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In this research, the effect of the shape of hydrogen-
loaded palladium elements on exothermic reactions be-
tween gases is shown. It was found that an element with
parts of its surface next to each other spontaneously trig-
gers reactions, whereas an element whose surfaces are
not next to each other needs outside triggering. The heat
developed makes the temperature of the elements rise even
by a few hundredths of a degree centigrade.

Through photographic techniques, it was shown that
the elements, when releasing heat, emit radiation con-
nected to nuclear fusion reactions. These reactions, con-
firmed also by the analysis of the used hydrogen, showed
helium formation. All these tests have confirmed the re-
producibility of the phenomenon.

I. INTRODUCTION

In 1989, the electrochemistry experiments conducted
by M. Fleischmann and S. Pons' indicated that nuclear
fusion reactions may occur in solids at ambient temper-
ature. This kind of fusion was described as “cold fu-
sion.” It 1s related with the crystalline structure of the
solid, whose atoms vibrate incessantly around their re-
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ticular positions. In fact, the lattice’s vibrational energy,
which is quantized in elastic waves called phonons, prop-
agates inside the solids at the speed of sound, and it is
capable of moving the collided atoms. A collided atom
may move and, during its path, may collide again with
another atom with an energy so high as to be able to over-
come the repulsive Coulomb barrier of the atomic nuclei
and to fuse them. This kind of nuclear fusion has a low
probability at temperatures for which the physical state
is solid. However, the fusion reaction is more frequent
with light particles (i.e., hydrogen and deuterium at-
oms), which possess high mobility in the lattice. There-
fore, the solids that absorb the largest number of light
atoms, like Pd, Ti, etc., are those most suitable for nu-
clear fusion reactions. The experimental approach that
has been followed most frequently is that employing these
solids, with a more or a less modified structure, 1m-
mersed in electrolytes under the action of electric fields.

A different research path, which was adopted in the
present work, is that based on solids immersed in gases.
It focuses attention on the solid’s surface, regarded as a
frontier for the exchange of matter between the inside
and the outside of the solid. The geometrical shape of the
latter is of fundamental importance in the induction of
exothermal reactions, either chemical or nuclear in na-
ture, which seem to occur preferentially in a thin surface
layer.

The solid employed was Pd, charged either with H, or
with D». Accordingto the shape of the Pd sample, heat pro-
duction by exothermic reactions occurred spontaneously
or had to be triggered by an external thermal solicitation.
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During the same experiments, helium was also pro-
duced, and it was detected by mass spectrometry in con-
centration up to 217 ppm v, well above the initial helium
concentration in the adopted hydrogen (38.2 ppm v).

Il. GENERAL ASPECTS

In this research, gas absorption into solids is exam-
ined in relation to heat production by exothermic reac-
tions. The aforementioned absorption into a solid can
happen only through the separating surface between the
solid matter and the surrounding gas. The atoms or mol-
ecules of the absorbed gas place themselves in the solid
interstices and, solicited by thermic excitation, continu-
ously migrate through it, interacting among themselves
and with the atoms of the host matter. Because of nuclear
fusion reactions, some of these interactions gencrate new
atoms whose production is quantitatively insignificant.

An important aspect of the phenomena concerning
the surface of solids in relation to their shape®? was ex-
amined. Assuming a homogeneous spatial distribution of
matter, the ratio between the surface area that delimits a
solid body and its volume (S/V) plays afundamental role.
Furthermore, if interactions between surface portions of
a solid body also come into play in a phenomenon, its
shape takes on a remarkable importance.

Interactions among different portions of the sur-
faces can occur in many configurations: in theroll (Fig. 1),
that is, a foil in the shape of a strip wound in a spiral,
each portion of the front face looks at a portion of the
back face of the same foil. In the bellows (Fig. 1), that is,
a foil folded within the boundaries of a parallelepiped;
the portions of the same surface look at each other. Gen-
erally, patterns of different shapes suitably folded and po-
rous bodies present mutually facing surfaces.*

Phenomena correlated to shape also concern a body
divided into more parts, even reduced to dust. In this case,

Fig. 1. I category palladium elements: left, the roll; right, the
bellows.
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Fig. 2. (a) 320-cm? yellow-brass container; (b) 187-cm?
yellow-brass container; Pd samples: (c) disk; (d and €)
rolls; and (f) bellows.

the surface ratio of all the dust grains with respect to the
volume is remarkable.? In fact, each granule looks at the
surrounding ones whose number depends on their instan-
tancous spatial distribution.

Palladium was chosen as the solid because of its re-
markable features in absorbing gas; hydrogen was cho-
sen because of its high permeability into solids.> At room
temperature, hydrogen, pressurized between 8 and 14 bars,
1s easily absorbed by palladium in great quantity. At sat-
uration, 1 cm? of palladium absorbs about 1 £ of hydro-
gen, that is H/Pd = 0.79.

The speed of hydrogen absorption mainly increases
with the extension of the sample surface in relation to its
volume; that is, it increases with the S/V ratio. For high
ratios, as in the samples having a roll or bellows shape,
saturation is reached in ~20 min or less. Hydrogen in a
palladium sample remains in dynamic equilibrium if
sealed in a constant temperature container, filled with
pressurized hydrogen (Fig. 2). Tests have shown that af-
ter many months, no pressure variations are observed;

2The surface increment in a body subdivided in equal parts
can be easily calculated. In fact a cube divided into 8” equal
smaller cubes (with » =1,2.3,...) presents a total surface of
avalue S, = 2”-S, where S is the surface of the starting cube.
The same result is valid for a sphere of a volume equal to 8”
equal smaller spheres; in general, this rule holds for the reg-
ular polyhedra and, with a good approximation, for any other
form if n is large enough. Therefore, the shape ratio for dust,
with good approximation, is the following: S, /V = 2".S/V.
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TABLE 1
Mass Spectrometric Helium Analyses™*
Weight | Total Surface | Reactive Surface | Time “He A “He Production Rate
Model? (g) (em?) (em?) (10% s) (ppm V) {ppm v) (*He atoms-cm 2 -s~1)
Roll 1 40.6 327.32 151.1 6.843 1127 £14.4 74.6 £16.0 1.83 x 101°
Roll 2 93.7 587.46 270 8457 | 2174 =27 179.2 =43 1.87 X 101°
Disk 35.0 16.30 0 6.843 487 £2.4 145=35 —

*Models, characteristics, and results of palladium samples adopted during nuclear fusion lests. The “He is the total helium con-
centration measured in the sampled gas, while A “He represents the concentration of helium excess in respect to the adopted
hydrogen. The production rate = “He production for unity of time and reactive surface.

*Geometrical characteristics ot the adopted samples:

1. model roll 1: from Pd strip (37 X 4.4 X 0.0208 cm) wound in a cylindrical shape ot 9 spirals. Dimensions: radius 0.9 cm;

height 4.4 cm

b

1.06 cm; height 10 cm

however, at amicroscopic level, variations, shown by gas
analysis, have occurred.

Spectrometric analyses detected helium formation
clearly due to nuclear fusion reactions started from hy-
drogen. Since helium production was much higher for
geometric models (i.¢., rolls) having mutually facing sur-
faces, 1t can, therefore, essentially be said that helium is
generated through the reciprocal bombardment between
those surfaces, called reactive surfaces.*

A small part of helium is produced by interactions
taking place inside the palladium mass, but most of it is
produced by interactions due to hydrogen bombardment,
which, going out from a portion of a surface, affects an-
other portion and vice versa. The newly formed helium
seems to be deposited in a superficial thin laver of the
sample, thus obstructing, as it develops, the interactions
between the reactive surfaces, as has been shown by ex-
perimental tests with a coil-shaped palladium clement.

1. NUCLEAR FUSION REACTIONS

Some tests were carried out with the aim of deter-
mining possible helium production due to fusion reac-
tions triggered by palladium .7 For performing a lest, a
palladium sample was placed nside a brass container
(Fig. 2) under 11 bars of hydrogen pressure for mea-
sured time intervals (Table I). Among the possible pal-
ladium models, tests werc performed using two rolls of
different size and a disk {Table I).

Before the tests progressed, gas samples of hydro-
gen adopted for tests were taken straight from the bottle
(10 €, 200 bars) and analyzed to evaluate helium con-
tamination, which was found to be 38.2 & 1.6 ppm v.
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model roll 2: from Pd strip (43 X 6.8 X 0.0267 cm) wound in a cylindrical shape ot 10 spirals. Dimensions: radius

3. model disk: Pd cylinder. Dimensions: radius 1.63 cm; height 0.35 cm.

The gas sample was admitted to a static vacuum no-
ble gas purification line, and helium concentration was
measured by a computer-controlled quadrupole mass spec-
trometer® equipped with two detectors, a faraday cup,
and a multiplier, with sensitivities respectively of 1.9 X
107* A-mbar™' and >75 A-mbar~'. Minimum detect-
able partial pressure is 5 X 10~ ' mbar on the multiplier,
which allows detection limits for helium of 1012 mbar.

Since quadrupole mass spectrometers give analyii-
cal results as partial pressure values, helium concentra-
tion was calculated against a gas standard containing a
known amount of helium. Atmospheric air was used as
a running standard considering its homogencous helium
concentration (5.24 ppm v) on a global scale. Other stan-
dard gas mixings were adopted to verify the linear re-
sponse of the quadrupole mass spectrometer in the
concentration range 1 to 1000 ppm v.

Every sample was analyzed following a rigorous pro-
cedure that consists of alternatively running a standard
and asample. Gases to be analy zed were admitted through
a special vacuum valve of known volume (0.3056 ml),
where a pressure gauge was fitted. In this way, the ana-
Ivtical result (partial pressure in millibars) was referred
to a sample having known volume and pressure. This al-
lowed the calculation of helium concentration as follows:

[Hel, = [P,/(P, X [He] )] X IP, /IP, .
where

[He] = helium concentration

L

measured helium partial pres-
sure of the sample

"Model VG Quartz 100 from VG Instruments.
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P, = measured partial pressure of the
gas standard

IP = inlet pressure

g and s subscripts = gas standard and
respectively.

sample,

Measuring errors have been calculated following the min-
imum squared errors method on at least five measure-
ments performed on both air standard and gas sample.
Typical helium blank values were <10~ '* mbars. Possi-
ble contribution on mass 4 by cracking of higher masses
(i.e., *Ar, *C, etc.) was also found to be negligible
(<107 mbars).

Results showed that helium was produced inside the
brass container, increasing the original helium concen-
tration of the adopted hyvdrogen to the values listed
in Table I. Since helium was mainly produced during
experiments involving rolls, the presence of reactive
surfaces seems to be of basic importance for fusion re-
actions. Calculations were performed in order to quan-
tify the helium production. Taking into account the free
volume of the container (=80 m1) and the total pressure
(11 bars), a total amount of helium produced by fusion
processes can be calculated as follows:

Heamms = QAHC V;?; ! N A s
where

() = amount of gas contained inside the con-
tainer (standard temperature and pressure
conditions)

AHe = concentration of helium produced by {usion

reactions
V.. = molar volume (22 414 ml)
N; = Avogadro number (6.022 X 107?).

Considering the extension of the reactive surfaces
and the test duration, a very similar production rate was
calculated for both rolls (Table I).

The obtained results are reminiscent of the well-
known theoretical reactions proposed in 1938 by Bethe
and Weizséacker to interpret the energy production by nu-
clear fusion occurring in stars. Starting from hydrogen,
through reactions known as a “hydrogen-hydrogen cy-
cle” or a“proton-proton chain,” it is possible to form *He
and to gencrate energy as in the following schematic
reaction:

4'H— *He +2e" +2v+7y

with the production of ~27 MeV of total energy.

It is worth noticing that during test development, the
temperature of the brass container (weight 8.2 kg, Fig. 2a)
measured on the outside surface was always 0.1 to
(.2°C above room temperature.
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IV. TEMPORARY HEAT PRODUCTION
AND ELEMENT SHAPE

As already mentioned, a palladium sample, kept in-
side a container with pressurized hydrogen (8 =+ 14 bars),
absorbs a great quantity of gas, so a dynamic cquilib-
rium of an undetermined time duration is developed.

If more hyvdrogen is added, only the pressure in the
container increases proportionally. On the contrary, if hy-
drogen is taken out, new equilibrium conditions are es-
tablished; at first the pressure drops, and then it slowly
starts to grow again up to a new equilibrium value be-
causc a part of the absorbed hvdrogen comes out of the
sample. An experimental test trial was carried out on a
container of a small volume in such a way that modest
variations of hydrogen quantities could correspond to eas-
ily measurable pressure variations.

When the sample is removed from its container and
is placed in the open environment, the equilibrium con-
ditions no longer exist; the new gas (air)® is at a lower
pressure (atmosphere). The absorbed hydrogen starts to
go out from the palladium and interacts with the new gas,
which tends to go into the palladium. Therefore, heat pro-
duction from the exothermic reaction makes the palla-
dium temperature®'"' rise up to a maximum, after which
it decreases and tends toward room temperature since the
absorbed hydrogen is released from the metal (Fig. 3).

Heat production from hydrogen burning in the atmo-
sphere is a well-known chemical reaction that probably
occurred even during our experiments. Hydrogen burn-
g in the atmosphere, however, needs the addition of an
external energy source to start. It is worth noticing that
in our case no energy source was added but the energy
produced inside the palladium samples by fusion nuclear
reactions.

The main palladium clements used in this research
arc divided into two types according to the value of the
shape ratio S/V and the reactive surface extension.

IV.A. First Category

These elements have a large shape ratio and very
large reactive surfaces. They spontaneously generate heat
(Figs. 3a, 3b, and 3d), presumably due to the reciprocal
bombardment, mainly of protons (Figs. 4b and 4d:
Figs. 5b, 5d, and 5f) between the reactive surfaces.

The simplest shapes arc the roll and the bellows
shown in Fig. 1. To prepare the aforementioned cle-
ments, the palladium is treated according to the follow-
ing procedures:

1. Rolling.

2. Annealing for 24 h or more at a temperature be-
tween 400 and 800°C for a structural settling of the metal
crystal grains and gas® elimination. The sample becomes
soft and casily shaped.
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Fig. 3. Temperature increase in the palladium samples. Abscissa: time in hours. Ordinate: temperature in degrees Celsius. Straight
line below: room temperature. In 3a, the intermediate curve refers to the bottle temperature. The other data are in Table II.

3. Cleaning the surface with thin-grain-size abra-
sive paper (or cloth). In this way, the oxides formed dur-
ing the open-air annealing are removed, and the surface
increases slightly due to the tracks left by abrasion.>!>13

4. Cleaning with water and detergent. Drying with
paper followed by heating at a temperature between 50
and 80°C for several minutes.

5. Sample shaping.
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IV.B. Second Category

These arc elements with a small shape ratio and with-
out reactive surfaces, which generate heat only if stim-
ulated. Among them, there are the sphere and all solids
having convex surfaces. At equal volume, the sphere is,
among these, the shape with the smallest shape ratio:
S/V = 3/r, where r is the radius. They release heat only
if any one of their parts is heated up to 70 + 80°C
SEP. 2000
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Fig. 4. (a) and (b) Bare film in contact with the inside of the coil, exposure time 96.38 h. Tracks in the I layer, length: & =
235mm; B8 =1.13mm;y =575mm; and § = 2.51 mm; (c) and (d) bare film outside and near the coil, exposure time

20.75 h. Tracks in the I layer, length 2.63 mm.

(Fig. 3c). At this threshold temperature, heating release
occurs spontaneously as in the models of the first type.
Before the test, the palladium, already set in the es-
tablished shape, underwent the treatments mentioned be-
fore in points 2, 3, and 4. These elements reach higher
temperatures than those of the first type (Fig. 3c) be-
cause they have a smaller surface in comparison to the
volume and a lower heat loosing rate to the environment.
At ~520°C, the palladium starts to emanate light due
to incandescence, which grows in intensity with the
temperature.
FUSION TECHNOLOGY
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IV.C. Palladium Filing

Filing obtained from an annealed and cleaned sam-
ple can be considered as an element belonging to both
the aforementioned types. The grains as a whole fall in
the first type; every single grain in the second. Having a
very high shape ratio (S,/V =2"-S/V) and a wide ex-
tension of the reactive surfaces,? it exhibits a very dif-
ferent behavior from the single-body elements. Hydrogen
absorption is fast and, when spread in open air, heat re-
lease is instantaneous.
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Fig. 5. (a) and (b) Bare film in contact with the coil inside, exposure time 96.38 h. Tracks in the II layer. (c) and (d) Bare film
almost in contact with the outside of the coil, exposure time 20.75 h. Tracks in the I layer, length 2.52 mm. (e) and (f) Bare
film in contact with the coil inside, exposure time 96.38 h. Tracks in the ['V layer, length: &« = 4.49 mm; 8 = 1.53 mm; and

¥ =442 mm.

IV.D. Methods and Results

A palladium sample, either of category I or 11, was
placed in a brass container (Fig. 2) with hydrogen (or
deuterium) under pressure (8 -+ 14 bars). After absorp-
tion, when saturation was reached, it was taken out,
exposing it to air® at atmospheric pressure or closing it
in a bottle (15.3 £; 2.85 kg) with air at room pressure.
Under the new conditions, the samples of the first cat-
egory spontaneously started exothermic reactions, which
made the temperature rise (Figs. 3a, 3b, and 3d). Reac-
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tions started in the clements of the second category after
thermal stimulation (Fig. 3¢). Filing, instead, after satu-
ration was spread in open air, and it immediately re-
leased heat (Fig. 3¢), even with the occurrence of sparks?
and, sometimes, reddish flames.

About one hundred tests were performed on differ-
ent samples, and all of them gave off heat. Therefore,
the phenomenon is reproducible. Deuterium was em-
ployed only a few times. After many tests, all the ecle-
ments kept their metallic shine,® showing that they did
not undergo oxidation. To record the temperature, a

FUSION TECHNOLOGY
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TABLE 11
Data Related to Tests*
Weight Volume

Figure 3" Category Model (g) {em?) Gas
a 1 Roll 3825 424X 441 X0.017 =3.18 H,
b 1 Roll 35.18 345 X 3.45 X 0.0246 =293 Dy
c Il Disk 6148 7 X 1632 X 0398 =511 H,
d I Roll 3518 345 X 3.45 X 0.0246 = 2.93 Dy
e I 10 Filing 8 0.66 H,

*In the samples consisting ot a single body (roll, bellows, and disk), the thermocouple was placed near the geometrical center ot
the element.

*Figure 3, (a) and (b): tests in a closed bottle with air at room pressure. The sample saturated with gas was placed in ils center.
Some water condensed on the inside wall. In {(c), in the time gap t; to ¢, the sample was heated up.

bFigure 3, (c), (d), and (e): open-air test. The gas-saturated sample was placed in an open-air environment. In (e), the recorded
temperature is referred to that in the center ot the crucible (66 g), where the tiling, dropped trom the height of 12 cm, collected.

TTTTRTTTTIT

o~

Fig. 6. Palladium coil. Temperature behavior. Abscissa: time in hours. Ordinate: temperature in degrees Celsius. Curve &: room
temperature. Curve B3: barycenter of the brass disk (2.6 kg). Curve : intermediate turn of the coil (0.203 kg). Symbols:
p: pressure; v: vacuum; w: heating. Other data in Table III.
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Fig. 7. Palladium coil. Temperature behavior. Abscissa: time in hours. Ordinate: temperature in degree Celsius. Curve &: room
temperature. Curve B3: barycenter of the brass disk (2.6 kg). Curve 7: intermediate turn of the coil (0.203 kg). In (d), p;
indicates the increase imposed on the hydrogen pressure inside the coil, from 10.4 to 12.5 bars. Curve J: electric heater at
1 cm from contact with the coil. Curve 7, : point of the coil at 1 cm from contact. Curve y,: point of the coil diametrically
opposite to the former contact point. In w, the electric heater has been switched off. Symbols: p: pressure; v: vacuum; w:

heating. Other data in Table III.

recorder with six thermocouples was connected to a dig-
ital reader accurate to one-tenth of a degree. Figure 3
shows some of the results from some tests, and the
relative data arc reported in Table II. It can be noted
that after reaching its peak, the temperature goes back
to that of the surroundings.

V. CONTINUOUS HEAT PRODUCTION ELEMENT

A continuous heat production clement must be con-
stantly fed with hydrogen. This can be casily obtained
with the second category of clements, by obtaining in-
side them a cavily communicating with a hvdrogen bot-
tle. Good clements arc tubular wircworks conveniently
folded in such a way thatreactive surfaces are facing cach
other.

One of these simulations consisted of heating up a
random point of the coil (see point W on Figs. 6b and
7d). Another one consisted of keeping the inside of the

232

palladium tube in a vacuum for some minutes, to “free”
the superficial layer clogged by gases heavier than hy-
drogen, which kept on depositing (see point v on Figs. 6b,
6¢, 6d, 7a, and 7c.

In this work, a system was used essentially consist-
ing of a palladium tube with a circular section® bent into
a coil shape with loops next to each other and connected
to a hydrogen container under pressure (8 + 14 bars) (see
Fig. 8).

Hydrogen permicates the wall of the palladium tube
by moving from the inside surface to the outside surface,
where most of the exothernmic reactions take place with
the gases in the air, which tend to penectrate into it. A
remarkable contribution comes from the hydrogen atom
ions that emerge from the outside surface of one loop
of the coil and that affect the other loops. This is the

¢ An elliptical or rectangular section increases the area of the
reactive surfaces. Compatibly with the diameter size, the tube
internal surface is also a reactive surface.

FUSION TECHNOLOGY
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Fig. 8. Palladium element obtained with a tube shaped in a coil
pattern with the tums next to each other (tube length
102.5 em, inside diameter 4 mm, outside diameter 6 mm,
weight 184.25 g). Inside it contains 18.13 g of filing
sealed by two palladium-shaving corks (0.37 g).

contribution from the reciprocal proton bombardment be-
tween reactive surfaces (Figs. 4b, 4d; 5b, 5d, and 5f).

Some test results, reported in Figs. 6 and 7, show the
temperature progression of the coil. As can be seen, the
goal of heat production has been reached, but the goal of
power regulation has not been fully attained. In fact, power
drops as the hydrogen pressure inside the coil decreases.
The power increment, instead, seems to be always ca-
sual, in any type of working condition.

Therefore, at the moment, it is not possible to stabi-
lize the power on preestablished values, although, after
each test, it tends to a constant low value. At the present
value, the coil stays at 3°C above room temperature with
a small hydrogen consumption (~100 cm?3/h).

V.A. Procedure and Results

The palladium coil, fixed on a brass plate* (diam-
eter 11.9 cm, thickness 2.51 cm, weight 2.6 kg), was
connected to a copper capillary tube with two valves
(Fig. 9), which allowed it to be connected either to a
pressurized 10-¢ hydrogen bottle (8 -+ 14 bars) or to
another high vacuum 7-¢ bottle. Before being assem-
bled, the palladium tube went through treatments 2, 3,
4, and 5 already described in Sec. IV.A for the elements
of the first category.

The coil was kept in a vacuum for ~10 min. Then, it
was connected to a pressurized hydrogen bottle, and
after a delay of a few minutes, exothermic reactions oc-
curred between the hydrogen that had permeated through

“The plate, besides functioning as a bearing structure for the
circuit, helps to remove the air from the extremities ot the pal-
ladium tube which, held tightly by conical joints, crosses it.
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|1 20cm 4

Fig. 9. Main part of the heat production system: (a) palladium
tube coil, 102.5 cm, 203 g; (b) brass disk, 2.6 kg;
(c) copper capillary tube circuit; (d) hydrogen input
valve; and (e) hydrogen output valve.

the thickness of the palladium tube and the air gases that
pressed on the outside coil surface. Figures 6 and 7 show
the temperature evolution, which happens cither sponta-
neously or following external stimulation. In any case,
in these kinds of experiments, the temperature always re-
mains higher than the surroundings.

One of these stimulations consisted of heating up a
random point of the coil. Another one consisted of keep-
g the inside of the palladium tube in a vacuum for some
minutes, to “free” the superficial layer clogged by gases
heavier than hydrogen, which kept on depositing. Such
gases are impurities from the hydrogen bottle, and some
products from nuclear fusion reactions occurred inside
the tube. Some trials were run by covering the coil with
aluminum or Plexiglas covers that were either airtight or
not airtight. Figures 6 and 7 show the results from some
tests, and Table 11 reports the relative data.

VI. RADIATION FROM THE PALLADIUM COIL

During the low-power operation, with a temperature
rise of 15°C decreasing slowly to 3°C with respect to the
room temperature, it was possible to make long-range
observations aimed, above all, to a first evaluation of the
radiation that emanated from the nuclear fusion reac-
tions, currently stillunknown. At this temperature, it was
possible to run tests in a dark room with bare photo-
graphic films touching the coil. Radiographic films with
a photographic emulsion of 10 gm on each side of the
175-pm-thick support, were used as detectors. Under
microscopic examination, the films exposed to the radi-
ation generated in the coil reveal some tracks'#~'¢ along
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TABLE 111
Data Relative to Tests with Palladium Coil
Coil
Average H,
Outside Cover (0.8 £) Stimulations?® Consumption
Initial H,
Outside Gas Exchange Ieat Vacuum Pressure
Figs. 6,7 Gas Material Airtight in the Cover (wmin) [ (v min) | (ecm/h)?| (h) (bars)
6a Ailr - - - - 5,5 1620 12 12
6b Alr Aluminum No Through holes 5¢ 5 1320 6.25 12.4
6c Air Aluminum No Through holes -— |35 15:1/6 2420 6.5 10.9
6d AIlr Plexiglas No Through 4-cm? hole - 5 1380 5.38 13
7a Air Plexiglas Yes Suction pump - 5,155 1150 7.5 13
10 em3/min
7b Air Plexiglas No Through 4-cm? hole - - 900 8 12.9
7c Nitrogen | Plexiglas Yes Less than 3 cm3/min® | ——-— 5 450 24 13
7d Alr Alr - - ¢ - 5930 4.33 13

*Shown are the time intervals (in minutes) adopted during the heating of the sample (w min) and during the evacuation of the
system (v min). The vacuum ¢ was made in the circuit’s section (Fig. 9) that went from the (closed) valve d (o the (open) valve
e, which included the coil and the copper capillary tube (14 ¢cm?). This section was connected to the high-vacuum 7-¢ bottle. The
heating system was made up of an electric resistance set at one end ot a copper rod (10 X 1 X 0.5 c¢m); the other end was fixed
on a middle loop of the palladium coil with a <10-mm? contact between the two metals. In some trials, hot air (~150°C) was
blown through a copper tube (of 3>-mm diameter) on the palladium coil. In every trial where the coil had an outside cover, some

water was formed.
bIncluded hydrogen dispersing in air without interacting.
“Hot-air heating (150°C)

dixchange through continuous nitrogen flow (from bottle) in the coil outside cover.

*Continuous electric heating at constant power.

the path of the charged particles!” in the photographic
emulsion. These are dotted lines formed by clusters of
silver atoms whose size and position mostly depend upon
the mass, the energy, and the electric charge of the particle.

Bare films were exposed by putting them directly
m contact with the coil, and flms covered with black
cardboard (0.27 mm thick) were exposed at different
distances, always in a dark room. A bare film was rolled
up and placed mside the coil. As can be noted (Figs. 4
and 5), the density of the tracks is high in portions of
film near the coil. On them, the particles have left longer
or shorter tracks according to the angle of incidence. The
particles are monatomic hydrogen ions, ions from other
clements, and nuclear fusion products, among which there
arc fast neutrons (Fig. 10c). Every exposed film also re-
veals tracks of recoil 1ons formed through the collision
of particles with the film atoms (mostly hvdrogen atoms
and other atoms as carbon, silver, bromine, etc.). There
are also star!*!> branches generated through the fission
of the film’s atoms. Figures 4, 5, and 10 show a few of
the very many events present in the films exposed to the
radiation that emanated from the coil. The little white
rings are microbubbles caught in Canada balsam used dur-
ing microscopic photography.
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Figure 11 shows the configuration of an unexposed
film, Fig. 1 1b that of a bare film exposed in a dark room
for 1425 h: the thin tracks are a characteristic of the film.
In Fig. 12, two tracks of alpha particles from natural tho-
rium arc shown.

Figures 4, 5, 10, and 12 show, on the left, films with
tracks of charged particles and, on the right, regions of
the same films enlarged ten times. The photographic emul-
sion layer closer to the coil is marked with I, the other
with 11, and for an overexposed film, with 11l and 1V.

Vil. CONCLUDING REMARKS

This research work highlighted two basic aspects con-
ceming exothermic reactions induced by hydrogen-
loaded palladium samples whenever they arc exposed to
the same or a different gas.

The former aspect takes into account {usion reactions
of hydrogen atoms that produce helium during their stay
mside the palladium sample. It has been found that the
amount of helium produced is related to the sample shape
and to the presence of reactive surfaces. Experimental data
have shown that samples having reactive surfaces pro-

2

duce helium at a rate of 18 billion atoms-s™' -cm 2,
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Fig. 10. (a) and (b) Bare film in contact with the outside of the coil, exposure time 20.75 h. Tracks in the IV layer, length: & =
1.5mm; 8 =9.21 mm. (c) and (d) Film wrapped in black cardboard (8.27 mm), exposure time 96.38 h at 65 cm from the
coil. A shield made with 2 bricks (2.04 g/cm?) with a total thickness of 11 cm was placed between coil and film at 20 cm
from the coil. Tracks in the I layer, length: &« = 3.22 mm; § = 1.63 mm.

The latter aspect concerns other nuclear fusion reac-
tions (tracks in photographic emulsion) and chemical re-
actions (water formation) that happen together with the
aforementioned ones, when palladium samples are taken
out of the container, under hydrogen pressure, and ex-
posed to the atmospheric air. The reactive surfaces play
a basic role even in this case, since they allow the spon-
tancous initiation of exothermic reactions that increase
the temperature of the model up to hundreds of degrees.

Measurements carried on over long time intervals,
30 cm far from the palladium samples (both inside and
FUSION TECHNOLOGY
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outside the brass container), proved that the increase of
radiation to the background (gamma rays, fast neutrons)
is negligible.

Nevertheless, the proposed results concern samples
made of palladium; we consider it possible that other met-
als and alloys may have the same behavior. In our opin-
ion, in the light of the results obtained during this research
work, the exploitation of a continuous and clean heat
source from an exothermic reaction (both nuclear and
chemical) induced by the Pd-H,-air system may be con-
sidered possible.
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Fig. 11. (a) Unexposed film; beside the Ag atom clusters, there are thin tracks, which are a characteristic of this type of film;
(b) bare film exposed for 142.5 h in a dark room.

Fig. 12. (a) and (b) Alpha-particle traces that emanated from a natural thorium source.
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