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Key take-aways from presentation

v Readers are encouraged to download copies and compare
various details of Lattice’s issued patent US # 7,893,414 with
Mitsubishi’s recently published US application #2012/0269309

v With respect to underlying nuclear physics embodied therein,
both documents invoke neutron captures and various decays
as the causative agents behind LENR nuclear transmutations
as manifested in before-and-after elemental and isotopic data
collected during many different types of experiments
conducted by Mitsubishi’s researchers over the years

v’ Mitsubishi uses their EINR model published in 1998 to explain
the experimental data; however, it is strictly a conceptual
phenomenological model and does not explain physics of
exactly how LENR catalytic neutrons are formed and why
copious energetic neutron radiation is not observed; neither
does it explain why prompt and delayed MeV gamma radiation
is not emitted during neutron captures on various isotopes

v Widom-Larsen theory of LENRSs, as published in 2006 and
2010, fully explains detailed physics of ultra low momentum
neutron production, as well as the absence of deadly fluxes of
energetic neutrons and ‘hard’ MeV-energy gamma radiation;
detailed device physics enables meaningful engineering

v Conclusions: the Widom-Larsen theory of LENRs can
successfully explain the various experimental data that was
presented and discussed in the recently published, LENR-
related US patent application filed June 8, 2012, by Mitsubishi
Heavy Industries, Ltd. (Japan), US 2012/0269309 A2
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Lattice’s fundamental issued patent

US #7,893,414 B2

“Apparatus and Method for Absorption of
Incident Gamma Radiation and its Conversion
to Outgoing Radiation at Less Penetrating,
Lower Energies and Frequencies”

Inventors: Lewis Larsen, Allan Widom
Issued: February 22, 2011
Assignee: Lattice Energy LLC

http://www.slideshare.net/lewisglarsen/us-patent-7893414-b2

“Gamma radiation (22) is shielded by
producing a region of heavy electrons (4)
and receiving incident gamma radiation In
such region. The heavy electrons absorb
energy from the gamma radiation and re-
radiate it as photons (38, 40) at a lower
energy and frequency. The heavy
electrons may be produced in surface
plasmon polaritons. Multiple regions (6) of
collectively oscillating protons or
deuterons with associated heavy
electrons may be provided. Nanoparticles
of a target material on a metallic surface
capable of supporting surface plasmons
may be provided. The region of heavy
electrons is associated with that metallic
surface. The method induces a breakdown
in a Born-Oppenheimer approximation.
Apparatus and method are described.”
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Lattice’s fundamental issued patent
US #7,893,414 B2

Quoted from Column 24 in the issued patent:

“Together, the four scientific papers by the present
inventors comprising Attachments 1-4 can explain all
of the major features exhibited in many seemingly
anomalous experiments (lumped under the
unfortunate term cold fusion) that have previously
been regarded by many as theoretically inexplicable.
In contrast to earlier theories involving penetration of
Coulomb barriers, the present Invention's methods
and apparatus for creating low energy nuclear
reactions are scientifically reasonable within the
context of the well-accepted standard model of
electroweak interaction physics. The key process
responsible for producing most of the experimentally
observed anomalies explained by these publications
Is not any form of cold fusion, nor is it any form of
fission. On the contrary, the key physical processes
driving the unique behavior of these systems are
primarily weak interactions. The four Attachments
extend well-accepted Standard Model physics to
include collective effects in condensed matter; no
new microscopic physics is assumed or IS nhecessary
to explain the data.”
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Relevant documents

“Technical Overview — Carbon Seed LENR Networks”
L. Larsen, Lattice Energy LLC, Sept 3, 2009 [65 slides]
http://www.slideshare.net/lewisglarsen/lattice-energy-

lictechnical-overviewcarbon-seed-lenr-networkssept-3-
2009

“Technical Overview”
L. Larsen, Lattice Energy LLC, June 25, 2009 [78 slides]

http://Iwww.slideshare.net/lewisglarsen/lattice-energy-
lictechnical-overviewjune-25-2009

“Neutron-catalyzed LENR transmutations produce Gold
from Tungsten; Mitsubishi Heavy Industries presents
new data at Winter ANS meeting - Comparable results:
three sets of different experiments separated by as
much as 88 years” [29 slides]

L. Larsen, Lattice Energy LLC, December 7, 2012

http://www.slideshare.net/lewisglarsen/lattice-energy-

lic-lenr-transmutation-networks-can-produce-golddec-7-
2012
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Relevant documents

“A primer for electroweak induced low-energy nuclear
reactions”

Y. N. Srivastava, A. Widom, and L. Larsen
Pramana - Journal of Physics 75 (4) pp. 617 - 637 (2010)

http://www.ias.ac.in/pramanal/v75/p617/fulltext.pdf

“Ultra-low momentum neutron catalyzed nuclear
reactions on metallic Hydride surfaces”

A. Widom and L. Larsen

European Physical Journal C — Particles and Fields 46
pp. 107 (2006)

http://www.slideshare.net/lewisglarsen/widom-and-
larsen-ulm-neutron-catalyzed-lenrs-on-metallic-hydride-
surfacesepjc-march-2006

“Index to key concepts and documents” version #11
L. Larsen, Lattice Energy LLC, May 28, 2013 [82 slides]

http://www.slideshare.net/lewisglarsen/lattice-energy-lic-

index-to-documents-re-widomlarsen-theory-of-lenrsmay-
28-2013
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Widom-Larsen theory

explains condensed matter LENRs

Collective electroweak neutron production & capture,
and subsequent nuclear decays

Nuclear-strength, micron-scale, local electric fields are
crucial for ultra low momentum neutron production

W-L = collective effects + input enerqy:

Energyp 5., > €*+p" > n+ v, [chemical cells]

Energyg ;s = € + p* = lepton + X solar flares]

Collective electroweak production of neutrons in
condensed matter and large-scale magnetic regimes

Afterwards neutrons capture on ‘targets’:
n+((/Z,A) > (Z,A+1) [neutron capture]

(Z,A+1l) > (Z+1,A+tl)+ey +v, [beta decay]

Mainly /- decays of neutron-rich isotopic products

July 28, 2013 Lattice Energy LLC, Copyright 2013 All rights reserved 8
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Widom-Larsen theory

explains condensed matter LENRs

Collective electroweak neutron production & capture,
and subsequent nuclear decays

Nuclear-strength, micron-scale, local electric fields are
crucial for ultra low momentum neutron production

LENR Nuclear Realm (MeVs)
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Widom-Larsen theory

explains condensed matter LENRs

Collective electroweak neutron production & capture,
and subsequent nuclear decays

Nuclear-strength, micron-scale, local electric fields are
crucial for ultra low momentum neutron production

In condensed matter systems, Steps 1. through 4. occur in nm- to p-
sized ‘patch’ regions on surfaces; these are called LENR-active sites

Steps 1. thru 3. are very fast: can complete in 2 to 300 nanoseconds

1. Electromagnetic (E-M) radiation on a metallic hydride
surface increases mass of surface plasmon (SP) electrons

2. Heavy-mass surface plasmon electrons react directly with (a)
surface protons (p™) or (b) deuterons (d") to produce ultra
low momentum (ULM) neutrons (n»,, or2 n, , , respectively)
and an electron neutrino (v,)

ulm ulm?

3. Ultra low momentum neutrons (»,, ) are captured by
nearby atomic nuclei (Z, A) representing some element with
charge (Z) and atomic mass (4). ULM neutron absorption
produces a heavier-mass isotope (Z, A+1) via transmutation.
This new isotope (Z, A+1) may itself be a stable or unstable,
which will perforce eventually decay

4. Many unstable isotopes /i~ decay, producing: transmuted
element with increased charge (Z+1), “same mass (A+1) as

‘parent’ nucleus; f- particle (eﬂ'); and an antineutrino v,

Ultra low momentum neutrons are almost all captured locally (very
few have time to thermalize and be detected); any gammas produced
get converted directly to infrared photons (heat) by heavy electrons

July 28, 2013 Lattice Energy LLC, Copyright 2013 All rights reserved 10
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Widom-Larsen theory

explains condensed matter LENRs

Collective electroweak neutron production & capture,
and nuclear decays

Nuclear-strength, micron-scale, local electric fields are
crucial for ultra low momentum neutron production

No strong interaction fusion or heavy element fission
occurring below; weak interactione+pore +d

(High E-M field > 101! V/m) Mass-renormalized
surface plasmon electron

1. hvﬁeld + O =—>» O

-

(E-M energy) + ¢ —> ¢~

2. © + @ —m © + F Many-body
collective
effects

- + .
€ = P nulm 3 ve

Ryim * (Z;! A) — (Zﬁ A+1)

--------- Unstable or stable
............... new isotope

() —> @ + o +

(Z, A+1) ——> (Z+1, A+1) + ¢5 + T,

e
Unstable Isotope

Weak interaction - decays (shown just above), direct
gamma conversion to infrared photons (not shown), and

o decays (not shown) produce most of the excess heat
that is calorimetrically observed in LENR systems
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Widom-Larsen theory

explains condensed matter LENRs

Collective electroweak neutron production & capture,
and nuclear decays

Nuclear-strength, micron-scale, local electric fields are
crucial for ultra low momentum neutron production
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American Nuclear Society
Winter 2012 Meeting

Mitsubishi experimentally confirms vector
of Widom-Larsen theory LENR transmutation
network for converting tungsten into gold

Mitsubishi’s new experimental results: W - Os > Pt

Confirms vector of Widom-Larsen theory LENR gold production network

LENR Transmutations Observed At Mitsubishi

Cr I Mn! Fe NI Cu Zn
49

Pi AQ Cd In

Tl

Mt UunUuu J‘L"nrb
SBK 2012

Pm SJl‘n Fu | Gd TIJ D';.f Hc_)

A A( Th P1 U Nﬁ Pll Am Cm/| Bk Cf | Es

Source of adapted graphic is New Energy Times:
http://news.newenergytimes.net/2012/12/06/mitsubishi-reports-toyota-replication/

Details: see 29-slide Lattice document on SlideShare dated December 7, 2012
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American Nuclear Society
Winter 2012 Meeting

Mitsubishi experimentally confirms vector
of Widom-Larsen theory LENR transmutation
network for converting tungsten into gold

Details: see 29-slide Lattice document on SlideShare dated
December 7, 2012

v Technical notes: gaseous permeation technique used by
Iwamura et al. in experiments with Tungsten (W) ‘targets’
produces only relatively small fluxes of ultra low
momentum neutrons; their electroweak neutron
production rate was therefore insufficient to drive the W-L
LENR transmutation network all the way out to the stable
Gold isotope during elapsed time of the experiments (only
got as far as Platinum - Pt, which was observed)

v" Please carefully examine data found in PowerPoint slides,
related paper published in ANS Transactions, and video of
Dr. Iwamura’s Nov. 14, 2012, ANS meeting presentation

v While Mitsubishi’s carefully conducted LENR experiments
did not reach Gold, they did observe key intermediate
nucleosynthetic products, namely Osmium and Platinum

v" Since Cirillo and Nagaoka’s experiments had much higher
levels of input energy in the form of electric currents, per
W-L theory they would be expected to produce higher
neutron fluxes and progress further into the LENR
network: in fact, Cirillo and Nagaoka did reach Gold

July 28, 2013 Lattice Energy LLC, Copyright 2013 All rights reserved 14
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Widom-Larsen explains LENR
Carbon = to other elements

For further explanatory details see 65-slide Lattice
document on SlideShare dated September 3, 2009

Figures in Mitsubishi US 2012/0269309A2
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Carbon atoms can serve as starting point ‘target’
or ‘seed’ element for green neutron-catalyzed
LENR transmutation network per Widom-Larsen

4 Depending on where nuclear process was stopped, LENR
transmutation of Carbon atoms could produce a wide variety
of stable elements up through Zinc; gaseous emissions might
be limited to Neon, Argon, Nitrogen and/or preferably Oxygen

v’ Scale of energy release is in MeV; or >10° larger than any
chemical reactions such as in combustion of fossil fuels

v’ See 65-slide Lattice document on SlideShare dated Sept. 3, 2009

Carbon-seed LENR transmutation network vector
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NUCLIDE TRANSMUTATION DEVICE AND
NUCLIDE TRANSMUTATION METHOD

CROSS REFERENCES

[0001] This application is a Continuation of and claims the
benefit of priority under 35 U.S.C. §120 from U.S. Ser. No.
12/483,827 filed Jun. 12, 2009. U.S. Ser. No. 12/483,827 1s a
continuation of U.S. Ser. No. 09/981,983 filed Oct. 19, 2001,
the entire contents of each are incorporated herein by refer-
ence, and claims the benefit of priority under 35 US.C. §119
from Japanese Patent Application Nos. P2000-333640 filed
Oct. 31, 2000 and P2001-20187S5 filed Jul. 3, 2001.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a nuclide transmu-
tation device and a nuclide transmutation method associated,
for example, with disposal processes in which long-lived
radioactive waste 1s transmuted into short-lived radioactive
nuclides or stable nuchides. and technologies that generate
rare earth elements from abundant elements found in the
natural world.

[0004] 2. Description of the Related Art

[0005] Conventional disposal processes are known that

include, for example, methods in which large amounts of

long-lived radioactive nuclides included in high level radio-
active waste and the like are efficiently and eflectively trans-
muted in a short time. Examples of these methods are those in
which small amounts of nuclide are transmuted, such as
heavy element synthesis by a nuclear fusion reaction using a
heavy 1on accelerator.

[0006] These disposal processes are nuclide transmutation
processes in which minor actinides such as Np, Am, and Cm
included in high level radioactive waste, long-lived radioac-
tive products of nuclear fission such as Tc-99 and 1-129,
exothermic Sr-90 and

[0007] (Cs-137, and usetul platinum group elements such as
Rh and Pd are separated depending on the properties of each
of the elements (group separation), and subsequently causing
a nuclear reaction by desorption of neutrons, the minor
actinides having a long half-life and nuclear fission products,
and transmuted into short-lived radioactive or non-radioac-
tive nuclides. In addition, the useful elements and the long-
lived radioactive nuclides included in the high level radioac-
tive waste are separated and recovered, effective use of the
elements 1s implemented, and at the same time, long-hved
radioactive nuclides are transmuted 1nto short-lived radioac-
tive or stable nuclides.

[0008] Three types of disposal processing methods are
known: disposal processing for actinides and the like by
neutron irradiation in a nuclear reactor such as a fast breeder
reactor or an actinide burn reactor: nuclear spallation process-
ing for actinides and the like by neutron irradiation in an
accelerator, and disposal processing of cesium, strontium,
and the like by gamma ray irradiation in an accelerator.
[0009] By neutron irradiation in a nuclear reactor, minor
actinides, which have a large neutron interaction cross-sec-
tion, can be rationally processed, and in particular, by irra-
diation with fast neutrons, transuranic elements, whose
nuclear fission 1s difficult to cause, can be directly caused to
undergo nuclear fission.

[0010] [@owever. long-lived radioactive nuclear fission
products are diflicult to process by neutron irradiation 1n a

nuclear reactor and the like., and for example, for Sr-90,
Cs-137 and the like, which have a small neutron interaction
cross section, disposal processing using an accelerator is
apphed.

[0011] In a disposal process using an accelerator, because
unlike a nuclear reactor they are operated subcritically. the
safety in relation to criticality is superior, and there is the
advantage that there is a large degree of design freedom, and
proton accelerators and electron beam accelerators are used.
[0012] In disposal processing using a proton accelerator, a
nuclear spallation reaction 1s used in which high energy pro-
tons at, for example, 500 MeV to 2 GeV, are irradiated to spall
the target nucleus, and nuclide transmutation 1s caused
directly by using the nuclear spallation reaction. In addition,
a nuclear fission reaction is generated by injecting the plural-
ity of neutrons generated along with spallation of the target
nucleus into a subcritical blanket placed around the target
nuclei, and a nuclide transmutation reaction is generated by a
neutron capture nteraction. Thereby, for example, transu-
ranic elements such as neptunium and americium and long-
lived radioactive nuclear fission products can be disposed of,
and furthermore, the heat generated by the subcritical blanket
can be recovered and used for power generation, and the
power necessary to operate to the proton accelerator can be
made self-sufficient.

[0013] Inaddition, in disposal processing using an electron
accelerator, disposal processing of long-lived radioactive
nuclear fission products such as strontium and cesium and the
transuranic elements and the like can be carried out by using
gamma radiation generated by the bremsstrahlung of the pro-
ton beam or a large resonance reaction such as a photonuclear
reaction, for example, the (y, N) reaction and the (y, nuclear
fission) reaction, using gamma radiation and the like gener-
ated by a reverse Compton scattering by combining, lor

[0014] [However, in the case of carrying out nuclide trans-
mutation using a nuclear reactor or an accelerator, as in the
disposal processes in the above-described examples of con-
ventional technology. there are the problems in that large-
scale and high cost apparatuses must be used. and the cost
required for the nuclide transmutation increases drastically.
[0015] Furthermore. in the case of processing, for example,
(Cs-137, which 1s a long-lived radioactive nuclhide fission
product, when transmutating Cs-137 radiated from an elec-
tron power generator of about one million KW to another
nuclide using an accelerator, there are problems in that the
necessary power reaches one million KW and a hugh strength
and large current accelerator become necessary., and thus
efficiency is low.
[0016] In addition, in contrast to a thermal neutron flux of
about 1x10"¥/cm*/sec in a nuclear reactor such as a light
water reactor, the neutron {lux necessary [or nuclide transmu-
tation of Cs-137, which has a small neutron interaction cross
section, is about 1x10'7-1x10"*/cm®/sec, and there is the
roblem in that the necessary neutron {lux cannot be attained.

SUMMARY OF THE INVENTION

[0017] In consideration of the above-described circum-
stances, it is an object of the present invention to provide a
nuchide transmutation device and a nuclide transformation
method that can carry out nuclide transmutation with a rela-
tively small-scale device compared to the large-scale devices
such as accelerators and nuclear reactors.
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[0018] In order to attain the object related to solving the
problems described above, the nuclide transmutation device
according to a first aspect of the invention comprises a struc-
ture body (the structure body 11. the multilayer structure
body 32. the cathode 72, the multilayer structure body 89. the
multilayer structure body 102 in the embodiments) that is
made of palladium or a palladium alloy, or a hydrogen absorb-
ing metal other than palladium, or a hydrogen absorbing alloy
other than a palladium alloy, an absorbing part (the absorbing
chamber 31. the absorbing chamber 103, or the electrolytic
cell 83 in the embodiments) and a desorption part (the des-
orption chamber 34, the desorption part 101, or the vacuum
container 85 in the embodiments) that are disposed so as to
surround the structure body on the sides and form a closed
space that can be sealed by the structure body, a high pres-
surization device (the deuterium tank 35. the deuterium tank
106. or the power source 81 in the embodiments) that makes
the absorption part side on the side of the surface of the
structure body have a state wherein the pressure of the deu-
terium is relatively high, a low pressurization device (the
turbo-molecular pumps 38 and 110, the rotary pumps 39 and
111. and a vacuum exhaust pump 91 1n the embodiments) that
makes the desorption part side on the other side of the surface
of the structure body have a state wherein the pressure of the
deuterium 1s relatively low, and a transmutation material
binding device (the step S22. the step S44. or the step S044, in
the embodiments) that binds the material that undergoes
nuclide transmutation on one surface of the structure body
material (‘**Cs. ">C. and **Na in the embodiments) that

undergoes nuclide transmutation on the one of the surface of

the structure body.

[0019] According to the nuclide transmutation device hav-
ing the structure described above, a pressure differential in the

deuterium between the one surface and the other surface of

the structure body is provided in a state wherein the material
that undergoes nuclide transmutation is bound to one of the
surfaces of the structure body serving as a multilayer struc-
ture. and within the structure body a flux of deuterium from
one surface side to the other surface side is produced, and
thereby an easily reproducible nuclide transmutation reaction
can be produced for the deuterium and the material that
undergoes nuclide transmutation.

[0020] Furthermore. the nuchde transmutation device
according to a second aspect of the present invention is char-
acterized in comprising a high pressurization device that pro-
vides a deuterium supply means (the deuterium tanks 35 and
106 in the embodiments) that supplies deuterium gas to the
absorption part, and the low pressurization device provides an
exhaust means (the turbo-molecular pumps 38 and 110. and
the rotary pumps 39 and 111 in the embodiments) that brings
about a vacuum state in the desorption part.

[0021] According to the nuclide transmutation deice hav-
ing the structure described above, the absorption part is pres-
surized by the deuterium supply device, and at the same time,
the pressure in the radiation part is reduced to a vacuum state
by the exhaust means, and thus a pressure differential in the
deuterium is formed in the structure body.

[0022] Furthermore. the nuclide transmutation device
according to a third aspect is characterized in the high pres-
surization device providing an electrolysis device (the power
source 81 1n the embodiments) that supphes an electrolytic
solution (the electrolytic solution 84 in the embodiments ) that
includes deuterium to the absorption part and electrolyzes the
electrolytic solution with the structure body serving as the

Oct. 25, 2012

cathode, and the lower pressurization device provides an
exhaust device (the vacuum exhaust pump 91 in the embodi-
ments) that brings about a vacuum state in the radiation part.
[0023] According to the nuchde transmutation device hav-
ing the structure described above, by electrolyzing the elec-
trolytic solution on one surface of the structure body with the
structure body serving as a cathode, deuterium 1s absorbed
effectively into the structure body due to the high pressure,
and by reducing the pressure of the radiation part to a vacuum
state using the exhaust device, a pressure differential in the
deuterium is formed in the structure body.

[0024] Furthermore. the nuclide transmutation device
according to a fourth aspect of the present invention is char-
acterized in the transmutation material binding device pro-
viding a transmutation material lamination device (step S04,
step S44, or step S04a, in the embodiments) that laminates the
material that undergoes nuclide transmutation onto one sur-
face of the structure body.

[0025] According to the nuclide transmutation device hav-
ing the structure described above, the transmutation material
lamination means can laminate the material that undergoes
the nuclear transmutation on one surface ol the structure body
by a surface forming process, such as electrodeposition.
vapor deposition, or sputtering.

[0026] Furthermore. the nuclide transmutation device
according to a fifth aspect of the present invention is charac-
terized in the transmutation material binding device provid-
Ing a transmutation matenal supply means (step S22 in the
embodiments) that supplies a material that undergoes nuclide
transmutation in the absorption part, and exposing one sur-
face of the structure body to a gas or liquid that includes the
material that undergoes the nuclide transmutation.

[0027] According to the nuclide transmutation device hav-
ing the structure described above, the material that undergoes
nuclide transmutation can be bound to one surface of the
structure body by mixing the material that undergoes nuclide
transmutation in, for example, a gas or liquid that includes
deuterium.

[0028] Furthermore. the nuclide transmutation device
according to the sixth aspect of the present invention is char-
acterized in that the structure body provides from one surface
to the other surface in order a base matenial (the Pd substrate
23 in the embodiments) that is made of palladium or a palla-
dium alloy. or a hydrogen absorbing metal other than palla-
dium, or a hvdrogen absorbing alloy other than a palladium
alloy: a mixed layer (the mixed layer 22 in the embodiments)
that is formed on the surface of the base material and com-
prises palladium or a palladium alloy, or a hydrogen absorb-
ing metal other than palladium or a hydrogen absorbing alloy
other than a palladium alloy, and a material having a low work
function (CaO in the embodiments); and a surface layer (the
Pd layer 21 in the embodiments) that is formed on the surface
of the mixed layer and comprises palladium or a palladium
alloy, or a hydrogen absorbing metal other than palladium or
a hydrogen absorbing alloy other than a palladium alloy.
[0029] According to the nuclide transmutation device hav-
ing the structure described above, a mixed layer that includes
a material having a low work function i1s provided on the
structure body that serves as the multilayer structure, and
thereby the repeatability of the production of the nuchde
ransmutation reaction is improved.

[0030] According to the nuchde transmutation device hav-
ing the structure described above, the production of the
nuchde transmutation reaction can be further promoted by
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transmuting the material that undergoes nuclide transmuta-
tion to a nuclide having a similar isotope ratio composition.
[0031] In addition, the nuclide transmutation method
according to a seventh aspect ol the present invention 1s
characterized in including in the structure body (the structure
body 11, the structure body 32, multilayer structure body 32,
the cathode 72, the multilayer structure body 89, and multi-
layer structure body 102 in the embodiments) comprising
palladium or a palladium alloy, or a hydrogen absorbing
metal other than palladium, or a hydrogen absorbing alloy
other than a palladium alloy, a high pressurizing process (step
S07. step S25, or step S46 in the embodiments) that brings
about a state in which the pressure of the deuterium 1s rela-
tively high on one surface side of the structure body, a low
pressurizing process (step S0S. step S23, or step S45 in the
embodiments) that brings about a state in which the pressure

of the deuterium 1s relatively low on the other surface side of

the structure body, and a transmutation material binding pro-
cess (step S04 and step S22 or steps S44 and S04a in the
embodiments) that binds the material that undergoes nuclide
transmutation to the one surface of the structure body.
[0032] According to the nuclide transmutation method
described above, a pressure differential in the deuterium is
provided between the one surface side and the other surface
side of the structure body in a state in which the material that
undergoes nuclide transmutation is bound to the one surface
of the structure body that serves as the multilayer structure,
and a flux of deuterium from the one surface side to the other
surface side in the structure body is produced. and thereby the
nuclide transmutation reaction is produced with good repeat-
ability for the deuterium and the material that undergoes
nuclide transmutation.

[0033] Furthermore. a nuclide transmutation method
according to the eighth aspect of the present invention is
characterized in the transmutation material binding process
including either a transmutation material lamination process
(step S04, step S44, or step S044 in the embodiments) that
laminates the material that undergoes nuclide transmutation
on the one surface of the structure body, or a transmutation
material supply process (step S22 in the embodiments) that
exposes the one surface of the structure body to a gas or liquid
that includes the material that undergoes nuclide transmuta-
tion.

[0034] According to the nuclide transmutation method
described above, a material that undergoes nuclide transmu-
tation is laminated on the one surface of the structure body by
a film formation process using a transmutation material lami-
nation process such as electrodeposition, vaporization depo-
sition, or sputtering, or the material that undergoes nuclide
transmutation 1s mixed with a gas or hquid that includes
deuterium and the like. and thereby the material that under-
goes the nuchide transmutation are disposed on the one sur-
face of the structure body.

[0035] Furthermore. a nuclide transmutation method
according to a ninth aspect of the present invention is char-
acterized in the transmutation material binding process that
binds the material that undergoes nuclide transmutation to the
one surlace of the structure body.

[0036] According to the nuclide transmutation method
described above, the material that undergoes nuclide trans-
mutation is transmuted to a nuclide having a similar 1sotopic
ratio composition, and thereby the nuclide transmutation
reaction can be promoted.

BRIEF DESCRIPTION OF THE DRAWINGS
[0037]

the nuclide transmutation method according to the first
embodiment of the present invention.

FIG. 1 1s a drawing for explaining the principle of
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[0038] FIG. 2 is a cross-sectional structural drawing show-
ing the structure body used in the nuclide transmutation
method according to the first embodiment of the present
imvention.

[0039] FIG. 3 1s a structural diagram of the nuclide trans-
mutation device according to the first embodiment of the
present mvention.

[0040] FIG. 4 1s s cross-sectional structure drawing of the
multilayer structure body used in the nuclide transmutation
device shown in FIG. 3.

[0041] FIG. SA 1s a cross-sectional structural drawing of
the mixed layers and I'IG. SB 1s a cross-sectional structural
drawing of the structure body including the mixed layer.
[0042] FIG. 61s a structural diagram of the device that adds
a material to be subjected to the nuclide transmutation to the
multilayer structure body.

[0043] FIG. 7 is a graph showing the spectra of Pr by XPS
in on the surface of the multilayer structure body shown in
FI1G. 4.

[0044] FIG. 81s a graph showing the change in the number
of Cs and Pr atoms over time on the surface of the multilayer
structure body shown in FIG. §.

[0045] FIG. 9 is a graph showing the change in the number
of atoms for each of C, Mg, Si. and S over time on the surface
of the multilayer structure body in the third embodiment.
[0046] FIG. 10isagraph showing the change in the number
of atoms for each of C, Mg, Si, and S over time on the surface
of the multilayer structure body in the fourth embodiment.
[0047] FIG. 11 is a cross-sectional structure showing a
multilayer structure body according to the second modified
embodiment of the present invention.

[0048] FIG. 12 is a graph showing an XPS spectrum of Mo
on the surface of the multilayer structure body shown in FIG.
11.

[0049] FIG. 13 isagraph showing the change in the number
of Sr and Mo atoms over time on the surface of the multi-
player structure body shown 1n FIG. 11.

[0050] FIG. 14isa graph showing the change in the number
of Sr and Mo atoms over time on the multiplayer structure
body shown in FIG. 11.

[0051] FIG. 15 is a graph showing the change of the isoto-
pic ratio of the natural Mo with the change of the atomic mass
number over time.

[0052] FIG. 16 1s a graph showing the change of the isoto-
pic ratio of the nucleated Mo on the surface of the multilayer
structure body according to the fifth embodiment of the
present invention together with the change in its alomic mass
number.

[0053] FIG. 17. i1s a diagram showing the change of the
isotopic ratio of the natural Sr, which 1s added as a material
that undergoes nuclide transmutation, together with the
change in its mass number.

[0054] FIG. 18 1s a diagram explaining the principle of the
nuchide transmutation according to the second embodiment
of the present invention.

[0055] FIG. 19 shows a structure of the nuclide transmuta-
tion device according to the second embodiment of the
present invention.

[0056] FIG. 20 1s a drawing showing the surface on the
electrolyte cell side of the multilayer structure body after
experiments using the nuclide transmutation device shown in
FIG. 19.
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[0057]) FIG. 21 is a graph showing the results of SIMS
analysis of the surface of the multilayer structure body after
experiments using the nuclide transmutation device shown in
FIG. 19.

[0058] FIG. 22 shows a structure of a nuclide transmutation
device according the third embodiment of the present inven-
lion.

DETAILED DESCRIPTION OF THE INVENTION

[0059] Below, the nuclide transmutation device and nuclide

transformation method according to the first embodiment of

the present invention are explained referring to the figures.
10060}
the nuclide transmutation method according to the first
embodiment of the present invention; FIG. 2 is a cross-sec-
tional structural drawing showing the structure body 1 used in
the nuclide transmutation method according to the first
embodiment of the present invention: FIG. 3 is a structural
diagram of the nuclide transmutation device 30 according to
the first embodiment of the present invention; FIG. 4 1s s
cross-sectional structure drawing of the structure body 51
used in the nuclide transmutation device shown in FIG. 3;
FIG. 5A is a cross-sectional structural drawing of a mixed
layer 22 and FIG. 5B is a cross-sectional drawing of the
structure body 11 containing the mixed layver 22: FIG. 6 is a
diagram of the device that adds a material, that undergoes
nuclide transmutation, to the structure body 11.

[0061] As shown, for example. in FIG. 1, the device 10 that
realizes the nuclide transmutation method according to the
present embodiment comprises a structure body 11 having a
substantially plate shape comprising palladium (Pd) or an
alloy of Pd or another metal (for example, Ti) that absorbs
hydrogen, or an alloy thereof, and a material that undergoes
nuclide transmutation attached to one surface 11 A among the
two the surfaces of this structure body 11: and in the device a
flow 15 of deuterium is generated in the structure body 11 due
to the one surface side 11 A of the structure body 11 serving as

a region 12 in which, for example. a load or the pressure of

hydrogen due to electrolysis is high and the other surface 1183
side serving as a region 13 in which the pressure of the
deuterium due to vacuum exhaust and the like is low; and the
nuclide transmutation is carried out by the reaction between
the deuterium and the matenial 14 that undergoes nuclide
transmutation.

[0062] Here, as shown for example in FIG. 2, the structure
body 11 is preferably formed by a mixed layer 22 of a material
that has a relatively low work function. that is, a material that
emits electrons easily (lor example, a material having a work
function equal to or less than 3 eV), and Pd being formed on
the surface of a Pd substrate 23, and a Pd layer 21 being
laminated on surface of the mixed layer 22.

[0063] As shown in FIG. 3, the nuclide transmutation
device 30 according to the present embodiment comprises an
absorption chamber 31 having an interior that can be main-
tained in an airtight state. a radiation chamber 34 provided
inside this absorption chamber 31 that can be maintained
airtight due to the multilayer structure body 32, a deuterium
tank 35 that supphies deuterium into the absorption chamber
31 viathe variable leak pump 33, a radiation chamber vacuum
gauge 36 that detects the degree of the vacuum in the radiation
chamber 34, a substance analyzer 37 that detects the gaseous
reaction products produced, for example, from the multilayer

structure body 32, and evaluates the amount of penetration of

the deuterium that penetrates the multilayer structure body 32

FIG. 1 1s a drawing for explaining the principle of
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by measuring the amount of deuterium in the radiation cham-
ber 34, a turbo-molecular pump 38 that always maintains the
interior of the radiation chamber 34 in a vacuum state. and a
rotary pump 39 for preliminary evacuating the radiation
chamber 34 and the turbo-molecular pump 38.

[0064] Further. the nuclide transmutation device 30 com-
prises static electricity analyzer 40 that detects photoelec-
trons, 1ons, and the like emitted from the atoms of the surface
of the multilayer structure body 32 that are excited due to
irradiation by X-rays. an electron beam. and a particle beam
and the like, an X-ray gun 41 for XPS (X-ray Photo-electron
Spectrometry ) that radiates X-rays on one surface exposed to
deuterium among the two surfaces of the multilayer structure
body 32 in the absorption chamber 31 that is exposed to
deuterium, a pressure meter 42 that detects pressure in the
absorption chamber 31 into which deuterium has been intro-
duced, an X-ray detector comprising, for example, a high
purity germanium detector 44 having a beryllium window 43,
an absorption chamber vacuum meter 45 that detects the
degree of the vacuum in the absorption chamber 31, a vacuum
valve that maintains the interior of the absorption chamber 31
1s a vacuum state 46 before the introduction of the deuterium,
for example, a turbo-molecular pump 47 that evacuates the
absorption chamber 31 to a vacuum state, and a rotary pump
48 for preliminary evacuating the absorption chamber 31 and
the turbo-molecular pump 47.

[0065] In addition, by placing the absorption chamber 31
side of the multilayer structure body 32 in a condition in
which the pressure of the deuterium 1s relatively high placing
the radiation chamber 34 side of the multilayer body 32 in a
condition in which the pressure of the deuterium is relatively
low, and forming the pressure diflerence in the deuterium on
both surfaces of the multilayer structure body 32. a flow of
deuterium from the absorption chamber 31 side to the radia-
tion chamber 34 side is produced.

[0066] Here. as shown in FIG. 4, for example. the multi-
layer structure body 32 is formed such that a mixed layer 22
of a matenial that has a relatively low work function (for
example, a material having a work function equal to or less
than 3 eV) and Pd is formed on the surface of the Pd substrate
23. the Pd layer 21 is laminated on the surface of this mixed
layer 22, and a cesium (Cs) layer 52 is added to the surface of
the Pd layer 21 as the material that undergoes nuclide trans-
mutation.

[0067] The nuclide transmutation device 30 according to
the present embodiment is provided, and next, the method for
carrying out the nuchde transmutation using this nuchde
transmutation device 30 will be explained referring to the
figures.

[0068] First, the Pd substrate 23 (for example, having a
length of 25 mm, a width of 25 mm, a depth 01 0.1 mm, and a
purity of 99.5% or greater) shown in FIG. 2. for example, is
degreased by ultrasound cleaning over a predetermined time
interval in acetone. In addition, in a vacuum (for example.
equal to or less than 1.33x107° Pa), annealing, that is, heat
processing, is carried out over a predetermined time interval
at 900° C. (step SO01).

[0069] Next, at room temperature, contaminants are
removed from the surface of the Pd substrate 23 after anneal-
ing by carrying out etching processing over a predetermined
time interval (for example, 100 seconds) using heavy aqua
regia (step SO02).

[0070] Next, using a sputtering method employing an argon
lon beam, the structure body 11 1s produced by carrying out
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surface formation on the Pd substrate 23 after the etching
processing. Here. for example, the thickness of the Pd layer

21 shown in FIG. 2 is 400x10™'“m, and the mixed layer 22 of

the material having a low work function and the Pd, as shown
in F1G. SA. 1s formed by alternately laminating, for example,
a CaO layer 57 having a thickness of 100x10™'“ m and. or
example, a Pd layer 56 having a thickness of 100x10™"'", and
thus the thickness of the mixed layer 22 is 1000x10™'", In

addition, by forming as a film a Pd layer 21 on the surface of

the mixed layer 22 of 400x107'", the structure body 11 is
formed (step S03).

[0071] Next, by electrolysis of CsNO, of a dilute solution
of D,0 (a solution of CsNO./D,0), as an example that under-
goes nuclide transmutation, for example, the material Cs is
added to the film processed surface of the structure body 11.
For example, like the electrodeposition device 60 shown in
FIG. 6 using 1 mM of a CsNO,/D,0 solution as the electro-

lyte 62. connecting the platinum electrode 63 to the anode of

the power source 61, connecting the structure body 11 to the
cathode, and carryving out electrolysis over a 10 second inter-
val at a voltage of 1V, the reaction represented by the follow-
ing chemical Formula (1) is produced. a Cs layer 52 is added.
and the multilayer structure body 32 is formed (step S04).
[0072] Inaddition. the Cs layer 52 of the multilayer body 32
is faced towards the absorption chamber 31 side, the absorp-
tion chamber 31 and the desorption chamber 34 are closed
into an airtight state by interposing the multilayer structure
body 32. The desorption chamber 34 is evacuated first using
a rotary pump 39 and a turbo molecular pump 38. Further-
more, the absorption chamber 31 is evacuated using the rotary
pump 48 and the turbo molecular pump 47 by closing the
variable leak valve 33 and by opening the vacuum valve 46
(step S0S5).

[0073] Next, after sufliciently stabilizing the degree of the
vacuum ol the absorption chamber 31 (for example. to be
equal to or less than 1x10~'® Pa), the elements present on the
surface of the multilayer structure body 32 on the absorption
chamber 31 side are analyzed by XPS (step S06). That is, the
surface of the multilayer structure body 32 is irradiated by an
X-ray beam from an X-ray gun 41, and energy of the photo-
electrons emitted from atoms on the surface of the multilayer
structure body 32 excited by the X-ray irradiation is analyzed
by the electrostatic analyzer 40 so that the elements present on
the absorption chamber 31 side surface of the multiplayer
structure body 32 are 1dentified.

[0074] Next, after heating the multilayer structure body 32
by a heating device (not shown), for example, to 70° C., the
vacuum exhausting of the absorption chamber 31 is sus-
pended by closing the vacuum valve 46, a deuterium gas 1s
introduced at a predetermined gas pressure into the absorp-
tionchamber 31 by opening the variable leak valve 33, and the
experiment on nuclide transmutation 1s commenced. IHere,
the gas pressure when deuterium is introduced into the
absorption chamber 31 is, for example, 1.01325x10° Pa (or 1
atmosphere).

[0075] In addition. measurement of the gaseous reaction
product (for example, the mass number A=1 to 140) is carried
out using the mass spectrograph 37 in the radiation chamber
34, and the diffusion behavior of the deuterium that penetrates
through the multilayer structure body 32 and is radiated into
the radiation chamber 34 is evaluated. In addition, measure-
ment of the X-ray 1s carried out by a high purity germanium
detector 44 disposed on the absorption chamber 31 side of the
multilayer structure body 32 (step S07).

[0076] Note that the amount of deuterium released into the
desorption chamber 34 after permeating through the multi-
layer structure body 32 is calculated based on the degree of
vacuum in the desorption chamber 34 detected by a desorp-
tion chamber vacuum gauge 36 and a volume flow rate of a
turbo molecular pump 38.

[0077] After the commencement of the introduction of the
deuterium gas into the absorption chamber 31, for example,
after several tens of hours, the temperature of the multilayer
structure body 32 is restored to room temperature. The intro-
duction of the deuterium gas is suspended by closing the
variable leak valve 33, and furthermore, the absorption cham-
ber 31 is evacuated by opening the vacuum valve 46 and the
experiment on nuclide transmutation is ended.

[0078] In addition. after sufficiently stabilizing the degree
of the vacuum 1n the absorption chamber 31 (for example.
equal to or less than 1x107° Ps), the elements present on the
surface of the multilayer structure body 32 on the absorption
chamber 31 side i1s analyzed by XPS, and thereby the mea-
surement of products is carried out (step S08).

[0079] In addition, the processing in the above-described
steps S06 to S07 is repeated. and the change over time of the
nuclide transmutation reaction is measured (step S09).
[0080] Additionally, the multilayer structure body 32 is
extracted from the nuclide transmutation device 30. and the
experiment on the nuclide transmutation is ended (step S10).
[0081] Below, the results of the two experiments on nuclide
transmutation carried out using the nuclide transmutation
method according to the present embodiment, that is, the
example 1 and example 2 when the identical experiment is
carried out two times, will be explained referring to FIG. 7
and FIG. 8.

[0082] FIG. 7 is a graph showing the spectrum of Pr using
XPS in the surface ol the multilayer structure body 32 shown
in FI1G. 4, and FIG. 8 is a graph showing the change over time
in the number of atoms of Cs and Pr in the surface of the
multilayer structure body 32 shown in IF1G. 4.

[0083] According to the results of the XPS analysis of the
example one and example two, in the example one and the
example two the Cs (atomic number Z=55) of the multilayer
structure body 32 decreases with the passage of time, and for
example, like the spectrum of Pr using XPS shown in FI1G. 7,
the Pr (praseodymium, atomic number Z=59) increased.
[0084] Below. the method of calculating the number of
atoms of each element from the spectrum of Cs and Pr using
XPS will be explained.

[0085] Moreover, the strength of X-rays radiated from the
X-ray gun 41 to the multilayer structure body 32 during the
measurement by XPS is made constant, and the region in
which these X-rays are desorbed i1s assumed to be identical in
each of the measurements of the example one and the
example two.

[0086] Furthermore. the region in which the X-rays are
emitted on the surface of the multilayer structure body 32 is.
for example, a circular region having a diameter of S mm, and
from the estimation of the escape depth of the photoelectrons
that are emitted, the depth that can be analyzed in XPS is, for
example, 20x107"",

[0087] In addition, the Pd that forms the Pd substrate 23 is
an fcce (face-centered cubic) lattice, and thus the number of Pd
atoms, calculated from the peak strength of the spectrum of
PD obtained by XPS, is 3.0x10"".

[0088] In addition, the number of atoms of each element 1s
calculated by comparing the peak strength of the spectrum of
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each element obtained by XPS and the peak strength of the
spectrum of Pd. referring to the ratio of the 1onization cross
section of each element, that is, the electrons in the inner shell
of the elements, that are excited due to absorbing X-rays and
the like. Moreover, in Table 1, the calculated value of the
1onization cross section of each element 1s shown as a relative
value in the case that the value of the 1s orbital of C (2.22x

107* ") is set to *1°. Further, in the following chart 1, 2 p of

Si, 2 pof S, and 2 p of C1 are calculated as the sum of 2 p, ,
and 2 p, ».

TABLE 1

10mization
bonding energy of Cross
inner shell electrons

onization
bonding energy of Cross

inner shell electrons section section

C 1s (283.5¢V) 1.00 Mg 2s (BR.6 V) 2.27
O 1s (543.1 V) 2.29 Pd 3d,, (335.1 eV) 10.1

S1 2p (99 eV) (®) (),804 Pd 3dy,, (340.4eV) 7.03
St 2s (149.8 V) (.884 Cs 3d,, (726.6 eV) 22,93
S 2p (163 V) (*) 1.85 Ce 3d,,, (883.9¢V) 28.57
Cl 2p (201 eV) (*) 2.47 Pr3ds,, (928.8 ¢V) 30.72

[0089] As shown in FIG. 8, in the first example, under
initial conditions, 1.3x10'* atoms of Cs were reduced to
8x10", and after 120 hours, were reduced to 5x10"°,

[0090] In contrast, although Pr was not present before the
commencement of the experiment, after 48 hours, 3x10"*
atoms thereol, were detected, and after 12 hours, the number
was observed to increase to 7x10'? atoms.

[0091] Similarly, in the second example as well, with the
passage of time from the commencement of the experiment,
a decrease n the number of Cs atoms and Pr production and
an increase in the number of Pr atoms was observed, showing
a tendency substantially identical to that of the first example.
Thus, this can be interpreted as showing that the nuclide
transmutation of Cs to Pr was occurring,

[0092] Moreover. in the following. we will consider
whether or not the detected Pr is due to contaminants.
[0093] In the first example and the second example of the
present embodiment as described above, analysis of elements
was carried out without extracting the multilayer structure
body 32 from the vacuum container comprising the absorp-
tion chamber 31 and the radiation chamber 34, and thus the
causes of the introduction of contaminants that can be con-
sidered are contaminants included on the deuterium gas (DD,
gas) and contaminants in the multilayer structure body 32.
[0094] In the case of analyzing D, gas in the nuclide trans-
mutation device 30 when the D, gas 1s 99.6% pure, and the
contaminant N, and D,O are equal to or less than 10 ppm,
contaminants O,, CO,, and CO are equal to or less than 5
ppm. gases of contaminants other than these contaminants
and hydrocarbons were not detected.

[0095] In contrast, in the multilayer structure body 32, the
purity of the Pd was 99.5%, and the purities of CaO and
CsNO, were 99.9%. In addition, as a result of carrying out
quantitative analysis of lanthamides (s-l.a to 5,L.u) in the
multilayer structure body 32 before the commencement of the
experiment using glow desorption mass spectrometry (GD-
MS), Nd was detected at 0.02 ppm. and the other lanthanides
besides Nd were below detection limits, that 1s, equal to or
less than 0.01 ppm.

[0096] Here. if we assume that 0.01 ppm of Pr, which is the
detection limit. 1s present in the multilayer structure body 32
used in the first example and the second example (lor

example, 0.7 g=7x10™" mol), then the number of Pr atoms
present in the multilayer structure body 32 would be 4.2x
10"°.

[0097] In this case, based on the above assumption. if we
assume that the Pr atoms detected in example 1 and example
2 are Pr atoms below the detection limits, then it is also
necessary to assume that all the Pr atoms below the detection
limit are disposed so as to be concentrated in the region
having a depth of several 10x10™"" m from the surface of the
multilayer structure body 32, and a physical phenomenon 1n
which the Pr atoms scattered as contaminants in the multi-
layer structure body 32 are concentrated only in proximity to
the surface of the multilayer structure body 32 is thermody-
namically impossible. Thus, we cannot conclude that the Pr
atoms detected in example one and example two are contami-
nants included beforehand in the multilayer structure body
32. Furthermore, if they are impurities included beforehand
in the multilayer structure body 32. we can determine that
there is no time dependent change of the atomic number. that
is, a change over time in the number of atoms will maintain a
constant value.

[0098] Based on the above, we can conclude that the Pr
detected in example one and example two is produced as a

[0099] Moreover. the experimental results of the above-
described example one and example two are extremely well
explained by the EINR model that appeared in the journal
IFusion Technology. published by the US Atomic Energy Con-
ference (Y. Iwamura, T. Itoh, N. Gotoh, and 1. Toyoda,
“Detection of Anomalous Elements, X-ray, and Excess Heat
in a D,-Pd System and its Interpretation by the Electron-
Induced Nuclear Reaction (EINR) Model”, Fusion Technol-
ogy. vol. 33. no. 4, p. 476. 1998).

[0100] According to this EINR model. we can consider the
Pr to be produced from Cs according to the Formula (1) and
Formula (2).

[0101] Moreover, in the following Formula (1) and For-
mula (2). d denotes deuterium, e denotes electrons, ,n denotes
dineutrons, and v denotes neutrinos.

[0102] [text missing or illegible when filed] (2)
[0103] [text missing or illegible when filed] (3)
[0104] As shown in Formula (2), according to the EINR
model, deutertum captures electrons to generate dineutrons,
and simultaneously, nuclide transmutation occurs due to
reacting with substances such as Cs. Moreover, in Formula
(3), the symbols for f§ decay, that is, the ~ decay from '*'Cs

(='**Cs+4°n) to "*'Pr, have been omitted.

[0105] As described above. according to the nuclide trans-
mutation device 10 of the present embodiment, a relatively
large-scale device such as a nuclear reactor or an accelerator
are not necessary, and the process of nuclide transmutation
can be implemented with a relatively small-scale construc-
tion.

[0106] In addition. according to the nuclide transmutation
method of the present embodiment, the possibility that the
number of atoms of Pr, which are not detected before the
commencement of the experiment and are detected to be
increasing after the commencement of the nuclide transmu-
tation experiments, are detected due to contaminants included
beforehand in the supplied D, gas or in the multilayer struc-
ture body 32 is eliminated, and the production of a nuclhide
transmutation reaction from Cs to Pr can be repeated well and
reliably,
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[0107] Moreover. in the embodiment described above, the
multilayer structure body 32 was formed by adding a cesium
(Cs) layer 52 to the surface of the Pd layer 21 as a material that
undergoes the nuclide transmutation, but the invention is not
limited thereby, and in place of using Cs as a material that
undergoes the nuclide transmutation, other materials such as
carbon (C) can be added.

[0108] Below, as a first modified example of the present
embodiment, the case of adding carbon (C), for example. as a
material that undergoes the nuclide transmutation on the sur-
face of the Pd surface 21. will be explained referring to FIG.
9 and FI1G. 10.

[0109] FIG.9is a graph showing the change in the number
of atoms for each of C, Mg, Si., and S over time on the surface
of the multilayer structure body 32 in the third example, and
FIG. 10 1s a graph showing the change in the number of atoms
for each of C, Mg, Si. and S over time on the surface of the
multilayer structure body 32 in the fourth example.

[0110] In this first modified example, the point that differs
greatly from the first embodiment described above is the
method of forming the multilayer structure body 32, and in
particular, the process in step S04 described above.

[0111] Specifically, after the step S03 described above, the
multilayer structure body 32 is formed by carbon (C) in the
atmosphere adhering to the surface of the Pd layer 21 due to
exposing the structure body 11 comprising the Pd substrate
23, mixed layer 22, and the Pd layer 21 to the atmosphere
(step S14).

[0112] Inaddition, the Pd layer 21 having the adhering C is
faced towards the absorption chamber 31. the absorption
chamber 31 and the radiation chamber 34 are closed by inter-
posing the multilayer structure body 32 therebetween, and a
vacuum desorption 1s respectively carried out on both the
absorption chamber 31 and the radiation chamber 34.
[0113] Then the processing in the following the above-
described step S06 is carried out. Below, the results of two
experiments, that is, the example three and example four
when the same experiment according to the first modified
example 1s carried out two times, on nuclide transmutation
experiment carried out by the nuclide transmutation method
of the modified example of the present embodiment is
explained referring to the figures.

[0114] In this case, by the results of the analysis of CPS in
example 3 and example 4, in example 3 and example 4, the C
in the multilayer structure body 32 decreases with the passage
of time. and Si and S, which are reaction products. and Mg,
which is an intermediate product, were detected.

[0115] In addition, similar to the embodiment described
above, the number of atoms of each element is calculated
from the spectrum of C. Mg, Si. and S by XPS.

[0116] As shown in IFIG. 9. in example 3, the number of C
atoms originating in hydrocarbons decreased 44 hours after
the commencement of the experiment. while Mg, which was
not present before the commencement of the experiment, was
detected 44 hours later, and furthermore, had somewhat
decreased after 116 hours. Furthermore, Siand S, which were
not present before commencement of the experiment,
increased monotonically 44 hours later and 116 hours later.

[0117] As shown in FIG. 10, in example 4, the number of C
atoms ornginating in hydrocarbons decreased monotonically

24 hours. 76 hours. and 116 hours after the commencement of

the experiment. while in contrast Mg, which was not present
belore the commencement of the experiment, was produced

24 hours after commencement, and furthermore, monotoni-
cally decreased after 76 and 116 hours.

[0118] Furthermore., Si and S, which were not present
before commencement of the experiment. monotonically
increased 24, 76, and 116 hours after commencement.
[0119] According to the above results, the nuclide transmu-
tation method according to the modified example of the
present invention resulted in C being transmuted, and Mg, Si,
[0120] Inthis case, according to the EINR model described
above, the nuclide transmutation of C is represented in For-
mula (2) described above and Formula (4). Moreover, in
Formula 4, a reaction by a dineutron cluster (6°n, 2°n) is
represented.

[0121] [text missing or illegible when filed] (4)
[0122] Below. the second modified example of the present
embodiment 1s explained with reference to FIGS. 11 to 17
when. for example, strontium (Sr) 1s added on the surface of
the Pd layer 21 as an element that undergoes nuclide trans-
mutation.

ing the multilayer structure body 32 related to the second
modified example of the present embodiment. FIG. 12 i1s a
graph showing the XPS spectrum of the Mo element on the
surface of the multilayer structure body 32 shown in FIG. 11.
FIGS. 13 and 14 show a time dependent change of atomic
numbers of respective Sr and Mo elements on the surface of
the multilayer structure body 32. I'1G. 15 shows the change of
a 1sotopic ratio and the atomic mass number of natural Mo.
[F1G. 16 shows the change of an isotopic ratio and the atomic
number of Mo observed on the multilayer structure body 32 in
the fifth embodiment. FIG. 17 is a graph showing the change
of the isotopic ratio and the atomic mass number of the natural
Sr added as a material that undergoes nuclide transmutation.
[0124] In this second modified example, the Sr layer 53 is
added on the multilayer structure body 32 in place of the Cs
layer 52 used for being subjected to the nuchide transmuta-
tion. That is, the point of the second modified example which
differs [rom the above-described first modified example 1s the
method of forming the multilayer structure body 32. particu-
larly. the processing in step S04. Note that, in the second
modified example, the Pd substrate 23 has a size of 25 mmx25
mmx0.1 mm (lengthxwidthxthickness) and having a impu-
rity of more than 99.9%.

[0125] In the second modified example, alter the above-
described step S03, Sr, for example, 1s added as the material
that undergoes nuclide transmutation on the film formed sur-
face of the structure body by electrolysis of a diluted solution
of SrO in D,O (Sr(OD),/D,0 solution) on the film forming
surface of the multiplayer structure body 11. In the elec-
trodeposition device 60, for example, shown in FI1G. 6. 1 mM
of the Sr(OD),/D,0 solution is used, and electrolysis is car-
ried out, for example, for 10 seconds at 1V after connecting
the anode of the power source 61 to the platinum anode 63 and
connecting the cathode of the power source 61 to the multi-
layer structure body 11. The chemical reaction shown by the
formula (5) takes place by the electrolysis, and the Sr layer 53
is deposited on the surface of the multilayer structure body 32
(step S04a)

[0126] [text missing or illegible when filed] (5)
[0127] Subsequently, the Srlayer 53 of the multilayer struc-
ture body 53 is directed to the absorption chamber 31 and the
processes below step SO0S are conducted.
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[0128] Hereinatter, two results of the nuclide transmutation
experiments, that is, the results of the example 5 and example
6, which were conducted by repeating the same experiment
for two times in line with the nuchde transmutation method
according to the second modified example of the present
embodiment are described.

[0129] The analysis of XPS obtained in the example 5 and
example 6 indicated that Sr (the atomic number Z=38) on the
multilayer structure body 32 has been decreased with the
passage of time. and Mo (molybdenum. Z=42) has been
increased as shown by the Mo spectrum of XPS in FIG. 12.
[0130] The calculation of the number of atoms of Srand Mo
from the XPS spectrum of Sr and Mo are conducted by the
same method as that in the first embodiment.

[0131] That 1s, 1t is assumed that the intensity of the X-ray
irradiated on the multilayer structure body 32 from the X-ray
gun during XPs measurement is constant and that the regions
irradiated by X-ray for the measurements in example 5 and
example 6 are the same.

[0132] Furthermore, it is also assumed that the region on
the multilayer structure body 32 irradiated by X-rays is, for
example, a circle with a diameter of 5 mm and that the
measurable surface thickness by XPS is 20x10™'" m from the
estimation of the depth of the photoelectrons escaped from
the surface.

[0133] The number of atoms of Pd is assumed to be 3x10"°
based on the peak intensity of the Pd spectrum obtained by
XPS, assuming that the Pd constituting the Pd substrate is
composed of a face centered cubic (fcc) crystal.

[0134] The number of atoms of each elements is calculated
by comparison of the peak intensity of each element with the
peak intensity of the Pd spectrum obtained by XPS, with
reference to the ionization cross section of each element, that
is, the ratio of inner-shell electrons excited by absorbing
X-rays.

[0135] As shown in FIG. 13, it has been observed that, in
example 5, the number of atoms of 1.2x10'* of Sr present at
the initial condition is reduced to 1.0x10'* after 80 hours, and
further reduced to 8x10'* after 400 hours.

[0136]
Mo. which were not present before starting the experiment,
were observed after 80 hours. and the number of atoms of Mo
was increased to 3.2x10'? after 240 hours, and was further
increased to 3.8x10"" after 400 hours.

[0137] Similarly, in experiment 6 shown in FIG. 14, the
same tendency as the case of example 5 was observed. That s,
the number of Sr atoms is reduced with the passage of time,
and generation and an increase of number of Mo atoms,
which 1s not present at the imtial condition, are observed.
[0138] Furthermore. in both examples 5 and 6. since the
time dependent reduction number of Sr atoms approximately
conforms with the time dependent increasing number of Mo
atoms, this tendency is interpreted to mean that the nuclide
transmutation occurs from Sr to Mo. Consequently, 1t 1s pos-
sible to mention that the experiments in both examples 5 and
6 yield reproducible results.

[0139] In addition, in example 5, the isotopic ratio of Mo
generated by the experiment is calculated through an analysis
of the surface of the multilayer structure body 32 using SIMS
(Secondary lon Mass Spectroscopy) alter the above-de-
scribed step S10.

[0140] As shown in FIG. 16, the isotopic ratio of Mo
observed m example 5 when compared to that of the 1sotopic

. 13 .
In contrast. 1t was observed that 2.2x10"" atoms ol
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ratio of the natural Mo indicates that a particular 1sotope of
Mo, that is, "“Mo, shows a dramatically high abundance ratio.
[0141] Asshownin FIG. 17, the isotopic ratio of the natural
Sr added to the multilayer structure body 32 indicated that a
particular isotope of Sr, that is, **Sr, shows a remarkably high
abundance ratio. The above results clearly indicate that there
Is a strong correlation between the 1sotopic ratio of a nuclide
(Sr) that undergoes nuclide transmutation and the isotopic
ratio of the material (Mo) observed after the experiment, so
that it can be concluded that the Mo detected in examples 5
and 6 1s generated by the nuclide transmutation of Sr.

[0142] Furthermore. the experimental results of examples 5
and 6 are quite well explainable by the above-mentioned
EINR model, and it is possible to explain that “*Mo is formed

described later.
[0143] Note that the letter symbol of i~ decay, that is, the
decay of 7°Sr (+**Sr+4°n) towards “°Mo. is omitted.

[0144] [text missing or illegible when filed] (6)

transmutation method according to the second embodiment
of the present invention will be explained referring to the
figures.

[0146] FIG. 18 1s a drawing for explaining the principle of
the nuclide transmutation method according to the second
embodiment of the present invention. FI1G. 19 is a structural
diagram of the nuclide transmutation device according to the
second embodiment of the present invention.

[0147] Asshown, forexample, in FIG. 18, the device 70 for
realizing the nuclide transmutation method according to the
present embodiment comprises an anode 71 of platinum and
the like, a cathode 72 comprising palladium (Pd) or a Pd alloy,
or another metal that can absorb hydrogen (for example. Ti
and the like), or an alloy thereof, a heavy water solution 73
into which the cathode 71 and one surface of the cathode 72
are immersed. an electrolyte cell 74 made fluid-tight by the
cathode 72 and filled with the heavy water solution that
includes material that undergoes the nuclide transmutation,
and a vacuum container 75 sealed air-tight by the anode 72,
and wherein a flow of deuterium is generated in the cathode
72 by one surface 72A side of the cathode 72 being made a
region having a high deuterium pressure due to electrolysis
and the like, and the other surface 72B side being made a
region having a low deuterium pressure due to vacuum evacu-
ation and the like. and the nuclide transmutation 1s carried out
by a reaction between the deuterium and the material that
undergoes nuclide transmutation.

[0148] [Here. the cathode 72 has a structure identical. lor
example. to the structure body 11 shown in FIG. 2, and
preferably, a mixed layer 22 of a material having a relatively
low work function, that 1s. a material that emits electrons
easily (lor example. a substance having a work function less
than 3 V), and Pd is formed on the surface of the Pd substrate
23, and the Pd layer 21 is formed by lamination on the surface
of this mixed layer 22.

[0149] As shown in FIG. 19, the nuclide transmutation
device 80 according to the present embodiment comprises a
power source 81, an electrolytic cell 83 providing a voltmeter
82. an electrolytic solution 84 stored in the electrolyte cell 83,
a vacuum container 85, a spiral refrigerating tube 86 made.
for example, of an insulating resin that freezes the electrolytic
solution 84 in the electrolyte cell 86, a catalyst 87, an anode
electrode 88 of platinum and the like that is connected to the
anode of the power source 81 and 1s immersed in the electro-
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lytic solution 84. a multilayer structure body 89 that main-
tains the electrolyte cell 83 in a liquid-tight condition and at
the same time maintains the vacuum container 85 in an air-
tight state and is connected to the cathode of the power source
81, a thermostat 90 that accommodates the electrolyte cell 83
and the vacuum container 85 and controls the temperature.
and a vacuum exhaust pump 91 that places the vacuum con-
tainer 85 in a vacuum state.

[0150]
an insulating resin and the vacuum container 85 made, for
example, of stainless steel, are sealed in liquid-tight and air-
tight states by the multilayer structure body 89 via, for
example, a Culret’s O-ring, and so to speak, connected via the
multilayer structure body 89.

[0151] In addition, the electrolyte solution 84 stored in the
electrolyte cell 83 is a heavy water solution that includes, for
example, cesium (Cs) as a material that undergoes nuclide
transmutation. This electrolyte solution 84 may be a Cs,
(SO,) heavy water solution having a concentration, for
example, of 3.1 mol/L.

[0152] Moreover. the catalyst 87 i1s formed by electrode-
positing platinum black on platinum, water is produced from
most of the hydrogen and oxygen generated by the electroly-
sis of the electrolytic solution 84, and this 1s returned to the
electrolyte solution 84.

[0153] The nuclide transmutation device according to the
present embodiment provides the structure described above,
and next the method of carrying out nuclide transmutation
using this nuclide transmutation device 80 will be explained
referring to the figures.

[0154] First, the structure body 11 is produced in a manner
identical to the step S01 to step S03 in the nuclide transmu-
tation method in the above-described first embodiment,

[0155] In addition. this structure body 11 serves as the
multilayer structure body 89, the Pd layer 12 of the multilayer
structure body 89 is faced towards the electrolytic cell 83 side.
and the electrolytic cell 83 and the vacuum container 85 are
sealed in respectively liquid-tight and air-tight states (step
S21).

[0156] Next, a Cs,(SO,) heavy water solution having a
concentration. for example, of 3.1 mol/Ll is injected as an
electrolytic solution 84 in the electrolytic cell 83. Further-
more, the space in the electrolytic cell 83 not filled by the
electrolytic solution 84 is filled with nitrogen gas and sealed,
and the pressure in the electrolytic cell 83 1s maintained at, for
example, 1.5 kg/cm? (step S22).

[0157] Inaddition, the vacuum container 85 is evacuated by
a vacuum pump 91, and maintained 1n a vacuum state (step
S23).

[0158] Additionally, a refrigerant 1s supplied to a refriger-
ant pipe 86 made of an insulating resin and the like, and the
temperature in the electrolytic cell 83 is maintained at a
predetermined constant temperature (step S24).

[0159] In addition, an anode electrode 88 made, for
example, of platinum, and the multilayer structure body 89
serving as the cathode, which are immersed in the electrolytic
solution 84 in the electrolytic cell 83, are connected to the
power source 81, and the electrolytic reaction is generated by
the power supplied from the power source 81 (step S25).
[0160] Here, the current supplied during the electrolysis is
gradually raised from 1A to 2A over a three hour interval, and
subsequently maintained at 2A.

IHere. the electrolyte cell 83 made, for example, of

[0161] Inaddition. after commencement of the electrolysis.
the temperature of the thermostat 90 is set to 70° C. after 12
hours, and the temperature is thereafter maintained at this
temperature (step S26).

[0162] This electrolysis is suspended after a predetermined
time interval, for example, 7 days, and the temperature of the
thermostat 90 is set to room temperature (step S27).

[0163] In addition. the multilayer structure body 89 is
extracted from the nuclide transmutation device 80. and the
surface of the mululayer structure body 89 i1s analyzed by
secondary 1on mass spectroscopy (SIMS) (step S28). Below,
the results of experiments using the nuclide transmutation
experiment carried out using the nuclide transmutation
method according to the present embodiment described
above, that 1s, example seven, are explained referring to FIG.
20 and FIG. 21.

[0164] FIG. 20 i1s a drawing showing the surface on the
electrolyte cell side of the multilayer structure body after
experiments using the nuclide transmutation device shown in
FIG. 19, and FIG. 21 is a graph showing the results of the
SIMS analysis of the surface of the multilayer structure body
after experiments using the nuclide transmutation device
shown in FIG. 19.

[0165] Withrespect to the part 96 shown in FIG. 20 that the
deuterium penetrates and the part 95 shown in I'IG. 20 that the
deuterium does not penetrate, as shown in FIG. 21, for '*'Ce
the intensity of secondary ions agree, but for "*“[.a and '*'Pr,
the part not penetrated by the deuterium, that 1s, the part in
which the nuclide transmutation reaction was produced, the
intensity of the secondary ions became large.

[0166] Inaddition, although it is not possible to distinguish
whether the mass number A=142 is '**Ce or ***Nd, the inten-
sity of the secondary 1ons became large in the part 96 that the
deuterium penetrated.

[0167] Thereby. it can be concluded that at least
substance formed by the nuclide transmutation of Cs.
[0168] As described above, according to the nuclide trans-
mutation device 80 of the present embodiment, a relatively
large-scale device such as a nuclear reactor or accelerator are
unnecessary. and the nuclide transmutation process can be
carried out with a relatively small-scale structure.

[0169] Furthermore. while the structure differs from the
nuchde transmutation device 30 according to the first
embodiment described above, experimental results were
obtained showing that the nuclide transformation reaction
from Cs to Pris produced, and the eflectiveness of the essen-
tial means of the present invention can be shown.

[0170] In addition, according to the nuclide transmutation
method of the present embodiment, in the multilayer structure
body 89, from a comparison of the part 96 that the deuterium
penetrated and the part 95 that the deuterium did not pen-
etrate, it can be reliably shown that at least a nuclide trans-
mutation reaction from Cs to Pr is produced.

[0171] Moreover. in the present embodiment, a heavy water
solution that includes a matenal that undergoes the nuclide
transmutation was used as the electrolyte solution 84, but the
invention 1s not limited thereby. and on one surface of the
multilayer structure body 89, a substance that undergoes
nuclide transmutation. for example Cs can be laminated by a
film formation process such as vacuum deposition or sputter-
ing, and the surface on which this Cs 1s laminated 1s faced
towards the electrolytic cell 83, and immersed in an electro-
Ivtic solution 84 comprising the heavy water solution stored
in the electrolytic cell 83. In this case. including a substance.

141 =
Prisa




Powering the world to a green future

Widom-Larsen theory of LENRs explains data in recent Mitsubishi patent application

Mitsubishi Heavy Industries, Ltd. US 2012/0269309 A1

US 2012/0269309 Al

for example, Cs, that undergoes nuclide transmutation in the
heavy water solution is not necessary.

[0172]) Moreover. in the present embodiment described
above. the heavy water solution that includes Cs as the elec-
trolyte solution 84 is used, but the invention is not limited
thereby. and instead of Cs, another material such as sodium
(Na) can be added as the material that undergoes the nuclide
transformation.

[0173] Below, as a modified example of the present
embodiment. the case in which sodium (Na) 1s added to the
heavy water solution as the material that undergoes the
nuclide transmutation will be explained.

[0174] In this modified example, the major point of differ-
ence with the second embodiment described above 1s the
processing from step S22 and subsequent steps, as described
above.

[0175] Specifically, after the above-described step S21.
only. for example, 400 ppm of sodium is added as the elec-
trolyte solution 84 in the electrolyte cell 83, and L1OD heavy
water solution having a concentration of 4.3 mol/L is injected.
[0176] [Furthermore, the contents of the space not filled by
the electrolyte solution 84 in the electrolyte cell 83 is filled
with nitrogen gas and sealed, and the pressure in the electro-
lyte cell 83 is maintained at, for example, 1.5 kg/cm* (step
S32).

[0177] Inaddition, the inside of the vacuum container 85 is
evacuated by the vacuum pump 91, and is maintained in a
vacuum state (step S33).

[0178] Additionally, a refrigerant i1s supplied into the
refrigeration tube 86 made. for example, from an insulating
resin, and the temperature in the electrolyte cell 83 is main-
tained at a predetermined constant temperature (step S34).
[0179] Inaddition. the anode electrode 88 that 1s made from
platinum and the like and immersed in the electrolyte solution
84 in the electrolyte cell 83 and the multilayer structure body
89 serving as a cathode are connected to the power source 81.
and an electrolytic reaction is produced due to the power
supplied from the power source 81 (step S35).

[0180] Here. the current supplied during electrolysis is
gradually raised over, for example, a six hour interval from
0.5 A to 2 A, and subsequently maintained at 2 A.

[0181] In addition, this electrolysis is suspended after a
predetermined interval, for example, after continuing for 7
days. and the temperature ol the thermostat 90 1s set to room
temperature (step S36).

[0182] Additionally. the multilaver structure body 89 is
extracted from the nuclide transmutation device 80, and the
surface of the multilayer structure body 89 is analyzed using
electron probe microanalysis (EPMA) (step S37).

[0183] Below, the experimental results of three nuclide
transmutation experiments carried out using the nuclide

transmutation method according to the modified examples of

the second embodiment of the present invention described
above, that 1s. example 8. example 9, and example 10. which
are the same experiment carried out three times.

[0184] Moreover, in the following Table 2, for example 8,
example 9, and example 10, the results of the analysis of the
electrolyte solution 84 using inductive coupled plasma—Au-
ger electron spectrometry (ICP-AES) are shown. Moreover,
the results of analysis of the electrolyte solution 84 before the
commencement of the experiments are shown as comparative
examples.

TABLE 2

Comparison Example Example Example

example S1X seven eight

430 25 16 56 ii‘l“”'
0.086 0.005 0.003 0,011 (£)

2.3 x 107 1.3x 1077 84x10"7  29x10° (Atoms)
<1 410 420 310 {ppm)

<2 % 10 -4 (0.082 (084 0.062 (z)

<3 5 108 1.8 % 107! 1.9 x 10%! 1.4 x 10°!  (Atoms)

[0185] As shown in Table 2, in the electrolyte solution 84
before the commencement of the experiments, the Na was at
430 ppm, and Al was equal to or less than the detection limit
of 1 ppm.

[0186] In contrast, after the nuchde transmutation experi-
ment, the Na became several tens of ppm, a value being one
order lower. and the Al had become several tens of appm. The
change in the electrolyte solution 84 after the commencement
of the experiment carried out only electrolysis by providing
current from the power source 81, and other materials were
not introduced from the outside.

[0187] In addition, regarding the number of atoms (Atom.,
in Table 2), it could be confirmed that the decreased number
of Na atoms fell from 2.2x10°" to about 2.0x10°', and the
increased amount of the Al substantially agreed with this.
[0188] This result 1s represented by the above Formula (2)
and the following Formula (7) in the EINR model described
above.

[0189] [text missing or illegible when filed] (7)
[0190] Here, for Na, the natural abundance of **Na is
100%, and for Al. the natural abundance of " Al is 100%. It
can be inductively determined from past experimental data
that nuclide transmutation is easily produced between
nuclides having similar isotopic ratio compositions, and it can
be inferred that the possibility that Na transmutes to Al is high
since the isotopes that exists stably for both elements Na and
Al are unique.

[0191] In addition, as a result of analysis of the multilayer
structure body 89 using EPMA, Al was detected from the
central part of the multilayer structure body 89, that 1s the part
that the deuterium penetrated. Because Al i1s an amphoteric
metal, it can be electrolyzed in the electrolytic solution 84, but
by detecting Al from the center part of the surface of the
multilayer structure body 89. we can conclude that Al was
produced by the nuclide transmutation of Na.

[0192] Moreover. in the present embodiment, a heavy water
electrolyte solution that includes a material that undergoes
the nuclide transmutation is used, but the invention is not
limited thereby, and on one of the surfaces of the multilayer
structure body 89, a material that undergoes nuclide transmu-
tation. for example. Na, can be laminated using a film forma-
tion method such as vacuum deposition or sputtering, the
surface on which this Na has been laminated can be faced
towards the inside of the electrolytic cell 83, and this can be
immersed in the electrolytic solution 84 comprising the heavy
water solution stored in the electrolyte cell 83. In this case, it
1s not necessary to include a matenal that undergoes the
nuclide transmutation in the heavy water solution, that is. Na.
[0193] Below. the nuclide transmutation device and the
nuclide transmutation method according to the third embodi-
ment of the present invention are explained with reference to
the attached drawings.
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[0194] FIG. 22 shows a structure of the nuclide transmuta-
tion device 100 according to the third embodiment of the
present invention.

[0195] The nuclide transmutation device 100 according to
this embodiment comprises a desorption chamber 101 having
an interior that can be maintained in an airtight state, an
absorption chamber 103, disposed inside of the desorption
chamber 101 and having an interior that can be maintained in
an airtight state through a multilayer structure body 102, a
deuterium tank 106 for supplying deuterium into the absorp-
tion chamber 103 through a regulator valve 104 and a valve

105, a pressure meter 107 for detecting the inside pressure of

the absorption chamber 103, a connecting pipe 109 for con-
necting the desorption chamber 101 and a absorption cham-
ber 103 through a vacuum valve 108, a turbo-molecular pump
110 for maintaining the inside of the desorption chamber 101,
a rotary pump for preliminary evacuation of the desorption
chamber 101, the absorption chamber 103, and the turbo-
molecular pump 110, and a vacuum gauge 112 for detecting
the degree of vacuum in the desorption chamber 101.

[0196] The nuclide transmutation method using the above-
described nuclide transmutation device 100 according to this
embodiment will be described below with reference to the
attached drawings.

[0197] First, a platinum substrate 23 (for example, having a
size of 70 mm in diameter and 0.1 mm in thickness and a
purity of more than 99.9%) shown in. for example, FIG. 2. is
degreased by ultrasonic cleaning in acetone over a predeter-
mined time. Then, the substrate i1s heat treated, that is,
annealed at a temperature of. for example, 900° C., in an
argon atmosphere (step S42).

[0198] Subsequently, the platinum substrate 32, after the
annealing process, 1s subjected to etching, for example, using
a 1.5 times diluted aqua regia at room temperature for a
predetermined time (for example, 100 seconds) to remove
impurities on the substrate surface (step S42).

[0199] Next, similarly to the above-described step S03. a
multilayer structure body is formed by depositing films on the
platinum substrate 23 after the etching process by a sputtering
method using an argon beam.

[0200] Furthermore. a multilayer structure body 102 is
formed by addition of a Cs layer that undergoes nuclide
transmutation on the film deposited surface of the multilayer
structure body 11 by electrolysis of the D, O diluted solution
of CsNO; (¢,v03/D-50 solution) (step S44).

[0201] The desorption chamber 103 and the absorption

chamber 101 is closed so as to be airtight after the Cs layer of

the multilayer structure body 102 is directed towards the
absorption chamber 103. Then, the valve 105 is closed, the
vacuum valve 108 in the connecting pipe 109 is opened, and
the desorption chamber 101 and the absorption chamber 103
are evacuated using the rotary pump 111 and the turbo-mo-
lecular pump 110 (step S45 ).

[0202] Subsequently, after the multilayer structure body
102 is heated to, for example, 70° C. by a heating device (not
shown), the vacuum valve 108 is closed and evacuation of the
absorption chamber 103 is stopped. Then. deuterium gas is
introduced into the absorption chamber 103 at a predeter-
mined pressure and the experiment of the nuclide transmuta-

tion 1s commenced. The predetermined pressure at the time of

introducing the deuterium gas is regulated by the regulator
valve 104, and the pressure 1s determined. for example. to be
1.01325x107 (1 atm) (step S46).

[0203] The amount of the deuterium gas discharged in the
desorption chamber 101 1s calculated based on the degree of
vacuum detected by, for example, the vacuum gauge 112 and
the flow rate of the turbo-molecular pump 110,

[0204] Afierseveral tens of hours after starting introduction
of the deuterium gas in the absorption chamber 103, the
temperature of the multilayer structure body 102 is returned
to room temperature. The valve 105 is closed and after stop-
ping the introduction of the deuterium gas into the absorption
chamber 103, the absorption chamber 103 1s evacuated and
the nuclide transmutation experiment is completed (step
S47).

[0205] The multilayer structure body 102 is taken out {from
the nuclide transmutation chamber 100 and the multilayer
structure body 102 is etched by aqua regia for preparing a
solution which contains the elements present on the surface of
the multilayer structure body 102. This solution is analyzed
by a ICP-MS (Inductive Coupled Plasma—Mass spectrom-
etry) for quantitative analysis of the elements present on the
surface of the multilayer structure body 102 (step S48).
[0206] Below. the results of two repeated experiments by
the same method, that 1s, the experiments 11 and 12, based on
the same nuclide transmutation method according to the
above-described embodiment of the present invention are
described.

[0207] In the following Table 3. the results of the ICP-MS
analyses for two samples obtained in the examples 11 and 12
are described.

TABLE 3

Pr

Example 11 1.3 up
Comparative Example 0.008 pg
Example 12 0.12 pg

[0208] As shown in Table 3. 1t was found that the contents
of Pr and Cs were 0.008 pg and 3.8 pg, respectively. in the
solution of the comparative example, which 1s obtained from
the multilayer structure body 102 before starting the experi-
ments

[0209] In contrast, after the experiments of the nuclide
transmutation, the content of Pr is increased to 1.3 pg, which
1s more than 100 times greater than the initial weight, and the
content of Cs 1s decreased to 2.3 ug.

[0210] In the experiment 12, the content of Pr increases to
0.12 pg. which corresponds to a weight more than ten times
greater than the nitial weight.

[0211] Consequently, it is concluded that the above results
indicate that the increase of Pr observed in examples 11 and
12 is caused by the nuclide transmutation from Cs to Pr.
[0212] As described above, although the nuclide transmu-
tation device 100 according to the present invention has a
relatively small-scale structure, it 1s confirmed that the
present nuchde transmutation device i1s able to carry out
nuclide transmutation instead of using large sacle systems
such as a nuclear reactor or a particle accelerator.

[0213] In addition, in spite of the fact that the present
nuclide transmutation device and the multilayer structure
body differ from the nuclide transmutation device 30 and the
multilayer structure body according to the first embodiment,
both of the nuclide transmutation devices and multilayer
structure bodies are confirmed to be able to carry out the
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nuclide transmutation such as from Cs to Pr successfully,
which results in showing the substantial effectiveness of the
present invention.

[0214] In addition, in the first embodiment, the second
embodiment, and the third embodiment of the present inven-
tion described above, palladium (Pd) was used as the metal
for absorbing the hydrogen, but the invention is not limited
thereby, and a Pd alloy, or, for example, another metal that

absorbs hydrogen, such as 11, N1, V, or Cu, or an alloy thereof

can be used.
[0215]
the nuclide transmutation device of the present invention,
nuclide transmutation can be carried out with a relatively
small-scale device compared to the large-scale devices such
as accelerators and nuclear reactors, a pressure differential in
the deuterium between the one surface and the other surlace
of the structure body is provided, and within the structure
body a flux of deutertum from one surface side to the other
surface side is produced. and thereby an easily reproducible
nuclide transmutation reaction can be produced for the deu-
terium and the material that undergoes nuclide transmutation.

[0216] Furthermore, according to the second aspect of the
nuclide transmutation device of the present invention, the
absorption part is pressurized by the deuterium supply device,
and at the same time, the pressure in the radiation part is
reduced to a vacuum state by the exhaust means, and thus a
pressure differential in the deuterium is formed in the struc-
ture body.

[0217] Furthermore, according to the third aspect of the
nuclide transmutation device of the present invention, by
electrolyzing the electrolytic solution on one surface of the
structure body with the structure body serving as a cathode,
deuterium is absorbed effectively into the structure body due
to the high pressure, and by reducing the pressure of the
radiation part to a vacuum state using the exhaust device, a
pressure differential in the deuterium is formed in the struc-
ture body.

[0218] Furthermore. according to the fourth aspect of the
nuclide transmutation device of the present invention, the
ransmutation material lamination device can laminate the
material that undergoes the nuclear transmutation on one
surface of the structure body by a surface forming process,
such as electrodeposition, vapor deposition, or sputtering.
[0219] Furthermore, according to the fifth aspect of the
nuclide transmutation device of the present invention, the
material that undergoes nuclide transmutation can be bound
to one surface of the structure body by mixing the material
that undergoes nuclide transmutation in. for example, a gas or
liquid that includes deuterium.

[0220] Furthermore. according to the sixth aspect of the
nuclide transmutation device of the present invention, a
mixed layer that includes a material having a low work func-
tion is provided on the structure body that serves as the
multilayer structure, and thereby the repeatability of the pro-
duction of the nuclide transmutation reaction i1s improved.
[0221] Moreover. according to the first through sixth
aspects of the nuchide transmutation device of the present
invention, the production of the nuclide transmutation reac-
tion can be further promoted by transmuting the material that
undergoes nuclide transmutation to a nuclide having a similar
1sotope ratio composition, and the repeatability of the gen-
eration ol the nuclide transmutation reaction can be
improved.

As explained above, according to the first aspect of

[0222] In addition, according to the seventh aspect of the
nuclide transmutation device of the present invention. a flux
of deuterium from the one surface side to the other surface
side within the structure body is produced, and thereby the
nuchde transmutation reaction 1s produced with good repeat-
ability for the deutertum and the material that undergoes
nuclide transmutation.

[0223] Furthermore, according to the eighth aspect of the
nuclide transmutation method of the present invention, a
material that undergoes nuclide transmutation is laminated on
the one surface of the structure body by a film formation
process using a transmutation material lamination process
such as electrodeposition, vaporization deposition, or sput-
tering. or the material that undergoes nuclide transmutation is
mixed with a gas or liquid that includes deuterium and the
like, and thereby the material that undergoes the nuclide
reaction is bound to the one surface of the structure body.
[0224] Furthermore, according to the ninth aspect of the
nuclide transmutation method of the present invention, the
material that undergoes nuclide transmutation is transmuted
to a nuclide having a similar isotopic ratio composition, and
thereby the nuclide transmutation reaction can be promoted,
and the repeatability of the generation of the nuclide trans-
mutation reaction can be improved

1. A nuclide transmutation device for conversion of nuclear

materials, comprising:

a multilayer structure body including (1) a base material
consisting of palladium or palladium alloy, (11) a mixed
layer formed on said base material and comprising lay-
ers including CaO and layers including Pd that are lami-
nated alternately, and the CaO having a low work func-
tion that allows emission of electrons equal to or less
than 3 eV, and (111) a surface layer formed on said mixed
layer to bind a first nuclide matenal thereon and consist-
ing of palladium or palladium alloy:

an absorption part in which one surface of said structure
body 1s exposed to a deuterium gas at atmospheric pres-
sure supplied from a tank of deuterium:

a desorption part in which another surface of said structure
body is exposed to the deuterium gas at a pressure lower
than the pressure in said absorption part, said desorption
part and said absorption part being positioned to form a
closed space sealed by said structure body:

a high pressurization device configured to produce the
pressure in said absorption part, said high pressurization
device including a deuterium supply device configured
to supply the deuterium gas from the tank of deuterrum
at the atmospheric pressure to said absorbing part:

a low pressurization device configured to reduce the pres-
sure in said desorption part, said low pressurization
device including an exhaust gas device configured to
evacuate said desorption part to a vacuum level below
atmospheric pressure;

a transmutation material binding device configured to bind
a first nuclide material of one of Cs, C, and Sr that
undergoes nuclide transmutation on said one surface of
said structure body: and

a heating device that controls the temperature of the struc-
ture body during the supply of the deuterium gas at the
atmospheric pressure to said absorbing part,

wherein the high pressurization device and the low pres-
surization device are configured to provide a flow of the
deuterium gas that penetrates through the structure body
and the material bound on the structure body to decrease
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a concentration of the first nuclide material of said one of

Cs, C, and Sr and to increase a concentration of a second
nuclide material where respectively Cs decreases and Pr
increases, C decreases and Mg increases, Sr decreases
and Mo increases.

2. A nuclide transmutation device according to claim 1.,

wherein said transmutation material binding device com-
prises a transmutation material lamination device con-
figured to laminate one of Cs and Sr that undergoes
nuclide transmutation on said one surface of said struc-
ture body by means of electrodeposition, vapor deposi-
tion, or sputtering.

3. A nuclide transmutation device according to claim 1,

wherein said transmutation material binding device
includes a transmutation material supply device config-
ured to supply said first nuclide material that undergoes
nuclide transmutation to said absorption part. and
expose said one surface of said structure body to a gas or
liquid that includes said first nuclide material that under-
goes the nuclide transmutation.

4. A nuclide transmutation device according to claim 1,
wherein the absorption part comprises an absorption cham-
ber, the desorption part comprises a radiation chamber, the
high pressurization device comprises a deuterium tank con-
figured to supply the deuterium gas into the absorption cham-
ber, and the low pressurization device comprises a vacuum
pump configured to maintain an interior of the radiation
chamber 1n a vacuum state.

S. A nuclide transmutation device comprising:

a multilayer structure body which includes (1) a base mate-
rial consisting of palladium or palladium alloy. (i1) a
mixed layer formed on said base material and compris-
ing layers including CaO and layers including Pd that
are laminated alternately. and the CaO having a low
work function that allows emission of electrons equal to
or less than 3 eV, and (111) a surface layer formed on said
mixed layer and consisting of palladium or palladium
alloy, the surface layer having one surface on which a
first nuclide material of one of Cs, C, and Sr that under-
goes nuclide transmutation is provided,

an absorption part in which said one surface of said struc-
ture body 1s exposed to a deuterium gas at atmospheric
pressure from a tank of deuterium:

a desorption part in which another surface of said structure
body is exposed to the deuterium gas at a pressure lower
than the pressure in said absorption part, said desorption
part and said absorption part being positioned to form a
closed space sealed by said structure body:
high pressurization device configured to produce the
pressure in said absorption part, said high pressurization
device including a deuterrum supply device configured
to supply the deuterium gas from the tank of deuterium
at the atmospheric pressure to said absorbing part;

a low pressurization device configured to reduce the pres-
sure in said desorption part, said low pressurization
device including an exhaust gas device configured to
evacuate said desorption part to a vacuum level below
atmospheric pressure, and

a heating device that controls the temperature of the struc-
ture body during the supply of the deuterium gas at the
atmospheric pressure to said absorbing part,

wherein the high pressurization device and the low pres-
surization device are configured to provide a flow of the
deuterium gas that penetrates through the structure body

and the first nuclide material provided on the structure
body to decrease a concentration of the first nuchde
material of said one of Cs, C, and Sr and to increase a
concentration of a second nuclide material where
respectively Cs decreases and Pr increases, C decreases
and Mg increases. Sr decreases and Mo increases.

6. A nuchide transmutation device according to claim §,
wherein said transmutation material binding device binds at
least one of a metal or a metalloid to said one surface of said
structure body to supply said first nuclide material for trans-
mutation.

7. A nuclide transmutation device according to claim 5,
wherein at least one ol a metal or a metalloid is included with
said one surface of said structure body to supply said first
nuclide material for transmutation.

8. A nuclide conversion device lor conversion ol nuclear
materials, comprising:

a multilayer structure body including (i) a base material
consisting of palladium or palladium alloy, (11) a mixed
layer formed on said base material and comprising lay-
ers including CaO and layers including Pd that are lami-
nated alternately, and the CaO having a low work func-
tion that allows emission of electrons equal to or less
than 3 eV, and (ii1) a surface layer formed on said mixed
layer to bind a first nuchde material thereon and consist-
ing of palladium or palladium alloy:

an absorption part in which one surface of said structure
body is exposed to a deuterium gas at atmospheric pres-
sure supplied from a tank of deuterium:

a desorption part in which another surface of'said structure
body is exposed to the deuterium gas at a pressure lower
than the pressure in said absorption part, said desorption
part and said absorption part being positioned to form a
closed space sealed by said structure body:

a high pressurization device configured to produce the
pressure 1n said absorption part, said high pressurization
device including a deuterium supply device configured
to supply the deuterium gas from the tank of deuterium
at the atmospheric pressure to said absorbing part;

a low pressurization device configured to reduce the pres-
sure 1n said desorption part. said low pressurization
device including an exhaust gas device configured to
evacuate said desorption part to a vacuum level below
atmospheric pressure:

a transmutation material binding device configured to bind
a first nuclide material of one of Cs, C, and Sr that
undergoes nuclide transmutation on said one surface of
said structure body; and

a heating device that controls the temperature of the struc-
ture body during the supply of the deuterium gas at the
atmospheric pressure to said absorbing part,

wherein the high pressurization device and the low pres-
surization device are configured to provide a flow of the
deuterium gas that penetrates through the structure body
and the material bound on the structure body to decrease
a concentration of the first nuclide material of said one of
Cs, C. and Sr and to increase a concentration of a second
nuclide material where respectively Cs decreases and Pr
increases, C decreases and Mg increases. Sr decreases
and Mo increases.




Powering the world to a green future

Widom-Larsen theory of LENRs explains data in recent Mitsubishi patent application

Parting thoughts about LENRs

v Number of large Japanese companies now involved in
LENR R&D --- Mitsubishi Heavy Industries, Toyota
Central Research, and Toyota Motors, among others ---
some companies, somewhere, will eventually succeed

v LENRs potentially very disruptive to portable power
markets: safe battery-like nuclear power sources

4 Synergistic with oil and coal industries in the near-
future (see other Lattice presentations for details)

vOIf successfully commercialized, genuine potential to
gradually replace internal combustion engines over
next 30 - 60 years; enable substantial reduction of
man-made CO, emissions and someday energy
independence from petroleum in transportation

v Widespread global deployment of distributed LENR
power systems, together with synergistic large- and
small-scale photovoltaic and wind-power systems,
could be a cost-effective way to achieve 100% rural
electrification worldwide, esp. in China and India

v LENRSs and portfolio of other types of carbon-free
renewable energy technologies together have the
potential to substantially reduce the real price of
electricity and democratize universal access to
affordable energy for every inhabitant of the planet
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Working with Lattice

1-312-861-0115 lewisglarsen@gmail.com

v’ Lattice welcomes inquiries from large, established
companies and financial principals that have an interest in
seriously discussing the possibility of becoming a strategic
capital and/or LENR technology development partner in the
near- or long-term time frames and or a licensee of IP

v To augment working capital and promote further
development of LENR technology, Lattice also selectively
engages in some fee-based third-party consulting. This work
covers various topics in the context of micron-scale, many-
body collective quantum effects in condensed matter
systems (including photosynthesis), field failures involved in
Li-based battery thermal runaways, nuclear fission waste
remediation, and ultra-high-temperature superconductors,
among others. Additional areas of expertise include long-
term strategic implications of LENRs on high cap-ex
investments in power generation and petroleum-related
assets, as well as long-term price outlooks for precious
metals and crude oil. We consult on any of these subjects as
long as it does not involve disclosing proprietary
engineering details applicable to Lattice’s planned LENR
power generation systems. Consulting is subservient to
company's main goal: commercializing LENRs for
applications in ultra-high energy density portable, mobile,
and stationary power generation systems; incl. licensing

v’ Larsen c.v.: http://www.slideshare.net/lewisglarsen/lewis-g-
larsen-cv-june-2013
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