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(57) Abstract

By a high voltage electrical discharge, as an arc or
sparks, between metal electrodes (2, 3) immersed in
heavy water, D,0, free deuterons, heavy hydrogen nuc-
lei, with high kinetic energy, are generated and acceler-
ated against the negative electrode. The deuterons are
discharged on the electrode by capturing electrons and
forming atoms D and molecules Dj,, which are ab-
sorbed on the metal surface constituting a target for in-
cident deuterons, whereby nuclear reactions, fusion of
hydrogen nuclei, will occur. In an application of the
invention the high voltage electrode (3) is inserted be-
tween the cathode (2) and the anode (13), constituting
a cell for the electrolysis of heavy water. The cathode
(2) and especially the surface layer will be saturated
with D, and thereby the probability for fusion reac-
tions with deuterons generated by intermittent dis-
charges between the cathode (2) and the high voltage
electrode (3) and hitting the cathode, will be consider-
ably increased. The released fusion energy together
with the supplied electrical energy can be recovered as
high pressure steam.
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PRODUCTION OF FUSION ENERGY

This invention relates to a method of generating energy from the
fusion of light atomic nuclei, preferably isotopes of hydrogen,

and an apparatus for performing the method.

Since many years considerable research has been pursued with the
purpose of obtaining fusion of light nuclei, such as deuterons,
d, protons, p, and tritons, t, to generate energy in a manage-

able form for industrial and other use.

This fusion research has primarily been concentrated on methods
to obtain a magnetic containment of a plasma at a high enough
temperature and with such a deuteron density, that a fusion

reaction will occur according to the well-known reaction:
d+d= 3He (0,82 MeV) + n ( 2,45 MeV). I

In spite of very considerable efforts this line of research has
not yet definitively proved that it may result in an industrial
process of energy conversion, primarily due to the fact that the
necessary temperature and density of the plasma cannot be main-

tained for a sufficiently long time. ,

The probability that a fusion will occur in a plasma usually is
described as a quotient, T x n x T, of the prevailing tempera-
ture, TOK, deuteron density, n g/m3, and time T in seconds. In a

preferred apparatus according to the invention, the value of T x
n x T can be calculated to be high enough for fusion reactions

to occur at a rate of interest for practical use.

Recently a possibility to obtain so-called “cold fusion”, prin-
cipally an electrolysis of heavy water with a palladium cathode
and an anode of platinum or gold, has been proposed and tested -
so far without conclusive results. Theoretically it was specu-

lated that fusion reactions under such circumstances, after ab-
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sorption of the heavy hydrogen gas in the Pd-metal and formation
of Dp-molecules, might occur through the intermediation of so-
called quasi-particles (muons) with one negative electron charge
but with bigger mass than the electron mass. A muon with larger
mass than the electron mass me has the ability to bind deuterons
d more close in the molecule D. It has been calculated that a
muon with the mass 5 me would decrease the distance between the
d nuclei to about 0.15 A. In this distance the repellant Coulomb
potential is about 95 eV and the probability for a penetration
through the potential barrier because of quantum mechanical tun-
nel effects is still low. The probability of tunnel effects
would however increase considerably if the deuterons could be
given a higher kinetic energy.

The method according to the invention is characterized in that
it comprises a number of unit processes each complying with at
least one of the following functions:

- generating a plasma containing protons, deuterons, or tri-
tons,

~ generating an electrical field for acceleration of said ions
towards a target containing or covered with a layer of free or
chemically bound heavy hydrogen isotopes,

— continuously regenerating the hydrogen layer on the radiation
target, and

—- transferring the heat released by the nuclei fusion to pressu-

rized water for use in known heat power processes.

The apparatus according to the invention comprises a tank with
electrolyte inlet and damp outlet with valves, a central tube or
rod electrode with flanges or short projections, a surrounding
electrode in the shape of a net or a perforated plate, and cab-
les to a high voltage source.

The principle of the method to obtain nuclear fusion according
to the invention is to combine mentioned unit processes and
there included physical effects to maximize the probability of
reactions d + d or p + d to such an extent that industrial

energy production is feasible.
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The process will be described in detail below with reference to
the accompanying drawings, in which:

Figure 1 shows an apparatus according to the invention,
and

Figure 2 shows an alternatively designed apparatus

according to the invention.

In a tank (1) is provided an electrode system comprising a cen-
tral electrode 2 in the shape of a rod or a pipe closed at its

lower end and made of Pd, Ti or a metal alloy with great capa-
city of adsorbing hydrogen gas, and an outer electrode 3 in the

shape of a tubular net or a perforated plate of platinum. The
tank is filled with an electrolyte 4, such as heavy water, D,0O,
pure or mixed with H,0, which is supplied by the conduit 5 with

the valve 6.

The outer electrode 3 is connected to the positive pole of a
high voltage source by an electrical cable 5 and the central
electrode 2 is connected to the negative pole by a cable 14. The
high voltage source, e.g. a condenser is discharged by an elec-
tric arc between the electrodes 2 and 3. The time of duration,
energy delivery and frequency of the spark should be variable
within wide limits. Depending of the geometry of the electro-
lytic cell an optimum adjustment of these variables is done at
the same time as the neutron density in the environment of the

tank is an indicator that fusion reactions occur.

The water will be heated and vaporized by the supplied energy
and the fusion energy. At a suitable steam pressure the steam is
led out through a conduit 8 with a valve 9 and led to the heat
exchanger and condenser. Thereafter the water is returned to the

tank through the conduit 5 with the valve 6.

The central electrode, the tubular cathode 2, is preferably
provided with short projections or flanges so that the increased
field strength there will promote the formation of discharge si-

tes. The pipe 2 may first be evacuated and then closed by a
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valve 10. By coupling a branch pipe 11 to a vacuumeter penetra-

ted deuterium is measured.

In an application of the invention the electrolyte consists of a
2 - 10 % by weight suspension in heavy water of magnetic par-
ticles e.g. magnetite, Fe304, of about 10 nm size. When a current
flows through the plasma created by a spark or an electric arc
in a high voltage discharge a magnetic "field is formed which
will considerably increase the apparent density around the
plasma track. Thus the current itself will create a magnetic
enclosure of the generated deuterons and other charged par-
ticles. This effect may be strengthened by surrounding the tank
with a magnetic field, whereby the internal fluid pressure in
the whole suspension Dy0 - Fe30, can be substantially increased.
Of course this effect cannot resist the pressure from the gene-
rated steam, which rapidly escapes, but after that the deuteron

generating reactions in the spark has occured.

In a preferred embodiment of the invention the tank 1 is pro-
vided with a further electrode 13, functioning as the anode in

an electrolytic cell wherein 2 is the cathode for the electroly-

tic decomposition of D;0. The electrolyte 4 consists of D,0 and

an added acid e.g. D,SO4, or an alkalideuteroxide, e.g. LiOD or

KOD. The anode material can be Pt, Ni, or any other material ge-

nerally used in electrolytic cells for water electrolysis.

The cell voltage can be between 2 and 12 V and the concentration
of dissolved substances in the heavy water is about 0,1 M, but
both higher and lower concentrations may work. The apparent den-
sity can also in this case be increased by the addition of sus-
pended magnetic particles of a chemical composition which does
not react with the electrolyte.

By the continuous electrolysis the cathode 2 is always saturated
with D, thereby increasing the probability of fusion reactions
by incoming high energy deuterons generated by the high voltage
discharge between the electrodes 2 and 3. In this embodiment of

the electrode system a diaphragm 15 is inserted to collect and
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lead away the generated D, through the pipe 16.

High voltage for the electrical discharge in the fluid is
applied through the conduit 7 and low voltage for the electro-
lysis is applied through the conduit 17 to the anode 13.

List of details:

D T o U W N

. Tank

Central electrode, cathode
Outer electrode for high voltage discharge

. Electrolyte

Conduit

. Valve
. High voltage conduit

Steam conduit

. Valve
. Valve
11.
12,
13.
14.
15.
16.

17.

Branch pipe
Magnetic field
Electrode

Low voltage conduit
Diaphragm.

Pipe for D,

Low voltage conduit
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Claims

1. Method of generating energy from fusion of light atomic
nuclei, preferably hydrogen isotopes, characterized in that a
process comprises several unit processes, each fullfilling at
least one of the following functions:

- generating a plasma containing protons, deuterons or tritonms,
- generating an electrical field to accelerate said ions onto a
target containing or covered by a layer of atomic or chemically
bound hydrogen isotopes

— continuously renewing the hydrogen layer on the radiation tar-
get, and

- transforming the heat generated by the nuclear fusion reac-
tions to pressurized water for use in known heat power pro-

cesses.

2. Method according to claim 1, characterized in that during

the acceleration the plasma is encased in a magnetic fluid.

3. Method according to claim 1 or 2, characterized in that a
high voltage of preferably more than 20 kV is discharged through
an electrical arc or spark between two electrodes constituting a

cathode and an anode immersed in heavy water, D,0, and that the

discharge is continuous or intermittent.

4. Method according to any of the claims 1 - 3, characteri-

zed in that the heavy water is pressurized, preferably to
about 10 MPa.

5. Method according to any of the preceeding claims, charac-
terized in that the heavy water contains a supension of solid

particles of a ferromagnetic material with a diameter of about
10 nm.

6. Method according to any of the preceeding claims, charac-
terized in that the discharge occurs in an electrolysis cell

for decomposition of heavy water, and that the cathode thereby
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also is cathode for the discharge.

7. Apparatus for use of the method according to the preceeding
claims, characterized in that it comprises a tank (1) for
electrolyte (4) with inlet (5) for electrolyte, outlet (8) for
steam and valves (6,9), a central electrode (2) shaped as a rod
or a tube functioning as cathode for the electrical discharge
and provided with flanges or short projections, and a surround-
ing outer electrode, anode, (3) in the shape of a net or a per-
forated plate, and connections (7,14) to a high voltage source.

8. Apparatus according to claim 7, characterized in that the
central electrode (2) consists of palladium or titan, the outer
electrode (3) of platinum and the electrolyte (4) of heavy wa-

ter, D0, or an alkali metal deuteroxide or D,SO; dissolved in

heavy water.

9. Apparatus according to claim 7 or 8, characterized in that
a further tubular electrode (13) is arranged as anode for the
decomposition electrolysis having connections (17,18) between
the respective electrodes (13,2) and a low voltage source, and
that a diaphragm (15) with an outlet pipe (16) for D, is

surrounding the electrode (2).

10. Apparatus according to any of the claims 7 = 9, charac-
terized in that particles of a ferromagnetic material with a
diameter of about 10 nm are suspended in the electrolyte (4),
and that the tank (1) is surrounded by a magnetic field (12).
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