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METHODS OF GENERATING ENERGY AND/OR

He USING GRAPHENE BASED MATERIALS

[001] This application claims the benefit, under 35 USC § 19(e) to U.S.

Provisional Application Nos. 61/427,140 filed December 24, 2010.

[002] Disclosed herein are methods for generating non-ionizing radiation

or non-ionizing He, by contacting a graphene material with a source of deuterium. In

one embodiment, there is a method of generating non-ionizing He by contacting

deuterium with a graphene material, such as carbon nanotubes. There is also

disclosed methods of generating non-ionizing radiation, such as visible light, using

the described method. There is also disclosed methods of generating energy by

contacting deuterium with a graphene material, such as carbon nanotubes to induce

local nuclear fusion.

[003] There is a need to generate new sources of energy not based on

fossil fuels. While nuclear energy remains a valuable alternative, various types of

damaging ionizing radiation may be produced by radioactive decay, nuclear fission

and nuclear fusion. For example, it is known that the negatively-charged electrons

and positively charged ions created by ionizing radiation may cause damage in living

tissue. If the dose is sufficient, the effect may be seen almost immediately, in the

form of radiation poisoning. In contrast, non-ionizing radiation is thought to be

essentially harmless below the levels that cause heating.

[004] With this in mind, Applicants recognized that a need exists for an

alternative source of energy to alleviate our society's current dependence without

further impact to the environment or to living organisms associated with nuclear

waste or ionizing radiation. The present disclosure describes a method of meeting

current and future energy needs, producing commercially valuable non-ionizing

radiation and isotopes, namely 4He, in an environmentally friendly way. Without

being bound by theory, the method can also be used to induce a local nuclear

reaction, believed to be fusion, by contacting deuterium with graphene materials in

the form of carbon nanotubes.



SUMMARY

[005] In one embodiment, there is disclosed a method of generating non

ionizing radiation, non-ionizing 4He atoms, or a combination thereof, the method

comprising: contacting graphene materials with a source of deuterium; and placing

the graphene materials in the source of deuterium for a time sufficient to generate

non-ionizing radiation, non-ionizing He atoms, such as from 30 minutes to 48 hours,

more particularly 1 to 18 hours. In a second embodiment, there is disclosed a

method of generating energy, the method comprising contacting carbon nanotubes

with deuterium. In a third embodiment, there is disclosed a method of generating

energy and He, by contacting carbon nanotubes with deuterium.

[006] For example, in one embodiment, He is generated in an amount of

at least ten 4He atoms above background per hour per microgram of the graphene

materials at 0 °C. In another embodiment, 200-300 ppm He were produced, leading

to an average calculated power generation value of 2-3 Watts over a one month

period.

[007] As used herein, graphene materials may comprise monolayer

graphite, multilayer graphite, single walled carbon nanotubes, multiwal!ed carbon

nanotubes, buckyballs, carbon onions, carbon nanohorns and combinations thereof.

[008] The source of deuterium can be in a liquid, gas, plasma, or

supercritical phase.

[009] In one embodiment, the method further comprises the removal of

contaminates from the surface of the graphene materials by heating the graphene

materials prior to contacting them with a source of deuterium, wherein the heating is

performed at conditions sufficient to remove unwanted material from the surface of

the graphene materials. In one embodiment, the unwanted materials comprise H20 ,

OH, H2, atomic hydrogen (protium), polymers, oils, amorphous carbon, 0 2, solvents,

acids, bases, and combinations thereof.

[0010] The conditions used to remove contaminants may comprise a time

up to 18 hours and a temperature up to 400 °C, such as a time ranging from 1 to 8

hours and a temperature ranging from 80 to 250 °C.

[001 1] In one embodiment, the graphene material comprises carbon

nanotubes, and the method further comprises heating the carbon nanotubes prior to

placing them in contact with the source of deuterium at a temperature and for a time

sufficient to promote absorption of the deuterium into or onto the carbon nanotubes.



For example, the temperature and time sufficient to promote absorption ranges from

30 °C to 300 °C, and from 30 minutes to 8 hours, respectively.

[0012] In one embodiment, aging is performed at or below room

temperature, such as at a temperature ranging from 20 °C to -100 °C.

[0013] In one preferred embodiment, the graphene materials comprise

carbon nanotubes that are functionalized and/or doped with nitrogen.

[0014] Unlike an alpha particle, the non-ionizing He atoms generated

herein are a low energy particles, such as one having an energy of less than 1 KeV,

such as less than 100 eV.

[0015] In another embodiment, there is disclosed a method of generating

non-ionizing radiation, non-ionizing He atoms, or both, the method comprising:

providing graphene materials in a sealable vessel;

evacuating the sealable vessel to a pressure below atmospheric

pressure;

adding deuterium gas to the vessel to achieve a pressure above

atmospheric pressure;

performing at least one heating step that further increases pressure

inside the vessel;

cooling the vessel; and

keeping the graphene materials in the vessel at room temperature or

below for a time sufficient to generate non-ionizing radiation, non-ionizing 4He

atoms, or both.

[0016] In another embodiment, there is disclosed a method of generating

non-ionizing radiation, non-ionizing He atoms, or both, the method comprising:

providing graphene materials in a sealable vessel;

evacuating the sealable vessel to a pressure below atmospheric

pressure; and

adding deuterium gas to the vessel.

[0017] Non-limiting examples of the non-ionizing radiation that can be

generated by the disclosed process include x-rays, visible light, infrared,

microwaves, radio waves or combinations thereof.

[0018] In yet another embodiment, there is disclosed a method of inducing

local nuclear fusion, comprising the steps of:

contacting graphene materials with deuterium; and



placing graphene materials in the deuterium for a time sufficient to generate

primarily a plurality 4He atoms and energy.

[0019] In one embodiment, the graphene material consists essentially of

carbon nanotubes, such as nitrogen-containing carbon nanotubes, placed in a

deuterium gas.

[0020] Aside from the subject matter discussed above, the present

disclosure includes a number of other exemplary features such as those explained

hereinafter. It is to be understood that both the foregoing description and the

following description are exemplary only.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying figures are incorporated in, and constitute a part

of this specification.

[0022] Fig. 1 is a schematic diagram of ampoule filled with carbon

nanotubes according to the present disclosure. All of the flanges, fittings and tubes

are UHV tight.

[0023] Fig. 2 is a "Thermal History" diagram used to enhance storage of

hydrogen isotopes in and on the surfaces of the carbon nanotubes including the

inter-wall cavities in multi-walled carbon nanotubes according to the present

disclosure.

[0024] Fig. 3 is a schematic diagram of an ultra-high vacuum system

according to the present disclosure with a quadrupole mass spectrometer (a

"residual gas analyzer" or RGA).

[0025] Fig. 4 is a plot showing the RGA data from the first analysis of the

gas sample taken from the ampoule containing D2 gas and carbon nanotubes

according to the present disclosure.

[0026] Fig. 5 is a plot showing the stable "mass 4" RGA signal that

persisted for more than 5 hours during titanium sublimation pump (TSP) pumping.

[0027] Fig. 6 is an RGA data plot showing the elimination ( 0~10 torr range)

of the "mass 4" signal upon opening of the Ion-pump gate valve. Note, also the

"mass 2" signal is eliminated, indicating it was likely due to doubly ionized 4He (what

is referred to as a "mass 4" fragment).

[0028] Fig. 7 is an RGA plot of the analysis of the UHP D2 source gas

showing a He concentration of less than 0 ppm.



[0029] Fig. 8 is a diagram of deuterium pressure cell used according to the

present disclosure.

[0030] Fig. 9. is a diagram of the fueling station used according to the

present disclosure.

[0031] Fig. 0 is a plot showing (top) a typical histogram for the pressure

cell facing toward the detector, (bottom) plot showing the associated background

run.

DETAILED DESCRIPTION OF THE INVENTION

A. Definitions

[0032] The following terms or phrases used in the present disclosure have

the meanings outlined below:

[0033] The term "graphene" is defined as a one-atom-thick sheet of sp2-

bonded carbon atoms that are densely packed in a honeycomb crystal lattice.

[0034] The term "nanotube" refers to a tubular-shaped, molecular

structure generally having an average diameter in the inclusive range of 1-60 nm and

an average length in the inclusive range of 0.1 pm to 250 mm.

[0035] The term "carbon nanotube" or any version thereof refers to a

tubular-shaped, molecular structure composed primarily of carbon atoms arranged in

a hexagonal lattice (a graphene sheet) which closes upon itself to form the walls of a

seamless cylindrical tube. These tubular sheets can either occur alone (single-

walled) or as many nested layers (multi-walled) to form the cylindrical structure.

[0036] The term "ionizing radiation" refers to particles or electromagnetic

waves energetic enough to detach electrons from atoms or molecules, thus ionizing

them. Examples of ionizing particles include alpha particles, beta particles, neutrons,

gamma-ray, hard x-ray, and cosmic rays.

[0037] The term "non-ionizing radiation" refers to lower-energy radiation,

such as visible light, infrared, microwaves, and radio waves. The ability of an

electromagnetic wave (photons) to ionize an atom or molecule depends on its

frequency. Radiation on the short-wavelength end of the electromagnetic spectrum—

x-rays, and gamma rays— is ionizing. Therefore, when using the term "non-ionizing

radiation" it is intended to mean electromagnetic waves having a frequency not

sufficient to ionize an atom or molecule.



[0038] The term "nuclear fusion" is the process in which two or more

atomic nuclei join together, or "fuse", to form a single heavier nucleus. This is usually

accompanied by the release or absorption of large quantities of energy.

[0039] The term "local nuclear fusion" is defined as a distinct, localized,

transient fusion event as opposed to a self-sustaining, high energy, nuclear reaction

event.

[0040] The term "aging" is defined as the period of time the graphene

material remains in contact with the source of deuterium. When used in the

disclosed method, aging is performed for a time sufficient to promote absorption of

the deuterium into or onto the carbon nanotubes, such as 30 minutes to 48 hours, 1

to 24 hours, or in some embodiments, 2 to 12 hours.

[0041] The term "functional group" is defined as any atom or chemical

group that provides a specific behavior. The term "functionalized" is defined as

adding a functional group(s) to the surface of the nanotubes and/or the additional

fiber that may alter the properties of the nanotube, such as zeta potential.

[0042] The term "impregnated" is defined as the presence of other atoms

or clusters inside of nanotubes. The phrase "filled carbon nanotube" is used

interchangeably with "impregnated carbon nanotube."

[0043] The term "doped" is defined as the insertion or existence of atoms,

other than carbon, in the nanotube crystal lattice.

[0044] The term "coated" is defined as the layering of materials onto the

outside of a carbon nanotube or carbon nanotube structure.

[0045] The term "decorated" is defined as the attachment of nano-scale

particles onto the outside of a carbon nanotube or carbon nanotube structure.

[0046] The terms "nanostructured" and "nano-scaled" refers to a

structure or a material which possesses components having at least one dimension

that is 100nm or smaller. A definition for nanostructure is provided in The Physics

and Chemistry of Materials, Joel I . Gersten and Frederick W . Smith, Wiley

publishers, p382-383, which is herein incorporated by reference for this definition.

[0047] The phrase "nanostructured material" refers to a material whose

components have an arrangement that has at least one characteristic length scale

that is 100 nanometers or less. The phrase "characteristic length scale" refers to a

measure of the size of a pattern within the arrangement, such as but not limited to

the characteristic diameter of the pores created within the structure, the interstitial



distance between fibers or the distance between subsequent fiber crossings. This

measurement may also be done through the methods of applied mathematics such

as principle component or spectral analysis that give multi-scale information

characterizing the length scales within the material.

[0048] The term "particle size" is defined by a number distribution, e.g., by

the number of particles having a particular size. The method is typically measured

by microscopic techniques, such as by a calibrated optical microscope, by calibrated

polystyrene beads, by calibrated scanning probe microscope scanning electron

microscope, or optical near field microscope. Methods of measuring particles of the

sizes described herein are taught in Walter C. McCrone's et al., The Particle Atlas,

(An encyclopedia of techniques for small particle identification), Vol. I, Principles and

Techniques, Ed. 2 (Ann Arbor Science Pub.), which are herein incorporated by

reference.

[0049] The phrases "chosen from" or "selected from" as used herein

refers to selection of individual components or the combination of two (or more)

components. For example, the nanostructured material can comprise carbon

nanotubes that are only one of impregnated, functionalized, doped, charged, coated,

and defective carbon nanotubes, or a mixture of any or all of these types of

nanotubes such as a mixture of different treatments applied to the nanotubes.

B. Deuteron-Based Reactions

[0050] Fusion of two deuterons that are confined in a solid can

theoretically result in three different outcomes as shown in the following equations

( . E. Kim, Purdue Univ., The 15th International Conf. on Condensed Matter Nuclear

Sci. (ICCF-15) Oct 5 -9, 2009),

D + D -> T + p + 4.03 MeV (1)

D + D -> 3He + n + 3.27 MeV (2)

D + D -> He + 23.8 MeV (3)

[0051] There is a growing consensus that the reaction rate given in

equation (3) is much greater than that of equations (1) and (2).

[0052] For each 4He produced by two deuterons 23.8 MeV energy is

released because of the well known relationship between change in mass during a

fusion process and energy release (E=mc2) . It is speculated that the energy

released is in the form or electromagnetic radiation with wave lengths ranging from

Gigahertz to extreme UV, sometimes referred to as "soft x-rays".



[0053] It has been discovered that graphene materials have an unusual

electronic structure making it an ideal candidate for a variety of applications,

primarily in the field of electronics. In particular, it has been discovered that the

single atomic layer of carbon, characteristic of graphene materials, effectively

screens Coulomb interactions, causing graphene to act like an independent electron

semimetal. Furthermore, one particular graphene material, carbon nanotubes, can

be grown with remarkable uniform diameters, number of walls, and atomic structure.

See, "The Effective Fine-Structure Constant of Freestanding Graphene Measured in

Graphite," Science, Vol. 330 no. 6005 pp. 805-808 5 November 2010, which is herein

incorporated by reference.

[0054] Carbon nanotubes have the additional benefit of being able to

confine hydrogen in its interior, when properly treated. For example, previous studies

have shown that carbon nanotubes, when encapsulated in palladium (Pd), can

effectively store hydrogen. Lipson et. al. (Phys. Rev. B 77, 081405(R) 2008). The

Pd was cathodically charged in a conductive aqueous solution to introduce

hydrogen. After hydrogen charging, the tubes were carefully analyzed and found to

have as much as 12% hydrogen by weight relative to the pure nanotubes,

suggesting that the hydrogen was effectively stored in the nanotubes. Many other

studies have demonstrated that H2 gas (and presumably isotopes as well) can be

effectively stored in carbon nanotubes, particularly at lower temperatures, and

released from the carbon nanotubes by heating them.

C. Methods of Generating 4He Using Graphene Materials

[0055] In one embodiment, high pressure deuterium gas-phase charging of

a wide variety of single and multiwall carbon nanotubes was performed in a sealed

ampoule and was found to result in the generation of He in the range of 200 - 300

ppm. The observation of He suggests deuteron fusions were catalyzed by the

carbon nanotubes. Within the resolution of the experiment He and tritium (T) were

not observed.

[0056] For example, an ultra-high vacuum (UHV) system with a residual

gas analyzer (RGA) was used to measure the concentration of 4He that evolved after

approximately 12 days of "aging" in ultra-high purity D2. Definitive measurements of

He (and 3He) with essentially no interference from D2, H2 and DH were achieved by

using the pumping characteristics of different pumps on the UHV system. Base



pressure in the UHV system was in the 10 0 Torr range and the maximum gas

sample pressure was mid 10 4 , giving 6 decades resolution and a detection limit on

the order of 1 ppm.

[0057] The possibility of background contamination of the experiment by

4He present in the air and in the ultra-high purity D2 source gas was examined and

found to be less than 10 ppm in total, and therefore not significant with respect to the

measured concentrations (less than 5%).

[0058] The results presented herein are, in general, consistent with other

reported low-energy nuclear reaction (LENR) experimental results, most notably the

work of McKubre at Stanford Research Inst who reported a peak He concentration

of 1 ppm after 20 days of aging palladium powder in D2 gas (APS meeting, Denver

CO, March 5 , 2007).

[0059] In the work disclosed below, a wide variety of carbon nanotubes

and multi-walled carbon nanotubes contained in a sealed ampoule were exposed to

ultra-high purity D2 gas. An ultra-high vacuum system (UHV) with a residual gas

analyzer was designed and constructed specifically to measure He and He in gas

samples taken from the ampoule.

Examples

Example : Gas-Phase Experiment

[0060] The gas phase experiment involved the storage of isotopes of

hydrogen gas at high pressure in and around carbon nanotubes that were loosely

compacted and confined in an ampoule, as shown in Figure .

[0061] The surfaces of the carbon nanotubes were prepared with several

different treatments to enhance hydrogen isotope storage, including etching gas

and/or liquids and various heat treatments. In all, a total of 8 varieties of nanotubes

in roughly equal amounts were prepared and supplied by Seldon Technologies,

Windsor, VT.

[0062] The eight graphene materials used in this example were:

1) 1. 374g Norit Activated Carbon (Highly graphitized);

2) 0.940g CNI multi-walled carbon nanotubes batch P0320;

3) 0.478g NanoTechLabs N doped (nitrogen doped) multiwall carbon

nanotubes;

4) 0.378g NanoTechLabs 3-4mm long multiwall carbon nanotubes;



5) 0.980g NanoTechLabs 3-4mm long multiwall carbon nanotubes acid

etched in Neat Nitric acid (1mg/ml) for 1hr at 80°C;

6) 0.044g NanoTechLabs of double walled carbon nanotubes;

7) 0.225 Korean ~25nm diameter carbon nanotubes; and

8) 1.784g Korean ~15nm diameter etched in Neat Nitric acid (10mg/ml)

for 1hr at 80°C.

[0063] All of the carbon nanotubes were mixed in one beaker, then

"poured" into the ampoule, lightly compacted and then topped off. The ampoule was

then sealed by bolting on the top Conflat® flange, and the gas-fill tube was attached.

All of the fittings and valves used in the experiment were clean (Swagelok® Inc. SC-

11 spec) and UHV rated. When possible, subassemblies (e.g. nanomaterial

preparations) were performed in a class 1000 clean room.

[0064] The ampoule had an insulated heater wire attached to elevate the

temperature of the carbon nanotube/gas mixture with respect to ambient conditions.

Temperature was controlled and measured with a type K thermocouple attached to

the side of the ampoule, as shown in Figure 1. A pressure transducer (Omega®

PX302 000 psia) was in line with the gas-fill tube to monitor pressure throughout

the experiment. The ampoule was placed in a dewar (insulated flask) that could be

filled with ice or dry-ice or any cryogenic liquid for the purpose of decreasing the

temperature of the carbon nanotubes and hydrogen isotope gas in the ampoule with

respect to ambient conditions (note, dewar is not shown in Figure 2).

Thermal History

[0065] A "thermal history" was applied to the ampoule to enhance the

storage (adsorption and absorption) of the D2 by the Carbon nanotubes. The

different steps in the thermal history are shown in Figure 2 , and the details and

rationale are outlined below.

Bake-out

[0066] The first step in enhancement of the storage of a particular

hydrogen isotope, for example deuterium, was to rid the carbon nanotubes of all

other isotopes they may have been exposed to. For example, if the carbon

nanotubes were exposed to humid air, they will have absorbed H20 , H2 and perhaps

atomic hydrogen (protium). They may also have various hydrocarbon molecules

adsorbed on their surfaces. To rid the carbon nanotubes of unwanted hydrogen, a

thermal "bake-out" was performed during which a vacuum was drawn through a



large diameter tube. The "bake-out" time/temperature history of the experiment is

shown in Figure 2 (approximately 200 C for 8 hours under a vacuum on the order of

1 x 106 torr.)

[0067] During the bake-out unwanted hydrogen isotopes were drawn out of

the carbon nanotubes and surrounding metal surfaces into the UHV system. The

bake out also removed any residual helium gas that may have been in the system

from the helium leak testing used to render the system vacuum tight at ultra high

vacuums. The ampoule was allowed to cool to room temperature after the bake-out,

and the pressure decreased to a value of on the order of 08 torr. After the ampoule

with carbon nanotubes was baked-out, the 12.7 mm diameter copper tube that was

used to evacuate the ampoule was clamped shut, sealing the carbon nanotubes

from the UHV system.

Gas-fill

[0068] Subsequent to clamping the Cu tube, the ampoule was filled with

ultra-high purity (UHP) deuterium gas to a pressure of approximately 175 psia. The

D2 was supplied by Voltaix Inc. (North Branch, N.J.) and was certified to be 99.999%

pure with respect to non-hydrogen gases and to have less that 1 ppm He. An

evacuation/back-fill procedure was used to insure that the gas lines were purged of

air prior to filling the ampoule with gas.

Hydrogen Charge

[0069] After the ampoule was filled with the desired hydrogen isotope

(deuterium), there still could have been unwanted hydrogen in various forms

absorbed and/or adsorbed to the carbon nanotubes. To essentially "mix" remaining

hydrogen with deuterium, a "thermal charging" heat treatment was used. In this

example, the ampoule was heated to a temperature of approximately 175 °C for 3

hours. The increase in temperature caused the pressure of the deuterium gas to

increase to approximately 220 psia. During the thermal charging heat treatment, a

greater percentage of deuterium molecules were dissociated and more single

deuterium atoms were present in the gas and presumably on and/or in the carbon

nanotubes. This could have promoted absorption of the deuterons into inter-wall

cavities of multi-walled carbon nanotubes.

Low Temperature A ing

[0070] It is known that lowering of the temperature of carbon nanotube-

hydrogen mixtures promotes the storage of the gas by the carbon nanotubes. In this



experiment, the ampoule was placed in an insulated container, and the exterior of

the ampoule was packed with dry-ice. Subsequently the temperature of the carbon

nanotubes and gas dropped to approximately -90 °C. This temperature was held for

288 hours and is referred to as "low temperature aging." Low temperature aging was

performed to promote the segregation of hydrogen to grain boundaries. In this

experiment aging was intended to segregate deuterons to inter-wall spaces and

defects in the graphene structured tube walls (e.g., Stone-Wales defects).

Gas Analyses

[0071] After the "thermal history" the ampoule was allowed to return to

ambient temperature and the gas sample tube (shown in Figure 1) was attached to

the "leak valve" on the UHV system to analyze the gas for the presence of 4He and

3He. The leak valve (Varian Inc.) allowed precise control of the introduction of gas to

the vacuum system.

[0072] The tool used to analyze gas samples from the ampoule was a

Stanford Research Systems RGA-100 quadrupole mass spectrometer (SRS, Palo

Alto, CA) which can effectively measure partial pressures of gases with an accuracy

of approximately +10% over a range of 1x1 0 4 to 1x1 0 4 to 10 1 torr and thus giving a

detection limit on the order of 1 ppm. The performance of this "residual gas

analyzer" (RGA) was verified by an independent lab (Rao and Dong, J. Vac. Sci.

Technol. A 15(3), May/June 1997). RGAs of this variety measure mass-to-charge

ratio (m/Q). Most atoms and molecules were single-charged by the RGA ionizer,

and hence the RGA data is simply "mass" detection. The use of this instrument to

measure a dilute concentration of He atoms in a predominately D2 gas presents the

problem of discerning between two species that are nominally of "mass 4". A special

procedure was developed to effectively remove hydrogen isotopes (and other

reactive gases) so that a definitive measurement of He could be made.

[0073] To eliminate the presence of D2 gas in the UHV chamber, the gas

sample was pumped using the titanium sublimation pump (TSP) with the gate valves

to the Ion-pump and Turbo-pump closed. The TSP pumps reactive gases very

efficiently (H2 at 1,200 L/min. as shown in Table 1). However, noble gases such as

4He are not pumped at all. Thus, the basic strategy was to introduce the sample

gas, pump on the sample gas with the TSP until the "mass 4" signal stabilizes. The

stabilized "mass 4" signal was essentially the partial pressure of He in the gas

sample (assuming it is a small contributor to the total pressure). The ion-pump



(Varian ® triode) was very efficient in pumping noble gases and was used to verify

the He signal by eliminating it, and also to check that the base pressure was in the

10 0 torr range.

Table 1. Pumping characteristics of the vacuum pumps on the UHV system

[0074] In these experiments, the gas from the ampoule was analyzed twice

with slightly different procedures. The basic procedure is given in Table 2 . The RGA

data from the first analysis of the ampoule gas is shown in Figure 4. Based on this

data the partial pressure of 4He was determined to be 3.25x1 0 8 torr, and the

concentration of 4He in the ampoule gas was 3.25x1 0 8 torr / 1x10 4 torr = 325 ppm.

[0075] In one embodiment, the procedure for the unambiguous

determination of 4He partial pressure in predominately D2 gas samples was as

follows. The system was baked-out at 200 °C for 24 hours to achieve base pressure

of mid 10 10 torr. Next, all flanges and fittings were leaked tested. If leaks occurred,

there were fixed and the system was re-baked, if necessary. The turbo-pump and

Ion-pump gate-valves were then closed. Next, gas from experimental-ampoule was

bled to a pressure of 1x1 0 4 torr. The system was then pumped down with TSP to

equilibrium to establish He level. Finally, the ion-gate-valve was opened to verify

He concentration and base pressure.

[0076] A second analysis was also performed. Instead of bleeding in the

gas to a level of 10 4 torr with the leak valve, gas from the ampoule was allowed to fill

the entire vacuum chamber (with the ion and turbo pumps valved off) to a pressure

of approximately 1 psia. The turbo-pump backed by the mechanical pump was then

used to pump the chamber down 1 x 10 4 torr by opening and then closing the gate

valve. The turbo-pump pumps all gases with "mass 4" with equal speed, so this



procedure accurately established the starting gas pressure in a way that did not

affect 4He/D2 concentration ratio.

[0077] The RGA data with the ion pump gate valve closed is shown in

Figure 5. In this second analysis the gas sample was subjected to TSP pumping for

over 5 hours to establish that the "mass 4" signal was due only to He. This data

shows a very steady signal 203 ppm + 2 ppm (2.03 x 10 8 torr / 1x1 0 4 torr). Upon

opening of the ion pump gate valve, all signals dropped to the noise level (10 ° torr)

establishing, without any ambiguity, a concentration of 203 ppm 4He in the gas

sampled from the ampoule.

[0078] The UHP D2 source gas was analyzed using the same procedure

used in the second analysis (UHV chamber filled with 1 psia D2 source gas and then

pumped down to 1 x 10 4 torr with turbo-pump.) The RGA data (Figure 7) shows the

source gas to have 8 ppm 4He at most and thus was a small contributor.

[0079] Background contamination of the ampoule gas by 4He in the air was

also considered. Air contains approximately 5 ppm He, or a partial pressure of

about 7x10 5 psia. If He leaked into the ampoule and came into equilibrium it would

result in a concentration of on the order of 0.5 ppm (7x1 0 5 psia / 150 psia) which is a

relatively insignificant level.

Calculated Energy and Power

[0080] Based on the release of 23.8 eV per 4He atom produced, the total

energy released was calculated using the measured concentration of He, D2

pressure and internal volume of the ampoule and was found to be on the order of 1 6

cal. The power output, averaged over a span of 3 weeks, was then calculated and

found to be in the range of 2 - 3 W .

[0081] As shown, high pressure deuterium gas-phase charging of a wide

variety of multiwall and single wall carbon nanotubes was performed in a sealed

ampoule and was found to result in the generation of He in the range of 200 - 300

ppm. The observation of He suggests deuteron fusions resulted from interaction

with the carbon nanotubes. Within the resolution of the experiment He and T were

not observed suggesting that the following reaction was dominate: D + D -> He +

23.8 MeV.

Example 2. Measurement of optical radiation from transmutation of deuterium

to helium.



[0082] The purpose of this experiment was to look for evidence of the

expected energy to be given off by a slow nuclear decay of deuterium to 4He. The

mass difference between 2 deuterium nucleuses and one Helium nucleus can be

related to energy through Einstein's energy equation E = mc2. The expected energy

is 23.9 MeV. If the energy is radiated by non-ionizing photons of 1eV then one

would expect to see a flash of nearly 24 million photons each time a slow deuterium

decay to 4He happened. As described below, flashes of light from a sample of

carbon nanotubes when exposed to deuterium gas at a pressure 55 psi was

observed and measured.

Procedure:

Pressure cell with Plexiglas window

[0083] A pressure cell was made out of a block of 6064 Aluminum

measuring 2.6 x 2.6 x 1.2 inches, and a plate of Plexiglas measuring 2.6 x 2.6 x

0.5 inches. Six equally spaced ¼-20 bolt were drilled and taped at a diameter of 2

in. to hold the Plexiglas against an O-ring seal to the Al block. An O-ring grove was

machined into the center of the Aluminum block with an ID of 1 in. The groove was

then polished to ensure that there would be no leaking of deuterium through the o-

ring seal. At a diameter of ½ inch hole was drilled into the center of the block to a

depth of 0.800 in. to contact the sample, viewable through the Plexiglas, with the

deuterium gas.

[0084] One of the sides of the aluminum block was drilled with a "through

hole" that intersected the center hole of the block. This through hole was positioned

so that it would not interfere with the threaded bolt holes for holding the Plexiglas to

the Aluminum block. Both sides of the through hole was then taped for a ¼ NPT.

On one side a high pressure Swagelok valve was mounted and on the other a

Honeywell pressure transducer. Additionally a 1/8 inch NPT was drilled and taped

for a Swagelok pressure gauge, so the pressure in the cell could be measured and

observed.

[0085] Once all of the components were mounted the cell was moved to a

glove box filled with dry nitrogen where upon the sample of carbon nanotubes was

inserted into the ½ hole center topside. The Plexiglas was then bolted to the block

with six ¼ 20 bolts. See Figure 8 .

D2 Fueling station & Vacuum bake out Procedure



[0086] The fueling station was comprised of three basic components: (1)

the cell, (2) the vacuum pump and (3) a bottle of deuterium with high pressure

regulator. These three components were plumbed together with in a T style

assembly of ¼ stainless steel pipe sections, three valves, and vacuum tight

Swagelok connectors. In addition to this, a valve was mounted to the atmosphere

close to the vacuum pump. The cell gas manifold was mounted at an elevation so

the gas cell could be placed on a hotplate. See Figure 9 .

[0087] A check was made to ensure that the valve on the lecture bottle

was closed. The valves through the regulator, to the cell, to the vacuum pump were

all opened, and the valve to the atmosphere was closed. The vacuum pump was

turned on and a vacuum was pulled on the gas manifold, the cell and the regulator to

remove all atmospheric gases. The cell was then heated to a temperature of 80 °C,

for a low temperature bake out for 2 hrs.

[0088] The cell was then allowed to cool to a room temperature of 25 °C

before being back filled with deuterium. Once the cell had cooled, the valve to the

vacuum pump was closed while the valve from the cell to the regulator was left open.

The regulator was then closed prior to the opening of the lecture bottle valve. Once

the lecture bottle was open, the cell with deuterium was slowly backfilled to a

pressure of 55 psi.

[0089] The valve mounted to the cell was then closed, trapping the

deuterium gas in the cell. The lecture bottle valve was closed as well as the

regulator. Next, the valves to the vacuum pump and the atmosphere were slowly

opened. Once the pressure equalized, the Swagelok connector connecting the cell

to the gas manifold was unscrewed. Now, there was a self enclosed pressure vessel

filled with only deuterium gas and a sample of carbon nanotubes, that was

observable through the Plexiglas.

Carbon Nanotube Preparation

[0090] The carbon nanotubes used in this experiment were 4mm long

multi-walled carbon nanotubes from NanoTechLabs, Yankensville, NC, a supplier of

ultra long multi-walled carbon nanotubes.

[0091] 100mg of the carbon nanotubes were acid etched in 100 ml of Neat

Nitric acid for 1 hr at 80 °C to remove amorphous carbon and other contaminates or

catalyst particles. The acid was then removed through vacuum filtration. The carbon

nanotubes were then washed three times in deionized water to remove acid residue.



[0092] A thin layer of carbon nanotubes weighing 1mg was formed over a

cylindrical sample holder 0.100 inch in diameter and ¼ in long and placed in an

nitrogen furnace for 2 hrs at 400 °C.

[0093] The sample was removed directly into a nitrogen glove box where it

was then loaded into the gas cell.

Measurement, Detection & Data Logging Station

[0094] Flashes of light were detected and recorded. The basic set up for

this data collection station had the same basic components of a typical radiation

detection experimental set up. A high voltage ( 1 ,000 Volts) photo multiplier tube was

used to detect flashes of light from the window side of the cell. The multi-channel

analyzer consisted of a pre-amplifier, a sample and hold circuit, an analog to digital

converter, and a laptop computer with LabVIEW®.

[0095] The pre-amplifier was capacitively coupled to the photo multiplier to

produce a low voltage output signal reflecting the change in current through the

photo multiplier tube. This low voltage signal was then input to a sample and hold

circuit that would save the value of the highest voltage from the voltage pulse.

[0096] This data was then converted to a digital signal and sent to the

computer. LabVIEW® would then record the data and tabulate in a histogram.

Once this action was completed LabVIEW® would send the sample and hold circuit

a signal to look for the next voltage pulse. This data collection latency period was on

the order of 1 millisecond. A data channel was also used to record the pressure of

the cell and a channel to control and record the temperature of the cell.

The Experiment

[0097] This experiment was performed by placing both the pressure cell

and the photo multiplier tube in a completely dark steel box with a sealable hinged

lid. Holes were drilled through the box and conducting feed-throughs were mounted

for the high voltage photo multiplier, signal wires, temperature control, and the

pressure transducer signal wires. The window side of the deuterium pressure cell

containing the sample of carbon nanotubes was placed toward the photo multiplier

window with a space of about 1 cm. When a flash of light even occurred an electron

cascade within the photo-multiplier tube would generate a voltage spike.

[0098] Between each data run the background was measured and

recorded. This was performed by turning the cell so that the solid aluminum back



side of the cell faced the window, and the Plexiglas window was facing away from

the detector. Figure 10.

[0099] A total of 18 data runs were performed. As one can see from the

following table, all of the experimental runs show a larger number of counts than

background ranging from 2c/hr to as high as 200c/hr above background (c/hr =

counts per hour). During the last 6 runs, the temperature of the samples were under

active control. During longer duration runs, a temperature dependence was shown.

At higher temperatures, the cell produced more fusion events per hour than at lower

temperatures. It was also clearly shown that the histogram distribution of flash

intensity was clearly different from background. The experimental run is nearly equal

to background at high intensity, however the low intensity flashes are far more

numerous than background. Not only are the total number of events larger for the

cell facing the detector but that the histogram has a different shape than when the

cell is facing away from the detector.

[00100] The temperature dependence may make sense due to the fact that

that there will be a larger population of relativistic electrons in the graphene structure

of the carbon nanotubes than at lower temperatures. The work of other have shown

that graphene structures contain relativistic electrons. When a particle is moving at

relativistic velocities it gains mass in proportion to the Laurence contraction. It is

expected that massive electrons will drop the radius of the hydrogen Bohr orbit, thus

allowing nuclear binding forces to cause a slow decay of two deuterium nuclei into

helium. Deuterium, having the same charge as hydrogen has essentially the same

Bohr orbit.



Date Ba ckground Background Sampl e La ps iSample Difference % Temperature

La s Ti me Counts per time Counts per Difference degrees C

Hour Hour

11/5/2010; 1:00 108: 1:00 1 2 34 24%

11/5/2010 1:00 113 1:00 139 26 19%

11/5/2010 1:00 136 1:00 138 2 1

11/5/2010 10:00: 125 1:00; 132 7 5

11/6/2010 10:00 125 4:00 133 8 6%

11/6/2010 24:00 116.6 4:00 136 19 14

11/6/2010 24:00 116.6 24:00 138 21 16%

11/9/2010; ∞ · 115.9 24:00, 148.7 33 22%

11/11/2010 24:00 123.2 24:00 131.2 6%

11/11/2010 24:00 106.5 24:00 138.4 3 23

11/15/2010 24:00 106.5 24:00 132 26; 19%

11/17/2010 24:00 106 24:00 118 12 10%

12 5/ 2010 10:00 38 2:00 143 5 3% 11

12/6/2010 10:00 136.2 10:00 154 18 12% 14

12/10/2010 4:12; 898 .: 24:00; 1029.6 132 13% 10

12/13/2010 24:00 865 11:00 973.4 108 11% 8

12/16/2010 10:00 855.3 13:06 874.5 19 2% 8

12/19/2010 16:18 827 .
10:02 1026.5 200, 19% 32

Table 2. Experimental Data for the pressure cell containing carbon nanotubes in contact

with deuterium gas, as well as background data for each run.

[00101] Unless otherwise indicated, all numbers expressing quantities of

ingredients, reaction conditions, and so forth used in the specification and claims are

to be understood as being modified in all instances by the term "about." Accordingly,

unless indicated to the contrary, the numerical parameters set forth in the following

specification and attached claims are approximations that may vary depending upon

the desired properties sought to be obtained by the present invention.

[00102] Other embodiments of the invention will be apparent to those skilled

in the art from consideration of the specification and practice of the invention

disclosed herein. It is intended that the specification and examples be considered as

exemplary only, with the true scope of the invention being indicated by the following

claims.



What Is Claimed Is:

1. A method of generating non-ionizing 4He atoms, said method

comprising:

contacting graphene materials with a source of deuterium; and

placing said graphene materials in said source of deuterium for a time

sufficient to generate a plurality of non-ionizing He atoms.

2 . The method of claim 1, wherein He is generated in an amount of at

least ten non-ionizing 4He atoms per hour per microgram of said graphene materials

at 0 °C.

3 . The method of claim , wherein said graphene materials comprise

monolayer graphite, multilayer graphite, single walled carbon nanotubes, multiwalled

carbon nanotubes, buckyballs, carbon onions, carbon nanohorns and combinations

thereof.

4 . The method of claim 1, wherein the source of deuterium is in a liquid,

gas, plasma, or supercritical phase.

5 . The method of claim 1, further comprising the removal of contaminates

from the surface of the graphene materials by heating the graphene materials prior

to the contacting step, wherein said heating is performed at conditions sufficient to

remove unwanted material from the surface of the graphene materials.

6. The method of claim 5 , wherein said unwanted materials comprise

H20 , OH, H2, atomic hydrogen (protium), polymers, oils, amorphous carbon, 0 2,

solvents, acids, bases, and combinations thereof.

7. The method of claim 5 , wherein said conditions comprise a time up to

8 hours and a temperature up to 400 °C.

8 . The method of claim 7 , wherein said conditions comprise a time

ranging from 1 to 8 hours and a temperature ranging from 80 to 250 °C.

9 . The method of claim 1, wherein said graphene material comprises

carbon nanotubes, and said method further comprises heating the carbon nanotubes

prior to aging at a temperature and for a time sufficient to promote absorption of the

deuterium into or onto the carbon nanotubes.

0 . The method of claim 9 , wherein the temperature and time sufficient to

promote absorption ranges from 30 °C to 300 °C, and from 30 minutes to 8 hours,

respectively.



1 The method of claim 1, wherein said aging is performed at or below

room temperature.

12. The method of claim 11, wherein said aging is performed at a

temperature ranging from 20 °C to -100 °C.

3. The method of claim 1, wherein said graphene materials comprise

carbon nanotubes that are functionalized and/or doped with nitrogen.

14. The method of claim 1, wherein said non-ionizing 4He atoms have an

energy of less than 1 KeV.

5 . The method of claim 14, wherein said non-ionizing 4He atoms have an

energy of less than 100 eV.

16. The method of claim 1, wherein said graphene materials are placed in

the source of deuterium for a time ranging from 30 minutes to 48 hours.

17. The method of claim 16, wherein said graphene materials are placed in

the source of deuterium for a time ranging from 1 to 18 hours.

18. A method of generating non-ionizing radiation, non-ionizing He atoms,

or both, said method comprising:

providing graphene materials in a sealable vessel;

evacuating the sealable vessel to a pressure below atmospheric pressure;

adding deuterium gas to said vessel to achieve a pressure above atmospheric

pressure;

performing at least one heating step that further increases pressure inside the

vessel;

cooling said vessel; and

placing said graphene materials in said vessel at room temperature or below

for a time sufficient to generate non-ionizing radiation, non-ionizing 4He atoms, or

both.

19. The method of claim 18, wherein 4He is generated in an amount of at

least ten He atoms per hour per microgram of said graphene materials at 0 °C.

20. The method of claim 18, further comprising heating the graphene

materials prior to adding deuterium gas.

21. The method of claim 20, wherein said heating is performed in a sealed

chamber and a temperature to bake-out unwanted materials, said method further

comprising evacuating the sealed container to remove the unwanted materials from

the sealed container.



22. The method of claim 8, wherein said at least one heating step is

performed at temperature ranging from 50 °C to 500 °C for a time ranging from 20

minutes to 6 hours.

23. The method of claim 18, wherein said aging is performed at a

temperature ranging from 20 °C to -100 °C.

24. The method of claim 18, wherein said non-ionizing radiation comprises

x-rays, visible light, infrared, microwaves, radio waves or combinations thereof.

25. The method of claim 18, wherein said graphene materials are placed in

the source of deuterium for a time ranging from 1 to 18 hours.

26. A method of generating non-ionizing radiation, said method comprising:

contacting graphene materials with a source of deuterium; and

aging said graphene materials in said source of deuterium for a time sufficient

to generate non-ionizing radiation.

27. The method of claim 26, wherein said non-ionizing radiation comprises

x-rays, visible light, infrared, microwaves, radio waves or combinations thereof.

28. The method of claim 26, wherein said graphene materials comprise

monolayer graphite, multilayer graphite, single walled carbon nanotubes, multiwalled

carbon nanotubes, buckyballs, carbon onions, carbon nanohorns and combinations

thereof.

29. The method of claim 26, wherein the source of deuterium is in a liquid,

gas, plasma, or supercritical phase.

30. The method of claim 26, further comprising the removal of

contaminates from the surface of the graphene materials by heating the graphene

materials prior to the contacting step, wherein said heating is performed at conditions

sufficient to remove unwanted material from the surface of the graphene materials.

3 . The method of claim 26, wherein said graphene material comprises

carbon nanotubes, and said method further comprises heating the carbon nanotubes

prior to aging at a temperature and for a time sufficient to promote absorption of the

deuterium into or onto the carbon nanotubes.

32. The method of claim 26, wherein said graphene materials comprise

carbon nanotubes that are functionalized and/or doped with nitrogen.

33. The method of claim 26, wherein said non-ionizing radiation He atoms

have an energy of less than 1 KeV.



34. The method of claim 33, wherein said non-ionizing He atoms have an

energy of less than 100 eV.

35. The method of any one of claims 1, 18, or 26, which comprises

generating non-ionizing He and non-ionizing radiation chosen from electromagnetic

radiation, phonons or energetic electrons within the graphene material or a

combination thereof, wherein said non-ionizing He and non-ionizing radiation has

an energy totaling 23.8 MeV.

36. A method of inducing local nuclear fusion, comprising the steps of:

contacting graphene materials with deuterium; and

placing said graphene materials in said deuterium for a time sufficient to

generate primarily a plurality He atoms and energy.

37. The method of claim 36, wherein said graphene material consists

essentially of carbon nanotubes.

38. The method of claim 36, wherein said graphene materials include

nitrogen.

39. The method of claim 36, wherein said deuterium is a gas.
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