JOURNAL OF CONDENSED
MATTER NUCLEAR SCIENCE

Experiments and Methods in Cold Fusion

VOLUME S5, June 2011




JOURNAL OF CONDENSED MATTER NUCLEAR SCIENCE

Experiments and Methods in Cold Fusion

Editor-in-Chief
Jean-Paul Biberian
Marseille, France

Editorial Board
Peter Hagelstein Xing Zhong Li Edmund Storms
MIT, USA Tsinghua University, China KivaLabs, LLC, USA
George Miley Michael McKubre Akito Takahashi
Fusion Studies Laboratory, SRI International, USA Osaka University, Japan

University of Illinois, USA



JOURNAL OF CONDENSED MATTER NUCLEAR SCIENCE

Volume 5, June 2011

© 2011 ISCMINS. All rights reserved.

This journal and the individual contributions contained in it are protected under copyright by ISCMNS and the following
terms and conditions apply.

Electronic usage or storage of data

JCMNS is an open-access scientific journal and no special permissions or fees are required to download for personal
non-commercial use or for teaching purposes in an educational institution.

All other uses including printing, copying, distribution require the written consent of ISCMNS.

Permission of the ISCMNS and payment of a fee are required for photocopying, including multiple or systematic
copying, copying for advertising or promotional purposes, resale, and all forms of document delivery.

Permissions may be sought directly from ISCMNS, E-mail: CMNSEditor@iscmns.org. For further details you may
also visit our web site: http:/www.iscmns.org/CMNS/

Members of ISCMNS may reproduce the table of contents or prepare lists of articles for internal circulation within their
institutions.

Orders, claims, author inquiries and journal inquiries

Please contact the Editor in Chief, CMNSEditor @iscmns.org or webmaster @iscmns.org



J. Condensed Matter Nucl. Sci. 5 (2011) 1-154
©2011 ISCMNS. All rights reserved.

) of

densed

ot & Matter Nuclear
‘. Science

JOURNAL OF CONDENSED MATTER NUCLEAR SCIENCE

Volume 5

2011

CONTENTS

PREFACE

RESEARCH ARTICLES

Modification of Pd—H» and Pd-D; Thin Films Processed by He—Ne Laser
V. Nassisi, G. Carettom, A. Lorusso, D. Manno, L. Fama, G. Buccolieri, A. Buccolieri and
U. Mastromatteo

Study on the Phenomenon Reported “Neutron Generation at Room Temperature in a
Cylinder Packed with Titanium Shavings and Pressurized Deuterium Gas”
Takayoshi Asami

Role of PdO Surface-coating in CMNE D(H)-Gas Loading Experiments
A.Takahashi, R. Seto, Y. Fujita, A. Kitamura, Y. Sasaki, Y. Miyoshi and A. Taniike

Issues Related to Reproducibility in a CMNS Experiment
Jeff Driscoll, Mike Horton, Ludwik Kowalskiand and Pete Lohstreter

Time-resolved Measurements of Loading Ratios and Heat Evolution in D, (and Hp)-Pd-Zr
Mixed-oxide Systems

Akira Kitamura, Yuki Miyoshi, Hideyuki Sakoh, Akira Taniike, Akito Takahashi, Reiko Seto
and Yushi Fujita

Energy Exchange In The Lossy Spin-Boson Model
Peter L. Hagelstein and Irfan U. Chaudhary

Dynamics in the Case of Coupled Degenerate States
Peter L. Hagelstein and Irfan U. Chaudhary

Second-order Formulation and Scaling in the Lossy Spin—Boson Model
Peter L. Hagelstein and Irfan U. Chaudhary

17

34

42

52

72

87



Local Approximation for the Lossy Spin—boson Model
Peter L. Hagelstein and Irfan U. Chaudhary

Coherent Energy Exchange in the Strong Coupling Limit of the Lossy Spin—Boson Model
Peter L. Hagelstein and Irfan U. Chaudhary

Generalization of the Lossy Spin—Boson Model to Donor and Receiver Systems
Peter L. Hagelstein and Irfan U. Chaudhary

102

116

140



PREFACE

I am very pleased to announce the publication of the fifth volume of the Journal of Condensed Matter Nuclear
Science. The present volume comprises 11 papers and most of them being theoretical. I hope that in the near future
more experimental papers will be available for publication.

After more than 22 years of international research in the field of Low-energy Nuclear Reactions (LENR), it seems that
major breakthroughs are in view. The original work by Stan Pons and Martin Fleischmann considered the palladium-—
deuterium couple; however, it seems that the future relies on the much less expensive nickel-hydrogen system. If this
is the case, then soon an unexpected breakthrough will occur.

The announcement on 23 March 1989 happened the day before the Exxon Valdez accident in Alaska. After
Fukushima nuclear disaster in Japan on 11 March 2011, the long awaited Cold Fusion became successful for producing
energy; finally, it has come in reality in our lives.

Jean-Paul Biberian
June 2011
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Research Article

Modification of Pd-H» and Pd—D» Thin Films Processed
by He—Ne Laser

V. Nassisi* G. Caretto and A. Lorusso
Laboratory of Applied Electronics, Department of Physics, .N.F.N.,University of Lecce, Lecce-1, Italy

D. Manno, L. Fama, G. Buccolieri and A. Buccolieri

Department of Material Science, University of Lecce, Lecce-I, Italy

U. Mastromatteo
STMicroelectronics, via Tolomeo, 1 200010 Cornaredo, Milano-I, Italy

Abstract

In this work, we performed experiments of absorption of hydrogen and deuterium gas by Pd thin films, and we compared the behavior
of these samples to unprocessed films. We also employed a continuous wave He—Ne laser to irradiate the samples inside the chamber
during the treatment, in order to increase the gas absorption. Using a scanning electron microscope (SEM) and an electron probe
micro-analyzer (EDX), we observed structures like spots on the surface of the treated samples. Inside the spots, elements other than
Pd were found. Based on these results, we determined that gas loading is an effective way to transmute elements, and the laser action
has been a very effective way to increase morphological changes in the treated samples.

© 2011 ISCMNS. All rights reserved.

Keywords: Cold fusion, Laser, Palladium thin film, Silicon, Transmutation

1. Introduction

In March 1989, Fleischmann and Pons [1] reported a large amount of excess enthalpy, and a weak level of radioactivity,
from electrolytic cells with Pd cathodes during the electrolysis of D,O. The effect only occurred when a critical threshold
of the stoichiometric ratio x = [D]/[Pd] of deuterium in palladium is achieved. The main point at issue was that the
claimed excesses of enthalpy were consistent only with a nuclear process (deuterium fusion) and that such a process at
ambient temperature and without the emission of a commensurate number of neutrons was considered to be inconsistent
with modern nuclear science.

*E-mail: vincenzo.nassisi@le.infn.it, Tel.: +39-832-297495, Fax.: +39-832-297482

© 2011 ISCMNS. All rights reserved.
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Figure 1. Boron ion distribution vs. target depth.

In the years following the announcement, many replications of excess heat and helium have been published [2,3],
and many new methods to improve the stoichiometric ratio x have been studied [4]. Possible theoretical explanations
of the reported phenomena were proposed [5,6] but they are still far from explaining all results.

Recently the gas loading method became a very effective tool to obtain high absorption of D or H gases inside Pd
metallic lattice, while at the same time keeping the level of contamination low [7]. Important results were achieved by
this method and particular attention has been paid to reproducing transmutation effects [8].

In this work, our attention was devoted to the transmutation phenomenon utilizing Pd film samples treated by gas
loading. We also implanted B in these samples in order control the nuclear processes the way Iwamura et al. have done.
The treatment of the samples was combined with a continuous wave He—Ne laser light to enhance gas loading inside
Pd thin films, as in previous studies [9].

2. Experimental Set-up and Results

Using the thermal evaporation technique, we fabricated Pd thin films of 500 nm thickness deposited on Si wafers of
about 1 cm? surface area. A 50 nm Ti layer was used to improve the adhesion between the substrate and the Pd layer.

Figure 2. Photo of experimental set-up showing the irradiated chamber.
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Figure 3. Schematic drawing of the experimental set-up. D: Deuterium gas at 4 bar pressure; T: Target; W: Quartz window; L:Convergent lens;
Laser: CW He—Ne A = 648 nm and Power density =2 mW/cm?.

These samples were implanted with B ions; a 150 keV accelerating voltage produced a maximum ion concentration at
158 nm depth in the palladium layer. Figure 1 shows the distribution of B ions versus target depth.

The thin film samples were placed in cylindrical stainless steel chambers of about 250 cm? in volume. Figure 2
shows a photo of the experimental set-up.

The chambers were equipped with at least one quartz window to allow the laser beam to irradiate the samples. To
avoid contamination, the chambers were carefully cleaned with acetone and dried in nitrogen flux before the experiment.
Subsequently a pair of Pd/Si samples has been placed inside the chambers filled with H» or D; gas to a maximum pressure
of 4 bar. In Fig. 3, we have a schematic drawing of a chamber.

Figure 4. Spots on the surface of a sample with 76 days of treatment (by D; gas only).
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Figure 5. EDX spectrum of a sample with 76 days of treatment (by D, gas only). We can observe the presence of the following elements: C, O,
Ca, AL, S, Mg, K, Na.

The samples were gas loaded, and one sample for each chamber was irradiated by a CW He-Ne laser
(A = 648 nm) from 16 July to 29 September 2004, at a laser power density of about 2 mW/cm?.

After the treatment ending, the samples were analyzed by a Scanning Electron Microscope (SEM) and
an EDX micro-analyzer. Different behaviors were revealed for samples kept in air, laser treated and with-
out laser treatment. With the samples kept in air, the film surface was smooth, with a mirror-finish. The

Figure 6. Spots on the surface of a sample with 76 days of treatment (by Hp gas and by He—Ne laser action).
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Figure 7. EDX spectrum of a sample with 76 days of treatment (by H, gas and He-Ne laser). We can observe the presence of the following
elements: C, O, Ca, Fe, Al, S, Mg, K, Na, F, Cr, Mn, Co, Ni.

samples placed in deuterium gas but not treated with lasers showed morphological modifications of the Pd-
film due to the gas absorption. Those treated with lasers showed even more morphological modifications.
The modifications consisted of the formation of spots with dimension of 1-50 um after gas loading.
Figure 4 shows an example of spots on the surface of a sample of palladium implanted with boron, loaded by D>
gas, but not laser irradiated.

Table 1. The principal detected elements in every experiment.

Hp Dy

Laser No-laser Laser No-laser
Si Si Si Si
Pd Pd Pd Pd
Ti Ti Ti Ti
C C C
(0] (0] (0]
Ca Ca Ca
K K K
Na Na Na
Al Al Al
Cr Mg Mg
Fe S
CcO

Ni

Mn

S




6 Mastromatteo et al. / Journal of Condensed Matter Nuclear Science 5 (2011) 1-6

By EDX analyser, we investigated inside the spots and found the presence of new elements such as C, O, Ca, Fe,
Al, S, Mg, K and Na. In Fig. 5, an example of the EDX spectrum of a Pd sample with 76 days of treatment is shown.
It is possible to observe the presence of many “new” elements which were not present before the treatment.

In addition, by He—Ne laser action, we found a larger number of spots and a larger number of new elements.
Figure 6 shows a SEM micrograph of a sample processed by H, gas and laser; Fig. 7 shows EDX spectrum obtained
from one spots of the sample: the new elements were: C, O, Ca, Fe, Al, S, Mg, K, Na, F, Cr, Mn, Fe, Co, and Ni.

Table 1 shows the new elements reported in the experiments. We observe that the combination between H, gas
loading and laser action on the treatment of the samples is an effective method of producing many transmutation
elements. The results with D, gas loading alone, without laser irradiation, also produce new elements, and there are
no evident differences between the number and type of elements produced with and without the laser. The laser action
increases the spot density on the surface of the treated samples, but it does not change the nature of the reaction. All new
elements were found inside the spots. None of them seems to be generated from a particular nuclear reaction between
B and D, and H. These experiments confirm the reproducibility of the transmutation phenomenon but we are still far
from clarifying the mechanism inside the crystalline lattice of Pd samples that causes the transmutations.
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Research Article

Study on the Phenomenon Reported “Neutron Generation at Room
Temperature in a Cylinder Packed with Titanium Shavings and
Pressurized Deuterium Gas”

Takayoshi Asami *

Research Institute of Innovative Technology for the Earth (retired), 9-2 Kizugawadai, Kizu-cho, Soraku-gun, Kyoto 619-0292, Japan

Abstract

This paper describes the analysis and study of the neutron generation experiment performed under pressurized and/or evacuated
conditions between room temperature and liquid nitrogen temperature, using titanium shavings and deuterium gas packed in a
cylinder. To clarify the mechanism of this phenomenon, the author has studied the experiment taking into account the characteristics
of the phase equilibrium, the metal crystal construction, the theory of chemical bond and the first principle molecular orbital
calculation. From the result of this study, it seems that the same phenomenon will happen in a similar experiment performed using
another electron deficient metal with a suitable crystal construction.

© 2011 ISCMNS. All rights reserved.

Keywords: Crystal lattice, Deuterium, Neutron generation, Octahedron cage, Tetrahedoron cage, Titanium

1. Introduction

There are many reports on deuterium nuclear fusion at room temperature. However, some of them have not had sufficient
plausible evidence to prove them and the others are doubtful.

Out of these reports, the experiments performed by ENEA, etc. appear to have been performed by suitable devices
and measurement methods [1-3]. Although it is preferable that more reproducible experiments will be executed, we
cannot deny the experimental results. It seems that they achieved neutron generation using titanium shavings and
deuterium, which is performed in a process similar to that of deuterium adsorption and desorption.

The author has intended to study the behavior of deuterium in each process of the experiment, and has studied
the conditions for deuterium atoms or deuterons to collide and the possibility of nuclear fusion occurring at room
temperature, applying both the theory of chemical bond and the first principle molecular orbital calculation.

*E-mail: takaysami@yahoo.co.jp

© 2011 ISCMNS. All rights reserved.
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2. The Main Process, the Conditions of the Experiment and Explanation of Each Step

According to the experiment performed by ENEA [1] and LANL [2], neutrons are generated during the course of
warming the cylinder containing pressurized deuterium and titanium shavings with adsorbed and/or combined deu-
terium, and at the condition of nonequiliblium such as a change of particular temperature and pressure in the process
of adsorption/desorption of deuterium in titanium.

The main process of the experiment and the conditions of the experiment are as follows:

Step I: It is the generation process of the combined material of titanium and deuterium (from here on we will call
it “combined material”’) by adsorption, etc., under the pressurized condition in the cylinder made of stainless steel.
Pressure: 2-5 MPa, Temperature: room temperature

Step 2: It is the process of the cooling of the cylinder (Ca. 80 K) in the liquid nitrogen bath.

Step 3: It is the process of removing the cylinder from the liquid nitrogen bath and leaving the cylinder to warm until
it reaches room temperature (we assume it is Ca. 300 K).

3. Generally Predictable Behavior of Deuterium Inside and/or on the Titanium Shavings in Each Step

In Step 1, deuterium will enter and subsequently diffuse throughout the crystal lattice of titanium metal, forming the
combined material.

According to other experiments dealing with the characteristics of adsorption and desorption, the deuterium behavior
in this process is similar to the graphical curve of pressure-composition isotherm adsorption with the parameter,
temperature. In particular, it is similar to the characteristics of substances that also show hysteresis as shown in Fig. 1
[4].

The type of titanium crystal has a hexagonal close-packed (hcp) structure. It is said that there are three locations,
where deuterium atoms or deuterons are able to be located in titanium crystal. The locations where deuterium atoms are
able to locate under the suitable condition are in the tetrahedral interstice (T-site), in the octahedral interstice (O-site)
formed by titanium atoms, and in the location between two titanium atoms in the c-axes of the crystal in Fig. 2 [5].

Figure 2 simply shows the structure of titanium crystal lattice and the inferred location of deuterium.

In Step 2 (the cooling of the cylinder) the saturated region of deuterium in titanium metal that expresses the length
of the plateau region in the phase diagram indicated in Fig. 1, will become greater than that of room temperature, by
the formation of combined material. In this step, it seems that deuterium atoms will go further into the titanium and
diffuse into the lattice of titanium metal.

In Step 3, because of the temperature rise, in accordance with the characteristics of phase equilibrium, some portion
of the deuterium must exit from the constrained state in titanium and the length of the plateau region in the phase
diagram becomes less than that at liquid nitrogen temperature. It indicates that some portion of deuterium in the
combined material is released to the gaseous phase over the course of the temperature rise, relating to adsorption phase
change as written standard book.

When we compare the strength of constrained deuterium in T-site and O-site and deuterium in another site, it appears
that trapping potential depth in the different sites differs with each other because the combined condition with titanium
atoms differs.

According to the experimental results [1,2], it is said that substantial bursts of neutron counts (Ca. 70 and Ca. 100,
respectively) were observed after the cylinder was removed from the liquid nitrogen bath. In the one experiment, it
says that the average count in the active period run (at desorption phase from liquid nitrogen temperature warming to
room temperature) was much higher than the previous run (at pressurized condition with thawing terms and cooling
cycles). In the other experiment, the pressurized cylinder had to experience several thermal cycles before neutrons were
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Figure 1. Pressure-composition isotherm adsorption with the parameter, temperature [4].

detected. About 1 h into the warm up cycle, when the pressurized cylinder was at —30°C, high neutron counts (~85)
were observed, followed by smaller bursts.

It is inferred that any reaction must occur in a condition of nonequilibrium, such as a change of pressure and/or
temperature.

4. The State and Behavior of Deuterium Atoms in Titanium Crystal
4.1. Analysis of the state of deuterium atoms in titanium crystal based on the theory of chemical bond
4.1.1. Bonding state of the deuterium atoms and the titanium atoms in the tetrahedron cage

In the following, the author will study the mechanism of the bonding of deuterium atoms with titanium atoms in
accordance with the theory of chemical bond, taking into account the electron orbits of titanium.

The reason why the deuterium atoms are stable in that location must be because they combine with the titanium
atoms by a specified chemical bond. As an example of an electron-deficient substance, when boron forms diborane
(B2Hg), the boron atoms cause adjacent hydrogen atoms to have ligancy (number of stable positions (potential well)
for H(D)) 2 as indicated in Fig. 3 [6,7].

It seems that a deuterium atom and the titanium atoms jointly own the valence electron located outside the argon
shell in the electron orbits of the titanium atom; the deuterium atom and titanium atoms form a coordinate bond. In the
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(a)

T-site and C-axis

O Titanium atom
@  Deuteron

Figure 2. The location of deuterons in the titanium crystal lattice [5].

following, we will study why this combination is formed.

By the same process as the formation of diborane, it seems that the titanium atoms forming the cage can also cause
the entering deuterium atom to have ligancy 2. The reason why it is deemed so is because the electron orbits and their
respective number of electrons regarding a titanium and argon atom are as follows:

Titanium: (1s2 2s2 2p® 3s2 3p®) 3d? 4s2

Argon: (152 252 2p°® 352 3p©)

According to the theory of chemical bond explained by Pauling [8], there are nine stable orbits, 3d74s4p>, outside
this shell. Even if these nine orbits are occupied by nine electrons, 0.72 is allocated as metallic orbit, leaving 8.28 for
occupancy by bonding electrons and unshared electron pairs.

On the other hand, the titanium atom has four electrons outside the saturated orbits (argon shell). As compared
to the number of electrons, four, in the part of the titanium electron orbits outside the argon shell and nine, the total

O Borane

() Hydrogen

Figure 3. The configuration of atoms in diborane, By Hg [6, 7].
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Figure 4. Ti cage models with two bridged deuterium atoms.

number of electrons outside the argon shell is far less than the preferred number of electrons to be stable, which is nine.

As a result, it seems that the electrons left from the deuterium atoms that entered the titanium metal will move
toward the titanium orbits side. On the other hand, to get to a stable condition, deuterons will have a tendency to jointly
own the electron with the titanium atoms.

As an example of diborane, Ti atom also is electron-deficient substance. So we can easily guess Ti atoms cause
two deuterium atoms to have ligancy 2 as in the case of diborane. So it seems the adsorbed two deuterium atoms will
also form ligancy 2. In this condition, it seems that two Ti atoms will prepare two bridged deuterium atoms indicated
in Fig. 4a. If two orthogonal pairs of two Ti atoms in the T-site will prepare two bridged deuterium atoms per each Ti
pair, the classical model will be indicated as in Fig. 4b.

This form is equivalent to the Tetrahedral Symmetric Condensate (TSC) model which is presented by Takahashi
[9]. It seems that four electrons that have left from each deuterium atom may form bosonized pair [9] in the outer
orbit of each Ti atom forming two orthogonal edges of the tetrahedron cage of which the edge is composed of two Ti
atoms. According to hypothesis of Takahashi, it says that strong central squeezing force may happen by TSC plus four
spin-regulated (bosonized) electrons. However, the author’s model is a form of combined material produced just after
deuterium atoms entered into Ti crystal. On the other hand, Takahashi’s model is the form with very short life assuming
when the reaction happens in transient state under the special condition. So, the author thinks that his model is different
from the author’s model, and is a model which is a work in progress.

4.1.2. Geometrical relation of the deuterium atoms in the tetrahedron cage

In the case of titanium, its crystal is in the form of a hcp structure including cages as mentioned above.

Assuming that one of the cages is a regular tetrahedron and the titanium atoms are sphere like shape, the diam-
eter of the inscribed sphere, between the three spheres of titanium atoms and within the regular triangular surface
formed by the centers of three titanium atoms, is approximately 0.502 A indicated in Fig. 5a. As the diameter of a
deuterium atom is approximately 1.06 A, if the deuterium atom intends to enter the tetrahedron cage, it must not be
as a deuterium atom (D) but as a deuteron (d) having lost an electron. In the case of deuterons, it seems that each of
them will be able to pass through the inlet of the cage provided that Coulomb repulsion is shielded, as its diameter is
approximately 10~* A.



12 Takayoshi Asami / Journal of Condensed Matter Nuclear Science 5 (2011) 7-16

(a)

d:ca 0502 A d':ca.0.709 A

O Titanium atom

Inscribed sphere

Figure 5. Conceptual figure of the tetrahedron cage in titanium crystal. (a) and (b): the diameter of the inscribed sphere.

4.1.3. Deuterons able to exist in the tetrahedron cage

Inside of the tetrahedron cage, the diameter of the inscribed sphere is approximately 0.709 A indicated in Fig. 5b. So
the distance from the center of this inscribed sphere to the center of the titanium atom is approximately 1.81 A. On the
other hand, using the average covalent radius of hydrogen, 0.3 A [10], the estimated Ti—D distance is approximately
1.78 A, assuming that both Ti—D and Ti—H distances are equal. Regarding the bridged Ti—-D(-Ti) distance, it may
slightly be longer than that of a single bond of Ti-D which is similar to the example of the distance of B-H

(Ca. 1.19 A) and bridged B-H(-B) (Ca. 1.33 A) of diborane [6]. Anyhow, the estimated Ti—D distance coincides
well with the distance from the center of the inscribed sphere to the center of the contacting spheres, Ti atoms.

4.1.4. Plausible behavior and possibility of collision of deuterons in the tetrahedron cage

As it is said, in the case of the tetrahedron cage, the location where a deuterium atom or deuteron is able to locate is in
the cage.

As previously mentioned, we can infer that combined material as indicated in Fig. 4 will be formed. After that, as
there is a stable location in the cage, it seems that the deuterium atom or deuteron in the state may intend to get to the
stable location as indicated in Fig. 6 if the condition of nonequilibrium state occurs, such as changing of deuterium

O Titanium atom ( Assumed heavy proton to intend to scramble the stable
location

. Heavy proton

Figure 6. Ti cage models with the bridged deuterium atom in the T-site.
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Figure 7. The heavy protons model in the O-site. (a), (b): a pair of counter side (plan), and (c), (d): a pair of diagonal side (plan), (e): a pair of
diagonal side (perspective).

pressure and/or temperature in the cylinder.

If plural deuterium atoms or deuterons will enter the cage, collision may occur in the cage.

The constrained two deuterium atoms at the edge of the cage without a strong Coulomb repulsion by the bridging
bond of ligancy 2 are electrically neutral. It may be that under this condition, deuterons do not need an enormous
amount of energy to collide.

If we estimate the kinetic energy of a free deuterium atom at 80 and 300 K, the energy of each is 6.9 and 25.9 meV,
respectively.

4.1.5. The state of the deuterium atoms combined with the octahedron cage formed by titanium atoms

As in the case of the tetrahedron cage, it is said that there is a location where a deuterium atom or a deuteron is able to
locate in the octahedron cage.

If we take out a quadrilateral pyramid cross section from the octahedron cage that is formed by titanium atoms, and
set our eyes to the square part composed of two titanium atoms and a summit atom, both the diameters of the inscribed
sphere within the top half pyramid and the inscribed sphere within the square cross section are Ca. 1.27 A. So if the
deuterium or deuteron is located in these locations of O-site, there is more space than in that of the T-site. As it is said,
if the heavy proton is located in the center of the O-site, the location is that of the latter of the case mentioned above.
In this cross section of the square area formed by four titanium atoms, two titanium atoms must be selected to get to
the stable condition of deuterium atoms by forming the bridging bond of ligancy 2. Geometrically, there is a total of
six possible independent Ti pairs of chemical combinations with a bridged deuterium atom in this part. These pairs are
selected from the side parts and diagonal line parts in the square which is formed by Ti atoms indicated in Fig. 7.

If we assume the two heavy protons are constrained by two diagonally opposite titanium atom pairs indicated in
Fig. 7c—e, both heavy protons in the cage will be localized along the centerline of the square, and move near the
center point of the square. If the collision of caged heavy protons occurs, chances are that it will occur by the heavy
protons constrained by two diagonally opposite titanium atom pairs of the different diagonal. However, the length of
the diagonal is Ca. 4.18 A and it is slightly longer than two times the estimated Ti—d distance, 3.56A.

It seems that it is difficult to more precisely estimate the condition for the deuterium to locate by only the theory of
chemical bond.
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Figure 8. The distribution of charge density for (2-203) plane of Ti H3 (7.69 at.% H) cluster [11].

4.1.6. The state of the deuterium atoms on the c-axis of titanium crystal

The c-axis length of titanium crystal is Ca. 4.74 A and it is said that two deuterium atoms can be located on the c-axis
between titanium atoms [5]. The nearest titanium atom from the deuterium atom is at the end of this axis. If a deuterium
atom combines with a titanium atom, it will be the titanium atom located at the end of the c-axis. Under this condition,
we cannot find special condition for deuterium atoms to collide.

4.2. Analysis based on the first principle molecular orbital calculation

At present, there are not only the analysis based on the theory of chemical bond but on the first principles calculations.
By comparison an analysis basing on a different stand point, it seems that we will be able to deduce a more precise
state of deuterium in titanium crystal.

As there is the research of electronic structure of the Ti—H solid solution by a first principle molecular orbital
calculation, the author cites in Figs. 8 and 9 [11]. Figure 8 shows the distribution of charge density around a hydrogen
atom on Ti—H solid solution cluster.

Essentially, both the distance and the bonding force between Ti atom and H atom in the symmetrical location can
be the same as each other. The bond between the second nearest Ti atoms (Ti®®) from the H atom in the center is
strongly formed with each other. However, there is clear difference in the bond between the first nearest Ti atoms (Ti®)
and Ti®®. In diagonally face side Ti atom pairs surrounding H atom, there is a slight difference in the distribution of
charge density between vertical and horizontal bonds of Ti and H atom in Fig. 8. It seems that there is a possibility the
horizontal 2 face side Ti atoms pair may cause the hydrogen to have ligancy 2, although, of course, the resonance will
occur between these pairs .

Figure 9 [11] shows the density of states of solid solution. In Fig. 9, density of state of 3d orbital of titanium
decreases with increasing of hydrogen content and that of 4s orbital of titanium also slightly decreases with increasing
of hydrogen content. It means that the electrons of 3d orbital of metallic bond is used for bonding between Ti atoms
and the hydrogen atom.

In a regular octahedron cage, each orthogonal plane including the center line and the diagonal line of the square
to (2-203) plane also has two diagonally face side Ti atom pairs. So it means that another Ti pair in the other planes
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can cause hydrogen to have ligancy 2 if there is a hydrogen atom between them. On the other hand, there is only one
location where H is stable is in the octahedron cage.

So, in a condition of nonequilibrium state inside and/or outside Ti metal, such as changing deuterium pressure
and/or temperature, if deuterium atoms or deuterons scramble the location of each other, collision may occur near the
center of octahedron cage.

As another inference of this analysis, in Ti metal composed of dense crystal, it seems that it may be difficult for two
deuterium atoms in ligancy 2 to exist as indicated in Fig. 4. except Ti atom pair at cleavage plane and/or metal surface.

In other chance, the author would like to also analyze the tetrahedron cage, from both the theory of chemical bond
and the first principles calculations.

5. Discussion and Conclusion

To clarify the mechanism of neutron generation experiment, the author analyzed the site and state of adsorbed deuterium
into titanium metal, basing on both the theory of chemical bond and the first principle molecular orbital calculation.

As aresult, it seems that the titanium atoms forming the cage cause the deuterium atom to have ligancy 2, especially
at diagonally 2 face side Ti atoms in octahedron cage, from both the theory of chemical bond and the first principle
molecular orbital calculation.

If two bridged deuterium atoms combine with two Ti atoms as “combined material”, as same as that of diborane
and bosonized electrons are produced in the orthogonal Ti pairs of the tetrahedron cage, its form is equivalent to TSC
form presented by Takahashi. However, their images of each concept are different from each other.

On the other hand, taking into account of the result of the first principle molecular orbital calculation, it seems that
the driving force for deuterium to collide may be scrambling force to get to the stable location by the deuterium atoms
between different diagonally two face side Ti atom pairs in the octahedron cage. This situation may occur in a condition
of nonequilibrium state, such as the change of temperature and/or pressure.

:;. .
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Figure 9. Density of states from (a) Ti, (b) TiH1 (2.70 at.% H), and (c) TiH2 (5.26 at.% H) cluster [11].
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If the above-mentioned concept on the room temperature nuclear fusion is right, the observed phenomenon may
also occur in an experiment under the condition of nonequilibrium state, such as changing pressure and/or temperature
even with another element which is electron deficient, has suitable crystal construction and adsorbs the deuterium.
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Abstract

The PdO-coated layer of Pd-nano-particle may arrange fractal nano-dips on its surface when D(H)-gas is charged and de-oxidation
molecules (DO or HyO) are released. Fractal nano-dips may make local deep adsorption potentials, through which rapid penetration
of D-atoms (ions) into deeper Pd-local lattice (Bloch potential) O-sites of nano-particle may be induced, to realize full or over-full
D(H) loaded state (x >1.0) of PdDx in a short time of the Phase-I process. Formation of D-clusters, such as 4D/TSC on surface
may be enhanced at nano-dips. A phenomenological model of quasi-free D-motion under constraint of the Bloch potential within a
global mesoscopic potential well is proposed for the Phase-II phenomena, where nuclear heating by 4D fusion reactions may rather
steadily take place. Generation of collective mesoscopic potential well (CMPW) will make a Pd nano-particle with PdO working as
“mesoscopic catalyst” which realizes very large D(H)-loading ratios and anomalously large chemical heat releases both for H-gas
and D-gas loading.

© 2011 ISCMNS. All rights reserved.

Keywords: Anomalous heat, Collective mesoscopic potential, D-gas loading, Mesoscopic catalyst, Over-full D/Pd loading, Pd
nano-particle, Phenomenological model, Role of PdO, Sub-nano dip

1. Introduction

We of the Kobe Group have reported newer results on anomalous D(H) absorption and excess heat by nano-Pd/Metal-
Oxide dispersed samples in the JCF10 meeting 1,2 , 5-6 March 2010, Tokyo, and also in the ACS-2010 NET Sympo-
sium7, 21-22 March 2010, San Francisco.

*Note: This paper is submittal to the 9th International Workshop on Anomalies in Hydrogen/Deuterium Gas Loaded Metals, 17-19 September 2010,
Siena, Italy.
TE-mail: akito@sutv.zaq.ne.jp
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Figure 1. Experimental procedure of D(H)-gas charging to Pd/ZrO; powder samples and reduction of PdO.

Two new findings were reported there: (1) Forced oxidation of used Pd/ZrO; samples showed remarkable recovery
effects on D(H)-loading ratios and heat release rates in the Phase-I interval of D(H)-charging experiments. (2) By
time-resolved (time-dependent) measurements of D(H)-loading ratios, we have found the “new second phase” after the
Phase-I. At the end of Phase-I, D(H)/Pd ratios became 1.1-1.2 with integrated specific heat-energy 0.83-2.0 eV/atom-
Pd. At the end of new second phase (Phase-II) with slower change of D(H)-absorption, additional low level heats were
recorded. The third phase (Phase-III) was redefined for the time-period after D(H)/Pd ratios were saturated in Phase-II.
We discuss on what kind of underlying physics is there, by proposing a phenomenological model which may relates to
the TSC theory [3-5], for the emerging condensed matter nuclear effects (CMNE).

Reduction process of PdO in samples under D(H) charging is first discussed briefly in this paper. Secondly and
mainly, the role of PdO surface coating of Pd nano-particle is discussed using a phenomenological (speculative) model
on what happens under D(H) charging to induce a mesoscopic catalyst potential and the D-cluster formation and 4D/TSC
fusion. We summarize discussions as;

(1) The de-oxidation of PdO may be made mostly during the baking processes between D(H)-loading runs, because
of high level D(H)-density under degassing process at relatively high (473 K) temperature which may enhance
D>0O (H,0) chemical formation.

(2) The PdO-coated layer of Pd-nano-particle may arrange fractal sub-nano-dips (sub-nano-holes; SNH) on its
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surface when D(H)-gas is charged and de-oxidation molecules (DO or H;O) are released to vacuum.

(3) Fractal sub-nano-dips may make local deep adsorption potentials, through which rapid penetration of D-atoms
(ions) into deeper Pd-local lattice (Bloch potential) O-sites of nano-particle may be induced, to realize full or
over-full D(H) loaded state (x >1.0) of PdDx in a short time of the Phase-I process.

(4) Formation of D-clusters, such as predicted by the TSC theory [3—5] on surface may be enhanced at sub-nano-dips
already in the beginning of Phase-I D(H)-loading process and 4D/TSC fusion may take place with considerable
probability.

(5) D-motion in a “mesoscopic deep collective potential” of the nano-PdDx system may be quasi-free to enhance
transient D-cluster (4D/TSC [3-5]) formation probability around tetrahedral sites of local Bloch (periodical-
lattice) potential inside a PdD nano-particle. This state can be modeled by the non-linear combination of two
oscillations, i.e., one (longer pendulum in approximation) by the deep (about 1.5 eV deep) well-type collective
potential and the other (shorter pendulum) by the lattice-type periodical three dimensional Bloch potential
(about 0.22 eV deep). The shorter pendulum may have “high excited energy” to realize very mobile D-motion
under the constraint of three-dimensional local PdD lattice arrangement, within the mesoscopic global deep
potential well.

(6) Generation of collective mesoscopic potential well (CMPW) will make a Pd nano-particle working as “meso-
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Figure 2. Comparison of typical heat evolution data for PP (0.1 um diam. Pd powder), PB (300 mesh Pd-black powder) and PZ(10 nm-Pd-nano-
powder dispersed in ZrO; flakes).
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scopic catalyst” which realizes very large D(H)-loading ratios and anomalously large chemical heat releases
both for H-gas and D-gas loading.

2. Formation and Reduction of PdO Surface Layer of Pd-nano-particles

Virgin samples of Pd/ZrO; (PZ in abbreviation) as provided from the maker (Santoku Co., Kobe, Japan) contained
oxygen in the form of PdO/ZrO, with 100% PdO and ZrO,.

Before the first D(H)-charging runs (by the twin system [1,2,7]), we set up PZ samples in reaction chambers of the
twin system, evacuated the chambers and baked samples at 200°C to remove “already absorbed” impurity gases. Since
samples have been reserved in air for a few months, Pd-particles (PdO) would have absorbed a considerable amount of
hydrogen in air (0.01% of air is Hy gas, 10'> H, molecules per cc air). During a baking process, significant portion of
PdO would have been de-oxidized by forming D,O (H,O) vapors to be evacuated. PZ samples may be a composite of
(PdO),Pd,/ZrO; with x + y = 1.0. We have then made the first D(H)-charging runs to observe D(H)/Pd loading ratios
and heat—power evolution in Phases I-III. Before the second D(H)-charging runs for used PZ samples, we have made
evacuation and baking. In this second baking stage, we speculate that almost 100% reduction of PdO would have been
done by “water-formation” reactions between out-going D(H) atoms and oxygen atoms in PZ sample under the elevated
temperature (200°C) which enhanced chemical reaction rates. Such an experimental procedure as above mentioned is
flow-charted in Fig. 1.

We refer an essential results of Kitamura et al. PLA 2009 paper [6], for heat—power evolution data under D(H)-gas
charging to three kinds of Pd powder samples (PP, PB and PZ), as shown in Fig. 2.

How can we explain the results of anomalously enhanced heat—power evolutions for PZ samples both for D- and
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Figure 3. Definition of phases I and II intervals for the D(H)-gas loading experiment [6,7]).
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Figure 4. An atomic scale cross sectional image of PdO-layer coated (30%, y = 0.3) Pd nano-particle (5 nm diameter); here we used relative sizes
of ionic radii and D, molecule, and fractal surface structure is supposed to make a role enhancing deeper adsorption potential for D(H)-gas.

H-charging, and why D-charging gave significantly larger heat—power in Phase-I and only gave positive heat—power
level in Phase-II1? What is a role of PdO component, since the second D(H)-charging runs with used samples (without
PdO component) gave very reduced D(H)/Pd-loading ratios and heat? Experiments with forced oxidation [1,2] (4-8%
of total Pd amounts) to used PZ and PNZ (Pd/Ni/ZrO,) samples showed remarkable recovery for D(H)/Pd ratios (up to
1.1-1.8) and heat levels (0.8-2.0 eV) in Phase-I. What is the mechanism for that? Are these phenomena related to the
proposed mechanisms of Takahashi’s TSC formation models and D-cluster (4D, typically) fusion reactions?

3. A Phenomenological Model of D(H)-Adsorption/Absorption with PdO Layer

We propose phenomenological models in Sections 3 and 4 for the phase-I and phase-II phenomena as defined in [6].
We show a modified figure for helping this purpose in Fig. 3.

From our analysis of forced-oxidization experiments [7], we have speculated that a portion of PdO at the beginning
of first (virgin) D(H)-charging run maybe around 30% (y = 0.3 or so). Assuming a formation of PdO surface layer
(coating with y = 0.3) of Pd nano-particle, an image of atomic scale cross section of PdO/Pd nano-particle (5 nm
diameter, for instance) is shown in Fig. 4. By TEM image of used sample (as to be reported by Kitamura ICCF 16
paper, and also we reported [7,17] at ACSNET 2010), 2—10 nm PdO/Pd particles are dispersed in/on ZrO; flakes with
several micro-meter size. We assume here PdO/Pd particles are kept as isolated each other in a supporter ZrO, flake.
Position of oxygen-atom can be interstitial or substitute for Pd-atom, but we draw here simply as substitute of Pd-atom.
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We are going to propose a mechanism that oxygen of PdO layer will serve as a “seed” for generating a “sub-nano-
hole” (SNH) when D(H)-gas will be started to charge and formation of DO (H,O) by incoming D,(H3) gas molecule to
combine (de-oxidize PdO) with oxygen. Formed D> O (H,O) molecule will go out to vacuum, and a SNH with chemical
electron dangling bonds will be generated. As the trapping potential of SNH will be “very” deep (strong sticking force
by electron-dangling bonds), incoming D, molecules will be doubly (or more) trapped there to form a transient TSC
(transitory Bose—Einstein condensate) with certain probability. The image of such TSC formation is speculative at this
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stage, and we need a further deepened study based on the first principle type quantum-mechanical calculations using
time-dependent coupled Schroedinger equations for the SNH composition of three dimensional Pd-atoms arrangement

and in-coming D> molecules. However, this is not so easy task.

Once a TSC (¢ = 0) is formed, very fast (in 1.4 fs) condensation happens to make a very small (in 10-20 fm diam.)

charge neutral entity (TSC-min) which will cause 100% 4d-simultaneous fusion to produce two “*He products with heat
(23.8 MeV/*He) [3-5]. Image of such a process is illustrated in Figs. 5—8. After such an event of D5 trapping at SNHs,
remained surface fractal nano-holes will trap more incoming D(H)-gas and enhance “rapid diffusion” into inner PdDx
lattice points (namely O-sites of local PdD lattice), as we speculate existence of “D(H)-pressure” from backside where
trapping of D> molecules is taking place one after another and accumulating “surface D-clusters”.
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Figure 10. Normalized heat evolution curves in Phase-1 for PZ-1(2)#1 runs [7].

As shown in an inset (right top) of Fig. 7, 1 g of Pd nano-powder contains 5 nm-diam. nano-partilces of 10'® (of
the order). Since 10! 4d/TSC fusion events corresponds to 1 J, one watt heat-level is maintained by a TSC formation
rate of “one over 10 million Pd nano-particles per sec” for PZ sample containing 1 g net Pd atoms. This condition looks
feasible, in reference to observed heat—power evolution levels by Kitamura et al. [1,2,7].

A typical data reported by Kitamura et al. [7] for Phase-I is expanded and is shown in Fig. 9. We can consider
that the heat—power evolution curve for H-charging is purely by chemical heat producing reactions, while the curve for
D-charging may have component of some isotope effect, probably “nuclear heating” as shown with specific patterns
(see arrows). Data by the twin system [7] gave different end-points of Phase-I for the H-charging and D-charging,
respectively, and D(H)/Pd loading ratios are slightly different. We can draw normalized curves by adjusting time-
intervals of Phase-I and loading ratios, as shown in Fig. 10.

From Fig. 10, we can have impression that a beginning peak and a later bump of heat-power evolution in the
D-charging run look like "nuclear heating components", while bumps around 200 min are due to a pure chemical
heat-power evolution. We have observed and deduced similar normalized heat-power evolution curves, three times,
for PZ virgin samples (10 g each) in 2008-2009. Hioki, et al (Toyota Central Research Laboratory) reported8 similar
heat-power evolution curve having a very clear peak (sharp spike) in the beginning and a broad bump later for a PZ
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Figure 11. Observed “rapid” heat response is broadened by indicial response of calorimetry, assuming a single exponential “nuclear heat evolution
by D-absorption in Phase-1. Such a “nuclear response” may be a superposed component in observed heat evolution data for D-gas, in comparison
with rather smooth response by H-gas.

sample (from Santoku Co.) of 54 g. To assure that this is really due to nuclear (fusion) heat, we have of course to
detect correlated ash (maybe alpha particles, other minor charged particles, secondary X-rays, EUV and visible lights)
on line and/or off-line. This is our future task.

From Fig. 10, we can have impression that a beginning peak and a later bump of heat—power evolution in the
D-charging run look like “nuclear heating components”, while bumps around 200 min are due to a pure chemical
heat—power evolution. We have observed and deduced similar normalized heat—power evolution curves, three times,
for PZ virgin samples (10 g each) in 2008-2009. Hioki et al. (Toyota Central Research Laboratory) reported [8] similar
heat—power evolution curve having a very clear peak (sharp spike) in the beginning and a broad bump later for a PZ
sample (from Santoku Co.) of 54 g. To assure that this is really due to nuclear (fusion) heat, we have of course to
detect correlated ash (maybe alpha particles, other minor charged particles, secondary X-rays, EUV and visible lights)
on line and/or off-line. This is our future task.

On the other way of precisely observing time-dependent behaviors of heat evolution in the beginning just after
D(H)-charging, we may obtain anomalously large isotopic effect, namely too large difference of heat—power levels
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Figure 12. Heat evolution curves and n-values for PZ-11(12)#3 runs; nuclear heating looks appearing in the early stage circled by a red broken
elliptic line, for D-gas charging. Amounts of PdO components in PZ-11(12)#3 runs, by forced oxidization, are 8.5 % (5.4 %) for D (H), respectively.

between D-gas and H-gas runs. By exploring such a phenomenon, we may have dynamic information of heat release
mechanisms by “new kind of D-related nuclear reactions” such as 4D/TSC cluster fusion.

We can feel now vividly, by such normalized heat—power evolution runs taken by a twin system, that released
heat—power by D-charging has a significant component of “some D-related fusion” reactions, due to its time-dependent
shapes very different from those for H-charging.

The mechanism of D(H)-absorption in Phase-I is independent of that in Phase-II (the new second phase [2]).
The former is a rapid process of absorption with relatively large heat—power level, while the latter looks a slow
adsorption/absorption process with relatively weak (about 1/10 of that in Phase-I) heat power level albeit having similar
integrated D(H)/Pd loading ratio components (0.5-1.0). Time-dependent D(H)-absorption rate in Phase-I drew decay
curves of almost same rates both for D- and H-charging. This fact is another background that the heat—power evolution
for D-charging (Fig. 10) looks like containing component by nuclear origin.

Our calorimetry system had a time resolution (time constant) of 5 min and observed heat evolution curve became a
convolution with its indicial response and exponential absorption rate. If heat release rate is constant (a step function),
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we need to wait about 20 min to get saturated (real) power level. However, if we have rapid heat release, as supposed as
some surface nuclear reaction, we may have a local peak of heat—power evolution, as shown by simulation in Fig. 11.

Actually observed example of heat responses by H-charging, namely “pure” chemical heat—power evolution curve
and energy per an H sorption (adsorption/absorption), n value (13), is shown in Fig. 12, where data by D-charging
are drastically different. These runs after the forced oxidization realized significant recovery of heat—power levels and
D(H)-loading ratios, in reference to the virgin runs. Heat evolution just after the D-charging has a peak, (see arrows)
while that by the H-charging slowly rises without a “corresponding peak”, which is considered (speculated) due to the
surface 4D/TSC fusion as shown in Fig. 5. The secondly interesting point is that the D-charging gave more than twice
longer-lasting (about 10 hours) heat power than that (about 3 hours) of the H-charging. Evolutions of time-dependent
n values are compared between the D-gas charging and the H-gas charging to show “drastic isotopic effect”. Such a
big “isotopic effect” is difficult to be explained by usual chemical (electrons-interaction) effects, and needed to explore
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Figure 17. Surface and inner D(H)-trapping potential for a bulk-character Pd metal [9].

some “nuclear origin”. Ratio of n values (n-D/n-H) are very large (more than 10) in the beginning few minutes after
D(H)-charging. Such a big isotopic effect infers the need of explanation by a rapid heat release mechanism of some
nuclear reaction as 4D/TSC fusion on surface.

Now we come back to follow the simulation after Fig. 8 for D(H)-absorption into Pd nano-particle. Double D;
trapping in an SNH does not always make a TSC, but does make reaction with near-by oxygen to form D, O molecules
and extended SNH as shown in Fig. 13. Through the extended SNH, deuterons trapped diffuse to inner O-sites as
shown in Fig. 14.

In Fig. 15, we draw an image of D-diffusion enhanced by pressure of incoming deuterons from behind through the
extended SNH. Finally, at the end of Phase-I, Pd nano-particle is fully loaded (PdD, x = 1.0), but we have additional
trapped deuterons on surface (in SNHs) and apparent x-value becomes more than unity, typically as we can roughly
calculate from the drawing, x = 1.1-1.5 which agrees well with observed Phase-I D(H)/Pd ratios [1,2,7]. This feature
is drawn in Fig. 16.
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4. A Phenomenological Model in Phase-1I

As shown in Fig. 16, PdD local lattice may be formed inside a Pd nano-particle in Phase-II. We have in addition
trapped deuterons (possibly making D-clusters) on surface SNH. For a known characteristics of bulk Pd metal for D(H)
absorption, we have potential forms as shown in Fig. 17 for the surface adsorption and trapping (absorption) in inner
lattice O-sites [9].

The surface adsorption energy (depth of potential) is 0.5 eV and lattice absorption energy is 0.2 eV, as evaluated in
a standard text book [9]. Therefore heat release level for a bulk Pd sample is around 0.2 eV per D(H)-absorption, since
number of trapped deuterons on surface is negligible. In contrast, observed specific absorption energy by PZ (and PNZ)
samples are very large, namely around 2.0 eV per D(H), about 10-fold of the bulk value (0.2 eV). To explain observed
anomalous values of D(H) loading under as “rapid loading process as observed” and such high specific “chemical”
heat-energy level, we need to propose some new mechanism. We speculate and model that surface adsorption potential
becomes very deep as 1.5-1.8 eV for a nano-Pd particle and local periodical Bloch potential should be in “shrunken
state as shown in right figure of Fig. 18. Here anomalously high chemical heat releases are considered both for D-gas
and H-gas charging procedures.

Existence of PdO surface “barrier” and formed SNHs would make very deep D(H) adsorption potential on surface
(1.5-1.8 eV deep, speculated by our experiments [9]), which is categorized as an collective mesoscopic potential well

Quasifree D-motion in coupled oscillation
of Long Pendulum plus Short Pendulums

‘ A) Bulk Pd Lattice | B) Mesoscopic Pd Lattice
Surface
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Figure 18. Collective shrunken state potential of Pd nano-particle for D(H) trapping, right figure, compared with a bulk metal trapping potential,
left figure.



30 A. Takahashi et al. / Journal of Condensed Matter Nuclear Science 5 (2011) 17-33

Palladium Deuterium

FTo1 v OG@—T—
O DO -

W JOI Jof |

M sere®

. JOK JOX¢ .

Stable

D-Cluster Formation
Probability will be
Enhanced at around
T-sites.
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which has formed a collective mesoscopic potential well (CMPW).

(CMPW, or a global potential for a nano-particle). Inside a CMPW confinement, three-dimensional PdD lattice (Bloch)
potential exists as local fine structure in “shrunken state”.

The CMPW potential induces a QM non-harmonic oscillation, and the local Bloch potential induces a QM harmonic
oscillation (wave function becomes a Hermite function, of which ground state is Gaussian and highly excited state has a
U-shape wave-function). Two QM oscillations combine non-linearly [14] to make D-motion in a nano-Pd particle highly
free (quasi-free) under the three dimensional constraint of PdD Bloch structure. This quasi-free motion of deuterons
inside a mesoscopic nano-particle enhances very much probability of TSC (tetrahedral symmetric condensate [3-5])
formation as we give an image of QM wave superposition in Fig. 19 [10].

Generation of CMPW will basically make a Pd nano-particle working as “mesoscopic catalyst” which realizes
very large D(H)-loading ratios and anomalously large chemical heat releases both for H-gas and D-gas loading. If
anomalously large heat observed for H-gas run is by this process, some endothermic (slow heat sink) process should
exist before we made de-sorption runs for which we observed [13] only about 1/10 levels of heat absorption, compared
with released heat levels for the sorption runs, both for D- and H-absorbed samples.
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In Fig. 20, we show a flow-chart drawing of considered useful potential forms in Coulombic (electro-magnetic)
and nuclear strong interaction, starting from a simple system of atom and two nucleons to more complex systems as
D-cluster, mesoscopic nano-particle and bulk material. By defining useful potentials for interactions in every step, we
can extend quantum-mechanical (QM) analysis by using many body Schroedinger equations (or dynamic equations as
QM-Langevin equation [3-5]). Fusion reactions in microscopic random systems (gas and plasma) can be treated by
using a simple Coulombic potential and a one pion exchange potential (OPEP) [11]. For D-cluster systems, we can
apply special trapping potential-forms for Coulombic interactions based on Platonic symmetry (orthogonal coupling)
between electron wave functions and deuteron wave functions. For multi-body strong interactions of 4D, 6D, 8D, etc.
cluster fusion reactions, we can use an empirical formula of PEF (pion exchange force) [12].

The specific nature of condensed matter is of constraint (ordering or self-organization) motion of particles with
lattice regularity or surface fractals. A global shrunken state potential well for trapping D(H) atoms in deep hole will
realize a non-linear oscillation mode coupled with harmonic oscillation in PdD lattice, which makes deuteron motion
inside a nano-particle quasi-free under ordered constraint to induce enhanced cluster (TSC) formation probability. A
bulk Bloch potential (periodical) is useful for established states of D(H) absorption. We speculate that D-cluster fusion
is induced in the states of D-cluster and D-mesoscopic systems.
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Figure 21. Typical four steps for TSC condensation and simultaneous 4d fusion.

We copy lastly typical four steps of TSC motion and 4d fusion in Fig. 21.

5. Concluding Remarks

(1) With a PdO surface layer, sub-nano-holes (SNH) are formed in the beginning of D(H)-gas charging. This SNH
would become a seed of “anomalous phenomena” in D(H)-loaded Pd nano-particle samples.

(2) PdO layer also helps to make up a global deep mesoscopic trapping potential well which is a shrunken state of
local PdD lattice Bloch potentials inside a nano-particle.

(3) In SNHs, formation of 4D/TSC is largely enhanced in the Phase-I interval of D(H)-gas loading. 4D fusion thus
induced may be a main nuclear component of heat release in Phase-1.

(4) Within a global mesoscopic potential with local Bloch potentials, quasi-free D-motion is induced by non-linearly
coupled oscillations for the global QM state (long pendulum) and a local harmonic oscillator (short pendulum).
Anomalous heat by D-charging in Phase-II may be by 4D/TSC fusion of this process.

(5) Generation of CMPW will basically make a Pd nano-particle working as “mesoscopic catalyst” which realizes
very large D(H)-loading ratios and anomalously large chemical heat releases both for H-gas and D-gas loading.
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Abstract

Unexplained emission of charged nuclear projectiles due to electrolysis has been reported by Richard Oriani. Experimental results
were said to be highly reproducible. Working independently, we were not able to observe emission of charged nuclear particles (in
a chemical process similar to Oriani’s) and therefore are unable to provide supporting evidence that the effect is reproducible.
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1. Introduction

Radioactivity, such as emission of alpha particles, has long been thought to be independent of chemical processes,
such as electrolysis. The same is true for nuclear reactions including fusion and fission. The reason for this is that the
kinetic energies of molecules in a typical chemical process are too small to overcome the Coulomb repulsion between
positively charged nuclear particles [1]. This expectation was challenged by Pons and Fleischman [2], Oriani [3, 4], and
other scientists, as described by Storms [5]. We were attracted by Oriani’s work because his findings were impressive
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(a nuclear process taking place during electrolysis) and his methodology was simple. Our goal was to either confirm
or refute the claimed reproducibility of the effect.

The electrolyte in Oriani’s cell, Li» SOy, is usually dissolved in light water at the concentration of 0.022 g per cubic
centimeter. The cathode electrode is usually nickel while the anode electrode is usually platinum. To detect charged
nuclear particles, Oriani uses CR-39 chips. This method of detection is widely used in personal neutron dosimeters
as well as in other fields of research [6] such as measuring the amount of radon in the air and studying thermonuclear
reactions. In Oriani’s 2003 experiment, described in [3], the detector was suspended in the electrolyte between the
anode and the cathode. The mean track density on the experimental chips was 470 tr/cm® while the mean track density
on control chips was 168 tr/cm?. The corresponding standard deviations were 384 and 99 tr/cm?, respectively.

Referring to such results, Oriani et al. concluded in 2003 that: “a nuclear reaction of as-yet unknown nature can
accompany the electrolysis.” Experimental results, according to Oriani’s more recent 2008 paper [4], are now highly
reproducible. The purpose of the present study was to verify this assertion.

2. Oriani’s Cell and New Experimental Results

The cell used in Oriani’s new study [4] is shown in Fig. 1. It was similar to the cell used in [3]. The essential difference
was the addition of a thin Mylar film (6 wm) placed between the CR-39 detector and the nickel cathode. That film
was chosen to protect the CR-39 detector from the electrolyte without interfering with detection of expected nuclear
particles.

Twenty-one experiments were performed and 42 CR-39 surfaces were examined, as described in his 2008 paper [6].
The track density on one of these surfaces was reported as “too large to count.” Track densities on the remaining 41
experimental surfaces ranged from 9 to 498 tr/cm?, as illustrated in Fig. 2. The histogram was drawn without making
a distinction between surfaces facing the cathode and surfaces facing away from the cathode. Note that the distribution
of densities is not bell-shaped. Track densities on control CR-39 chips were usually much lower (mean 21 tr/cm? and
standard deviation 9.7 tr/cm?) than on most experimental chips (mean 122 tr/cm? and standard deviation 124 tr/cm?).
Mean track densities on surfaces facing the cathode, according to data published in [4], were essentially the same as
mean track densities on surfaces facing away from the cathode.

On the basis of these observations Oriani concluded that “the present technique has consistently produced evidence
that a nuclear reaction of some sort has been generated in the course of electrolysis.” Investigations described in this
paper were undertaken to determine if Oriani’s results could be reproduced in another laboratory.

3. Our Cells and Experimental Results

Our experiments, done in four separate laboratories, were performed using cells that were similar to Oriani’s cell.
Figure 3 displays a generic diagram of our cells. We used the same electrolyte (Li»SO4 in distilled H,O, at the initial
concentration of 0.022 g/cm3) as Oriani; our electrodes were also made from Ni and Pt. Oriani’s nickel cathode wire
and our nickel cathode wires were from the same spool. All of us used the 6 um Mylar which is capable of transmitting
alpha particles with energies higher than 2 MeV. Distances between the cathodes and the anodes were approximately
3 cm, which is approximately the same as Oriani’s. The essential cell parameters of Oriani’s and our experiments were
the same.

Differences between Oriani’s experiment and our experiment are the following: Platinum wires for the anodes did
not come from the same manufacturer. Oriani’s cathode was spot-welded to a vertical titanium rod, placed inside a
glass tube. Vertical parts of our electrodes, on the other hand, were placed into long heat shrink tubes (not shown in Fig.
3). Lower parts of our shrink tubes were thermally compressed, to prevent capillary creep of the electrolyte. Also note
that Oriani’s cell exposes the bottom surface (the side away from the electrolyte) of the CR-39 detector to air while our
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Figure 1. A diagram of an Oriani cell from his 2008 paper [4]. Small circles are cross sections of O-rings placed between the two sections of the
cell. A clamp (not shown) is used to press the sections toward the CR-39 detector.

cells do not. In our cells, the bottom surface of the CR-39 is in contact with a 25" layer of polyethylene. That layer was
clamped to the cell. The leakage of the electrolyte was prevented by squeezing the CR-39, Mylar and O-ring between
the polyethylene and the cell.

Both we and Oriani used Fukuvi CR-39 material purchased from Landauer. The delivered sheets of that material
are protected from scratches and alpha particles in air by a thin layer of polypropylene plastic. That layer usually peels
off when the sheet is cut into small chips. Our unprotected chips were kept in salty distilled water (NaCl concentration
of about 10 mg/cm?®). Furthermore, all control chips were kept in unused electrolyte during electrolysis. Salty water
prevents potential accumulation of electric charges on CR-39 surfaces kept in air. This precaution was taken to reduce
the possibility that electric charges on CR-39 surface in air might attract or repel radioactive ions. No chips were
exposed to air for more than one hour. One author (P.L.) compared track densities on two CR-39 chips, one kept in
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Figure 2. Oriani’s distribution of track densities from his 2008 paper [4]. The +5 and 500, near the lower right corner, refer to five surfaces where
track densities were between 300 and 500.

distilled salty water and in air, for 15 days. The track density turned out to be 30 tr/cm? on the chip kept in salty water
and 505 tr/cm? on the chip kept in air. This can be explained by the big difference between ranges of alpha particles
in air (centimeters) and in water (microns). Oriani did not use salty water; he wrapped the chips in aluminum foil and
kept them in air. All of our “control” chips were kept in unused electrolyte during the time that the “experimental”
chips were exposed to electrolysis.

Like in [4], we typically exposed the experimental chips to electrolysis for three days. During this time the electric
current was changing slowly from 60 to about 90 mA, due to the loss of water. The corresponding voltage across the
electrodes was typically 7— 8 V and was kept constant during the experiment. The cell was dismounted after each
experiment and the CR-39 chip was removed. It was then etched for 12 h in the stirred water solution of NaOH
(concentration 6.5 M, temperature 72°C). The pits on CR-39 surfaces, identified as tracks of nuclear particles, were
subsequently counted under the microscope. The uncertainty of up to plus or minus 5% (in reported track densities)
was common due to difficulties in distinguishing tracks from certain surface defects. Each experimenter was given a
CR-39 chip with one corner that was exposed to alpha particles from an **! Am source. This helped the experimenter
learn the difference between pits and defects. Pits due to particles from that source are shown in Fig. 4. They had the
same size as pits found on control and experimental chips.

The mean and standard deviation on eight of P.L.’s experimental surfaces were 87 and 46 tr/cm?. The mean and
standard deviation on his five control surfaces were 59 and 38 tr/cm?. This information, as illustrated in the Appendix,
can be used to justify the statement that the reported difference between mean track densities on experimental and
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Figure 3. A generic diagram for our electrolytic cells. Small circles are cross sections of the compressed O-ring.

control surfaces, 87-59 = 28 tr/cm? was not statistically significant, considering small numbers of examined surfaces.

The mean and standard deviation on six of M.H.’s experimental surfaces werel185 and 73 tr/cm?. The mean
and standard deviation on his eight control surfaces were 192 and 72 tr/cm?. This information was also used to
justify the statement that the reported difference between mean track densities on experimental and control surfaces,
185-192 = —7 tr/cm? was not statistically significant.

The mean and standard deviation on eight of J.D.’s experimental surfaces were 98 and 17 tr/cm?. The mean and
standard deviation on his six control surfaces were 125 and 29 tr/cm?, respectively. This information was used to
justify the statement that the reported difference between mean track densities on experimental and control surfaces,
98-125 = —27 tr/cm? was not statistically significant.

The mean and standard deviation on nineteen of L.K.’s experimental surfaces (excluding three exceptional surfaces
from experiments 13, 14 and 15 — see below) were 16 and 8 tr/em?. The mean and standard deviation on his 16
control surfaces were 14 and 5 tr/cm?, respectively. This information was used to justify the statement that the reported
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Figure4. A CR-39 surface seen under the magnification of 40, after 12 h of etching. Small circles are pits due to alpha particles from an Americium
source. The upper left corner shows a mechanically damaged area.

difference between mean track densities on experimental and control surfaces, 16-14 = 2 tr/cm® was not statistically
significant. In other words, experimental results from our four sets of experiments are consistent with each other. But
they are not consistent with the results reported by Oriani.

Let us address the issue of extremely high track densities on three surfaces from experiments 13, 14 and 15. The
estimated track density on the up-facing surface of the CR-39 chip from Experiment No. 13 were around 15,000 tr/cm?.
This is two orders of magnitude higher than typical densities reported by Oriani [6]. The other side of the chip had
nothing but the usual background. The area covered by copious tracks, nearly two square centimeters, matched the
circle delimited by the O-ring. Distribution of tracks in that area was more or less uniform, except near the boundaries,
where the track density decreased progressively.

Copious tracks from Experiment Nos. 14 and 15 were very different from Experiment No. 13. On these two
surfaces, tracks were concentrated in small areas, near a hole drilled in each CR-39 chip. The holes were drilled to
facilitate etching; each CR-39 chip was suspended in the etching solution by means of a thin copper wire threaded
through the hole. These copper wires were from a telephone cable of unknown origin. The area covered by copious
tracks from Experiment No. 14 was about 10 mm?; the estimated track density was 200,000 tr/cm?. The area covered
by copious tracks from Experiment No. 15 was approximately 3 mm?; the estimated track density was close to
12,000 tr/cm?. Track densities outside of the small affected areas were about the same as on control chips.

It is remarkable that in each of the three cases of high track density, the mean density on the other side of the chip was
essentially the same as on the control chips. That is very different from what was reported in [4]. The most likely cause
of copious tracks was migrating radioactive contamination. Attempts made to identify it were unsuccessful. Alpha
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radioactive substances such as uranium, thorium and radium are known to be present in our environment. One nano-
gram of radium, for example, emits 37 alpha particles per second. Testing of nuclear weapons in the 1960s contributed
to contamination of our environment with long-lasting radioactive isotopes, tritium and uranium for example. Note
that track densities on our three exceptional surfaces were much higher than those reported in [4].

Project participants worked independently of each other in four different states. Collective results, shown in Table 1,
became available to participants only after their own results were submitted to L.K. He collected results after counting
tracks on his own CR-39 surfaces. Note that Experiment No. 12 was performed without using the Mylar film. Low
track densities resulting from this experiment seem to indicate that all experiments could have been performed without
Mylar. Oriani used Mylar to protect the CR-39 from potential chemical effects. Most tracks on control chips were
probably due to natural background, most likely due to radon, radium, etc. Concentrations of such substances are
known to be location dependent. That fact was probably responsible for differences between mean track densities on
the control chips of individual researchers.

4. Conclusion: Facts and Interpretations

The purpose of our four independent investigations was to find evidence for reproducible emission of nuclear particles
described in Oriani’s 2008 paper [4]. No such evidence was found. We examined 40 CR-39 surfaces and found only
three cases of excessive tracks. No excessive tracks were found on the remaining 37 surfaces.

We do not know why we were not able to observe emission of charged nuclear particles (in a chemical process similar
to Oriani’s). There could have been a setup or procedural difference between the experiments. Further experimentation
is needed to confirm the existence of nuclear particle emission in light water electrolysis, understand the causes of such

Table 1. Track densities on 34 surfaces of our experimental chips. No Mylar was used in Experiment No. 12.

Exp. No. ID  Experimental chip (upper side) tr/em? Experimental chip (lower side) tr/em?  Control chip averages tr/cm?

1 PL. 20 28

2PL. 125 148

3PL. 89 94 59 (from five surfaces)
4 PL. 99 91

5M.H. 128 118

6 M.H. 128 192 192 (from eight surfaces)
7 M.H. 278 267

2 ig 51531 515;3 125 (from six surfaces)
10 L.K. 21 23

11 LK. 24 24

12 LK. 18 8

13LK. > 10000 11

14 LK. 10 > 10000

LK > 10000 17 14 (from 16 surfaces)
16 L.K. 31 20

17 LK. 23 8

18 L.K. 12 24

19 LK. 10

cr 20 L.K. 11

w oo
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emission and determine the conditions required for reproducibility.

Appendix: An Example of Statistical Analysis

The mean and standard deviation on eight of PL.’s experimental surfaces were 87 and 46 tr/cm?. The mean and

standard deviation on his five control surfaces were 59 and 38 tr/cm?. Is the difference between mean track densities
on experimental and control surfaces, 87-59 = 28 tr/cm? statistically significant? To answer this question one must
estimate uncertainties associated with actually measured track densities (87 and 59). The uncertainty about 87 is
46/2.8 = 16, where 46 is the reported standard deviation while 2.8 is the square root of 8 (the sample size consisted of
eight surfaces). Likewise, the uncertainty about 59 was 38/2.23 = 17 tr/cm?, where 2.23 is the square root of 5 (the
sample size consisted of five surfaces).

The difference of 28 tr/cm? is too small to be significant, considering large uncertainties associated with the reported
mean densities (59 and 38 tr/cm?).

The same approach was used to show that differences between mean values on experimental and control chips of
—7,-27, and 2 tr/cm?, as reported by M.H., J.D., and L.K. respectively, were also statistically insignificant.
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Abstract

Using a twin system for hydrogen absorption, we have studied heat evolution and high-energy particle generation by D, and Hj
gas absorption into nano-sized mixed oxide powders of palladium and zirconium. We have found very large energy of hydrogen
absorption by Pd-Zr oxide compounds exceeding 1.0 eV/D (or H) together with a very high D/Pd loading ratio, exceeding 1.0. The
system has been improved to enable time-dependent measurements of the gas flow rate and loading ratio simultaneously with the
output heat. It has been revealed that the first phase is divided into two sub-phases; the 1a-phase, where most of the anomalously
large output energy is produced with a very high loading, D/Pd & 1.2, and the 1b-phase, where much smaller power is produced as
loading increases further by a ratio of about 0.5 with a difference in pressure between deuterium and hydrogen.

© 2011 ISCMNS. All rights reserved.

Keywords: D/Pd loading ratio, Heat output, Pd-Zr oxide compounds, Time-resolved measurements, Two sub-phases

1. Introduction

The present work describes experiments on deuterium gas charging of palladium nano-powders in the form of Pd/ZrO,
nano-composite. This work is a replication of Arata and Zhang [1], which was in turn a sophisticated, yet simplified,
version of the Arata and Zhang’s previous-generation experiments with double-structured reactors [2]. With the new
configuration, Arata and Zhang report anomalous heat and helium-4 generation. If confirmed, this would be an extremely
important phenomenon, so it is crucial that it be replicated if possible. Although successful replications using systems
similar to the original double-structured reactor with Pd-black have been reported [3,4], few reports of replications of
heat and helium-4 with the new configuration have been published.
We constructed an experimental system to replicate the phenomenon and to investigate the underlying physics

[5,6]. The system is composed of two identical reaction chambers, what we call a “twin system” where the chambers

*E-mail: kitamura@maritime.kobe-u.ac.jp

© 2011 ISCMNS. All rights reserved.



A. Kitamura et al. / Journal of Condensed Matter Nuclear Science 5 (2011) 42-51 43

are designated A| and A;. Both chambers are equipped for calorimetry. A third chamber, designated B, is equipped for
nuclear diagnostics. We have performed heat measurements as well as charged particle measurements under D, or H,
absorption by a variety of palladium nano-powders [5—-16] including: 0.1-um¢ Pd powder (PP); 300-mesh Pd-black
(PB); oxide composites of Pd-Zr (PZ); oxide composites of Pd-Ni-Zr (PNZ) and oxide composites of Ni-Zr (NZ). We
have recently reevaluated the loading ratios D/Pd (or H/Pd) and E; based on a revised value for the volume of the of
the reaction chamber, which we now estimate is 120 ml. The revised results are as follows:

(a) The loading ratio D/Pd = 0.44 (H/Pd is also ~0.44) and the first phase absorption energy E| =~ 0.26 eV/atom-D
(or 0.20 for H) for the PP samples. These figures are in good agreement with those found in the literature
[17-22]. The figures for both deuterium and hydrogen increase as a function of the fineness of the sample
surface, where the PP samples have the roughest surface, followed by PB, and PZ is the finest.

(b) For the virgin PB samples, the loading ratios for both D/Pd and H/Pd = 1.3 £ 0.04 and the output energies in
the first phase, E1 = 0.42 £ 0.07 eV/atom-D (or 0.39 for H). These values are 2—-3 times larger than for the PP
sample.

(c) The virgin PZ samples have shown outstanding performance with very high loading ratios D/Pd = 1.8 £ 0.3
(or 1.7 H/Pd) together with the high absorption energies E1, or the deuteride (hydride) formation energy Qp)
ranging from 0.92 to 1.4 eV/D (and 0.92-1.2 eV/H) depending on how much fraction of PdO, reduction
contributes to the measured values of D(H)/Pd and E|.

(d) The PB and PZ samples have given substantially smaller D/Pd (and H/Pd) ratios and E values in their recycled
use. These are smaller than or nearly equal to those for the PP samples. We inferred that these are due to a
clumping-together (aggregation) effect of palladium nano-particles.

(e) The outstanding performances of the PZ sample have been significantly restored by oxidizing a small amount
(less than 10%) of the sample. The runs after forced oxidization allowed us to measure the hydridation energy,
Opn) = 1.11 £0.04 eV/D (0.93 £ 0.09 eV/H), which is about 2 times larger than the adsorption energy, and
5 times larger than the absorption energy of a bulk-Pd-metal.

(f) In the second phase, we observed positive output, E; ~ 2.5 kJ/g-Pd for the deuterium runs employing both the
virgin PZ and the used-PZ samples and the PNZ sample. However, this was only slightly above the margin of
error, so it will have to be confirmed in further investigation.

In these experiments, we determined the amount of hydrogen isotopes absorbed/adsorbed by the samples of palladium
from the gas flow rate multiplied by the duration of the first phase, with the gas flow rate being calculated from a rate
of the pressure increase in the reaction chamber at the beginning of the second phase. This determination is reasonable
if absorption ends completely when the second phase begins. Otherwise, D(H)/Pd will be underestimated.

In recent tests we have improved the experimental setup by equipping the sub-tanks with pressure gauges to directly
measure the flow rate and the loading ratio [16]. Deuterium (or hydrogen) gas is stored in this sub-tank beforehand, and
then absorption runs are initiated after closing the gas supply-valve on the head of the gas cylinder to close the system.
With this improvement, we can make accurate time-resolved measurements of absorbed amount of gas as well as the
flow rate. This enables a measurement of time-dependent sorption energy for each hydrogen isotope (differential heat
of hydrogen uptake), which we describe in the present paper.

2. Experimental Procedure

The D>/H, absorption system is composed of two identical chambers (A]-A> twin system): one for a D, gas foreground
run, and the other for an Hy gas background run. As shown in Fig. 1, each of the twin systems has an inner
reaction chamber containing palladium powder and an outer chamber that is evacuated to provide thermal insulation for
calorimetry. The detailed description of the system is given in refs. [14,16]. The statistical error in the output power is
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Figure 1. Schematic of one of the twin absorption systems.

evaluated based on the standard deviation of the longitudinal data, and is 0.67 mW. This is multiplied by the duration
of the first phase to give the statistical error in the time-integrated output energy, e.g., 4.0 kJ for a 100-min run.

The data nomenclature is as follows. The run number is designated G-PN#M(A)(d), where G is the gas species (D
or H); P the type of powder (PP, PB, PZ); N the powder identification number; and M the number of times the powder
has been used. The number M is incremented when a sample is baked and then used in another absorption run. When
the sample is reused without baking it, in what might be considered a continuation of the same run, the number M
is not incremented. The letter A, B, or C is appended to the number instead. Thus, D-PZ11#3B indicates a run with
deuterium, a PZ powder, powder identification number 11, which has been baked and run 3 times, and then run again
without baking (run 3B).

Every absorption run is followed by a desorption run, which is carried out by evacuating the reaction chamber. This
is an endothermic process. The thermal data has occasionally been processed and presented in the data tables with the
run designation lower-case “d.” For the example above, data from a desorption run following the 3B absorption run
would be labeled DPZ11#3Bd.

The powder species used in the present paper are mixed oxides of Pd-Zr (PZ) fabricated by Santoku Corporation,
Kobe, Japan.

To analyze the heat evolution, we assume that the chemical reaction that occurs during loading is described in Eq.
(1) or Eq.. (2). These describe a combination of an oxygen pickup reaction during the formation of D,O (or H>O)
with a reduction energy of Qreq (expressed as eV/atom-Pd) and a hydridation reaction during the formation of hydride
atoms PdD(H) and surface adatoms with a reaction energy of Qp) (eV/atom-D(H)).

PdO, + (x n %) D, = xD,0 + PdD,, )
PAO, + (¥ + 2 ) Hz = xH20 + PaH, . @)

Here a fraction x of Pd is assumed to have been oxidized and reduced by introduction of D, (H;), while a fraction
y of Pd is deuterized (or hydrized).
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Figure 2. Typical variation of output power, Wp and Wy, and pressure in the rea