 , and the second layer 24 made of
the hydrogen storage metal, the hydrogen storage alloy, or
the ceramics different from that of the first layer 23 is
provided on the first layer 23, but the present invention is not
limited thereto ; for example, the first layer 23 and the second
layer 24 may be stacked in reverse. That is , a configuration
may be used in which the second layer 24 made of the
hydrogen storage metal, the hydrogen storage alloy , or the
ceramics is provided on the surface of the base 22 , and the
first layer 23 made of the hydrogen storage metal or the
hydrogen storage alloy different from that of the second

layer 24 is provided on the second layer 24 .
[0080 ] (6-1) Heat Generating Element Including Third
Layer
[0081] In “ (3 ) Heat generating element” described above ,
the multilayer film 25 obtained by alternately stacking the
first layer 23 and the second layer 24 is described , but the
present invention is not limited thereto ; that is , as illustrated
in FIG . 9A , a multilayer film may be configured in which ,
a third layer 24a made of hydrogen storagemetals , hydrogen
storage alloys, or ceramics different from those of the first
layer 23 and the second layer 24 in a layer shape is stacked
in addition to the first layer 23 and the second layer 24. As
in the first layer 23 and the second layer 24 , the third layer
24a desirably has a thickness of less than 1000 nm .

[0082 ] A heat generating element 5f 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 this order on the base 22 and the first
third layer 24a , and has a configuration in which the stacking
configuration of such four layers is repeatedly provided .
Even in such a configuration, hydrogen permeates through a

layer 23 is interposed between the second layer 24 and the
heterogeneous material interface between the first layer 23
and the second layer 24 or a heterogeneous material inter
face between the first layer 23 and the third layer 24a in a

manner of quantum diffusion , and thus excess heat equal to
or higher than the heating temperature can be generated .
[0083] For example , the third layer 24a is preferably made
ofany one of Ni, Pd , Cu , Cr, Fe,Mg, Co , alloys thereof, Sic ,
CaO , Y203, and Tic . Examples of the alloys of the third
layer 24a may be alloys obtained by adding an additive
element to Ni, Pd, Cu , Cr, Fe,Mg, and Co , but particularly
preferably alloys consisting oftwo or more of Ni, Pd,Cu, Cr,
Fe ,Mg, and Co. When the third layer 24a made of any of
CaO , Y203, and TiC is provided , the amount of hydrogen
occluded in the heat generating element 5f can be increased ,
and the amount of hydrogen permeating through the hetero
geneous material interface can be increased , thereby high

excess heat can be obtained .

[0084] However, since the hydrogen is difficult to perme
ate through CaO , Y2O3, and TiC , the third layer 24a made

of any one of these CaO , Y203, and TiC is desirably formed
to be extremely thin with a thickness of less than 1000 nm ,

particularly a thickness of 10 nm or less. The third layer 24a
made of any one of CaO , Y2O3, and TiC may be formed in

an island shape instead of being formed in a complete film
shape . In addition , the first layer 23 and the third layer 24a

are successively formed while maintaining a vacuum state ,

and the heterogeneousmaterial interface is desirably formed

without forming a natural oxide film between the first layer
23 and the third layer 24a .

[0085 ] The heat generating element 5f provided with the
third layer 24a may have a stacking configuration in which
the second layer 24 and the third layer 24a are stacked in any
order , for example, by changing the order of the second layer
24 and the third layer 24a in FIG . 9A and the first layer 23
is interposed between the second layer 24 and the third layer
24a , and may have a configuration in which the stacking
configuration of such four layers is repeatedly provided .
Further, the third layer 24a may be provided in one ormore
layers on the heat generating element.
[0086 ] In particular, examples of a combination of the first
layer 23 , the second layer 24 , and the third layer 24a
desirably include, when a kind of element is expressed as
“ first layer - third layer-second layer ” , Pd Cao Ni,
Pd - Y203 - Ni,
Ni- Y203 Cu,
Ni— Y203– Cr,

Ni— Y , 0 , -Fe,
Ni— Y , 0 , –Mg,

Pd — TiC - Ni,
Ni— TiC — Cu ,
Ni - TiC - Cr,

Ni— TiC — Fe,
Ni— TiC — Mg,

Ni Cao Cu,
Ni -Ca Cr,
Ni CaO Fe,

Ni- CaOMg,
Ni- CaoCo,

Ni— Y203 Co , Ni— TiC Co , Ni- Cr - Fe , Ni- CaO
Sic , Ni- Y203 — SiC , and Ni- TiC — SIC .
[0087 ] (6-2) Heat Generating Element Including Third
Layer and Fourth Layer
[ 0088] Further, as illustrated in FIG . 9B , another multi
layer film may be configured in which a fourth layer 24b
made of hydrogen storage metals , hydrogen storage alloys,
or ceramics different from those of the first layer 23 , the
second layer 24 , and the third layer 24a in a layer shape is
stacked in addition to the first layer 23 , the second layer 24 ,
and the third layer 24a. As in the first layer 23 , the second
layer 24 , and the third layer 24a , the fourth layer 24
preferably has a thickness of less than 1000 nm .
[0089 ] For example , the fourth layer 24b may be made of
any one of Ni, Pd , Cu, Cr, Fe, Mg, Co, alloys thereof, Sic ,
CaO , Y203, and Tic . Examples of the alloys of the fourth
layer 24b may be alloys obtained by adding an additive
element to Ni, Pd , Cu, Cr, Fe, Mg, and Co , particularly
preferably , alloys consisting of two or more of Ni, Pd , Cu,
Cr, Fe, Mg, and Co.
[0090 ] A heat generating element 5g provided with the

fourth layer 24b desirably has a stacking configuration in

which the second layer 24 , the third layer 24a , and the fourth
layer 24b are stacked in any order and the first layer 23 is
provided between the second layer 24 and the third layer 24a
and between the third layer 24a and the fourth layer 24b and
between the fourth layer 24b and the second layer 24 , and a
configuration in which the stacking configuration of these
six layers is repeatedly provided . That is , the heat generating
element is desirable that the first layer 23 , the second layer
24 , the first layer 23 , the third layer 24a , the first layer 23 ,
and the fourth layer 24b are stacked in this order as illus
trated in FIG . 9B , or, although not illustrated , the first layer
23 , the fourth layer 24b ,the first layer 23 , the third layer 24a ,
the first layer 23, and the second layer 24 are stacked in this
order. Further, the fourth layer 24b may be provided in one
or more layers on the heat generating element.
[0091 ] In particular, examples of a combination of the first
layer 23 , the second layer 24 , the third layer 24a, and the
fourth layer 24b desirably include , when a kind of element
is expressed as “ first layer-fourth layer- third layer-second
layer ”, Ni- CaO — Cr — Fe, Ni- Y203 - Cr Fe , and Ni
TiC - Cr — Fe .

[0092 ] When the fourth layer 24b made of any one of
CaO , Y203, and TiC is provided , the amount of hydrogen

Jul. 2 , 2020

US 2020/0208885 A1
7

occluded in the heat generating element 5g can be increased ,
and the amount of hydrogen permeating through the hetero
geneous material interface can be increased , thereby high
excess heat can be obtained . The fourth layer 24b made of
any one of these CaO , Y203, and TiC is desirably formed
extremely thin with a thickness of less than 1000 nm ,
particularly , a thickness of 10 nm or less. The fourth layer
24b made of any one of CaO , Y2O3, and TiC may be formed
in an island shape instead ofbeing formed in a complete film
shape . In addition , the first layer 23 and the fourth layer 24b
are successively formed while maintaining a vacuum state ,
and the heterogeneous material interface is desirably formed
without forming a natural oxide film between the first layer
23 and the fourth layer 24b .

( 7) Verification Test Using Other Configurations of
Multilayer Films
[0093 ] Here , a heat generating element including various
configurations of multilayer films was manufactured , and a
verification test was performed , in the same manner as the

above-described “ (4 ) verification test” , as to whether excess
heat equal to or higher than a heating temperature was
generated in the heat generating device 1 illustrated in FIG .
1.

(7-1) Multilayer Film in which First Layer Made of

Pd is Thicker than Second Layer Made of Ni
(Example 2 )
[0094 ] As illustrated in FIG . 10A , a first layer 27a made
of Pd and a second layer 27b made of Ni were alternately
stacked on a base 22a made of Ni, and a heat generating
element 5a including a multilayer film 25a was manufac
tured (hereinafter, referred to as Example 2 ). In the heat
generating element 5c illustrated in FIG . 5 described above ,
the first layer 27a is formed thinner than the second layer
27b , but in the heat generating element5a illustrated in FIG .
10A , the first layer 27a is formed thicker than the second
layer 27b .
[0095 ] Next, a heat generating structure 3 as illustrated in
FIG . 2 was manufactured using the heat generating element
5a . Then , as illustrated in FIG . 1 , the heat generating
structure 3 was installed inside the container 2 to investigate
the presence or absence of excess heat. The heat generating
element 5a was manufactured as follows. First, an Ni base

22a having a length and width of 25 mm and a thickness of

0.1 mm was prepared , and was installed inside the sputtering
apparatus described above. In the sputtering apparatus , the
Pd first layer 27a was formed using an Ar gas and a Pd
target, and the Ni second layer 27b was formed using an Ar
gas and an Ni target .

[0096 ] First, the first layer 27a was formed on the base

22a , and then the second layer 27b was formed on the first
layer 27a . The first layer 27a was formed in six layers and
the second layer 27b was formed in five layers, and the first

layers 27a and the second layers 27b were alternately

formed . The first layer 27a had a thickness of 20 nm , and the
second layer 27b had a thickness of 2 nm . The first layer 27a
and the second layer 27b were successively formed in the
sputtering apparatus while maintaining a vacuum state .
Thus, a heterogeneous material interface was formed with
out formation of a natural oxide film between the first layer
27a and the second layer 27b .

[0097 ] In a heat generating device 1 in which the heat
generating element 5a is provided inside the container , as in

the above -described “ (4-2 ) Multilayer Film formed by First
Layermade of Pd and Second Layermade of Ni (Example
1)" ,as illustrated in FIG . 6 , hydrogen occlusion and heating
with a heater 6 were performed . Then , according to FIG . 6 ,
a hydrogen occluding step of introducing the natural hydro
gen gas into the container to occlude the hydrogen in the
heat generating element 5a and a heating step of heating the
heat generating element 5a in a vacuum state with the heater
6 by changing the input power of the heater 6 were repeated ,
the input power set during the heating step was recorded at
the same time, and the temperature at this time was mea
sured . Detailed conditions in the verification test are the
same as those in “ (4 ) Verification Test” , and the description
thereof will not be presented herein so as to avoid the
duplication description .

[0098 ] A conversion voltage corresponding to the mea

surement temperature of the heat generating element 5a was
obtained from the blank run (Ni simple substance ) illustrated
in FIG . 4 , a difference between the obtained conversion

power and the input power during the heating of the heat
generating element 5a was calculated , and the difference
was used as power ( W ) of excess heat. Thus , a result as
illustrated in FIG . 10B was obtained .

[0099 ] An ordinate in FIG . 10B indicates the power (W )
temperature was equal to or higher than that of the Niplate
and the excess heat equal to or higher than the heating
temperature was generated even when the multilayer film
25a was provided in which the first layer made of Pd is
thicker than the second layer made of Ni. In addition , it was
confirmed from FIG . 10B that the excess heat had a positive
correlation with the temperature .
(7-2 ) Multilayer Film Including First Layer Made
of Pd , Second Layer Made of Ni, and Third Layer
Made of CaO (Example 3 )
[0100 ] As illustrated in FIG . 11A , a first layer 27a made of
Pd , a second layer 27b made of Ni, and a third layer 27c
made of CaO were stacked on a base 22a made of Ni, and
a heat generating element 5b including a multilayer film 25b
was manufactured . A heat generating structure 3 as illus
trated in FIG . 2 was manufactured using the heat generating
of the excess heat. It was confirmed from FIG . 10B that the

element 5b . Then , as illustrated in FIG . 1, the heat gener
ating structure 3 was installed inside the container 2 to

investigate the presence or absence of excess heat.
[0101 ] The heat generating element 5b wasmanufactured

as follows. First, an Nibase 22a having a length and width
of 25 mm and a thickness of 0.1 mm was prepared , and was
installed inside the sputtering apparatus described above . In
the sputtering apparatus, the Pd first layer 27a was formed
using an Ar gas and a Pd target, the Ni second layer 27b was
formed using an Ar gas and an Ni target, and the CaO third
layer 27c was formed using an Ar gas and a CaO target .
[0102 ] First , after the first layer 27a was formed on the
base 22a , the CaO third layer 27c was formed on the first
layer 27a , the first layer 27a was formed again on the third
layer 27c , and the Ni second layer 27b was further formed
on the first layer 27a . Then , the first layer 27a was formed
again on the second layer 27b , and the first layer 27a , the
third layer 27c , the first layer 27a , and the second layer 27b
were stacked in this order to manufacture the multilayer film

256. The first layer 27a was formed in twelve layers, the
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third layer 27c was formed in six layers , and the second layer
27b was formed in five layers. The first layer 27a had a
thickness of 9 nm , and the second layer 27b and the third
layer 27c had a thickness of 2 nm .
[0103] Here , CaO is a non -metallic material and is a
material through which hydrogen does not permeate . There
fore, the third layer 27c made of CaO was formed to be
extremely thin with a thickness of 2 nm , so that CaO was
formed in an island shape instead of being formed in a
complete film shape . The first layer 27a , the third layer 27c,
and the second layer 27b were successively formed while
maintaining a vacuum state in the sputtering apparatus.
Thus, heterogeneous material interfaces were formed with
out forming natural oxide films between the first layer 27a
and the third layer 27c and between the first layer 27a and
the second layer 27b.
[0104 ] In a heat generating device 1 in which the heat
generating element 5b is provided inside the container, as
described above , as illustrated in FIG . 6 ,hydrogen occlusion
and heating with a heater 6 were performed . Then , according
to FIG . 6 , a hydrogen occluding step of introducing the
natural hydrogen gas into the container to occlude the
hydrogen in the heat generating element 5b and a heating
step of heating the heat generating element 5b in a vacuum
state with the heater 6 by changing the input power of the
heater 6 were repeated , the input power set during the
heating step was recorded at the same time, and the tem
perature at this timewas measured .
[0105 ] A conversion voltage corresponding to the mea
surement temperature of the heat generating element 5b was
obtained from the calibration curve of the blank run (Ni
simple substance ) illustrated in FIG . 4 , a difference between
the obtained conversion power and the input power during
the heating of the heat generating element 5b was calculated ,
and the difference was used as power ( W ) of excess heat.
Thus, a result as illustrated in FIG . 11B was obtained .
[ 0106 ] It was confirmed from FIG . 11B that the tempera
ture was equal to or higher than that of the Ni plate and the
excess heat equal to or higher than the heating temperature
was generated even in the multilayer film 25b including the
CaO third layer 27c. In addition , it was confirmed that in the
multilayer film 25b including the CaO third layer 27c, the
power of the excess heat was equal to or higher than those
in Examples 1 and 2 using only Pd and Ni. In the multilayer
film 25b including the CaO third layer 27c, the amount of
hydrogen to be occluded is increased , the amount of hydro
gen permeating through the heterogeneous material inter
face is increased , and thus the power of excess heat rises. In
addition , it was confirmed from FIG . 11B that the excess
heat had a positive correlation with the temperature .
(7-3 ) Multilayer Film Including First Layer Made
of Cu and Second Layer Made of Ni (Example 4 )
[0107 ] As illustrated in FIG . 12A , a first layer 27d made
of Cu and a second layer 27b made of Ni were stacked on
a base 22a made of Ni, and a heat generating element 5d
including a multilayer film 25d was manufactured . A heat
generating structure 3 as illustrated in FIG . 2 was manufac
tured using the heat generating element 5d . Then , as illus
trated in FIG . 1, the heat generating structure 3 was installed
in the container 2 to investigate the presence or absence of
excess heat.
[0108 ] The heat generating element 5d was manufactured
as follows. First, an Ni base 22a having a length and width

of 25 mm and a thickness of 0.1 mm was prepared , and was
installed inside the sputtering apparatus described above . In
the sputtering apparatus, the Cu first layer 27d was formed
using an Ar gas and a Cu target, and the Ni second layer 27b
was formed using an Ar gas and an Ni target.
[0109 ] First , the first layer 27d was formed on the base
22a , and then the second layer 27b was formed on the first
layer 27d . The first layer 27d and the second layer 27b were
alternately formed to manufacture a multilayer film 25d . The
first layer 27d was formed in five layers and the second layer
27b was formed in five layers . The first layer 27d had a
thickness of 2 nm , and the second layer 27b had a thickness
of 14 nm . The first layer 27d and the second layer 27b were
successively formed in the sputtering apparatus while main
taining a vacuum state . Thus, a heterogeneous material
interface was formed without formation of a natural oxide
film between the first layer 27d and the second layer 27b .
[0110 ] In a heat generating device 1 in which the heat
generating element 5d is provided inside the container, as
described above, as illustrated in FIG . 6 , hydrogen occlusion

and heating with a heater 6 were performed . Then , according
to FIG . 6 , a hydrogen occluding step of introducing the

natural hydrogen gas into the container to occlude the
hydrogen in the heat generating element 5d and a heating
step of heating the heat generating element 5d in a vacuum
state with the heater 6 by changing the input power of the
heater 6 were repeated , the input power set during the
heating step was recorded at the same time, and the tem
perature at this time was measured . However, since the
sample prepared in Example 4 does not occlude hydrogen at
room temperature, the sample was heated to about 200 to
300 ° C. by the heater 6 during the hydrogen occluding step
to occlude the hydrogen .
[0111] A conversion voltage corresponding to the mea
surement temperature of the heat generating element 5d was
obtained from the calibration curve of the blank run (Ni
simple substance ) illustrated in FIG . 4 , a difference between
the obtained conversion power and the input power during
the heating of the heat generating element 5b was calculated ,
and the difference was used as power ( W ) of excess heat.
Thus , a result as illustrated in FIG . 12B was obtained . It was
confirmed from FIG . 12B that the temperature was equal to
or higher than that of the Niplate and the excess heat equal

to or higher than the heating temperature was generated even
in the multilayer film 25d including the Cu first layer and the
Ni second layer. In addition , it was confirmed from FIG . 12B
that the excess heat had a positive correlation with the
temperature .
[0112 ] The calibration curve illustrated in FIG . 4 does not
illustrate data of 300 ° C. or lower; however , in Example 4 ,
a calibration curve of 300 ° C. or lower was obtained based

on FIG . 4 , and thus the power (W ) of the excess heat was

obtained . The results illustrated in FIG . 12B were obtained .

(7-4 ) Multilayer Film Including First Layer Made
of Ni, Second Layer Made of Cu, and Third Layer

Made of CaO (Example 5 )
[0113] As illustrated in FIG . 13A , a first layer 27e made of
Ni, a second layer 27f made of Cu , and a third layer 27c
made of CaO were stacked on a base 22a made of Ni, and
a heat generating element 5e including a multilayer film 25e
was manufactured . A heat generating structure 3 as illus
trated in FIG . 2 was manufactured using the heat generating
element 5e. Then , as illustrated in FIG . 1, the heat generating
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structure 3 was installed inside the container 2 to investigate
the presence or absence of excess heat.
[0114 ] The heat generating element 5e was manufactured
as follows. First, an Ni base 22a having a length and width
of 25 mm and a thickness of 0.1 mm was prepared , and was
installed inside the sputtering apparatus described above . In
the sputtering apparatus , the Ni first layer 27e was formed
using an Ar gas and an Nitarget , the Cu second layer 27f was
formed using an Ar gas and a Cu target, and the CaO third
layer 27c was formed using an Ar gas and a CaO target .
[0115 ] First, after the first layer 27e was formed on the
base 22a , the CaO third layer 27c was formed on the first
layer 27e, the first layer 27e was formed again on the third
layer 27c, and the Cu second layer 27f was further formed
on the first layer 27e. Then , the first layer 27e was formed
again on the second layer 271, and the first layer 27e , the
third layer 27c , the first layer 27e , and the second layer 27
were stacked in this order to manufacture the multilayer film
25e. The first layer 27e was formed in twelve layers , the
third layer 27c was formed in six layers, and the second layer
27f was formed in five layers . The first layer 27e had a
thickness of 7 nm , and the second layer 27f and the third
layer 27c had a thickness of 2 nm .
[0116 ] As in Example 3 described above, the third layer
27c made of CaO was formed to be extremely thin with a

thickness of 2 nm , so that CaO was formed in an island

shape instead of being formed in a complete film shape . The
first layer 27e, the third layer 27c , and the second layer 27f
were successively formed while maintaining a vacuum state
in the sputtering apparatus. Thus, heterogeneous material
interfaces were formed without forming natural oxide films
between the first layer 27e and the third layer 27c and
between the first layer 27e and the second layer 27f.
[0117] In a heat generating device 1 in which the heat
generating element 5e is provided inside the container, as
described above , as illustrated in FIG . 6 ,hydrogen occlusion

and heating with a heater 6 were performed . Then , according
to FIG . 6 , a hydrogen occluding step of introducing the
natural hydrogen gas into the container to occlude the

hydrogen in the heat generating element 5e and a heating
step of heating the heat generating element 5e in a vacuum
state with the heater 6 by changing the input power of the
heater 6 were repeated , the input power set during the
heating step was recorded at the same time, and the tem
perature at this time was measured . In Example 5, however,
the sample was heated to about 200 to 300 ° C. by the heater
6 during the hydrogen occluding step to occlude the hydro
gen .
[0118 ] Next, a conversion voltage corresponding to the
measurement temperature of the heat generating element 5e
was obtained from the calibration curve of the blank run (Ni
simple substance ) illustrated in FIG . 4 , a difference between
the obtained conversion power and the input power during
the heating of the heat generating element 5e was calculated ,
and the difference was used as power ( W ) of excess heat.
Thus, a result as illustrated in FIG . 13B was obtained .

[0119 ] It was confirmed from FIG . 13B that the tempera
ture was equal to or higher than that of the Ni plate and the
excess heat equal to or higher than the heating temperature
was generated even in such a multilayer film 25e. In
addition , it was confirmed the multilayer film 25b including
the CaO third layer 27c that the power of the excess heat was

equal to or higher than that in Example 4 using only Ni and
Cu . In the multilayer film 25e including the CaO third layer

27c, the amountof hydrogen to be occluded is increased , the
amount of hydrogen permeating through the heterogeneous
material interface is increased , and thus the power of excess
heat rises . In addition , it was confirmed from FIG . 13B that

the excess heat had a positive correlation with the tempera

ture .

( 7-5 ) Comparison of Examples 1 to 5

[0120) FIG . 14 is a graph obtained by summarizing FIG .

8 illustrating the excess heat in Example 1, FIG . 10B
illustrating the excess heat in Example 2, FIG . 11B illus
trating the excess heat in Example 3 , FIG . 12B illustrating
the excess heat in Example 4 , and FIG . 13B illustrating the
excess heat in Example 5. In FIG . 14 , based on the thickness
of each layer, Example 1 was expressed as " Nio.Pd ... " ,
Example 2 was expressed as “ Nio. Pd09” , Example 3 was
expressed as “ Nio.¡Pd (CaO )09", Example 4 was expressed
as “Ni0.875Cu0.125”, and Example 5 was expressed as “Ni..
875 (CaO )Cuo.125” .
[0121 ] It is confirmed from FIG . 14 that the excess heat in
Examples 3 and 5 in which the CaO third layer 27c is
provided is larger than that in Examples 1, 2 , and 4 in which
CaO is not contained . In addition , it is confirmed from FIG .
14 that, in some of Examples 2 , 4 , and 5 , the excess heat may

not be generated when the heating temperature due to the
heater 6 is low , but the excess heat is generated by rising of
the heating temperature due to the heater 6 .
( 8 ) Permeation - Type Heat Generating Device
(8-1) Overall Configuration of Permeation - Type

Heating Generating Device

[0122 ] A permeation -type heat generating device accord
ing to another embodiment will be described below . As

illustrated in FIG . 15 , a heat generating device 31 includes
a container 37 in which a heat generating element 38 is
provided inside the container, and a heat recovery container
32 in which a container 37 is accommodated . The heat
recovery container 32 is provided with a recovery port 33a
and an introduction port 33b , and a circulation path 33 is
provided to communicate with the recovery port 33a and the
introduction port 33b . In the circulation path 33 , a fluid in
the heat recovery container 32 is recovered from the recov
ery port 33a by a circulation apparatus (not illustrated ),
passes through the circulation path 33, and is again intro
duced into the heat recovery container 32 from the intro
duction port 33b . The fluid in the heat recovery container 32
is water, for example , and is heated by heat generated from
the container 37 .
[0123] The circulation path 33 has a configuration in
which a thermoelectric converter 34 is provided , and ther
moelectrically converts heat of the fluid heated in the heat
recovery container 32 using the thermoelectric converter 34 .
The thermoelectric converter 34 includes a thermoelectric
conversion element 36 in which an n -type semiconductor
36a and a p -type semiconductor 36b adjacent to each other
are connected to each other by an electrode 36c along an
outer tube periphery of the circulation path 33 , and has a
configuration in which a cooling body 35 is provided to

surround the thermoelectric conversion element 36. The

thermoelectric converter 34 can convert the heat of the fluid

into electricity with the thermoelectric conversion element
36 using the Seebeck effect.
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[0124 ] The heat generating device 31 is provided with a
plurality of heat generating elements 38 in the container 37 ,
and the heat generating element 38 is provided with a heater
39. The heat generating device 31 generates excess heat
equal to or higher than a heating temperature with the heat
generating element 38 by heating the heat generating ele
ment 38 with a heater (not illustrated ) while allowing a
hydrogen - based gas introduced into the container 37 to
permeate through the heat generating element 38 (to be
described below ). Examples of the hydrogen -based gas
introduced into the container 37 may include deuterium gas
and/or natural hydrogen gas.
[0125 ] The container 37 is made of, for example , stainless
( SUS306 or SUS316 ), and the inside of the container can be
a sealed space. The container 37 is provided with a recovery
port 37b and an introduction port 37c, and a hydrogen -based
gas circulation path 37a is provided to communicate with
the recovery port 37b and the introduction port 37c . The
hydrogen - based gas circulation path 37a guides the hydro
gen -based gas in the container 37 from the recovery port 37b
into the hydrogen -based gas circulation path 37a using a
circulation pump 46 , and introduces the hydrogen -based gas
from the introduction port 37c into the container 37 again
through a reservoir tank 45 and the circulation pump 46 .
[ 0126 ] In the case of this embodiment, three heat gener

[0129 ] (8-2 ) Configuration of Permeation - Type HeatGen
erating Element
[0130 ] As illustrated in FIGS . 16A and 16B , the heat
generating element 38 is formed in a bottomed cylindrical
shape and includes a base 51 having a hollow 40 provided
therein and surrounded by an inner peripheral surface 51a
thereof and a multilayer film 52 provided on a surface 516
of the base 51. The base 51 is made of hydrogen storage
metals , hydrogen storage alloys, or proton conductors , and
has a porous structure . Since the base 51 has a mechanical
strength capable of supporting the multilayer film 52 on the

surface and is porous, the hydrogen -based gas, which has
permeated through the multilayer film 52, can permeate to
the hollow 40 .

[0131 ] In FIGS . 16A and 16B , the bottomed cylindrical
base 51 is illustrated , but the base may be formed in a
bottomed square shape or a bottomed polygonal cylindrical
shape . Further, a mesh - like base may be used ; however,
when the porous base 51 is used , the hydrogen can reliably
permeate into the base 51 and the hydrogen can be rapidly
occluded in the base 51.

[0132 ] The multilayer film 52 has the same configuration
as the multilayer film 25 described above. For example, as
illustrated in FIG . 17 , the multilayer film 52 is formed by
alternately stacking 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, a hydrogen storage
configuration of one heat generating element 38 among three alloy, or ceramics different from thatof the first layer 23 ,and
an a heterogeneous material interface 26 can be formed
heat generating elements 38. The heat generating element 38 between
the first layer 23 and the second layer 24. For
is formed in a bottomed cylindrical shape and includes a
hollow 40 provided therein . The outer peripheral surface of example, the first layer 23 is preferably made of any one of
Ni, Pd, Cu , Cr, Fe, Mg, Co , and alloys thereof. The second
the heat generating element 38 is wound with a heater 39 , layer
24 is preferably made of any one ofNi, Pd , Cu , Cr, Fe ,
and can be heated by the heater 39. A permeated -gas
recovery path 42 is provided at one end of the heat gener Mg, Co , alloys thereof, and Si? . Since the first layer 23 and
the second layer 24 have a thickness of less than 1000 nm
ating element 38 to communicate with the hollow 40.
the multilayer film 52 is thin , the hydrogen - based gas
(0127 ] The permeated - gas recovery path 42 is configured and
can
permeate
through the multilayer film 52 .
in which one end thereof is connected to each heat gener [0133 ] Since the first layer 23 and the second layer 24 are
ating element 38 and communicates with the hollow 40 of the same as the above -described “ (3 ) Heat generating ele
each heat generating element 38 and the other end is ment”, detailed description will not be presented . In addi
connected to the reservoir tank 45. Further , the permeated tion , since the multilayer film according to another embodi
gas recovery path 42 is provided with a vacuum pump 43
may be a multilayer film in which the third layer is
and a boost pump 44. Thus, the gas in the hollow 40 of each ment
stacked
in addition to the first layer and the second layer or
heat generating element 38 is sucked by the vacuum pump a multilayer
which the fourth layer is stacked in
43 of the permeated - gas recovery path 42 , and the gas is sent addition to thefilmfirstin layer
, the second layer, and the third
to the reservoir tank 45 by the boost pump 44. Thus , the
, and is the same as the above -described “ (6 )Multilayer
hydrogen -based gas in the container 37 is guided to the layer
Film of Another Embodiment” , detailed description will not
hollow 40 in the heat generating element 38 by permeating be
presented herein .
through the outer peripheral surface of the heat generating
element 38 , and returns to the container 37 again by being
(8-3 ) Operational Effects
recovered into the reservoir tank 45 from the hollow 40
through the permeated -gas recovery path 42 .
[0134 ] In the above configuration , the heat generating
[0128 ] Thus, in the heat generating device 31, the hydro device 31 is configured such that the heat generating element
gen -based gas is also guided to the hollow 40 in the heat 38 , which includes the base 51made of the hydrogen storage
generating element 38 when the hydrogen -based gas circu metal , the hydrogen storage alloy, or the proton conductor
lates through the hydrogen -based gas circulation path 37a , and having the hollow 40 provided therein and the multi
the hydrogen is occluded in heat generating element 38 , and layer film 52 provided on the surface 516 of the base 51, is
the hydrogen -based gas circulates through the permeated provided inside the container. The heat generating element
gas recovery path 42. Thus, the heat generating device 31 38 is provided with the multilayer film 52 formed by
generates excess heat equal to or higher than the heating stacking the first layer 23 , which is made of the hydrogen
temperature with the heat generating element 38 by heating storage metal or the hydrogen storage alloy and has a layer
the heat generating element 38 with the heater 39 while shape with the thickness of less than 1000 nm , and the
allowing the hydrogen -based gas to permeate through the second layer 24 which is made of the hydrogen storage
metal , the hydrogen storage alloy, or the ceramics different
heat generating element 38 ( to be described below ).

ating elements 38 having the same configuration are pro

vided inside the container. FIG . 15 illustrates a sectional
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from that of the first layer 23 and has a layer shape with the
[0135 ] The heat generating device 31 is configured such
that the hydrogen - based gas in the container permeates into
the heat generating element 38, the hydrogen -based gas is
guided to the hollow 40 in the heat generating element 38 ,
and thus the hydrogen is occluded in the heat generating
element 38. Further, the heat generating device 31 is con
figured to heat the heat generating element 38 with the heater
39 while allowing the hydrogen -based gas in the container
to permeate through the heat generating element 38. Thus,
the heat generating device 31 can generate excess heat equal
to or higher than the heating temperature by allowing the
hydrogen to permeate through the heterogeneous material
interface 26 between the first layer 23 and the second layer
24 in a manner of quantum diffusion . Accordingly, the heat
generating device 31 can generate excess heat by allowing
the hydrogen to permeate through the first layer 23 and the
second layer 24 of the multilayer film 52 .
thickness of less than 1000 nm .

(9 ) Heat Generating Device Using Electrolyte
[ 0136 ] FIG . 18 illustrates a heat generating device 61

using an electrolyte 70. The heat generating device 61
includes a container 62 in which the electrolyte 70 contrib

uting to heat generation is stored inside the container, and
has a configuration in which a heat generating element 60 is
provided as a bottom of the container 62. In the heat
generating device 61, an electrode 69 is immersed in the

electrolyte 70. The heat generating device 61 includes an
electrode control unit (not illustrated ), and the electrode
control unit can generate hydrogen by electrolyzing the
electrolyte 70 using the electrode 69 in the electrolyte 70 as
an anode and the heat generating element 60 as a cathode .
The electrolyte 70 is a solution in which NaOH or C2NO3 is
contained in heavy water and/or light water, for example .
[0137 ] Here, the container 62 includes a cylindrical wall
portion 62a and a support base 62b provided at a lower end
of the wall portion 62a . The support base 62b is formed , for
example , in a thick cylindrical shape, includes a spacer 620
on an upper surface protruding from an inner peripheral
surface of the wall portion 62a , and has a configuration in
which a heat generating element 60 is provided via the
spacer 62c . The heat generating element 60 has an outer
shape formed corresponding to the shape of the inner
peripheral surface of the wall portion 62a , and is provided
on the inner peripheral surface of the wall portion 62a as a
bottom of the container 62. Thus , the electrolyte 70 can be
stored in a region surrounded by the wall portion 62a and the
heat generating element 60 , the wall portion 62a being used
as a side surface and the heat generating element 60 being
used as a bottom surface .

[0138 ] The heat generating element 60 includes a base 63
made of hydrogen storage metals , hydrogen storage alloys ,
or proton conductors and a multilayer film 64 provided on a
surface of the base 63 and immersed in the electrolyte 70. In
the heat generating device 61, since a hollow region of the
support base 62b is in a vacuum state , a back surface of the
base 63 is exposed to a vacuum space .
[ 0139 ] The multilayer film 64 has the same configuration
as the multilayer film 25 described above . For example , the
multilayer film 64 is formed by alternately stacking a first
layer 65 made of hydrogen storage metals or hydrogen
storage alloys and a second layer 66 made of hydrogen
storage metals, hydrogen storage alloys, or ceramics differ

ent from that of the first layer 65 , and a heterogeneous
material interface 67 can be formed between the first layer
65 and the second layer 66. For example , the first layer 65
is preferably made of any one of Ni, Pd , Cu, Cr, Fe ,Mg, Co,
and alloys thereof. The second layer 66 is preferably made
of any one of Ni, Pd , Cu, Cr, Fe ,Mg, Co , alloys thereof, and
SiC .
[0140 ] Since the first layer 65 and the second layer 66 are
the same as the above -described “ (3) Heat generating ele
ment” , detailed description will not be presented . In addi
tion , since the multilayer film according to another embodi
ment may be a multilayer film in which the third layer is
stacked in addition to the first layer and the second layer or
a multilayer film in which the fourth layer is stacked in
addition to the first layer, the second layer, and the third
layer, and is the same as the above -described “ (7 ) Multilayer
Film of Another Embodiment” , detailed description will not
be presented herein .
[0141 ] In the above configuration , the heat generating
device 61 is configured to include the heat generating
element 60, which includes the base 63made of the hydro
gen storage metal, the hydrogen storage alloy, or the proton
conductor and is provided as the bottom of the container 62
with the back surface exposed to the vacuum space and the

multilayer film 64 provided on the surface of the base 63 and
immersed in the electrolyte 70. The heat generating element
60 is provided with the multilayer film 64 formed by
stacking the first layer 65 , which is made of the hydrogen
storage metal or the hydrogen storage alloy and has a layer
shape with the thickness of less than 1000 nm , and the
second layer 66 which is made of the hydrogen storage
metal, the hydrogen storage alloy, or the ceramics different
from that of the first layer 65 and has a layer shape with the
thickness of less than 1000 nm .
(0142 ] In the heat generating device 61, the electrolyte 70
is electrolyzed using the electrode 69 immersed in the
electrolyte 70 as an anode and the heat generating element

60 as a cathode ( step of hydrogen generation ), and water
contained in the electrolyte 70 is separated into hydrogen
and oxygen , thereby a part of the generated hydrogen
permeates through the heat generating element 60. That is ,
in the heat generating element 60 , hydrogen (deuterium or
protium ) permeates toward the base 63 whose back surface
is in the vacuum space from the multilayer film 64 which is
a high -density hydrogen side where the electrolyte 70 is
present. Thus, the heat generating device 61 can generate
excess heat by allowing the hydrogen to permeate through
the heterogeneous material interface 67 between the first
layer 65 and the second layer 66 in a manner of quantum
diffusion . Accordingly, the heat generating device 61 can
generate excess heat by allowing the hydrogen to permeate
through the first layer 65 and the second layer 66 of the
multilayer film 64.
( 10 ) Relation Between Thickness Ratio of Each

Layer of Multilayer Film and Excess Heat
[0143] Using a multilayer film manufactured by stacking
a first layer made of Cu and a second layer made of Ni on
a base made of Ni, a relation between a thickness ratio of the
first layer and the second layer and excess heat was inves
tigated . Hereinafter, the thickness ratio of each layer of the
multilayer film is described as Ni:Cu .
[0144 ] Seven types of heat generating elements including
a multilayer film manufactured under the same conditions as
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a multilayer film 25d of Example 4 illustrated in FIG . 12A except for the number of layers were prepared as Examples
except for Ni:Cu were prepared as Examples 6 to 12. In each 13 to 20. In Examples 4 and 13 to 20 , the number of layers
of Examples 4 and 6 to 12 , Ni:Cu is 7 : 1, 14 : 1, 4.33 :1 , 3 : 1, of the multilayer films is 5 , 3, 7, 6 , 8, 9 , 12 , 4 , and 2 ,
5 : 1, 8 :1 , 6 : 1, and 6.5 : 1. In Examples 4 and 6 to 12 , the respectively. Using the heat generating element 5b of
thickness of the entire multilayer film was almost the same. Example 4 and the heat generating elements of Examples 13
In each of the multilayer films of Examples 4 and 6 to 12 , to 20 , nine types of heat generating structures illustrated in
the stacking configuration of the first layer and the second FIG . 2 were manufactured . As illustrated in FIG . 1, each of
layer is repeatedly stacked . In Examples 4 and 6 to 12 , the the heat generating structures was installed in the container
number of stacking configurations of the multilayer films 2 of the heat generating device 1.
(hereinafter, referred to as the number of layers ofmultilayer [0149 ] In the heat generating device 1 provided with the
films) was 5. Using each of the heat generating elements of nine types of heat generating structures in the container 2 ,
Examples 4 and 6 to 12 , eight types of heat generating the temperature of the heat generating element during the
structures illustrated in FIG . 2 were manufactured . As illus
heating step was measured by the same method as “ (10 )
trated in FIG . 1 , each of the heat generating structures was Relation between Thickness Ratio of Each Layer of Multi
installed in the container 2 of the heat generating device 1 . layer Film and Excess Heat" described above . The results
[0145 ] In the heat generating device 1 provided with the are illustrated in FIG . 20. FIG . 20 is a graph obtained by
eight types of heat generating structures in the container 2 , fitting measured data using a predetermined method. In FIG .
a hydrogen occluding step and heating step were repeated . 20, a heater temperature was indicated on an abscissa , and
The input power was 9 W , 18 W , and 27 W with the power of excess heat was indicated on an ordinate . In FIG .
hydrogen occluding step . Then , the temperature of the heat 20 , based on the thickness of each layer, Example 4 was
generating element at the time of each heating step was expressed as “Ni0.875Cu0.125; five layers” , Example 13 was
measured by the thermocouple built in the heater of the heat expressed as “ Ni0.875Cu0.125 ; three layers” , Example 14 was
generating structure . The results are illustrated in FIG . 19 . expressed as “ Ni0.875Cu..125 ; seven layers” , Example 15
FIG . 19 is a graph obtained by fitting measured data using was expressed as “ Ni0.875Cu..125; six layers”, Example 16
a predetermined method. In FIG . 19 , a heater temperature was expressed as “N10.875Cu..125 ; eight layers ”, Example 17
was indicated on an abscissa , and power of excess heat was was expressed as “ Ni0.875Cu..125; nine layers ” , Example 18
indicated on an ordinate . In FIG . 19 , Example 4 was was expressed as “ Ni..875Cu..125 ; twelve layers ” , Example
expressed as “Ni:Cu = 7: 1” , Example 6 was expressed as 19 was expressed as “ Ni0.875Cu0.125 ; four layers” , and
“ Ni:Cu = 14 :1 ” , Example 7 was expressed as “ Ni:Cu = 4.33: Example 20 was expressed as “ Ni0.875Cu..125 ; two layers” .
1” , Example 8 was expressed as “ Ni: Cu = 3 :1” , Example 9 [0150] From FIG . 20 , it was confirmed that all of the heat
was expressed as “ Ni: Cu = 5 : 1” , Example 10 was expressed generating elements of Examples 4 and 13 to 20 generated
as “ Ni: Cu = 8 : 1” , Example 11 was expressed as “ Ni:Cu= 6 : 1” , excess heat. Comparing heat generating elements of
and Example 12 was expressed as “ Ni:Cu = 6.5 :1” .
Examples 4 and 13 to 20 with each other at the heater
[0146 ] From FIG . 19, it was confirmed that all of the heat temperature of 840 ° C. or higher, it can be seen that the
generating elements of Examples 4 and 6 to 12 generated excess heat is largest in Example 15 in which the number of
excess heat. Comparing heat generating elements of layers of the multilayer films is 6 and the excess heat is
Examples 4 and 6 to 12 with each other at the heater smallest in Example 16 in which the number of layers of the
temperature of 700 ° C. or higher, it can be seen that the multilayer films is 8. As described above, it is thought that
largest excess heat is generated in Example 4. It can be seen the reason why the excess heat does not simply increase with
that the heat generating element of Example 7 generates respect to the number of layers of the multilayer films is
excess heat over a wide range of heater temperature of 300 ° because the wavelength of the behavior of the hydrogen
C. or higher and 1000 ° C. or lower, compared with the heat wave in the multilayer film is a nanometer order and
generating elements of Examples 4 , 6 , and 8 to 12. In interferes with the multilayer film . From the above, the
Examples 4 and 7 to 12 where Ni:Cu of the multilayer film
number of layers of themultilayer films is preferably within
is 3 : 1 to 8 : 1 , it can be seen that the excess heat increases as the range of 2 to 12 , and more preferably within the range
the heater temperature increases. In Example 6 where Ni: Cu of 4 to 7 .
of the multilayer film is 14 :1 , it can be seen that the excess
(12 ) Relation Between Material of Multilayer Film
heat decreases when the heater temperature is 800 ° C. or
and Excess Heat
higher. As described above, it is thought that the reason why
the excess heat does not simply increase with respect to the [0151] Using a multilayer film manufactured by stacking
ratio of Ni and Cu is due to the quantum effect of hydrogen
first layer made of Ni, a second layer made of Cu , and a
in the multilayer film . From the above, Ni: Cu of the multi athird
made of hydrogen storage metals, hydrogen
layer film is preferably within the range of 3: 1 to 14 :1, and storagelayer
alloys
, or ceramics different from those of the first
more preferably within the range of 3: 1 to 8 : 1.
layer and the second layer , a relation between a type of
material for forming the third layer and excess heat was
(11) Relation Between Number of Layers of
investigated .
Multilayer Films and Excess Heat
[0152 ] Eight types ofheat generating elements including a
[0147 ] Using a multilayer film manufactured by stacking multilayer film manufactured under the same conditions as
a first layer made of Cu and a second layer made of Ni on a multilayer film 25e of Example 5 illustrated in FIG . 13A
a base made of Ni, a relation between the number of layers except for the type of material for forming the third layer
were prepared as Examples 21 to 28. In each of Examples
ofmultilayer films and excess heat was investigated .
[0148 ] Eight types of heat generating elements including a 5 and 21 to 28 , the type of material for forming the third
multilayer film manufactured under the same conditions as layer is CaO , SIC , Y , 0 , Tic , Co , LaB , Zrc , TiB ,, and
a multilayer film 25d of Example 4 illustrated in FIG . 12A CaOZro . Using the heat generating element 5e of Example
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5 and the heat generating elements of Examples 21 to 28 ,
nine types of heat generating structures illustrated in FIG . 2
were manufactured . As illustrated in FIG . 1, each of the heat
generating structures was installed in the container 2 of the
heat generating device 1 .

[0153 ] In the heat generating device 1 provided with the
nine types of heat generating structures in the container 2 ,
the temperature of the heat generating element during the
heating step was measured by the same method as “ ( 10 )
Relation between Thickness Ratio of Each Layer of Multi
layer Film and Excess Heat” described above. The results
are illustrated in FIG . 21. FIG . 21 is a graph obtained by
fittingmeasured data using a predetermined method . In FIG .
21 , a heater temperature was indicated on an abscissa , and
power of excess heat was indicated on an ordinate . In FIG .
21, based on the thickness of each layer, Example 5 was
expressed as “ Nio.793 Ca00.113 Cu..094” , Example 21 was
expressed as “ Ni0.793 SiCo20.113Cu0.094" , Example 22 was
expressed as “ Ni0.793 Y2030.113Cu0.094” , Example 23 was

expressed as “Nio.793 TiC0.113Cu..094 ", Example 24 was
expressed as “Ni0.793 C00.113Cu0.094" , Example 25 was
expressed as “ Ni0.793LaB60.113 Cu..094" , Example 26 was
expressed as “Ni..793Z1C0.113 Cu..094", Example 27 was
expressed as “ Ni0793 TiB20.113 Cu..094 " , and Example 28 was
expressed as " Ni0.793CaOZr00.113 Cu0.094" .

[0154 ] From FIG . 21 , it was confirmed that excess heat is
generated in all of Examples 5 and 21 to 28. In particular, it
can be seen that the excess heat is almost linearly increases
over a wide range of heater temperature of 400 ° C. or higher
and 1000 ° C. or lower in Example 5 in which the material
for forming the third layer is CaO , Example 23 in which the
material is TiC , and Example 25 in which the material is
LaB ., compared with other Examples 21 , 22 , 24 , and 26 to
28. The material for forming the third layer of Examples 5 ,
23 , and 25 has a work function smaller than those of other
Examples 21, 22, 24 , and 26 to 28. From this point, it can
be seen that the material for forming the third layer is
preferably a material having a small work function . From
these results , there is a possibility that the electron density
in the multilayer film contributes to the reaction by which
excess heat is generated .

(13) Heat Generating Device Using Heat

Generating Module
(13-1) Heat Generating Module
[0155 ] A heat generating module 80 will be schematically

described with reference to FIG . 22. The heat generating
module 80 includes a plurality of heat generating structures

83 including a heat generating element 81 and a heater 82.
In this example , the heat generating module 80 includes 20
heat generating structures 83. In the heat generating module
80 , one heat generating unit 84 is formed by four heat
generating structures 83. That is , the heat generating module

80 includes five heat generating units 84. In addition , the
heat generating module 80 includes, in addition to the
plurality of heat generating structures 83, a power source 85
that supplies power to the heater 82 , a temperature measur
ing unit 86 thatmeasures a temperature of the heater 82 , and
a heat reflecting portion 87 that reflects heat generated by the
heat generating element 81.
(0156 ] In the heat generating module 80 , five heat gener
ating units 84 are provided inside the cylindrical heat
reflecting portion 87 , and an inner surface of the heat

reflecting portion 87 faces an outer surface of each of the
heat generating units 84. The heat generating structure 83 is
formed in a plate shape and includes the heat generating
elements 81 provided on both sides thereof. The heat gen
erating unit 84 is formed in a cylindrical shape and has side
surfaces made up of the heat generating structure 83. For this
reason, the plurality of heat generating structures 83 are
disposed so that first surfaces thereof face each other.
Further, the plurality of heat generating structures 83 are
disposed so that a second surface faces the heat reflecting
portion 87. In the heat generating module 80, therefore , the
heat generating elements 81 provided on the first surface of
the heat generating structure 83 face each other , and the heat
generating element 81 provided on the second surface of the
heat generating structure 83 faces the heat reflecting portion
87 .

[0157 ] The heat generating element 81 is a heat generating
element including various configurations ofmultilayer films,
for example , the above -described heat generating elements
5a to 5e. The heater 82 is, for example , a ceramic heater , and
is provided inside the heat generating structure 83. The
heater 82 is connected to the power source 85 provided
outside the heat reflecting portion 87 via a wiring 85a . The
power source 85 is provided for each of the heat generating
units 84. One power source 85 is connected to in parallel
with fourheaters 82 provided in one heat generating unit 84 .
The wiring 85a is provided with an ammeter -voltmeter 88
that is used to measure power supplied to the heater 82. The
wiring 85a is taken out in a right direction of paper in
consideration of visibility of the drawing in FIG . 22 , but,
actually, is taken out from an opening located at a lower part
of the heat reflecting portion 87. In FIG . 22 , the wiring 85a
is indicated by a number of lines corresponding to the
number of heaters 82, that is , four lines for one heat
generating unit 84 .
[0158 ] The heat generating module 80 further includes a
temperature measuring unit 89 , which measures a tempera
ture of the heat generating unit 84 , in addition to the
temperature measuring unit 86. In this example, one tem
pe ure measuring unit 89 is provided at an upper part of the
uppermost heat generating unit 84 , one temperature mea
suring unit is provided at a lower part of the lowermost heat
generating unit 84 , and one temperature measuring unit is
provided between the heat generating units 84. The tem
perature measuring unit 86 and the temperature measuring
unit 89 are, for example, thermocouples. The temperature
measuring unit 86 and the temperaturemeasuring unit 89 are
taken out in a left direction of paper in consideration of
visibility of the drawing in FIG . 22 , but, actually , is taken out
from the opening located at the lower part of the heat
reflecting portion 87. In FIG . 22 , the temperaturemeasuring
unit 86 is indicated by a number of lines corresponding to
the number of heaters 82, that is, four lines for one heat
generating unit 84 .
[0159 ] The heat reflecting portion 87 is formed of a
material that reflects heat generated by the heat generating
element 81. Examples of the materials of the heat reflecting
portion 87 includemolybdenum , aluminum , zirconium , and
platinum . In FIG . 22 , the heat reflecting portion 87 is formed
in a rectangular cylindrical shape by four reflecting plates.
The heat reflecting portion 87 may be one in which the
reflecting plates are integrally formed , or may be one in
which the reflecting plates are formed separately . The shape
of the heat reflecting portion 87 is not limited to the
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rectangular cylindrical shape, and may be appropriately
designed in a polygonal cylindrical shape, a cylindrical
shape, an elliptical cylindrical shape, or the like .
[0160 ] A structure of the heat generating structure 83 will
be described in detail with reference to FIG . 23. The heat
generating structure 83 includes , in addition to the heat
generating element 81 and the heater 82 , a substrate 90
provided between the heat generating element 81 and the
heater 82, and a holder 91 that holds the heat generating
element 81 , the heater 82 , and the substrate 90. In FIG . 23 ,
the heat generating structure 83 has a configuration in which
the substrate 90 , the heat generating element 81, and the
holder 91 are sequentially disposed on both sides of the
heater 82, and is formed in a manner that the holders 91 are
screwed , for example . In FIG . 23, each of the wiring 85a and
the temperature measuring unit 86 is indicated by two lines.
[0161] The substrate 90 is formed of, for example , SiO2 in
a plate shape. The substrate 90 is a spacer that is provided
on both surfaces of the heater 82 and prevents contact

between the heat generating element 81 and the heater 82.
[0162 ] The holder 91 is formed of, for example, ceramics
in a plate shape . The holder 91 includes an opening 93
provided at the center of a flat plate 92 and a stepped portion
94 provided in the opening 93. The flat plate 92 is formed in
a substantially rectangular shape in a plan view , and a notch

is provided at end portions facing each other with the
opening 93 interposed therebetween . The flat plate 92 is

provided with screw holes 96. The heat generating element
81 is disposed in the opening 93. The heat generating
element 81 disposed in the opening 93 is positioned by the
stepped portion 94 and is prevented from falling off . Thus,
the heat generating element 81 is held by the holder 91 in a
state of being exposed from the opening 93 .
( 13-2 ) Overall Configuration of Heat Generating
Device Using Heat Generating Module
[0163 ] As illustrated in FIG . 24 , a heat generating device
101 includes a heat generating module 80 , a container 102
that accommodates the heat generating module 80 , a
vacuum exhaust unit 103 that vacuum - exhausts the inside of
the container 102 , a gas supply unit 104 that supplies a
hydrogen -based gas into the container 102, and a control
unit 105 that controls an output of excess heat. Although the
heat generating device 101 will be described below , theheat
generating device 101 is an example of a heat generating
device using the heat generating module 80 , and arrange
ment of each member, extraction of wiring , and the like are
not limited . In FIG . 24 , a power source 85, a wiring 85a, an
ammeter- voltmeter 88 , a temperature measuring unit 86 , and

a temperature measuring unit 89 are simply illustrated in
consideration of visibility of the drawing .
[0164] The container 102 is formed of stainless, for
example . The container 102 includes a cylindrical first
container main body 107, a cylindrical second container

main body 108 communicating with the first container main
body 107, a lid 109 provided on the first container main body

107 , and a bottom 110 provided on the second container

main body 108 .

[0165 ] A tubular circulation path 33 is provided on an

outer periphery of the container 102. A fluid heated by heat
generated by the heat generating module 80 circulates inside
the circulation path 33. The circulation path 33 is provided
with a thermoelectric converter 34 that thermoelectrically
converts the heat of the heated fluid .

[0166 ] The first container main body 107 accommodates
the heat generating module 80 therein . The lid 109 is

provided at one end of the first container main body 107 via
a sealing material (not illustrated ). The other end of the first
container main body 107 is connected to one end of the

second container main body 108. A sealing material (not
illustrated ) is provided at a connection portion between the
first containermain body 107 and the second containermain
body 108. At the other end of the second container main
body 108 , the bottom 110 is provided via a sealingmaterial
(not illustrated ).
[0167 ] On side surfaces of the second container main body
108 , a first connection portion 111 and a second connection
portion 112 are provided . The first connection portion 111
connects the inside of the container 102 and the gas supply
unit 104 via a hydrogen -based gas introduction path 116 .
The hydrogen -based gas introduction path 116 is provided
with regulating valves 117a and 1176. Although not illus
trated , the gas supply unit 104 includes a tank that accom
modates , for example , a hydrogen -based gas and a pump
that sends the hydrogen -based gas accommodated in the
tank to the hydrogen - based gas introduction path 116. Fur
ther, the first connection portion 111 connects the inside of
the container 102 and the vacuum exhaust unit 103 via an
exhaust path 118. The exhaust path 118 is provided with a
regulating valve 117c. The vacuum exhaust unit 103
includes, for example, a dry pump.
[0168 ] The second connection portion 112 is used to take
out the wiring 85a , the temperature measuring unit 86 , and

the temperature measuring unit 89 to the outside of the
container 102 via a sealing material (not illustrated ). The

wiring 85a taken out from the second connection portion
112 is connected to the power source 85 via the ammeter
voltmeter 88. The temperature measuring unit 86 and the
temperature measuring unit 89 taken out from the second

connection portion 112 are electrically connected to the
control unit 105 .

[0169 ] The control unit 105 is electrically connected to the

power source 85 , the ammeter -voltmeter 88 , the vacuum
exhaust unit 103 , the gas supply unit 104 , and the thermo
electric converter 34. The control unit 105 adjusts the input

power of the heater 82 , the supply amount of the hydrogen
based gas , the pressure in the container 102 , and the like to
control the output of the excess heat. For example, the
control unit 105 selectively turns ON and OFF five power
sources 85 to increase the output of the excess heat. In
addition , the control unit 105 may feedback the measure
ment results, for example , the temperature measured by the
temperature measuring unit 86 or the temperature measuring
unit 89 , the power measured by the ammeter- voltmeter 88 ,
and the power converted by the thermoelectric converter 34 ,
for control of the output of the excess heat.
[0170 ] A support portion 120 is provided inside the con
tainer 102 to support the heat generating module 80. The
support portion 120 includes a support portion main body
121 having one end fixed to the bottom 110 , a top plate 122
provided at the other end of the support portion main body
121, a fixing base 123 provided in the middle of the support
portion main body 121 , and a support pillar portion 124
fixed to the fixing base 123. The support portion main body
121 extends from the bottom 110 to the vicinity of the lid
109. The fixing base 123 is disposed in the vicinity of the
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connection portion between the first container main body
107 and the second container main body 108 in the support
portion main body 121.
[0171 ] As illustrated in FIG . 25 , the heat generating mod
ule 80 is supported by the support pillar portion 124. FIG . 25
illustrates a portion ofone heat generating unit 84 of the heat
generating module 80. The support pillar portion 124
includes a first support pillar 124a , a second support pillar
124b , and a third support pillar 124c. The number of each of
the first to third support pillars 124a to 124c is four. The four
first support pillars 124a are disposed at equal intervals. The
four second support pillars 124b are equally spaced from
each other, and are disposed outside the first support pillars
124a . The four third support pillars 124c are equally spaced
from each other, and are disposed outside the second support

pillars 124b.

[ 0172 ] The heat generating structure 83 is fixed to the first
support pillar 124a . For example , the heat generating struc
ture 83 is fixed to the first support pillar 124a using a screw
126 in a state where a screw hole 96 of the heat generating
structure 83 is aligned with a screw hole 127 provided in the
first support pillar 124a . The fixingbetween the first support
pillar 124a and the heat generating structure 83 is reinforced
using a pressing member 128. The pressing member 128 is
provided on the second support pillar 124b and reliably
prevents the heat generating structure 83 from falling off.
The heat reflecting portion 87 is fixed to the third support
pillar 124c. The heat reflecting portion 87 is fixed to the third
support pillar 124c by screwing , for example .
( 13-3 ) Operational Effects
[0173 ] In the above configuration , the heat generating
device 101 uses the heat generating module 80 made up of

the plurality of heat generating structure 83. Since the heat
generating module 80 is disposed such that the heat gener
ating elements 81 provided on first surfaces of the heat

generating structures 83 face each other, the heat generating
element 81 is heated by the heatof the heater 82 and the heat
generated by another opposing heat generating element 81 .
As a result, the heat generating device 101 can reduce the
input power required to maintain a desired temperature.

[0174 ] In addition , since the heat generating module 80 is
disposed such that the heat generating element 81 provided
on the second surface of the heat generating structure 83
faces the heat reflecting portion 87, the heat generating
element 81 is heated by the heat of the heater 82 and the heat
reflected by the heat reflecting portion 87. As a result, the
heat generating device 101 can further reduce the input
power required to maintain a desired temperature .
( 13-4 ) Verification Test
[0175 ] A verification test was performed on the above
described input power reduction effect. In the verification
test, a heat generating structure 83 was manufactured using
the heat generating element 5e including the multilayer film
25e of Example 5. A heat generating module 80 was
manufactured using five heat generating units 84 made up of

the heat generating structure 83, and was accommodated in
the container 102 .

[0176 ] In a verification test, first, all the five power sources
85 corresponding to the five heat generating units 84 were
turned ON , and the input power was increased stepwise
while measuring the temperature . After a predetermined

time has elapsed since the power sources 85 were turned
ON , only the power source 85 corresponding to the third
heat generating unit 84 among the five heat generating units
84 was kept in the ON state , and the other four power
sources 85 were turned OFF. The input power required to a
desired temperature was compared between when all the five
power sources 85 were turned ON and when only the power

source 85 corresponding to the third heat generating unit 84

was turned ON .

[0177 ] The results are illustrated in FIG . 26. In FIG . 26 , an
abscissa indicates an elapsed time (H ), a left first ordinate
indicates input power ( W ), and a right second ordinate
indicates a heater temperature (° C.). The input power (W )
is an average value of the power supplied to four heaters 82
of the third heat generating unit 84. The heater temperature
(° C .) is an average value of the temperatures of four heaters
82 of the third heat generating unit 84. In FIG . 26 , a period
in which all of the five power sources 85 are turned ON is

expressed as “ first to fifth heaters: ON ” , and a period in

which only the power source 85 corresponding to the third
heat generating unit 84 is turned ON is expressed as " only
third heater: ON ” . It can be seen from FIG . 26 that, in order

to keep the heater temperature at 650 ° C., 44.1 W of input
power is required when only one power source 85 is turned
ON ; and 27.8 W of input power is required when all the five
power sources 85 are turned ON . From this point, it is
confirmed thatwhen all the five power sources 85 are turned
ON , the same temperature can be maintained with 0.63
times the input power, compared with when only one power
source 85 is turned ON .

( 14 ) Modification Example

[0178 ] The heat generating device according to each of the
above embodiments is an example of the heat generating
device including the heat generating element having the
multilayer film having various configurations described
above , and is not limited thereto .

[0179 ] The heat generating device 1 may include one heat
generating element 5 or three or more heat generating

elements 5 without being limited to include two heat gen
erating elements 5. The heat generating device 1 including
one heat generating element 5 preferably further includes a
heat reflecting portion 87. The heat reflecting portion 87 is

provided inside a container 2, and is disposed to face the heat
generating element 5. The heat generating element 5 is
heated by heat of a heater 6 and heat reflected by the heat
reflecting portion 87. As a result, the heat generating device
1 reduces the input power required to maintain a desired
temperature .
[0180 ] In the heat generating device 1, the arrangement of
the heat generating element 5 and the arrangement of the
heater 6 are not particularly limited . For example, two heat
generating elements 5 may be placed at intervals to face each
other, and the heater 6 may be disposed along a direction in
which the heat generating elements 5 are arranged . That is,
the heat generating device 1 may include a plurality of heat
generating elements 5 arranged at intervals and a heater 6
provided along the arrangement direction of the heat gen
erating elements 5. The arrangement direction of the heat
generating elements 5 is , for example , a direction orthogonal
to the surface of the heat generating elements 5. In this
example , the heat generating element 5 is heated by the heat
of the heater 6 and the heat generated by another opposing
heat generating element 5. As a result, the heat generating
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device 1 reduced the input power required to maintain a
desired temperature . Even when three or more heat gener
ating elements 5 are placed at intervals to face each other,
three or more heat generating elements 5 can be heated by
one heater 6 by the arrangement of the heater 6 along the

arrangement direction of the heat generating elements 5 .
[0181] The heat generating device 31 may further include

a heat reflecting portion 87. The heat reflecting portion 87 is
provided inside the container 37 , and is disposed to face the
heat generating element 38. When the heat generating device
31 includes a plurality of heat generating elements 38 , the
heat reflecting portion 87 may be provided for each heat
generating element 38 , or may be provided along an inner
surface of the container 37 so as to cover the plurality ofheat
generating elements 38. The heat generating element 38 is
heated by the heat of the heater 39 and the heat reflected by
the heat reflecting portion 87. As a result, the heat generating
device 31 reduces the input power required to maintain a
desired temperature .
[0182] In the heat generating device 101, the number of
heat generating units 84 forming the heat generating module
80 and the number of heat generating structures 83 forming
the heat generating unit 84 are not particularly limited .
Further, the heat generating unit 84 is not limited to being

formed a cylindrical shape , and may be formed by a
plurality of heat generating structures 83 disposed radially .
REFERENCE SIGNS LIST

[0183] 1, 31 , 61, 101 heat generating device
[0184 ] 5 , 38 , 60 , 81 heat generating element
[0185 ] 6 , 39 , 82 heater
[0186 ] 22 , 51 , 63 base
[0187 ] 23 , 65 first layer
[0188 ] 24 , 66 second layer
1. A heat generating device comprising:

a container into which a hydrogen -based gas contributing
to heat generation is configured to be introduced ;

a heat generating element provided inside the container;
and
a heater configured to heat the heat generating element,
wherein
the heat generating element includes:
a base made of a hydrogen storage metal, a hydrogen
storage alloy, or a proton conductor ; and
a multilayer film provided on a surface of the base , the
multilayer film having a stacking configuration of:
a first layer that is made of a hydrogen storage metal
or a hydrogen storage alloy and has a layer shape
with a thickness of less than 1000 nm ; and
a second layer that is made of a hydrogen storage
metal , a hydrogen storage alloy , or ceramics dif
ferent from that of the first layer and has a layer
shape with a thickness of less than 1000 nm .
2. The heat generating device according to claim 1,
wherein
the first layer is made of any one of Ni, Pd , Cu, Cr, Fe,
Mg, Co, and alloys thereof, and
the second layer is made of any one ofNi, Pd , Cu , Cr, Fe ,
Mg, Co , alloys thereof, and SiC .
3. The heat generating device according to claim 1,
wherein
the multilayer film is configured such that the stacking
configuration of the first layer and the second layer is
repeatedly stacked .

4. The heat generating device according to claim 1,
the multilayer film has a configuration in which a third
layer is stacked in addition to the first layer and the
second layer, the third layer being made of a hydrogen
storage metal , a hydrogen storage alloy, or ceramics
different from those of the first layer and the second

wherein

layer and having a layer shape with a thickness of less
than 1000 nm .
5. The heat generating device according to claim 4 ,
wherein
the third layer is made of any one of CaO , Y203, and Tic .

6. The heat generating device according to claim 4 ,

wherein

the multilayer film is configured such that a stacking
configuration in which the second layer and the third
layer are stacked in any order and the first layer is
interposed between the second layer and the third layer
is repeatedly stacked .
7. The heat generating device according to claim 4 ,

wherein

the multilayer film has a configuration in which a fourth

layer is stacked in addition to the first layer, the second
layer, and the third layer, the fourth layer being made
of a hydrogen storage metal or a hydrogen storage alloy
different from those of the first layer, the second layer,

and the third layer and having a layer shape with a
8. The heat generating device according to claim 7 ,
wherein
the fourth layer of the multilayer film is made of any one
thickness of less than 1000 nm .

of Ni, Pd , Cu , Cr, Fe ,Mg, Co , alloys thereof, Sic , CaO ,
Y203, and Tic .

9. The heat generating device according to claim 7 ,
the multilayer film is configured such that a stacking
configuration in which the second layer , the third layer,
and the fourth layer are stacked in any order and the
first layer is interposed between the second layer and

wherein

the third layer and between the third layer and the
fourth layer and between the fourth layer and the
second layer is repeatedly stacked .
10. The heat generating device according to claim 1 ,
comprising :

a plurality of heat generating elements , each being defined
as the heat generating element, the plurality of heat
generating elements being provided inside the con
tainer and placed at intervals to face each other.
11. The heat generating device according to claim 1 ,
further comprising a pump, wherein
the base has a porous structure or a mesh structure, and
includes a hollow surrounded by an inner peripheral
surface of the base , and

the pump is configured to guide the hydrogen -based gas
in the container into the hollow by allowing the hydro
gen -based gas to permeate sequentially through the
multilayer film and the base .
12. The heat generating device according to claim 11 ,
further comprising:
a permeated - gas recovery path through which the hydro
gen -based gas guided into the hollow by the pump is
configured to return to the container again .
13. The heat generating device according to claim 1 ,
further comprising:
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a heat reflecting portion provided inside the container and
disposed to face the heat generating element.
14. A heat generating device comprising:
a container into which a hydrogen -based gas contributing
to heat generation is configured to be introduced ; and
a plurality of heat generating structures provided inside
the container, each heat generating structure including
a heat generating element and a heater configured to
heat the heat generating element, wherein
the heat generating element includes :

a base made of a hydrogen storage metal, a hydrogen
storage alloy, or a proton conductor; and
a multilayer film provided on a surface of the base, the
multilayer film having a stacking configuration of:
a first layer that is made of a hydrogen storage metal
or a hydrogen storage alloy and has a layer shape
with a thickness of less than 1000 nm ; and

a second layer that is made of a hydrogen storage
metal, a hydrogen storage alloy, or ceramics dif

ferent from that of the first layer and has a layer
shape with a thickness of less than 1000 nm .

15. The heat generating device according to claim 14 ,
the plurality ofheat generating structures respectively has
first surfaces facing each other, and
the heat generating element is provided on each of the first
surfaces of the plurality of heat generating structures .
16. The heat generating device according to claim 14 ,
further comprising:
a heat reflecting portion provided inside the container,
wherein
the plurality ofheat generating structures respectively has
first surfaces facing each other and second surfaces
facing the heat reflecting portion , and
the heat generating element is provided on each of the
second surfaces of the plurality of heat generating

wherein

structures.

17. A method for generating heat, comprising:
preparing a heat generating element including a multi
layer film provided on a surface of a base made of a

hydrogen storage metal, a hydrogen storage alloy, or a
proton conductor, the multilayer film having a stacking
configuration of a first layer that is made of a hydrogen
storage metal or a hydrogen storage alloy and has a
layer shape with a thickness of less than 1000 nm and
a second layer that is made of a hydrogen storage metal,
a hydrogen storage alloy , or ceramics different from

that of the first layer and has a layer shape with a
preparing a container in which the heat generating ele
ment is installed;
introducing a hydrogen -based gas contributing to heat
generation into the container and occluding hydrogen
in the heat generating element; and
heating the heat generating element in which the hydro
gen is occluded , to generate excess heat equal to or
higher than a heating temperature.
18. Themethod for generating heat according to claim 17 ,
wherein
the heating of the heat generating element is carried out
after introduction of the hydrogen -based gas into the
container is stopped .
19. The method for generating heat according to claim 17 ,
wherein
the base of the heat generating element has a porous
structure and includes a hollow surrounded by an inner
peripheral surface of the base ,
the introducing of the hydrogen -based gas into the con
tainer includes guiding , by a pump, the hydrogen -based
gas in the container into the hollow by allowing the
hydrogen -based gas to permeate sequentially through
the multilayer film and the base of the heat generating
element, and
the heating of the heat generating element is carried out
while guiding the hydrogen -based gas into the hollow
of the heat generating element.
thickness of less than 1000 nm ;

