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MODI FI ED ELECTRODES FOR LOW ENERGY
NUCLEAR REACTI ON POANER GENERATORS

[ 0001] This application clains the benefit of US.
provisional patent application No. 60/742,622, filed
Decenber 5, 2005, which is hereby incorporated by

reference herein in its entirety.

Background of the Invention

[ 0002] This invention relates generally to the use
of electrolytic <cells for the creation of |ow energy
nucl ear reaction (LENR) which generates heat.

[ 0003] The quest for nuclear reaction to provide an
i nexhausti bl e, non-polluting source of energy seeks to
exploit the phenonena of nuclear physics . It is known
that when two nuclei, for exanple, of deuterium (heavy
hydrogen) , react together, the conbined mass of the
reaction product is less, by a mnute quantity, than
the mass of the original particles. The tiny mass
difference is converted to kinetic energy of the
reaction products and this kinetic energy is converted
to heat energy. The anmount of this energy, as
expressed in the classic Einstein equation, is equal to

mass difference nmultiplied by the square of the speed
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of light; hence the mnute nass difference yields an
enor nous anount of energy.

[ 0004] Deuterons are positively charged nuclei and,
therefore, repel each other. The cl oser deuterons
approach each other, the stronger their repulsion and
the greater the energy it takes to overcome this

r epul si on. It is only when the deuterons are brought
to one ten-trillionth of a centineter next to each
other, that a strong nuclear force that attracts nuclei

overcones the Coulonb repulsion force and the nuclei

t hen react. This is the sanme nuclear force that
prevents nuclei, all of which having positively-charged
protons, from flying apart. Reaction also occurs

between tritium and deuterium nuclei, the tritium being
a heavy isotope of hydrogen, but its nucleus has a
proton and two neutrons, whereas a deuterium nucleus
has a proton and a single neutron.

[ 0005] Ther nonucl ear reaction will occur when
deuterons are held at a high enough density and a high
enough tenperature for a tine period sufficient to
effect reaction. The center of the sun affords

condi tions conducive to thernonuclear reaction, for
this fiery star is at a tenperature of about 10 mllion
degrees Fahrenheit. At this tenperature, nmatter is
ionized, that is, it is in a plasnma state. The sol ar
plasma ions are subjected to enornopus gravitational
forces that keep the ions together at a very high
density, that is, at close proximty to each other. At
these conditions, the thermal notion of the hydrogen
nuclei is sufficient to occasionally overcone the

Coul onb barrier, thus enabling two hydrogen nuclei to
undergo a nucl ear reaction. On earth, the

gravitational forces are nmuch weaker and cannot contain
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hi gh tenperature plasnma. Hence, since the mddle of
the twentieth Century, scientists have been devel oping
special devices that could ionize deuterium or
deuterium and tritium and that contain the resulting
plasma at sufficiently high density, tenperature, and
length of time to bring about thernonuclear reaction.
Two general approaches for doing so are being pursued:
magnetic confinenment; and inertial confinement. As the
density of the plasma ions that can be confined by

magnetic fields in a practical device is very low it

takes a much higher tenperature, in the order of 100
mllion degrees Fahrenheit, to produce a deuterium
tritium (DT) reaction. The D-T thernonucl ear reaction

is the one currently being pursued, for higher
temperatures are required for D-D thernonucl ear
reaction. Inertial confinement can conpress matter to
form a very high density plasma but only for a very
short tinme. It takes a very high tenperature, on the
order of 100 million degrees Fahrenheit, to produce a
deuteriumtritium (DT) reaction.

[ 0006] Following Edward Teller's invention of the
hydrogen bonb, billions of dollars have been spent over
the last 50 years toward contriving devices adapted to
force heavy hydrogen nuclei to react together under
controlled conditions and thereby |iberate nore energy
than was expended to confine and heat the nuclei. One
such device of enornobus size is known as a tokanmak
within whose toroidal interior powerful magnetic fields
confine and squeeze hot plasma, causing deuterium and
tritium ions to react together.

[ 0007] Tokamaks overconme the Coul onb barrier by
first heating the deuterium and tritium atons to high

enough tenperatures that will rip off their electrons

PCT/US2006/046466
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to create a gas of ions or plasma, and then by heating
the plasma to extrenely high tenperatures so that two
plasma ions can collide at sufficiently high velocity
to overcone the Coulonb barrier. Huge magnets produce
the magnetic fields to hold the plasma together for a
time sufficient for sonme of the nuclei to crash into
each other and react. Thi s thernonucl ear reaction
produces helium nuclei as well as neutrons and excess
ener gy.

[ 0008] In a super-giant |aser reaction generator,

| aser beanms bonbard a deuteriumtritium fuel pellet,
causing its outer layer to vaporize and be ejected
outwardly from the pellet. The resultant reaction
force inplodes the fuel, bringing it to very high

densities and tenperatures for a small fraction of a

second. Under these so called "inertial confinenent
conditions,"” deuterium and tritium nuclei can react.
Yet, despite the multi-billion dollar investnents nmade

in devel oping thernmonuclear reactors based on either
magnetic confinement or inertial confinenent, no such
reactor is at present a practical reality, and whether
it ever will be, cannot be forecast. O her
technologically sinpler and |ess expensive techniques
for reacting nuclei are desirable.

[ 0009] In the past decade or so, electrochemcal and
ot her techniques have been investigated as a possible
technique for reacting nuclei for power generation.

The investigations typically utilize an electrolytic
cell whose electrolyte is heavy water (i.e., water in
whi ch deuterium takes the place of ordinary hydrogen)
The heavy water is rendered electrically conductive by
a salt dissolved therein (e.g., |lithium deuteroxide

(LioD) ). Imersed in this electrolyte is an anode-



WO 2007/114845 PCT/US2006/046466

cathode electrode pair conposed of a strip or wire nmade
of metal (e.g., palladiun) surrounded by a coil or a
foil of a simlar or another netal (e.g., platinum.
[0010] Wen a d-c voltage is inpressed across these
el ectrodes, the resultant current flow in the

el ectrolyte causes the water to dissociate into its
constituent el enents. As a consequence, oxygen is
released as a gas at the platinum anode, while
deuterium ions mgrate toward the palladium cathode.

Consequently, deuterium atoms diffuse into the

pal | adium netal . The buildup of a large concentration
of deuterium atonms in the palladium nmetal is thought to
initiate a low energy nuclear reaction. The energy

rel eased by such a |low energy reaction could be
captured by the atomic lattice of the cathode and show
up as heat.

[0011] A multitude of electrode designs have been
put forth to stimulate nuclear energy production
through the creation of various forns of hydrogen from
various electrolytes and their interaction within the
el ectrode. Various treatnents have been put forth to
create electrodes as previously described. However,
one such treatnent which has not been put forth
previously is the use of in-situ dianond, dianond-Iike,
boron, beryllium and carbon-based constituents forned
in or on such electrodes to trap various forns of
hydrogen and stinmulate energy producing nuclear
reactions, also referred to as |ow energy nuclear

reacti ons (LENR)

[0012] In 1989, Martin Fleischmann and Stanley Pons,
on observing excess heat generation in an

el ectrocheni cal cell, clained they had observed

evidence of a |low energy nuclear reaction of deuterium
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i ons. Further electrochemstry studies by T. M zuno,
G. H. Mley and others, suggest that other |ow energy
nucl ear reactions may take place in the solid

el ectrode. The excess heat generation may be
attributed to the reaction of isotopes of hydrogen
nuclei with the nuclei of the solid electrode material
rather than of the reaction of hydrogenous nuclei
(i.e., nuclei of isotopes of hydrogen, such as
deuterium and tritium thensel ves. As a result of
these nuclear reactions, the nuclei of the target
material are converted or transnmuted into nuclei of
ot her i sotopes. Due to mass difference between the
transmutation products and between the nucleus of the
metal plus hydrogenous nucleus, excess energy is
generated as well.

[0013] In any case, present day LENR generator cells
do not generate enough excess heat to be comercially
vi abl e power sources. Further inprovenents in these

cell designs and nethods of operation are desirable.

Sunmary of the Invention

[ 0014] It is therefore an object of the invention to
provide a |low energy nuclear reaction (LENR - also
referred to as a condensed matter nuclear reaction)
power generator that includes a cell having a pair of
el ectrodes imrersed in an electrically-conductive

el ectrolyte, wherein at |east one nodifying substance,
such as in-situ dianond, dianond-I|ike, boron,

beryllium and/or carbon-based constituents, is grown
or deposited into and/or on the material of the cathode
el ectrode for enhancing the interaction between the

mat eri al and hydrogenous atons for useful energy

produci ng reactions.

PCT/US2006/046466
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[ 0015] The electrodes of the invention nay be any
conductive mnmaterial such as netal, alloy, cernet,

conductive polymer, conposite or any conbination

thereof, for exanple. The el ectrodes nay be a
honbgeneous material or nonhonbgeneous material, such
as a nmaterial layered, coated, or laced with particles.

The electrodes may be shaped as plates, strips, wres,
spheres, squares, or any conbination thereof, for
exanpl e .

[ 0016] Modi fyi ng substances, such as, but not
limted to, dianond, dianond-like, boron, beryllium

and carbon-based constituents, for exanple, nay be
grown in and/or on electrodes for enhancing nuclear
reactions. The nodi fying substances nay trap and
stimulate various forns of hydrogen for useful energy
producing reactions . Various techniques can be used to
acconplish this goal, including: (1) chem cal vapor
deposition (CvD) and its many forms and derivatives;

(2) LASER techniques and simlar nethods; (3) plasm

t echni ques; (4 ion inmplantation; and (5 simlar hot-
gas nethods of préduci ng dianond, dianond-Iike
structures, and carbon-based constituents on and/or in
el ect r odes. D anond and di anond-1ike constituents

exist in nmany forns and conbinations as defined by

anal ytical techniques, such as X-ray diffraction, Ranan
spectroscopy, and |low energy electron diffraction
(LEED), for exanple. Car bon-based constituents, such
as nanotubes, graphitic carbon, and other carbon forns
are also suitable constituents for enhancing nuclear
reactions induced by various forms of hydrogen.

[0017] An other significant feature of the invention
which distinguishes it fromprior cells in which the

current through the electrolyte is pulsed, is that in a
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cell in accordance wth the invention, pulsing my take
place in a pulse pattern that increases the probability
of LENR to occur and, hence, the |evel of

reproduci bility. More specifically, an object of the
invention is to provide a |low energy nuclear reaction
power generator that yields far nore energy in the form
of heat than is applied to the cell in the form of
electricity.

[0018] Briefly stated, this object is attained in a
| ow energy nuclear reaction power generator provided
with an electrochem cal cell. The el ectrochem cal cell
contains an electrode pair whose cathode is formed of
any conductive material, such as netal, alloy, cernet,
conductive polynmer, conposite, or any conbi nati on

t hereof, such as netal (e.g., platinum palladium
titanium nickel, gold, silver, tin, lead, tungsten,
thorium wuranium etc.), any suitable netal alloys
(e.g., Pd-Ce, Pd-B, Pd-N, etc.), or any suitable non-
netallic substrate (e.g., SiO,, SIC TiO,, TiC Al,O;
Y,0;, etc.), plated with a suitable netallic film

Di anond, dianond-like constituents, carbon, boron,

and/ or berylliumbased constituents, for exanple, are
preferably enbedded in and/or on the surfaces of the
cat hodes for enhancing nuclear reactions of the
gener at or .

[ 0019] The cell also preferably contains an

el ectrically-conductive electrolyte, which may be any
suitable fluid (e.g., light water, heavy water, etc.)
mxed with suitable solutes (e.g., LiOD, CaSOy,

Li,so,, etc.), molten salts (e.g., Lid-KO saturated
with LiD, etc.), liquid nmetals (e.g., liquid Pb
saturated with PbD, or Pb(OD) ,, etc.), and/or any

suitable solid material (e.g., a solid conductor).
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Applied across the electrodes is preferably a train of
vol tage pul se packets, each conprised of a cluster of
pul ses .

[ 0020] The amplitude and duration (or alternatively,
frequency) of each pulse in the packet, the duration of
the intervals between pulses, and the duration of the
intervals between successive packets in the train are
in a predetermned pattern in accordance wth

"superwavi ng" waves, in which each wave is nodul ated by
waves of different anplitude and duration. Each packet
of voltage or current pulses gives rise to enhanced

| oadi ng of the palladium cathode, for exanple, followed
by partial del oading. The successive enhanced | oading
and partial deloading produced by the train of pulse
packets enhance the interaction between the nuclei of

t hese hydrogenous atons thenselves and/or between the
nucl ei of these hydrogenous atons and the nuclei of the
el ectrode material . The energy generated in the form
of heat is greater than the electrical energy of the
pul ses applied to the el ectrodes.

[ 0021] It should be noted that dense atom packing
may substantially change the resistance (i.e., the
measure of a material's ability to resist the flow of
an electric current) of a netallic cathode by
introducing various fornms of hydrogen or other atons to
the structure of the netal. This resistance preferably
can be nmeasured in real-tinme by passing a constant high
frequency current through the nmetallic electrode and
measuring the voltage potential across the cathode over
time. The neasured voltage potential over time is an
indication of the change in resistance, and, hence, the
| evel of ion packing of the metallic electrode over

tine. Thus, a real-tine indicator of the atom packing
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may then be realized by continually passing a high
frequency current through the netallic electrode and

nmeasuring the voltage potential across the cathode.

Brief Description of the Draw ngs

[ 0022] The above and other advantages of the
invention will be nore apparent upon consideration of
the following detailed description, taken in
conjunction with the acconpanying draw ngs, in which
like reference characters refer to like parts

t hroughout, and in which:

[ 0023] FIGS. 1 and |A schematically illustrate
superwavi ng wave phenonena,;

[ 0024] FIG 2 schematically illustrates a partially
sectional perspective view of a first enbodinment of an
el ectrolytic cell LENR power generator in accordance
with the invention;

[ 0025] FIG 3 illustrates the pattern of electrical
pul ses applied to the electrodes of the cell of FIG 2;
and

[ 0026] FIIG 4 illustrates the pattern of electrical
pul ses applied to the electrodes of the cell of FIG 2
with pul se packets switched off during relaxation

peri ods .

Detail ed Description of the Invention

Superwavi ng :

[0027] Sonme enbodi ments of the invention provide for
a greater production of excess heat in an

el ectrochemical cell by pulsing the current flow ng

t hrough the cell. In the invention, applied to the

el ectrodes of the cell may be voltage or current

(electrical) pulses to produce a pulsed ion-flow in the

PCT/US2006/046466
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cell. However, these pulses may be in a pattern in
which the anplitude and duration of the pulses and the
intervals therebetween are nodulated to give rise to a
dense packing, for exanple, of deuterium atonms in the
pal | adium el ectrode that pronmotes LENR, rather than

bei ng of constant anplitude and duration.

[ 0028] This pulse pattern is in accordance with
superwaving activity as set forth in the theory
advanced in the Irving 1. Dardik article "The Geat Law
of the Universe" that appeared in the March/April 1994
i ssue of the "Cycles" Journal. This article is
incorporated herein by reference.

[ 0029] As pointed out in the Dardik article, it is
generally accepted ih science that all thi ngé in nature
are conposed of atoms that nove around in perpetual
notion, the atons attracting each other when they are a
little distance apart and repelling upon being squeezed
into one anot her. In contradistinction, the Dardik
hypothesis is that all things in the universe are
conmposed of waves that wave, this activity being
referred to as "superwaving." Superwavi ng gives rise
to and is matter in notion (i.e., both change

simul taneously to define matter-space-tine)

[ 0030] Thus in nature, changes in the frequency and
anplitude of a wave are not independent and different
from one another, but are concurrently one and the
sane, representing two different hierarchical Ievels

si mul t aneousl y. Any increase in wave frequency at the
same tinme creates a new wave pattern, for all waves
incorporate therein smaller waves and varying
frequencies, and one cannot exist wthout the other.

[ 0031] Every wave necessarily incorporates smaller

waves, and is contained by |arger waves. Thus each
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hi gh-anplitude |owfrequency najor wave is nodulated by
many hi gher frequency |ow anplitude mnor waves.
Superwaving is an ongoing process of waves wavi ng

within one another.

[ 0032] FIG 1 (adapted from the illustrations in the
Dardik article) schematically illustrates superwaving
wave phenonena. FIG 1 depicts |owfrequency najor

wave 110 nodul ated, for exanple, by mnor waves 120
and 130. M nor waves 120 and 130 have progressively

hi gher frequencies (conpared to najor wave 110). Q her
m nor waves of even higher frequency may nodul ate major
wave 110, but are not shown for clarity. This sanme
superwavi ng wave phenonena is depicted in the tinme-
domain in FIG IA

[ 0033] This principle of waves waving denonstrates
that wave frequency and wave intensity (anplitude
squared) are sinultaneous and continuous. The two
different kinds of energy (i.e., energy carried by the
waves that is proportional to their frequency, and
energy proportional to their intensity) are also

si mul t aneous and continuous. Energy therefore is waves
wavi ng, or "wave/energy." In a |ow energy nuclear
reacti on power generator in accordance wth one

enbodi nent of the invention, the pattern of pulses
applied to the electrodes of the cell is derived from

superwavi ng wave activity.

The Electrolytic Cell :

[ 0034] Referring now to FIG 2, there is shown a

preferred enbodinent of a |low energy nuclear reaction
power generator 100 in accordance wth the invention

provided with an electrolytic cell. The cell is

provided with a vessel 10. Vessel 10 contains
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el ectrolyte 11. Electrolyte 11 may be any suitable
liquid electrolyte, such as heavy water or light water
mxed with suitable solutes (e.g., LiOD D2SO,, Li,SCu,
etc.), for exanple. For purposes of illustration,
electrolyte 11 may be heavy water which is rendered
electrically conductive by a suitable solute dissolved
therein (e.g., LiCD).

[ 0035] ImMersed in the electrolyte is an anode-
cathode electrode pair fornmed by a cathode 12 and an
anode 13. Cathode 12 and anode 13 may be made of any
conductive material, such as nmetal (e.g., palladium

pl ati num titani um nickel, etc.), any suitable non-
nmetallic substrate plated by suitable netallic film
(e.g., palladium or titanium on sapphire, etc.), alloy,
cernet, conductive polyner, conposite or any

conmbi nation thereof, for exanple. El ectrodes 12 and 13
may be of honbgeneous material or nonhonogeneous

mat eri al , such as a materi al | ayered, coated, or |aced
with particles. Electrodes 12 and 13 may be shaped as
pl ates, strips, wres, spheres, squares, or any

conmbi nation thereof, for exanple.

[ 0036] For purposes of illustration, however,
cathode 12 may be a strip or wire nade of palladium and
anode 13 may be a coil or plate of platinum Anode
coil 13 surrounds or may be nounted parallel to the
strip or wire of palladium netal so that the electrodes
are bridged by the conductive electrolyte 11 and so
that a voltage inpressed across the electrodes causes a
current to flow therebetween.

[ 0037] Connected across the electrodes of the

el ectrochem cal cell my be a d-c power supply,
resulting in a steady current flowing through the

el ectrol yte, causing it to dissociate, so that oxygen
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gas is liberated at the platinum anode electrode, while
hydrogenous ions mgrate towards the palladium cathode
el ectrode and partially accunmulate thereon; the other
part is liberated at the cathode as hydrogen gas.

[ 0038] In a generator in accordance with a preferred
enbodi ment of the invention, a d-c voltage or current
source 14 may be provided whose electrical output is
applied across the electrodes 12 and 13 of the cell
through an electronic nodul ator 15. The operation of
nodul ator 15 nay be controlled by a progranmed

conputer 16, whereby the nodulator vyields voltage or
current pulses whose anplitude and duration, as well as
the duration of the intervals between pulses, are
determined by the program  The naxi num anplitude of
the pulses may correspond to the full output of the d-c
source 14. Thus, i f the source provi des a 45 VDC

out put, the nmaximum aerIi'tude of the pulses my be

45 VDC, and the anplitudes of pulses having a |esser
anplitude may be below 45 VDC, depending on the
program

[ 0039] Conmputer 16 nmay be progranmed to activate

el ectronic nodulator 15 so as to yield a train of pulse
packets, each packet being formed by a cluster of

pul ses that assunme the pattern shown in FIG 3. Thus,
for exanple, the first packet in the train, packet 1,

i s conposed of five pulses Pi to Pg which progressively
vary in 'arrplitude, pul se Pi being of the | owest
anplitude and pulse Pg5 being of the highest anplitude.
The respective durations of pulses pPi to Pg vary
progressively so that pulse Pi is of the shortest
duration and pulse Py is of the longest duration, and so
that the intervals A between successive pulses in the

cluster formng the packet vary progressively in
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dur ati on. Thus, the first interval between pulses Pi
and P, is shortest in duration, and the last interval
between pulses P4 and Pg is longest in duration. Wi | e
the packets are shown as being conposed of five pul ses,
in practice they may have a fewer or a greater nunber
of pul ses. The duration of a packet my, for exanple,
be about 30 seconds, and the intervals between
successive packets my, for exanple, be in a range of
2-5 seconds.

[ 0040] The second packet in the train, packet 11, is
al so composed of five pulses Ps to P1,, but their
anplitudes and durations, and the intervals between

pul ses, are the reverse of those in the pulse cluster
of packet 1. Hence, pulse Pgis of the greatest
anplitude and that of P,0is of the |owest anplitude.
[0041] The third packet in the train, packet 111, is
formed of a cluster of five pulses Pu to P, whose
anplitudes and durations, and the intervals between

pul ses, correspond to those in packet 1. The intervals
bet ween successive packets in the train have a
duration B that changes from packet to packet.

[ 0042] The varying anplitudes of the pulses in the
successive packets conform to the anplitude envel ope of
a mj or wave W. The varying durations of the pulses in
the packets conform to the anplitude envelope of a

m nor wave W2 whose frequency differs from that of

maj or wave W. The varying durations of the intervals
between the pulses in a packet confornms to the
anmpl i tude envelope of still another mnor wave W of
different frequency. And the varying durations of the
intervals between successive packets in the train are
in accordance with the anplitude envel ope of yet

another mnor wave W, of different frequency.
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[ 0043] It will be understood that in FIG 3, for
purposes of clarity, only small portions of mnor
waves W, W;, and W, superinposed on wave W are shown.
Furthernore, for clarity, the anplitudes and
frequencies of superwaving mnor waves W, W, and W,
relative to each other and relative to major wave W,
are not drawn to scale. In fact the maxi num anplitude
of the mnor waves may be proportional to the

i nstant aneous anplitude of the major wave. Thus, m nor
waves W, and W, (which are |located at about the peak
anplitude of major wave w) are likely to have nuch

[ arger maxi num anplitudes than the maxi mum anplitude of
m nor wave W, (which is |located at about the bottom of a
vall ey of wave w) . The maxi num anplitude of m nor
waves W and W, at the peak of the major wave nmay even
be conparable to the peak anplitude of major wave Ww,
(i.e., the mnor waves nmay have the sanme or greater
intensity as the major waves as shown in FIG 1).

O her illustrative exanples of superwaving minor waves
within major waves and their frequency and anplitude
distribution are provided by the FIGS, shown in the
Dardik article "The Geat Law of the Universe"

i ncorporated herein by reference.

[ 0044] Wth continued reference to FIG 3, the
pattern of the voltage or current (electrical) pulses
which constitute the train is governed by superwavi ng
waves Wi to W, and the ions which flow between the

el ectrodes immersed in the electrolyte are pulsed
accordingly.

[ 0045] Thus, instead of a steady stream of deuterium
ions mgrating toward the palladium electrode, the
deuterium ions travel in clusters, each created by a

packet of pulses, to produce a high intensity surge of
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deuterium ions that bonbards the palladium electrode.
The surges of deuterium ions which repeatedly bonbard
the palladium electrode give rise to a dense packing of
the deuterium atonms in the palladium which creates LENR
heat . |

[ 0046] In a generator in accordance wth the
invention, a resistance neter (LCR) 21, which nay
include a second nodulator 20 and a voltmeter 22, nay
be inplemented in order to nmeasure the resistance of
cat hode 12. This neasurenment may then be used to
indicate the level of deuterium atom packing of the
cat hode .

[ 0047] Highly effective conmputer pulse pattern
prograns afford optinum results, resulting in the
greatest anount of nuclear reaction heat at the

pal | adi um el ectrode. These can be deternined
enpirically by nodifying the program of conputer 16 to
find the nost effective pattern and by nodifying the
program to be responsive to the resistance of the
cathode neasured by LCR 21. In one exanple of a method
according to the invention, the change in resistance
may be used to nodify the nodulating in order to
maxi m ze the atom packing. A feedback signal
representing the slope of the resistance, for exanple,
may be used to optimze the relationship between any of
the waves with respect to any of the other waves, the
respective frequencies of the individual waves, the
respective anplitudes of the individual waves, or any
ot her suitable paraneter.

[ 0048] One exanple of the nost effective pulse
pattern is to incorporate a relaxation period
corresponding to the downward phases of the nmjor

wave W. Pul se packets in the pulse train may be
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conpletely turned off during the relaxation periods
corresponding to the downward phases. FIG 4
illustrates a pulse pattern with pulses (e.g., pulses

of packet 11, FIG 3) conpletely switched off during

the relaxation period.

[ 0049] The program is developed from a formation of
superwavi ng waves which are digitized so as to derive a
pul se at the peak of each wave cycle. The

aforementioned Dardik article illustrates various forns

of superwavi ng waves.

Modi fied El ectrodes

[ 0050] As described above, the electrodes of the
invention nay be any conductive material such as netal,
all oy, cernet, conductive polyner, conposite or any
conbi nati on thereof, for exanple. The el ectrodes nay
be of honbgeneous material or nonhonbgeneous material,
such as a material |layered, coated, or laced with
particl es. The electrodes may be shaped as plates,
strips, wres, spheres, squares, or any conbination

t hereof, for exanple.

[ 0051] In various enbodinments of the invention,

Modi fying substances, such as, but not linmted to,

di anond, dianond-like, boron, beryllium and car bon-
based constituents, for exanple, nay be grown in and/or
on electrodes for enhancing nuclear reactions. The
nodi fying substances nmay trap and stinulate various
fornms of hydrogen for useful energy producing
reactions. Various techniques can be used to
acconmplish this goal, including: (1) chenical vapor
deposition (cvD) and its nany forms and derivatives;

(2) LASER techniques and sinmilar nethods; (3) plasma

t echni ques; (4) ion inplantation; and (5 simlar hot-
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gas nethods of producing dianond, dianond- |ike
structures, and carbon-based constituents on and in

el ectrodes. D anmond and di anond-1ike constituents

exist in many fornms and conbinations as defined by

anal ytical techniques, such as X-ray diffraction, Raman
spectroscopy, and low energy electron diffraction

(LEED), for exanple. Car bon-based constituents, such
as nanotubes, graphitic carbon, and other carbons forns
are also suitable constituents for enhancing nuclear
reactions induced by various forms of hydrogen.

[ 0052] D anond nucleation and growh on palladium
cat hodes, for exanple, for producing strong centers for
atomc interstitial traps (e.g., H, N, C, B, Be, 0,
etc.) and both long and short range internal strain,

are described herein for inproving |ow energy nuclear
reactions. Once again, as an exanple, plasma-assisted
CVD used with palladium may produce a palladium

el ectrode that contains dianmonds, dianond-Iike, and/or
carbon-based constituents in and/or on the surface of
the el ectrode. Using this technique, netals, alloys,
conposites, and other materials, preferably included in
cathode 12, can be nmade to act as a host to dianond and
di anond-li ke constituents, for exanple. It may al so
act as a host to carbon, boron, or beryllium
constituents, for exanple.

[ 0053] In addition to carbon and its various forns,
other interstitial elenents and gas- phasé el enents may
al so be suitable nodifying substances for attracting,
trapping, and/or converting hydrogen in electrodes.
These include, for exanple, helium [lithium beryllium
boron, nitrogen, oxygen, fluorine, neon, sodium

pot assi um  phosphorus, sulfur, chlorine, argon,

brom ne, krypton, iodine, and xenon. The boron-
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hydrogen conbination shows particularly strong

potential for pronmoting useful hydrogen reactions in

el ectrodes . As carbon-boron interactions are known for
their strong interaction and useful behaviors, binary
conbi nati ons such as carbon-boron and carbon-nitrogen
can be particularly wuseful in the hydrogen reactions in
el ectrodes. Furthernore, many binary and ternary

conbi nétions are useful as one or nore nodifying
substances and can have a strong effect on hydrogen and
its beneficial behavior in electrodes. One such
ternary conbination that can be used as a nodifying
substance according to the invention wth useful
interaction is carbon-boron-nitride. Any conbi nati on
of the interstitial and gas phase el enents already
identified are potential candidates for binary,

ternary, and higher order interactions of a useful
nature as a nodifying substance.

[ 0054] Furthernore, a wi de range of elenents are
extremely wuseful in stinmulating hydrogen interaction
internally and/or on the surface of electrodes of the

i nventi on. Much is known about the H C, hydrocarbon,
series of chem cal interactions. However, many

el enents produce a range of interesting and useful
reactions wth hydrogen. These types of nodifying
substances can be identified and organized in the

notation of hydride fornms as follows, for exanple:

» Mononucl ear parent hydrides, such as:
o Goups 13, such as:
= BH3 - borane
AlH3 - al umane
InH3 - indigane
GH3 - gallane
T1H3 - thallane
o Goups 14, such as:
= CH4 - nethane
= SiH4 - silane

PCT/US2006/046466
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= CeH4 - gernmane
= SnH4 - stannane
= PbH4 - plunbane
o Goups 15 such as:
= NH3 - azane
» PH3 - phosphane
" AsH3 - arsane
x SbH3 - stibane
* Bi H3 - bisnuthane
o Goups 16, such as:
" OH2 - oxidane
» SH2 - sulfane
*» SeH2 - selane
= TeH2 - tellane
" PoH2 - pol ane
0o Goups 17, such as:
= FH - fluorane
» CH - chlorane
* BrH - bromane
" |IH - iodane
= HAt - astatane
Acyclic polynuclear parent hydrides, such as:
o Acyclic hydrocarbons, such as:
" C2H6
" CH3- CH2-
o Acyclic non-hydrocarbons, such as:
*  NH2-
®» Si H3-
* PH2-
0 Heterogeneous parent hydrides, such as:
= SnH3-O
= Si H3- NH
" SHS
Monocyclic parent hydrides, such as:
o Hydrocarbons, such as:
* Cycl opropane
» Cycl ohexane
= Cycl otetradecane
0 Heterononocyclic parent hydrides, such as:

s Furan
" Imdazole
= |sothiazole 1,2-thiazole
= |soxazole 1,2-oxazole
" |Hazirine
= (Xirene
" Oxazirene
Pol yalicyclic (von Baeyer) systens
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* Spiro conmpounds

* Fused and bridged fused ring systens

 Phane nonencl ature

* Fullerenes

* Ring assenblies
[ 0055] The stability/destability of the
aforenmentioned elenents, conpounds, and reactions
relating to hydrogen and its hydrides can be
significantly nodified by netallurgical and mechani cal
alloying of the electrode with various elenents and
conpounds, according to the invention. For exanple,
ni ckel can be alloyed with palladium to change the
internal thernodynamic characteristics of palladium
and, hence, nodify the hydrogen reactivity with the
el enents thus nentioned. It is also known that any
el ement or conbination of elenments alloyed wth
pal | adium or various other electrode materials wll
change the thernodynam c behavior of that material
relative to its reactivity wth hydrogen. Thus, the
electrode material and all of its various thernodynamc
conbi nations with other elenents, either chemcal or
mechani cal, can be individually conbined with the
hydri des, and hydrogen-el enental conbi nations 'pr oposed,
in accordance with the invention.
[ 0056] The nechanical state of the el ectrode
relative to its internal and external stress and strain
also affects the electrode's response to hydrogen
activity. Thus, given all the various chem cal
conbi nations identified, each of these conbinations can
be individually controlled further by the application
of internal and external nmechanically induced stress
and strain. Exanples of internal stress and strain are

residual stress and strain from nmechanical operations,
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such as cold rolling, cold formng, shot peening, bal
mlling and ultrasonic cleaning. Resi dual stress and
strain can also result from gradients in the material,
such as a tenperature gradient and the resulting
gradient in thermal expansion. A typical process
resulting in residual internal stress and strain due to
thermal expansion and contraction is welding.

[ 0057] External stress and strain can also affect
the activity of the hydrogen reaction with surface and
internally placed nodifying substances, such as carbon
boron, nitrogen, CB, and CBN, for exanple. Exanpl es of
the source of the external stress and strain are
devices which stretch, conpress, bend, torque, and
shear the material during the operation of the

el ectrode in service.

[ 0058] El enents which can be added to the el ectrodes
of the invention as nodifying substances for specia
effect include both gases (e.g., argon, helium
hydrogen, nitrogen, oxygen, etc., which my be the feed
gas or constituents to a feed gas of a CVD reaction)
and non-gases (e.g., boron, beryllium etc., which my
be incorporated into the plasma gas by solid
constituents in or in close proximty to the plasm) .
Thus, in accordance with the invention, it is possible
to produce an electrode with a variety of carbon-based
constituents that are conbined with any of a nunber of
el enents suited for delivery through CVD, plasm, hot
gas, electron bonbardnment, LASER, and other nethods

for exanple.

[ 0059] It is proposed that the constituents and
elenents identified herein can be produced in any
configuration, shape, or material, for exanple, such

that it may be used as an electrode for producing

PCT/US2006/046466
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energy in an electrode-electrolyte cell, such as
generator 100.
[ 0060] In certain conditions, it may be necessary to

create a low energy nuclear reaction in such a
generator by deuterium |oading of an electrode wth
materi al defects. The nucleation of a dianond or

di anond-like crystallite on and/or below the surface of
an electrode of the invention preferably produces the
sort of defects (i.e., lattice vacancies) needed for
the inproved |ow energy nuclear reaction effect.

Di anonds preferably are grown on the face centered
cubic (FCC netal octahedral interstices of the

el ectrode as points of vacancy initiation.

[ 0061] In one enbodinment of the invention, in-situ
di anond, dianond- |ike, and carbon-based constituents

are deposited into the structure of an electrode

(e.g., palladium cathode 13) and/or onto its surface.
To this new structure, nitrogen and hydrogen may also
be added through the nethod of plasma-assisted CVD, for
exanpl e. X-ray diffraction and Ranman spectroscopy nay
be used to verify that the nodifying substances
previously identified are produced in this electrode.

[ 0062] A netal deuteride containing helium may be
constructed so as to maximze the internal nolecular
deuterium density. It may be stinulated to develop one
or nore highly excited phonon nodes in order to cause
deuterium to react to produce |ow energy nuclear
reactions as described above. In a preferred

enbodi mrent of the invention, the newy understood
reaction pathways are used to nake energy using
deuterium reactions that couple the reaction energy
directly into the phonon nopdes of the netal deuteride.

The energy generation may be a result of the
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performance and then attainment of l|attice-nediated
nucl ear reactions using deuterium and deuteriumhelium
conbi nati ons

[ 0063] In certain enbodinents of the invention,

(4He) may be introduced into the host lattice. Met hods
of obtaining the desired 4He concentration may include
hi gh tenperature diffusion or heliumion inplantation,
for exanple. In one enbodiment, deuterium may be
|oaded into a host lattice by electrochem cal reduction
of heavy water (D,0) or deuterated alcohol (e.g., CD3OD
CH;0oD, C,Dsp, C,HSOD, etc.) at an electrode of the
invention (e.g., cathode 13), for exanple. The
appropriate lattice phonon nodes, in their role of
initiating, stimulating, or triggering the |ow energy
nucl ear reactions, may be generated by causing
deuterium atons (p to flow across a steep gradient in
chem cal potential, such as that present at the

pal | adi um di anond enbedded i nterface. Thus, in an

ot her enbodi ment of the invention, the nodifying
substances rmay stinulate phonon generation from the
absorbing deuteron flux.

[ 0064] Wil e hydrogen (H2) and nethane (CH,;) may be
used in certain dianond growth processes, this my
result in |oading hydrogen atonms (H into the palladium
nmetal bul k. Therefore, it may be preferable for the
preferred absorption and trapping sites to be the ones
that deuterium atonms nust occupy to produce |ow energy
nucl ear reactions. Energetically, and because of the
lattice stain introduced by the sub-surface dianond
layer, it is sonetinmes difficult to renbve an H atom
introduced in the diamond growh so that it can be
replaced with a D atom In certain preferred

enbodi ments of the invention, instead of growing the
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diamonds in H, and CH,, heavy forns (e.g., D, and CDy)
are preferably wused. In this way, D atonms may be
|oaded into the palladium lattice first, and then the
|oading nmay be sealed with the dianond |ayer.

[ 0065] In addition to H and D atons, beryllium
(Be)-, boron (B)-, and carbon (¢ -based constituents,
for exanple, are all capable of occupying the
octahedral interstitial sites in the electrode

(e.g., palladium cathode 13), and of diffusing between
the sites (and, thus, into the netal) , as nodifying
subst ances. Beryllium and boron nmay also form netallic
cluster nuclei that can have simlar beneficial effects
to the dianond crystallites. Along with dianond,

di anond- i ke, and carbon-based constituents, beryllium
and boron-based constituents diffusing into electrodes
undergoi ng (heavy) aqueous electrolysis are very
beneficial in providing |ow energy nuclear reactions .
[ 0066] Wiile there have been described preferred
enbodi nents of |ow energy nuclear reaction power
generators, it is to be understood that many changes
may be made therein without departing from the spirit
and scope of the invention. Thus, one nay use silicon
instead of platinum as the anode of an electrolytic
cell, for exanple. Moreover, an electrode pair may be
formed by concentric tubes, rather than by a strip
surrounded by a coil as illustrated in the electrolytic
cell of FIG 2, for exanple. Furthernore, the cell for
producing energy may be an ion acceleration cell LENR
power generator containing an electrode pair and an

el ectrically-conductive ionized gas, rather than a pair
of electrodes imersed in an electrically conductive

el ectrol yte. Alternatively, the cell for producing

energy may be a high pressure electrolytic ultrasonic

PCT/US2006/046466
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cell LENR power generator containing an electrode
| oaded under various pressures and tenperatures that is
imersed in an electrolyte and, in certain enbodinents,
stinmulated by ultrasonic waves and ultrasonically-
i nduced cavitations. One skilled in the art wll
appreciate that the invention can be practiced by other
than the described enbodinents, which are presented for
purposes of illustration and not of limtation, and the

invention is only Iimted by the clainms which follow



WO 2007/114845 PCT/US2006/046466

- 28 -

VWat is Cained is:

1. An apparatus for generating a |ow energy
nucl ear reaction involving a material and hydrogenous
atons, the apparatus conprising:

a |low energy nuclear reaction cell
containing an electrically conductive electrolyte
havi ng envel oped therein an anode-cat hode el ectrode
pair, said cathode electrode being fornmed of said
mat eri al ;

a power supply that is adapted to apply
an electrical output across said electrode pair to
cause a corresponding current to flow between said
el ectrode pair, thereby causing said electrolyte to
di ssoci ate, whereby oxygen is released at said anode
el ectrode while said hydrogenous atons mgrate into
said cathode electrode, wherein at |east one nodifying
substance is grown at |east one of into and on said
material of said cathode electrode for enhancing the
interaction between said material and said hydrogenous

atons .

2. The apparatus of claim 1, wherein said
at | east one nodifying substance includes dianond-based

constituents

3. The apparatus of claim 1, wherein said
at | east one nodifying substance includes carbon-based

constituents

4. The apparatus of claim 1, wherein said
at | east one nodifying substance includes boron-based

constituents
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5. The apparatus of claim 1, wherein said
at | east one nodifying substance includes beryllium

based constituents.

6. The apparatus of claim 1, wherein said
at |l east one nodifying substance is grown at |east one
of into and on said material by chem cal vapor

deposi tion.

7. The apparatus of claim 1, wherein said
at | east one nodifying substance is grown at |east one

of into and on said material by a l|aser technique

8. The apparatus of claim 1, wherein said
at least one nodifying substance is grown at |east one

of into and on said material by a plasma technique.

9. The apparatus of claim 1, wherein said
at | east one nodifying substance is grown at |east one

of into and on said material by ion inplantation.

10. The apparatus of claim 1, wherein said
at |l east one nodifying substance is grown at |east one
of into and on said material by high tenperature

di f f usi on.

11. The apparatus of claim 1, wherein said
at | east one nodifying substance is grown at |east one

of into and on said material by a hot-gas technique.

12. The apparatus of claim 1, wherein said
at | east one nodifying substance is grown at |east one

of into and on said material by electron bonbardnent.

13. The apparatus of claim 1, wherein said

el ectrical output is a train of pulsed electrica
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packets, a cluster of pulses being superinposed on each
of said packets, to cause a correspondingly pulsed
current to flow between said electrode pair, each of
said packets of pulses producing a surge of said
hydrogenous atons which are forced into said cathode

el ectrode, successive surges producing a dense packing
of said hydrogenous atons in said cathode el ectrode,
and wherein each pulse in said cluster of pulses has an
anplitude that is proportional to an instantaneous
anplitude of a mpjor wave associated with said train of
pul sed electrical packets, and wherein each pulse in
said cluster of pulses has a frequency that is
proportional to an instantaneous frequency of said

maj or wave associated with said train of pulsed

el ectrical packets.

14. A method for generating a |ow energy
nucl ear reaction involving a material and hydrogenous
atons, the nmethod being inplenented on a | ow energy
nucl ear reaction cell containing an electrically
conductive electrolyte having envel oped therein an
anode-cat hode electrode pair, said cathode electrode
being formed of said material, the method conprising:

applying an electrical output across
said electrode pair to cause a corresponding current to
fl ow between said electrode pair, thereby causing said
el ectrolyte to dissociate, whereby oxygen is rel eased
at said anode electrode while said hydrogenous atons
mgrate into said cathode electrode; and

prior to said applying, depositing at
| east one nodifying substance at |east one of into and

on said naterial of said cathode electrode for
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enhancing the interaction between said

sai d hydrogenous atons.

15. The nethod of claim 14,
| east one nodi fying substance includes

constituents .

16. The nethod of claim 14,
| east one nodifying substance includes

constituents .

17. The nethod of claim 14,
| east one nodifying substance includes

constituents.

18. The nethod of claim 14,
| east one nodifying substance includes

constituents .

19. The net hod of claim 14,

PCT/US2006/046466

material and

wherein said at

di anond- based

wherein said at

car bon- based

wherein said at
bor on- based

wherein said at

beryl I i um based

wherein said

depositing conprises chem cal vapor deposition

20. The nethod of claim 14,

depositing conprises a |laser technique

21. The nethod of claim 14,

wherein said

wherein said

depositing conprises a plasna technique.

22. The net hod of claim 14,

depositing conprises ion inplantation

23. The nethod of claim 14,

depositing conprises high tenperature

24. The nethod of claim 14,

wherein said

wherein said

di f f usi on.

wherein said

depositing conprises a hot-gas technique.
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25. The nethod of claim 14, wherein said

depositing conprises electron bonbardnent.

26. The nethod of claim 14, wherein said
electrical output is a train of pulsed electrica
packets, a cluster of pulses being superinposed on each
of said packets, to cause a correspondingly pulsed
current to flow between said el ectrode pair, eaéh of
sai d packets of pulses producing a surge of said
hydr ogenous atonms which are forced into said cathode
el ectrode, successive surges producing a dense packing
of said hydrogenous atoms in said cathode el ectrode,
and wherein each pulse in said cluster of pulses has an
anplitude that is proportional to an instantaneous
anplitude of a major wave associated with said train of
pul sed electrical packets, and wherein each pulse in
said cluster of pulses has a frequency that is
proportional to an instantaneous frequency of said
maj or wave associated with said train of pul sed

el ectrical packets.
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