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(54) HYDROGEN CONDENSATE AND METHOD OF GENERATING HEAT THEREWITH

(57) The present invention provides a method of
generating heat using a hydrogen condensate. The hy-
drogen condensate comprises a plurality of metal atoms
contained in a metal nano-ultrafine particle and a plural-
ity of hydrogen isotope atoms solid-dissolved among the
plurality of metal atoms. At least two of the plurality of
hydrogen isotope atoms are condensed so that the in-
ter-atomic nuclear distance between two hydrogen iso-
tope atoms is smaller than or equal to the internuclear
spacing of a molecule consisting of two hydrogen iso-
tope atoms. The heat generation method comprises ap-
plying energy to the hydrogen condensate and gener-
ating heat by causing the at least two hydrogen isotope
atoms to react with each other due to the energy.
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Description

TECHNICAL FIELD

[0001] The present Invention relates to a hydrogen
condensate such that a plurality of hydrogen isotope at-
oms are solid-dissolved among a plurality of metal at-
oms, and a method of generating heat using the hydro-
gen condensate.
[0002] The present invention makes it possible to pro-
duce new energy which is safe and whose resource is
guaranteed to be inexhaustible and which is therefore
desired by the human race, and helium gas which is use-
ful and whose abundance is very small. Further, the
present invention provides an immeasurable contribu-
tion to development of new science and technology in
a wide variety of fields, such as energy science and
technology, material science and technology, refrigerant
technology, aeronautical engineering and the like, and
further, any activities for the continuation of the human
race, and the conservation of the Earth's environment.

BACKGROUND ART

[0003] Conventional energy sources include fossil fu-
els, water power, nuclear energy, wind power, hydrogen,
solar light, and the like. However, when these energy
sources are used, serious problems inevitably arise, in-
cluding exhaustion of resources, environmental de-
struction, inefficiency and the like. Therefore, there are
concerns over the use of these energy sources for the
future . On the other hand, ultrahigh temperature nucle-
ar fusion has been proposed as a new energy source,
however, its practical use is still distant.
[0004] Recently, methods of utilizing electrolysis us-
ing palladium electrodes (Pd) have been developed as
an energy source. However, for most of them, there are
doubts about the possibility of the practical use as an
energy source.
[0005] For example, a method of utilizing a Double
Structure (DS) cathode, with which the present inven-
tors attained the only success, has a poor level of heat
generation efficiency, and its industrialization was actu-
ally impossible (see Yoshiaki Arata, M. J. A, and
Yue-Chang Zhang, Formation of condensed metallic
deuterium lattice and nuclear fusion, Proceedings of the
Japan Academy, the Japan Academy, March 28, 2002,
Vol. 78, Ser. B, No. 3, p. 57-62).
[0006] The DS-cathode used in the above-described
method is, for example, a DS-cathode using Pd black
ultrafine particles (see WO95/35574) or a DS-cathode
using metal nanoparticles (see Japanese Laid-Open
Publication No. 2002-105609).
[0007] Further, the present inventors made an at-
tempt to apply ultrasonic energy to a bulk (metal bulk)
or a foil (metal foil) implanted with deuterium oxide
(D2O) to generate heat. However, the efficiency of the
heat generation is poor, so that there are doubts about

the industrialization of this technique (see Yoshiaki Ar-
ata, M. J. A. , and Yue-Chang Zhang, Nuclear fusion re-
acted inside metals by intense sonoplantation effect,
Proceedings of the Japan Academy, the Japan Acade-
my, March 28, 2002, Vol. 78, Ser. B, No. 3, p. 63-68).
[0008] The present invention is provided to solve the
above-described problems. An object of the present in-
vention is to provide: (1) a hydrogen condensate in
which a larger quantity of hydrogen isotope atoms are
solid-dissolved among metal atoms than in conventional
techniques; and (2) a method of generating heat using
the hydrogen condensate.

DISCLOSURE OF THE INVENTION

[0009] The present invention was completed based
on the finding that the hydrogen condensate of the
present invention has a function or behavior different
from conventional bulk (metal bulk) or foil (metal foil) and
is useful as a material for a nuclear fusion reaction. In
other words, the present invention was completed by
novel and innovative exploration, selection and combi-
nation of various conditions using the hydrogen conden-
sate of the present invention, but not modification of con-
ditions for conventional bulk or foil.
[0010] The present inventors disproved a convention-
al established theory after we had keenly and diligently
studied for over half a century. According to the conven-
tional established theory, when deuterium is solid-dis-
solved in palladium particles, which are known to be the
best to solid-dissolve hydrogen, the number of deuteri-
um atoms/the number of palladium atoms is 70 to 80%
and cannot exceed 100%. To our surprise, we achieved
a pressurizing effect corresponding to several hundred
millions of atmospheric pressure to hydrogen gas by ap-
plying a practical level of pressure (about 0.3 to about
100 atmospheric pressure), and utilized a hydrogen
condensate which was produced under a practical level
of pressure for a nuclear fusion reaction. The present
invention was completed based on our achievements
and perspectives. Energy which is generated using the
heat generation method of the present invention is re-
ferred to as "ARATA ENERGY".
[0011] A method of the present invention is a method
of generating heat using a hydrogen condensate. The
hydrogen condensate comprises a metal nano-ultrafine
particle containing a plurality of metal atoms and a plu-
rality of hydrogen isotope atoms solid-dissolved among
the plurality of metal atoms, and at least two of the plu-
rality of hydrogen isotope atoms are condensed so that
an inter-atomic nuclear distance between the two hydro-
gen isotope atoms is smaller than or equal to an inter-
nuclear spacing of a molecule consisting of the two hy-
drogen isotope atoms. The heat generation method
comprises applying energy to the hydrogen conden-
sate, and generating heat by causing the at least two
hydrogen isotope atoms to react with each other due to
the energy. Thereby, the above-described object is
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achieved.
[0012] The plurality of metal atoms may be metal at-
oms of at least one species selected from the group con-
sisting of palladium, titanium, zirconium, silver, iron,
nickel, copper, and zinc.
[0013] Another method of the present invention is a
method of generating heat using a hydrogen conden-
sate. The hydrogen condensate comprises a metal alloy
composite containing a plurality of metal atoms and a
plurality of hydrogen isotope atoms solid-dissolved
among the plurality of metal atoms, and at least two of
the plurality of hydrogen isotope atoms are condensed
so that an inter-atomic nuclear distance between the two
hydrogen isotope atoms is smaller than or equal to an
internuclear spacing of a molecule consisting of the two
hydrogen isotope atoms. The heat generation method
comprises applying energy to the hydrogen conden-
sate, and generating heat by causing the at least two
hydrogen isotope atoms to react with each other due to
the energy. Thereby, the above-described object is
achieved.
[0014] The energy may be generated based on at
least one of ultrasonic wave, strong magnetic field, high
pressure, laser, laser explosive flux-compression, high-
density electron beam, high-density current, discharge,
and chemical reaction.
[0015] In the step of generating heat, the at least two
hydrogen isotope atoms are reacted with each other to
generate a helium molecule in addition to the heat.
[0016] A hydrogen condensate of the present inven-
tion comprises a metal nano-ultrafine particle containing
a plurality of metal atoms, and a plurality of hydrogen
isotope atoms solid-dissolved among the plurality of
metal atoms. At least two of the plurality of hydrogen
isotope atoms are condensed so that an inter-atomic nu-
clear distance between the two hydrogen isotope atoms
is smaller than or equal to an internuclear spacing of a
molecule consisting of the two hydrogen isotope atoms.
Thereby, the above-described object is achieved.
[0017] The plurality of metal atoms may be metal at-
oms of at least one species selected from the group con-
sisting of palladium, titanium, zirconium, silver, iron,
nickel, copper, and zinc.
[0018] Another hydrogen condensate of the present
invention comprises a metal alloy composite containing
a plurality of metal atoms, and a plurality of hydrogen
isotope atoms solid-dissolved among the plurality of
metal atoms. At least two of the plurality of hydrogen
isotope atoms are condensed so that an inter-atomic nu-
clear distance between the two hydrogen isotope atoms
is smaller than or equal to an internuclear spacing of a
molecule consisting of the two hydrogen isotope atoms.
Thereby, the above-described object is achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Figure 1 is a diagram schematically showing an ex-
emplary structure of a hydrogen condensate 100.

Figure 2 is a diagram showing an exemplary struc-
ture of a heat generation apparatus 200.

Figure 3 is a diagram showing changes over time
in heat generated by solid-dissolving a mixture gas
of deuterium gas and helium gas into a ZrO2·Pd par-
ticle, and changes over time in the internal pressure
of a reaction furnace 201.

Figure 4 is a diagram showing comparison between
heat generation before applying an ultrasonic wave
to the ultrahigh-density deuterated nanoparticle
and heat generation during application of ultrasonic
wave.

Figure 5 is a diagram showing comparison of an ul-
trahigh-density deuterated nanoparticle sample
produced by solid-dissolving deuterium atoms into
a ZrO2·Pd particle between before and after apply-
ing the ultrasonic wave to the sample (before and
after a nuclear fusion reaction).

Figure 6A is a diagram showing the result of anal-
ysis of gas generated when the ultrasonic wave was
applied to an ultrahigh-density deuterated nanopar-
ticle produced by solid-dissolving deuterium atoms
into a ZrO2·Pd particle (during a nuclear fusion re-
action).

Figure 6B is a diagram showing the result of anal-
ysis of gas generated after the ultrasonic wave was
applied to a ultrahigh-density deuterated nanopar-
ticle produced by solid-dissolving deuterium atoms
into a ZrO2·Pd particle (after a nuclear fusion reac-
tion).

Figure 6C is a diagram showing spectra of M4.

Figure 7 is a diagram schematically showing an ex-
emplary structure of a hydrogen condensate 300.

Figure 8 is a diagram showing changes over time
in heat generated by solid-dissolving deuterium gas
into a Zr3NiO·Pd particle, and changes over time in
the internal pressure of the reaction furnace 201.

Figure 9 is a diagram showing that it is more difficult
for deuterium atoms to be solid-dissolved in a
Zr3NiO·Pd particle when a mixture gas of deuterium
gas and helium gas is used than when deuterium
gas is used.
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Figure 10 is a diagram showing the result of analy-
sis of gas generated when the ultrasonic wave was
applied to a deuterium condensate produced by sol-
id-dissolving deuterium atoms into a Zr3NiO·Pd par-
ticle (during a nuclear fusion reaction).

Figure 11 is a diagram showing that the quantity of
helium generated by applying the ultrasonic wave
to a deuterium condensate produced by solid-dis-
solving deuterium atoms into a Zr3NiO·Pd particle
is larger than the quantity of helium generated by
applying the ultrasonic wave to a deuterium con-
densate produced by solid-dissolving deuterium at-
oms into a ZrO2·Pd particle.

BEST MODE FOR CARRYING OUT THE INVENTION

(Definition of terms)

[0020] Hereinafter, terms used herein will be defined.
[0021] "Metal nano-ultrafine particle": a metal nano-
ultrafine particle means both "a metal nano-ultrafine
particle and a group thereof" and "a surface layer cor-
responding to two-dimensional metal nano-ultrafine
particles".
[0022] The metal nano-ultrafine particle (spherical
shape) and the surface layer (circular shape) corre-
sponding to two-dimensional metal nano-ultrafine parti-
cles have an average diameter which is calculated from
a lattice size composed of at least 13 metal atoms. The
average diameter is 5 nmat the maximum when the met-
al nano-ultrafine particles are buried, and 15 nm at the
maximum when the metal nano-ultrafine particles are
isolated. The metal nano-ultrafine particles include at
least one metal selected from the group consisting of
metals, such as palladium, titanium, zirconium, silver
and the like. Note that, when the metal nano-ultrafine
particles include two or more metals, they can be used
in the form of mixture or coexistence or in the form of
alloy in which these metal atoms are mixed or coexist.
[0023] When material is repeatedly subdivided into a
certain critical size or less, the properties of the material
suddenly change (Materials Transaction, JIM, Vol. 35,
No. 9, pp. 563-575, 1994). Such a sudden change in
material properties is recognized as a phenomenon that
elasticity emerges in the bond between atoms of the ma-
terial. For example, in the case of a lattice composed of
four atoms, the phenomenon appears as if a non-elastic
wooden lattice changes to a spring lattice. In the present
invention, a metal particle or a metal crystal lattice and
a metal surface layer whose physical properties are sud-
denly changed due to ultrafine subdivision are used as
a material which is significantly effective for production
of an ultrahigh-density deuterated nanoparticle (i.e., the
above-described metal nano-ultrafine particle or sur-
face layer corresponding to two-dimensional metal na-
no-ultrafine particles).
[0024] The metal nano-ultrafine particle can be pro-

duced using a method of oxidizing an amorphous alloy.
For example, ZrO2·Pd having an average diameter of
about 5 nm can be produced by oxidizing an amorphous
alloy Zr65·Pd35. The details of the method are described
in Japanese Laid-Open Publication No. 2002-105609.
Alternatively, the metal nano-ultrafine particle can be
prepared using a vapor deposition method. The details
of the method are described in "Materials Transaction,
JIM, Vol. 35" (described above).
[0025] The metal nano-ultrafine particles may be bur-
ied in a support in a state that allows the particles to be
separated from one another without contacting one an-
other ("buried type" particles), or may be distributed in
a liquid, a gas, a substrate or the like in a state that al-
lows the particles to be separated from one another
without contacting one another ("isolated type" parti-
cles).
[0026] The "buried type" particle has an average di-
ameter in the range from a lattice size composed of at
least 13 metal atoms to a maximum of 5 nm. The "iso-
lated type" particle has an average diameter in the range
from a lattice size composed of at least 13 metal atoms
to a maximum of 15 nm. Note that the metal nano-ul-
trafine particle and the surface layer corresponding to
the two-dimensional metal nano-ultrafine particles can
be provided or commercialized singly as a material for
a nuclear fusion reaction.
[0027] "Ultrahigh-density deuterated nanoparticle":
an ultrahigh-density deuterated nanoparticle means
both "an ultrahigh-density deuterated nanoparticle and
a group thereof" and "an ultrahigh-density deuterated
surface layer corresponding to two-dimensional ultra-
high-density deuterated nanoparticles". By using the ul-
trahigh-density deuterated nanoparticle and the surface
layer corresponding to two-dimensional ultrahigh-den-
sity deuterated nanoparticles as hosts, it is possible to
solid-dissolve deuterium atoms to an atom number ratio
(the number of deuterium atoms/metal atoms) of 200%
or more. In the present invention, for example, deuteri-
um is caused to be absorbed into a buried-type metal
nano-ultrafine particle having an average diameter of 5
nm or less under pressure. When the pressure is 10 at-
mospheric pressure or less, deuterium atoms can be
solid-dissolved to an atom number ratio of 250% or
more. When the pressure is 100 atmospheric pressure,
deuterium atoms can be solid-dissolved to an atom
number ratio of about 300%. Thus, an ultrahigh-density
deuterium condensate can be formed, in which deuteri-
um atoms are localized in the metal crystal lattice. As a
result, an ultrahigh-density deuterated nanoparticle can
be obtained. The formation of the deuterium condensate
is performed in order to reduce the nuclear distance be-
tween two deuterium atoms to 0.6 A or less which per-
mits nuclear fusion. In this case, it is roughly estimated
that the deuterium condensate has a pressurizing effect
corresponding to deuterium gas to which several hun-
dred millions of atmospheric pressure is applied (exactly
speaking, in the case of an atom number ratio of 400%).
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Commercially available deuterium can be used. The ul-
trahigh-density deuterated nanoparticle and a group
thereof and the ultrahigh-density deuterated surface
layer corresponding to the two-dimensional metal nano-
ultrafine particles can be provided or commercialized
singly as a material for a nuclear fusion reaction.
[0028] "Energy": energy means both impact energy
and stationary energy. A means or an energy source
which applies load energy to the ultrahigh-density deu-
terated nanoparticle and a group thereof and the ultra-
high-density deuterated surface layer corresponding to
the two-dimensional metal nano-ultrafine particles, in-
cludes ultrasonic wave, strong magnetic field, high pres-
sure, laser, laser explosive flux-compression, high-den-
sity electron beam, high-density current, discharge,
chemical reaction, and the like. These energies can be
used singly or in combination. Note that, when ultrasonic
wave is used, a transfer medium for transferring the en-
ergy to a nuclear fusion reaction material is required,
such as, for example, D2O (commercially available),
H2O or the like. The energy to be applied needs to have
intensity or quantity which can induce or cause a nuclear
fusion reaction, such as 300 Watt and 19 kHz for an ul-
trasonic wave.
[0029] Hereinafter, embodiments of the present in-
vention will be described with reference to the accom-
panying drawings.

1. Structure of hydrogen condensate 100

[0030] Figure 1 schematically shows an exemplary
structure of a hydrogen condensate 100.
[0031] The hydrogen condensate 100 comprises a
metal nano-ultrafine particle (host) and a plurality of hy-
drogen isotope atoms (guests) 102 which are solid-dis-
solved in a plurality of metal atoms 101 contained in the
metal nano-ultrafine particle.
[0032] A larger quantity of hydrogen isotope atoms
can be dissolved in the metal nano-ultrafine particle than
in a metal particle (bulk metal particle) which is larger
than the metal nano-ultrafine particle. This is because
the bond between metal atoms in the metal nano-ul-
trafine particle is more elastic than the bond between
metal atoms in the bulk metal particle, and therefore, a
pressure applied to the metal nano-ultrafine particle and
the hydrogen isotope atom in order to solid-dissolve the
hydrogen isotope atom is lower than a pressure applied
to the bulk metal particle and the hydrogen isotope atom
in order to solid-dissolve the hydrogen isotope atom.
[0033] In Figure 1, an open circle indicates a
20-facesite of a metal atom, a closed circle indicates a
14-face site, and arrow A indicates elasticity of the bond
between metal atoms in the metal nano-ultrafine parti-
cle.
[0034] Thus, the phenomenon that the bond between
metal atoms in the metal nano-ultrafine particle has
elasticity is based on the principle that when a material
is subdivided into its specific critical size or less, a phys-

ical property thereof changes suddenly, so that elasticity
emerges in the bond between atoms.
[0035] By using the above-described metal nano-ul-
trafine particle as a host, it is possible to cause hydrogen
isotope atoms to be included in the hydrogen conden-
sate to an atom number ratio (the number of hydrogen
isotope atoms/the number of metal atoms) of 200% or
more.
[0036] The quantity of hydrogen isotope atoms which
can be contained in the hydrogen condensate depends
on the magnitude of pressure applied to the metal nano-
ultrafine particle and the hydrogen isotope atoms. For
example, when the applied pressure is 10 times atmos-
pheric pressure, hydrogen isotope atoms can be solid-
dissolved in the metal nano-ultrafine particle to an atom
number ratio of 250% or more. When the applied pres-
sure is 100 times atmospheric pressure, hydrogen iso-
tope atoms can be solid-dissolved in the metal nano-
ultrafine particle to an atom number ratio of 300% or
more. The plurality of hydrogen isotope atoms solid-dis-
solved in the metal nano-ultrafine particle exist as hy-
drogen condensates (local condensates) condensed in
a metal lattice of the metal nano-ultrafine particle.
[0037] As described above, a larger number of hydro-
gen isotope atoms per unit particle can be solid-dis-
solved in the metal nano-ultrafine particle than in bulk
metal particles. Therefore, the distance between hydro-
gen isotope atoms solid-dissolved in the metal nano-ul-
trafine particle is smaller than the distance between hy-
drogen isotope atoms solid-dissolved in the bulk metal
particle. As a result, it is possible to apply a lower level
of energy to the hydrogen condensate to react the hy-
drogen isotope atoms than that to a particle comprising
a bulk metal particle and a plurality of hydrogen isotope
atoms.
[0038] The hydrogen condensate needs to contain at
least two hydrogen isotope atoms. This is because the
two hydrogen isotope atoms are caused to react with
each other. A combination of the two hydrogen isotope
atoms which react with each other in the hydrogen con-
densate may be a combination of the same hydrogen
isotope atoms or of different hydrogen isotope atoms.
The at least two hydrogen isotope atoms contained in
the hydrogen condensate are condensed so that the in-
ter-atomic nuclear distance between the two hydrogen
isotope atoms is smaller than or equal to the internuclear
spacing of a molecule consisting of the two hydrogen
isotope atoms. As the number of hydrogen isotope at-
oms contained in the hydrogen condensate is in-
creased, the hydrogen condensate is more useful as a
fuel for a nuclear fusion reaction.

1.1 Guest of hydrogen condensate

[0039] Combinations of two hydrogen isotope atoms
which are usable as guests of hydrogen condensate
are, for example, a combination of a deuterium atom (D)
and a deuterium atom (D), a combination of a deuterium
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atom (D) and a tritium atom (T), a combination of a deu-
terium atom (D) and a hydrogen atom (H), a combination
of a tritium atom (T) and a hydrogen atom (H), and a
combination of a tritium atom (T) and a tritium atom (T).
In consideration of the cost efficiency, ease of control,
safety and cleanliness of the nuclear fusion reaction, the
order of preference is the combination of a deuterium
atom (D) and a deuterium atom (D), the combination of
a deuterium atom (D) and a hydrogen atom (H), the
combination of a tritium atom (T) and a hydrogen atom
(H), and the combination of a deuterium atom (D) and
a tritium atom (T). The combination of a deuterium atom
(D) and a deuterium atom (D) is especially recommend-
able.
[0040] The atom number ratios of deuterium atom (D)
/ hydrogen atom (H), tritium atom (T)/ hydrogen atom
(H) and deuterium atom (D)/ tritium atom (T) are arbi-
trarily determined. Two or more of the above-mentioned
combinations of atoms contained in a hydrogen conden-
sate may coexist, may exist in a mixed state, or may be
mixed.
[0041] A hydrogen condensate is formed by aggre-
gating or condensating hydrogen isotope atoms on a
surface layer or in the inside of the host described below.
In order to attain the aggregation or condensation, the
two isotope atoms need to be aggregated such that the
inter-atomic nuclear distance between the two isotope
atoms contained in the host is within the internuclear
spacing of a molecule consisting of the two hydrogen
isotope atoms (e.g., D2, DH, TH, DT, etc.). Specifically,
for example, when a plurality of hydrogen isotope atoms
are contained in a hydrogen condensate, the deuterium
atoms need to be packed, captured and adjusted in the
host such that the distance between two atoms of D-D,
the distance between three atoms of D-D-D, and the dis-
tance between four atoms of D-D-D-D are each within
the internuclear spacing of a D molecule (D2) (e.g.,
0.074 nm or less).

1.2 Host of hydrogen condensate

[0042] The host is used as a vessel or capsule for cap-
turing and adjusting or forcibly packing the combinations
of two or more hydrogen isotopes within the internuclear
spacing of the molecule. The space or room which is
retained on a surface layer or in the inside of the host
as the capsule is preferably of the nanometer order (e.
g., the average diameter of the space regarded as the
sphere is preferably about 0.002 to about 200 nm, or
preferably about 0.005 to about 50 nm). The number of
captured hydrogen isotopes/hydrogen condensate
needs to be at least two. It is considered that as the
number of captured hydrogen isotopes is larger, the per-
formance or efficiency of the hydrogen condensate as
a fuel for nuclear fusion reaction is higher. It is desirable
that the outer wall of the above-mentioned capsule or
vessel as the host is elastic at the atomic or molecular
level.

1.3 Atomic structure as host

[0043] Atomic structures which are nano-order ul-
trafine particles obtained by subdividing metal crystals
in the form of lattice and have an average diameter in
the range of one lattice unit size to a maximum of 50 nm
are usable as hosts. Metal host candidates are, for ex-
ample, known metals forming known lattice crystals,
such as body centered cubic lattice, face-centered cubic
lattice, hexagonal close-packed structure and the like
(e.g., palladium, titanium, zirconium, silver, iron, nickel,
copper, zinc, etc.), and a combination of two or more of
these metals.

1.4 Molecular structure as host

[0044] Inorganic compounds and aggregations there-
of or crystal structures which have a shape of lattice,
cube, rectangular parallelepiped, quadrangular column,
hexagonal column, honeycomb, other polygonal col-
umns, cylinder, tube, sphere, polymorphism, amor-
phous or the like as a shape of a unit as a vessel or
capsule for capturing and adjusting hydrogen isotope at-
oms are usable as hosts. For example, aggregations or
crystal structures of oxides and hydroxides of tin, zinc,
iron, zirconium, titanium and the like, and carbon nano-
tube and the like are host candidates.
[0045] Single-stranded, double-stranded, or
branched polymeric organic compounds having such a
length that can capture and adjust the above-mentioned
combinations of hydrogen isotopes (e.g., D and D, D
and H, T and H, D and T, etc.) as host by winding are
host candidates (e.g., protein, DNA, RNA, starch, poly-
meric hydrocarbon, derivatives thereof, polymeric com-
pounds for synthetic fibers, etc.), for example. Single-
stranded, double-stranded, or branched polymeric or-
ganic compounds having such a space or room that can
capture and adjust the guest material by burying it in a
surface layer or in the inside thereof having a primary,
secondary or tertiary structure are host candidates, for
example. Organic compounds (e.g., cyclodextrin, fuller-
ene, etc.) which can capture and adjust the guest ma-
terial in a surface layer or in the inside thereof having a
cylindrical or spherical molecular structure in the inside
or in a surface layer thereof are host candidates, for ex-
ample.

1.5 Preparation of hydrogen condensate

[0046] Air existing in the host material is removed by
vacuum and/or heating, and then a guest is added to
the host material to cause them to coexist or mix them.
Then, the resultant material is allowed to stand and/or
lowered in temperature such that it is not frozen, and
pressurized under 10 to 100 atmospheric pressure.
Thus, the guest is captured or solid-dissolved into the
host, whereby a hydrogen condensate can be formed.
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1.6 Form of hydrogen condensate provided

[0047] The hydrogen condensate can be commercial-
ized in the form of a solid, such as film, powder, capsule
or the like, or a liquid.

2. Method of generating heat using hydrogen
condensate 100

[0048] Figure 2 shows an exemplary structure of a
heat generation apparatus 200. The heat generation ap-
paratus 200 is used to produce the hydrogen conden-
sate 100 by solid-dissolving hydrogen isotope atoms
102 among a plurality of metal atoms 101 contained in
a metal nano-ultrafine particle. The heat generation ap-
paratus. 200 is also used to generate heat using the hy-
drogen condensate 100.
[0049] The heat generation apparatus 200 comprises
a reaction furnace 201, a vacuum exhaust port 202, a
gas injection port 203 for injecting hydrogen isotope gas,
a transfer medium injection port 204, a gas outlet 205,
an ultrasonic wave generation means 206, and an ultra-
sonic vibrator 207. The heat generation apparatus 200
can be applied to power generation means, battery,
heating a room, cooling a room and the like, and can be
implemented as a small-size apparatus or a portable ap-
paratus for these applications, which cannot be practi-
cally used in conventional technology.
[0050] The reaction furnace 201 accommodates the
hydrogen condensate 100. Air is exhausted via the vac-
uum exhaust port 202 from the reaction furnace 201. A
medium (D2O, H2O, etc.) for transferring ultrasonic
wave to the hydrogen condensate 100 is injected via the
transfer medium injection port 204. High-temperature
and high-pressure gas and helium gas are removed via
the gas outlet 205. The ultrasonic generation means 206
generates an ultrasonic wave. The ultrasonic wave vi-
brator 207 transfers the ultrasonic wave to the ultrasonic
wave transfer medium.
[0051] In the example of Figure 2, ultrasonic wave en-
ergy is applied to the hydrogen condensate 100. The
energy causes at least two of a plurality of deuterium
atoms solid-dissolved in the hydrogen condensate 100
to react with each other, thereby making it possible to
generate heat and helium gas.
[0052] Note that the energy applied to the hydrogen
condensate 100 is not limited to the ultrasonic wave en-
ergy. Examples of the energy applied to the hydrogen
condensate 100 include any impact energy and any sta-
tionary energy. For example, the energy applied to the
hydrogen condensate 100 may be energy which is gen-
erated based on at least one of ultrasonic wave, strong
magnetic field, high pressure, laser, laser explosive flux-
compression, high-density electron beam, high-density
current, discharge, and chemical reaction. Two or more
of these energies may be used in combination.
[0053] Note that the structure of the heat generation
apparatus 200 is not limited to that shown in Figure 2.

Figure 2 only illustrates an exemplary structure of the
heat generation apparatus 200. An apparatus having
any arbitrary structure can be used instead of the heat
generation apparatus 200 as long as it can achieve a
function equivalent to that of the heat generation appa-
ratus 200. The heat generation apparatus 200 may func-
tion as an apparatus for generating heat using a nuclear
fusion reaction material. In this case, the heat genera-
tion apparatus 200 preferably comprises a nuclear fu-
sion reaction furnace which accommodates a nuclear
fusion reaction material, a means of controlling a nucle-
ar fusion reaction, a means of applying impact energy
and/or stationary energy to the nuclear fusion reaction
material to induce or cause a nuclear fusion reaction, a
means of removing generated heat, and a means of col-
lecting generated helium. Each means included in the
heat generation apparatus 200 can be added or omitted
as required and as appropriate.

<Example 1>

[0054] A buried-type metal nano-ultrafine particle
(ZrO2·Pd particle) was produced by using zirconia
(ZrO2) as a support and burying ZrO2·Pd having an av-
erage diameter of about 5 nm into the support. The met-
al nano-ultrafine particle (ZrO2·Pd particle) was placed
in the reaction furnace 201, and thereafter, deuterium
gas (D2 gas) was injected into the reaction furnace 201.
A pressure was applied to the metal nano-ultrafine par-
ticle (ZrO2·Pd particle) and the deuterium gas (D2 gas)
to cause the metal nano-ultrafine particle (ZrO2·Pd par-
ticle) to absorb deuterium atoms, thereby preparing a
nuclear fusion reaction material (ultrahigh-density deu-
terated nanoparticle). Thereafter, impact energy creat-
ed by activating the ultrasonic wave vibrator 207 was
applied via an ultrasonic wave transfer medium (D2O)
to the ultrahigh-density deuterated nanoparticle, there-
by causing a nuclear fusion reaction.
[0055] Hereinafter, a procedure for operating the heat
generation apparatus 200 will be described.
[0056] Operation I: a ZrO2·Pd particle (3.5 g) was ac-
commodated in the reaction furnace 201. The reaction
furnace 201 was evacuated to a high level of vacuum
(10-7 Torr) by heating the reaction furnace 201 at 150°C
while removing air via the vacuum exhaust port 202.
[0057] Operation II: deuterium gas (D2 gas) was in-
jected via the gas injection port 203 into the reaction fur-
nace 201. The injection of deuterium gas (D2 gas) was
performed at a constant rate (20 cc/min). The internal
pressure of the reaction furnace 201 was set to be about
10 times atmospheric pressure so that deuterium atoms
were solid-dissolved into the ZrO2·Pd particle and a con-
densate was formed. As a result, an ultrahigh-density
deuterated nanoparticle having an atom number ratio of
250% or more was obtained. Note that the quantity of
solid-dissolved atoms was calculated based on the flow
rate of the injected gas and a time required for the gas
pressure in the reaction furnace to be increased.
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[0058] The deuterium gas is solid-dissolved into the
ultrahigh-density deuterated nanoparticle in the form of
deuterium atoms, but not in the form of deuterium mol-
ecules.
[0059] Note that the gas injected via the gas injection
port 203 is not limited to deuterium gas. A mixture of
deuterium gas and gas of another hydrogen isotope (e.
g., H2 gas) maybe injected. A mixture of gas of a hydro-
gen isotope and gas of another hydrogen isotope may
be injected. A mixture of deuterium gas and another dif-
ferent species of gas may be injected. For example, a
mixture of deuterium gas and helium gas increases the
solid-dissolution rate of deuterium atoms (Figure 9), and
therefore, this mixture gas is preferably used. However,
a mixture of deuterium gas and neon inhibits solid-dis-
solution of deuterium atoms, and therefore, this mixture
gas is not preferably used. As the different species of
gas used in the mixture gas, a material having an atomic
diameter similar to that of a deuterium atom is consid-
ered to be desirable.
[0060] Figure 3 shows changes over time in heat gen-
erated by solid-dissolving a mixture gas of deuterium
gas and helium gas into the ZrO2·Pd particle, and
changes over time in the internal pressure of the reac-
tion furnace 201. In Figure 3, a vertical axis (left) repre-
sents temperature (°C), another vertical axis (right) rep-
resents the internal pressure (atm) of the reaction fur-
nace 201, and the horizontal axis represents time (min).
[0061] When a mixture gas of deuterium gas and he-
lium gas is solid-dissolved into the ZrO2·Pd particle, the
temperature of an outer wall surface of the reaction fur-
nace 201 is increased up to a maximum of 45°C due to
chemical reaction heat generated by the solid-dissolu-
tion. It takes 55 min to 60 min for the internal pressure
of the reaction furnace 201 to reach 10 atm.
[0062] Note that the temperature of the outer wall sur-
face of the reaction furnace 201 was measured. This is
because the internal pressure of the reaction furnace
201 may be increased to a very high level, and in this
case, the temperature of the inside of the reaction fur-
nace 201 cannot be measured.
[0063] Operation III: the ultrasonic wave transfer me-
dium 210 was injected via the transfer medium injection
port 204 into the reaction furnace 201 so that the ultra-
sonic wave vibrator 207 was sufficiently immersed in the
reaction furnace 201. Examples of the ultrasonic trans-
fer medium 210 include water (H2O), water vapor, and
commercially available heavy water (D2O).
[0064] Operation IV: ultrasonic wave energy was ap-
plied from an edge surface of the ultrasonic wave vibra-
tor 207 via the ultrasonic wave transfer medium 210 to
the ultrahigh-density deuterated nanoparticle.
[0065] The intensity of the ultrasonic wave is, for ex-
ample, 300 watt and 19 kHz. Note that the intensity of
the ultrasonic wave is not limited to 300 watt and 19 kHz
as long as the intensity is sufficient that a plurality of
deuterium atoms solid-dissolved in the ultrahigh-density
deuterated nanopartiole react with one another.

[0066] As an element used in the nuclear fusion reac-
tion, elements having an atomic number of 4 or less and
an isotope thereof can be used. Taking ease of handling
into consideration, preferably, deuterium (D) is used sin-
gly, or alternatively, a combination of deuterium (D) and
hydrogen (H) or a combination of deuterium (D) and tri-
tium (T) is used.
[0067] By applying energy to the ultrahigh-density
deuteratednanoparticle, a plurality of deuterium atoms
react with one another to generate heat and helium mol-
ecules. The reaction is represented by:

[0068] The reaction does not generate a neutron and
is a mild nuclear fusion reaction, and therefore, is desir-
ably better than a DD nuclear fusion reaction described
below. Therefore, the ultrahigh-density deuterated nan-
oparticle of the present invention is recommended to be
used for a nuclear fusion reaction in terms of the con-
servation of the environment. The well-known DD nu-
clear fusion reaction which causes a radical impact of
deuterium atoms to generate T and neutrons is extreme-
ly dangerous, and therefore, is not desirable in terms of
industrial applicability and conservation of the environ-
ment.
[0069] The reaction of deuterium generates high-tem-
perature and high-pressure gas and helium gas in the
reaction furnace 201. The high-temperature and high-
pressure gas and the helium gas are removed via the
gas outlet 205.
[0070] The high-temperature and high-pressure gas
is, for example, transferred to a turbine generator, in
which the gas is in turn used as a drive source for driving
the turbine generator. The high-temperature and high-
pressure gas is transferred to the turbine generator in
the form of jet gas. Therefore, the generated heat can
be used to drive the turbine generator without being con-
verted to vapor or potential energy. Further, the gener-
ated heat can be used as alternative energy in place of
water power, thermal power, wind power, coal, petrole-
um, nuclear power and the like, or clean energy which
allows reproduction and conservation of the Earth's en-
vironment, in all fields.
[0071] Impurity gas which is mixed in helium generat-
ed in the reaction furnace 201 liquefies or solidifies at
about 50 K. Therefore, by cooling the impurity gas at a
cryogenic temperature to be liquefied or solidified, it is
possible to remove the impurity gas from helium. As a
result, it is possible to produce and collect helium gas
in large quantities. Alternatively, helium can be collected
by causing the impurity to be absorbed in a purification
column. Helium produced according to the present in-
vention can be used in well-known applications, such as
welding protection gas, filling gas for aerostat, gas en-
closed in a discharge tube, artificial air for diving, and
the like. Since helium gas can be collected in large quan-

2D + 2D = 4He + lattice energy (23.8 MeV).
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tities and with low cost, development of novel applica-
tions of helium can be promoted.
[0072] Figure 4 shows the comparison between heat
generation before applying ultrasonic wave to the ultra-
high-density deuterated nanoparticle and heat genera-
tion during application of ultrasonic wave. In Figure 4,
the vertical axis represents temperature (°C) and the
horizontal axis represents time (min).
[0073] In Figure 4, a curve A shows changes over time
in heat generated when deuterium atoms are solid-dis-
solved in the ZrO2·Pd particle (before a nuclear fusion
reaction), and a curve B shows changes over time in
heat generated when the ultrasonic wave is applied to
an ultrahigh-density deuterated nanoparticle produced
by solid-dissolving deuterium atoms into the ZrO2·Pd
particle (during a nuclear fusion reaction). Note that the
temperature of the outer wall surface of the reaction fur-
nace 201 was measured. This is because the tempera-
ture of the inside of the reaction furnace 201 is too high
to be measured.
[0074] When deuterium atoms were solid-dissolved
into the ZrO2·Pd particle, chemical reaction heat (about
40 kJ/mol) was generated, so that a slight increase in
temperature was detected at the outer wall surface of
the reaction furnace 201 (the curve A in Figure 4).
[0075] When the ultrasonic wave is applied to an ult-
rahigh-density deuterated nanoparticle produced by
solid-dissolving deuterium atoms into the ZrO2·Pd par-
ticle (during a nuclear fusion reaction), the temperature
of the outer wall surface of the reaction furnace 201 rap-
idly increased, so that specific temperature characteris-
tics were observed (the curve B in Figure 4). The rapid
increase in the temperature of the outer wall surface of
the reaction furnace 201 indicates that a nuclear fusion
reaction continued for about 10 minutes. Most of the
heavy water (D2O) which is the ultrasonic wave transfer
medium 210 in the reaction furnace 201 was vaporized,
and was decomposed into D2 or D. The inside of the
reaction furnace 201 is considered to have high temper-
ature and high pressure, indicating a tremendous nucle-
ar fusion reaction.
[0076] Figure 5 shows comparison of an ultrahigh-
density deuterated nanoparticle sample produced by
solid-dissolving deuterium atoms into the ZrO2·Pd par-
ticle before and after applying the ultrasonic wave to the
sample (before and after a nuclear fusion reaction).
[0077] In Figure 5, [A] and [B] show the ultrahigh-den-
sity deuterated nanopartiole sample before applying the
ultrasonic wave (before a nuclear fusion reaction), and
[C] and [D] show the ultrahigh-density deuterated nan-
oparticle sample after applying the ultrasonic wave (be-
fore a nuclear fusion reaction).
[0078] As can be seen from [C] and [D] of Figure 5,
zirconia (ZrO2) contained in the ultrahigh-density deu-
terated nanoparticle is melted due to high temperature
after application of the ultrasonic wave. The tempera-
ture of the inside of the reaction furnace 201 is too high
to measure. However, since the melting point of zirconia

(ZrO2) is about 1850°C, the temperature of the inside of
the reaction furnace 201 is considered to be about
1850°C or more.
[0079] Based on the above-described finding, we de-
termined that the resultant nuclear fusion reaction is 2D
+ 2D = 4He + lattice energy (23.8 MeV).
[0080] Note that, when the ultrasonic wave was ap-
plied (operations III and IV) to the ultrahigh-density deu-
terated nanoparticle produced by solid-dissolving deu-
terium atoms to an atom number ratio of less than 200%
(operation II), it was confirmed that the heavy water
(D2O) which is the ultrasonic wave transfer medium 210
in the reaction furnace 201 was not vaporized and sub-
stantially remained in the reaction furnace 201.
[0081] Figure 6A shows the result of analysis of gas
generated when the ultrasonic wave was applied to the
ultrahigh-density deuterated nanoparticle produced by
solid-dissolving deuterium atoms into the ZrO2·Pd par-
ticle (during a nuclear fusion reaction). In Figure 6A, the
vertical axis represents pressure (ppm) and the horizon-
tal axis represents time (sec). Gas generated in the re-
action furnace 201 was analyzed using a Quadrupole
Mass Spectrometer (QMS).
[0082] In Figure 6A, M2 indicates D, M3 indicates DH,
and M4 indicates He. As can be seen, a nuclear fusion
reaction caused deuterium atoms solid-dissolved in the
ultrahigh-density deuterated nanoparticle to react with
one another to generate a large quantity of helium (He)
gas.
[0083] Figure 6B shows the result of analysis of gas
generated after the ultrasonic wave was applied to the
ultrahigh-density deuterated nanoparticle produced by
solid-dissolving deuterium atoms into the ZrO2·Pd par-
ticle (after a nuclear fusion reaction). In Figure 6B, the
vertical axis represents pressure (ppm) and the horizon-
tal axis represents time (sec).
[0084] After the reaction, the sample was removed
from the reaction furnace 201. The sample was heated
at 1,300°C in a sample container of the QMS. Gas thus
generated was analyzed using the QMS.
[0085] In Figure 6B, M2 indicates D, M3 Indicates DH,
and M4 indicates D2. As can be seen, after the nuclear
fusion reaction, substantially no He or D remained in the
ultrahigh-density deuterated nanoparticle.
[0086] Figure 6C shows spectra of M4. In Figure 6C,
the vertical axis represents an intensity of the spectra
(10-9 A) and the horizontal axis represents elapsed time
(min). As can be seen from Figure 6C, D2 disappeared
over time, while most He remained.
[0087] Worthy of special note with reference to Fig-
ures 6A, 6B and 6C is that the quantity of M4 (=He) pro-
duced during the nuclear fusion reaction (Figure 6A)
was large by an order of magnitude or more, and most
of the deuterium atoms solid-dissolved in the ultrahigh-
density deuterated nanoparticle reacted with one anoth-
er to generate helium gas. In contrast, substantially no
He or D existed in the ultrahigh-density deuterated na-
noparticle after the nuclear fusion reaction (Figure 6B).
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[0088] As described above , a larger number of deu-
terium atoms per unit particle can be solid-dissolved in
the metal nano-ultrafine particle than in bulk metal par-
ticles. Therefore, the distance between deuterium at-
oms solid-dissolved in the metal nano-ultrafine particle
is smaller than the distance between deuterium atoms
solid-dissolved in the bulk metal particle. As a result, it
is possible to apply a lower level of energy to the ultra-
high-density deuterated nanoparticle to cause a heat
generation reaction at low temperature and for a long
duration of time as compared to energy applied to a par-
ticle comprising the bulk metal particle and a plurality of
deuterium atoms.

3. Structure of hydrogen condensate 300

[0089] Figure 7 schematically shows an exemplary
structure of a hydrogen condensate 300.
[0090] The hydrogen condensate 300 comprises a
zirconium-nickel alloy composite (host) and a plurality
of hydrogen isotope atoms (guests) 302 solid-dissolved
among a plurality of metal atoms 301 contained in the
zirconium-nickel alloy composite. A larger quantity of
hydrogen isotope atoms can be solid-dissolved in the
zirconium-nickel alloy composite than in bulk metal par-
ticles. This is because the bond between metal atoms
in the zirconium-nickel alloy composite is more elastic
than the bond between metal atoms in the bulk metal
particle, and therefore, a lower level of pressure needs
to be applied to the zirconium-nickel alloy composite
and hydrogen isotope atoms to solid-dissolve the hydro-
gen isotope atoms, than the level of pressure applied to
the bulk metal particle and hydrogen isotope atoms to
solid-dissolve the hydrogen isotope atoms.
[0091] In Figure 7, arrow B indicates the elasticity of
the bond between metal atoms in the zirconium-nickel
alloy composite.
[0092] The hydrogen condensate 300 comprises a Zr-
Pd-Ni particle (Zr3NiO·Pd particle) and a plurality of deu-
terium atoms solid-dissolved among a plurality of metal
atoms contained in the Zr-Pd-Ni particle (Zr3NiO·Pd par-
ticle), for example.
[0093] The details of a production method of the Zr-
Pd-Ni particle are described in, for example, Japanese
Patent Application No. 2003-340285 (filed on Septem-
ber 30, 2003).
[0094] Note that the hosts and/or guests described in
1.1 to 1.4 above can be used as the host and/or guest
of the hydrogen condensate 300.
[0095] The zirconium-nickel alloy composite may be,
for example, a Zr3NiO·Pd particle or Zr4Ni2Ox(0.3-1).
[0096] Note that metal alloy composites other than the
zirconium-nickel alloy composite can be used. The hy-
drogen condensate 300 may comprise a metal alloy
composite (host) and a plurality of hydrogen isotope at-
oms (guests) solid-dissolved among a plurality of metal
atoms contained in the metal alloy composite. In this
case, the plurality of metal atoms contained in the metal

alloy composite are at least two metal atoms selected
from the metal group consisting of zirconium, titanium,
nickel, palladium, magnesium, and boron. The metal al-
loy composite is, for example, an oxide of a metal alloy.

4. Method of generating heat using hydrogen
condensate 300

[0097] As an apparatus for generating heat using the
hydrogen condensate 300, the heat generation appara-
tus 200 of Figure 2 is used, for example. The heat gen-
eration apparatus 200 is used to produce the hydrogen
condensate 300 by solid-dissolving hydrogen isotope
atoms 302 among a plurality of metal atoms 301 con-
tained in a zirconium-nickel alloy composite. The heat
generation apparatus 200 is also used to generate heat
using the hydrogen condensate 300.
[0098] By applying energy to the hydrogen conden-
sate 300, a plurality of hydrogen isotope atoms react
with one another to generate heat. For example, by ap-
plying energy to the hydrogen condensate 300 contain-
ing a plurality of deuterium atoms, the deuterium atoms
react with one another to generate helium molecules as
well as heat. The reaction is represented by:

[0099] The reaction does not generate a neutron and
is a mild nuclear fusion reaction, and therefore, is desir-
ably better than a DD nuclear fusion reaction described
below. Therefore, the hydrogen condensate 300 of the
present invention is recommended to be used for a nu-
clear fusion reaction in terms of the conservation of the
environment. The well-known DD nuclear fusion reac-
tion which causes a radical impact of deuterium atoms
to generate T and neutrons is extremely dangerous, and
therefore, is not desirable in terms of industrial applica-
bility and conservation of the environment.
[0100] As described in 2. above, the reaction of deu-
terium generates high-temperature and high-pressure
gas and helium gas in the reaction furnace 201.

<Example 2>

[0101] A zirconium-nickel alloy composite (including
a Zr3NiO·Pd particle, Zr4Ni2Ox(0.3-1)) was produced.
The zirconium-nickel alloy composite was placed in the
reaction furnace 201, and thereafter, deuterium gas (D2
gas) was injected into the reaction furnace 201. A pres-
sure was applied to the zirconium-nickel alloy composite
and the deuterium gas (D2 gas) to cause the zirconium-
nickel alloy composite to absorb deuterium atoms,
thereby preparing a nuclear fusion reaction material (ul-
trahigh-density deuterated metal alloy). Thereafter, im-
pact energy created by activating the ultrasonic wave
vibrator 207 was applied via an ultrasonic wave transfer
medium (D2O) to the ultrahigh-density deuterated metal

2D + 2D = 4He + lattice energy (23.8 MeV).
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alloy, thereby causing a nuclear fusion reaction.
[0102] A procedure for operating the heat generation
apparatus 300 is similar to that described in <Example
1> and will not be explained.
[0103] Figure 8 shows changes over time in heat gen-
erated by solid-dissolving deuterium gas into the
Zr3NiO·Pd particle, and changes over time in the inter-
nal pressure of the reaction furnace 201. In Figure 8, a
vertical axis (left) represents temperature (°C), another
vertical axis (right) represents the internal pressure
(atm) of the reaction furnace 201, and the horizontal axis
represents time (min).
[0104] It takes 70 min or more for the internal pressure
of the reaction furnace 201 to reach 10 atm. When a
mixture gas of deuterium gas and helium gas is solid-
dissolved into the ZrO2·Pd particle, it takes 55 min to 60
min for the internal pressure of the reaction furnace 201
to reach 10 atm (see Figure 3). Therefore, it will be un-
derstood that a larger number of deuterium atoms are
solid-dissolved in the Zr3NiO·Pd particle than in the
ZrO2·Pd particle.
[0105] Figure 9 shows that it is more difficult for deu-
terium atoms to be solid-dissolved in the Zr3NiO·Pd par-
ticle when a mixture gas of deuterium gas and helium
gas is used than when deuterium gas is used. In Figure
9, a vertical axis (left) represents temperature (°C), an-
other vertical axis (right) represents the internal pres-
sure (atm) of the reaction furnace 201, and the horizon-
tal axis represents time (min).
[0106] A curve P*He indicates changes over time in
the internal pressure of the reaction furnace 201 when
a mixture gas of deuterium gas and helium gas is solid-
dissolved into the Zr3NiO·Pd particle. A curve P* indi-
cates changes over time in the internal pressure of the
reaction furnace 201 when deuterium gas is solid-dis-
solved into the Zr3NiO·Pd particle. The rising of the
curve P*He is earlier than the rising of the curve P*.
Therefore, it will be understood that it is more difficult for
deuterium atoms to be solid-dissolved in the Zr3NiO·Pd
particle when a mixture gas of deuterium gas and helium
gas is used than when deuterium gas is used.
[0107] Figure 10 shows the result of analysis of gas
generated when the ultrasonic wave was applied to the
deuterium condensate produced by solid-dissolving
deuterium atoms into the Zr3NiO·Pd particle (during a
nuclear fusion reaction). In Figure 10, the vertical axis
represents pressure (ppm) and the horizontal axis rep-
resents time (sec). Gas generated in the reaction fur-
nace 201 was analyzed using the QMS.
[0108] In Figure 10, M2 indicates D, M3 indicates DH,
and M4 indicates He. As can be seen, a nuclear fusion
reaction caused deuterium atoms solid-dissolved in the
deuterium condensate to react with one another to gen-
erate a large quantity of helium (He) gas.
[0109] Figure 11 shows that the quantity of helium
generated by applying the ultrasonic wave to the deu-
terium condensate produced by solid-dissolving deute-
rium atoms into the Zr3NiO·Pd particle is larger than the

quantity of helium generated by applying the ultrasonic
wave to the deuterium condensate produced by solid-
dissolving deuterium atoms into the ZrO2·Pd particle. In
Figure 11, the vertical axis represents 4He concentra-
tion (ppm). The length of a line A indicates the quantity
of helium (2.453104 ppm) generated by applying the ul-
trasonic wave to the deuterium condensate produced
by solid-dissolving deuterium atoms into the ZrO2·Pd
particle. The length of a line B indicates the quantity of
helium (1.233105 ppm to 1.63105 ppm) generated by
applying the ultrasonic wave to the deuterium conden-
sate produced by solid-dissolving deuterium atoms into
the Zr3NiO·Pd particle.
[0110] As described above, a larger number of deu-
terium atoms per unit particle can be solid-dissolved in
the zirconium-nickel alloy composite than in bulk metal
particles. Therefore, the distance between deuterium at-
oms solid-dissolved in the zirconium-nickel alloy com-
posite is smaller than the distance between deuterium
atoms solid-dissolved in the bulk metal particle. As a re-
sult, it is possible to apply a lower level of energy to the
ultrahigh-density deuterated zirconium-nickel alloy
composite to cause a heat generation reaction at low
temperature and for a long duration as compared to en-
ergy applied to a particle comprising the bulk metal par-
ticle and a plurality of deuterium atoms.

INDUSTRIAL APPLICABILITY

[0111] The present invention provides a hydrogen
condensate useful as a fuel and a method of generating
heat using the hydrogen condensate. The present in-
vention makes it possible to produce energy which is
safe and whose resource is guaranteed to be inexhaust-
ible and which is therefore desired by the human race,
and helium gas which is useful and whose abundance
is very small. Further, the present invention provides an
immeasurable contribution to development of new sci-
ence and technology in a wide variety of fields, such as
energy science and technology, material science and
technology, refrigerant technology, aeronautical engi-
neering and the like, and further, any activities for the
continuation of the human race, and the conservation of
the Earth's environment.

Claims

1. A method of generating heat using a hydrogen
oondensate,

wherein the hydrogen condensate comprises
a metal nano-ultrafine particle containing a plurality
of metal atoms and a plurality of hydrogen isotope
atoms solid-dissolved among the plurality of metal
atoms, and at least two of the plurality of hydrogen
isotope atoms are condensed so that an inter-atom-
ic nuclear distance between the two hydrogen iso-
tope atoms is smaller than or equal to an internu-
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clear spacing of a molecule consisting of the two
hydrogen isotope atoms,

the heat generation method comprising:

applying energy to the hydrogen condensate;
and
generating heat by causing the at least two hy-
drogen isotope atoms to react with each other
due to the energy.

2. A method according to claim 1, wherein the plurality
of metal atoms are metal atoms of at least one spe-
cies selected from the group consisting of palladi-
um, titanium, zirconium, silver, iron, nickel, copper,
and zinc.

3. A method of generating heat using a hydrogen con-
densate,

wherein the hydrogen condensate comprises
a metal alloy composite containing a plurality of
metal atoms and a plurality of hydrogen isotope at-
oms solid-dissolved among the plurality of metal at-
oms, and at least two of the plurality of hydrogen
isotope atoms are condensed so that an inter-atom-
ic nuclear distance between the two hydrogen iso-
tope atoms is smaller than or equal to an internu-
clear spacing of a molecule consisting of the two
hydrogen isotope atoms,

the heat generation method comprising:

applying energy to the hydrogen condensate;
and
generating heat by causing the at least two hy-
drogen isotope atoms to react with each other
due to the energy.

4. A method according to claim 1 or 3, wherein the en-
ergy is generated based on at least one of ultrasonic
wave, strong magnetic field, high pressure, laser,
laser explosive flux-compression, high-density
electron beam, high-density current, discharge, and
chemical reaction.

5. A method according to claim 1 or 3, wherein in the
step of generating heat, the at least two hydrogen
isotope atoms are reacted with each other to gen-
erate a helium molecule in addition to the heat.

6. A hydrogen condensate, comprising:

a metal nano-ultrafine particle containing a plu-
rality of metal atoms; and
a plurality of hydrogen isotope atoms solid-dis-
solved among the plurality of metal atoms,

wherein at least two of the plurality of hydro-
gen isotope atoms are condensed so that an inter-
atomic nuclear distance between the two hydrogen

isotope atoms is smaller than or equal to an inter-
nuclear spacing of a molecule consisting of the two
hydrogen isotope atoms.

7. A hydrogen condensate according to claim 6,
wherein the plurality of metal atoms are metal at-
oms of at least one species selected from the group
consisting of palladium, titanium, zirconium, silver,
iron, nickel, copper, and zinc.

8. A hydrogen condensate, comprising:

a metal alloy composite containing a plurality
of metal atoms; and
a plurality of hydrogen isotope atoms solid-dis-
solved among the plurality of metal atoms,

wherein at least two of the plurality of hydro-
gen isotope atoms are condensed so that an inter-
atomic nuclear distance between the two hydrogen
isotope atoms is smaller than or equal to an inter-
nuclear spacing of a molecule consisting of the two
hydrogen isotope atoms.
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