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(54) METHOD FOR THE PRODUCING HEAVY ELECTRONS

(57) A method is presented for the continuous pro-
duction of heavy electrons with extra mass values such
that they can be captured by hydrogen ions and give rise
to the generation of a neutron flux which optionally can
be used to trigger and sustain a low energy nuclear re-

action.
This method is based on the physical phenomenon

of Localized Plasmon Resonance (Local Surface Plas-
mon Resonance - LSPR).
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Description

[0001] The present invention relates to a method for
producing heavy electrons and the relative utilization of
said production of heavy electrons in order to trigger and
sustain a low energy nuclear reaction.

Background of the invention

[0002] Recently a theory was advanced that combines
the energy developed by the "Low Energy Nuclear Re-
actions" (LENR - Low Energy Nuclear Reactions) with
the production of heavy electrons. Briefly, this theory pro-
posed by Widom and Larsen, states that at the base of
the development of low-energy nuclear reactions there
are appropriate energy resonance conditions of "surface
plasmon polaritons" (Surface Plasmon Polariton - SPP)
capable of producing heavy electrons that interact with
hydrogen ions in a crystal of a metal hydride or of an
electrically conductive material that has hydrogen ions
on the surface.
[0003] The theory describes how the heavy electrons
that are produced are subjected later to electronic cap-
ture by hydrogen ions.
[0004] This interaction activity between heavy elec-
trons and hydrogen ions produces neutrons that are cap-
tured by atoms of so-called "target" materials that are
nearby, transmuting them into new isotopes that subse-
quently, through nuclear reactions with a low decay en-
ergy, release net positive energy in the process. See L.
Larsen et al. "Ultra Low Momentum Neutron Catalyzed
Nuclear Reactions on Metallic Hydride Surface", Euro-
pean Physical Journal C-Particles and Fields, 46 p.
107-112, 2006, and US Patent No.7,893,414 issued at
the same time as Larsen and others.
[0005] Thereafter, the patent application US
2011/0255645 A1, proposed by Zawodny, incorporates
by reference U.S. Patent No. N.7,893,414 issued to
Larsen et al., and proposes to overcome its drawbacks
and disadvantages. Patent application US
2011/0255645 A1 is, however, lacking in more substan-
tial specific and practical aspects.
[0006] In particular, patent application US
2011/0255645 A1 provides for the use of electrically con-
ductive materials "(for example, metals, carbon nano-
tubes, graphene, superconducting materials, etc.)".
[0007] Said patent application indicates that these
electrically conductive materials can also occur in the
form of particles or fibers.
[0008] The very same patent application also takes into
consideration that the nanotubes are nanoparticles.
[0009] The nanotubes, however, are not effective in
producing large amounts of heavy electrons with extra
mass values so that they can be captured by hydrogen
ions to form neutrons.
[0010] Therefore, the state of art shows the limits both
in the production of heavy electrons with extra mass val-
ues such that they can be captured by hydrogen ions to

form neutrons but, above all, because it does not show
a device that uses such production and that can trigger
and sustain a low energy nuclear reaction.

Objects

[0011] Accordingly, it is an object of the present inven-
tion to provide a method for the production of heavy elec-
trons for the utilization of said production of heavy elec-
trons to trigger and sustain a low energy nuclear reaction.
[0012] The present invention achieves these purpos-
es, and is a substantial improvement in the general state
of the art.

Description of the invention

[0013] First of all the method is presented, according
to this invention, for producing heavy electrons for the
utilization of said production of heavy electrons in order
to trigger and sustain a low energy nuclear reaction.
[0014] Said method is generally based on the physical
phenomenon of Surface Plasmon Resonance (Surface
Plasmon Resonance - SPR) which is briefly summarized
below. This physical phenomenon causes the resonant
collective oscillation of the conduction electrons on the
interface surface between a conductive material, with a
real part of the negative dielectric constant, and a dielec-
tric material with a positive electric permittivity, if stimu-
lated by incident electromagnetic radiation at a suitable
resonance frequency.
[0015] The resonance condition is established when
the frequency of the incident electromagnetic radiation
is tuned with the natural oscillation frequency of the sur-
face electrons, which oscillate against the retraction force
of the fixed positive nuclei.
[0016] More particularly, the method that is presented
is based on the phenomenon of Localized Surface Plas-
mon Resonance (LSPR), which is a variant of the phys-
ical phenomenon called SPR; in fact, when the surface
plasmons are localized in a nanostructure, in turn sur-
rounded by a dielectric medium and said nanostructure
is smaller than the wavelength of the incident electro-
magnetic radiation, the plasmons oscillate coherently
around the nanostructure to a specific resonance fre-
quency if stimulated by an incident electromagnetic ra-
diation in tune with the natural oscillation frequency of
the electrons near the surface of the nanostructure.
[0017] The physical phenomenon LSPR, described so
far, was already part of the description of patent applica-
tion US 2011/0255645 A1; said patent application, how-
ever, was generic and described inadequately.
[0018] In the present invention a particular type of na-
noparticle is used, which because of its size, its particular
geometric shape, conformation and physical character-
istics is by far the most appropriate and effective com-
pared to those mentioned, for producing said heavy elec-
trons in such quantities as to trigger and sustain a low
energy nuclear reaction.
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[0019] In fact with said particular type of nanoparticles
it has been noted that, using a suitable method set out
in the present invention, it is possible to produce heavy
electrons with such extra mass values that they can be
captured by hydrogen ions and give rise to a flux of neu-
trons that trigger and sustain a low energy nuclear reac-
tion.
[0020] In accordance with the present invention, a
method is provided for the production of heavy electrons
for the utilization of said production of heavy electrons to
trigger and sustain a low energy nuclear reaction.
[0021] This method for the production of heavy elec-
trons uses the following elements that have particular
properties and characteristics.
1 - electrically conductive nanoparticles belonging to a
particular type of nanoparticles, the nanohorns.
[0022] They are used, in particular, in the present in-
vention for the production of heavy electron carbon na-
nohorns with a size between 30 and 120nm.Said carbon
nanohorns have an almost spherical symmetrical form,
have a corrugated surface with the presence of a large
number of protrusions, prominences/indentations with
small curvature radii.
[0023] Said carbon nanohorns, in fact, have, on the
surface, conically shaped nanostructures of the single
wall graphene variety that possess high electron mobility
capable of considerably amplifying the incident electric
field at the resonant frequency.
[0024] Again, said carbon nanohorns feature very high
outer surface values per unit weight, with typical produc-
tion values around 150 - 450 m2/gram;
2 - A dielectric liquid transparent to electromagnetic ra-
diation and which has hydrogen and/or hydroxonium ions
dispersed inside it; preferably water with no elements
that would alter the characteristics of transparency to
electromagnetic radiation. If necessary, the water can be
demineralized water or deionized water or distilled water
or heavy water or a mixture of said types of water.
3 - A nanofluid achieved by the uniform dispersion of said
carbon nanohorns in said dielectric liquid transparent to
electromagnetic radiation.
[0025] Said nanofluid can be achieved, dispersing the
carbon nanohorns in said dielectric liquid transparent to
electromagnetic radiation by means of sonication or by
other mechanical dispersion methods.
[0026] Preferably said nanofluid has a concentration
of carbon nanohorns in said dielectric liquid between 20
milligrams and 20 grams per liter. 4 - A source of elec-
tromagnetic radiation which irradiates said nanofluid with
a beam of pulsed electromagnetic radiation, coherent,
monochromatic, to the surface plasmon natural reso-
nance frequency of said nanofluid. Said beam of impul-
sive electromagnetic radiation has pulses with a duration
of between 100 nanoseconds and 10 picoseconds, and
with a pulse repetition frequency of between 1 Hz and
10000Hz.
[0027] Said beam of electromagnetic radiation has an
irradiance between 1010 and 1013 W/cm2.

[0028] In accordance with the invention, the natural fre-
quency of plasmon resonance of said nanofluid, com-
posed of said dielectric liquid and said carbon nanohorns,
is detected with a spectrophotometer. With this instru-
ment you run the transmittance spectrum of said nanoflu-
id for different concentrations of carbon nanohorns in the
electromagnetic spectrum of the near ultraviolet, the vis-
ible and the near-infrared (wavelengths between 200nm
and 1.2mm). From the analysis of said transmittance
spectrum it appears that, for different concentrations of
said nanofluid, the minimum transmittance of the incident
electromagnetic radiation, in the spectrum of wave-
lengths taken into consideration, occurs in correspond-
ence to the wave length of about 260nm. Therefore, at
the wavelength of about 260 nm there is maximum ab-
sorption of incident electromagnetic energy on the nan-
oparticles uniformly dispersed in said nanofluid.
[0029] From the transmittance spectrum of is also ap-
parent that varying the concentration of said nanofluid
does not appreciably change the natural frequency of the
surface plasmon resonance of said nanofluid.
[0030] The natural frequency of the surface plasmon
resonance of said nanofluid is therefore in the band of
near ultraviolet region of the electromagnetic spectrum
in particular, at the natural frequency of plasmon reso-
nance of said nanofluid, approximately 1.15x1015 Hz,
there is a high surface amplification of the incident exci-
tation electromagnetic field on the nanoparticles.
[0031] The Widom Larsen theory, cited in the prior art,
for the production of low-energy nuclear reactions pro-
vides an essential first step which consists precisely of
the production of heavy electrons.
[0032] To produce heavy electrons is necessary to pro-
vide extra energy/mass to the electrons that at rest have
an energy/mass of about 0.51MeV.
[0033] This extra energy/mass is made available as a
result of the strong electric fields that are established in
the vicinity of the surface of separation between the na-
nostructures and the dielectric fluid in which they are uni-
formly dispersed to form a nanofluid.
[0034] Although the voltage associated with these in-
duced electric fields on the surface of the nanoparticles
is modest, in the order of magnitude of at most a few
dozen volts, the relative electric fields in play manifest
themselves in a such a small scale of physical dimen-
sions that said electrical fields can be extremely intense.
[0035] Following these strong surface electric fields,
once an electron absorbs energy from said electrical
fields an energy/mass to overcome by at least a factor
2.53 its energy/mass at rest, it becomes a heavy electron
with a mass that can be captured quickly by a hydrogen
ion present in close proximity to said heavy electrons.
[0036] For this to occur, a source of electromagnetic
radiation must irradiate the nanoparticle to a frequency
value, in tune with the natural frequency of surface plas-
mon resonance, for a short time and with suitable energy
in order to realize, after the surface amplification, an RMS
value electric field around the nano particle of at least
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1011 V/m.
[0037] In fact, when the electric field, with a frequency
in the ultraviolet spectrum, around the nanoparticle
reaches and remains, even if for a very short time, at
RMS values higher than 1011 V/m, the additional ener-
gy/mass is made available to the electrons that become
heavy electrons such that they can be captured quickly
by hydrogen ions in the dielectric liquid near the surface
of the nanoparticles.
[0038] To realize the production of heavy electrons
with high extra mass values, according to the present
invention, a source of electromagnetic radiation is used
that irradiates the nanofluid, previously described, with
an impulsive electromagnetic radiation beam, coherent,
monochromatic at the natural frequency of surface plas-
mon resonance of said nanofluid.
[0039] Said radiation beam is pulsed and the pulses
have a duration of between 100 nanoseconds and 10
picoseconds, with a pulse repetition frequency of be-
tween 1Hz and 10000H.
[0040] Said radiation beam has an irradiance between
1010 and 1013 W/cm2.
[0041] Advantageously, for the purposes of the surface
plasmon resonance of said nanofluid, said electromag-
netic radiation beam coherent, monochromatic, and col-
limated should have a frequency in the neighborhood of
1.15x1015 Hz. Considering, as described previously, that
the amplification of the electric field induced on the sur-
face of the nanoparticles over the effective value of 1011

V/m is essential for the production of heavy electrons so
they can be captured by hydrogen ions, it is important to
consider what the parameters are that according to the
physical phenomenon LSPR, on which the present in-
vention is based, contribute to the surface amplification
of the electric field; these parameters are considered be-
low.

1 - Nanoparticles with sizes smaller than the wave-
length of the incident electromagnetic radiation,
therefore nanoparticles with dimensions in a well de-
termined range of values; in fact the incident elec-
tromagnetic radiation considered is in the frequency
band that affects the near infra-red and the near ul-
traviolet and the visible, consequently the dimen-
sions of the nanoparticles are usually between a few
nanometers and slightly more than 100 nanometers.
2 - Nanoparticles with a surface shape that is always
able to receive the maximum amount of incident
electromagnetic excitation radiation regardless of
the orientation.
3 - Nanoparticles that have corrugated surfaces with
the presence of protrusions, prominences/indenta-
tions with small curvature radii, such as to constitute
"hot spots" for amplification of the surface electro-
magnetic field.
4 - Nanoparticles having on the surface single wall
graphene nanostructures that have therefore a high
surface electron mobility.

5 - Nanoparticles with large external surface ex-
posed to the movement of the plasmons and which
therefore involve large amounts of plasmons per unit
volume in a consistent motion on the surface of said
nanoparticles.

[0042] In accordance with the foregoing, a method for
obtaining the production of heavy electrons employs as
nanoparticles, carbon nanohorns which have the follow-
ing properties.

1- Dimensions of between 30 and 120nm.
2- Almost spherical symmetry able to receive the
same electromagnetic radiation regardless of the in-
cident direction of the same.
3- External corrugated surface with the presence of
large number of protrusions, prominences/indenta-
tions with small curvature radii, such as to constitute
"hot spots" for the amplification of the surface elec-
tromagnetic field;
4- Nano particles with high surface electron mobility,
a typical feature of graphene type single wall nanos-
tructures, which, when subjected to the phenome-
non of Localized Surface Plasmon Resonance (LP-
SR), are able to greatly amplify the incident electric
field on their surface.
5- Nanoparticles that have very high outer surface
values per unit weight 150 to 450 m2/gram.

[0043] On the other hand, the nanoparticles (nano-
tubes) indicated in patent application US 2011/0255645
A1, proposed by Zawodny, do not have such optimal
characteristics for the purpose of a high amplification of
the surface electric field.
[0044] In fact, the nanotubes appear to be very elon-
gated nanoparticles with diameters in the order of few
nanometers, but with lengths normally higher than the
micrometer.
[0045] Consider that for nanoparticles having dimen-
sions much higher than 100nm, the movement of the
conduction electrons cannot follow the oscillation of the
incident electromagnetic radiation, the electrons move
out of phase, resulting in a considerable widening of the
absorption spectrum as well as the further displacement
towards a lower frequency of the plasmon resonance.
[0046] Furthermore, the nanotubes, having the shape
of tubes, according to their orientation in the dielectric
medium, do not always receive the maximum incident
electromagnetic radiation.
[0047] Again, the nanotubes, given their shape, have
two distinct surface plasmon absorption bands, associ-
ated with the transverse and longitudinal electronic os-
cillations; the band with shorter wavelengths originates
from the transverse oscillation mode, while that with the
longer wavelength from the longitudinal oscillation; as
the ratio between diameter and length of the nanotube
increases we can observe a change of the wavelength
and of the absorption band.
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[0048] If you wish to use graphene in the form of nano
graphene platelets, given the flat shape and the produc-
tion size usually much greater than 100nm, for graphene
nanoplates the same considerations previously made for
the nanotubes apply.
[0049] Furthermore, the nano graphene platelets if ir-
radiated with an electromagnetic radiation to its frequen-
cy of LSPR phenomena, namely in the field of frequen-
cies that includes the near infrared, the visible and the
near ultraviolet, the surface plasmons excited by the ra-
diation propagate on the surface of the graphene nano-
plates giving rise, however, to the phenomena of reflec-
tion, interference and damping at the edges and at the
boundaries between the various layers of nanographene.
[0050] Said reflection phenomena, interference and
damping would cause the attenuation of the coherent
motion of the plasmon polaritons on the surface of the
graphene nanoplates.
[0051] Another aspect to consider in the use of carbon
nanohorns, relates to the amplification effect of the local-
ized electric field on the surface of the nanoparticles for
coupling arising from nanoparticles coming closer to-
gether. In fact, with the progressive coming closer of na-
noparticles, especially at distances of less than a few
nanometers, there occurs the further amplification of the
electric field on the surfaces in the zones of the nanopar-
ticles that are facing each other.
[0052] This additional amplification is due to an in-
crease in induced surface charge due to opposite charg-
es on areas facing the nanoparticles.
[0053] The localized amplification of the surface elec-
tric field is greater in the case of nanoparticles with a
corrugated outer surface with the presence of protru-
sions, prominences/indentations, a characteristic not
found in nanotubes and in graphene nanoplates, while it
is typical of the nanoparticles used in this method.
[0054] The advantages set out above, then, of the
method according to the invention can be shown below:

advantageously the present method, in order to pro-
duce large amounts of heavy electrons, provides for
the preferable use as nanoparticles, electrically con-
ductive, carbon nanohorns of dahlia type;
the term carbon nanohorns in the literature, in fact,
indicates a family of carbon nanoparticles formed in
turn by different kinds of nanoparticles; in fact, they
belong to the family of carbon nanohorns the nano-
particles called "seed", "bud", "dahlia" and "petal-
dahlia" carbon nanohorns;
advantageously, the dahlia type of carbon nano-
horns have a size of between 30nm and 120nm;
advantageously, said dahlia type of carbon nano-
horns have an almost spherical shape capable of
receiving the same electromagnetic radiation re-
gardless of the incident direction of the same;
advantageously, said dahlia carbon nanohorns have
a surface conformation formed by nanocones with
single-wall graphene structure with high values of

electron mobility and with the presence also of pro-
trusions, prominences/indentations, such as to con-
stitute "hot spots" for further surface amplification of
the electromagnetic field;
advantageously, the present method involves the
use of a dielectric liquid that is transparent to elec-
tromagnetic radiation at the surface plasmon reso-
nance frequency of approximately 1.15x1015 Hz;
advantageously, the present method, using known
techniques, provides for the dispersion of the carbon
nanohorns within the dielectric liquid that is trans-
parent to electromagnetic radiation to form a colloid;
advantageously, therefore, the method for the pro-
duction of heavy electrons considers the use of a
nanofluid in which the formation of aggregation of
the nanoparticles does not occur, in fact, the aggre-
gation and the contact between the nanoparticles
would significantly reduce the amplitude of the elec-
tric fields on the surface of aggregated nanoparticles
in contact, compromising the formation of heavy
electrons with high extra mass values;
advantageously, according to the present invention
the nanofluid has a concentration varying between
20 milligrams per liter and 20 grams per liter; advan-
tageously, according to the present invention, the
method for the production of heavy electrons with
high values of extra mass allows, given the values
of energy per pulse, pulse duration and wavelength
described in this method, the use of impulsive, co-
herent, monochromatic electromagnetic radiation
sources, found among the laser sources produced
for industrial and scientific applications;
advantageously, the device which uses the method
described in the present invention, preferably em-
ploys, among the several possible, lithium salts in
solution as "target materials" arranged all around the
nanofluid. Said lithium salts, with high values of cross
sections, have the function of absorbing the neutrons
produced and give rise to a natural cycle of subse-
quent reactions of low energy nuclear transmuta-
tions with subsequent development of thermal ener-
gy.

[0055] Other types of materials can be used as target
materials.

Brief Description of the Drawings

[0056]

Fig.1 represents in simple and schematic way the
physical phenomenon of Localized Surface Plasmon
Resonance (Localized Surface Plasmon Reso-
nance - LSPR).
Fig.2 schematically represents the device according
to the present invention, for the production of heavy
electrons able to triggering and sustaining a low en-
ergy nuclear reaction.

7 8 



EP 3 076 396 A1

6

5

10

15

20

25

30

35

40

45

50

55

Fig.3 is an SEM image of a set of dahlia-type carbon
nanohorns.
Fig. 4 is a TEM image of a set of dahlia-type carbon
nanohorns.
Fig.5 is a TEM image of dahlia-type carbon nano-
horns.
Fig.6 shows two nanofluid flasks containing deion-
ized water and dahlia-type carbon nanohorns with
different concentrations.
Fig. 7 shows the spectrum of transmittance of a na-
nofluid consisting of deionized water and dahlia-type
carbon nanohorns for different concentrations of
dahlia-type carbon nanohorns.

Detailed description

[0057] The present invention is a method for the pro-
duction of heavy electrons with high values of extra mass
where the relative production of these heavy electrons
is used in applications that concern the generation of
neutrons that possibly can be used to trigger and sustain
a low energy nuclear reaction.
[0058] Below is a general description of a non-limiting
example of a preferred embodiment of the present inven-
tion.
[0059] A physical system based on Localized Surface
Plasmon Resonance phenomenon (Local Surface Plas-
mon Resonance - LSPR) is shown in a simplified and
schematic way in Fig. 1.
[0060] Referring to Fig. 1, the LSPR physical system
has the following essential elements, the electrically con-
ductive nanoparticles immersed in a dielectric medium,
not shown, and an incident electromagnetic radiation on
the electrically conductive nanoparticles.
[0061] The present invention is based on the physical
phenomenon of LSPR of which it presents the revised
and reconsidered characteristic elements in order to
achieve the purpose of the present invention.
[0062] Referring to the drawings, and more particularly
to Fig. 2, a device 1 is shown schematically for producing
heavy electrons in accordance with the present invention.
[0063] To achieve the purpose of the present invention,
a dielectric liquid 2, transparent to electromagnetic radi-
ation and which has hydrogen ions and/or hydroxonium
dispersed inside, is employed; in particular preferably
deionized water is used.
[0064] Inside said liquid dielectric 2 electrically conduc-
tive nanoparticles are uniformly dispersed.
[0065] The nanoparticles used are carbon 3 nano-
horns.
[0066] Of the four types of carbon 3 nanohorns indi-
cated previously, advantageously in the present detailed
example of the method, dahlia-type carbon 3 nanohorns
are employed for the production of heavy electrons with
a size of between 30 and 120nm. Said dahlia-type carbon
3 nanohorns are shown in figures 3, 4, 5.
[0067] Said dahlia-type carbon 3 nanohorns were dis-
persed in a uniform manner in the dielectric liquid 2 con-

sisting of deionized water with a concentration of 500mg/l
according to the following procedure.
[0068] The dahlia-type carbon 3 nanohorns were me-
chanically dispersed in a solution composed of the die-
lectric liquid 2 consisting of deionized water. A first dis-
persion of the dahlia-type carbon 3 nanohorns was car-
ried out in the dielectric liquid transparent to electromag-
netic radiation 2 using a sonicator, then a second disper-
sion was carried out employing a high pressure homog-
enizer to optimize the final dispersion. With this proce-
dure the long-term stability of the dispersion is ensured.
[0069] As a result of these uniform dispersion opera-
tions a nanofluid 4 was obtained.
[0070] Fig.6 shows two examples of flasks of nanofluid
4 consisting of deionized water and dahlia-type carbon
3 nanohorns with two different concentrations. To deter-
mine the natural frequency of the surface plasmon res-
onance of the nanofluid 4 at different concentrations, the
spectrum of transmittance was carried out at room tem-
perature for several samples of nanofluid 4.
[0071] It was verified that with a concentration of 500
mg/l the natural frequency of plasmon resonance of the
nanofluid 4 does not change and remains in the neigh-
borhood of 1.15x1015Hz, equal to a wavelength of about
260nm.
[0072] As is clear from the spectrum of light transmis-
sion of fig. 7, for the wavelength of about 260nm (near
ultraviolet), we find the minimum transmittance of the in-
cident electromagnetic radiation in the nanofluid 4.
Therefore, at the frequency of about 260 nm the maxi-
mum absorption of incident electromagnetic energy on
the nanofluid 4 occurs.
[0073] With 500 grams of said nanofluid 4, having a
concentration of dahlia-type carbon 3 nanohorns equal
to 500mg/l, an insulated container 5 was filled. The insu-
lated container 5 was placed inside another insulated
container 6.
[0074] In the interspace 7, defined between the two
said insulated containers, a solution of Lithium Chloride
was introduced dispersed in water with a concentration
equal to 800grams/liter, said solution is not shown in Fig.
2, said solution of Lithium Chloride dispersed in water an
almost saturated concentration equal to 800grams/liter
had a weight of about 900 grams (500 grams of water
and about 400 grams of Lithium Chloride).
[0075] Once introduced in the interspace 7, the Lithium
Chloride solution dispersed in water with a weight of 900
grams, a time sufficient was waited to allow said solution
to go into thermal equilibrium with the room temperature.
In the device there had been previously made a duct with
a window transparent to electromagnetic radiation 8.
[0076] Through said duct with the window transparent
to electromagnetic radiation 8, pulses of a beam of elec-
tromagnetic radiation 9 were made to impact in the na-
nofluid 4, inside the metal container 5, having a diameter
of about 0.3mm, generated by a laser-type electromag-
netic radiation source 10 with a wavelength of 266nm.
[0077] Said laser-type electromagnetic radiation 9 at
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a frequency of 266nm had a duration of about 2ns, a
repetition frequency of about 1Hz, an irradiance of about
5x1011 W/cm2.
[0078] The 500 grams of nanofluid 4, initially at 21° C
room temperature, enclosed in the insulated container
5, were irradiated by the beam of electromagnetic radi-
ation 9, a laser type, having a diameter of 0.3mm, and a
frequency of 266nm, with a pulse of duration of about
2ns, a repetition frequency of about 1 Hz and with a pulse
energy equal to approximately 0.35J having an irradiance
of about 5x1011W/cm2 for approximately 3600 seconds.
[0079] During this period of time of 3600 seconds, the
metal coil for the heat exchange 11 was empty without
any circulation of cooling water.
[0080] At the end of the period of 3600 seconds there
was a measurement of the temperature of the Lithium
Chloride solution dispersed in water with a concentration
of 800 grams/liter contained in the interspace 7 and hav-
ing a weight of about 900 grams.
[0081] Said temperature was 33° C; therefore a tem-
perature rise of 12° C above room temperature.
[0082] Whereas the energy transferred in 3600 sec-
onds from the electromagnetic radiation beam 9, laser
type with the characteristics indicated above, was about
1260 J, a net amount of thermal energy was produced
that was about 23 times the energy supplied through the
beam of electromagnetic radiation 9, collimated and of
the laser variety.
[0083] The device 1 allows for the recovery of the net
thermal energy produced using the circulation of water
in the heat exchange coil 11.

Claims

1. Method for the production of heavy electrons com-
prising at least a first step of making a nanofluid;
made by dispersing, through sonication, or else other
mechanical dispersion methods in a dielectric liquid
transparent to electromagnetic radiation, and which
has dispersed inside it hydrogen ions and/or hy-
droxonium ions, electrical conductive nanoparticles
belonging to the type defined as nanohorns;
and at least a second irradiation step of said nanoflu-
id with a source of electromagnetic radiation, at the
natural surface plasmonic resonance frequency of
said nanofluid.

2. Method for the production of heavy electrons accord-
ing to claim 1, characterized by the fact that said
nanohorns are carbon nanohorns.

3. Method for the production of heavy electrons accord-
ing to claim 1 or 2, characterized by the fact that
said nanohorns are of the dahlia variety.

4. Method for the production of heavy electrons accord-
ing to one of claims 1 to 3, characterized by the fact

that said nanohorns have a size between 30 and
120nm.

5. Method for the production of heavy electrons accord-
ing to one of claims 1 to 3, characterized by the fact
that said nanohorns possess values of the outer sur-
face per unit of weight of around 140-450 m2/gram.

6. Method for the production of heavy electrons accord-
ing to claim 1, characterized by the fact that said
dielectric liquid transparent to electromagnetic radi-
ation is composed of water.

7. Method for the production of heavy electrons accord-
ing to claim 1, characterized by the fact that said
dielectric liquid transparent to electromagnetic radi-
ation is made from demineralised water or deionized
water or distilled water or heavy water or a mixture
of said types of water.

8. Method for the production of heavy electrons accord-
ing to claim 1, characterized by the fact that the
concentration of said nanohorns in said dielectric liq-
uid transparent to electromagnetic radiation is be-
tween 20 milligrams and 20 grams per litre.

9. Method for the production of heavy electrons accord-
ing to claim 1, characterized by the fact that said
source of electromagnetic radiation irradiates said
nanofluid with a beam of electromagnetic radiation
pulsed, coherent, monochromatic at the natural fre-
quency of the surface plasmon resonance of said
nanofluid.

10. Method for the production of heavy electrons accord-
ing to claim 9, characterized by the fact that the
pulses of said beam of impulsive electromagnetic
radiation have a duration of between 100 nanosec-
onds and 10 picoseconds with a repetition frequency
of the pulses between 1Hz and 10000Hz.

11. Method for the production of heavy electrons accord-
ing to claim 1 or 9, characterized by the fact that
said beam of electromagnetic radiation has an irra-
diance between 1010 and 1013 W/cm2.

12. Method for the production of heavy electrons accord-
ing to claim 1 or 9 characterized by the fact that
said beam of electromagnetic radiation must have a
frequency around 1.15x1015 Hz, with a dielectric liq-
uid as in claim 6 or 7.

11 12 



EP 3 076 396 A1

8



EP 3 076 396 A1

9



EP 3 076 396 A1

10



EP 3 076 396 A1

11



EP 3 076 396 A1

12

5

10

15

20

25

30

35

40

45

50

55



EP 3 076 396 A1

13

5

10

15

20

25

30

35

40

45

50

55



EP 3 076 396 A1

14

5

10

15

20

25

30

35

40

45

50

55



EP 3 076 396 A1

15

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 7893414 B [0004] [0005] • US 20110255645 A1 [0005] [0006] [0017] [0043]

Non-patent literature cited in the description

• L. LARSEN et al. Ultra Low Momentum Neutron Cat-
alyzed Nuclear Reactions on Metallic Hydride Sur-
face. European Physical Journal C-Particles and
Fields, 2006, vol. 46, 107-112 [0004]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

