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TITLE OF INVENTION

L ow-Energy-Nuclear-Reaction Based Energy Source

TECHNICAL FIELD

The present invention relates to means for producing useful energy from the
nuclear energy released in Low Energy Nuclear Reactions, commonly called LENR
or Cold Fusion.

BACKGROUND ART

In 1989 Pons and Fleischman reported the first successful Low Energy
Nuclear Reaction ("LENR") of the electrolysis type in "Journal of Electroanalytical
Chemistry", Volume 261, Issue 2, Part 1, 10 April 1989, pages 301-308. The
announcement of the discovery by Pons and Fleischman was received with much
interest and excitement that soon dissipated, asfew people were able to duplicate
the results. At that time there was no known physical explanation for how the
reactions could occur at room temperature.  Since then, many groups at institutions
in many countries, including the United States, have duplicated the experimental
effectsin avariety of experiments.

A new theory proposed by Russell, one of the present Applicants, explains the
nuclear and atomic reactions that result in controlled release of nuclear energy as
heat in LENR energy generation. The theory is givenin the paper "Low-Energy-
Nuclear-Reaction Polyplasmon Postulate”. The paper, after peer review, was
published in "Annals of Nuclear Energy" Volume 35, Issue 11, November 2008,
pages 2059-2072. It describes and mathematically models a sequence of events that
are consistent with certain conditions that are present in successful LENR
experiments of the electrolysis type first reported by Pons and Fleischman.
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The referred paper proposes atheory that explains the reported repeatable
observed results of LENR experiments of Pons and Fleischman, electrolysis type
experiments and also experiments that use deuterium plasma, instead of an
electrolyte, to conduct positive ions to an appropriate cathode. The proposed theory
iscalled a postulate until certain experimental results are independently
duplicated. However, the postulate isfounded on accepted quantum mechanical
principles. Based on the understanding that the proposed theory provided, the
present inventors approached the problem of implementing practical applications
for this new energy source with some insight rather than simply "trial and error."

SUMMARY OF THE INVENTION

In accordance with the present invention, three critical conditions must be
met toinitiate LENR activity in electrolysis or plasma type experiments. First, an
electrically conducting surface, the cathode, must have crystalline metallic grains of
palladium, certain other paladium alloys, or possibly other metals, on its surface of
dimension between a fraction of one micron to perhaps two hundred microns.
Second, the grains must be capable of containing a concentration of the hydrogen
isotope, deuterium, greater than about 70%. And third, the grains must be
bombarded by deuterium ions (i.e. deuterons) in order to create polyplasmons in the
grains. Bombarding with ions of other than deuterium would introduce impurities
and degrade the ability to sustain plasmon wavesin the grains. In addition,
bombarding with deuterons helps to create and maintain a high concentration of
deuterons in the grains.

Tobe most efficient, the entire active cathode surface should be covered with
the potentially active crystalline grains, because coherent plasmon fields can only
exist in the electronic resonance structure of the individual crystalline metal grains.
It isthe energy of the coherent plasmon field (the polyplasmon) that enables the
LENR reactions. While it ispossible for grains below the surface layer of grains to
become activated by conduction processes, it isarelatively inefficient process, so
that nearly all of the nuclear activity takes place in the surface grains.
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The properties of palladium metal are well suited tothis application. Most

successful LENR experiments have used it. However, some successful experiments

have been reported using other metals or alloys. The typical successful

experimental electrolysis cell, see FIG. 1, isplaced in a calorimeter and activated by

the current from the external power supply. A successful experiment isindicated if

the calorimeter measures more heat energy output than the electrical energy input

from the power supply.

Assuming the three conditions are met, the sequence of events that lead to

nuclear reactions in atypical successful electrolysis-type experiment are asfollows:

D)

(2)

3)

The concentration of deuterium atoms in the cathode metal grains is
increased sothat there isat least about 0.7 deuterium atoms per
palladium atom.

The deuterons, flowing into the surface of the palladium cathode,
interact with electrons in the metallic cathode and release the
resultant energy in some of the grains at or near the cathode surface.
This energy isin the form of plasmons that are pressure waves in the
conduction electrons in the grain. The interior reflecting surfaces of
the grain boundaries make the grain aresonant cavity for the plasmon
waves. Like sound in an organ pipe, continued excitation increases the
intensity of the confined wave of coherent plasmons called a
polyplasmon.

The polyplasmon field can have sufficient energy to allow the nucleus
of one of the deuterium atoms in the grain to capture its own electron
by absorbing energy from the polyplasmon field. The quantum
mechanical calculation of the rate of this reaction isin the referred

paper.
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(4)

()

(6)

()

(8)

The deuteron, having captured its own orbiting electron, has become a
dineutron by the endothermic reaction that converts the proton in the
deuteron into a neutron with an associated neutrino. This requires
783 keV of energy that is supplied by the polyplasmon field.

The new neutron has a short lifetime because it has an associated
neutrino that either must react with the neutron toreturn it tobeing a
proton plus an electron, or be abandoned as aresult of a nuclear
reaction that frees the neutrino tobecome an orphan that leaves the
system. However, the dineutron has avery high probability of being
captured in a nearby nucleus.

When the dineutron is captured by a nearby deuteron, the resulting
reaction creates a helium nucleus plus alow energy electron in a
helium atomic bound state. The 24.629 MeV of released nuclear
energy manifests as alarge increase in the strength of the
polyplasmon field of the grain. This causes another reaction and the
cycle repeats resulting in a chain reaction in the grain.

The chain reaction continues at an extremely rapid rate until the
process is stopped either because of random losses of energy from the
grain, or because the grain temperature has increased tothe point that
its electrical and mechanical properties have changed so that it no
longer can support aresonant polyplasmon field.

After cooling, the grain, if not too damaged, may recover and repeat
the cycle, until the grain is so modified that it cannot support a
polyplasmon field of intensity sufficient toinitiate nuclear reactions.

The probability issmall that a piece of palladium metal, acquired

commercially, will have grains covering a significant fraction of its surface, that are
pure enough, have adequately reflective internal surface properties and are within
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auseful sizerange for LENR. Thisis perhaps the main reason why most palladium
cathodes do not exhibit LENR phenomena. Even those that produce positive results
may have very few active grains. The reason these few active grains can result in
observable effects is because of the chain reaction effect. If it were not for the chain
reaction effect, it isunlikely that excess energy would ever have been noticed.

Although the above scenario refers tothe electrolysis class of LENR
experiments, the arguments and conclusions are the same for the ionized- gas class
of experiments of the present invention. The ionized- gas-type experiments differ
from the electrolysis-type experiments in that, instead of a water solution between
the cathode and anode, ionized deuterium gas plasma fillsthat space. The current
of deuterons arriving at the cathode surface equals the corresponding current of
electrons flowing into the anode, asin the liquid water experiments. The plasma
experiments are of particular interest because they demonstrate that it isnot
necessary for a high temperature cell to contain water at high pressure and
temperature. More importantly, only deuterium gasispresent in a gas-type
system. In heavy water systems both deuterium and oxygen gases are produced.
Explosions of such laboratory water experiments are not uncommon. An acceptable
water-based system for large scale commercial distribution tothe public may not be
economically achievable. A deuterium gas cell, by having no means for creating
oxygen in the cell, avoidsthe problem inherent in water-based systems of accidental
catalyst failure tokeep mixed deuterium and oxygen gases below detonation
density.

The efficiency of conversion of heat energy to mechanical or electrical energy
islimited by the theoretical Carnot Efficiency (CE).

CE = (input temperature —heat rejection temperature) / (input temperature)
Temperature units are in degrees Kelvin. This equation means that higher

efficiency generation of electrical energy can be achieved either by a source of
higher temperature heat, or alower heat rejection temperature, or both.



10

15

20

25

30

WO 2010/096080 PCT/US2009/052619

A limitation on the efficiency of a LENR energy source isthat the equilibrium
deuterium concentration in the cathode isinversely related tothe temperature of
the palladium cathode. Higher cathode temperatures correspond to lower
equilibrium deuterium concentration in the cathode. Increasing deuterium gas
pressure in the cell increases the equilibrium concentration of deuterium in the
palladium cathode, but above a critical pressure, a stable plasma cannot be
practically initiated or sustained. Optimum operating parameters and design
properties of the source are determined by the requirements of the intended
application.

Industrial Applicability

This patent discloses a nuclear energy source used to supply high
temperature heat, or to produce thermal, electrical, or mechanical energy. The
patent describes methods for generating nuclear energy and methods for preparing
cathodes for use in the invention, with active surfaces that are made up of separate,
closely-spaced, crystalline grains. The patent also discloses methods of producing
the metallic grains.

One embodiment of the invention isa nuclear energy source that isused to
produce thermal, electrical, or mechanical energy. In accordance with this
embodiment, the source comprises a chamber comprising at least one cathode, at
least one anode, an electric supply, and deuterium gas. The cathode comprises an
inert metal surface that is coated with an active metallic layer of palladium,
another metal, or a metal alloy which has athickness between about 0.1 and 200
microns and is divided into arrays of single metallic crystalline grains. The metallic
layer, preferably palladium, can contain a significant concentration of hydrogen or
deuterium. The electric supply provides atime-dependent electric potential applied
between the cathode and anode, preferably controlled by an electronic control
system. The time-dependent electric potential comprises repetitive higher-voltage
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pulses. Depending on the application requirements, these higher-voltage pulses
may be superimposed upon a lower steady-state voltage.

In an embodiment of the invention, the chamber has a generally planar
configuration wherein the anode is substantially parallel tothe cathode. In an
aternative embodiment, the chamber has a cylindrical geometric configuration
wherein the anode and cathode are comprised of concentric metal cylinders.

The nuclear energy source may further comprise a thermoelectric converter
and a heat-collection system, wherein the thermoelectric converter isin thermal
contact with both the cathode and the heat-collection system. A typical heat-
collection system for terrestrial  applications comprises a heat-transfer fluid pipe, (P)
asshownin FIG.2, FIG. 3, and FIG. 4, for example aradiator fluid duct, an air
cooling duct, or acooling fin in ambient air or water, or a combination thereof. A
typical heat- collection system for use in extraterrestrial applications comprises a
means of radiation tocold space.

In an alternative embodiment of the invention, the chambers having a
cylindrical configuration have attached a heat-collection system which comprises a
cylindrical pipe having an external surface on which the cathode islocated.

Another embodiment of the invention includes a nuclear energy source which
has a dual-cell-configuration chamber wherein the anode is symmetrically located
between two cathodes, enabling heat collection from both sides of the chamber. The
dual-cell chamber may further comprise athermoelectric converter and a heat-
collection system wherein the thermoelectric converter isin thermal contact with
both the cathodes and the heat-collection system.

In another embodiment, a nuclear energy source of the present invention
comprises a multiplicity of dual-cell chambers and heat-collection ducts arranged in
a compact array. The arrays may be two-dimensional or three-dimensional,
wherein the two faces of the cells are in thermal contact with the heat-collection
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ducts that have two parallel faces. For illustrative examples, see FIG. 2 and FIG. 3.
Such dual-cell chambers transfer heat toafluid or gasthat isused to provide
energy toaheat engine, such asa gas turbine, steam engine, or thermoelectric
converter. Preferably, the arrays are arranged in a compact configuration. Most
preferably the chambers further comprise insulation that surrounds the chamber to
minimize parasitic heat loss from the anode. The nuclear energy from the dual-
cell chambers can be used to boil water, produce steam or vapor, feed aturbine or a
steam engine, provide heat for manufacturing chemicals, or provide mechanical
power.

Another aspect of the present invention isa method for generating nuclear
energy that isused toproduce thermal, electrical, or mechanical energy. The
method comprises supplying atime-dependent electric potential, in the presence of
deuterium gas, between at least one cathode having an inert metal surface coated
with palladium grains, and at least one anode having a metallic surface, wherein
said time-dependent electric potential comprises a repetitive higher-voltage pulse
with a duration of from 0.1 to 40 microseconds superimposed upon a lower steady-
state voltage wherein said steady-state voltage ishigh enough to draw deuterium
ions through the gas towards the cathode without producing ionization that would
support sparking. The high temperature heat is collected via a heat-collection
system and the heat can be used directly or can be used to generate electricity. The
heat can be converted via a thermoelectric converter into usable thermal, electric, or
mechanical energy.

In preferred embodiments the duration of each of the higher-voltage pulses is
about 1to 10 microseconds. In some of the most preferred embodiments, the
duration of each of the higher-voltage pulses isabout 1.5 microseconds.

Another aspect of the present invention isa method for producing grains for a
cold fusion cathode which comprises polishing a support plate of a non-reacting
metal toa mirror finish, depositing athin, uniform film of a surface metal having a
thickness of about 0.1 to about 200 microns, cutting, for example by laser ablation,
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the surface layer into single crystalline grains of dimensions of about 0.5 to 200
microns separated from each other by the width of the cut, whereby the grains
retain arelatively high concentration of dissolved deuterium. The surface metal
may be deposited by electroplating, vapor deposition (sputtering), chemical vapor
deposition, or any other method that results in afilm of uniform thickness.
Palladium isapreferred surface metal. The grains are cut into any geometrical
shape that can contain resonant standing waves in the conduction electrons. For
example the cuts can be in the shape of circles, ovals, triangles, squares, rectangles,
tetragons, quadrilaterals, pentagons, hexagons, and any other shape that can
support standing wavesin the crystalline grains. Preferred shapes are squares and
rectangles.

As afurther embodiment of the invention, the above method for producing
grains may comprise the further step of introducing onto the support plate from 1to
100 atomic monolayers of a different chemical element, such as manganese, to
insure that the boundary at the interface between the support plate and the metal
grains has high internal reflectivity for the plasmons, but retains sufficient electric
conductivity to complete the current path in the cell from the external electrical

supply.

An dternative embodiment for producing grains for a cold-fusion cathode
comprises the method steps of polishing a support plate of a non-reacting metal toa
mirror finish, using photoresist technology to mask the space on the support plate
required for separating the grains, depositing athin film of a surface metal having a
substantially uniform thickness of about 0.1 to about 200 microns onto the support
plate. The masking isthen removed, leaving an intact array of grains on the
previously-unmasked portions of the support plate's metal surface.

An embodiment of the invention is a cathode with an active surface
comprising a plurality of separate, closely spaced grains produced by either the
depositing/cutting process or the photoresist process described above,
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG.I isadiagrammatic representation of a single dual-cell chamber which
contains an anode (A) and two cathodes (C).

FIG. 2 shows a gas design with a dual cell from which high temperature heat
can be extracted by circulating loops. It contains an anode (A); a heat-transfer fluid
pipe (P); a cathode (C); a heat transfer fluid (B); external cell walls (E); an insulator
(F); and a plasma region (G).

FIG. 3 shows a gas design with a dual cell wherein the produced heat is
conducted through athermoelectric converter. It contains a metallic anode (A); a
heat-transfer fluid pipe (P); a cathode (C); a heat transfer fluid B); external cell
walls (E); an insulator (F); a plasma region (G); and a thermoelectric converter (H).

FIG. 4 shows a gas design with a cylindrical system having a concentric tube
design. It contains a metallic anode (A); heat transfer fluid (B); a cathode (C); a
heat-transfer fluid pipe (P); and a plasma region (G).

FIG. 5isaqualitative graph of cathode temperature vs. time for initial
startup. T(max) isthe grain temperature that terminates the chain reaction.

FIG. 6isaqualitative graph of cathode temperature vs. time for start up and
for steady state conditions as controlled by pulsing the cathode voltage. T(max) is
the grain temperature that terminates the chain reaction; T(avg) isthe average
grain temperature of a grain averaged over one pulse cycle; and T(min) isthe grain
temperature just beforeit ispulsed to start the next chain reaction.

FIG. 7 shows a"classical" (Prior Art) electrolysis cell design with a metallic

anode (A) such asa screen or plate of an inert metal such as platinum; a DC electric
current supply (B); a metal cathode of palladium, another metal, or an alloy that

10



10

15

20

25

30

WO 2010/096080 PCT/US2009/052619

can contain sufficient dissolved deuterium (C); and a heavy water electrolyte (J)
made conducting by addition of a soluble salt.

DEFINITIONS

"Deuterium” refers tothe hydrogen isotope of mass 2 frequently called "heavy
hydrogen”. Inthe context of this invention, deuterium gas may comprise pure
deuterium or mixtures of deuterium and hydrogen wherein the deuterium
component of the mixture is at least about 98%.

"Fluid" is a substance that continually deforms (flows) under an applied
shear stress. Fluids are a subset of the phases of matter and include liquids, gases,
plasmas, and, to some extent, plastic solids.

"Grain,"” "metallic grain,” and "crystalline grain" are terms that refer to small
metal structures that often randomly form in many kinds of molten metals when
they are allowed to cool and solidify. They are characterized by aregular ordering of
the metal atoms in arepeating pattern throughout a small volume of the metal,
called a grain. Carbon atoms can be arranged in aregular lattice configuration to
form the substance of a diamond, in which the material properties of the diamond
are exactly the same throughout the volume of the gem. In the same way, the
properties of a metal grain are the same throughout the grain. The significance of
this toLENR isthat plasma waves in the conduction electrons of the metal grain
have very few irregularities to scatter from because of the regularity of the lattice,
and therefore can have very few means for losing energy and being dissipated. An
analogy would be an organ pipe which can support aresonant sound wave when air
ismoving past its orifice. Asmetallic grains form, by solidifying asthe temperature
of the metal cools, the metal impurities tend to be pushed tothe surface of the
grain, resulting in auniform lattice of palladium atoms. However, because the
freezing formation of grains isarandom process, only avery small fraction of the
grains formed during the solidification of a molten metal will have all the properties
required tobe capable of supporting a polyplasmon field.

11
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By "higher-voltage pulse” we mean an electrical pulse of short duration that
ishigher than the bias or base voltage applied between the cathode and anode
surface and transfers enough energy to enable the nuclear reactions to occur.
Typicaly the higher-voltage pulse may be up to about 100 volts. The amount of
energy input tothe deuterium by the pulse isin excess of 783 keV, which isthe
minimum amount required to create plasmons with sufficient energy toinitiate
relevant nuclear reactions.

Anillustrative example of atypical circuit would alow for the generation of a
train of higher-voltage pulses separated by intervals of low applied voltage. Such a
circuit allows one to adjust the pulse parameters that drive the nuclear reaction.
An illustrative example of the control system would comprise a bias-voltage DC
power supply of 0to 20 volts, an external variable-DC power supply providing a
voltage input of 0to 100 volts, and atransistor supplying apulsing signal. The
timing provided by such a circuit may be about 100 pulses per second at maximum
power.

A "plasmon” isa pressure wave in the conduction electrons (the ones that are
free tomove around) in a metal. Like a sound wave in an organ pipe, if it is created
in a space with reflecting walls, it will have a frequency, or harmonic, corresponding
tothe size of the volume. Many plasmons in the same grain, that are created in
phase and have the same frequency and spatia distribution, are called a
"polyplasmon” and said to be "coherent”.

DETAILED DESCRIPTION OF THE INVENTION

While the general types of LENR energy sources described in this invention,
FIG. 2, FIG. 3, and FIG. 4, are different from the "classical" electrolysis type of
source, they meet the three necessary conditions described above. They use a
cathode (C) comprised of palladium crystalline grains formed on, or attached to, a
conducting metal support plate. The grains on the cathode surface can each support

12
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a polyplasmon field. The voltage difference between the cathode and anode, and
therefore deuteron current into the cathode, are time dependent. In order tohelp
maintain ahigh concentration of deuterium in the grains, a constant lower voltage
between pulses maintains the plasma at a deuteron current level below that
required to produce polyplasmons with enough energy to create dineutrons.
Periodically superimposed on the constant voltage is a voltage pulse of the order of
a few microseconds duration that temporarily increases the current of deuterons
bombarding the cathode to above the threshold rate for creating polyplasmons of
sufficient energy to permit formation of dineutrons. This initiates the LENR chain
reactions.

A second function of the constant low-level current isthat it provides a
relatively uniform conductive volume between the cathode and anode so that the
higher- voltage pulses result in arelatively uniform flow of deuterons tothe cathode
surface. Without the continuous plasma, the current during the high voltage pulse
to the anode may not be uniformly distributed over the cathode surface, and also
may have atendency, under some circumstances, toresult in a spark discharge.

Asshownin FIG. 2 and FIG. 3, the cathodes (C) and anodes (A) are
mechanically supported by ceramic insulators (F). These insulators also provide the
vacuum tight seal around the cell edgesin order to contain the deuterium gas.
Electrical connections tothe anode and cathode are made by wires that pass
through, and are bonded to, the ceramic insulators. Similar functioning insulation
and vacuum seals are required for the cylindrical cell of FIG. 4, though not
indicated in the drawing. The specifics of the design of the thermal and electrical
insulator design will depend strongly upon the specific application of the product.

Depending upon the application requirements, the deuterium gasin the cell
either may be permanently sealed for the operationa life of the cell, or the cell
design can include a penetration for refreshing the gas during operation so asto
extend the operating life of the system.

13
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While plasmons are created by transfer of the energy released by the entry of
deuterons, or protons, into the metal cathode in an electrolysis cell, each plasmon
has only afew electron volts of energy and alifetime of the order of a microsecond.
Plasmons can be created in an amorphous metal cathode, but are incoherent, i.e.,
random in phase and direction. It follows that the about 9.7 eV energy of each
plasmon isinsufficient for supplying the 783 keV required to allow the deuteron to
capture its electron. However, if the metal cathode, like many metals, contains
crystalline metal grains ranging in size, depending upon metal manufacturing
procedures, from a fraction of a micron to many microns in dimension, a different
series of events becomes possible.

Plasmons created in the conduction electrons in a metal grain, like sound in
an organ pipe, have aresonant frequency and phase determined by the size and
shape of the grain and density of the conduction electrons in the metal. Continued
excitation of the grain by the deuteron current increases the plasmon population
only at the resonant frequency and in phase with the existing coherent plasmons, as
a consequence of stimulated emission, resulting in a coherent standing wave of
many plasmons called a polyplasmon. This reservoir of energy, the polyplasmon, is
the key tounderstanding the LENR process, because it can provide the energy
required to create the dion and the dineutron, aswell asbe atemporary reservoir
for the nuclear energy released in the most significant energy producing reactions.

Nuclear energy released by dion capture in the metal hydride isvery large
and depending upon the particular reaction, either deposits the energy in the grain
as polyplasmon energy, or it produces localized, highly ionized tracks in the grains.
Much of the ionization energy couples tothe polyplasmon field. In the case of (Dn,
d) helium production, nearly al of the released nuclear energy is directly absorbed
by the polyplasmon field. These reactions can lead to a cycle in which the intensity
of the depleted plasmon field isre-energized with each succeeding reaction. These
stochastic processes continue until either the chain isbroken by random loss of the
constituents, or until the grain temperature increases enough to alter its properties
sothat the plasmon field is destroyed. After cooling, the process may repeat,

14
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provided the crystal structure of the grain has not been so altered that it cannot
recover smply by cooling.

A more complete description of these processes is given in the paper by
Applicant John L. Russell, Jr., "Low-Energy-Nuclear-Reaction Polyplasmon
Postulate” published in "Annals of Nuclear Energy" Volume 35, Issue 11, November
2008, pages 2059-2072.

Among the advantages of these LENR systems for generating heat above 100
degrees Centigrade, in addition toavoiding the potential for deuterium-oxygen
explosions, isthat they operate at lower pressures than water electrolyte based
systems with the same output temperature. However, the higher temperature
plasma systems are limited by the amount of deuterium contained in the palladium
cathode because higher temperature palladium crystals hold less deuterium. This
ispartially compensated by the constant deuteron bombardment of the cathode with
low energy deuterons between the higher voltage pulses that initiate the chain
reactions. Actual operating temperatures depend upon application requirements,
specific system design details and operating conditions.

While the technology described in this patent only refers to palladium metal
for the deuterium- containing cathode, there are aloys of palladium that can serve
the function of the deuterium- containing cathode. At this time, it appears that
palladium metal isthe most promising material for the cathode surface grains.
However, there are other metals and alloys (for example nickel and some of its
aloys) that can absorb deuterium gas and, in principle, can exhibit some of the
LENR effects.

Because essentially all of the nuclear reactions occur in grains on the surface
of the cathode, high efficiency requires a high fraction of cathode surface tobe
covered by grains capable of supporting a plasmon field. This capability can be
achieved by fabricating a single layer of palladium grains on a support plate of a
non-reacting metal such as stainless steel. For example, this can be done by first
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polishing the support plate metal surface toa mirror finish and then depositing on
the surface athin film of palladium of substantially uniform thickness in the range
of about 0.1 microns to about 200 microns. The thickness selected depends upon
system requirements. The deposition can be done by electroplating, vapor
deposition (sputtering), chemical vapor deposition, or any other method that results
in afilm of substantially uniform thickness with very few cracks or other
inhomogeneous features in the deposited palladium.

This surface layer can then be cut into appropriately sized single crystals,
separated from each other by the width of the cut. Suitable techniques for cutting
the grains include laser cutting, ablation, or electrical spark erosion cutting. Any
other method that results in well-defined surface crystalline grains of palladium is
also suitable. The simplest and perhaps the most efficient shapes for the grains are
formed by cutting the uniform layer of deposited palladium into squares or
rectangles toform cubes, prisms, or any other shapes that can support a standing
wave, also known as a coherent polyplasmon.

Although fundamentally more complex, another method for forming grains on
the surface of the support plate involvesuse of masking techniques, such as
covering the space required for separating the grains, utilizing photoresist
technology commonly used for manufacturing electronic circuits, for example, so
that palladium only remains deposited in the unmasked areas. One method of
applying this technique includes the method steps of polishing a support plate of a
non-reacting metal toa mirror finish, using photoresist technology to mask the
space on the support plate required for separating the grains, and depositing athin
film of a surface metal, such aspalladium, onto the support plate. The thin film of
the surface metal should have a substantially uniform thickness in the range of
about 0.1 to about 200 microns (i.e. micrometers). The masking isthen removed
leaving an intact array of grains that is deposited on the unmasked portions of the
support plate's metal surfaces.
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Depending upon the choice of substrate metal, it may be necessary to
introduce afew, typically 1to 100, monolayers of a different chemical element, such
as manganese, between the grain and the supporting substrate toinsure a
boundary at that interface that has high internal reflectivity for the plasmons. The
other surfaces of the crystaline grains are bare and exposed only tothe deuterium
gasin the cell and therefore have very high interna reflectivity for the
polyplasmon.

FIG. 2illustrates a dual cell from which high temperature heat can be
extracted by circulating loops of the heat transfer pipe (P). For example, the heat
can be used with a direct conversion device that islocated separately from the cell,
or asthe heat source for aturbine or steam engine to produce mechanical energy or
electrical energy, or perhaps asa heat source for industrial or domestic use, or as
the heat source for any other applications where the unique characteristics of the
LENR source are advantageous.

FIG. 3illustrates aplurality of dua-cell chambers in which solid-state direct
Thermo- Electric Conversion ("TEC") devices (T) are placed between the hot
cathodes of the cell structure and the coolant fluid channels. The high temperature
heat isproduced in the cathodes (C) that are inthermal contact with the TEC
devices. The anode (A), serving both sides of the cell, operates at essentially the
same temperature asthe two cathodes. The principal parasitic high-temperature
heat |leakage isthrough the metallic electrical connections and the ceramic
insulators (1) around the four edges of the dual-cell chamber. Low-temperature
heat rejection isthrough the coolant fluid channels in thermal contact with outer
surfaces of the TECs on both faces of the dual cell chamber. This design allows
stacking cells both horizontally and vertically, creating a compact three-
dimensional array of dual-cell chambers. Coolant fluid is distributed and collected
by header systems on the two faces of the array, perpendicular tothe pipes carrying
the rglect heat from the TECs.
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Thermoelectric converters are commercially available with efficiencies for
heat-to-electricity of approximately half of the theoretical Carnot Efficiency Limit.
Such products are available from Hi-Z Technology, Inc., 7606 Miramar Road, Ste
7400, San Diego, CA 92126. www.hi-z.com.

Because the polyplasmon isa standing wave, it has peaks and valleys in its
gpatial energy distribution. These peaks, or islands, occur on the grain surface and
also in the interior at regularly spaced volumes at locations determined by the
polyplasmon wavelength. It is generally the temperature at the hot islands that
terminate the chain reaction, not the average temperature of the grain. The peak-
to-average ratio of the spatial energy generation rate in an ideal rectangular crystal
on the cathode istwo.

The rate that aninitial polyplasmon gains energy is determined by the
product:

[(deuteron current per square cm) X (area of the grain's exposed surface)
X (efficiency for converting the incident energy into plasmon energy)].

Because the polyplasmon is continually decaying at arate proportional toits
intensity, giving it alifetime on the order of microseconds, the formation rate of the
polyplasmon must berapid enough to"grow" a useful field in microseconds. This
phenomenon isresponsible for the experimental observation that there isa
threshold for the cathode current per square centimeter that must be exceeded to
initiate LENR effects. However, once a chain reaction isinitiated, the current isno
longer needed to sustain the reaction inthat grain. The chan reaction is self-
terminating when the rising temperature causes a change in the grain properties
that terminates the polyplasmon field. The ultimate temperature limit isthe start
of actual local melting of the crystal. Typically, other factors terminate the reaction
before melting occurs.

Self-damping or termination of the chain reaction limits the design of any
control system for a practical LENR energy source. On the positive side, this self-
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limiting characteristic of LENR reactions means that it isabsolutely impossible to
generate a "nuclear explosion,” in the sense of an "atomic bomb". The simple reason
isthat melting even a small part of the metal grain destroys the polyplasmon field
and therefore instantly terminates the possibility of further polyplasmon-induced
nuclear reactions, until after the grain has cooled enough so that it may regain the
ability toagain support a polyplasmon field. These same phenomena mean that the
heat rate cannot be continuoudly adjustable in the usual sense.

Control of the average heating rate of the cell is accomplished by adjusting
the rate at which pulses of heat are generated. A heat pulse isinitiated by raising
the rate of deuteron bombardment of the cathode for a short period, typically afew
microseconds, by momentarily raising the anode-to-cathode voltage to a value,
above what isrequired tomaintain the continuous low energy plasma in the space
between the anode and cathode, to a voltage that produces anion current sufficient
toinitiate a chain reaction.

FIG. 5 (start up) and FIG. 6 (steady state) are qualitative graphs illustrating
the time dependence of a grain temperature. T(max) isthe grain temperature that
terminates the chain reaction, T(avg) isthe average temperature of a grain
averaged over one pulse cycle, and T(min) isthe grain temperature just beforeitis
pulsed to start the next chain reaction. The chain reaction isterminated by alocal
hot spot in a grain reaching atemperature T(max) that terminates the chain
reaction. The temperature of the grain at that time ceasestoincrease and begins
decreasing asthe heat is conducted tothe colder metal support plate. In the steady
state, FIG. 6, the cycle repeats and maintains a constant average temperature.
T(avg) approaches T(max) asthe pulse rate increases, but never equals it. These
properties are the basis for the ability to use pulse rate to control the average power
of the cell. While this description isfor an idealized system, the principles
gualitatively apply topractical systems.

The metallic grains on the cathode surface must retain arelatively high
concentration of dissolved deuterium in order toretain the ability to generate heat
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by LENR. Four factors influence this retention: cathode temperature, deuterium
gas pressure, deuteron flux into the surface, and disturbance of the cathode grain
lattice by internal nuclear reactions.

For applications requiring generation of electrical or mechanica energy, the
efficiency for conversion of the heat is strongly dependent on the temperature of the
heat source. However, the usual method of removal of dissolved gases from
palladium istoraise the temperature of the metal toincrease the rate of diffusion of
gas from the metal. Raising the pressure of the deuterium, to reduce the
temperature-induced diffusion from the cathode, to above about 0.5 atmosphere,
makes it difficult to create stable plasma, because the gas breaks down above a
critical voltage gradient and a damaging spark results. This isbecause the collision
cross section of the electrons with the gas atoms decreases with increase of electron
energy, alowing alonger path after each ionizing collision toincrease its energy. A
voltage gradient large enough toionize the pressurized neutral gas can also belarge
enough to produce an electron cascade. |n other words the electrons created at each
collision with an atom, gain sufficient energy before the next collision to produce
more cascading electrons. This cascade creates alow resistance path for a spark.

These considerations imply a practical upper limit tothe average
temperature at which the cathode can be operated. This limit will also depend upon
several system parameters determined by the application requirements.

In the several classes of LENR devices discussed in this patent, other
emission from (Pd + Dn) reactions. These reactions have alower probability for
significantly increasing the energy of the polyplasmons and hence a lower
probability for continuing the chain reaction. Therefore some chain reactions are
terminated early and this results in a statistical distribution of the temperature
increases caused by the pulses of bombarding deuterons. The effect on the
gualitative graphs in FIG. 5and FIG. 6isthat the amplitudes of the temperature
increases will have a statistical distribution not shown in the figures. This will not
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significantly change the effectiveness of the pulse rate control of the average heat
output of the LENR device.

It istobeunderstood that the present invention may have various other
embodiments. Furthermore, while the form of the invention herein shown and
described constitutes a preferred embodiment of the invention, it isnot intended to
illustrate all possible forms thereof. It will also be understood that the words used
are words of description rather than limitation, and that various changes may be
made without departing from the spirit and scope of the invention disclosed. The
scope of the invention should not be limited solely tothe examples given.
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CLAIMS

1. A nuclear energy source for producing thermal energy, comprising:

a. achamber comprising at least one cathode, at least one anode, and
deuterium gaswherein said at least one cathode has an inert metal
surface including an active metallic layer of uniform thickness between
about 0.1 and 200 microns consisting of palladium, another metal, or a
metal alloy, wherein said active metallic layer is adapted to contain a
significant concentration of deuterium gas, and wherein said active
metallic layer isan array of single, metallic, crystalline grains having
dimensions between about 0.5 and 200 microns; and said at least one
anode has an inert metallic surface; and

b. an electric supply adapted to apply atime-dependent electric potential
between the at least one cathode and the at least one anode, wherein
said electric potentia is a sequence of higher-voltage pulses with a
duration of from 0.1 to 40 microseconds superimposed upon alower
steady-state voltage, wherein said steady-state voltage ishigh enough
todraw deuterium ions through the gas towards the cathode without
producing ionization that would support sparking; the electric supply
further comprising an electronic control system for adjusting the pulse
amplitude, rate, and/or duration of the higher-voltage pulse whereby to
control the average temperature of the cathode, and therefore the
average rate of energy production of the source.

2. The nuclear energy source of claim 1wherein said chamber has a generally
planar configuration and wherein each of the anodes has a metallic surface

that issubstantially parallel toa surface of the at least one cathode.

3. The nuclear energy source of claim 2 further comprising at least one
thermoel ectric converter having two sides, and at least one heat collection

22



WO 2010/096080 PCT/US2009/052619

system, wherein one side of each of the at least one thermoelectric converters
isinthermal contact with at least one of the cathodes and the other side of
each thermoelectric converter isin thermal contact with the heat collection
system.

4. The nuclear energy source of claim 3 wherein said heat collection system
comprises a heat-transfer fluid pipe or a cooling finin ambient air or water,
or a combination thereof.

5. The nuclear energy source of clam 3 wherein said heat collection system
comprises a means of radiation to cold space, suitable for extraterrestrial
application.

6. The nuclear energy source of claim 1 wherein said chamber has a cylindrical
configuration and wherein the at least one anode and the at least one cathode
comprise concentric metal cylinders.

7. The nuclear energy source of claim 6 further comprising at least one
thermoelectric converter and at least one heat collection system, wherein one
side of each thermoelectric converter isin thermal contact with at least one
cathode and the other side of each thermoelectric converter isin thermal
contact with aheat collection system.

8. The nuclear energy source of claim 7 wherein said heat collection system
comprises a heat-transfer fluid pipe or a cooling finin ambient air or water,
or a combination thereof.

9. The nuclear energy source of clam 7wherein the heat collection system

comprises a means of radiation to cold space, suitable for extraterrestrial
application.
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10. The nuclear energy source of claim 7 wherein the heat collection system
comprises a cylindrical pipe having an externa surface in thermal-transfer
proximity toa cathode, adapted for heat collection by flowing afluid through
the pipe.

11. A nuclear energy source of clam 1wherein the nuclear energy sourceis
configured as a dual-cell chamber and wherein the anode of the dual cell is
located between two cathodes, enabling heat collection from both sides of the
dual cell.

12. The nuclear energy source of claim 11 further comprising a thermoelectric
converter and a heat collection system, wherein one side of the thermoelectric
converter isin thermal contact with at least one cathode and the other side of
the thermoelectric converter isin thermal contact with aheat collection
system.

13. The nuclear energy source of claim 12 wherein said heat collection system
comprises a heat-transfer fluid pipe or a cooling finin ambient air or water,
or a combination thereof.

14. The nuclear energy source of claim 13 wherein said heat collection system
comprises a means of radiation to cold space, suitable for extraterrestrial
application.

15.An array comprising a multiplicity of sources of nuclear energy asrecited in
claim 11, wherein the heat-collection system comprises a cooling duct
containing afluid, and wherein said multiplicity of sources of nuclear energy
are stacked in atwo- or three-dimensional array wherein the cathodes of each
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cell, except the outermost ones, are in thermal contact with aheat collection
duct that has apair of paralel faces.

16. The array of claim 15 wherein the dual-cells that together constitute the
array are disposed so astotransfer heat tothe fluid in the heat-collection
system.

17. The array of claim 16, further comprising a heat engine comprising a gas
turbine, a steam engine, or athermoelectric converter, that is supplied with
heat energy by said fluid.

18. The array of claim 16, which further comprisesinsulation around said
chambers to minimize parasitic heat loss from the cells.

19. The array of claim 15, which further comprises means toboil aliquid to
produce vapor under pressure that isfedtoaturbine to provide mechanical
power.

20. The array of claim 19, wherein the liquid consists essentially of water.
21.An array comprising a multiplicity of said nuclear energy sources asrecited
in claim 6, wherein said array isarranged in acylindrical configuration,
wherein the heat collection system comprises a cooling duct, and wherein

said multiplicity of sources are stacked in atwo- or three-dimensional array.
22.The array of claim 21 which further comprises means toboil aliquid to
produce vapor under pressure that isfed to aturbine to provide mechanical

power.

23. A controlled method of producing useful thermal energy, comprising:
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providing an energy source comprising deuterium gas, at least
one cathode having an inert metal surface comprising palladium
grains, and at least one anode having a metallic surface, and

producing a time-dependent electric potential between said at
least one cathode and said at |east one anode,

wherein said electric potential includes arepetitive higher-
voltage pulse with aduration of from 0.1 to 40 microseconds
superimposed upon a lower steady-state voltage, wherein said steady-
state voltage is high enough to draw deuterium ions through the gas
towards the cathode without producing ionization that would support
sparking, and

wherein characteristics of the higher-voltage pulse are adjusted
to control the average temperature of the cathode, and therefore the
average rate of energy production of the source, and

transferring heat from the energy source to a heat-receiving
element, whereby useful thermal energy i s produced.

24. The method of claim 23, wherein the characteristics of the higher-voltage
pulse that are adjusted to control the average temperature of the cathode
include at least one characteristic selected from the group consisting of
amplitude, rate, and duration of the higher voltage pulse.

25. The method of claim 23, further comprising the step of
converting thermal energy in the heat-receiving element to electrical or
mechanical energy.

26. A controlled method of producing useful thermal energy comprising:
a. providing at least one cathode comprising palladium grains of uniform
thickness in the range of about 0.1 to about 200 microns formed on or
attached to a conducting metal element;
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b. enclosing said at least one cathode and at least one anode in a
chamber;

c. filling the chamber with deuterium gas;

d. exposing the cathode to a current of deuterium ionstoincrease the
ratio of the number of deuterons tothe number of palladium atomsto
greater than about 0.7;

e. increasing the concentration of deuterium in the grains to support a
polyplasmon field;

f. supplying atime-dependent differential voltage between the at |east
one cathode and the at least one anode toinitiate and sustain a
nuclear reaction, wherein said voltage pulse is high enough and has
sufficient current multiplied by time duration toinitiate a nuclear
chain reaction in the palladium-deuterium surface of the cathode;

g. bombarding the grains with deuterium ionsin order to create
polyplasmons with energies in excess of 783 keV;

h. maintaining a constant lower voltage between pulses in order to
maintain a high concentration of deuterium in the grains, whereby a
low-energy nuclear chain reaction isinitiated, whereby high-
temperature heat isproduced in the chamber; and

i. collecting the high-temperature heat via aheat collection system.

27. The method of claim 26, wherein the voltage pulses are between about 10 and
100 V.

28. The method of claim 26, further comprising the step of converting the high-
temperature heat via athermoelectric converter into usable electric energy.

29. The method of claim 26, further comprising the step of using the high-
temperature heat todrive a steam engine, steam turbine, or gasturbine to
produce mechanical power.
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30. The method of claim 29, further comprising the step of using said mechanical
power to power a generator to generate electricity.

31. A method of producing grains for a cold fusion cathode comprising the steps,

a. polishing a support plate of anon-reacting metal toa mirror finish,

b. depositing athin, uniform film of a surface metal having a uniform
thickness between about 0.1 to about 200 microns,

c. cutting the surface layer into single crystalline grains of dimensions of
about 0.5 t0200 microns separated from each other by the width of the
cut, whereby the grains retain arelatively high concentration of
dissolved deuterium.

32. The method of claim 31 wherein said depositing is done by e ectroplating,
vapor deposition (sputtering), chemical vapor deposition, or any other method
that results in afilm of uniform thickness.

33. The method of claim 31 wherein the grains are cut into squares, rectangles,
or other geometric shapes that are adapted to support a standing wave that
Isthe coherent polyplasmon.

34. The method of claim 31 further comprising the further step of introducing
onto the support plate 1to 100 monolayers of a different chemical element,
such as manganese, toinsure that the boundary at the interface between the
support plate and the metal grains has high internal reflectivity for the
plasmon while retaining adequate conductivity toutilize the generated
electricity.

35. A method of producing grains for a cold fusion cathode, by masking

techniques, comprising the steps of:
a. polishing a support plate of a non-reacting metal to a mirror finish,
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b. using photoresist technology to mask the space on the support plate
required for separating the grains,
c. depositing athin film of a surface metal having a substantially uniform
thickness on the support plate wherein crystalline grains are formed
on the masked and unmasked portions of the support plate, and
. dissolving the photoresist mask, whereby crystalline grains are
removed from the previously-masked areas of the support plate while
remaining on the previously-unmasked areas.

36.A cathode with an active surface comprising a plurality of separate, closely
spaced grains prepared by the method of claim 31.

37.A cathode with an active surface comprising a plurality of separate, closely
spaced grains prepared by the method of claim 35.
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